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ABSTRACT

PRE-SERVICE MIDDLE SCHOOL MATHEMATICS TEACHERS’
PEDAGOGICAL CONTENT KNOWLEDGE REGARDING THE AREA OF
TRIANGLES

Bilik, Ash
M. S., Department of Elementary Education

Supervisor: Assoc. Prof. Dr. Mine Isiksal-Bostan

September 2016, 181 pages

The purpose of this study was to investigate pre-service middle school
mathematics teachers’ pedagogical content knowledge on the concept of the area of
triangles. In this respect, pre-service teachers' pedagogical content knowledge with
respect to students' possible misconceptions/ difficulties regarding the area of
triangles and the strategies that pre-service teachers employed to overcome these
misconceptions/difficulties were examined. To conduct an in-depth investigation
regarding the purpose of the study, qualitative research methodology was utilized.
Two pre-service middle school teachers were selected through purposive sampling.
Data was gathered through semi-structured pre-interviews and post-interviews,

classroom observations, and field notes.

The findings revealed that pre-service middle school teachers were able to
provide a variety of possible misconceptions/difficulties that students may have

regarding the area of triangles. In this regard, findings of the research showed that
iv



most of the specified misconceptions/difficulties were related to the concept of
height, which is a prerequisite prior knowledge for the concept of area. In addition,
pre-service teachers generally employed discussion strategy during their practice
teaching to overcome the misconceptions/difficulties regarding the area of triangles

held by sixth grade students.

Keywords: Mathematics Education, Pre-service Teachers, Pre-service Mathematics

Teachers, Pedagogical Content Knowledge, Area of Triangles
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ORTAOKUL MATEMATIK OGRETMEN ADAYLARININ UCGENIN ALANI
KONUSUNA ILISKIN PEDAGOJIK ALAN BILGILERI UZERINE BiR
CALISMA

Bilik, Ashi
Yiiksek Lisans, [Ikogretim Boliimii

Tez Yoneticisi: Dog. Dr. Mine Isiksal Bostan

Eyliil 2016, 181 sayfa

Bu caligmanin amaci, ortaokul matematik 6gretmen adaylarinin tiggenin alanm
konusu ile ilgili pedagojik alan bilgilerini incelemektir. Bu baglamda, 6gretmen
adaylarinin liggenin alam1 konusu ile 1ilgili olast 6grenci zorluklarini/kavram
yanilgilarin1 belirlemeye yonelik bilgileri ve bunlart gidermeye yonelik ders
esnasinda kullandiklar1 6gretimsel stratejiler incelenmistir. Calismanin  amaci
dogrultusunda derinlemesine bir arastirma yapabilmek icin, nitel aragtirma yontemi
kullanilmistir. Calismanin 6rneklemini olusturan iki ortaokul matematik 6gretmen
adayr ise amagli Orneklem yontemi ile secilmistir. Veri yari1 yapilandirilmis
goriismeler, ders gozlemleri ve dokiiman analizleri kullanilarak toplanmistir.

Bulgular 6gretmen adaylariin, 6grencilerin iiggenin alan1 konusunda sahip
olabilecekleri cesitli zorluklar/kavram yanilgilar1 belirttiklerini gostermistir. Bu
baglamda, 6gretmen adaylar1 tarafindan belirlenen kavram yanilgilarinin geneline

bakildiginda, bunlarin biliylk c¢ogunlugunu yiikseklik kavramina iliskin

Vi



zorluklar/kavram yanilgilarinin olusturdugu goriilmiistiir. Buna ek olarak, dgretmen
adaylarinin 6grencilerin ders esnasinda ortaya ¢ikardiklari tiggenin alani ile ilgili
zorluklarini/kavram yanilgilarin1  ortadan kaldirmak i¢in genellikle tartisma

yontemini kullanmayi tercih ettikleri goriilmiistiir.

Anahtar Kelimeler: Matematik Egitimi, Ogretmen Adaylar1, Matematik Ogretmen
Adaylar1, Alan Egitimi Bilgisi, Uggenin Alani
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CHAPTER |

INTRODUCTION

All students need to learn and understand mathematics, and student
achievement can be improved by effective teaching of mathematics (Brophy, 1986;
Troisi, 1983; National Council of Teachers of Mathematics [NCTM], 2000).
However, effective teaching of mathematics resembles a puzzle which is complex
and needs to be solved (Hill, Schilling, & Ball, 2004). It is obvious that teachers have
a crucial role in students' understanding of mathematics (Hiebert et al., 1997). It
leads to questions about what teachers need to know for effective teaching (NCTM,
2001). In this respect, teachers' knowledge of mathematics has become the most
critical factor for effective teaching (Tirosh, 2000).

Since teachers have an important role in education (NCTM, 2001), teachers'
knowledge become a critical factor to understand requirements of a sophisticated
teacher. In this respect, a great number of studies have been conducted to clarify
what an effective teachers' required to know and the components of teachers'
knowledge. Primarily, Shulman (1987) identified seven categories of teacher
knowledge necessary for developing students' understanding, namely (1) subject
matter content knowledge (SMCK), (2) pedagogical content knowledge, (3)
curriculum knowledge, (4) general pedagogical knowledge, (5) knowledge of
learners and their characteristics, (6) knowledge of educational context, (7)
knowledge of educational ends, purposes, and values, and their philosophical and
historical grounds. The first three of the seven categories are related to content-

specific knowledge; the remaining four categories are general knowledge (Rowland,



Turner, Thwaites, & Huckstep, 2009). The first category, subject matter content
knowledge (SMCK), was defined by Shulman (1986) as "the amount and
organization of knowledge per se in the mind of the teacher" (p. 9). In another
definition, it is asserted that SMCK includes both substantive and syntactic
knowledge. The substantive knowledge knows the facts, concepts and processes of
mathematics. On the other hand, the syntactic knowledge knows how to prove and
disprove an idea (Shulman, 1986). The second category, PCK, is the combination of
content knowledge and pedagogical knowledge. It was defined by Shulman as "the
particular form of content knowledge that embodies the aspects of content most
germane to its teachability" (2004, p. 203). In this respect, PCK includes knowledge
of students' prior knowledge, (mis)conceptions and difficulties regarding a concept,
the strategies used to overcome those misconceptions/difficulties. Also, it includes
the knowledge required to teach the concept in a comprehensible way. In short, all
required strategies, methodologies and explanations to make the students
comprehend the concept can be inherent in pedagogical content knowledge. The last
category, CK, is about knowing how the topics across the school continuum are
organized and knowing how the resources should be used (Hill et al., 2004; Shulman,
1986).

Following Shulman’s categorization, the categories of teachers' knowledge
have been recategorized or represented differently by many other researchers (Ball,
Thames, & Phelps, 2008; Grossman, 1990; Rowland et al., 2009). Grossman
categorized teacher knowledge into four components: (a) general pedagogical
knowledge, (b) subject matter knowledge, (c) the pedagogical content knowledge,
and (d) knowledge of the context. She systemized Shulman's categorization and
added a new component to it. Furthermore, in this model, curriculum knowledge was
included as one of the subcategories of PCK (as cited in Fernandez, 2014).

Hill, Rowan and Ball (2005) define mathematical knowledge for teaching,
which refers to the mathematical knowledge that is used to teach mathematics. Ball
(1988) stated that making someone else learn mathematics naturally requires
mathematical knowledge. By expanding the categories proposed by Shulman's for
content knowledge, mathematical knowledge for teaching was divided into four

domains (Ball et al., 2008): Common content knowledge (CCK), specialized content
2



knowledge (SCK), Knowledge of content and student (KCS), and Knowledge of
content and teaching (KCT). The first two, CCK and SCK, were placed under subject
matter knowledge. The other two, KCS and KCT, were considered to be components
of pedagogical content knowledge. In this categorization, SCK differs from
Shulman’s categorization and is defined as knowing the representation of
mathematical ideas, novice solution methods of problems, and explanation of rules
and procedures (Hill, Ball, & Schilling, 2008). On the other hand, CCK is explained
as being able to solve a mathematical problem in a correct way. In addition, KCS is
related to knowledge of students, so that, a teacher needs to know students'
difficulties and thoughts about a topic. Lastly, KCT is related to necessary
knowledge required to organize a lesson (Ball et al., 2008).

Rowland and his colleagues (2009) offer a new breath to assess mathematical
content knowledge in the action of teaching. This new framework is called
'Knowledge Quartet' since student teachers’ content knowledge was categorized into
four dimensions (Rowland et al., 2009). While Ball (1990) categorized the different
types of mathematics teachers' knowledge in her framework, in knowledge quartet
the importance is on the situations in lesson plans and in the teaching environment in
which mathematics content knowledge can be observed. Different from the other
studies, Rowland and his colleagues (2009) aim to examine how different types of
teacher knowledge affects an ongoing teaching environment. To be able to
investigate the influence of interrelated types of knowledge on teaching, observation
of mathematics lessons plays an important role in this framework. In addition, it
helps to enhance teaching by means of critical reflection and the provision of
feedback on teaching (Rowland et al., 2009).

Throughout many years, researchers have investigated teachers' knowledge in
relation to effective teaching (Ball, 1990; Ball et al., 2008; Carlsen, 1999; Grossman,
1990; Rowland, Huckstep, & Thwaites, 2005; Shulman, 1986; 1987). In many of
these studies, researchers interpreted that subject matter knowledge and pedagogical
content knowledge are important aspects of teacher' knowledge for teaching
mathematics effectively (Hill et al., 2004; Savas, 2011). However, even if teachers
know the subject to teach well, they may have some instructional and pedagogical

concerns (Ball et al., 2008). In this respect, there is a growing body of evidence



supporting that pedagogical content knowledge is the most important element in the
domain of teacher knowledge for effective teaching (An, Kulm, & Wu, 2004; Park &
Oliver, 2008).

1.1 Statement of the Problem

To teach mathematics well, a profound understanding of mathematical
knowledge is not sufficient (Ball et al, 2008; Turnuklu & Yesildere, 2007). It also
requires having an in-depth understanding of pedagogical content knowledge, which
necessitates knowing how a topic can be easily understood, what students' prior
knowledge and misconceptions are, which teaching strategies can be employed to
overcome these misconceptions, and which examples, explanations and
demonstrations are effective for the enhancement of students' comprehension of the
topic (Shulman, 1986). In this regard, studies should be conducted to investigate
teachers' pedagogical content knowledge.

Principles and Standards for School Mathematics offers five content
standards, namely number and operations, data analysis and probability, algebra,
geometry and measurement, which students need to learn from prekindergarten to K-
12. Those of measurement are one of the important content in school curriculum
since its application can be commonly found in real life settings (Cavanagh, 2008;
NCTM, 2014). The literature on students’ learning of measurement reported that
students experience problems in understanding the concept of measurement. They
just memorize formulas and try to solve the questions without understanding their
meaning (Tan- Sisman & Aksu, 2009). Moreover, it was concluded in a number of
studies that teachers' knowledge affects students’ learning outcomes (Hatisaru, 2013;
Lenhart, 2010).

Students' prior knowledge significantly affects their learning (Hewson &
Hewson, 1983). When teachers organize their instruction on students’ prior
knowledge, their achievement will be affected positively (Carpenter, Fennema,
Peterson, Chiang, & Loef, 1989). Accordingly, teachers' pedagogical content
knowledge of students' conceptions and misconceptions become an important factor
and it significantly affects their teaching (Carpenter, Fennema, Petersen, & Carey,
1988). Based on the results of previous studies, teacher candidates have difficulty in
determining students’ misconceptions on specific topics (Isik, Ocal, & Kar, 2013;

4



Turnuklu & Yesildere, 2007). Therefore, to teach effectively, teachers need to know
students’ conceptions and misconceptions about a specific topic. Moreover, they
need to know the source of these misconceptions and how to overcome them.
However, studies show that teacher candidates have insufficient knowledge about
overcoming students' misconceptions (Yemen-Karpuzcu, Isiksal-Bostan, & Ayan,
2013). In this respect, studies should be conducted to investigate teachers' knowledge
of students’ misconceptions/difficulties of students on specific subjects and their
knowledge of strategies to overcome these misconceptions/difficulties.

Thus, the aim of the present study is to fulfill a gap in the related literature to
some extent by investigating middle school pre-service mathematics teachers’
pedagogical content knowledge on a specific measurement subject. In this respect,
the concept of area was chosen as the focus of the study since students have a
superficial level of understanding regarding the concept of area and they have some
misconceptions/difficulties regarding this topic (Cavanagh, 2008; Tan-Sisman &
Aksu, 2009; Orhan, 2013). Since teachers have a significant impact on promoting
students’ learning and eliminating their existing misconceptions, studies
investigating teachers' pedagogical content knowledge have also been conducted on
the concept of area (Baturo & Nason, 1996; Simsek, 2011; Yeo, 2008; Yew, Zamri,
& Yian, 2010). However, there is a limited number of studies relative to teachers'
knowledge on the area of the triangle (Gutierrez & Jaime, 1999). Therefore, the
content of the study has been narrowed down to the area of the triangle. In this
respect, this study intended to contribute to the literature by investigating pre-service
middle school mathematics teachers' knowledge of students' possible
misconceptions/difficulties regarding the area of triangle and their knowledge of the
teaching strategies used to overcome these misconceptions.

In line with this aim, the present study seeks to answer the following research
question:

1. What is the nature of pre-service middle school mathematics teachers’
pedagogical content knowledge regarding the area of triangles?

a. What do pre-service middle school mathematics teachers know about

misconceptions/difficulties held by 6" grade students related to the area of

triangles?



b.What kinds of instructional strategies do pre-service middle school
mathematics teachers employ to overcome the misconceptions/difficulties
held by 6™ grade students related to the area of triangles during practice

teaching?
1.2 Definition of Important Terms

Pre-service middle school mathematics teachers
Pre-service middle school mathematics teachers are senior students in
elementary mathematics education. They are enrolled in a four-year teacher

education program in Turkey and have not begun teaching in a regular class yet.

Pedagogical Content Knowledge

Pedagogical content knowledge is defined by Shulman (2004) as "the
particular form of content knowledge that embodies the aspects of content most
germane to its teachability" (p. 203).

In this study, pedagogical knowledge refers to pre-service middle school
teachers’ knowledge of misconceptions/difficulties held by sixth grade students
regarding the area of triangles and their knowledge of the instructional strategies
employed to overcome the misconceptions/difficulties of the students during

teaching.
Area is the amount of space in an enclosed figure (Yeo, 2008).

Misconception is a student conception that causes an error regularly (Smith, Andrea,

diSessa & Roschelle, 1993).

Difficulty is students' mental obstacles in the process of perceiving, comprehending
and attributing meaning to a concept (Bayazit, 2008).

In this study, the term misconception was used for sixth grade students'
misconstruction or incomplete knowledge and insufficient prior knowledge regarding
position of height, the relationship between altitude and elements of triangle, the
relationship between area and other concepts and the formula of triangle's area and
insufficient prior knowledge pertaining to the area of triangles. On the other hand,

the term difficulty is used for sixth grade students' mental obstacles which were



encountered while constructing a height to a corresponding base or constructing a
perpendicular from a point to a provided line segment. Additionally, obstacles in
understanding the meaning underlying the area concept and understanding where the
formula of triangles' area is derived from and how to use that solve a problem can be
also included in the difficulty term.

The terms difficulty and misconception were not examined separately instead

the term misconception/difficulty was used through this study.

Instructional Strategy
In this study instructional strategy term was used for the methodologies and
techniques that pre-service teachers employed to overcome students’misconception

or difficulty regarding area of triangles.

1.3 Significance of the Study

Subsequent to the statement of Shulman (1986) on pedagogical content
knowledge, there has been an increasing amount of research on it. However, the
studies that have been conducted demonstrated that teachers' levels of PCK are not
sufficient (Carpenter et al., 1988; Turnuklu & Yesildere, 2007). Novice teachers do
not have sufficient knowledge to organize their lesson according to students’ prior
knowledge and to assess learning strategies (Carpenter et al., 1988). In addition,
teachers are unable to identify students’ errors in the solutions they provide for the
problems. Even if they can identify the errors, they cannot determine the reasons
underlying those errors (Esen & Cakiroglu, 2012; Turnuklu & Yesildere, 2007).
Therefore, more studies should be conducted to assess teachers’ PCK and their
results should be used to improve teachers’ PCK.

For over 25 years, pedagogical content knowledge of teachers became the
main concern of many studies. So far, several studies have been conducted to
investigate pre-service and in-service teachers' pedagogical content knowledge on
several mathematics topics (An, Kulm, & Wu, 2004; Baker & Chick, 2006; Basturk
& Donmez, 2011; Bukova-Guzel, 2010; Burgess, 2006; Carpenter et al., 1988;
Fuller, 1996; Gokkurt, Sahin, Soylu, & Soylu, 2013; Isik, Ocal, & Kar, 2013; Isiksal
& Cakiroglu, 2011; Shin, 2011). A diverse collection of subject areas in mathematics

have been focused on in these research studies including teachers’ knowledge on



statistics (Burgess, 2006), probability (Shin, 2011), fractions (An, Kulm, & Whu,
2004; Gokkurt, Sahin, Soylu, & Soylu, 2013; Isik, Ocal, & Kar, 2013; Isiksal, 2006;
Isiksal & Cakiroglu, 2011; Turnuklu & Yesildere, 2007), integers (Kubar, 2012),
functions (Haciomeroglu, 2005, Hatisaru, 2013; Karahasan, 2010), trigonometry (Fi,
2003), and limit and continuity (Dénmez, 2009). In contrast to an extensive number
of research studies on mathematics topics, there are a limited number of studies
investigating teachers' pedagogical content knowledge on geometry and
measurement topics. So far, teachers' knowledge on geometric shapes (Gokbulut,
2010; Gokkurt, 2014), solid objects (Bukova-Guzel, 2010), quadrilaterals
(Aslantutak, 2009; Ozcakir, 2013), decomposing and recomposing one-dimensional
and two-dimensional figures (Lenhart, 2010), volume of 3D solids (Tekin-Sitrava,
2014), measurement specifically on the concepts of length, area and volume (Esen,
2013), area formulae (Yew, Zamri, & Yian, 2010), and area and perimeter (Simsek,
2011; Yeo, 2008) have been examined. According to the results of the accessible
literature, it was noticed that that teachers' pedagogical knowledge regarding
measurement was not sufficient. In order to provide information to teacher educators,
it is significant to conduct studies investigating teachers' knowledge on measurement
topics.

Due to its significance, throughout the literature there is an extensive number
of studies on specific measurement topics. These studies indicate that a vast majority
of students have a superficial level of understanding the concept of the area. A weak
understanding of the concept of the area and rote memorization of the formulas lead
to the emergence of misconceptions (Cavanagh, 2008; Gokdal, 2004;Huang & Witz,
2013; Kamii & Kysh, 2006; Orhan, 2013; Outhred & Mitchelmore, 2000; Tan-
Sisman & Aksu, 2009; Zacharos, 2006). In this respect, teachers have an important
role in making the concept of the area more meaningful to students and in
overcoming their misconceptions by means of appropriate teaching strategies.
However, limited number of studies have been conducted on the concept of the area
(Baturo & Nason, 1996; Simsek, 2011; Yeo, 2008; Yew, Zamri, & Yian, 2010). The
main focus of those studies was teachers' knowledge of students’ misconceptions
regarding the confusion of the area and perimeter, the relationship between the area

and perimeter (Simsek, 2011), teaching strategies used in teaching the area and
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perimeter (Yeo, 2008), subject matter knowledge of teachers (Baturo & Nason,
1996) and knowledge on the area formulae (Yew, Zamri, & Yian, 2010). When the
accessible literature was reviewed, only one study which is conducted by Simsek
(2011) was found to have examined the pedagogical content knowledge of pre-
service mathematics teachers regarding students' difficulties related to the topics of
the perimeter and area. Although it seems that pre-service teachers' PCK as regards
to student difficulties related to the area was investigated, the difference is rooted in
the content. Therefore, Simsek investigated students' difficulties regarding the
relation between the perimeter and the area concept, also, the area of rectangles and
squares were investigated in his study. However, in the present study, the researcher
aimed to investigate pre-service teachers' knowledge of students'
misconception/difficulty and the instructional strategies employed to overcome those
misconceptions/difficulties regarding area of triangles topic, also regarding the
heightof triangles. Since these topics have not been addressed before as the focus of
any accessible study, it is significant to conduct this study on teachers' knowledge of
students' misconceptions/difficulties regarding the area of the concept of the triangle
and knowledge of the instructional strategies employed to overcome those
misconceptions/difficulties.

Furthermore, researchers examined different PCK components in their
studies. Since PCK is a complex construct, hence, instead of investigating all
components, concentrating on a small number of components is more meaningful
(Bahcivan, 2005). Therefore, in the present study, teachers' knowledge of student
difficulties/misconceptions regarding the area of the triangle and their knowledge of
the instructional strategies used to eliminate these misconceptions were chosen as the
components of PCK to be investigated. In this way, extensive information was aimed
to be gathered on the components, which were intended to contribute to PCK
literature by providing in-depth information on those components.

When the studies on teachers' PCK were examined, it was found that in most
of the studies, the data were gathered through paper pencil tests, discussions,
questionnaires or interviews (Baker & Chick, 2006; Fuller, 1996; Isik, Ocal, & Kar,
2013; Turnuklu & Yesildere, 2007;). Seeking pedagogical content knowledge while

observing teaching in a natural class environment makes studies more meaningful



and it enables the researcher to understand the link between the knowledge and the
teaching in action (Ball, Lubienski, & Mewborn, 2001; Thwaites, Huckstep, &
Rowland, 2005). By observing the natural teaching environment, that the researcher
can observe how teachers use knowledge base within the classroom environment and
how the translation of knowledge into the ongoing learning environment takes place
and provides a chance to identify teachers' developmental needs (Hegarty, 2000). For
this reason, the data collection procedure employed in the present study was the
observation of the ongoing learning environment in the real classroom context.
Hence, this study is intended to make a contribution to mathematics teachers so that
they can enhance their knowledge of student difficulties and useful strategies to
employ in teaching.

As for the participants of the present study, pre-service teachers were chosen
since pre-service teachers will become teachers in the future, it is important to
investigate their knowledge on certain topics. Thus, policy makers and teacher
educators can determine the content of the course, and new courses could be offered
according to the results of the studies. In this respect, it is significant to conduct such

a study to contribute to the literature.
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CHAPTER II

LITERATURE REVIEW

The purpose of the study was to investigate pre-service middle school
mathematics teachers’ knowledge of misconceptions/difficulties held by sixth grade
students regarding the triangle area concept and their knowledge of strategies used to
overcome these misconceptions/difficulties. In the following sections, review of the
literature was presented in five parts. First of all, the definition of pedagogical
content knowledge and different PCK models were reviewed. In order to become
familiarized with the framework of the present study, research studies regarding
teachers' knowledge on mathematics topics revealed through the knowledge quartet
will be reviewed. Subsequently, information regarding area measurement and the
definitions of error, misconception and difficulty were provided. In addition, studies
related to students' conceptions and misconceptions/difficulties related to the concept
of area and studies on mathematics teachers' knowledge on the concept of area were

presented. The chapter concluded with a summary of the reviewed literature.

2.1 The Nature of Pedagogical Content Knowledge

In the 1970s the area of interest in research studies was primarily on subject
matter. However, in the 1980s interest was geared towards pedagogy. Thus, as of
those time studies have been conducted to answer questions regarding how teachers
plan lessons, assess student understanding, and arrange time (Shulman, 1986).
However, these studies did not focus on the subject matter; what’s more, these
studies ignored some questions as how teachers decided on how to teach a subject
and what to teach, how they questioned students' learning, and by which instructional
strategy they overcame students' misconceptions. Shulman and his colleagues

referred these gaps as "missing paradigm" in the studies on teaching and they
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focused on these gaps in their research program entitled "Knowledge Growth in
Teaching". Through this program they attempted to gain insight into the way new
knowledge is obtained, how old knowledge is organized and the way new knowledge
is constructed based on the combination of both old and new knowledge (Shulman,
1986). As a result of the study, Shulman (1986) first introduced the term pedagogical
content knowledge as "a particular form of content knowledge that embodies the
aspect of content most germane to its teachability" (Shulman, 1986, p. 9). He (1986)
categorized the pedagogical content knowledge components as knowledge of
strategies used for teaching a specific subject in a comprehensible way and
knowledge of learners including students' (pre)conceptions and difficulties regarding
a specific subject. Shulman (1986) also stated that students misconceptions and
overcoming those misconceptions were important components of the pedagogical
content knowledge.

After Shulman's (1986) clarification of PCK, a great degree of value has been
attached to PCK, and a large number of studies have been conducted to clarify the
components of PCK and some scholars have expanded its definition and (sub)
components (Grossman, 1990; Magnusson, Krajcik, & Borko, 1999; Mark, 1990
Shulman, 1986; 1987; Tamir, 1988).

Grossman extended the components of PCK clarified by Shulman and
specified four components. The first component, conceptions of purpose for teaching
subject matter, was specified by Grossman as an overarching component additional
to Shulman's components. Teacher's knowledge and beliefs about a specific subject,
why a subject is taught at a specific grade level and why it is important to teach
students were explained by the first component. The second component, which was
also specified by Shulman, was knowledge of students understanding. The
knowledge of student's prior knowledge, misconceptions and difficulties regarding a
specific subject was included in this component. Another component, curricular
knowledge, includes knowledge of curriculum materials needed for effective
teaching of a subject and arrangement of the subjects. Although Shulman
conceptualized curricular knowledge within a separate category in teachers'
knowledge, Grossman specified it as one of the components of PCK. Despite its

different position in clarification of Shulman and Grossman, the clarification of it
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was the same. Both Shulman and Grossman clarified curricular knowledge including
the knowledge of the organization of the topics of a subject area in the same year,
and also those in the past and the following years. Moreover, the knowledge of the
topics of other subject areas taught at the same time was included in this knowledge.
The last component, knowledge of instructional strategies, includes knowledge of
effective representations, examples, and explanations used to make the subject more
meaningful to learners as specified by Shulman. Grossman's clarification of the PCK

components is presented in Figure 2.1 (as cited in Jing-Jing, 2014, p. 413).

Pedagogical Content Knowledge

Conceptions of Purposes for Teaching Subject Matter

Knowledge of Curricular Knowledge of
Students' Knowledge Instructional
Understanding Strategies

Figure 2.1 Grossman's clarification of the PCK components (as cited in Jing-Jing,
2014, p. 413)

Marks (1990) suggested a new PCK model based on the results of the
research that he conducted with eight mathematics teachers to investigate PCK
regarding equivalence of fractions in fifth grade. Four main categories of PCK were
derived from the analysis of the interviews: Subject matter for instructional purposes,
students' understanding of the subject matter, media for instruction in the subject
matter, and instructional processes for the subject matter. In this model, subject
matter is at the center among the four main components of PCK. In addition,
different from Grossman's model, Marks identified a new component, media for
instruction. Besides, Marks (1990) identified subcategories under each of the main

categories, which are presented below in Figure 2.2.
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Figure 2.2 Marks' clarification of pedagogical content knowledge in 5th grade
equivalence of fractions (Marks, 1990, p. 86)

In the model, Marks added on Shulman's specification by including in the
model the knowledge of assessment, which is not included in Grossman's
clarification. Contrary to Grossman, he directed the focus of the study purely on
teachers' knowledge and excluded teachers' beliefs.

Magnusson, Krajcik and Borko (1999) defined PCK as transformation of
subject matter knowledge, pedagogical knowledge, and knowledge of context. There
is a reciprocal relationship between these knowledge domains, and PCK stands at the
heart of the teacher's knowledge. By expanding Grossman's model (1990), they
clarified a PCK model for science teaching, including five components: orientation
towards science teaching, knowledge and beliefs about science -curriculum,
knowledge and beliefs about students' understanding of specific science topics,
knowledge and beliefs about assessments in science, and knowledge and beliefs

about instructional strategies for teaching science (see Figure 2.3).

14



PCE

inchides

Orientation to teaching science

R
Which shapes | \
«” Whi‘hsha
Knowledge of | . 1' pes Which shapes
science curricula | I"'.,
| .
including including WWhich shapes v
/_ \\ f Knowledge Knowledge of
Specific . |
. Science | of assessment of
Stﬂ_me goals and f instructional scientific
curricula  ©T . . ]
obiectives strategies literacy
Knowledge of [\ /
students” [ /
understanding Science Strategies " Methods
of science specific for Dimensions  of
eﬂ/ | strategies EPF'Cj-ﬁC of _5‘31'3”“' assessing
Requiremenfs | (for any topics) SCiERce  leaming 10 gejence

for learning | topics ASSESS learning
Areas of

student _ N
difficulty representations activities

Figure 2.3 Components of PCK for science teaching (Magnusson et al., 1999, p. 99)

In the model, the name of component in Grossman's PCK model, namely
'conceptions of purposes for teaching subject matter', was changed into 'orientation to
teaching science'. Although Grossman, in her specification of the component,
includes knowledge and beliefs about a specific subject matter, the clarification of
Magnusson et al. includes knowledge and beliefs about a specific topic in science
teaching. Hence, they narrowed down the subject into science teaching. Additionally,
Magnusson and her friends extend the specification of PCK by including knowledge
of assessment just as in Marks'.

Another study that was conducted by Park and Oliver (2008) was on that
reexamined the components of PCK. Knowledge of three experienced chemistry

teachers were examined through multiple sources including classroom observations,
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interviews, lesson plans, and field notes. The data analysis revealed that PCK
consisted of two dimensions, named as understanding and enactment, with six
components. These components were located to form a hexagon model with PCK at
its center. In this respect, Figure 2.4 diagrams Park and Oliver's model of PCK for
science teaching. The five components within the model proposed by Magnusson et
al. model were integrated into this model also. These components are orientation to
teaching science, knowledge of science curriculum, knowledge of assessment of
science learning, knowledge of students' understanding in science, and knowledge of
instructional strategies. Similar to the model of Magnusson et al., orientation to
teaching science was specified at the top of the model since teachers’ beliefs and
knowledge about a specific topic affect their decisions about planning, teaching and
assessing. In addition to the pre-determined components, Park and Oliver's model
offered a new affective component to PCK for science teaching called 'teacher
efficacy'. Teacher efficacy is related to teacher beliefs regarding determining
effective teaching strategies for achieving some pre-established educational goals

(Park & Oliver, 2008).

Beliefs about Purposes Decision Making Beliefs about
of Learning Science in Teaching the Mature of Science

/ Crientation ta Teaching Science \

Knowledge of
Science Curriculum

Knowledge of Assessment
of Science Leaming

Curricular Curricular Horizontall Dime_nsiuns Method_s of
M aterials Saliency Warical DfScn_ance As_sessmg )
Curric ula Learning Science Learning
Influence 0 Assess Influence

¥

Knowledge of Students'
Understanding in Science

i

Knowledge of Instructional Strategies
for Teaching Science

P

influence Infivence Subjectspecific Topic- specfic

Motivation \ / Strategies Strategies
Learning & Need Teacher Efficacy /\
Reprasentations Activities

Difficuties  Interest

Context-spacific Domain-specific

Figure 2.4 Park and Oliver's hexagon model of pedagogical content knowledge for

science teaching (2008, p. 279)
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Contrary to the teacher knowledge frameworks proposed thus far, Ball,
Thames, and Phelps (2008) specifically aim to investigate the nature of teachers’
knowledge in mathematics by questioning the knowledge necessary for effective
teaching. They defined PCK as a conduit to connect knowledge and practice of
teaching and developed a ‘practice based theory of mathematical knowledge for
teaching'. Within this approach, Ball and her colleagues focus on the term
'mathematical knowledge for teaching (MKT)," which refers to the mathematical
knowledge required for teaching mathematics in a comprehensible way (Ball et al.,
2008). According to the results of the analysis, they built on Shulman's categories of
teacher knowledge. Figure 2.5 presents the dimensions and sub-dimensions of
content knowledge in relation with two categories of Shulman (1986), which are

subject matter knowledge and pedagogical content knowledge.
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Figure 2.5 Ball et al.'s domains of mathematical knowledge for teaching (Ball et al.,
2008, p. 403)

As can be seen in the Figure 5, Ball and her colleagues divide Shulman's
subject matter knowledge into three domains: common content knowledge (CCK),
specialized content knowledge (SCK), and horizon content knowledge, and his
pedagogical content knowledge is subdivided into three domains: knowledge of
content and students (KCS), knowledge of content and teaching (KCT), and

knowledge of content and curriculum.
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The common content knowledge (CCK) domain is defined as the
mathematical knowledge found in every well-educated person in common, that is,
the knowledge required to answer a mathematic questions and this knowledge is not
specific to teachers (Ball et al., 2008). To solve a mathematical problem correctly, to
use the mathematical terms accurately, and to become aware of a wrong answer can
be included in this type of knowledge, and this knowledge is not unique to teachers
(Ball et al., 2008). Contrary to CCK, the specialized content knowledge (SCK)
domain is unique to teaching and peculiar to teachers. A teacher who has this type of
knowledge can use mathematical language properly, can make clear explanations and
justifications about a mathematical idea, and can also use appropriate representations
to express a mathematical idea effectively (Ball et al., 2008). There is another
domain of subject matter knowledge called horizon content knowledge. The
knowledge about the connection of the mathematics topics in the curriculum is
included in this type of knowledge. Hence, the teacher who has this knowledge can
establish a relationship between the topics that students have learned in their
preceding years and those that they will learn in the following years (Ball et al.,
2008).

In addition to the domains of subject matter knowledge, knowledge of content
and students (KCS) is conceptualized as a domain within pedagogical content
knowledge. Ball et al. (2008) stated that it is a combination of knowledge of
mathematical ideas and knowledge about students. Hence, a teacher with this
knowledge can predict what students think, in which areas students have difficulty,
whether a task is easy or hard for the students, how they can learn easily, and what
can motivate them. Moreover, knowledge of students’ conceptions, misconceptions,
and difficulties and knowledge of the reason underlying these misconceptions or
difficulties can be included in this type of knowledge (Ball et al., 2008). The second
subcomponent of pedagogical content knowledge is specialized as knowledge of
content and teaching (KCT), which is the combination of knowledge about teaching
and knowledge about mathematics and is about the design of the course. This type of
knowledge includes the decisions regarding the sequence of the contents, choice of
examples, choice of most effective instructional strategy, method, and

representations used. Furthermore, it contains instructional decisions regarding when
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the teacher should provide deeper explanations, or solve new questions (Ball et al.,
2008). The last subcategory of pedagogical content knowledge is determined as
knowledge of the content and curriculum, which corresponds to Shulman's curricular
knowledge category.

As in the theory of Ball et al., that dwells on practice, Rowland, Turner,
Thwaites, and Huckstep (2003) aim to develop a practice based framework to
investigate teachers’ content knowledge by observing mathematics lessons. To this
end, researchers at various universities, specifically Cambridge, London, Durham,
and York Universities, conducted a collaborative study to examine prospective
elementary mathematics teachers' subject knowledge in mathematics (Rowland,
Thwaites, & Huckstep, 2003). The importance of observing ongoing teaching was
highlighted in this study. For the study, an audit assessment of 16 items was
administered to 149 pre-service teachers. Two supervisors of these pre-service
teachers examined the relation between the assessment of audit items and the
teachers’ competency in mathematics teaching; the teachers’ subject knowledge was
categorized as low, medium and high (Goulding, Rowland, & Barber, 2002). Twelve
pre-service teachers from each category of subject knowledge were chosen for
observation, and two mathematics lessons of each were observed and videotaped.
The grounded approach was used to analyze the data. As a result of the analysis, 18
provisional codes were generated (Rowland et al., 2003). Subsequently, these codes
were categorized into four units, which were referred to as 'knowledge quartet’
(Rowland, 2005).

The four dimensions of the knowledge quartet are named as foundation,
transformation, connections, and contingency. Table 2.1 presents these four

dimensions and the related codes under these dimensions.
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Table 2.1: Knowledge Quartet Model (Rowland et al., 2009, p. 29)

Dimensions

Codes

Foundation

Adheres to textbook
Awareness of purpose
Concentration on procedures
Identifying errors

Overt subject knowledge
Theoretical underpinning

Use of terminology

Transformation

Choice of examples
Choice of representations

Demonstration

Connection

Anticipation of complexity

Decisions about sequencing

Making connections between procedures
Making connections between concepts

Recognition of conceptual appropriateness

Contingency

Deviation from agenda
Responding to children's ideas

Use of opportunities

The first dimension of the knowledge quartet is foundation, which is related
with teachers' knowledge learned in their teacher education. It consists of teachers'
knowledge of mathematics content, knowledge of mathematics pedagogy, and beliefs
regarding mathematics. Foundation knowledge is essential for the other three
dimensions those are transformation, connection, and contingency since all the

decisions that we make during teaching is an outcome of this dimension. Shulman's
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subject matter knowledge and theoretical pedagogical content knowledge coincide
with foundation knowledge (Rowland et al., 2009).

The second dimension is transformation, which coincides with Shulman's
pedagogical content knowledge and can be seen in both the plan and act of teaching.
The core question mentioned in this dimension is "what it means to teach a subject"
(Rowland et al., 2009, p. 30). While teaching a subject, teachers need to represent the
content differently to be able to make it comprehensible to students. The presentation
of the topic can be in the form of analogies, illustrations, explanations and
demonstrations. Moreover, the choice of examples is an important factor in teaching
since learning can be realized by the use of examples (Rowland, 2005).

The third dimension of the knowledge quartet is connection, which concerns
"the coherence of the planning or teaching across an episode, lesson or series of
lessons” (Rowland et al., 2009, p. 31). It includes teachers' knowledge of the
anticipation of complexity as well as sequencing the topics, and establishing a
connection between procedures and concepts. In addition to the ordering of the topics
of the instruction, teachers also need to order the sequence of the exercises and the
questions posed to the students (Rowland & Turner, 2007).

The last dimension is contingency, which refers to unexpected events in a
learning environment. Even if the teacher plans a lesson completely, some unplanned
events can occur. This category questions teachers' responses to these unexpected
events or the unplanned questions of the students. The teacher with high contingency
knowledge can be able to anticipate students’ possible responses and they can be
prepared to respond to children's comments (Rowland et al., 2009).

To sum up, after Shulman's pronunciation of the PCK concept, many
educational researchers conducted studies to extend and to clarify the teachers'
pedagogical content knowledge containing different categories and sub-categories
(Ball et al., 2008; Grossman, 1990; Magnusson et al., 1999; Marks, 1990; Park &
Oliver, 2008; Rowland et al., 2009; Shulman, 1986, 1987). In addition to studies
relevant to the specification of PCK as examined above, there are other specifications
also (Carlsen, 1999; Cochran et al., 1993; Fernandez-Balboa & Stiehl, 1995;
Loughran et al., 2001; Tamir, 1988). Table 2.2 summarizes different PCK models

with different sub-components conceptualized by different researchers. As it can be
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inferred from Table 2.2, there is no consensus on the components of PCK. However,
two components, namely (i) representation and instructional strategies and (ii)
students learning and conceptions were specified by all of the scholars after first
being clarified by Shulman.

Table 2.2 Different conceptualizations of PCK (Lee & Luft, 2008, p. 1346)

Knowledge of

Subject Representations and Studentlearmning General Curriculum
Reference matter instructional strategies and conceptions pedagogy and media Context Purpose Assessment
Shulman (1987) a PCK PCK a a a a b
Tamir (1988) a PCK PCK a PCK b b PCK
Grossman (1990) a PCK PCK a PCK a PCK b
Marks (1990) PCK PCK PCK b PCK b b b
Cochran et al. (1993) PCKg b PCKg PCKg b PCKg b b
Fernandez-Balboa and Stiehl (1995) PCK PCK PCK b b PCK PCK b
Magnusson et al. (1999) a PCK PCK a PCK a PCK PCK
Carlsen (1999) a PCK PCK a PCEK a PCK b
Loughran et al. (2001) b PCK PCK b PCK b PCK PCK

Notes: a, distinct category in the knowledge base for teaching; b, not discussed explicitly; PCK, pedagogical content knowledge; PCKg,
pedagogical content knowing,.

In addition to the researchers presented in Table 2.2, Ball et al. and Rowland
et al. (2009) also conceptualized the knowledge used in mathematics teaching,
different from other studies' subject areas. On the other hand, Rowland and his
colleagues directed their attention to the observation of an ongoing learning
environment. Additionally, a model of mathematical knowledge was established
from the data of the pre-service teachers. Therefore, in the present study, knowledge
of instructional strategies and knowledge of student learning and conceptions were
investigated in the light of the knowledge quartet model proposed by Rowland et al.
(2009).

The definition of PCK and the models of PCK were reviewed in this section.
In the next section, studies which used knowledge quartet as a framework concerning

teachers' PCK are reviewed.

2.2 Studies on Mathematics Teachers' Knowledge with Knowledge Quartet

Since 2003, 'Knowledge Quartet' has been used as a framework in the
research studies concerning pre-service and beginning mathematics teachers’
mathematical knowledge. While a considerable number of studies on pre-service
teachers' mathematical content knowledge have been conducted abroad, the relevant

number of studies was quite low in Turkey. The literature review showed that these
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studies have been conducted to raise awareness in the investigation of ongoing
learning environment and exploring teachers' knowledge reflections on the learning
environment (Johnson, 2011; Kula, 2011; Kula & Guzel, 2014; Livy, 2010; Petrou,
2009; Rowland, 2005; Rowland et al., 2005; Rowland, Thwaites, & Huckstep, 2003;
Rowland, Thwaites, & Jared, 2011a, b; Rowland & Turner, 2007; Turner &
Rowland, 2008).

One of the significant studies contributing to the literature of teachers'
knowledge by means of the knowledge quartet framework is conducted by Turner
(2005, 2007, 2009a, 2009b, 2011). Within the scope of his dissertation, he aimed to
investigate beginning teachers’ knowledge of mathematics and mathematics
pedagogy by looking into their teaching and planning, and he also aimed to examine
the usefulness of 'the knowledge quartet' in reflecting and developing the beginning
teachers mathematical content knowledge. To this end, he conducted a four-year
longitudinal study with twelve trainee teachers. The data analysis of the first year
revealed that trainee teachers' explanations of their reasoning underlying their
teaching made them realize their improper teaching strategies. The reasons behind
these teaching strategies were described as published schemes, the National
Numeracy Strategy (NNS), and the teaching style of their mentors. Hence, they
indicated that if there were any limitation on teaching, they would teach differently.
While reflecting on their teaching, they also realized the inconsistency between their
beliefs regarding teaching and their own teaching. Therefore, they looked for ways to
make their teaching more compatible with their beliefs with the help of knowledge
quartet framework.

In 2007, Turner focused on the choice and use of representations of
elementary school teachers. The results showed that the use of representations were
inappropriate in teaching since they were not chosen based on the requirements of
students' learning outcomes.

In another study, Turner (2009a) aimed to investigate the beginning teachers’
ability to respond to students’ incorrect answers to questions or incorrect statements
during teaching. To this end, the development of those three trainees was followed
for four years in the light of knowledge quartet. The results showed that being able to

respond to the contingent actions of the students was an important factor for effective

23



teaching, and it was concluded that the items found in the knowledge quartet guide
beginning teachers by showing the significant points that they need to pay attention.
Hence, it helps to enhance the development of beginning teachers’ PCK concerned
with knowledge of students' errors/misconceptions.

In 2009b, Turner published a report on the conceptions of one beginning
teacher, Kate, who participated in the fourth year of the study with three other
trainees. While the analysis of the first year-data showed that Kate's focus was on
procedures, in the second year her focus shifted to the number of different
representations. In the third year, Kate emphasized conceptual understanding of the
students instead of procedures. Additionally, she stated that reflecting on her
teaching with the help of knowledge quartet improved her mathematics teaching. In
addition, Turner (2011) presented a paper on Kate's mathematical content knowledge
revealed through the foundation dimension which is one of knowledge quartet's
dimensions. So that, the development of Kate's mathematical content knowledge was
followed for four years in the light of knowledge quartet. The results revealed that
the reflections and the discussions on practice developed her mathematical content
knowledge for teaching.

Similar to Turner, Livy (2010) conducted a four-year longitudinal study
investigating the relationship between mathematical content knowledge and
pedagogical content knowledge in teaching. In 2010, she reported the findings of one
of the seventeen pre-service teachers' practice and mathematical content knowledge
in the light of knowledge quartet. The analysis of the data indicated that Lisa did not
demonstrate different solutions or different representations to promote the learning of
the students because of limited knowledge in teaching strategies. In conclusion, the
researcher suggested that pre-service teachers’ mathematical content knowledge
needs to be developed through practice.

Until this point, all the research studies mentioned were conducted in UK.
However, there is also another study in the literature which was conducted by Petrou
(2010) in Cyprus. The aim of the study was to examine the relationships between
Cypriot pre-service teachers’ mathematical content knowledge and their teaching
practice with the help of knowledge quartet. As a result of the study, it was found

that knowledge quartet was an extensive tool that could be used to analyze the
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observations of the mathematics lessons in Cyprus. On the other hand, the use of
mathematics textbooks was also important to investigate Cypriot classrooms.
However, it was not mentioned within the framework. Therefore, knowledge quartet
was adapted for the use of mathematics textbooks. For this reason, the researcher
recommended that the differences between the developed conditions of the
framework and its applied conditions needed to be considered in order to adapt it to
the contexts of other countries.

The studies mentioned above investigated pre-service or beginning teachers'
mathematical content knowledge in teaching in other countries. In contrast to the
extensive number of studies conducted abroad specifically in the UK, there is a
limited number of studies conducted in Turkey regarding teachers' knowledge
revealed through knowledge quartet (Dogan & Isiksal, 2014; Kula, 2011). In one of
those studies, Kula (2011) used knowledge quartet as a tool for the analyses. The aim
of her study was to investigate pre-service secondary mathematics teachers'
mathematical content knowledge in the act of teaching the concept of limit. The data
were gathered from four pre-service teachers by means of observation, interview, and
lesson plans. To begin with, the participants prepared a lesson plan for each of the
four lessons, and a pre-interview was conducted with each participant before the
observation to discuss their plans. Subsequently, a post interview was conducted
following the observations. Both the observations and interviews were recorded and
transcribed for analysis. The results of the study indicated that pre-service teachers'
beliefs affect the preparation and teaching processes of the lessons. It was also found
that pre-service teachers' knowledge of students’ misconceptions and difficulties was
limited. Their inadequate knowledge of students’ possible misconceptions caused the
emergence of new misconceptions. At this point, teachers realized their inadequacies
in the act of teaching and stated that feedback given contributed to their knowledge
and they would take into consideration the points mentioned while planning other
lessons. Therefore, it is believed that critical reflections of novice teachers’ lessons
will be helpful to develop their knowledge.

As previously stated, one of the purposes of the present study was to
investigate pre-service elementary mathematics teachers' knowledge of students’

misconceptions/difficulties regarding the area of the triangle concept. After this
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section, which focused on studies related to teachers' knowledge revealed through
knowledge quartet that is the framework of the study, the next section directs its

focus to the concept of area.

2.3 Measurement

Principles and Standards for School Mathematics offers five content
standards, namely number and operations, data analysis and probability, algebra,
geometry and measurement, which students need to learn from prekindergarten to K-
12. Those of measurement are one of the important content in school curriculum
since its application can be commonly found in real life settings (Cavanagh, 2008;
NCTM, 2014, Ministry of National Education [MoNE], 2014). Bright defined the
measurement concept as the comparison between an attribute of an object and chosen
unit of measure (as cited in Zembat, 2014).

When the area measurement examined in the Turkish Mathematics
Curriculum at third grade, students are expected to understand the meaning of the
area concept. At fourth grade, students are expected to distinguish the relation
between the perimeter and the area concepts. Moreover, students should be able to
realized the act that area of a shape is formed by unit squares. At fifth grade, students
should be able to calculate the area of rectangles. At sixth grade, students are
expected to explain the meaning of perpendicular line segment and height concept. In
addition, students should be able to calculate the area of parallelogram and the area
of triangles. At seventh grade, students are expected to calculate the area of
trapezium and the area of rhomb, also, they should solve the relevant problems.
However, at eight grade, a specific area measurement topic is not involved in the
curriculum. Hence, it can be concluded that area measurement took an important

place in the curriculum.
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2.3.1 Area Measurement

One of the important domains of measurement is the area (Outhred &
Mitchelmore, 2000). Baturo and Nason defined area as "the amount of surface that is
enclosed with a boundary" (1996, p. 238). To be able to understand the measurement
of the area, Stephan and Clements (2003) offered four foundational concepts:
Partitioning, unit iteration, conservation, and structuring an array. Partitioning can
be explained as cutting a two dimensional space into smaller regions to be able to
count them mentally. The other concept, unit iteration, is about iterating a specified
area unit until completely covering the region without any gaps or overlaps. On the
other hand, area conservation means that when a region is cut and rearranged into
another shape, its area does not change. The last concept, structuring an array, is
related to realizing the underlying structure of the arrays so that there is equal
number of units in each row (or column) in a rectangular region. In this regard,
Cavanagh (2008) asserted that investigating multiplicative nature of arrays is critical
for students’ meaningful learning. Not being able to investigate the multiplicative
structure underpinning the area formula can cause superficial understanding of the
area by students. The understanding of the area was divided into three levels by Zhou

(2012) (Table 2.3).
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Table 2.3 The Concept Map of the Area Attribute Dimension (Zhou, 2012, p. 7)

Description of

Level Thinking Indicators
Students view e Have some intuitive notions of area as the size of a
objects holistically space, but this understanding is limited to some at
based on their surfaces of familiar shapes.
Atl appearances. e Can make some  straightforward  visual
comparisons of two areas.
e Recognize that cutting symmetrical figures in the
middle would divide their areas in halves.
e Generalize the notion of area beyond surfaces of
Students abstract familiar shapes.
the attribute of arca ® Recognize that the total area is unaltered in certain
At2 from its various transformation, such as dividing a shape and
geometrical rearranging its components.
representations. e Use cut-and-paste (actual or imaginary) method to
make a given shape into another given shape in
order to compare the areas of incongruent figures.
) e Transform an existing shape to a new shape to
.Stu.dent.s gainbetter 1 e problems about areas. (This differs from the
insight info the level 2 performance. At level 2, the shapes of
nature of area comparisons are given and students are required to
attribute and can find ways to transform one shape into another. At
Aty  applythis level 3, however, the specific configuration of the

understanding to
solve new problems
beyond the
comparison of
areas.

target shape, or even the need to reconfigure the
shapes, may not be apparent.) E.g., given a shape
with a part of it shaded, students can find the
relation between the shaded part and the unshaded
part by appropriately dividing and recomposing the
figure.

In the first level, students can compare the areas of two shapes visually.

However, they cannot consider the fact that different shapes can have the same area.

They may also believe that the area measure is directly proportional to the length

measure; in other words, students may think that if the area of a shape increases by

the same amount of increase of the perimeter of the shape or vice versa. In the next

level, students realize that different shapes can have the same area. Moreover, they

understand that decomposing a shape and recomposing a new shape does not change

its area. In the last level, students recompose new shapes from the parts of other

shapes even if the question did not ask them to do so (Zhou, 2012).
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In this section, key concepts for understanding the area concept and levels of
understanding this concept are presented. In contrast to the importance given to the
area measurement in the school curriculum, students' understanding of the concept
was at superficial level (Tan-Sisman & Aksu, 2009). Since they could not
comprehend the concept in a meaningful way, they experienced some difficulties and
held some misconceptions regarding the area concept (Cavanagh, 2008). In the next
section, the difficulties the students experienced and the misconceptions they held

regarding the area concept will be presented.

2.4 Difficulty and Misconception

The terms 'misconception’ and ‘mistake’ were defined differently in the
literature. In one of them, mistake or error is defined as calculation errors made by
students, while misconception is defined as "conceptual obstacles making learning
difficult" (Biber, Tuna, & Korkmaz, 2013). In another study, misconception was
defined as a student conception that causes an error regularly (Smith, Andrea,
diSessa, & Roschelle, 1993). Corresponding to Smith and his colleagues’ definition,
Riccomini (2005) referred to misconception as common errors in that repeated
mistakes produce error patterns.

Errors can be seen easily in learners’ speech or solutions. However,
misconceptions cannot be seen at first glance (Luneta & Makonye, 2010) and arise
from students' prior learning (Biber, Tuna, & Korkmaz, 2013; Luneta & Makonye,
2010; Olivier, 1989; Riccomini, 2005; Smith et al., 1993; Turkdogan, Baki, & Cepni,
2009). To unveil the misconceptions, you need to root around the given answer of
the learner.

On the other hand, the term difficulty is defined by Bayazid (2015) as
students' obstacles in the process of comprehension, signification, and understanding
of a concept. Thus, difficulty is used to define the problems that the students
experience in mathematics learning in general. In this respect, the term difficulty
includes both errors and misconceptions within itself.

In the present study, misconception and error were not examined separately.
Instead, the term misconception/difficulty was used together to refer to refer to
students' limited conceptions and insufficient prior knowledge pertaining to the area

of triangles.
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The source of these mistakes and misconceptions of students and the ways to
deal with them should be determined. What’s more, those misconceptions need to be
overcome before they affect students' learning process of subjects in the future
(Biber, Tuna, & Korkmaz, 2013; Simsek, 2011; Turkdogan, Baki, & Cepni, 2009).
Therefore, a large body of research has been conducted to investigate students'
understanding of the concept of the area. Students’ misconceptions regarding
measurement were also investigated in these research studies. In the next section,
studies on students’ conceptions and misconceptions on the concept of area are

presented.

2.4.1 Studies Related to Students" Conceptions and Misconceptions/Difficulties
Regarding the Area Concept

It is important to give some place for studies on students’ conceptions and
misconceptions/difficulties in this section since teachers' knowledge of the
misconceptions students hold and the difficulties they experience in relation to the
area concept was a dimension of this study, and it can provide researchers and in-
service teachers with some insight.

In the study of Huand and Witz (2013), children’s understanding of area and
the area formula of a rectangle were investigated. The sample of the study consisted
of 22 fourth-graders from a public elementary school in Taipei, Taiwan. Three
treatments concerning area measurement, geometry motions, and both geometry
motions and area measurement were administered to the selected three classrooms.
Subsequently, a paper-and-pencil test on area measurement and one-to-one
interviews were performed. The results of the study indicated that some of the
students defined the concept of area as measuring the area. Also, to find the area of a
rectangle, they used the formula by rote memorization; they could not explain how
the multiplication of base and height works. Moreover, some of the students mixed
perimeter and the area concept in that to find the area of a rectangle they summed the
length of the sides.

With a similar aim of the study conducted by Huang and Witz (2013),
Cavanagh (2008) tried to investigate seventh graders' understanding of the area in
Sydney. The participants included 43 students, who first completed a paper-test

containing five questions based on the area of rectangles and triangles. Afterwards,
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12 of those students were interviewed one to one following two weeks of lessons on
area measurement of squares, rectangles and triangles. In the first question, students
were asked to define area. Seventy two percent of them defined area as "space inside
the shape" while 12% of them did so as "length times width" after the lessons. In
another question, the area of a right angled triangle (the sides being given as 3, 4, 5
cm) with 1 cm intervals being marked on its sides was asked. Forty percent of the
students tried to draw grids (after covering area measurement in class), while the
percentage was 21% before the lessons. Some of the students forgot to divide by 2,
and some of the students multiplied the three sides of the triangle. In question four, in
which the area of an L-shaped figure with unknown sides was asked, only 23% of the
students were able to calculate the area correctly. Many of the students tried to find
the perimeter of the shape instead of its area. Finally, in question five that had two
parts, students were asked to draw a rectangle with an area of 24 cm” and in the
second part, students were asked to draw a nonrectangular shape with the same area.
However, many of the students drew a shape that had a perimeter of 24 cm for the
both of the questions. In the interview part of the study, the students were given three
pieces of cardboard; one of them was a 10 cm by 8 cm rectangle, while the other one
was a right-angled triangle having sides of 10, 12 and 15.5 cm, and the last shape
was a parallelogram with a 10 cm base and an 8 cm perpendicular height. The
question asked whether the area of the given triangle and parallelogram could be
equal to the area of the given rectangle, and what the reasoning underlying their
answer was. By placing the triangle over the rectangle, eight of the 12 students
answered that the triangle had a smaller area than the rectangle, while 3 of them
claimed the reverse by saying that the sides of the triangle were longer than those of
the rectangle. The last student claimed that the two areas could not be compared
because the shapes were different. For the parallelogram, all of the 12 students
answered that the rectangle had a smaller area than the parallelogram since they
compared the slant height of the parallelogram with the perpendicular height of the
rectangle.

Another researcher investigating students' understanding, strategies and
misconceptions as regards area measurement was Zacharos (2006). The researcher
examined the effect of a special teaching course and different use of tools on

students' measurement strategies. One hundred and six students participated in the
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research; 56 of them were in the experimental group and 50 of them were in the
control group. In the experimental group emphasis was on conceptual understanding
of area measurement; however, in the control group, the emphasis was on the use of
formulas rather than conceptual understanding of the concept. After the instruction, a
one-to-one interview was conducted with each student. The results of the study
revealed that the students used the area=base xheight strategy for each shape
regardless of whether the shape was a rectangle or a parallelogram. Moreover, the
students used area=base+height strategy or area=total lengths of sides of a figure to
find the area of a geometric shape.

Another study worth mentioning is a master’s thesis conducted by Orhan
(2013) in Turkey. The purpose of the study was to investigate the common errors of
middle school students in the domain of area and perimeter. One hundred and eleven
private middle school students (6", 7™ and 8" grade) participated in the study.
Procedural and conceptual tests on area and perimeter developed by the researcher
were administered. Procedural knowledge tests require using formulas and
computations to find the areas and perimeters of given figures, while a conceptual
knowledge test requires the test taker to understand the rationale underlying the
concepts. When the answers of the students were examined, it was seen that students
could calculate the perimeter of the square with ease, but they were unable to
calculate one side of the square when its area was given. They generally divided the
area by four to find the length of one side. Moreover, the students had some
misconceptions while calculating the area of a parallelogram. The first
misconception that was identified was that students used the slant height instead of
the given perpendicular height as did students in the study of Cavanagh (2008).
Another common error that was determined was that the students used the
perpendicular height even to calculate the area; they divided the product of the height
and the side by two. In addition, when the area of the triangles was asked for, it was
observed that students did not divide the multiplication of the height and the length
of the side by two. Furthermore when the area of a composite figure was asked, the
students tried to calculate the perimeter of the polygon rather than its area.

In another study, Gokdal (2004) investigated misconceptions in relation to

proportion of 8" and 11"

grade students in the topics of area and volume. To
determine the misconceptions, the researcher administered a test with 16 open-ended
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questions to 562 students. The results of the analysis corresponded with the results of
Cavanagh's study in that the students used the concepts of the perimeter and area
interchangeably. They also did not know the concepts of base and the corresponding
height. Moreover, to find the area of a right angle triangle whose three side lengths
were given, some of the students multiplied its perpendicular edges and forgot to
divide it by 2, and some of the students multiplied the three sides of the triangle,
while some of them multiplied one of the perpendicular sides with the hypotenuse. In
addition, some of the students calculated its perimeter rather than its area.

Similar domains of measurement, perimeter and area were studied in a study
by Tan-Sisman and Aksu (2009), as in Orhan's study (2013). The researchers
examined 7" grade students' understanding of the concepts of the perimeter and the
area. Eight open-ended questions, which were posed to 134 seventh grade students,
served as the data source of the study. The results of the study revealed that students'
understanding of the area and the perimeter were at superficial level. Moreover,
students used the perimeter formula to calculate the area of a figure or vice versa.
Another study was conducted by Tan-Sisman and Aksu (2012) on three domains of
measurement: length, area and volume. In this study, the researchers aimed to
examine 6™ grade students’ procedural and conceptual knowledge and their problem
solving skills in relation to these concepts. The Conceptual Knowledge Test, the
Procedural Knowledge Test and the Word Problem Test were administered to 445
sixth grade students. The results showed that students' performances in all tests were
very low. Therefore, it was concluded that students did not know the meaning of
measurement and they had some problems in solving word problems.

Similar to the concepts researched by Tan-Sisman and Aksu (2012), Dagli
(2010) conducted a study not only to investigate 5t graders' understanding of
perimeter, area and volume, but also to determine their misconceptions regarding
these concepts. A 40 item-test was administered to 262 fifth graders. The results of
the study coincide with the results of the above studies in terms of confusion between
the area and the perimeter concept. In addition, students experienced difficulty
mostly in area measurement problems.

To sum up, the conducted studies manifestly show that students have some
misconceptions regarding the concept of the area. These were summarized by Esen

(2013), as follows: Difficulty in understanding the area as a space inside a figure,

33



difficulty in understanding transitivity and conservation of the area, confusing the
area and perimeter, difficulty in understanding that the area and perimeter are
directly related in that one determines the other, difficulty in applying the formula to
find the area of a rectangle or that of plane figures other than rectangles, difficulty in
interpreting the results of the procedure, confounding linear and square units, and
difficulty in understanding the inverse relationship between the size of the unit and
the number of units (p. 45).

Eliminating the source of the misconceptions requires improving teachers and
teacher candidates’ knowledge regarding mistakes and misconceptions (Turkdogan,
Baki, & Cepni, 2009). However, teacher candidates have difficulty in determining
students’ misconceptions (Turnuklu & Yesildere, 2007). Moreover, teachers are
unable to decide on the appropriate instructional strategies for related misconceptions
even if they are able to determine the source of misconceptions in students’
mathematics work (Riccomini, 2005).

In this respect, studies have been conducted to investigate pre-service and in-
service teachers' pedagogical concept knowledge in terms of students’
misconceptions on certain topics. In this part of the literature review, studies on
students' conceptions and misconceptions in the area concept have been presented. In

the next section, studies on teacher knowledge of the area concept are outlined.
2.4.2 Studies on Mathematics Teachers' Knowledge on the Concept of Area

Misconceptions in relation to the area concept do not merely belong to
students. Some teachers or teacher candidates may also hold these misconceptions. In
this part of the chapter, studies related to teachers' content knowledge on the area
concept and pedagogical content knowledge are reviewed.

One study by Murphy (2012) investigated the relationship between pre-
service teachers' subject matter knowledge (SMK) on the area concept and the
planned lesson to teach that concept. The results of the analyzed data by four
prospective mathematics teachers showed that limited subject matter knowledge on a
topic was caused by rule oriented teaching although a sufficient SMK on the topic
led the teacher to use inquiry based teaching.

In another study, Baturo and Nason (1996) evaluated freshman elementary
mathematics teachers' subject matter knowledge on the area concept. Eight tasks
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assessing pre-service teachers' SMK on the area concept were applied to 16 first-year
pre-service teachers during interviews. The results of the study revealed that
prospective teachers' SMK was insufficient. The areas of rectangular shapes would
be taught to make calculations based on rote memorization without engaging in
meaningful learning since knowing the formulae and the way to calculate was
perceived to be more important than understanding the rationale of the underlying
rules. Not knowing the relation between a rectangle and a triangle, the students could
not understand why it is divided by two when calculating the area of the triangles.
Moreover, it was also concluded that pre-service teachers with limited SMK would
experience some difficulties while teaching the concept in an effective and
meaningful way.

Another study by Yew, Zamri and Lian (2010) yielded similar results to those
reported by Baturo and Nason (1996). The researchers conducted a study to
investigate pre-service teachers' knowledge of the area formulae. The analyzed data
obtained from eight pre-service teachers showed that none of the eight pre-service
teachers was able to develop a formula for rectangular areas, although they all
remembered the formula for the area of a rectangle. Moreover, only two of the eight
participants were able to develop the formula for triangular areas based on the
formula of a rectangular area. It can be concluded from the results that the pre-
service teachers did not learn the formulae in a meaningful manner; they learnt them
via rote memorization without relating the formulae for the area of a rectangle to that
of a triangle or the others.

Since teachers' limited knowledge of concept definitions can cause students to
experience difficulties and to hold misconceptions regarding that concept, Bozkurt,
Kog¢ and Yilmaz (2014) aimed to examine pre-service teachers’ knowledge regarding
definitions of the concepts of length, area and volume. In this respect, a form
requiring the definitions of these terms and asking for the relationship between the
terms was administered to 85 freshman elementary mathematics teachers. The results
revealed that the area concept came to prominence as quantification rather than as a
concept. In addition, some freshmen defined the area as length multiplied by width.
In the light of these results, the researchers inferred that interpretation of the meaning
as a formula or a dimension could result in misconceptions and difficulties for

students.
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With a similar aim to the research of Bozkurt et al. (2014), Ayan, Yemen-
Karpuzcu and Isiksal-Bostan (2014) investigated pre-service teachers' subject matter
knowledge regarding the concepts of the perimeter, area, surface area and volume
and the relationship between these concepts. Two open-ended problems were
directed to 22 elementary mathematics teachers. The first problem asked which
geometric figure with the same perimeter had the largest area. Sixteen out of 22
participants gave the square as an answer, while the circle or the hexagon was the
answer provided by six of the participants. To answer the question, thereof the six
pre-service teachers who gave the circle as an answer had formed geometric figures
and compared their areas. On the other hand, three of the six pre-service teachers
who gave the hexagon as an answer stated that as the number of the sides increased,
so did the area. The second problem asked which solid with the same surface area
had the largest volume. Only two participants answered the problem correctly by
giving sphere as the answer and just one of them answered both of the questions
correctly. Accordingly, pre-service mathematics teachers failed to understand the
relationships between these concepts; however, they did not have any difficulty in
calculating the area and perimeter of a shape or the surface area and volume of a
solid. The researchers specified the probable reason underlying this situation by
stating that while teaching these concepts more importance was given to operational
skills rather than to activities involving the interpretation of relationships between
concepts. Thus, they concluded that it is important for prospective teachers to
comprehend the concepts in depth since these prospective teachers will teach these
concepts in future.

The studies mentioned above were related to teachers' subject matter
knowledge on the area concept. In addition to these studies, there are also some
research studies examining teachers' pedagogical content knowledge (PCK) in
relation to the concept of the area.

Yeo (2008) questioned how beginning mathematics teachers” PCK on area
and perimeter affects grade 4 students in the act of teaching. To this end, five of a
beginning teacher’s lessons on area and perimeter were observed and video-taped.
The results indicated that the teacher had a sufficient level of PCK since his choice of
examples was fruitful for students’ meaningful learning; also he selected activities

according to students' needs. Just in one situation he showed lack of PCK in that he
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could not realize the students’ lack of conception in defining area. When students
defined the area as length times width, he did not explain that it is a concept rather
than a formula.

To prevent students’ misconceptions and difficulties, teachers need to
anticipate students’ misconceptions and difficulties in relation to the area concept
and to know the strategies to overcome these misconceptions. Therefore, SMK and
PCK of class teachers as regards the area concept were investigated by Dogan and
Isiksal (2014). Data were collected from a fourth grade teacher by means of a pre-
interview, a post-interview and observation of five lessons. Analysis of the gathered
data was carried out by knowledge quartet. The results indicated that the teacher was
unaware of the goals and objectives of the lesson, so the teacher was incapable of
relating the objectives. Since the teacher had not mentioned the connection between
the methods of solution, the students found the area of the rectangles by counting one
by one instead of using the formula of length times width.

Another study, which was conducted as a master’s thesis in Turkey by
Simsek (2011) sought to investigate pedagogical content knowledge of prospective
mathematics teachers with respect to the difficulties students experienced in area and
perimeter. The participants of the study consisted of five senior students from
Cumbhuriyet University. Interviews and observations were utilized as data collection
tools. Three scenarios about the relationship between the perimeter and area were
used in the interview. Subsequent to interviews, pre-service teachers' pre-planned
lessons were observed and videotaped. The analysis of the transcribed data revealed
that teacher candidates did not have sufficient knowledge of students'
misconceptions; even they themselves had these misconceptions. Moreover, they did
not have adequate knowledge of educational strategies to eliminate these

misconceptions.

2.5 Summary of Literature Review

In the relevant literature, a large body of research has attempted to shed light
on the conceptualization of teachers' knowledge. Following the PCK of Shulman
(1986), a countable number of researchers conducted studies to extend and to clarify
the definition of pedagogical content knowledge and its different categories and sub-

categories(Grossman, 1990; Magnusson et al., 1999; Marks, 1990; Park & Oliver,
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2008; Shulman, 1986; 1987). Different from the categorizations proposed so far of
teachers’ knowledge or specifically PCK, Ball et al. (2008) and Rowland et al.(2009)
focused on the nature of mathematical content knowledge in the act of teaching.
Contrary to the study by Ball and her colleagues, Rowland et al. (2009) gave more
importance to the observation of ongoing learning environments rather than the
administration of questionnaires.

Due to its significant place in real life settings, measurement is one of the
important mathematical content areas in the school curriculum (NCTM, 2014). As it
can be seen in related literature, one of the mostly used concepts in research is area
measurement. Although measuring area was central to an extensive number of
studies, conducted research showed that most of the students had a superficial level
of understanding the area concept and their limited learning caused them to hold
misconceptions and to experience difficulties (Cavanagh, 2008; Dagli, 2010;
Gokdal, 2004; Huang & Witz, 2013; Tan-Sisman & Aksu, 2012; Orhan, 2013;
Zacharos, 2006; Zhou, 2012).On the other hand, teachers' knowledge regarding
students' difficulties and misconceptions and their knowledge of appropriate
instructional strategies were significant for effective teaching and for eliminating
students' difficulties and misconceptions (Riccomini, 2005; Turkdogan, Baki, &
Cepni, 2009). However, the extensive amount of evidence indicated that teachers and
teacher candidates have insufficient knowledge regarding misconceptions and
difficulties; in fact, even they, themselves, had these misconceptions (Baturo &
Nason, 1996; Yew, Zamri, & Lian, 2010). Moreover, they did not have adequate
knowledge of instructional strategies to eliminate these misconceptions (Simsek,
2011). Since teachers' knowledge is a significant factor for students' achievement,
more studies should be conducted on teachers' knowledge on specific topics.

Even though measurement is one of the important content areas, reviewed
literature revealed that comprehension of the measurement topics, especially that of
the area concept was limited (Cavanagh, 2008; Tan-Sisman & Aksu, 2009; Zacharos,
2006). Although teachers' pedagogical knowledge on measurement has a crucial role
in student achievement (Hatisaru, 2013; Lenhart, 2010), there is a limited number of
research on teachers' knowledge regarding the area concept (Dogan & Isiksal, 2014;
Simsek, 2011; Yeo, 2008). Since teachers’ pedagogical content knowledge has a

significant effect on students’ achievement and is important for effective teaching,
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the purpose of the present study is to investigate pedagogical content knowledge of
pre-service teachers in relation to the area concept. In this respect, the foci of the
present study was narrowed down to pre-service mathematics teachers' knowledge
regarding students’ difficulties and misconceptions and the knowledge of strategies

to overcome those difficulties and misconceptions regarding the area of triangles.
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CHAPTER 111

METHODOLOGY

The purpose of the study was to investigate middle school pre-service
mathematics teachers’ pedagogical content knowledge of the concept of the area of
triangles. In this  respect, pre-service  teachers' knowledge  of
misconceptions/difficulties that students may have regarding the concept of the area
of triangles was investigated. Additionally, pre-service teachers’ knowledge of the
instructional strategies that were used during practice teaching to overcome
misconceptions/difficulties held by students was examined.

In this chapter, the design of the study, the context of the study, the
participants of the study, the data collection techniques and the data collection tools,

data analysis, trustworthiness and ethical considerations are explained.

3.1 The Design of the Study

To understand the meaning behind a phenomenon and to gain insight into the
phenomenon, qualitative research designs are commonly used (Merriam, 1998).
Hence, the qualitative research methodology was utilized in the present study in
order to conduct an in-depth investigation of pre-service teachers' knowledge of
misconceptions/difficulties that may be held by students regarding the area of
triangles and their knowledge of strategies that were used to eliminate these
misconceptions/difficulties of the students during the practice of teaching.

Merriam (1998) regarded the qualitative research as an umbrella including
different types of inquiry and it allows us to understand a phenomenon without
changing the natural environment. Similar to the definition made by Merriam
(1998), Creswell (1998) defined qualitative research as "an inquiry process of

understanding based on distinct methodological traditions of inquiry that explore a
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social or human problem" (p.15). In other words, qualitative designs provide insight
into the meaning of a phenomenon that people have constructed. Moreover, such
research studies help researchers to describe in detail the quality of a particular
situation (Frankel, Wallen & Hyun, 2012).There are four overlapping characteristics
that have been emphasized by different writers to understand the nature of qualitative
research. One of the four characteristics of qualitative designs is that the importance
is placed on understanding the phenomenon by examining the point of views of
participants. Another characteristic is related to the researcher since data collection
and data analysis are conducted by the researcher. Another one is that extensive
amount of data is gathered from observations, interviews and documents and they
form larger categories. Finally, the last characteristic is that the findings provide deep
knowledge (Merriam, 2009).

After providing some information regarding the qualitative research design,
information on the case study as one of the types of qualitative research design is

presented in the following section.

3.1.1 Case Study

The qualitative case study design was employed in this study. Creswell
(1998) defined case study as "an exploration of a bounded system or a case (or
multiple cases) over time through detailed, in depth data collection involving
multiple sources of information rich in context. This bounded system is bounded by
time and place, and it is the case being studied a program, an event, an activity, or
individuals" (p. 61). Similarly, Merriam (2009) defined case study as "an in-depth
description and analysis of a bounded system" (p. 40).

As it can be concluded from the definitions, the most important characteristic
of the case study research is the nature of the case. The case can be a student, a
teacher, a program, a class, or a school (Creswell, 1998; Frankel, Wallen, & Hyun,
2012; Merriam, 1998). In this respect, the case of the present study was two senior
pre-service middle school mathematics teachers enrolled in the middle school
mathematics teacher education program in the Middle East Technical University
(METU). Since the purpose of the study was to gain in-depth understanding of the
pre-service teachers' knowledge of misconceptions/difficulties that may be held by

students regarding the area of triangles and their knowledge of strategies that they
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used to eliminate these misconceptions/difficulties of students in their practice of
teaching, the single case study was employed. The pre-service teachers' pedagogical
content knowledge served as a holistic unit of analysis in the study. In addition, the
context of the study was the middle school mathematics education program. In the

next part, detailed information about the context of the study is provided.

3.1.2 Context of the Study

In this part of the study, information about the context of the study, which
was the elementary mathematics education program, the courses that were taken to
graduate from the university and practice school environment are provided in a
detailed manner.

The Elementary Mathematics Education (EME) Program at Middle East
Technical University (METU) is a four-year program. The courses included in the
program are from the department of Mathematics, Physics, Statistics, Turkish
Language, Modern Languages, History, Computer Education and Instructional
Technology, Educational Sciences and Elementary Education. The courses of the
EME program are provided in Table 3.1 (METU, 2013). Subsequent to this program,
pure mathematics and science courses are offered in the first two years. In the
following years, pre-service teachers attend educational courses. In their first
semester of their third year, pre-service teachers take the Methods of Teaching
Mathematics I course. The course content includes the objectives of the mathematics
teaching, methods, techniques and materials in mathematics teaching and teaching
approaches in school mathematics. In the following semester, the Methods of
Teaching Mathematics II course is offered to pre-service teachers. During the course,
pre-service teachers learn and discuss effective teaching methods for meaningful
learning of the concepts of numbers, algebra, geometry, measurement, probability
and data analysis. Moreover, students' misconceptions related to these concepts are
analyzed. In their senior year, school experience and practice teaching in elementary
education courses are offered to the pre-service teachers. In the first semester they
just attend real classroom settings and observe real classroom environments.
However, in their final semester before graduation, they both observe and have

practice experiences in their cooperating schools.
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Table 3.1 Courses in the Elementary Mathematics Education Program at METU

FIRST YEAR

First Semester

MATH 111 Fundamentals of Mathematics
MATH 117 Calculus I

MATH 115 Analytic geometry

ENG 101 English for Academic Purposes |
EDS 200 Introduction to Education

IS 100 Introduction to Information
Technologies and Applications

Second Semester

MATH 112 Discrete Mathematics

MATH 118 Calculus II

MATH 116 Basic Algebraic Structures

CEIT 100 Computer Application In Education
ENG 102 English for Academic Purposes 11

SECOND YEAR

Third Semester

PHYS 181 Basic Physics I
MATH 219 Introduction to Differential
Equations
STAT 201 Introduction to Probability& Stat. |
ELE 221 Introductional Principles and
Methods
EDS 220 Educational Psychology

Any one of the following set
HIST 2201 Principles of Kemal Atatiirk [
HIST 2205 History of the Turkish Revolution
I

Fourth Semester

PHYS 182 Basic Physics II
MATH 201 Elementary Geometry

STAT 202Introduction to Probability& Stat. 11
ELE 225Measurement and Assessment

ENG 211Academic Oral Presentation Skills
Any one of the following set

HIST 2202 Principles of Kemal Atatiirk 11

HIST 2206 History of the Turkish Revolution

I

THIRD YEAR

Fifth Semester

MATH 260 Linear Algebra
ELE 341 Methods of Teaching Mathematics I

Any one of the following set
TURK 105 Turkish I
TURK 201 Elementary Turkish
TURK 305 Oral Commination
Elective
Elective

Sixth Semester

ELE 310 Community Service
ELE 329 Instructional Technology and
Material Development
ELE 342 Methods of Teaching Mathematics 11
EDS 304 Classroom Management
Any one of the following set
TURK 106 Turkish II
TURK 202 Intermediate Turkish
TURK 306 Written Commination
Restricted Elective

FOURTH YEAR

Seventh Semester
ELE 301 Research Methods

ELE 419 School Experience

ELE 465 Nature of Mathematical Knowledge
for Teaching

Restricted Elective

Elective

Eight Semester

ELE 420 Practice Teaching in Elementary
Education

EDS 416 Turkish Educational System and
School Management

EDS 424 Guidance

Elective
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In addition to the elementary mathematics education program, practice
school environment should be considered under the context of the study.. The study
was conductedin a public middle school in Ankara, Turkey. It was a double shift
school in which one group of students take education in the morning, and the second
group in the afternoon. The sixth graders who took part in the study were in the
morning group. The sixth grade students were generally between 10 and 11 years
old. Moreover, students were generally from families with high SES.In addition, the
classrooms in which participants’ teaching were observed consisted of 32-35
students. The classrooms had green boards andthere were no computers or smart

boards in the classes.

3.1.3 Sampling and Participant

In this section, detailed information is given about the case of the study,
which was two senior pre-service middle school mathematics teachers.

As for sampling, probability and non-probability sampling are two basic types
of sample selection. If the generalizability of the results of the study from the sample
to the population is the aim of the study, then probability sampling can be
implemented. However, the goal of qualitative studies is not to generalize the results
to the population. Since generalizing the findings is not a goal of qualitative studies,
non-probability sampling methods are chosen by qualitative researchers rather than
probability sampling (Frankel, Wallen & Hyun, 2012; Merriam, 1998). Patton (1990)
indicated that selecting information-rich cases is the most important factor during
participant selection. In this way, the researcher can gain a rich source of in-depth
information from small number of cases. Since the sample selected purposefully
contributes to the purpose of the research, Patton (1990) called it purposeful
sampling.

Since this study aimed to arrive at an in-depth understanding of pre-service
teachers' knowledge of misconceptions/difficulties that may be held by students
regarding the area of triangles and their knowledge of strategies that were used to
eliminate these misconceptions/difficulties of students in the practice of teaching,
generalization was not a concern of the present study, and thus, the non-probabilistic
sampling method was employed. To be more specific, as one type of non-
probabilistic sampling method, the purposive sampling was used in the study.
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The participants of the study were selected from METU during the 2014-2015
academic year based on some criteria. One reason why the participants were selected
from METU was the high quality of education offered at the university. Therefore, it
was assumed that the researcher would be able to get rich data about students'
misconceptions/difficulties regarding the concept of the area of triangles, and about
instructional  strategies ~which can be used to overcome these
misconceptions/difficulties of students. Another reason for the selection of
participants from METU was easy access of participants. Since the researcher
conducted interviews and observations with the participants, she needed to spend
plenty of time with the participants. Hence, easy access of the participant was an
important criterion for the researcher and thus for the study. In addition, according to
accessible literature, conducted studies revealed that experience was an important
factor for the development of teachers' pedagogical content knowledge. Therefore, it
is assumed that seniors pedagogical content knowledge was more developed when
compared to other undergraduate levels in the elementary mathematics education
program at METU since they took pedagogically-rich courses in their third and the
fourth years. In this respect, since seniors had completed all the offered courses in
their final semester, the participants of the present study were chosen from among
seniors. In addition, since the researcher was to observe the participants in a real
classroom environment at their internship schools and since the school experience
course is offered in the final year of education, the participants needed to be chosen
from among the seniors. Therefore, the researcher chose the sample of the study from
among the seniors.

There is no right answer to how many samples is suitable for case studies
(Merriam, 2009). Patton (1990) indicated that it is more valuable to gain rich
information from a smaller number of samples than getting smaller amount of
information from large samples. Thus, two volunteers and information-rich seniors,
who were in the same internship school, were selected as the participants of the
study.

The participants of the present study were two female pre-service middle
school mathematics teachers who were in their last semester of the undergraduate

program in METU. Pseudonymous names were used and the confidentiality of the
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collected data was ensured to the participants. Hatice was used as a pseudonym for
the first pre-service teacher and Eda for the other pre-service teacher. Both of the
participants had graduated from an Anatolian Teacher Training High School.
Although Hatice had enrolled in the teacher education program willingly, Eda was
unwilling to become a mathematics teacher at the beginning. However, over the
years, she had become pleased about becoming a teacher. Thus, during the research
study, both of the pre-service teachers were willing to be a mathematics teacher. In
addition, they had taken all the required must courses in their undergraduate
programs. Moreover, until the last semester, Hatice and Eda had taken five elective
courses. In this regard, both Hatice and Eda had taken hands-on activities in
mathematics instruction, problems solving in mathematics, and mathematical
modeling for teachers as elective courses. Additionally, Hatice had taken the
teaching of geometry concepts course and Eda had taken the Instruction to
Psychology course. Furthermore, neither had prior teaching experience in a real

classroom.

3.2 Data Collection Procedure

The data was collected from the two pre-service middle school mathematics
teachers at Middle East Technical University during the spring semester of the 2014-
2015 academic year.

In order to ask the pre-determined pre-service teachers about their decisions
regarding their participation in the study, the researcher met with the two pre-service
teachers and explained the purpose of the study to them. Moreover, the data
collection process of the thesis and their responsibilities were clearly explained. In
addition, the researcher informed the participants about the classroom observations
and the hours during which their teaching could be observed. Additionally, the
observation dates were decided on together with the participants. Since the
researcher considered using a video camera for the observations and the interviews,
the participants were asked whether or not it was a problem for them and, thus, their
permission was taken. Confidentiality of the data was also ensured in that it was
explained that no one else could have access to the data. The researcher and her
supervisor were the only people who could reach the data, and during data collection
and analysis the pseudonyms were to be used instead of their real names. Since the
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pre-service teachers were taking the practice teaching course during the semester
when the data were collected, it was also ensured that their grades relevant to the
practice teaching course were not to be affected by anything else related to this study.
Additionally, they were told that they were not obligatory to participate in the study
since voluntariness was an important factor for the study. At the end of the
conversation, the pre-service teachers volunteered to participate in the study. The

time schedule for the data collection procedure is presented in Table 3.2.

Table 3.2 Time schedule for data collection

Date Events

Development of data collection tools (observation

protocol, interview protocol, and teaching
September 2014- January 2015 scenarios)

Selecting and meeting the participants

Obtaining permission from the METU Ethical
January 2015- February 2015 Committee and Ankara Provincial Directorate for
National Education

February 2015- March 2015 Pilot interviews and rewriting the questions

Data collection (lesson plan activity, teaching

March 2015- June 2015 . . . : .
observation, pre-interview and post-interviews)

June 2015- March 2016 Preparing data for analysis & data analysis

The required permission was obtained from the METU ethical committee to
conduct the study and from Ankara Provincial Directorate for National Education to
conduct the observation. After receiving the permission of the Ankara Provincial
Directorate, the permission of the school administrator and the mathematics teacher

who gave her lesson to the trainees were asked.
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3.3 Data Collection Tools

In qualitative studies, three main techniques are used to collect data. One of
them is the observation of the actual environment to learn what is actually going on.
The other form of collecting data is the interview. By means of the interview, the
researcher can learn about people's thoughts, their knowledge and the reason behind
a behavior. In addition to the observation and interview, documents can be used as a
data collection tool (Frankel, Wallen, & Hyun, 2012). Merriam (2009) pointed out
that the most common form of data collection in educational studies is interviewing.
Also, when the results are gained through different types of data collection tools
called triangulation, researcher bias is reduced and hence validity of the study is
enhanced (Frankel, Wallen, & Hyun, 2012; Merriam, 2002).

In this respect, to gain a deeper understanding of pre-service teachers'
knowledge of misconceptions/difficulties that students may have regarding the
concept of the area of triangles and their knowledge of the strategies that were used
during practice teaching to overcome misconceptions/difficulties held by students,
data were gathered through three types of data collection tools: semi-structured
interviews, observation of the ongoing learning environment in a real classroom
context and documents (lesson plans, field notes). Each data collection tool is

explained in the following sections.

3.3.1 Interviews

Interviews help the researchers to understand the reason behind a situation or
a behavior and the thoughts of people (Frankel, Wallen, & Hyun, 2012). The aim of
an interview is to gain new and valuable information that fills the missing part in
other forms of collected data. In this respect, interviews were conducted in order to
gather detailed information about pre-service teachers' knowledge of
misconceptions/difficulties that students may have regarding the concept of the area
of triangles.

Merriam (2009) classified the interviews into three types according to its

degree of structure; highly structured interviews, semi-structured interviews, and
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unstructured interviews. In highly structured interviews, the interview questions and
their orders are predetermined so that the researcher asks the questions as if h/she is
reading a survey form. In semi-structured interviews, the researcher has several
guiding questions but the questions and their order are flexible and can change
according to the answer of the participants. On the other hand, in unstructured
interviews there is not any type of pre-determined questions. In this study, the semi-
structured interview was utilized. These interviews were conducted as pre-interviews
related to lesson planning activity before the teaching observation and as post-
interviews conducted after the classroom observations.

After the lesson planning activity, the first interview was conducted with the
participants before the observation of their lesson. The purpose of this pre-interview
was to clarify their thoughts on their prepared lesson plans. Hence, participants had a
chance to explain the rationale underlying the questions they had prepared and
integrated into their plans, in other words, why she preferred to ask such a
question/problem. Hence a detailed picture of pre-service teachers' knowledge and
thoughts about misconceptions/difficulties that students may have regarding the area
of triangles were determined more accurately. In this respect, some of the questions
posed to the pre-service teachers during the pre-interview are provided in the
following paragraph, and the protocol of pre-interview questions is provided in
Appendix A.

For instance, to understand whether pre-service teachers take into
consideration the misconceptions/difficulties that students may have pertaining to the
area of triangles while organizing their lesson, the pre-service teachers were posed
the following question: "What did you take into consideration while preparing the
lesson plan associated with the altitude of the triangle/ the area of the triangle?"
Another example question that was asked in order to gain insight into pre-service
teachers' knowledge of strategies was "Which instructional strategies did you
consider to use o overcome students' misconceptions/difficulties regarding the
altitude of the triangle/ the area of the triangle during your instruction?" It was
realized that in her lesson plan, Hatice had written, "observe students in part A to
detect their misconceptions about constructing a perpendicular from a given point to

a line segment" and she provided students with some misconceptions/difficulties
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regarding the  height concept and the way to answer those
misconceptions/difficulties. Regarding these circumstances, to lead her into
explaining what her knowledge of students’ misconceptions/difficulties regarding the
height concept/ the area of triangles was, the following general questions were asked
during the pre-interview: “Why did you prefer to include them in your plan?, In what
way can it be useful for you as a teacher?” Additionally, regarding this situation, to
understand the source of pre-service teachers' knowledge regarding students'
misconception/difficulties about the concept of the area of triangles, they were asked
the following questions: "Where did you encounter these
misconceptions/difficulties? How did they come to your mind?" Moreover, Hatice
planned to use an activity on constructing a perpendicular from a given point to a line
segment in order to teach the concept of the altitude of triangles. To understand the
rationale underlying the preparation of this activity, the pre-service teacher was
asked the question that follows: "Why did you prefer to teach the concept of the
altitude of triangles by constructing perpendicular line segments from a given point
to a line?" Moreover, it was seen in the lesson plan on the altitude of triangles that
Hatice grouped the prepared questions in the activity in that she planned to make
students draw first the a, b, d questions then the f, g, 1, and finally the e, h, k, j
questions. To clarify her thoughts concerning this grouping of the questions, she was
asked the following questions: "Is there any reason underlying this grouping? Why
did you prefer to group them?" As a last example, pre-service teachers prepared
some problems in their lesson plans. To understand their thoughts in-depth and the
reason underlying the prepared questions, the pre-service teachers were asked the
following: "Why did you prefer to ask such a question to the students?, "What was
your purpose in asking them?"

After the observation of the pre-service teachers’ lessons, a post-interview
was conducted with each participant. The purpose of this interview was to clarify
their thoughts, decisions and behaviors in teaching the topic to the class. The
researcher gets a chance to ask clarifying questions about the observed lessons by
means of the interview. Also the participants get a chance to observe themselves and
can explain the reasons behind their behaviors. Hence, the researcher can understand

what the pre-service teachers had in their mind while doing anything during their
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teaching, what they actually did or whether they acted in accordance with their plans
by means of the post-interview. In this respect, some of the questions posed to the
pre-service teachers during the post-interview are provided in the following
paragraph, and the protocol of post-interview questions can be found in Appendix C.

As an example of the post-interview questions, to clarify pre-service teachers'
knowledge of the misconception/difficulties that students may have regarding the
area of triangles/altitude of triangles, and to understand the difference between their
knowledge of students' misconceptions/difficulties regarding the area of triangles,
they were posed the following questions: "Which misconceptions/difficulties may
the students have regarding the area of triangles/altitude of triangles? Which of these
misconceptions/difficulties did you encounter during your teaching practice? Was
there any misconception/difficulty that you encountered for the first time during your
teaching?" Additionally, to specify in which parts of the lesson they had difficulty in
while eliminating the misconceptions/difficulties that emerged during teaching, the
following questions were asked: "Did you experience any difficulty during practice
teaching? Did you experience any difficulty in responding to students' questions or in
eliminating misconceptions/difficulties held by students?" Moreover, to understand
whether their thoughts about what they did coincided with what they actually did,
and to examine pre-service teacher' knowledge of strategies employed to overcome
students’ errors, the following question was asked: "Which strategies do you think
you employed to eliminate the misconceptions/difficulties that the students had
during teaching? As a last example, during her practice teaching, Eda asked the
students a problem that necessitated the calculation of a triangle’s area. In the
problem, a garden looking like a triangle with a base of 25 m and a height of 15 m
corresponding to this base were given. Subsequently, some of the students answered
the problem as 100, 200, and 400 m”. To gain insight into the thoughts of the pre-
service teacher about the answers provided by the students and to find out her
knowledge regarding students' misconceptions/difficulties underlying students'
erroneous answers, the following questions were asked: "Did you think about how
the students found these answers? What can be the reason behind the erroneous

answers of the students? Do you think that the instructional strategy you employed to
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overcome students' errors was influential for students' understanding? Can you
explain your thought?”

During the preparation of the interview protocols, related studies (Isiksal,
2006; Karahasan, 2010; Kubar, 2012; Kula, 2011; Simsek, 2011; Tekin-Striva, 2014)
were examined. In the light of examined studies and especially by the help of Kula's
study (2011) since her conducted interviews were relevant to the purpose of the
interview of this study, the outlines of the interview protocols were prepared.

To understand whether the instrument would serve the purpose of the study,
first, the questions were discussed with an expert, who is an instructor in the
mathematics education department. The appropriateness of the questions for the
purpose and the clarity of the question were discussed with the expert. After the
discussion with the expert, two in-service mathematics teachers and two graduated
students from the Elementary Mathematics Education Program at METU were
discussed with also to gain more insight into the questions that were planned to be
asked. The difficulties that the participants could have, the clarity of the questions
and the meanings they express were discussed by the participants. Hence the
questions were revised according to gathered suggestions.

In the light of these discussions, the questions were narrowed down and
elaborated. For instance, found unrelated to the aim of this study, the following
question was omitted: "Can the real life problems be effective for generating such a
question/instructional strategy/solution/thought?" Instead, more specific questions
were added to the pre- interview questions: "Why did you prefer to ask such a
problem/question to the students? What was your purpose in asking these
questions/problems? Which difficulties/misconceptions may students have regarding
the topic? How do you come to know that it is a difficulty/misconception? What did
you think about the way to overcome misconceptions/difficulties?” Additionally,
more reasoning questions were preferred for the post interview: “What were you
thinking when this was happening? What could the student be thinking of when s/he
was doing/asking/answering...? Did this instructional strategy/explanation adequate
for students’ understanding?”.

After this the questions were revised, the final versions of the interviews

questions were obtained. Then, they were administered to the two pre-service
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teachers. In this regard, the pre-interviews and the post interviews were conducted
with the two pre-service teachers regarding the altitude of triangles and the area of
triangles separately. They were carried out face to face with the pre-service teachers
one by one. Moreover, each interview lasted about half an hour. At the beginning of

each interview, the purpose of the interview was explained to the participants.

3.3.2 Classroom Observation

Qualitative researchers use three techniques to collect data and observation is
one of them. Patton (2014) defined the major purpose of the observation as "to see
firsthand what is going on rather than simply assume we know. We go into a setting,
observe, and describe what we observe" (p. 331). As the purpose defined by Patton
(2014), Merriam (1998) emphasized the difference between observations and
interviews. According to Merriam, a phenomenon can be observed in its natural
setting without requiring any chance. However, in an interview the location is
changed and designed for this purpose. In addition, observation provides firsthand
data, whereas an interview yields secondhand data. Therefore, to make an in-depth
examination of the pre-service teachers’ knowledge on  students’
misconceptions/difficulties regarding the area of triangles, and also, their knowledge
of strategies employed to overcome the misconceptions/difficulties that students hold
about the area of triangles during teaching were observed. The observation of the
teaching practices gave the researcher a chance to determine how pre-service
teachers respond to students’ thoughts in a real classroom environment. Moreover, it
allowed the researcher to observe the participants' PCK regarding the concept of the
area of triangles in their ongoing teaching. In addition, whether pre-service teachers
deviated from their lesson plans during teaching or in which situations they changed
their plans was observed.

The teaching practices of two pre-service mathematics teachers in the area of
triangles were observed at their internship schools where they were attending within
the scope of practice teaching in their elementary education course. Four lessons of
each participant were observed and video-taped with permission.

All of the eight lessons were observed by the researcher and taped by a video
camera from the rear end of the classrooms in order not to disturb the students and
not to distract their attention. During or right after the classroom observations, field
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notes were taken about the relevant lesson. An observation protocol was used to
guide the researcher while taking notes about the lessons. The observation protocol is
presented in Appendix E. The observation protocol includes noteworthy points
regarding the purpose of the study. To illustrate, some of the noteworthy points
determined in the protocol were as follows: "Students solved a question inaccurately
because of a misconception/difficulty and the pre-service teacher did not notice/
noticed the misconception/difficulty". The other point determined in the protocol was
that "students demonstrated different misconceptions/difficulties that were not
specified by the pre-service teachers before the lesson and pre-service teacher did not
notice/ noticed the misconception/difficulty". In addition, as a last point to take into
consideration during pre-service teachers’ practice teaching, it was observed whether
"the pre-service teachers employ a instructional strategy to eliminate students'

misconceptions/difficulties".

3.3.3 Lesson Planning

To examine the pre-service middle school mathematics teachers' knowledge
of common misconceptions and difficulties held by sixth grade students regarding
the area of triangles, possible sources and the strategies used to overcome these
misconceptions/ difficulties, the pre-service teachers were asked to prepare a lesson
plan according to the objectives. The participants prepared their lesson plans
according to the following objectives: 'Students should be able to draw an altitude of
any side of a triangle' and 'students should be able to formulate a instructional
strategy to find the area formula of a triangle and solve related problems. Moreover,
they were reminded that the lesson plans should be prepared for at least four 40-
minute lessons. Two weeks were given for the preparation of the lesson plans.

The researcher told the pre-service teachers that the lesson plan can include
grade level of students, duration of the lesson, prerequisite knowledge and skills,
objectives, materials, teaching methods and techniques, teaching processes from
introduction to closure, assessment and homework. They were also told that they
could add additional information apart from the mentioned titles. In addition, the
participants were told that they were free to use any source while preparing their
lesson plans. Furthermore, it was reminded that the plan should be prepared in a
detailed information rich-manner. Additionally, participants were asked to include
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the questions to be asked to the students, the problems to be solved during the lesson,
the activities, homework etc. and whatever they had planned to use during the lesson.

The pre-service teachers prepared lesson plans are provided in Appendix G.

3.4 Data Analysis

Merriam (2009) defined data analysis as "the process of making sense out of
data" (p. 175) and she added that it is the most challenging part of a qualitative study.
The data analysis comprises three processes, namely consolidating, reducing, and
interpreting (Merriam, 1998).

In this study, two pre-service teachers’ lesson plans, pre-interviews and post-
interviews, and observations of the teaching practices were analyzed to examine the
pre-service teachers' knowledge of misconceptions/difficulties that students may
have regarding the area of triangles and their knowledge of the strategies that were
employed during practice teaching to overcome misconceptions/difficulties held by
students. To begin with, all the video-records regarding pre-interviews, post-
interviews and classroom observations were transcribed. Then, first elimination of
transcribed data carried out according to two research questions, so that; irrelevant
data was removed from the transcription. Afterwards, the interrelated data were
gathered together according to two research questions separately.

To identify pre-service teachers' knowledge of misconceptions/difficulties
that sixth grade students may have regarding area of triangles in the scope of first
question, collected transcripts related with first research question were analyzed and
a general list of codes were developed. Then, the data were analyzed again and again
until the codes of the misconceptions/difficulties saturated for data; in other words,
until different misconceptions/difficulties did not emerge. The codes were further
titled under themes so that similar codes were categorized under specific themes.
After that, the obtained list of codes and themes were discussed with an expert, who
was an instructor in the mathematics education department. Considering gathered
remarks, the researcher obtained the finalized themes and the codes. In this respect,
the knowledge of pre-service teachers on misconceptions/difficulties that students
may have regarding the concept of the area of triangles were categorized into three

main categories and relevant subcategories. The names of the main categories were
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determined as misconceptions/difficulties regarding the concept of height, regarding
the concept of area and regarding the formula for the area of the triangle.

Same process that was followed to answer the first question was carried out to
answer the second question. For the second question, the data collected from the
classroom observations were analyzed to investigate pre-service teachers' knowledge
of instructional strategies that were carried out during practice teaching to overcome
misconceptions/difficulties held by students regarding the area of triangles.

The determined codes and themes were established upon the responses of the
participants, the available literature and the researcher’s own experiences with the

data.

3.5 Trustworthiness

Validity and reliability are the most important factors of research studies.
Collection, analyses, and interpretation of the data and the display of the findings
have a significant role in obtaining valid and reliable knowledge (Merriam, 1998;
2009). In quantitative studies, validity refers to "the appropriateness,
meaningfulness, correctness, and usefulness of the inferences a researcher makes,
"while reliability refers to "the consistency of scores or answers from one
administration of an instrument to another from one set of items to another”
(Frankel, Wallen, & Hyun, 2012, p. 147). For qualitative research studies Lincoln
and Guba (1985) offered the use of different terminologies instead of internal
validity, external validity, reliability and objectivity. Correspondingly, the term
credibility is used rather than internal validity, dependability/consistency for
reliability, transferability for external validity, and confirmability rather than

objectivity (Lincoln & Guba, 1985).

3.5.1 Credibility

Merriam (1998) pointed out that credibility, or internal validity, searches for
the answers of the questions; "How research findings match reality? How congruent
are the findings with reality? Do the findings capture what is really there? Are
investigators observing or measuring what they think they are measuring?" (p. 201).
Therefore, credibility of the findings is the most important thing for research studies

(Creswell, 2012). To increase the credibility of research findings, Merriam (1998)

56



proposed six strategies: triangulation, member checks, long-term observation, peer
examination, participatory or collaborative modes of research, and researcher's
biases. To ensure credibility, triangulation, member checks, and researcher’s biases
were used in this study. Triangulation is the most employed strategy to increase
internal validity of qualitative research studies (Merriam, 2009). Creswell (2012)
defined triangulation as a process to gather data from different individuals or
different data collection methods in qualitative research.

In this study, triangulation was carried out by multiple sources of data, in
other words, as Creswell’s terms, different types of data and different methods of
data collection. In this regard, lesson plans, semi-structured pre- and post-interviews,

and classroom observations were used to triangulate the data.

3.5.2 Dependability/Consistency

In quantitative studies, the term reliability refers to whether the same research
findings can be gathered if the study is replicated (Merriam, 2009). However, it
cannot be possible in social sciences since human behavior changes from moment to
moment. Therefore, for qualitative studies the term dependability or consistency of
the results is used rather than reliability (Lincoln & Guba, 1986). Merriam (1998)
defined dependability as "whether the results are consistent with the data collected™
(p. 206).

Merriam (2009) enlisted the strategies to ensure dependability and
consistency as triangulation, peer examination, investigator's position, and audit
trail. To enhance the dependability of the results in this study, the researcher
triangulated the multiple sources of data. Moreover, the design and the context of the
study, the data collection tools, the data collection procedure, and the data analysis
processes of the study were explained explicitly in previous sections of the
methodology chapter to ensure the dependability of the study. Additionally, a clearly
defined position of the research can be used to increase the dependability of the study
(Merriam, 1998). Thus, in qualitative studies all the processes of a study as data
collection, data analyses, and the interpretation of the data are carried out by the
researcher (Merriam, 2009). Therefore, the researcher of the present study undertook

her biases and assumptions regarding the research by making explanations pertaining
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to them. The detailed explanation relevant to the researcher's position is provided in a

following section.

3.5.3 Transferability

Merriam (2009) explained external validity as "the extent to which the
findings of one study can be applied to other situations. That is, how generalizable
are the results of a research study?" (p. 223). However, generalizability is not the
concern of qualitative studies (Merriam, 2009). Instead of generalizability, Lincoln
and Guba (1986) proposed the term transferability for qualitative studies. To
promote transferability of a study there are some strategies that can be used. One of
them is providing rich, comprehensive descriptions of the research context so that
one can assess the degree to which it matches with the real context as a close match
will ensure the transferability of the findings (Merriam, 1998). In this study, the
process of data collection, the context and the sample have been described in detail.
Hence, the researchers can conduct similar studies with different contents or in

different contexts, thus increasing the transferability of the study.

3.6 Researcher’s Role and Bias

In a qualitative study, the researcher is the only person who collects, analyzes
and interprets the data (Merriam, 2009). Since the researcher has the sole control
over the data, it can lead to the researcher's bias. Therefore, researcher bias,
dispositions, and assumptions need to be undertaken by the researcher throughout the
study (Merriam, 2009).

In the process of classroom observations, the researcher was a non-participant
observer. In this respect, the researcher observed pre-service teachers' practice of
teaching within the scope of a practice teaching course from the rear end of the class.
Since the students were used to interns attending their classes, it was assumed that
this would help to avoid the manipulation of her effect. For this reason, classes were
observed before the real observations so that students could get used to the researcher
and to being recorded by a camera. In addition to the students, the pre-service
teachers could also be affected. To minimize this effect, the researcher spent time
with them. Therefore, they met with the researcher pertaining to permission twice for

the pre-interviews. In addition, the participants and the researcher talked via
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telephone and social network for the preparation of the lesson plans. Additionally,
the researcher repeatedly said, "There is no right answer for the questions, just try to
understand your thoughts, and explaining your ideas in a detailed manner is the most
important thing for the study." Consequently, it is assumed that they were not

affected by the researcher.

3.7 Limitations of the Study

There are some limitations of the study. One of the limitations is about the
researcher's effect on the natural classroom environment. The researcher’s role and
bias were presented in the relevant section of the methodology chapter.

The other limitation concerns the generalizability of the results. Since the
study was conducted with two pre-service teachers, the results cannot be generalized
to other pre-service teachers. Therefore, the findings of the study are limited to the
data gathered from the two pre-service teachers. Furthermore, since the concept of
the study was the area of the triangle, the results cannot be generalized to other
concepts. Thus, the findings of the study were restricted to the concept of the area of
triangles. Moreover, the findings of the study were limited to data sources as pre-post

interview, classroom observations and lesson plans.
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CHAPTER IV

FINDINGS

The aim of the study was to investigate pre-service middle school
mathematics teachers’ pedagogical content knowledge on the concept of the area of
triangles. In this respect, pre-service teachers' pedagogical content knowledge with
respect to students' possible misconceptions/ difficulties regarding the area of
triangles and the strategies that pre-service teachers used to overcome these
misconceptions/difficulties were examined. In this chapter, the findings of the study
are presented under two sections. Each section refers to one of the research questions
and also includes subsections. The first section examines pre-service mathematics
teachers' knowledge on misconceptions/difficulties of students regarding the area of
triangles, and the second section is dedicated to the strategies that pre-service
teachers employed to overcome students' misconceptions/difficulties.

For each section, codes were established based upon the responses of the
participants, the available literature and the researcher’s own experiences with the
data. The codes were further titled within the themes according to the analysis of
lesson plans, pre- and post-interviews, and classroom observation transcripts. While
reporting the findings of the analysis, detailed information is given by providing

excerpts from the lesson plans, interviews and observation transcripts.

4.1 Pre-service Teachers’ Knowledge on Students’ Misconceptions/Difficulties

One of the aims of the present study was to examine the pre-service
elementary mathematics teachers' knowledge of common misconceptions and

difficulties held by sixth grade students on the area of triangles. To this end, pre-
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service teachers were asked to prepare a lesson plan based on the objectives that
follow: 'Students should be able to draw the altitude of any of the sides of a triangle’
and 'Students should be able to formulate a strategy to find the area formula of a
triangle and solve related problems." . To examine their knowledge in depth, their
lectures were observed. In addition, a pre-interview was conducted to clarify their
views regarding their prepared lesson plans, and a post interview was conducted to
clarify their thoughts, decisions and behaviors in lecturing the topic to the class. The
term misconception/difficulty was used in this study to refer to students' limited
conceptions and insufficient prior knowledge pertaining to the area of the triangle. In
this respect, pre-service teachers' perception of students' mistakes corresponds to pre-
service teachers' knowledge of misconception/difficulty held by sixth grade students
regarding the area of triangles.

Based on the analysis of the conducted interviews and the observation
transcripts, it can be stated that the pre-service teachers provided a variety of possible
misconceptions/difficulties that students may have regarding the area of the triangle.
The list of the misconception/difficulties specified by the two pre-service teachers

including their relevant categories is summarized below in Table 4.1.
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During the analysis of the lesson plans, one thing that specifically attracted
attention was that before the researcher asked the teachers a question as to what
misconceptions/difficulties could the students have, both of the pre-service teachers
gave some of them a place in their lesson plans. Table 4.1 summarizes the
misconceptions/difficulties that students might have regarding the concept of the area
of triangles as specified by the pre-service teachers. As can be seen in Table 4.1, pre-
service teachers' knowledge regarding students' misconceptions/difficulties in the
concept of area of triangles could be categorized into three main groups and relevant
subcategories. The main categories are named as misconceptions/difficulties
regarding the height, regarding the area and regarding the formula. In this regard,
they were explained in a detailed manner under each section. In the following

section, misconceptions/difficulties regarding the concept of height are explained.

4.1.1 Difficulties/Misconceptions Regarding the Concept of Height

When Table 4.1 is examined, it can be seen that most of the
misconceptions/difficulties stated by the participants is related to the concept of
height, which is an element of the triangle and prerequisite knowledge for the area of
triangles.

As stated above, there were three categories which were formed according to
the analysis of the pre-service teachers' perceptions regarding students' possible
misconceptions/difficulties in the area of triangles. One of these categories, students'
misconceptions/difficulties regarding the concept of height, could be further divided
into subcategories as misconceptions/difficulties regarding the position of height and
those regarding the relationship between the elements of the triangle and height.
Under the subcategory of the misconceptions/difficulties regarding the position of
height, there were two misconceptions/difficulties specified by two pre-service
teachers. To be specific, pre-service teachers stated that students may think that the
height should always be either vertical or horizontal. Additionally, they highlighted
that students may think that the height should always be inside the triangle. As for,
students' misconceptions/difficulties regarding the relationship between elements of
the triangle and height, pre-service teachers stated that students may think that height

is a perpendicular bisector of the base. Moreover, they underlined that students may
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have the misconception that the side of a triangle cannot be extended. Finally, they
emphasized that students may consider the hypotenuse as the height.

In the following sections, each misconception/difficulty mentioned is
examined under the subcategory it belongs to in detail. To make it more meaningful
and understandable to the reader, they are supported with excerpts taken from the

observation or interview transcripts.

4.1.1.1 Misconception/Difficulties regarding the Position of the Height

In this section, students' possible misconceptions/difficulties as 'height is
always vertical or horizontal to the ground' and 'height is always inside the triangle',
specified by the pre-service teachers while expressing their knowledge of
misconception/difficulties, are examined.
i. Height is Always Vertical or Horizontal

Both of the participants proposed that students may hold a misconception as
'height is always vertical or horizontal to the ground'. To determine whether there is
such a thought in students' mind, both of the pre-service teachers prepared some
questions in their lesson plans, accordingly. To illustrate, Hatice prepared the
following question to ask the students in an activity sheet. The corresponding part
taken from her lesson plan is presented below.

Question: Draw the perpendiculars from point F and I to the line segments.

\ L]
\
e \

\

Figure 4.1 Figure of the questions from lesson plan of Hatice

In addition to the questions, the expected answers of the students to the
questions and the reason behind the answers were presented in Hatice's lesson plan

with possible strategies to deal with each student’s expected answers. To illustrate,
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In F, students may draw a perpendicular as shown in the below picture.

Figure 4.2 Hatice’s presentation of possible students’ construction
Because they may think that a perpendicular will always be vertical.
In G and I, students may draw the perpendiculars as shown in the pictures

below.

Figure 4.3 Hatice’s presentation of possible students’ constructions

Because they may think that a perpendicular can be drawn only vertically or

horizontally. (Lesson plan of Hatice)

As can be seen from the example, the pre-service teacher not only prepared
the questions regarding students' difficulty/misconceptions but also added possible
student answers. Hatice further explained the aim of the prepared questions as
follows:

The aim of the above questions is to enable students to understand that

altitude is a perpendicular line segment and can be constructed on any

base. ... Students think that altitude is only vertical. Thus, they could not
understand how they could draw altitudes to all the sides of the triangle,
especially which are not vertical. (Lesson plan of Hatice)

In addition to the prepared questions corresponding to students’ relevant
misconceptions/difficulties and the expected answers of the students to the prepared
questions, the pre-service teacher included the way to respond to each mistake in

their lesson plans. Although Hatice gave a large place in her lesson plan to students’
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misconceptions, Eda mentioned the misconceptions/difficulties superficially in her
plan just by asking, 'Is it always vertical or horizontal?'

In the following section, pre-service teachers' specifications regarding
students' possible thoughts on whether the height should always be inside the triangle
is examined.

ii. Height is Always Inside the Triangle

In addition to pre-service teachers' knowledge regarding 'height is always
vertical or horizontal to the ground', the misconception that 'height is always inside
the triangle,” which was proposed by both of the pre-service teachers, can be
considered as an element of teacher knowledge on  students'
misconceptions/difficulties regarding the area of triangles.

The pre-service teachers indicated that students might believe that height
cannot be outside of the triangle; in other words, height should be always inside the
triangle. The results of the analysis revealed that both of the pre-service teachers
reflected their knowledge of the misconception/difficulty both in their lesson plans
and during the pre-interview. To illustrate, Eda prepared a question to ask during the
lesson as follows: 'Is the height always inside the triangle?' The corresponding part
of the pre-interview, which was conducted to understand the aim of Eda, is given
below.

Height in the obtuse triangle cannot be distinguished by the students, that

is, where the height needs to be drawn, whether inside or outside, or can

it be outside? I thought that more emphasis should be placed on this topic

to prevent the perception that the height can merely be inside the triangle

and cannot be outside of the triangle. (Eda-Int,)

This statement of Eda can be accepted as an enlightenment concerning the
knowledge of misconception/difficulty. On the other hand, Hatice indicated the same
misconception/difficulty in her lesson plan with a little difference in that she
specified it in relation to line segments as stated in the first misconception/difficulty.
In other words, she expressed that the students may have errors since they believe
that height should always be on the line segment.

Up to this point, pre-service teachers’ perceptions regarding the

misconception/difficulties that students may have in relation to the position of height
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has been presented. In the following section, pre-service teachers' knowledge of
students' misconceptions/difficulties regarding the relationship between the height

and the elements of the triangle is examined.

4.1.1.2 Misconception/Difficulties Regarding the Relationship between the
Height and the Elements of the Triangle

In the light of data analysis, from the designated misconceptions/difficulties
that could be held by students, three of them fell under this title. In this respect,
students’ possible misconceptions that height is a perpendicular bisector of the base,
that the side of a triangle cannot be extended, and that the hypotenuse of a triangle is

its height are examined in the sections below in a detailed manner.

. Height is a Perpendicular Bisector of the Corresponding Base

When the pre-service teachers' classroom observations were analyzed, it was
seen that during pre-service teachers’ classroom observations, some of the students
made some errors in consequence of their thoughts that height is always a
perpendicular bisector of the corresponding base, and Eda realized at that moment
that students' had such a misconception. To illustrate, an excerpt taken from the
observation of the pre-service teacher is provided below. Eda wrote the following

question on the board:

Question: . :
Find the area of the tricngle.

Figure 4.4 Figure of the question from lesson plan of Hatice

Solution of the student: The base is 9 cm. When we divided it by two, it

turns out to be 4.5 cm and 4.5 cm...

After the student’s solution, Eda explained to the class the solution method of

their friends:
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Eda Teacher: Ayse divided the triangle into two parts. She wrote 4 cm
for the height and 9 cm for the base. Hilal, you divided it into two as 4.5
and 4.5. However, have you been told that the triangle was isosceles or
equilateral? Did you divide into two because of the appearance of the

triangle?
Student: Yes, because of its appearance.

Eda Teacher: Does the height always divide the base into two? For

example, in this question did the height divide the base into two?
The class: Yeess

Eda Teacher: Now, look here. If the triangle in the question were an
isosceles triangle or an equilateral triangle, then what Hilal said could be
true. However, now we cannot assert that the height divides the base into

two pieces as 4.5 and 4.5... (Eda-Obs.)

In the light of the above excerpt taken from Eda’s classroom observation, it
can be inferred that the pre-service teacher had knowledge related to the relevant
misconception. Although in the beginning the pre-service teacher had not mentioned
that students might have the misconception that height is always a perpendicular
bisector of its corresponding base, she afterward underlined this

misconception/difficulty of the students.

ii. A Side of a Triangle Cannot Be Extended

According to the analysis of the classroom observation it was seen that the
pre-service teacher noticed students' misconceptions that a line segment cannot be
extended, and realized students' lack of knowledge on the extension concept. The

dialogue taken from the classroom observation is provided below:

Hatice Teacher asked the following question to the class: Draw a
perpendicular line segment from point E to the given line segment.
Then, a student drew an extension of the line segment and the

perpendicular as shown with an arrow in picture below.
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Figure 4.5 An example of students’ answer from Hatice’s lesson

Student-B: It does not exist here (by implying the drawn extension)
Student-C: Is it a ray? (Referring to the line segment)
Hatice Teacher: A line segment

Student-C: I cannot draw it (implying the extension) if it is a line

segment.
Hatice Teacher: Even so, state your idea about the question.

Student-C: I would draw the extension if it were a ray. ... It can be

extended since it is a ray.

After a while, some other students could not understand why they extended

the line segment. The relevant part of the observation was as follows:

Student-C: The thing that I could not understand was that we

learned the line segment did not extend. However, we extended it.

Hatice Teacher: It does not extend. We said the extension of the line

segment.

During the conducted post-interviews, Hatice said, "I did not think that they
would have difficulties in learning the extension of a line segment”. As it can be
understood from the statement, although the relevant misconception/difficulty that
students may have did not come to her mind before the lesson, she afterwards
highlighted that students may think that line segments cannot be extended. In this
respect, during the post-interview she said, "... students lack what can be the

extension of a line segment because they don’t know of such a concept.” The
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statement of Hatice can be accepted as evidence of the pre-service teacher’s
knowledge of the relevant misconception/difficulty that students may have regarding

extension.

iii. Confusion of the Length and Height

The last indicator of the pre-service teachers' knowledge as regards
misconceptions/difficulties that students may have in relation to the relationship
between the height and the elements of a triangle was students' confusion of the
length and the height. To be clearer, the term length can be correlated to the
hypotenuse of a right triangle.

One of the pre-service teachers, Eda, identified the following
misconception/difficulty that may be held by students while differentiating the length
and the height. First of all, in her lesson plan she prepared a question given below to
ask the class and she explained the reason underlying it during the pre-interview as
"When I thought about the difficulties the students experienced in relation to concept
of height, the confusion between height and length came to my mind. That’s why I

tried to give the ladder problem". The problem was given below:

Problem: The painter Rasim wants to paint his house. Since he cannot
reach the higher part of the wall, he will use a ladder of 1.5 m length.
When he ascends the highest stair of the ladder, what can be his height

in relation to the ground? Show it by drawing on the shape.

Figure 4.6 Presentation of the ladder from Eda’s lesson

Afterwards, the pre-service teacher stated, “If students confused the

length of the ladder and its height, then I would expect them to make this
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mistake, that the height of the painter on the last stair of the ladder will
be 1.5 m since the length of the ladder is 1.5 m" (Eda-Int;).

Additionally, she stated, “I think the length of the ladder here refers to
the hypotenuse of the triangle, while the height of the painter from the
ground refers to the height of the triangle. I think what the students can

confuse could derive from these concepts” (Eda-Int;).

In her statements, the pre-service teacher highlighted that students' can get
confused while deciding on the height of a right angled triangle. Thus, the
hypotenuse and the vertical height of the right angled triangle can be confused by

students.

4.1.2 Difficulties/Misconceptions regarding the Concept of Area

As stated above, the misconceptions/difficulties of students as specified by
the pre-service teachers could be divided into three basic categories. The first
category, = which  was  the  pre-service  teachers' knowledge  of
difficulties/misconceptions that students may have regarding the concept of height,
has been examined above. In this section, the second category, which is pre-service
teachers' knowledge of misconceptions/difficulties that students may hold in relation
to the concept of area, is investigated. Misconceptions/difficulties of students
regarding the concept of area refer in this study to students’
misconceptions/difficulties between the concept of area and other measurement
concepts, such as perimeter or volume.

When the data were analyzed, it was seen that one of the specified
misconceptions/difficulties that students may have regarding the concept of the area
of triangles fall under the relevant category. In this regard, the pre-service teachers
underlined that students’ inadequate knowledge of the concepts of perimeter and area
lead students to think that there is a direct relationship between the perimeter of the
figure and its area. In the following section, pre-service teachers’ knowledge of the
students' misconceptions/difficulties regarding the relationship between these are

examined.

71



4.1.2.1 Difficulties/Misconceptions regarding the Relationship between
Perimeter and Area

Analysis of Eda’s lesson plans revealed that the pre-service teacher prepared
an activity regarding students’ perceptions that when the area decreases, the
perimeter also decreases. In the activity, she planned to distribute a parallelogram to
each student in the class. She further had the students calculate the perimeter of the
parallelograms. Then, students were to cut the parallelograms into two equal pieces
and calculate the perimeter of the obtained triangles. At the end, Eda stated, "The
knowledge that when the area of a shape decreases by half, its perimeter does not
decrease by half is dwelled upon. They are told that the area concept is not directly
proportional to the perimeter concept" (Lesson plan of Eda). As a result of her
statements gathered from the analysis of her lesson plan, it can be said that Eda has
the knowledge of students’ misconception/difficulty that there is a directly
proportional relationship between the perimeter of a shape and its area.

During the pre-interview, Eda's statements were consistent with her
knowledge of the corresponding misconception. She expressed the reason underlying
her preparation of the activity with her statements below:

(I prepared such an activity) to prevent students from having such a
misconception; to prevent them from thinking that when we divide a
parallelogram into two equal triangles, its area is divided into two and its
perimeter is also (Eda- Int;).

Additionally, she stated, I’'m actually trying to show them whether the
perimeter of a triangle decreases by half when its area is divided by two. Since
students have some difficulties regarding these concepts, they need to
understand the difference between these concepts (Eda- Int;).

In the following section, pre-service teachers' knowledge of
misconceptions/difficulties held by students regarding the formula for the area of the

triangle formula is examined.
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4.1.3 Difficulties/Misconceptions regarding the Formula for the Area of a
Triangle

So far, pre-service teachers' knowledge of misconceptions/difficulties that
students may have regarding the concept of height and the concept of area has been
presented. In this section, the last category with respect to misconceptions/difficulties
related to the formula is examined. In the light of the analysis, the last category could
be further divided into two. In this respect, pre-service teachers underlined that
students may have misconceptions/difficulties in understanding the role of dividing
by two in the formula and in establishing the height and its corresponding base for
the formula. In this regard, pre-service teachers' perceptions regarding the specified
misconceptions/difficulties that may hold by students are examined in the following

two sections, respectively.

4.1.3.1 Difficulties/Misconceptions Regarding the Comprehension of the Role of
‘2’ in the Formula

In the light of the accessible literature and the pre-service teachers'
expressions, it can be stated that pre-service teachers highlight the fact that, while
calculating the area of a triangle, students might not understand the role of the
number two within the formula; moreover, students may forget to divide the
multiplication of the base and the corresponding height by two.

Based on the analysis of the classroom observations, it was observed that
during her teaching practice, Hatice realized that some of the students were ignoring
the 2 in the formula while calculating the area. During the post interview, when she
was asked to state students’ possible misconceptions/difficulties regarding the
concept of area, she specified that students may forget to divide the product of the
base and the corresponding height by two. In addition, she claimed that some
students can multiply the base and the height to find the area of a triangle but they
can ignore the division of 2 found in the formula. In this respect, during her post

interview, the pre-service teacher expressed the following:
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During calculation they think of the parallelogram. I think, they think of
the formula as the base multiplied by the height as in the area of the
parallelogram. However, they cannot think that we divide the

parallelogram into two. So, they forget to divide it by 2 (Hatice- Int,).

A similar misconception/difficulty was specified by Eda also during her post
interview. In addition to the misconception of the students stated above, in Eda's
class, one of the students solved an area problem by dividing the product into two
twice; in other words, the student found the answer in a proper manner and then she
divide the result by two again. During the post interview, the pre-service teacher
mentioned that students may have misconceptions/difficulties in understanding the
role of 2 in the area formula for the triangle. Then, the pre-service teacher stated the

following with regard to the student’s' solution:

Well, I think she got confused. We stated that half of the area of a
parallelogram gives the area of the triangle. I think, she got confused
and divided the area of the triangle by two again. So, she confused the

old information with the new one. (Eda- Int,).

In this  section, pre-service teachers' knowledge of the
misconception/difficulty that students may have in understanding the role of two has
been examined. The following section dwells on pre-service teachers' knowledge
regarding the misconception/difficulty that may be held by students in establishing

the height and its corresponding base for the formula.

4.1.3.2 Difficulties/Misconceptions in Establishing the Height and the
Corresponding Base

The analysis of the pre-service teachers' lesson plans revealed that one of the
pre-service  teachers had  highlighted that students may have a
misconception/difficulty in establishing the height and its corresponding base for the
formula. To specify the students with this difficulty/misconception, Hatice prepared

and placed a problem into her lesson plan as follows:
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Problem: Ahmet found the area of the
triangle on the left side as 9 cm? but he was
not sure of his answer. What do you think

about his answer? Explain.

(Lesson plan of Hatice)

Figure 4.7 Figure of the problem from lesson plan of Hatice

She further explained her expected answer for the question during the

conducted pre-interview as follows:

The students would say three multiplied by six divided by two. While
finding the area we multiply the base with the corresponding height and
then it is divided by two. However, when the students see a height here,
they will most probably directly multiply them and divide the result by
two without thinking about the corresponding base (Hatice- Int;).

As can be seen in the above statements of Hatice, it has been underlined in
relation with the question that students may not be able to establish the height and its
corresponding base to calculate the area of the triangle. On the other hand, although
prior to her teaching Eda did not mention that students might have
misconceptions/difficulties while establishing the height and its corresponding base,
during the post-interview she emphasized that students might not be able to establish
the height and its corresponding base while calculating the area of the triangle. The
statements taken from the post interview of Eda are provided below as evidence of

her knowledge.

The effect of height (regarding misconception/difficulty) was one area
of the triangle concept. Since students experience difficulty in
"specifying height and its corresponding base," they also struggle in the

concept of area (Eda- Int,).
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Hence, the analysis of the lesson plans, pre-interviews, classroom observation
transcripts and post-interviews revealed that both of the pre-service teachers
possessed knowledge regarding students’ misconception/difficulty in relation to
establishing the height and its corresponding base, which was required to calculate
the area of a triangle.

To conclude, in this part of the chapter, two pre-service teachers' knowledge
of misconceptions/difficulties that students may have regarding the concept of the
area of triangles has been examined. According to the participants’ statements, the
accessible literature and the researcher’s experiences with the data, the pre-service
teachers' knowledge of misconceptions/difficulties that students may have regarding
the concept of the area of triangles were investigated and categorized into three main
categories called misconceptions/difficulties regarding the concept of height,
regarding the concept of area and regarding the formula for the area of triangles. In
the following section, the pre-service teachers' knowledge of the strategies to
overcome students’ possible misconceptions/difficulties pertaining to the concept of

the area of triangles were investigated.

4.2 Pre-service Teachers’ Knowledge of the Instructional Strategies to
Overcome Students’ Misconceptions/Difficulties

In the previous part of the chapter, pre-service teachers' knowledge on
elementary students' misconceptions/difficulties regarding the concept of the area of
triangles has been examined in accordance with the aim of the study and, while doing
so, the first research question was tried to be answered. In the rest of the chapter, the
answer of the second research question, that is "What kind of strategies do pre-
service  elementary = mathematics teachers use to  overcome the
misconceptions/difficulties held by the 6™ grade students related to the area of
triangles during practice teaching?" was investigated.

In this study, the instructional strategies term refers to the methodologies and
techniques that pre-service teachers used or planned to use when students showed an
indication of a misconception or difficulty during the lesson.

Based on the analysis of the conducted interviews and the observation
transcripts, it can be stated that the pre-service teachers used and provided various
strategies to overcome possible misconceptions/difficulties of students regarding the
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area of triangles. In this respect, the strategies used by pre-service teachers during
their practice teaching to overcome the misconceptions/difficulties held by the
students were discussion, demonstration, didactic approach, cognitive conflict, and
direct teaching. The summary of these strategies is provided in Table 4.2. The
specified misconceptions/difficulties that students may have regarding the concept of
the area of triangles and the strategies used to overcome the corresponding
misconceptions/difficulties are presented in the mentioned table. In the following
sections, each instructional strategy is examined in detail with corresponding
excerpts taken from the classroom observations and the pre-service teachers’

statements.
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Table 4.2 Summary table of the strategies used by the pre-service teachers to overcome the misconceptions/difficulties of student
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4.2.1 Discussion

In the light of the pre-service teachers’ knowledge regarding strategies used
to overcome students' misconceptions and difficulties regarding the concept of the
area of triangles, discussion was one of the strategies used by pre-service teachers to
eliminate misconceptions/difficulties held by sixth grade students during the lesson.
In the class where class discussion was conducted, students' multiple points of view
were presented in relation to the problems or ideas; furthermore, students responded
to different ideas and reflected on their own ideas.

During classroom observation, Hatice noticed that some of the students
thought that a line segment could not be extended, thus realizing students’
incomplete knowledge of the extension concept. In addition, the pre-service teacher
encountered students who thought that height should always be inside the triangle
while working on a question. In this respect, the question in which students'
misconceptions/difficulties emerged is presented below.

Question: Draw a perpendicular line segment from point E to the given

line segment.

Figure 4.8 Figure of the question from lesson plan of Hatice

The give
segment

Extension of the —
given line segme I

One of the
students’ correct
answer

Figure 4.9 An example of students’ different answers from Hatice’s lesson
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After she wrote the question on the board, Hatice asked the class to draw the
different answers of the students. In the meantime, some of the students produced
their misconception/difficulty that a line segment could not be extended. When the
pre-service teacher encountered such a misconception/difficulty, she conducted a

class discussion to eliminate it as follows:
Hatice Teacher: Which one of the line segments is the perpendicular one?
Student-A: The ones that have an angle of 90° between them.

Hatice Teacher: Is this correct, or this one, drawn by Osman or Onur?

How do we decide which one is correct?

Student-A: I mean that we measure whether the angle between the line

segments and the base is 90°.

Hatice Teacher: Come and measure it. You (referring to the class)
measure with your protractor on your worksheets. (After a while) What

was the angle?
Student-A: 60°

Hatice Teacher: One of them is 60°, and the other one is 70°. Were they

the perpendicular line segments?
Students: No. The line segment found at the bottom is the correct one.

At this point although some of the students found the perpendicular line
segment, the teacher continued to ask further questions to the students who could not
understand how an extension of a line segment could be drawn. The remaining part

of the discussion was as follows:

Hatice Teacher: But the line segment extended to this point. How could I

draw this part (indicating the line segment)?
Student B: We couldn’t.

Student C: I can move this line from here to there; it does not matter as the

length of it does not change. Therefore, this segment here is not necessary.
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Figure 4.10 A figure demonstrating the explanation of student

Hatice Teacher: What your friends said was important. Listen. She said
that "drawing the line segment (extension) is not necessary." Additionally,
we thought that if this line segment (the base) was a little longer, it would
be called as the extension, and then we could draw as Bugra did since the
angle in between would be 90°. So, I can draw from out of the line
segment. It doesn’t necessarily have to be drawn on the line segment.

(Hatice-Obs.).

The pre-service teacher directed some questions to the class and created a
discussion environment to overcome students’ misconstruction of the extension of a
line segment, which is also the misconception that the height is always inside the
triangle; in other words, for this question, the misconception is that the perpendicular
is always on the line segment. At the end of the discussion, the students reached the
conclusion that drawing an extension was not necessary to draw a perpendicular line
segment from a point to a line segment, and that the perpendicular did not necessarily
have to be drawn on the provided line segment.

The other example pertaining to students’ misconception/difficulty in
establishing the height and corresponding base while calculating the area of a
triangle was taken from the observation of Hatice. The analysis of the lesson plan
revealed that the pre-service teacher prepared a problem to specify whether or not the
students were able to determine the height and its corresponding base to calculate the
area of the triangle. When the data gathered from classroom observation was
analyzed, it was seen that some of the students had some problems in determining the
height corresponding to the base as the pre-service teacher had expected prior to the

lesson. When she encountered the students’ misconception that any height could be
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multiplied by any base, she tried to eliminate this thought by creating a classroom
discussion environment. Although the question was given in the relevant
misconception/difficulty section of the chapter, it is presented in this chapter again to
make the reading coherent to the reader. Below the problem, an excerpt taken from

the observation transcript of Hatice is provided.

Problem: Ahmet found the area of the triangle
on the left side as 9 cm? but he was not sure of
his answer. What do you think about his
answer? Explain.

Hatice Teacher: Ahmet calculated the area of the given triangle as 9 cm?

but he was not sure about his answer. What do you think about the answer

of Ahmet?

Students: He answered correctly, teacher.

Student A: 3 cm belongs to [BC], doesn’t it?

Hatice Teacher: I don’t know. Who wants to talk? Tell us Oguz.
Student B: It is correct.

Hatice Teacher: Why is it correct? Can you explain it to us?

Student B: We multiply 6 and 3, and it equals 18. We further divide the
product by two, and it equals 9.

Student C: The only person who said that it is not correct is me.

Hatice Teacher: Oguz said that product of 6 and 3 equals 18. Did you
think like that since they were a height and a base?

Student B: Yes.
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Hatice Teacher: Then, you divided the product by two and got 9 cm?...

Does everyone agree with the explanation of Oguz?
Majority of the students: Yees.

Hatice Teacher: Is there anyone who does not agree?
Student D: Ahmett.

Hatice Teacher: You and Ahmet don’t agree. Arda doesn’t also. Why

don’t you agree, Ahmet? Can you explain it to us?

The student: Teacher, the height was drawn from point B to the base [AC].
Therefore, we need to multiply the given height and the base [AC] and the

length of the base was not provided.

Hatice Teacher: Who is listening to Enes? Anil, can you explain it to us

also?

The student: Teacher, I agree with Ahmet because 6 cm belongs to the side
[BC]. If the length of [AC] is not 6 cm also, then the answer will not be

correct.

Student E: I want to say something. I think, what they said is not correct
because the height was drawn here to [AC]. I mean that Ahmet found a

height.

Hatice Teacher: What did we write here Ozan? There was written a side of
the triangle and the height corresponding to that side of the triangle. We
didn’t say whichever side; it needs to be the corresponding side of it. In

that case, this height corresponds to which side of the triangle?
Students: [AC]

Hatice Teacher: Do I know |AC|, Taha?

Students: No

Hatice Teacher: Then, can I multiply this and this?
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Students: Noo.

Hatice Teacher: We say a side and its corresponding height. Where does
this belong to? Here, as Arda and Ahmet said. Therefore, I need to find
here. So, I cannot multiply these two just because I immediately saw

these two.

As it can be seen from the provided excerpt, when students showed their
incomplete knowledge regarding establishing the height and its corresponding base,
the pre-service teacher guided the students by means of questions. Both the
proponents and the opponents of Ahmet's thought had the chance to state their ideas.
Eventually, the teacher explained the correct answer.

There was another example on which the discussion method was carried out.
In this exceprt which was taken from the classroom observation transcript of Eda, the
pre-service teacher aimed to eliminate the students' misconception/difficulty that was
related to the confusion between the concepts of length and height referring to a side
and the height of a right-angled triangle. At first, the pre-service teacher prepared a
problem to specify whether or not the students were able to distinguish between the
height and the length concepts. The analysis of the classroom observation data
showed that students were not be able to distinguish between the height and the
length concepts while working on the problem as the pre-service teacher had
expected. When the pre-service teacher observed the students' error emerging from
this misconception/difficulty, she preferred to use the discussion method to eliminate
their inadequate knowledge regarding the height and the length concepts. The
problem asked and the excerpt taken from the observation transcript of Eda is
provided below.

Problem: The painter Rasim wants to paint his house. Since he cannot

reach the higher part of the wall, he will use a ladder of 1.5m length. When

he ascends the highest stair of the ladder, what can be his height with

respect to the ground? Show it by drawing on the shape.

Student A: There were ten stairs of the ladder and its height was 1.5 m.
Therefore, I divided 1.5 m by 10. So, for each stair he ascends 15 cm.
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Eda Teacher: Read the problem again. Does it say the height is 1.5 m.? It’s
said that the length of the ladder is 1.5 m.

Student A: Yes, therefore 15 cm for the ascent of each stair.
Eda Teacher: Where is the length of the ladder?

Student A: It is here [He drew the height of the end point of the ladder on
the board].

Figure 4.11 An example of student’s answer from Eda’s lesson

Eda Teacher: This is the given ladder, so its length is here [she showed its
length].

Student A: The length is here, and the height is here [He corrected
himself].

Eda Teacher: So, when you ascend each stair, can you still say that the

length should be divided by ten and that he moves 15 cm forward?

Student B: Teacher, since it was stated that the ladder includes ten stairs,

my friend divided it by ten.
Eda Teacher: Well then, what is the height of the painter on the first stair?
Student B: 15 cm

Eda Teacher: But 15 cm is here [She showed the length of the first stair].

Is there any other idea? Do you agree with your friend?

Students: Yees.
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Eda Teacher: Haven’t we just stated that the height of the endpoint was
here? We did not state the length of the ladder.... If the length of the ladder

is 1.5 m, then can its height also be 1.5m?
Students: No, it can’t.

Eda Teacher: It can’t be the same, can it? If it (the length) is 1.5 m, then it
(the height) has to be something different from 1.5 m. It is even smaller

than the length when we look at them.
Student C: Because it is skewed.

Eda Teacher: Because it is skewed, isn't it? For example, think about the
right angled triangle since you know it well. In the right angled triangle,
the side which is not one of the perpendiculars is always longer than the
others. In that case, the length of the ladder is longer than its height. So, I
cannot say both of them are 1.5 m. Now, can you show the heights of the

first stair, second stair, third stair... by constructing?

Student A: It will be here for the first stair.

Eda Teacher: Do not confuse height and length. ... Height is not the same
as the length of the ladder. It is the distance between the end point of the
ladder and the ground (Eda-Obs.)

As can be seen, to eliminate, students' misconception/difficulty regarding the

confusion of the height and the length concepts, the pre-service teacher preferred to
use the discussion method. In this respect, she asked some leading questions to
enable the students to find the correct answer of the problem by realizing their

misconstruction. However, whatever she asked the students could not reach the

correct answer. Therefore, she explained it herself.

Another example in which the pre-service teachers used discussion as a

instructional strategy was related to students’ misconception/difficulty regarding the
position of height. The analysis of the classroom observations showed that the pre-

service teacher encountered one of the students’ misconception/difficulty in that
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students thought the height should be always vertical or horizontal to the ground.
This example was referred to by Eda as the most difficult to overcome since it was
unexpected and she did not experience such an example before. When she asked the
height of [BC] to the class, some of the students drew similar line segments as given
below. She further tried to eliminate their misconception by asking some questions.

The excerpt taken from the corresponding observation of Eda is given below.

A student’s
construction
of height

Figure 4.12 An example of sstudent’s answer from Eda’s lesson

Eda Teacher: How did you draw it, from which point to which base?
Student A: I drew it from A to base C.

Eda Teacher: Why did you draw it like this?

Student A: At random.

Student B: Can I draw it? My drawing looks like his drawing but the line

segment continue up to base C.
Student C: Teacher, can we draw it from A to B?

Eda Teacher: Do you mean that this side ([AB]) of the triangle is the
height? It is not a right angled triangle, is it?

Student C: It is skewed.
Eda Teacher: Is the height drawn from point A? Any one else?
Student D: From point A to point B?

Eda Teacher: From point A to base [BC].
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A student’s
correct answer

Figure 4.13 An example of student’s answer from Eda’s lesson

Eda Teacher: Why do you think it is correct? Tell us Ahmet.

Student E: [Shows by moving his hand] Because the triangle is not like
that, it is like this. Therefore, the perpendicular line segment will be like
this, not like that.

Eda Teacher: Yes, its base is inclined. In the other examples the bases
were horizontal to the ground, so we always drew it vertical to the ground.
However, the base is inclined now. I think that Ayse drew the vertical line
segment to the ground since she thought that the base was horizontal as

before (Eda- Obs.).

To eliminate students’ misconception during her practice teaching, first of all
she tried to understand the reason underlying their answer by asking some questions
to the students. After one of the students gave the correct answer, she asked a student
to explain the reason of the inclined drawing of the height. Subsequently, she
explained the reason underlying their errors and the correct answer.

As a last example of this instructional strategy, pre-service teachers preferred
to use the discussion method to overcome students' misconceptions/difficulties
regarding the role of 2 found in the formula for the area of triangles. The example
taken from the observation transcript of Hatice is provided. In the example, a
problem asked by the pre-service teacher is also provided.

Problem: There is a garden looking like a triangle. The length of one of the

bases of this triangle is 25 m and the length of the height corresponding to

this base is 16 m. Pepper seedlings were planted to one fourth of the
garden and tomato seedlings were planted to the rest of the garden. Find

out how many cm” were their areas? (Lesson plan of Hatice)
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Hatice Teacher: Let's take your answers. Who was able to find the

answers? What is your answer?

Student A: 100

Hatice Teacher: Sanem found 100.

Student B: Teacher, which one did she find tomato or pepper?

Student C: No, it is the area.

Student D: I found 100, also.

Student E: Wrong, I think it is 200.

Student F: 200

Hatice Teacher: Anybody else? Arda what did you find?

The Student: I found the area of pepper to be 300 and the tomato as 100.

Hatice Teacher: Well, Sinem you found the area first, and then calculated

the others, didn't you? How did you find the area of the triangle?
The student: I multiplied 25 by 16.

Hatice Teacher: Why did you multiply them? [Calling out to the class] She

said that she found the area as 400. Did you find the same answer?
Students: Yees.

Hatice Teacher: How do we calculate the area? Why 200?

Student G: No, it is not 200. We will divide it by two.

Hatice Teacher: Why do we divide it by two?

Student G: a*h/2

Hatice Teacher: Well, the formula. ... How do we calculate the area, Ali?

The student: We multiply...

89



Hatice Teacher: Do I just multiply?
Student H: We divide the product by two also.

Hatice Teacher: So, the base is 25 m, the height is 16 m, divide the product
by two, 200 m?® (Hatice-Obs.).

The pre-service teacher guided the students with her questions. By asking
leading questions, she aimed to eliminate their misconception with regard to the
problem. Students made some errors emerging from their confusion of the area of the
parallelogram and the area of the triangle, in a word; they forgot to divide the
product of the base and height by two.

In this section, the discussion as one of the strategies used by the pre-service
teachers to overcome misconceptions/difficulties held by students while solving
questions regarding the concept of the area of triangles has been examined by
providing excerpts from the real classroom teachings. In the following section,
demonstration, which was used as another instructional strategy by the pre-service
teachers to eliminate students' misconceptions/difficulties regarding the concept of

the area of triangles, is presented.

4.2.2 Demonstration

Another instructional strategy which was derived from the knowledge of the
pre-service teachers used for eliminating students' misconceptions/difficulties
regarding the concept of the area of triangles during practice teaching was
demonstration. In the demonstration strategy, first of all the teacher shows the
students how to do a task by providing consecutive guidelines. Then, the teacher asks
the students to carry out what they have seen on their own.

As an example for this instructional strategy, an excerpt taken from the
observation transcripts of Hatice can be used. In this respect, during classroom
observation, Hatice asked the students to draw a perpendicular line segment from a
point to a line segment. However, the analysis of the observations revealed that
Hatice observed that some of the students had a misconception that the height should
always be vertical or horizontal to the ground. Then, she tried to eliminate this

misconception/difficulty of the students regarding the position of the height by
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utilizing the demonstration strategy. The relevant dialogue between the students and

Hatice is provided below.

Hatice Teacher: Which of the line segments was perpendicular to the given

line segment?
A Student: It needs to be perpendicular.
Hatice Teacher: How do I understand whether it is perpendicular or not?

A Student: The angle on the intersection of the line segments should be

90°.

Hatice Teacher: Let's measure the angle on the intersection. Look at the
board. First, I’ll demonstrate how to measure, and then you can measure
the other intersections. Let's first look for the horizontal line segment. 1
place the protractor in this manner, so that the original line segment
overlaps 0°. Then, look at the overlapping degree with the horizontal

line segment. Is it 90°?

Figue 4.14 A figure of Hatice’s demonstration from the lesson

Students: No.
Hatice Teacher: Then, let's look at the vertical one. Is it 90°?
Students: No.

Hatice Teacher: Let's look at the last one. Is it 90°? As you see, it
became 90°, so the height is this one. Now, apply what you observed to

your worksheets with your protractors (Hatice-Obs.).
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The statements of Hatice functioned as evidence of her knowledge of the
demonstration method that she used to overcome students misconception/difficulty
regarding the position of height. Moreover, the analysis of the lesson plan of Hatice
revealed that she planned to use this instructional strategy when she encountered
during instruction such a thought that height should be always vertical or horizontal.

Another example regarding the use of the demonstration strategy was taken
from the classroom observation of Eda. The analysis of the classroom observations
revealed that during instruction of the pre-service teacher, some of the students had
difficulty/misconception regarding the identification of the height of the relevant
base for a given base of an obtuse triangle. To eliminate the misconception/difficulty
held by the students with regard to specifying the height of the asked base of the
triangle, Eda preferred to apply the demonstration strategy by using the corner of a

paper instead of a protractor. The relevant part of the observation is provided below.

Look at the board. Now I will show you how to draw a perpendicular line
segment. The corner of this paper is 90°, right? I have not got a protractor
but I need to draw a 90°, don’t I? I need to draw a perpendicular line
segment to this. So, I located the sides that intersect at a relevant corner of
the paper on the base and the peak point of the height which will be drawn.
Such a height emerged. Now, you draw it like that in your notebooks (Eda-
Obs.).

Figure 4.15 A figure of Eda’s demonstration from the lesson

In this question, Eda observed, as she expected, that the students had
difficulty while drawing the height in an obtuse triangle. They also displayed the
misconception/difficulty that the height is always inside the triangle. Therefore, to

overcome the difficulty/misconception in question, the pre-service teacher used
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students’ knowledge that the intersection's angle of the base and the height is 90°.
Then, she demonstrated how to draw a 90° angle on the intersection by using the
corner of a sheet of paper. Furthermore, she asked the students to draw the height in
the same manner as she had done. This situation reflects the knowledge of the pre-
service teacher regarding the demonstration method.

After examining the demonstration as the pre-service teachers’ knowledge of
instructional strategy, in the following sections their knowledge on cognitive conflict
strategy used to overcome students' misconceptions/difficulties regarding the concept

of the area of triangles was examined.

4.2.3 Cognitive Conflict

In the light of the knowledge of the two pre-service teachers on strategies, the
third instructional strategy used to eliminate students’ misconceptions/difficulties in
the area of triangles was cognitive conflict. In this instructional strategy the teacher
does not state the misconception/difficulty held by students. Instead, she waits for the
students to realize their own error with the help of leading questions. The aim of
those leading questions was to provoke conflict in students' thoughts (Swan, 2001).
To illustrate, during instruction, Hatice asked the students to draw a perpendicular
line segment to a given line segment from point F. Then, the students drew their
varying answers on the board. As can be seen in the picture below taken from the
board, some answers of the students contained the misconception/difficulty
pertaining to their thought that height should always be vertical or horizontal to the

ground. In this respect, a scene from the lesson observation of Hatice is provided.

Figure 4.16 An example of students’ different answers from the Hatice’s lesson

Hatice Teacher: Which line segment is the perpendicular one? How can

we decide?

A Student: It must be exactly perpendicular.
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Hatice Teacher: How can I understand its perpendicularity?

A Student: An angle of 90° is formed at the intersection point of the given

line segment and the perpendicular line segment.

Hatice Teacher: Your friend said that it must be 90°. Let's see if it is
correct by measuring the angle between the perpendicular and the given
line segment (Here, the pre-service teacher refers to measuring the angles
from previous examples that are known to be correctly measured). ... For
example, I’'m placing the protractor on the angle [referring to the first
question, A]. What is the angle in between the line segment and the

perpendicular?
A Student: 90°

Hatice Teacher: Yes, it is 900, isn't it? Then, let's measure the angle in the
examples B, C, D. I placed the protractor on B. What is the angle in

between?

A Student: 90°

Hatice Teacher: Then, let's look at C.

A Student: 90"

Hatice Teacher: In the same way, let's look at C. What is it?
A Student: 90"

Hatice Teacher: Then, what can we say about the angle between the

perpendicular and the line segment? What is the angle in between?
A Student: 90°

Hatice Teacher: Then our target while looking for the correct answer will
be this. Now, we can first look at the horizontal one (she passed onto

question F).
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Hatice Teacher: Now, let's measure the angle with the protractor. Is it 90°

(she refers to the horizontal construction of the students)?
Students: Noo.

Hatice Teacher: So, is it the perpendicular line segment?
Student: No.

Hatice Teacher: Is the other one (referring to the vertical construction of

the students) 90°? Not. Let's look at your final construction.
A Student: 90° (Hatice-Obs.)

As can be seen in the excerpt provided above, the teacher first made students
remember how they could understand the perpendicularity of a line segment. When
the angle between their drawings and the given line segment was measured in the
previous examples which were correct, the students observed that the angle was
required to be 90°. Then, to check the accuracy of their answer, the angle that they
had constructed was also measured and students who constructed erroneous line
segments observed that the required angle was not 90° in their constructions. This
situation provoked a conflict in students’ thoughts. Thus, they noticed that their
answers were not correct. As a result, they had a chance to correct their answer.

The above statements of the pre-service teacher revealed the teacher
knowledge regarding cognitive conflict strategy in that to overcome this
misconception of students, she first asked some questions to provoke a conflict in
students' minds. Hence, they were able to realize their own mistakes and correct

them.

4.2.4 Didactic Approach

After the examples provided regarding pre-service teachers' knowledge of
cognitive conflict strategy, which was preferred to eliminate students'
misconceptions/difficulties, there was another instructional strategy used by pre-
service teachers to eliminate students' misconceptions/difficulties regarding the
concept of the area of triangles. In this respect, didactic approach was examined in

relation with classroom observations in the light of pre-service teachers' knowledge
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of strategies. Didactic approach was specified by Swan (2001) as a way to respond to
students' misconceptions/difficulties; in this approach, the students were directly
informed of their misconception/difficulty and the reason underlying it by means of a
mathematical language. Since the correction of the misconception/difficulty was
essential in this approach, they were generally corrected by the teacher.

For instance, while students tried to solve a question during the lesson, a
misconception/difficulty regarding students' thought that height is a perpendicular
bisector of the corresponding base emerged and Eda realized it. To overcome this
misconception/difficulty of the students, she used the didactic approach as illustrated

in the excerpt below.

In the question, there was a triangle with a height of 4 cm and a base of

9 cm.

A student: The height is 4 cm. Since the base is 9 cm, it turns out to be
4.5cm by 4.5 cm when it divided by two...

Eda Teacher: Hilal divided the triangle into two parts. The height is
given as 4 cm and the base as 9 cm. You divided it into two as 4.5 by
4.5. However, are we told that the triangle is isosceles or equilateral?

Did you divide it into two because of the appearance of the triangle?
A student: Yes, because of its appearance.

Eda Teacher: Does the height always divide the base into two? For

example, did it hold for the corresponding question?
A student: Yeess.

Eda Teacher: Now, look here. If the triangle in the question were an
isosceles triangle or an equilateral triangle, then what your friends said
could be true. However, now we cannot assert that the height divides
the base into two pieces as 4.5 and 4.5. Therefore, we should perform

the operation directly with the base and the height (Eda-Obs.).

The analysis of the observation transcripts revealed that while eliminating the

misconception/difficulty held by the students regarding the position of the height, the
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pre-service teacher first tried to understand the thoughts of the students underlying
the error. After ensuring the misconception/difficulty behind their error, Eda
informed the students that the height can divide the corresponding base into two if
the types of triangle were isosceles or equilateral based on sides. Otherwise, dividing
the base into two equal pieces was an error. Subsequent to informed the students of

their misconception, Eda explained the solution.

4.2.5 Direct Teaching

The last instructional strategy used by pre-service teachers to eliminate
students' misconceptions/difficulties regarding the concept of the area of triangles
was direct teaching. In this instructional strategy, the teacher directly explains the
method of solution when a misconception/difficulty emerges. So, students were
passive receivers when compared to the other strategies used by the pre-service
teachers up to now.

The analysis of the observation transcripts revealed that the pre-service
teachers preferred to use the direct teaching method to explain a concept the second
time while eliminating students' misconceptions/difficulties. For instance, as
previously indicated, Eda asked a question to the students regarding the construction
of the height of an obtuse triangle. However, as she had expected, students thought
that the height should always be inside the triangle. This misconception/difficulty of
the students caused errors while constructing the height of the given triangle.
Therefore, to eliminate those errors, she used the demonstration method at first as
shown by Figure 4.15. However, some of the students still had a
misconception/difficulty in understanding how height could be constructed outside of
the triangle. For this reason, she tried to explain that how a height can be outside of
an obtuse triangle again by using the direct teaching method. The corresponding part

of the observation is presented below:
A student: Why didn’t we draw it inside the triangle?

Eda Teacher: From here? ... I could not obtain the angle of 90° from
inside the triangle. But, what did we write for the definition of the

height? It is a perpendicular line segment drawn from the corner to the
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base, right? In this regard, the angle of the perpendicular line segment is
90°. So, I have to draw it outside the triangle (Eda-Obs.)

After her explanation, she realized that the students were unable to

understand her statements. Therefore, she additionally stated,

Let's show it in a clearer manner to you [She drew a different obtuse
triangle which was more inclined]. It is an obtuse triangle, isn't it? Let's
draw its height. ... By the way, I’'m trying to draw it from this side of
the triangle to the base. It can’t be this. Neither can it be this...The
drawn line segments are becoming more and more upright aren’t they?
However, as you see it went out of the triangle. There can be a height at
outside of the triangle because my base is here and my corner is here.
I’m trying to a height from this point towards the base. [At this point,
she used a paper to show the perpendicularity as used before] I drew the
height by using my sheet of paper by combining the peak point and the
base. So, the height is here, outside of the triangle (Eda- Obs.).

Figure 4.17 A figure of Eda’s presentation from the lesson

The analysis of the observation revealed that while eliminating the thought of
the students such that height should be always inside the triangle, Eda tried to explain
why the height of the corresponding base required to be constructed at the outside of
the triangle. While making explanations, Eda also constructed what she said on the
board. Hence, while Eda was transferring her knowledge, the students were passive
learners.

As another example of the direct teaching strategy, the excerpt taken from the
observation of Hatice is given. The analysis of the observation transcripts showed
that Hatice also used the direct teaching method to overcome students'

misconception/difficulty related to their lack of knowledge of extension. While
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working on a question during practice teaching, the pre-service teacher encountered a
misconception/difficulty of students in that they thought that a line segment could
not be extended. The question that the pre-service teacher asked was about
constructing the height of an obtuse triangle. The pre-service teacher stated that,
since she did not expect to experience students' lack of knowledge regarding the
extension of a line segment and she was not aware of such a difficulty/misconception
before the lesson, she expressed this situation as the most difficult one to overcome.

The related excerpt taken from the observation of Hatice is given below:

A Student: The thing that I cannot understand is that we learned that the

line segment cannot extend in any way.
Hatice Teacher: It does not extend. We said the extension of it.
The Student: But we extended it.

Hatice Teacher: We said its extension. If that were the case, we would
think. We would think if it were a little bit longer than this line
segment. If the line segment were like this, I could draw this height.
However, it is (the longer one) different from this (the extension). It is
the extension of this line segment. I1, the extension of something ...
Have you ever heard the 'extension' term? Extension of a line segment
can be thought like a line, which continues at the level of line segment.
We can extend from the beginning or the end of the line segment

(Hatice- Obs.).

Like Eda, whose example is provided above, Hatice also used the direct
teaching method to eliminate students' misconceptions/difficulties. In this respect,
she tried to explain the meaning of the ‘extension’ term.

To sum up, in line with aim of the study, the following two research questions
were tried to be answered: What is pre-service elementary mathematics teachers’
knowledge of misconceptions/difficulties held by the 6™ grade students related to the
area of triangles and what kind of strategies do pre-service elementary mathematics
teachers use to overcome the misconceptions/difficulties held by the 6" grade

students related to the area of triangles during practice teaching? The summary tables

99



formed as a result of the data analysis were provided for both of the questions
separately at the beginning of the relevant sections. In this respect, in light of the
analyzed data, the knowledge of the pre-service teachers as regards to
misconceptions/difficulties that students may have regarding the concept of the area
of triangles were categorized into three main categories and relevant subcategories.
The names of the main categories are determined as misconceptions/difficulties (i)
regarding the concept of height, (ii) regarding the concept of area and (iii) regarding
the formula for the area of triangles. Thus, the main categories and their
subcategories were summarized in Table 4.1. On the other hand, the knowledge of
the  pre-service  teachers of the  strategies used to  overcome
misconceptions/difficulties that students held during practice teaching regarding the
concept of the area of triangles were examined under five headings as discussion,

demonstration, didactic approach, cognitive conflict, and direct teaching.
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CHAPTER YV

CONCLUSION, DISCUSSION, AND IMPLICATIONS

The purpose of the study was to investigate two pre-service middle school
mathematics teachers’ knowledge of misconceptions/difficulties held by sixth grade
students regarding the concept of the area of triangles and of instructional strategies
used to overcome these misconceptions/difficulties. In line with this purpose,
conclusions and discussions drawn from research findings in the light of the
literature, implications and recommendations for further research studies will be
addressed in this chapter.

The conclusion drawn from the findings of the study is discussed under two
sections with regard to two research questions. In the first section, the findings
regarding the pre-service elementary mathematics teachers' knowledge of common
misconceptions and difficulties held by sixth grade students regarding the area of
triangles is discussed based on the previous literature. In the second section, findings
regarding the pre-service elementary mathematics teachers’ knowledge of
instructional strategies to overcome misconceptions/difficulties in the area of

triangles held by sixth grade students are discussed.

5.1 Pre-service Teachers Knowledge of Students' Misconceptions/Difficulties

In this section, findings of the research pertaining to pre-service teachers'
knowledge of students' misconceptions/difficulties regarding the concept of the area
of triangles is discussed based on the related literature.

Carpenter et al. (1988) mentioned that teachers' pedagogical content
knowledge of students' conceptions and misconceptions is an important factor for

effective teaching and this knowledge significantly affects teachers' decisions
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regarding teaching. The thoughts of the pre-service teachers in the present study
seem to be parallel with the statements found in the literature (Carpenter et al., 1988)
in that findings of the research showed that pre-service teachers place more emphasis
on misconceptions/difficulties of students regarding the area of triangles while
organizing their lessons. In this respect, the pre-service teachers stated that being
aware about students’ possible misconception/difficulties on specific topics can help
teachers to answer appropriately and to overcome those misconception/difficulties
effectively.

In the light of analysis of the data, it was revealed that pre-service teachers
thought that being aware of students’ misconceptions/difficulties regarding a concept
is necessary for qualified teaching. In this respect, findings of the research revealed
that pre-service teachers provided a variety of possible misconceptions/difficulties
that students may have regarding the area of triangles, and they were categorized
under three headings: misconceptions/difficulties regarding (i) the concept of height,
(i1) the concept of area and (iii) the formula. The misconceptions/difficulties of
students situated under these three headings were also stated in the literature
(Cavanagh, 2008; Gokdal, 2004, Herskowitz, 1989; Moreira & Contente, 1997;
Orhan, 2013).

Findings of the research revealed that most of the specified
misconceptions/difficulties were related to the concept of height, which is a
prerequisite prior knowledge for the concept of area. State differently five
misconceptions/difficulties out of eight were relative to the concept of height. This
might stem from pre-service teachers' thought that students' prior knowledge
significantly affects their learning which was stated by Hewson and Hewson (1983)
also. The misconceptions/difficulties regarding the concept of height specified by
pre-service teachers in this study were also found in the literature. Students can say
the height should be vertical or horizontal to the ground or inside the triangle
(Herskowitz, 1989). In this regard, pre-service teachers pointed out that students’
misconception/difficulty might stem from the fact that in general students are asked
to find the altitudes of an object according to floor or in the provided questions at
schools the height of the horizontal base of an object is asked. Therefore, students are

not being able to experience different height constructions of different bases. Hence,
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students developed the thought that height should be always vertical or horizontal.
Additionally, pre-service teachers determined another possible
misconception/difficulty of students regarding the concept of height as students may
think that height should be always inside the triangle. Hershkowitz (1989) mentioned
that the reason of the misconception/difficulty regarding the height should be always
inside the triangle is stemmed from the fact that the concept image of classification
of the triangle by angle. Pertaining to this, concept image is defined as
representations and images which evokes when a concept is read or heard (Gutierrez
& Jaime, 1999). In this respect, the concept image of the triangle created in students’
mind is an acute triangle and it has only internal altitudes (Hershkowitz, 1989).
Therefore, the students tend to draw internal line segments inside the triangles.
Furthermore, as it was specified by Eda, students may think that the height should be
perpendicular bisector of a side (Gutierrez & Jaime, 1999). Then the pre-service
teacher explained that this thought of students might be stemmed from the fact that
the position of height looks like dividing the base into two equal pieces so students
think that height is perpendicular bisector of the base. Moreover, in the literature it
was stated that students can confuse the perpendicular height with the slant edge
(Cavanagh, 2008; Orhan, 2013). Regarding students this difficulty, Eda specified that
students may use the terms height and the length interchangeably since they have
deficient knowledge about the definition of the height. In addition to
misconceptions/difficulties identified in the literature, there was another one
specified by the pre-service teacher in this study. In this respect, the pre-service
teacher stated that students can say that the side of a triangle cannot be extended
since they lacked knowledge of the concept of extension. The basis of the
specification of this misconception/difficulty based on a situation occurred in the
lesson. So that, Hatice asked a question to students regarding constructing a height
from a point to a given line segment during practice teaching. To construct this
height, pre-service teachers required to construct it on the extension of the base.
Although one of his friend construct the height correctly on the extension of the base,
one of the students stated that it could not be constructed since a line segment cannot

be extended.
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In addition to  pre-service teachers' specification of  the
misconceptions/difficulties regarding the concept of height, there are also findings
regarding the misconceptions/difficulties regarding the concept of area and the
formula mentioned by them. These findings were also consistent with the studies in
the literature (Cavanagh, 2008; Gokdal, 2004; Gutierrez & Jaime, 1999; Moreira and
Contente, 1997; Orhan, 2013). According to the findings of the study, pre-service
teachers mentioned that students may not be able to specify the base of a triangle and
the corresponding height of this base. In this regard, the students can say that a base
and a height are necessary to calculate the area of a triangle without thinking about
which base corresponds to the given height. For this reason, they can have difficulty
in the area concept. In addition, Moreira and Contente (1997) indicated that students’
inadequate knowledge of the perimeter and the area concept cause students to think
that there is a direct relationship between the perimeter of the figure and its area. The
misconception/difficulty found in the literature was also stated by the pre-service
teachers of the present study. In this regard, Eda indicated that students might think
that division of a parallelogram into two triangles with equal areas requires the
division of its perimeter by two. In other words, the students think that as the area
decrease in half, perimeter decrease in half also. Eda also indicated that this
misconception/difficulty might stem from students’ lack of knowledge regarding the
area and perimeter concepts. Since students cannot define the area and perimeter
concepts properly, they cannot differentiate these two and confuse with one another.
The parallel statements were also concluded by Tan-Sisman (2010) in that sixth
grade students’ superficial level of understanding regarding the length, area and
volume concepts results in mistakes and difficulties about these topics. She might be
state this sentence since the students’ misconceptions/difficulties root in students’
superficial level of understanding of the concepts (Tan-Sisman, 2010). Furthermore,
the pre-service teacher might hold this misconception once when she was a student.
Therefore, at the present time, she might understand the thoughts of students and
where the students have difficulty in fact. In a similar vein, the findings of the study
showed that pre-service teachers specified students' lack of understanding the role of
2 found in the area formula of a triangle. In this respect, pre-service teachers stated

that during calculation, students remember the area of a parallelogram but they may
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forget to divide the parallelogram into two equal pieces. Hence, they may ignore the
division by two in the formula. This misconception/difficulty was provided in some
studies in the relevant literature so that to calculate the area of a triangle, students
multiply the base and the height perpendicular to this base, but they forgot to divide
this multiplication by two (Cavanagh, 2008; Gokdal, 2004; Orhan, 2013). So that, in
these studies researchers also indicated that students ignore ‘2’ found in the formula.
As the reason of emergence of this misconception, the pre-service teachers might
think that students confuse their new knowledge with old ones as it can be
understood from their statements. The educational courses that they took or an
experience that they gained from a familiar middle school student might stem their
specification of this knowledge. Hence, these experiences provided by a course or a
student might help preservice teachers in developing their knowledge on students’
misconceptions/difficulties. Since pre-service teachers' knowledge of students'
misconceptions/difficulties regarding the concept of the area of triangles was
supported by the previous studies in the literature, it could be inferred that pre-
service teachers' knowledge of students' misconceptions/difficulties regarding the
concept of the area of triangles was sufficient. In same manner, Tekin-Sitrava (2014)
concluded that middle school teachers had sufficient knowledge of students' errors
regarding the volume of 3D solids. In this respect, the findings of Tekin-Sitrava
(2014) were parallel to the present study in terms of pre-service teachers' knowledge
of students' misconception/difficulties.

There might be several factors affecting pre-service teachers’ knowledge of
misconceptions/difficulties regarding the area of triangle. One of these factors might
be the courses that they took before this study. In this regard, Elementary
Mathematics Education Program at METU offers some elementary education courses
in which pre-service teachers can be informed regarding the students’
misconceptions/difficulties. In this regard, the courses that pre-service teachers took
in their third year were the Methods of Teaching Mathematics I and II. By the help of
these courses pre-service teachers prepared lesson plans for mathematics lessons
including different teaching methods. In addition, they analyzed students’
misconceptions/difficulties on specific learning area of mathematics. The other

course that pre-service teachers took in their first semester of fourth year was the
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Nature of Mathematical Knowledge for Teaching. By means of this course, pre-
service teachers specified the misconception/difficulties that student may hold and
describe the strategies that can be employed to overcome these
misconceptions/difficulties. Moreover, they learned to anticipate possible students’
misconceptions/difficulties regarding specific mathematics topics and to organize
their lesson with regard to those anticipated misconceptions/difficulties (METU,
2013). In this respect, during post interviews Hatice stated that she could be able to
specify these students’ misconceptions/difficulties in a detailed manner since she
made a research in the scope of an elementary education course on students’
misconceptions/difficulties while constructing altitude of a line segment from a pre-
determined point. In addition, Eda indicated that they examined an article regarding
students’ misconceptions/difficulties on the height concept in the scope of a course.
Therefore, the pre-service teachers’ knowledge on misconceptions/difficulties
regarding the height concept might stem from the courses which pre-service teachers
took before this study. In the same manner, during a discussion which was conducted
to talk about students’ possible misconceptions and difficulties with respect to a
specific topic or during a presentation of their prepared lesson plans or activities,
they might have examined students’ conceptions and misconceptions regarding the
area concept in general or regarding the area of triangles. Moreover, they might have
discussed about in which situations students may have difficulty. Hence, they can
think that students may have these misconceptions/difficulties and it would be an
obstacle for students’ meaningful learning, so, they might think that they should
consider students’ those misconceptions/difficulties while teaching in their future
classes. Moreover, they might have prepared lesson plan and activities regarding the
area concept, area of triangles or altitude of triangles. After planning they might have
discussed on the weaknesses and strengths of this prepared lesson plan/activity also.
Therefore, pre-service teachers’ knowledge on the misconceptions/difficulties that
students might have regarding the altitude of triangles and area of triangles might
stem from the instructions received in the scope of the elementary education courses.

Another factor affecting determination of the misconception/difficulty by pre-
service teachers might be the experiences of the pre-service teachers that they

encounter during tutorials. In this regard, during the pre-interviews, the pre-service
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teachers stated that while they tutored middle school students, they encountered
where students have difficulty in understanding the area concept and solving
problems. Moreover, when the students made an error while they were calculating
the area of a triangle, the pre-service teachers might have asked some leading
questions to understand the rationale behind their methods of solution. Hence, they
might have faced with some students’ misconceptions regarding the area of triangles
behind students’ explanations. Thus, the pre-service teachers’ knowledge on
misconceptions/difficulties regarding the area of triangles might stem from their

experiences which gained by means of tutorials that they had before this study.

5.2 Pre-service Teachers' Knowledge of the Instructional Strategies Employed
to Overcome Students' Misconceptions/Difficulties

Since teachers' pedagogical content knowledge of misconceptions/difficulties
held by students was an important factor for students’ meaningful learning
(Carpenter et al., 1988), the knowledge of strategies required to overcome those
misconceptions/difficulties also becomes an important factor. In this respect, findings
regarding the pre-service elementary mathematics teachers’ knowledge of strategies
to overcome misconceptions/difficulties in the area of triangles held by sixth grade
students are discussed in the light of previous studies.

Findings of the present study revealed that pre-service teachers employed
various strategies to overcome misconceptions/difficulties regarding the area of
triangles held by sixth grade students during their practice teaching. Cognitive
conflict, didactic approach, discussion, demonstration, multiple representation, and
direct teaching were the strategies used by pre-service teachers in their practice of
teaching. Those strategies were also stated in the literature as approaches to respond
to student errors. Swan (2001) specified didactic approach as a way to respond to
students' mistakes, in that in this approach, the student is directly informed of his/her
mistake and the reason of the mistake is stated using a mathematical language. Since
the correction of the mistake is essential in this approach, the mistake is generally
corrected by the teacher. As another approach, Swan (2001) suggested cognitive
conflict to respond to students' mistakes. In this approach, the teacher asks some
questions to provoke conflict in students' thoughts. With the help of the questions, it
is aimed to make students realize their misconceptions. In a similar vein, Borasi
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(1994) mentioned that when a misconception arises in the act of teaching, arranging
discussion with the class to eliminate students' errors is essential for meaningful
learning.

The implementation of different instructional strategies might stem from the
educational courses that the pre-service teachers took before the study. Since the
participants of the study were in their last semester of their education, they have
taken the pedagogy related courses, such as Methods of Teaching Mathematics and
Nature of Mathematical Knowledge for Teaching. The purposes of these courses are
to describe the misconceptions of students regarding specific contents, offering
strategies to overcome these misconceptions, predicting misconceptions of students
and taking them into consideration while planning lessons as stated above section.
Moreover, various teaching approaches and techniques for meaningful mathematics
learning are included among the purposes of these courses (METU, 2013).
Therefore, pre-service teachers’ decisions on the strategies employed to overcome
students’ misconceptions/difficulties during practice teaching might be stem from the
courses which were taken before this study. In this respect, the effect of the method
course on pre-service teachers’ decisions regarding teaching strategies was also
encountered in a study by Isiksal (2006).

In addition to pedagogical courses as Methods of Teaching Mathematics and
Nature of Mathematical Knowledge for Teaching, School Experience course might
have an effect on the pre-service teachers’ decisions regarding implementation of the
instructional strategies. During the course, pre-service teachers observe real
classroom environment and prepare lessons with appropriate instructional strategies
considering students with diffent ages and abilities (METU, 2013). Moreover,
following to this course the pre-service teacher took the Practice Teaching course. So
that, this course was taken by the participants of the study at the same semester with
the study. Before the observation of their teaching, they observed the classes
approximately one month. Hence, during these observations at the intern schools the
pre-service teachers might be impressed from their mentor teachers teacherswhom
they observed and worked with. The instructional strategy employed by these
observed teachers might be admired by participants of the study so they might

usedthese strategies during their teaching.
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The findings of the research showed that pre-service teachers gave more
emphasis to explanations of the students regarding the reason behind their
calculations during their practice teaching. For this reason, they always asked "why"
questions to the students after receiving an answer to the question. In this way, they
tried to understand the weaknesses of the students. Since the
misconceptions/difficulties that students may have can be revealed from the students’
response to the question asked by teacher (Aydin & Delice, 2008), it could be
inferred  that  pre-service  teachers” way to  understand students’
misconceptions/difficulties might be regarded as effective. After understanding the
difficulty/misconception of the students at that moment, they tried to guide them with
questions and conducted discussions with the class to provide a meaningful learning
environment. Pre-service decision about conducting a discussion environment might
stem from the educational courses that are mentioned above. Since in these courses
they were taught that it is important to include students in the lesson and students
need to participate actively during teaching. Moreover, the importance of asking
questions to students to understand their reasoning behind their answer might have
been also stated many times in these courses. Hence, these statements of their
instructors might make an impression in their mind.

The other factor affecting their decision about conducting discussion
environment might be one of the teachers who stick in their mind in their middle or
high school teaching years. So that, the instructional strategy that this teacher used
and the pre-service teachers remembered as the most effective for their learning in
those years might have an effect on the decisions todays. By means of discussion
majority of the class had a chance to express their thoughts regarding the problem
asked. Moreover, the students were able to realize their friends’ different thoughts.
Since the correct answer was provided by their friends and also by the pre-service
teachers, students who had a misconception/difficulty could understand where the
error was, and could learn in a meaningful manner. In addition, the student who was
timid might have observed pre-service teacher’s way to respond to wrong answers
and might be encouraged to talk about his/her answer and thoughts. In this respect,
this instructional strategy which was employed may be regarded as effective to

eliminate students’ misconceptions/difficulties.
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Both of the pre-service teachers prepared lesson plans of four lessons. In the
course of organization of the lesson, pre-service teachers took into account the
students' possible misconceptions/difficulties regarding the area of triangles as they
have expressed during interviews. They also considered the way to eliminate those
misconceptions/difficulties. However, during practice teaching, the pre-service
teachers encountered some other student’s misconceptions/difficulties regarding the
area of triangles, which they had not thought about before the lesson. The analysis of
the results revealed that both of the pre-service teachers preferred to employ the
direct teaching method under these circumstances. For instance, in addition to the
misconceptions/difficulties that she herself had determined, Hatice faced another
misconception/difficulty regarding students' lack of knowledge in the extension of a
line segment. To eliminate students' misconception/difficulty that "a line segment
cannot be extended", she preferred to directly explain the meaning of the extension
term. However, employing the direct teaching method to overcome the
misconceptions/difficulties could not be an effective way for students’ meaningful
understanding (Zembat, 2008). The reason of implementing direct teaching method
when pre-service teachers encountered the misconception/difficulty that they did not
identify before the lesson might stem from feeling uncomfortable to eliminate it
since they were unplanned how to respond the students’ misconceptions/difficulties
and unexperienced regarding teaching. Since the pre-service teachers were
unprepared about the way to eliminate the misconception/difficulty, it might have led
pre-service teachers to feel the least comfortable to eliminate. Therefore, the pre-
service teachers might have preferred to employ the direct teaching method. Hence,
it might be concluded that pre-service teachers' knowledge of strategies employed to
eliminate students' misconceptions/difficulties regarding the area of triangles was
limited to the strategies that they had planned to employ for the pre-determined
misconceptions/difficulties.

As stated above, the findings revealed that pre-service teachers were not able
to employ strategies to eliminate the misconceptions/difficulties that they were not
familiar before the lesson. As an example of these misconceptions/difficulties, the
construction of a height in inclined figures can be provided. The statement of Eda

given below can provide evidence for the difficulty they experienced: "I could not do
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anything to eliminate it because I encountered it the first time" (Eda, Post-interview).
In the light of this statement it can be stated that having difficulty in eliminating
students’ misconceptions/difficulties might stem from that pre-service teachers’ are
being unexperienced. After the lesson, to understand the difference between
experienced and unexperienced situation regarding the ‘construction of a height in
inclined figures’ she was asked that what she would have done to eliminate it if she
were given another chance to eliminate this misconception/difficulty. Although the
pre-service  teacher  had  difficulty in  overcoming the  student's
misconception/difficulty during teaching as she had expressed, after the lesson she
provided different strategies to overcome. Hence, it can be inferred from this finding
that pre-service teachers’ knowledge of student misconceptions/difficulties has an
effect on their knowledge of strategies in that when a teacher experiences how
students can answer or which misconceptions/difficulties they may previously have,
s/he could improve students' knowledge easily. The parallel finding regarding the
effect of teachers’ knowledge of misconception/difficulty on teachers’ knowledge of
instructional strategy to overcome was also found in the literature (Gokkurt, 2014).
As Gokkurt’s (2014) study revealed that teachers were able to employ appropriate
methods, techniques and strategies to eliminate students’ errors if they have the
knowledge on students’ prior knowledge and on the underlying cause of the error
that students made. Hence, it can be stated that if the pre-service teachers were
familiar with these misconceptions/difficulties, they could implement different
instructional strategies to overcome the students’ misconceptions/difficulties
regarding area of triangles.

In addition to the findings mentioned so far, there is another one important
finding of the present study. In the light of the analysis of the data, it can be
concluded that pre-service teachers became aware of some of students'
misconceptions/difficulties during their practice teaching although they did not
recognize them in their plans or during pre-interviews. In line with this, data revealed
the evidence that teaching in the natural class environment leads pre-service teachers
to improve their knowledge of misconceptions/difficulties, and accordingly, their
knowledge of the ways to overcome those misconceptions/difficulties. During actual

teaching, pre-service teachers had a chance to observe how students think, how their
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solution methods for the questions are, what their reasoning behind their answers is,
where they have difficulty in, and so on. Hence, their knowledge might develop in
this sense, especially regarding the knowledge on students. Thus, this finding
displayed the importance of practice teaching courses for pre-service teachers'
development regarding the knowledge on students’ misconceptions/difficulties of
specific mathematics topics and the knowledge on the strategies which might be
employed to overcome those misconceptions/difficulties by providing actual learning
environments.

According to the findings of the research, although pre-service teachers’
actions were mostly consistent with their plans, there was one exception. In this
occasion, the pre-service teacher planned an activity to eliminate students’
misconception/difficulty that as the area decreases the perimeter also decreases in the
same amount. However, during teaching she did not use the activity; instead, she
preferred to ask whether there was a direct relationship between the area and the
perimeter of a parallelogram. Then, after one counter example given by a student,
she passed onto something else although she had planned a variety number of
questions to make the relation between area-perimeter concepts comprehensible to
students. Therefore, students may not be able to comprehend the relation between the
perimeter and the area concept. The reason of this inconsistency between the planned
lesson and the actual one might stem from the fact that during practice teaching, pre-
service teacher might think that the class hour would not be enough for completing
the required objectives. On the contrary, during practice teaching since the pre-
service teacher did not implement her plan regarding the area-perimeter relationship,
the remaining part of the lesson lasted shorter than a class hour. Thus, she did not
decide on what to do for the remaining period of time, then, she preferred to continue
with the lesson of the other day. But, she was not able to carry out an effective lesson
for student meaningful learning of the concept. Hence, she might have realized the
requirements of preparing and acting through a lesson plan. In this regard, Ozden,
Usak, Ulker and Sorgo (2013) concluded in their study that asking pre-service
teachers to prepare a lesson plan for a specific topic and for specific age group was
able to promote their consideration about students’ prior knowledge and possible

difficulties/misconceptions. Moreover, this might also stem from the fact that pre-
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service teacher might have thought that students’ comprehension levels for
performing the prepared activity were not at sufficient level, so she might have
decided not to employ the activity during practice teaching. Pertaining to the
possibility of this thought of the pre-service teacher it might be stated that before the
lesson in which perimeter-area relation was mentioned the pre-service teacher
attended two more lessons. Hence, she could have an opportunity to evaluate
students’ pre-conceptions, conceptions, etc. regarding the altitude of a triangle and
area of triangle. Thus, she might evaluate the students’ required performances and
knowledge on prepared activity as insufficient so she might have decide on not to

provide it to the students.

5.3 Implications

The purpose of the study was to investigate two pre-service middle school
mathematics teachers’ pedagogical content knowledge of  the
misconceptions/difficulties held by sixth grade students regarding the concept of the
area of triangles and their knowledge of strategies used to overcome these
misconceptions/difficulties.

In the present study, pre-service teachers' provided varied
misconceptions/difficulties that students might have regarding the concept of the area
of triangles. Additionally, they employed various strategies to overcome these
misconceptions/difficulties during practice teaching. In this regard, the study offers
implications for policy makers, curriculum developers and teacher educators. One of
the implications provided for teachers educators is that while seeking pre-service
teachers’ knowledge mathematical knowledge development, ‘knowledge quartet
framework’ can be used as a tool to discuss and reflect on pre-service teachers’
teaching practice (Rowland, Turner, Thwaites, Huckstep, 2009). In this regard,
‘Knowledge Quartet’ helps pre-service teachers in deciding what is important to
consider and what need to be considered in the context of teacher knowledge.
Moreover, knowledge quartet gives the opportunity to understand the link between
knowledge and teaching in action by observing how to use knowledge base during
teaching, and how to translate knowledge into ongoing learning environment
(Rowland et. al., 2009). In this respect, it is thought that the use of knowledge quartet
might affect pre-service teachers’ development of knowledge when used to reflect on
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the knowledge after a microteaching activity and after an actual classroom practice.
In this sense, in-service teachers may also implement knowledge quartet as a
reflection to their teaching. Hence, they can have a chance to evaluate negative and
positive ways of their teaching.

In addition to the implications stated related to practice courses and
microteaching activities, there is another implication for teacher educators, so that,
teacher educators can enhance the content of the method courses or practice teaching
courses by providing teaching scenarios to pre-service teachers. Teaching scenarios
refer to simulations of real classroom situations, into which students'
misconceptions/difficulties can also be integrated. With the help of these scenarios,
pre-service teachers can be aware of possible students' misconceptions/difficulties
regarding a specific topic. They can also examine students' thoughts and can provide
strategies to eliminate those thoughts.

In addition to the implications provided for teacher educators, there are also
implications for policy makers and curriculum developers. As a result of the findings
of the study, the effect of pedagogical courses was evidently seen in pre-service
teachers’ planned lessons and also in their practice of teaching. In this regard, the
statement of one of the pre-service teachers could be regarded as evidence; in other
words, she expressed that the knowledge of students’ misconceptions/difficulties that
she used while planning her lesson had come from the Methods of Teaching
Mathematics course. In this regard, an implication for curriculum developers of
pedagogical courses could be that the content of these courses is required to designed
in such a manner that more emphasis could be given to students’
misconceptions/difficulties regarding specific topics and the strategies and methods
may be employed to eliminate those misconceptions/difficulties. Hence, pre-service
teachers could create a meaningful learning environment in their future classes. Also,
there is another implication for policy makers such that more pedagogically rich
courses for specific contents of mathematics education could be included into teacher
education programs. Hence, pre-service teachers can learn students' misconceptions
and difficulties on specific topics in a detailed manner. In addition, they can learn the

way to teach and to eliminate misconceptions/difficulties of students. Hence, pre-
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service teachers can teach more effectively and create meaningful learning
environments during their future practices of teaching.

Another implication for curriculum developers and policy makers could be
that practice teaching courses may be made more comprehensive such that it can be
offered in additional semesters before the senior year or can require more time to
participate in real classrooms, and more chance can be given to pre-service teachers
to teach in real classrooms. Moreover, microteaching activity is an effective method
to provide pre-service teachers a chance to acquire stronger pedagogic skill for
effective teaching (Ananthakrishnan, 1993). Also, it enables obtaining immediate
feedback after each teaching practice (Ananthakrishnan, 1993). Hence, pre-service
teachers can obtain an opportunity to improve his/her knowledge on teaching and can
realize the noteworthy points required to be taken into consideration during teaching.
In this respect, Simbo (1989) conducted a study to investigate the effect of
microteaching activities on pre-service teachers’ performances in their actual practice
teaching classroom. As a result of his study, it was concluded that microteaching
activities have a statistically significant effect on teaching performances of pre-
service teachers in a positive manner. Therefore, microteaching activities could be
performed to keep track of pre-service teacher development of mathematical
knowledge. Hence, pre-service teachers may be able to realize possible students’
misconceptions/difficulties regarding specific topics and can learn effective ways to
eliminate these misconceptions/difficulties during microteaching activity or during
conducted discussions regarding their microteaching activity.

After providing implications drawn in the light of the findings of the study,
recommendations for further studies and limitations of the present study are

presented in following sections.
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5.4 Recommendations for Further Studies

The aim of the study was to investigate two pre-service middle school
mathematics teachers’ pedagogical content knowledge of misconceptions/difficulties
held by sixth grade students regarding the concept of the area of triangles and their
knowledge of strategies used to overcome these misconceptions/difficulties. In line
with this aim, recommendations for future research studies are provided in this
section.

Measurement is one of the important contents since it widely used in the real
life setting (NCTM, 2014). Therefore, the content of this study was determined as
measurement, the focus of which was then narrowed down to the area of triangles to
conduct an investigation in a depth manner. However, relevant studies showed that
students have a superficial level of understanding regarding the concept of area and
they have some misconceptions/difficulties regarding this topic since they have
learned the formulae of area of some geometric figures in a rote manner (Cavanagh,
2008: Orhan, 2013, Tan-Sisman & Aksu, 2009). Since teachers have a significant
impact on promoting students’ learning and eliminating their existing
misconceptions, more studies investigating teachers' pedagogical content knowledge
on misconceptions/difficulties that students may have about area of different figures
could also be conducted (Baturo & Nason, 1996; Yeo, 2008; Yew, Zamri & Yian,
2010; Simsek, 2011). Hence, the effective ways to teach these topics can be
presented to teachers and teacher educators. Moreover, the other topics of
measurement are also important to investigate and the literature requires a more
complete picture regarding the measurement learning area. The research conducted
to investigate teachers’ knowledge on measurement topics help us to understand
where students have difficulties or misconceptions, how students’ those
misconceptions/difficulties can be overcame, which strategies are effective for
meaningful learning of students, and so on. For this reason, more research studies
could be conducted on other measurement topics like perimeter, volume and the
metric unit of measure. Hence, teachers can create meaningful learning environment

for students.
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Since PCK is a complex construct, researchers suggest that instead of
investigating all components at a time, investigating a small number of components
in a deep manner is more meaningful (Bahcivan, 2005). In this respect, the focus of
this study was limited to two components of PCK, namely the knowledge of
misconceptions/difficulties of students regarding the area of triangles and the
knowledge of the strategies used to overcome these misconceptions/difficulties
during teaching. On the other hand, the effect of teachers' knowledge of students'
learning was indicated by the researchers in the literature (Lenhart, 2010; Hatisaru,
2013). However, the relationship between teachers' knowledge and students' learning
was not within the scope of this research. Therefore, the relationship between
teachers' knowledge and students' learning regarding specific measurement topics
could be examined in further studies. Hence, it could be understand that how
teachers’ knowledge affected the students’ learning. Moreover, more studies could
be conducted to examine other components of PCK regarding the concept of the area
of triangles. Hence, this provides a look from a broader perspective.

Researchers mentioned that teachers' subject matter knowledge has a
significant impact on their pedagogical content knowledge (Isiksal, 2006). Therefore,
further studies could be conducted to investigate pre-service teachers' subject matter
knowledge regarding the concept of the area of triangles in addition to pre-service
teachers' pedagogical content knowledge. Hence, the relationship between the
pedagogical content knowledge and subject matter knowledge can be seen more
clearly.

In addition, the pioneers of PCK indicated that experience is an important
factor for the development of PCK (Grossman, 1990; Shulman, 1987) However, the
findings of a study by Tekin-Sitrava (2014) did not support this statement. On the
contrary, the findings of her study revealed that experienced teachers’ knowledge of
students' errors regarding the volume of 3D shapes and the strategies to overcome
these errors were not sufficient. Thus, further studies could be carried out to
investigate in-service teachers' knowledge of students' misconceptions/difficulties
regarding the concept of the area of triangles and the strategies to overcome these

misconceptions/difficulties.
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This study was conducted in one semester of a teacher education program. To
investigate the development process of pre-service teachers' and in-service teachers'
mathematical knowledge, further longitudinal studies could be conducted.
Accordingly, pre-service teachers' improvements in their knowledge regarding a
specific topic could be followed starting from their early years in the teacher
education program to their experienced years as an in-service teacher. Hence, the
whole map of knowledge can be obtained and teacher educators can gain insight into

the development process of teachers' knowledge in this way.
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APPENDICES

A. PRE-INTERVIEW PROTOCOL (IN ENGLISH)

I am Ash BILIK. I am a graduate student from the Department of Elementary
Science and Mathematics Education at METU. The purpose of this study was to
investigate pre-service middle school mathematics teachers’ pedagogical content
knowledge on the concept of the area of triangles. The purpose of this pre-interview
was to clarify your thoughts on your prepared lesson plans regarding altitude of
triangles/area of triangles. If you feel uncomfortable for any reason during this
interview, you have a right to end at that moment. The interview was supposed to last
about half an hour. If it is not a problem for you, I want to record this interview with
a video camera. Thank you for your participation.
QUESTIONS
e What did you take into consideration while preparing the lesson plan
associated with the altitude of the triangle/ the area of the triangle? / Which
points do you focus on while planning?
e How did planning the course in that way come to your mind? What were your
sources?
e What did you presented in your plan?
e What can be students prior knowledge regarding altitude of the triangle/ the
area of the triangle?
e What kind of prerequisite knowledge do you think students need in order to

learn altitude of the triangle/ the area of the triangle topics?

If pre-service teacher includes anything in her plan regarding possible

students’ misconception/difficulty;
133



Why did you prefer to include these misconceptions/difficulties that students
may have regarding altitude of the triangle/ the area of the triangle in your
plan? / In what way can it be useful for you as a teacher?

Where did you encounter these misconceptions/difficulties? / How did they
come to your mind?

In what way do you think can altitude of the triangle/ the area of the triangle
be difficult to teach? / What are the factors making teaching it difficult?

What are the difficulties related to teaching altitude of the triangle/ the area of
the triangle topic?

Which difficulties/misconceptions may students have while learning altitude

of the triangle/ the area of the triangle topics?
Ask following about the prepared questions/activities;

Why did you prefer to ask such a question to the students? / What was your
purpose in asking them?
Why did you plan to emphasize this knowledge?
Which error(s) do you think the students will make in answering this
question?
(if difficulty/misconception stated) Which misconceptions/difficulties do you
think the students may have in answering this question?
e How do you come to know this difficulty/misconception? / How did
this difficulty/misconception come to your mind?
e What can be the reason behind the students’ erroneous answer?
e Can you explain, what could be the student thinking when s/he solving
the question?
e Which instructional strategies did you consider to use to overcome

students' this misconceptions/difficulties during your instruction?
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B. PRE-INTERVIEW PROTOCOL (IN TURKISH)

Merhaba, benim adim Asl Bilik. Orta Dogu Teknik Universitesi Egitim Fakiiltesi
[Ikdgretim Boliimii, ilkdgretim Fen ve Matematik Egitimi Programinda yiiksek lisans
O0grencisiyim. Bu calismanin amaci ilkdgretim matematik Ogretmen adaylarinin
ticgenin alan1 konusuna iliskin alan 6gretimi bilgilerini incelemektir. Hazirlamig
oldugun ders planiyla ilgili bilgi amagli bir gériisme yapmak istiyorum. Gorligmeler
esnasinda herhangi bir nedenden 6tiirii kendini rahatsiz hissedersen goériismeyi sona
erdirmede serbestsin. Miilakat yaklasik 30 dakika siirecektir. Senin igin bir sorun
olmuyorsa goriismeleri video kaydina almak istiyorum. Katilimin i¢in simdiden ¢ok
tesekkiir ederim
SORULAR
e Ders planini hazirlarken tiggenin alani/iiggenin yiiksekligi ile ilgili neleri géz
oniinde bulundurdun? Plani hazirlarken nelere odaklandin?
¢ Bu sekilde plani hazirlamak nasil aklina geldi? Hangi kaynaklardan
yararlandin?
e Ders planinda nelere yer verdin?
o Ogrencilerin {iggenin alani/iiggenin yiiksekligi ile ilgili n bilgilerinin neler
olabilecegini diisliniiyorsun?
o Ogrencilerin liggenin alani/iiggenin yiiksekligi konularin1 §grenmek igin

hangi tiir bilgilere ihtiyact oldugunu diisiiniiyorsun?

Eger ogretmen adayr ders plaminda herhangi bir ogrenci zorluguna/kavram

vanilgisina yer verdiyse;
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Neden 6grencilerin liggenin alan1 ve tiggenin yliksekligi konularindaki sahip
olabilecekleri bu zorluklara/kavram yanilgilarina ders planinda yer vermek
istedin?

Bir 6gretmen olarak ders planinda dgrencilerin kavram
yanilgilarina/zorluklarina yer vermek, hangi a¢idan etkili olacaktir?

Bu 6grenci zorluklariyla/kavram yanilgilariyla nerede karsilastin? Bu 6grenci
zorluklari/kavram yanilgilar1 nasil aklina geldi?

Hangi yonlerden tiggenin yliksekligi/ iiggenin alan1 konularin1 anlatmak
zordur? Bu konular1 6gretmeyi zorlastiran faktorler neler?

Ogrenci iiggenin yiiksekligi/iicgenin alan1 konusunu &grenirken hangi

zorluklara/kavram yanilgilarina sahip olabilir?

Ders planinda yer alan hazirlanmis sorular/aktiviteler icin sunlart sor;
Neden boyle bir soru sormayi tercih ettin? Bu soruyu sorma amacin ne?
Neden bu diisiinceyi vurgulamak istedin?
Bu soruyu ¢ozerken 6grenciler nasil hatalar yapabilirler?
(Eger zorluk/kavram yanilgisi ifadelerini kullandiysa) Bu soruyu ¢ozerken
ogrenciler nasil zorluk/kavram yanilgis1 gosterebilirler?

e Bu zorlugu/kavram yanilgisini nereden biliyorsun? Bu zorluk/kavram

yanilgisi nasil aklina geldi?

e Ogrencinin bu hatali cevabinin altinda yatan sebep ne olabilir?

e Ogrenci bu soruyu cevaplarken ne gibi diisiincelere sahip olabilir?

o Ogrencilerin bu zorlugunu/kavram yamilgisini ortadan kaldirmak igin

hangi 6gretimsel stratejiyi kullanirsin?
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C. POST-INTERVIEW PROTOCOL (IN ENGLISH)

The purpose of this pre-interview was to clarify your thoughts, decisions and

behaviors during practice teaching that I had observed. If you feel uncomfortable for

any reason during this interview, you have a right to end at that moment. The

interview was supposed to last about half an hour. If it is not a problem for you, I

want to record this interview with a video camera. Thank you for your participation.
QUESTIONS

e What do you think about the lesson that you teach?

e s there any difference between the lesson that you planned and the lesson
that you taught, can you explain them? If yes, why did these differences
occur?

e During pre-interview you said that, you would apply this question/activity.
However, you did not. Why? Can you explain.

e Which factors were affected your decisions on this change? How did
they cause to this?

¢ Did you experience any difficulty during practice teaching?

Regarding the situations occurred during practice teaching;
e While student was answering this question what were you thinking?
e What do you think about how the student found this erroneous answer? What
could be the student’s thoughts while s/he was saying/solving this?
e What can be the reason behind the erroneous answer of the student?
e Why the student might have this difficulty/misconception at that point?
e Do you think that the strategy you employed to overcome students' errors was

influential for students' understanding? Can you explain your thought.
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¢ Did you experience any difficulty in responding to students' questions
or in eliminating misconceptions/difficulties held by students?

e What were you thinking while doing ...?

e Why did you employ this strategy? In which way it helps you to

eliminate students’ misconception/difficulty?

e Now, when you think about the possible students’
misconceptions/difficulties, which misconceptions/difficulties may the
students have regarding the area of triangles/altitude of triangles?

e Which of these misconceptions/difficulties did you encounter during your
teaching practice?

e Was there any misconception/difficulty that you encountered for the first time
during your teaching? Can you explain?

e In what way do you think will the knowledge of this
misconception/difficulty affect your teaching on this topic?

e If you were given another chance to eliminate the students’ this
misconception/difficulty, will you change your educational strategy

employed? What are these changes?
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D. POST-INTERVIEW PROTOCOL (IN TURKISH)

Bu calismanin amact ilkdgretim matematik 0gretmen adaylarmin tliggenin
alan1 konusuna iligkin alan 6gretimi bilgilerini incelemektir. Gézlemlemis oldugum
ders anlatimlarinla ilgili, ders esnasinda gergeklesen durumlar1 ve senin
diisiincelerini agikliga kavusturmak amaciyla bu goriismeyi diizenledim. Goriismeler
esnasinda herhangi bir nedenden 6tiirli kendini rahatsiz hissedersen goriismeyi sona
erdirmede serbestsin. Miilakat yaklasik 30 dakika siirecektir. Senin igin bir sorun
teskil etmiyorsa gorlismeleri video kaydina almak istiyorum. Katilimin igin simdiden
¢ok tesekkiir ederim.

SORULAR

e Anlattigin ders ile ilgili ne diisiiniiyorsun?
e Planladigin ders ile uyguladigin ders arasinda hi¢ farklilik var m1? Eger varsa,
neden bu farkliliklar ortaya cikt1?
e Yapilan 6n goriismede bu soruyu soracagini/bu aktiviteyi uygulayacagini
sOylemistin, ancak sormadin/uygulamadin. Sebebini agiklar misin?
e Budegisimde etkili olan faktorler neler? Bunu yapmana nasil sebep
oldu?

e Ders anlatimi sirasinda herhangi bir zorluk yasadin m1?

Ders esnasinda olan olaylarla ilgili;

e Ogrenci bu soruyu cevaplarken bununla ilgili ne diisiindiin?

e Ogrencinin bu hatali cevabi nasil buldugunu diisiiniiyorsun? Ogrenci bu
soruyu ¢ozerken ne diisiinmiis olabilir?

o Ogrencinin bu hatal1 cevabinin altinda yatan sebep ne olabilir?

o Ogrenci neden bu noktada kavram yanilgisi/zorluga sahip?
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Ogrencilerin bu kavram yanilgisini/zorlugunu yok etmek igin kullandigin
yontem etkili oldu mu sence? Bu konudaki diislincelerini agiklar misin?
o Ogrencilerin bu zorluklarini/kavram yanilgilarini ortadan kaldirmaya
calisirken hi¢ zorluk yasadin mi1? Acgiklar misin?
..... yaparken ne diisiiniiyordun?
Neden bu 6gretimsel stratejiyi kullandin? Ogrenci zorlugunu/kavram
yanilgisini yok ederken nasil yardim edebilir?
Simdi tiggenin alani/liggenin yiiksekligi konusundaki 6grenci
zorluklarini/kavram yanilgilarini diigiindiigtinde, 6grencilerin hangi
zorluklara/kavram yanilgilarina sahip oldugunu diisiiniiyorsun?
Bu zorluklardan/kavram yanilgilarindan hangisiyle ders esnasinda karsilastin?
Ik defa ders esnasinda karsina ¢ikan bir dgrenci kavram yanilgisi/zorlugu
oldu mu? Agiklar misin?
e Yeni tanidigin bu kavram yanilgisinin/zorlugun, hangi anlamda bu
konudaki ders anlatimini etkileyecegini diistinliyorsun?
e Eger sana ikinci bir sans verilseydi, 6grencilerin ders esnasinda ortaya
c¢ikardigi ve senin yeni tanidigin bu zorlugu/kavram yanilgisini ortadan
kaldirmak i¢in uyguladigin 6gretimsel stratejiyi degistirir miydin?

Evetse, bu degisiklikler neler olurdu?
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E. OBSERVATION PROTOCOL (IN ENGLISH)

Pre-service Teacher: Date:
Subject/Objective:
The notewothy points to take into consideration;

e  Students solved a question inaccurately because of a misconception/difficulty
and the pre-service teacher did not notice the misconception/difficulty.

Explain:

e  Students solved a question inaccurately because of a misconception/difficulty
and the pre-service teacher noticed the misconception/difficulty

Explain:

e  Students demonstrated different misconception/difficulty that was not specified
by the pre-service teachers before the lesson and pre-service teacher did not
notice the misconception/difficulty

Explain:

e  Students demonstrated different misconception/difficulty that was not specified
by the pre-service teachers before the lesson and pre-service teacher noticed
the misconception/difficulty.

Explain:

e  Pre-service teachers employ a strategy to eliminate students'
misconceptions/difficulties.

Explain:
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F. OBSERVATION PROTOCOL (IN TURKISH)

Ogretmen Adayr: Tarih:
Konu/Kazanim:
Dikkat edilmesi gereken énemli noktalar,

e Ogrenciler sahip olduklar1 bir kavram yanilgisi/zorluktan dolay1 soruyu yanlis
bir sekilde ¢oziiyor ve dgretmen aday1 bu hatayi/kavram yanilgisini fark
edemiyor.

Acikla:

e Ogrenciler sahip olduklar1 bir kavram yanilgisi/zorluktan dolay1 soruyu yanlis
bir sekilde ¢oziiyor ve dgretmen aday1 bu hatayi/kavram yanilgisini fark
ediyor.

Acikla:

e Ogrenci ders esnasinda 6gretmen adayinin daha énceden belirtmedigi bir
kavram yanilgisi/zorluk gosteriyor ve 6gretmen aday1 bu hatayi/kavram
yanilgisini fark edemiyor.

Acikla:

e Ogrenci ders esnasinda 6gretmen adayinin daha énceden belirtmedigi bir
kavram yanilgisi/zorluk gdsteriyor ve 6gretmen aday1 bu hatayi/kavram
yanilgisini fark ediyor.

Acikla:

e  Ogretmen aday1 6grencinin yanilgisini/kavram yanilgisini yok etmeye ydnelik
bir 6gretimsel strateji kullaniyor.

Acikla:
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G. LESSON PLANS OF THE PRE-SERVICE TEACHERS

HATICE’S LESSON PLAN-1

Name: Hatice

Grade Level: 6

Topic: Altitude of triangle

Duration: 2 lesson hour

Prerequisite Knowledge and Skills: Students should be able to
- explain basic properties of a triangle.
- explain what perpendicularity is.

Objectives: Students should be able to

- draw altitude of any side of a triangle.
Materials: Activity sheet, protractor

Teaching Methods: Questioning, Discussion

Starting

- Ask what comes to students’ minds when they hear the word altitude.

- Draw a tree to the board and ask what they understand from altitude of
this tree is 3 m. Want students to show which distance is 3 m.
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- For example, ask IABI or IACI is 3 m.

- Students can probably say that I[ADI is 3 m.

D B C

- Then, ask altitude changing your base. For example, put your book such that it is
vertical to the floor and put your pencil horizontally as in below:

- Then, ask what the altitude of that pencil according
to the book?

- Students can say the vertical distance, but
emphasize that they should look according to the
book.

(The aim of above questions is to provide students feel that altitude is perpendicular
line segment to any base. Since in real life it is generally asked to find altitudes of
objects according to horizontal base, students can only think that altitude is vertical
and then they could not understand how they can draw altitudes to all sides of the
triangle which are not vertical in general.)

- Then, ask students whether they have learnt drawing altitude of any
geometric shape.

- Say that today they will learn drawing altitudes of another geometric
shape.

e Distribute activity sheets to students. While distributing, say that “You
will work individually and sometimes there will be discussions. I will say
you what you should do.”

e The important thing to draw altitude of a triangle or any shape is drawing
a perpendicular to a line from a point. Therefore, activity starts with
drawing perpendicular to line segments from given points.
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Say students that firstly they will do the part A and they have 15 minutes.
While students are working, observe students’ works and determine what
their common errors are. Then, according to these, decide the questions
which will be asked.

After 15 min, want from students making errors to show their drawings
on the board.

Students probably will not have difficulty in drawing perpendiculars to
line segments in A, B and D. However, they may draw perpendicular
wrong from C since the point is under the line segment. If students have
difficulty in C, ask does it matter the point is under or above the line
segment?

In F, students can draw perpendicular as shown in the below picture

F

because they think that perpendicular will always be vertical.

Then, find what the angles are between line segments and perpendiculars
in A, B and D by using protractor. ( Expected answer is 90° )

Say that the angle between line segment and perpendicular should be 90°.
Ask whether the angle between line segment and perpendicular in F is 90°
or not.

Students can easily realize their mistake since the angles are different.
Discuss how to draw perpendicular and let them to try some and measure
angles for each of them until they reach correct one.

In G and 1, students can draw the perpendiculars as shown in the below
pictures

because they may think as in A, B and D that is perpendicular can be
drawn only vertical or horizontal.

Ask how they can determine whether their drawings are correct or not.
If students cannot remember what they should do, say what they did to
control F.
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Ask same questions in F for G and I.

Ask students what they learnt from examples A, C, D, F, G and 1.
(Expected answers: both line segment and perpendiculars need not to be
only vertical or horizontal. The important thing at this point is angle
between them should be 90°.)

Summarize these key points after student say their thinking and want
students to write these on their sheets under part A.

In E, H, K and J, students can draw the perpendiculars as shown in the
below pictures

Poacoanit

since they think the perpendicular must not be outside of the line segment
also in J they can think perpendicular should be vertical.

Want students to measure the angles between perpendiculars and line
segments. Some students may realize the angles are not 90° before saying
this statement by remembering the earlier examples.

Say students to find perpendicular by trying as before, but most of them
cannot find because they always try to draw on the line segments.

Then, ask that if the line segments were a little longer, what their answer
would be.

After they found answer, say that if we cannot draw a perpendicular to a
point on the line segment, we can draw extension of the line segment to
draw a perpendicular as shown in the picture below and then draw
perpendicular.
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e

Ask students what they have learnt from the examples E, H, K and J.
(Expected answer: Perpendicular can also be drawn outside of the line
segment.

H

Summarize this key point after students’ answers and want students to

write it under part A.

Want students to draw correct perpendiculars onto the grid paper in part

B. (5 min)

Want them to combine the point with the end points of the line segment

with colorful pencils.

Ask the following questions:

1) What is the formed shape? (triangle)

2) Which element of triangle can perpendicular of the line segment be?
(altitude of the triangle)
- If students cannot say that element is altitude, want students to
remember the tree at the beginning of the lesson or pencil and to think
what the perpendicular was which is 3 meters long.

3) Looking your triangles, what can you say about the altitude of a
triangle?

4) Is it always vertical?

5) Is it always inside the triangle?
- After students say no, ask where altitude can be (outside or a side of
triangle)
Then, ask when it is outside of the triangle and when it is a side of the
triangle. Want students to write answers to their sheets.

6) Is it possible to draw altitude to all sides of the triangle?
- After students say yes, want students to remember the book-pencil
example at the beginning of the lesson and say that our book can be
any side of triangle and we find altitude of pencil according to the
book.
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- After these questions, ask that “Looking all the things up to now, how do
you define the altitude and what are the properties of altitudes in a triangle?”
(Expected answer is altitude is perpendicular drawn from a vertex of triangle
to the side opposite of that vertex. Therefore, we can draw altitudes to all
sides in a triangle and they need not to be vertical. Also, they can be in
outside of the triangle or can be a side of the triangle.)

- Students can have difficulty in defining altitude. In this case, show some
triangles they formed and ask what they drew from point A, K and G.

- After students tried making definition, summarize their thoughts and want
students to write definition and properties on their sheets.

- Then, say that you will work on the questions in part C. (20 min)
- Observe students while they are working. Ask how they drew altitudes.

e After 20 min, first ask students who drew altitudes wrong. Then, give
permission to others to correct their friends.

e In part C, students are expected to write; for example, [AC] L[cp]. If
students always write [AC] is perpendicular to [CD], ash which symbol
we use to say that two line or line segments are perpendicular to each
other.

e Do this part until there are 5 minutes. If it does not finish, take part C
from students to see whether students learnt the topic or not.

End
e Ask students what they learnt from this lesson about altitude of triangle.
e After students’ answers, teacher summarizes all things they learnt.
Assessment

- Observe students in part A to detect their misconceptions about drawing
perpendicular to a line from a point.

- Observe them while they are working on part C and showing their
answers to the part C on the board to see whether they have learnt drawing altitudes
of triangle.

- Use anecdotal notes to record your observations.

- Ifpart C does not finish in the lesson, take them and check students’
answers.
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Etkinlik Kagidi
Boliim A

Asagidaki dogru pargalarina verilen noktalardan dikme ¢izin.

L 23

Je

Bolim B

Oncelikle asagidaki dogru parcalarina verilen noktalardan dogru dikmeleri ¢izin. (A
boliimiine gore) Daha sonra renkli kalemlerle verilen noktay1 dogru parg¢asinin ug
noktalari ile birlestirin ve sorular1 cevaplayin.

f \' N

Je

RR S
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Sorular

1) Dogru pargasina ¢izilen dikme tiggenin hangi elemanidir?

2) Uggenleri incelediginizde iiggenin yiiksekligi hakkinda ne sdyleyebilirsiniz?
- Her zaman dik bir dogru parcas1 midir?

Boliim C

Asagidaki liggenlerin biitilin yiiksekliklerini ¢izin ve isimlendirin. Yiiksekliklerin
hangi kenara dik oldugunu belirleyin ve verilen bosluklara yazin.(Gerekli olursa
iletkinizi kullanabilirsiniz)

A A A
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HATICE’S LESSON PLAN-2

Name: Hatice

Grade Level: 6

Topic: Area of triangle

Duration: 2 lesson hour

Prerequisite Knowledge and Skills: Students should be able to
- draw altitude of any side of a parallelogram.

- form area formula of parallelogram and solve problems
about it.

Objectives: Students should be able to
- form area formula of a triangle and solve problems about it.
Materials: Activity sheet, triangles, ruler, protractor, glue

Teaching Methods: Questioning, Discussion

Starting

- Start lesson with asking questions about previous lessons.

- Ask what they have learnt in the last lesson. They should say that they learnt
drawing altitudes of triangle.

- Want one of them to come to the board and draw a triangle and altitudes of it.

- If student draws acute triangle, draw a right and an obtuse triangle and ask
altitudes of some of the sides. Want some students to show them and ask others
whether their friends’ answers are correct or not.

- Ask what they have learnt about parallelogram. Students should say that they
learnt drawing altitudes of a parallelogram and finding area of it.

- Draw the below parallelogram to the board and want students to draw altitudes of
[AD] and [DC], and then say the area of the parallelogram. If students cannot draw,
ask what altitude was and say them to remember how they draw altitudes of a
triangle.
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3]

- Ask where students see triangles in their lives and then show some pictures.

- Say that since triangles are important for us, we will learn some more things
about them.

- Say that to learn more things about triangles, they will do an activity.

- Distribute activity sheets and triangles to the students. Each student will get six
same triangles.

- While distributing materials, say, “You will work individually during the activity.
We will start together and I will say you what you should do.”

Middle

- After distributing materials, start reading the introduction part of the activity.
Then, read the first question.

- Ask students what they should do.

- Getting answer from few students, say, “As your friends said, you are a wall tile
master and you will cover the wall in your sheets with the tiles. Tiles are the triangles
in your hands. Now, you should think a little about how to arrange your tiles. Then, I
will take your opinions and then you will decide how to put the tiles and glue them.”

- Observe students while they are thinking. After about 5 minutes, take students’
opinions.

- Expect students to arrange tiles in such a way:
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- Observe students that arrange tiles in such a way that there are so many gaps
between tiles or they did not form a pattern with tiles as in below.

Firstly, ask those students’ opinions. Then, ask class what they think about their
friends’ opinions. If they say that they can make such an arrangement, ask “Are tiles
that you see in your homes or in other places arranged like that? Did you see any gap
between them?” If they say that, they cannot do like that, give permission to a
student who arranged tiles so that two of the triangles formed a parallelogram. Ask
why they cannot arrange tiles as their friends said and then want to show his
arrangement.

- After all students agree with those students who formed a parallelogram, want
others to arrange their tiles in that way and want to glue them to their sheets.

- If students say that there are gaps in sides of the wall, say them that those gaps
will be filled last according to your covering.
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After students finished the first question, move to the second one.

- Say that “You would also cover the floor, but your tiles finished. How do you
determine the number of tiles needed for the floor?”” Give students 3 minutes to
think. Observe students while they are thinking.

- Expect students to say that if they know the area of a tile, they can find how many
tiles are needed.

- Get students’ answers after about 3 minutes. After each student’s opinion, ask
class what they think about that idea. Then, ask whether there are any different ideas.

- If students cannot come up with an idea, ask that “What should you know about
these triangle tiles to find the number of tiles?”

- Students can say that we should know how much place those triangles cover. In
this case, ask “How can we express the place that triangles cover in another word?
Did we learn finding place that some other shapes cover before? If they could not
answer, draw a square to the board and ask how much place that square cover?”

- Students can see the parallelogram that two triangles form and can use area of
parallelogram to find the number of tiles. If such a case happens, ask how triangle
tiles are related with those parallelograms. After they say that two of them make one
parallelogram, ask whether they can use also area of triangle tiles to reach the
number of tiles.

- After students agree with they need to find the area of tiles, want them to write
the answer to their sheets and then want them to glue their activity sheets to their
notebooks. Say that we will continue with our notebooks. (First lesson will probably
finish here. Say that they will find the area of the triangle in the second lesson.)

- Say that “Now, think how you can find area of your triangle tile. You have a ruler
and protractor and you can also get help from the wall that you covered in the first
question. You can draw your triangles to your notebooks or you can work with ones
that you glued. After 10 minutes, you will share your reasoning and findings with
class.”

- Expect students to find the area of triangle using area of parallelogram. They
know how to find area of parallelogram. They should draw altitudes of it using their
protractors and after measuring length of a side and corresponding altitude, they will
find area of parallelogram. They should say that since area of parallelogram is equal
to two times area of triangle, we should divide area of parallelogram by 2 to get area
of the triangle.

- Move around the class while students are trying to find the area of triangle.
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- If students cannot see getting help from the area of parallelogram, ask “Do you
see a shape in your wall which is familiar to you? Remember the previous lessons.”
When students see the parallelogram, ask “Can you use that parallelogram to find
area of the triangle?”

- If students find area of the triangle, first ask their reasoning. Then, draw some
other triangles; for instance, if they found area of acute triangle, draw right and
obtuse triangle, to their notebooks and ask how they can find area of those triangles.
The aim of this question is to provide students to reach the formula of the area of
triangle.

- After 10 minutes, call students who found the area of acute, obtuse and right
triangles to the board and explain their reasoning and solutions respectively. Also,
want others to write them on their notebooks. Then, ask others whether they agree
with them and whether there is different reasoning or not.

- Ask class “Which element of the triangle is altitude of the parallelogram?”
showing three triangles on the board. (Expected answer is altitude of the triangle)
Then, ask sides that correspond to those altitudes in each triangle.

- Ask that “So, how did you find the area of those triangles?”

- If they could not answer, say that you are finding area of parallelogram,
multiplying length of side and altitude that corresponds to that side, and then ask
what they can say about the area of triangle.

- Expect students to say that they should multiply length of side and altitude that
corresponds to that side and then should divide the result by 2.

- Getting answer from few students, say that to find the area of a triangle, draw a
triangle to the board, they should multiply length of side and corresponding altitude
and then should divide by 2 as their friends said and write

Length of side x Corresponding altitude

Area of triangle= and want students to write it on

-
=

their notebooks. Also, they will write under this equation to find the area of a triangle
multiply length of side and corresponding altitude and then divide by 2.

- If you have time, pass to the problems. If you can, project each problem to the
board respectively and want students to write them on their notebooks. If you cannot,
read them aloud and want from students to write.

- Give 3 minutes to students to solve the problem.

- After 3 minutes, take students’ answers. Firstly, choose student who gave a wrong
answer and want to explain his reasoning to detect his mistake. Then, want from a

student giving correct answer to explain his solution.
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- Continue solving questions until there are 7 minutes to the break. Want students
to write the other questions on their notebooks. Those will be their homework.

- If you cannot pass problems, distribute them as homework.
End
- Ask students what they have learnt today and how they learnt it.
- After students, summarize the lesson.
Assessment
- Observe students while they are trying to find area of triangle.

- Observe students while they solve problems to check whether they understood
how to find area of triangle.

- Use anecdotal notes to record your observations.

- If you give problems as homework, observe students next lesson whether they
could solve the problems or not.

Pictures
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PROBLEMS

1) Ucggen seklindeki bir bahgenin kenarlarindan biri 25 m ve
1

bu kenara ait yiikseklik ise 16 m’dir. Bu bahgenin 4 ‘iine

~ biber, geri kalan kismina ise domates fidesi dikilmistir. Biber

= ve domates fidesi dikilen bolgelerin kagar metrekare

“ oldugunu bulunuz.

2) Bir hediye kutusunun tabani dik {i¢gen
bicimindedir. Bu kutunu taban alan1 54 cm? ve
dik kenarlardan birinin uzunlugu 9 cm’dir.
Kutunun diger dik kenar uzunlugu kag cm’dir?

D
A

3) Ahmet yanda verilen iiggeninin alanmi 9 cm?
bulmustur fakat cevabindan emin degildir.
Ahmet’in cevabi1 hakkinda ne diisiiniiyorsunuz?
Aciklayin.

4) Bir apartman dairesinin balkonunun zemini
ticgen seklindedir. Balkonun zemininin bir
kenarinin uzunlugu 5 m’dir. Bu balkonun zemini
icin toplam 5 m® karo tasi kullamlmistir. Buna
gore 5 m’lik kenara ait yiikseklik kag m’dir?
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ETKINLIiK KAGIDI

Ne kadar fayans gerekli?

Yeni yapilan bir evin banyosuna fayans ustasi olarak size verilen liggen
seklindeki fayanslar1 dogsemeniz istenmektedir. Biitiin duvarlar ve yer bu fayanslar ile
dosenecektir.

1) Asagida déseme yapilacak olan duvar verilmistir. Fayanslar1 nasil
doseyeceginizi diisiiniin. Doseme isleminin nasil olacagina karar verdikten sonra
fayanslarinizi duvara yapistirin. (Kenarda kalan kiiciik bosluklar daha sonra
désemelere uygun olarak doldurulacaktir.)

2) Duvarlan bitirdikten sonra son olarak yere yapilacak olan dosemeniz kaldi fakat
elinizdeki fayans bitti. Yere doseyeceginiz fayans miktarini nasil belirlersiniz?
Agiklaym.

158



EDA’S LESSON PLAN-1

Dersin Adi: Matematik

Sinif: 6. sinif

Unitenin Adi: Geometri ve Olcme

Konu: Uggende Yiikseklik Cizme

Siire: 2 ders saati

Ogrenci Kazamimlar ve Hedef Davramislar:
1) Uggende bir kenara ait yiiksekligi cizer.

2) Genis acili tiggenlerdeki yiiksekligi inceler
Unite Kavramlari ve Sembolleri:

Yiikseklik: Bir tiggenin bir kosesinden karsi kenarina indirilen dik dogru pargasina
ticgenin o kenara ait yiiksekligi denir.

Ogretme-Ogrenme Yontem ve Teknikleri: Sunus, Soru-Cevap, Beyin Firtinasi
Kullanilan Arag ve Geregler: Gonye, Cetvel, Noktali kagit.

Osretme- Ogrenme Etkinlikleri:

Dikkat ¢ekme:
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Sekildeki binanin 3. katina bir merdiven dayanmistir. Merdivenin penceredeki
ucunun yerden yiiksekligini ¢izerek gdsteriniz.

Boyaci Rasim usta evinin duvarlarin1 boyamak istiyor. Yiiksek yerlere boyu
yetismediginden merdiven kullanma ihtiyaci duyan Rasim usta 1,5 m boyundaki
merdivenle boyama iglemini bitiriyor. Merdivenin en iist basamagina ¢iktiginda
Rasim ustanin her bir basamakta yerden ytiksekligini sekil lizerinde ¢izerek
gosterebilir misiniz?

Pisa (Piza) kulesi Italya'da bulunmaktadir. Bu kulenin 6zelligi egik olmasidir. Pisa
kulesinin yerden yiiksekligini sekil {izerinden gosteriniz.
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Derse Gecis:
Bireysel Ogrenme Etkinlikleri:

Noktal1 kagitlar dagitilir.

Bir noktadan bir kenara dikme nasil ¢izildigi hatirlatilir. 6nce buna dair
birka¢ 6rnek yapilir.

Cetvel yardimiyla degisik tiggenler ¢izilmesi istenir. ( ii¢ ¢esit liggeni de
icerecek sekilde)

Ogretmen de ayn1 zamanda tahtaya ii¢ gesit {icgen ¢izer.

Tahtada her iicgen lizerinden gonye kullanilarak bir kenara ait yiiksekligin
kars1 koseden cizilebilecegi gosterilir.

Ayni iglemi noktali kagit izerinden 6grencilerin de gonye kullanarak yapmasi
beklenir.

Ozellikle genis ac1l1 liggenler iizerinde ¢aligilir.

Giidiileme:

Cizilen yiiksekliklerin aralarindaki farklarin tartigilmasi.

"Hepsi yatay m1 dikey mi yoksa farkli sekillerde mi?"diye sorulur.
Ogrencilerin kagitlarindan her gesitten bulunan yiikseklikler gosterilir.
yoksa tahtaya farkli iiggenler ¢izerek gosterilir.

"Yiikseklik her zaman tiggenin i¢inde mi olur? "diye sorulur.

Disinda olan yiikseklikler de gosterilir.

Alistirma yapmak i¢in hazirlanan etkinlik kagidinin diger sayfasina gecilir.
Verilen iiggenler tizerinde yiiksekliklerin gdsterilmesi istenir.

Ogretmen ¢evremizdeki yiiksekliklere 6rnek ister.
bugiin genel olarak ne 6grendikleri sorulur.
Uggende yiiksekligin tanimindan bahsedilir.
Yiiksekligin 6zelliklerinin {izerinden gegilir.
Etkinlik kagidinin dosyalarina yerlestirilmesi istenir.
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ETKINLIiK KAGIDI

Noktali ¢izgilerin oldugu kenar1 taban kabul ederek o kenara ait yiiksekligi ¢iziniz.

162



EDA’S LESSON PLAN-2

Dersin Adi: Matematik

Sinif: 6. sinif

Unitenin Adi: Geometri ve Olgme

Konu: Uggende Alan Hesaplama

Siire: 2 ders saati

Ogrenci Kazamimlari ve Hedef Davramslari:

1)Uggenin alan bagmtisin1 olusturur; ilgili problemleri ¢dzer.

Unite Kavramlar: ve Sembolleri:

Alan: Sinirh kapal ylizeylerin 6l¢iisii.

Birim kare: Her bir kenar1 bir birim olan kareye birim kare ad1 verilmektedir.

Ucgenin Alani: Bir {iggenin alani, bir kenarm uzunlugu ile bu kenara ait yiiksekligin
uzunlugunun ¢arpiminin yarisina esittir.

Ucgende Alan Formiilii: (ax h)/2

Ogretme-Ogrenme Yontem ve Teknikleri: Sunus, Soru-Cevap, Beyin Firtinast

Kullanmilan Arac ve Geregler: Gonye, Cetvel, Kareli Kagit, Makas, Dortgen
seklindeki kartonlar.

Osretme- Ogrenme Etkinlikleri:
Dikkat Cekme:

Ali'ye okuldaki tasarim dersi i¢in maket bir yelkenli gemi yapmaya karar vermistir.
Sekildeki yelkenliyi yapmak isteyen Ali'nin tizerinde diisiindiigii bir nokta vardir o
da geminin yelkenleri i¢in ne kadar bez kullanacagin1 bilememesidir. Geminin direk
boyu 10 cm ve yelkenin alt tabaninin baglanacagi diger yatay direk 3cm olduguna
gore Ali'ye ne kadar bez kullanacagi konusunda nasil yardimci olabilirsiniz?
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Derse Gecis:

e Ogrencilerin yukaridaki soru ile alakal1 goriisleri tartisilir.

o Tam sonuca gelmeden tekrar soruya donmek iizere konu orda
birakilir.

e Kartondan yapilan paralelkenarlar dikdortgenler ve kareler dagitilir.

e Ellerindeki bu dortgenler iizerinde cetvel yardimiyla birer kdsegen
cizilmesi istenir.

e Daha sonra bu kdsegen boyunca sekil kesilir.

e Olusan iki parganin hangi sekil oldugu sorulur ve her bir ¢esit
dortgenden ne elde ettikleri tartistirilir.

o Daha once 6grendikleri bilgilerden yararlanarak (kare, dikdortgen ve
paralelkenarin alanin1 bulma) tiggenin alaninin nasil bulunacagi
hakkinda beyin firtinas1 yaptirilir.

Gidileme:

Uggenin alanimin paralelkenarin alaninin yarisi oldugu tartigilarak
ogrencilerle birlikte ¢ikarim yapilmasi

Taban ve tabana ait yliksekligi ¢arpip ikiye boldiiglimiizde alani buldugumuz
sOylenmesi

Yukarida yapilan etkinlige gore liggenin alan1 hakkinda genel bir yargiya
varilmasi

Etrafimizdaki alanin1 hesaplayabilecegimiz iicgensel sekillerden 6rnekler
verilmesi.

Uggenin alan formiiliiniin paralelkenarin formiiliinden geldiginden
bahsedilmesi.(licgenin alaninin paralel kenarin alaninin yaris1 oldugundan
bahsedilmesi)

Yukaridaki soruya tekrar doniilerek 6grenilenlerle sorunun ¢oziilmesi.

Etkinlik - 1

Ellerindeki pargalar1 birlestirerek kartonun eski halinin ¢evresi hesaplatilir.
Keserek elde ettikleri liggenlerin ¢evreleri hesaplatilir.

Daha sonra da alan yariya indiginde ¢evrenin yariya inmedigi lizerinde
durulur. (aralarinda dogru oranti olmadig1 sdylenir)

Etkinlik -2

Keserek elde ettikleri {iggenlerin iizerine tiim yiikseklikleri ¢izmeleri istenir.
Ucgenin alanimi aym iiggene ait farkli kenar ve o kenara ait yiikseklikle
hesaplamas: istenir ve alanin aynin olup olmadig: sorulur.
Etkinlik kagid1 dagitilir. Bireysel caligmalari istenir.
Bu etkinlikle beraber 6grencilerin ayn1 alana sahip farkl tiggenler oldugunu
fark etmeleri amaclanir.
Etkinligin birinci sorusunda birim kareleri nasil sayacaklari tizerinde durulur.(
dikdortgene tamamlama gibi.)
Bu konuda beyin firtinasi yaptirilir. her 6grencini istedigi yolu kullanmasi
sOylenir.
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ETKINLIiK KAGIDI

UCGENDE ALAM HESAPLAMA

1. Kareleri sayarak Gggenlerin alanlanm bulunuz.

[ o] <)
AN A

/ /
/ L/

[Alﬂn — sz J klﬂn = cmz ] Alan = sz ]

b

2 . Asagida verilen dogrulan gizilecek lggenlerin birer kenan kabul ederek ,
yukandaki Gggenlerle aymi alana sahip g farkh Gggen giziniz.

4] )
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" yilksekliginin nasil 8lgildigini

gostermektedir.

1. ve 2. sorulardaki uggenlerin
yukseklik ve tabanlarini

hesaplayiniz
Uggen Taban

il
b
[
d
[

f

[Yukseklik

. Yandaki sekil dggenin tabaninin ve

N\ yikseklik

taban

sizce uceenlerin alanlari
neden ayni?

1 ve 2. =orulardaki ucgenlerle ayni alana sahip farkl
ylukseklik ve tabanlan olan uggenler olusturunuz.

h

i)

Ucgen

Taban

Yukseklik

Alan
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H. TURKISH SUMMARY

ORTAOKUL MATEMATIK OGRETMEN ADAYLARININ UCGENIN ALANI
KONUSUNA ILISKIN PEDAGOJIK ALAN BILGILERI

GIRIiS

Ogrencilerin ihtiyact olan sey matematigi anlamak ve dgrenmek oldugundan
bu alanda 6grenci basarist ancak etkili matematik 6gretimi ile saglanabilir (Brophy,
1986; NCTM, 2000; Troisi, 1983). Su acik bir ger¢ek ki dgretmenler dgrencilerin
matematigi anlamlandirmalarinda etkili bir 6neme sahiptir (National Council of
Teachers of Mathematics [NCTM], 2001). Bu da akillara 6gretmenin etkili bir
Ogretim igin nelere ihtiyact oldugu sorusunu getirir (NCTM, 2001). Bu baglamda,
etkili matematik Ogretimi icin gerekli en Onemli faktorlerden birisi 6gretmen
bilgisidir (Tirosh, 2000).

Ilgili yayin ve arastirmalar incelendiginde etkili bir 6gretmen olmanim
gerekliliklerini aciga ¢ikarmak isteyen ve Ogretmen bilgisinin bilesenlerini
belirlemeyi amaclayan bir¢cok c¢alisma bulunmaktadir. Shulman’in (1986; 1987)
yapmis oldugu caligmalar bunlarin ilki niteligindedir. Shulman (1987) ¢alismasinda
ogrencilerin bir konuyu kavramalariin saglanmasi i¢in yedi tiir 6gretmen bilgisinin
gerekliligini belirtmistir. Bunlar; konu alan bilgisi, genel pedagoji bilgisi, miifredat
bilgisi, dgrenciler ve onlarin 6zellikleri hakkindaki bilgi, egitim ortami ve sartlar
bilgisi, egitimsel amaglar, hedefler ve degerler ve bunlarin felsefi ve tarihsel

temelleri bilgisi ile pedagojik alan bilgisidir. Bunlardan pedagojik alan bilgisi ilk
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defa Shulman (1986) tarafindan ilgili alana tanitilmis ve bir alan dgretmenini alan
uzmanindan ayiran bilgi olarak ifade edilmistir. Bu yoniiyle pedagojik alan bilgisi bir
konuyu en 1yi ifade eden gdsterimleri, 6rnekleri ve agiklamalar1 igermektedir. Diger
bir deyisle bir konuyu anlasilir kilmakta etkili olan yontemleri igermektedir. Ayrica,
ogrencilerin belli konular1 6grenirken getirdikleri 6n bilgilerinin neler oldugunu, en
cok zorlandiklar1 noktalar1 ya da kavram yanilgilarina sahip olduklar1 noktalari, bu
kavram yanilgilarinin sebeplerini ve gidermek icin kullanilabilecek 6gretimsel
stratejleri, konuyu 6gretirken neyin 6grencilerin anlamasini kolaylastirdigini ya da
zorlastirdigini bilmeyi gerektirmektedir (Shulman, 1986).

Yapilan ¢aligmalar 6gretmen bilgisi ile 0grenci basarisi arasindaki iligkiyi
gbzler Oniine sermistir (Ball, 1990; Grossman, 1990; Rowland, Huckstep, &
Thwaites, 2005; Shulman, 1986; 1987). Ancak bu c¢alismalar etkili bir matematik
egitimi i¢in derin matematik bilgisinin tek basina yeterli olmadigini1 (Ball, Thames &
Phelps, 2008; Turnuklu & Yesildere, 2007), ayn1 zamanda derin pedagojik alan
bilgisinin de etkili 6gretim icin gerekli oldugunu gostermistir (Shulman, 1986). Bu
baglamda, yapilan ¢aligmalarin biiylik cogunlugu etkili bir pedagojik alan bilgisinin
onemli bir d6gretmen bilgisi bileseni oldugunu destekler niteliktedir (An, Kulm &
Wu, 2004; Park & Oliver, 2008).

Matematik egitiminde bulunan bes 6grenme alanindan birisi olan 6l¢gme, hem
giinliik hayatta siklikla karsilagilan bir kullanim alanina sahip olmast hem de diger
matematik alanlarinin her biriyle iligskili olmasi sebebiyle okul miifredatlarinda
onemli bir yere sahiptir (Cavanagh, 2008; NCTM, 2014). Giinliik hayatta siklikla
kullanilan bir konu olmasmna ragmen ilgili yaym ve arastirmalar incelendiginde
genellikle 6grencilerin 6lgme kavramlarini anlamakta zorluk yasadiklar1 ve mantigini
anlamadan ezberledikleri formiiller ile sorular1 ¢dzmeye calistiklar1 goriilmiistiir
(Tan- Sisman & Aksu, 2009). Bu baglamda 6gretmenlerin, 68rencilerin sahip oldugu
kavramlar1 ve bu kavramlara ait yasayabilecekleri zorluklari/kavram yanilgilarini g6z
onlinde bulundurarak, dersi Ogrenci bilgisine gdre planlamalarimin 6grencilerin
basarisint  onemli Ol¢liide artirdigint  destekleyen ¢alismalar ilgili yayin ve
arastirmalarda mevcuttur (Lenhart, 2010; Carpenter, Fennema, Petersen, & Carey,

1988). Ancak, yapilan bazi caligmalar Ogretmen adaylarmin ve meslege yeni
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baslamis 6gretmenlerin dersi 6grencilerin bilgisine gore planlamakta zorlandiklarini
(Carpenter et al., 1988), bunun yani sira 6grenci zorluklarii/kavram yanilgilarini
tanimakta ve bunlarin altinda yatan sebepleri belirlemekte yetersiz kaldiklar
goriilmistiir (Esen & Cakiroglu, 2012; Turnuklu & Yesildere, 2007).

Bu bilgiler 1s18inda, bu calisma, ilgili yaymm ve arastirmalarda bulunan
eksikliklerin bir kismin1 gidermek amaciyla 6gretmen adaylarinin 6grencilerin alan
kavramima ait kavram yanilgilarini/zorluklarin1 belirleme bilgileri ve bunlari
gidermekicin kullanilabilecek 6gretimsel strateji bilgileri baglaminda pedagojik alan
bilgilerini incelemeyi amaglanmistir. Bu baglamda, bu ¢aligmanin odaginda bulunan
alan kavrami, daha detayl bilgi elde edilebilmesi agisindan iiggenin alani konusuna

sinirlandirilmastir.

Arastirma Sorulari
Bu c¢alisma kapsaminda yanitlanmaya caligilan arastirma sorusu ve alt
arastirma sorular1 asagida verilmistir.
1. Ortaokul matematik 6gretmen adaylarmin liggenlerin alanina iligkin pedagojik
alan bilgilerinin dogas1 nedir?

a. Ortaokul matematik 6gretmen adaylar1 altinci siif dgrencilerinin iiggenlerin
alan1 konusu 1ile ilgili sahip olduklar1 kavram yanilgilari/zorluklari ile ilgili ne
gibi bilgilere sahiptirler??

b. Ortaokul matematik Ogretmen adaylarmin altinct smif &grencilerinin
ticgenlerin alani konusu ile ilgili kavram yanilgilarini/zorluklarini gidermek

icin kullandig1 6gretimsel stratejiler nelerdir?

YONTEM
Calisma Deseni
Nitel calisma yontemleri genellikle dogal bulundugu ortami degistirmeden bir
olayin arkasindaki anlam1 daha iyi anlamak ve bu durum ile ilgili daha derinlemesine
bir Ongorii kazanmak amaciyla kullanilir (Merriam, 1998). Nitel c¢alisma
yontemlerinden biri olan durum calismasi ise arastirilan durumu daha derinlemesine
ve ¢oklu veri toplama yontemi kullanarak incelenmesine olanak saglar (Creswell,

1998). Bu sebeple, bu calismada 2 ortaokul matematik Ogretmen adayinin,
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Ogrencilerin iicgenin alant konusu ile ilgili zorluklarini/kavram yanilgilarim
belirlemeye yonelik bilgilerini ve bunlar gidermek icin kullandiklar1 6gretimsel
strateji bilgilerini derinlemesine incelemek amaciyla durum calismasi yontemini
kullanmak uygun olacaktir. Bu dogrultuda, bu c¢aligmanin durumunu ODTU
[Ikdgretim Matematik Egitimi Programi’nda kayitli, son sinifta bulunan 2 6gretmen
aday1 olusturmaktadir.
Katilmeilar

Bu c¢alismanin katilimcilarini, amacgli 6rnekleme yontemi kullanilarak
secilmis 2 ortaokul matematik Ogretmen adayi olusturmaktadir. Bu katilimcilar,
2014-2015  egitim-dgretim  yilinda baz1  kriterlere dayanarak ODTU’den
secilmislerdir. Katilimcilara Hatice ve Eda rumuzlar1 verilmistir. Katilimcilarin
egitimlerinin son doneminde olmalarina ve gerekli tiim dersleri tamamlamis
olmalarma dikkat edilmistir. Katilimcilar goniilliiliik esasina dayanarak secilmistir.
Veri Toplama Araclarn

Ogretmen adaylarmin dgrencilerin {icgenin alaniyla ilgili sahip olabilecekleri
kavram  yanilgilarini/zorluklarim1  belirleme  durumlarmi  ve bu  kavram
yanilgilarini/zorluklart gidermek amaciyla kullandiklart 6gretimsel stratejileri
belirlemek ve derinlemesine arastirabilmek amaciyla yar1 yapilandirilmig
goriismeler, ders gozlemleri ve dokiiman analizleri kullanilmigtir.
Yari-yapilandirilmis Goriisme

Ogretmen adaylarinin, 6grencilerin iiggenin alaniyla ilgili sahip olabilecekleri
kavram yanilgilarina/zorluklarina iliskin bilgilerini incelemek amaciyla yar
yapilandirilmis  gorlismeler  diizenlenmistir. Bu  goriismeler iki asamada
gerceklestirilmistir. Bunlardan ilki, 6n-goriisme olarak ders anlatimlarindan 6nce
hazirladiklar1 ders planlar1 ile ilgili daha detayli bilgi edinmek amaciyla
diizenlenmistir. On-gdriismeler aracilifiyla dgretmen adaylari  hazirladiklan
soru/ciimle/etkinlik Orneklerini daha detayli agiklama imkanima sahip olmuslardir.
Ikinci uygulanan gériisme, son goriisme olarak adlandirilmis ve dgretmen adaylarina
staj okullarinda anlattiklar1 dort dersin ardindan uygulanmistir. Son goriismeler
araciligr ile oOgretmen adaylarinin ders esnasinda yaptiklart agiklamalarin ve

davraniglarinin altinda yatan sebeplerin incelenmesi; ayrica 6gretmen adaylarinin,
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ogrencilerin ¢oziim yollarindan ya da agiklamalarindan yaptiklar ¢ikarimlarla ilgili

bilgi alinmas1 amacglanmustir.

Gortigme formu olusturulmadan once pedagojik alan bilgisiyle ilgili
caligmalar ve dokiimanlar incelenmis ve her iki goriisme i¢inde amaca uygun taslak
gorisme formu olusturulmustur (Isiksal, 2006; Karahasan, 2010; Kubar, 2012; Kula,
2011; Simsek, 2011; Tekin-Striva, 2014). Daha sonra alaninda uzman, matematik
egitimi bolimiinden bir akademisyenle sorularin amaca uygunlugu ile ilgili bir
gorisme yapilmistir. Uzmanla yapilan bu goriismeden sonra sorulardan
cikarilabilecek anlamlar ve sorularin acikligr ile ilgili iki matematik 6gretmeni ve
heniiz alanda ¢aligmaya baslamamis iki matematik 6gretmeniyle sorular tartisilmis ve

goriisme formlarinin son hali olugturulmustur.

Gortismeler, Ogretmen adaylarinin staj derslerinde tizerinde duracaklari
kazanimlar dogrultusunda, iicgenin alan1 ve {liggenin yiiksekligi konularinda iki ayr1
oturum seklinde ve her bir dgretmen adayiyla bire bir diizenlenmistir. Ogretmen
adaylarinin da izniyle bu goriismeler video kameraya kaydedilmistir. Her goriisme
yaklasik olarak yarim saat siirmiistiir.

Siif Gozlemi

Yar1 yapilandirilmis goériismelerin yaninda ders gozlemleri de yapilmis ve
ogretmen adaylarinin bilgilerinin gerg¢ek siif ortamindaki yansimalari incelenmistir.
Bu gozlemler, 6gretmen adaylarinin, ders esnasinda &grencilerin ortaya cikarmis
olduklar1 zorluklarin/kavram yanilgilarinin farkina varip varmadiklarini incelemek ve
Ogretmen adaylarinin hangi Ogretimsel stratejileri kullanarak &grencilerin bu
zorluklarini/kavram yanilgilarin1  gidermeye ¢aligtiklarini  arastirmak amaciyla
yaptlmistir. Bu baglamda, iki 6gretmen adayinin, 6gretmenlik uygulamasi dersi
kapsaminda gittikleri staj okullarinda dorder ders saati gozlemlenmistir. Ders
gozlemi sirasinda ders anlatimlari, gerekli izinlerle video-kaydina alinmigtir. Ayrica,
aragtirmactya ders esnasinda dikkat etmesi gereken dnemli noktalar hakkinda rehber
olmast agisindan ilgili yayinda bulunan caligmalarin da yardimiyla bir gozlem
protokolii hazirlanmistir (Aydin, 2012; Tekin-Sitrava, 2014). Bu protokole uygun

olarak, arastirmaci ders esnasinda not almistir.
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Ders Plami

Ogretmen adaylarindan, Ogrencilerin iiggenin alan1 konusunda sahip
olabilecekleri kavram yanilgilari/zorluklarn ile ilgili bilgilerini aragtirmak amaciyla
Ogretmen adaylarina iiggenin alan1 ve iiggenin yiiksekligi konularinda ikiser ders
plan1 hazirlamalar1 istenmistir. Ogretmen adaylarmin ders plam1  hazirlama
siireclerinde herhangi bir miidahalede bulunulmamistir. Planlari, anlatacaklar
derslere uygun olarak toplam dort ders saatini kapsayacak sekilde detayli olarak
hazirlamalar1 istenmistir.
Veri Analizi

Bu calismada Ogretmen adaylarinin ders planlari, On-goriisme ve son-
goriismeleri ve ders gozlemleri arastirmanin amaci dogrultusunda analiz edilmistir.
[k olarak, yari-yapilandirilmis goriismelerin video kayitlari ile gretmen adaylarinin
dorder saatlik ders anlatim videolar: bilgisayar ortaminda ses dokiim raporlarina
doniistiiriilmiistir. Daha sonra bu ses dokiimlerinden arastirma sorulariyla ilgisi
olmadig diisiiniilenler ayrigtirllmis ve her bir soru ile ilgili olan dékiimler bir araya
getirilmistir. Daha sonra birinci soru i¢in bir araya getirilen ses dokiimleri
araciligiyla genel anlamda bir kod listesi olusturulmustur. Yeni kod olusmayip,
kodlar doyuma ulasincaya kadar bu islem tekrar edilip hazirlanan raporlarin
tizerinden geg¢ilmistir. Ardindan bu kodlar onlarla ilgili ana temalar olusturularak,
uygun temalarin altinda toplanmistir. Elde edilen kodlar ve temalar alaninda uzman
bir matematik egitimi akademisyenine gosterilmis ve alinan goriisler sonucunda
kodlara ve temalara son sekli verilmistir. Buna baglh olarak, 6gretmen adaylarinin
ticgenin  alam1  konusundaki  Ogrencilerin  sahip  olabilecekleri  kavram
yanilgilari/zorluklara iligkin bilgileri ii¢ ana kategoriye ayrilmistir; yiikseklik
kavramina iliskin, alan kavramia iliskin ve tiggenin alan formiiliine iliskin
zorluklar/kavram yanmilgilari. ikinci sorudaki kod ve kategorileri belirlemek icin ayn1
siire¢ uygulanmistir. Bunun sonucunda O6gretmen adaylarmin, ders siirecinde
gozlemledikleri 6grenci kavram yanilgilarini/zorluklarin1  gidermek amaciyla
kullandiklar1 6gretimsel stratejiler bes basliga ayrilmistir. Bunlar; tartisma, gosterip

yaptirma, didaktik yaklasim, bilissel ¢catisma ve dogrudan anlatimdir.
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BULGULAR VE TARTISMA

Ogretmen Adaylarinin Ogrencilerin Zorluklarina/Kavram Yamlgilarina iliskin
Bilgisi

llgili yazin ve ¢alismalardan bazilari, 6gretmenlerin pedagojik alan bilgi
bilesenlerinden biri olan 6grenci zorluklari/kavram yanilgilar1 hakkindaki bilgilerinin
etkili 6gretim i¢in 6dnemli bir bilgi bileseni oldugunu ve bu bilginin 6gretmenin ders
ile ilgili kararlarin1 6nemli Olciide etkiledigi belirtmektedir (Carpenter et al., 1988).
Calismaya katilan 6gretmen adaylariin diisiincelerinin, bu ¢alismalarla benzerlik
gosterdigi  goriilmiistiir. Bununla ilgili olarak, O6gretmen adaylar1 belirttikleri
ogrencilerin sahip olabilecekleri kavram yanilgilarinin/zorluklarin  bazilarini
ogretmenlik uygulamasi kapsaminda yaptiklari ders anlatimi sirasinda fark edip
tanimlarken, bazilarini ise ders planini hazirken belirtmis hatta planlarinda bunlara
yonelik sorulara da yer vermistir. Yapilan goriismeler sirasinda 6gretmen adaylarina,
bu sekilde Ogrencilerin konuya iliskin kavram yanilgilarini/zorluklarini dikkate
alarak dersi planlamalarinin sebebi soruldugunda, “eger 0gretmen yapacagi derse
iligkin Ogrencilerin kavram yanilgilarini/zorluklarini diisiinerek dersini planlarsa,
ders esnasinda Ogrencilerin bunlardan kaynaklanan hatalariyla karsilastiginda etkili
bir sekilde bu sorunu ¢6zebilir” cevabini vermislerdir.

Yapilan analizler sonucunda elde edilen bilgiler 1s18inda, G6gretmen
adaylarinin &grencilerin  {iggenin alan1 konusunda sahip olabilecekleri ¢esitli
zorluklar/kavram yanilgilarini belirttikleri goriilmiistiir. Bunlar, ilgili yaymn ve
arastirmalar, katilimcilarin cevaplar1 ve arastirmacinin veri ile deneyimi 1s18inda {i¢
ana bolime ayrilmistir: yilikseklik kavramina iliskin zorluklar/kavram yanilgilari,
alan kavramina iligkin zorluklar/kavram yanilgilar1 ve tiggenin alan formiiliine iligkin
zorluklar/kavram yanilgilari. Bu baglamda, belirlenen kavram yanilgilarinin geneline
bakildiginda, bunlarin biiyiikk ¢ogunlugunu yiikseklik kavramina iliskin
zorluklar/kavram yanilgilarinin olusturdugu goriilmiistiir. Ogretmen adaylarmin,
ogrencilerin 6n 6grenmelerinin, 6grenecekleri yeni konu iizerinde énemli bir etkiye
sahip oldugunu diisiinmeleri bunun sebebi olabilir. Ki bu diisiince alandaki bazi

caligmalar tarafindan da desteklenmektedir (Hewson & Hewson, 1983).
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Analizlerden elde edilen bilgilere gore Ogretmen adaylari, Ogrencilerin
yiikseklik kavramina iligkin sahip olabilecekleri zorluklardan/kavram yanilgilarindan
biri olarak dgrencilerin, yliksekligin her zaman yatay veya dikey ¢izilmesi gerektigini
diisiinebileceklerini  belirtmistir. Aym1  6grenci  zorlugu/kavram yanilgisi, ilgili
alandaki bir calismada oOgretmen adaylarin belirttikleri sekilde verilmistir
(Herskowitz, 1989). Ogretmen adaylari, yapilan goriismeler sirasinda 6grencilerin bu
diisiincelerinin altinda yatan sebeple ilgili sunu belirtmistir: “Genelde derslerde
verilen 6rneklerde Ogrencilerden yere paralel olan kenara ait yiliksekligi ¢izmesi
istenir ya da o yiikseklik verilir. Bu yiizden, 6grenciler bu duruma agina olurlar ve
farkli bir kenara yiikseklik ¢izmeleri istendiginde yere dikey ¢izmeye ¢alisirlar”. Bu
zorlugun/kavram yanilgisinin yaninda buna benzer olarak 6grencilerin, yiiksekligin
her zaman fli¢genin i¢inde olmasi gerektigini diisiinebileceklerini belirtmislerdir.
Hershkowitz (1989) de galismasinda bu duruma, 6grencilerin zihinlerinde yer eden
kavram goriintiilerinin sebep oldugunu vurgulamistir. Oyle ki, &grencilerin
zihinlerinde canlanan iicgen goriintiisii genellikle dar acili tiggen seklindedir ve dar
acil1 ticgenin tiim ytikseklikleri tiggenin i¢cinde bulunmaktadir. Bu sebeple, 6grenciler
licgene ait yiiksekligin i¢cerden ¢izilmesi gerektigini diigiinmektedir.

Bildirilen diger bir 6grenci zorlugu/kavram yanilgisi ise diger yayinlarda da
yer alan Ogrencilerin yiiksekligin kenar orta dikme oldugunu diisiinmeleri ile ilgilidir
(Gutierrez & Jaime, 1999). Ogretmen adaylari, 6grencilerin bdyle diisiinmelerinin
sebebinin verilen seklin goriiniisiinden kaynaklanabilecegini belirtmislertir. Oyle ki,
cizilen yiiksekligin, kenar1 ortadan ikiye boliiyormus gibi goriinmesinden dolayi
ogrencilerin bu diisiinceye kapilabileceklerini ifade etmistir.

Yiikseklikle ilgili bir diger 6grenci zorlugu/kavram yanilgis1 olarak ilgili
yayin ve arastirmalarda Ogrencilerin yiikseklik ile hipoteniisii karistirmalari
verilmistir (Cavanagh, 2008; Orhan, 2013). Bununla ilgili olarak Eda, 6grencilerin
yiikseklik ile uzunluk kavramini ¢ogu zaman karistirdiklarini belirtmistir.

Simdiye kadar Ogretmen adaylar1 tarafindan  belirtilen  Ogrenci
zorluklarr/kavram yanilgilar1 ayn1 zamanda ilgili yayin ve aragtirmalar tarafindan da
desteklenmistir. Ancak, bu calismada Ogretmen adaylari, erisilebilen yayinlar
igerisinde Ornegine rastlanmayan bir 6grenci yanilgisi/zorlugu daha belirtmislerdir.

Oyle ki, ders esnasinda Hatice dgrencilere bir dogru parcasmin disina, verilen bir
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noktadan dik bir dogru pargasi ¢izmeyi gerektiren bir soru sormustur ve buna cevap
olarak bir 6grenci “eger verilen bu dogru parcast bir 15in olmus olsaydi, bunu
uzatarak bu dikligi ¢izebilirdim” demistir. Ders sonrasi yapilan goriismelerde Hatice,
Ogrencinin bu hatasinin aslinda uzanti kavramini bilmemesinden kaynakli oldugunu
belirtmistir.

Ogretmen adaylari, belirttikleri yiikseklige ait kavram yanilgilarinin yaninda
alan kavrammna ve iiggenin alan1 formiiliine iliskin de ¢esitli Ogrenci
zorluklari/kavram yanilgilar1 belirtmistir. Yapilan analizler sonucunda Ogretmen
adaylarinin, 6grencilerin taban ve tabana ait yiiksekligi belirlemede zorluk/kavram
yanilgis1 yasayabileceklerini belirttikleri goriilmiistiir. Bununla ilgili olarak 6gretmen
adaylari, Ogrencilerin soruda herhangi bir yiikseklik ve bir taban uzunlugu
gordiiklerinde, dogrudan bu iki uzunlugu formiile yerlestirerek bir sonug elde etmeye
calisabileceklerini ifade etmislerdir. Ogrencilerin bu zorluluguna/kavram yanilgisina
Gokdal’in (2004) galismasinda da rastlanmaktadir.

Bu duruma ek olarak, 6gretmen adaylarindan Eda, 6grencilerin alan ve ¢evre
kavramini ayirt etmede zorlandiklarini, hatta aralarinda dogrudan orantili bir iliski
bulundugunu diisiindiiklerini belirtmistir. Ogrencilerin bu  zorlugunun/kavram
yanilgisinin sebebi olarak ise Eda, alan ve ¢evre kavramlarini 6grencilerin tam olarak
tanimlayamadiklarint ve bu kavramlari ayirt etmede zorlandiklarini belirtmistir.
Ayrica, 0grencilerin bu kavramlart karigtirmalarinin temelinde ise ezbere dayali
O0grenmenin bulunabilecegini ifade etmistir.

Ogretmen adaylarinin belirttigi son 6grenci zorlugu/kavram yanilgisi ise
Ogrencilerin, {liggenin alan1 formiilinde bulunan ikiye boélme islemini
anlamlandiramamalar1 olmugtur. Bunun altinda yatan sebebin ise dgrencilerin daha
onceki 6grenmeleri olabilecegi belirtilmistir. Oyle ki, dgretmen adaylari, dgrencilerin
ticgenin alanini hesaplarken aslinda ayni1 taban ve yiikseklige sahip paralelkenarlarin
alaninin yaris1 kadar oldugunu unuttuklarint ve bu sebeple formiilde bulunan ikiyi
gormezden geldiklerini belirtmislerdir. Calismada elde edilen bu sonug ile ilgili
alanda bulunan bazi ¢aligmalarin sonuglar1 paralellik gostermektedir (Cavanagh,
2008; Gokdal, 2004; Orhan, 2013).

Ogretmen adaylarinin, 6grenci zorluklari/kavram yanilgilar1  bilgisini

etkileyen cesitli sebepler olabilir. Bu sebeplerden ilki, 6gretmen egitimi ile ilgili
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aldiklar1 pedagojik dersler olabilir. Bu baglamda, egitimlerinin 3. yi1linda Matematik
Ogretme Yontemleri 1 —II dersleri verilmektedir ve bu ders siirecinde 6gretmen
adaylarina, 6grencilerin matematik 6grenme alanlarinda sahip olabilecekleri ¢esitli
zorluklar/kavram yanilgilarini inceleme firsatr sunulmaktadir (ODTU, 2013). Bunun
yaninda, bu dersler kapsaminda matematik dersleri i¢in gesitli 6grenme yontemlerini
iceren ders planlar1 hazirlamalar1 istenmektedir (ODTU, 2013). Ayrica, dgretmen
adaylarma son senelerinde Ogretme i¢in Matematik Egitimi ersi verilmektedir. Bu
ders kapsaminda Ogretmen adaylari, matematik konularindaki = 6grenci
zorluklarini/kavram  yanilgilari1 ~ belirleyerek  bunlarin  kaynaklarinin  neler
olabilecegini ve hangi yontemlerle bunlar1 giderebileceklerini tartismaktadir (ODTU,
2013). Bununla ilgili olarak, Hatice, aldig1 bir egitim dersi kapsaminda yiikseklik ile
ilgili bir arastirma yaptigini ve bu arastirma sebebiyle 6grencilerin yiikseklikle ilgili
zorluklarinin/kavram yanilgilarinin farkinda oldugunu ifade etmistir. Buna ek olarak,
Eda, aldig1 bir egitim dersi kapsaminda yiikseklik ile ilgili &grenci kavram
yanilgilarinin bulundugu bir makale incelemesi yaptiklarin1 belirtmistir. Bu yiizden,
Ogretmen adaylarinin almis olduklar1 pedagojik egitim dersleri, hazirladiklar1 ders
planlarinda  6grencilerin  olast1 kavram yanilgilarinin/zorluklarinin  iizerinde
durmalarinin sebebi olabilir.

Ogretmen adaylarinin 6grenci zorluklari/kavram yanilgilar: bilgisini etkileyen
diger bir faktor verdikleri 6zel dersler olabilir. Yapilan gorlismeler sirasinda
ogretmen adaylar1 belirttikleri bazi zorluklar/kavram yanilgilari ile verdikleri 6zel
dersler sirasinda karsilastiklarmi belirtmistir. Oyle ki, dgretmen adayr bu dersler
sirasinda 0grencinin liggenin alanini hesaplarken yaptigr bir hatanin altinda yatan
sebebi bulmak amaciyla bazi sorular sorarak 6grenci zorlugunu/kavram yanilgisini
fark etmis olabilir.

Ogretmen adaylarmm, o6grencilerin  kavram  yanilgilarini/zorluklarimni
belirlemelerinin son sebebi olarak kendilerinin de eskiden bu zorluklara/kavram
yanilgilarina sahip olmalar1 olabilir. Boylece, 6gretmen adaylar1 eskiden kendisinin
yasadigr zorluklari/yanilgilarim1  diisiinerek, Ogrencilerin de bunlara sahip

olabileceklerini diistinmiis olabilirler.
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Ogretmen Adaylarinin Ogretimsel Strateji Bilgisi

Ders gozlemlerinden elde edilen bilgiler 1s18inda 6gretmen adaylarinin,
Ogrencilerin  iiggenin alan1  konusuna iliskin ortaya c¢ikardiklar1 kavram
yanilgilarini/zorluklarin1 - gidermek amaciyla kullandiklart 6gretimsel stratejiler
incelendiginde bes farkli Ogretimsel strateji kullandiklart goriilmistiir. Bunlar;
tartisma, gosterip yaptirma, didaktik yaklasim, bilissel catisma ve dogrudan
anlatimdir. Bu baglamda, Swan (2001) bilissel ¢atismay1 su sekilde tanimlamistir:
Ogrencinin verdigi hatali cevabin iizerine dgretmen soracagi sorularla 6grencinin
hatasint fark etmesini saglar. Boylece 0Ogrencinin diigiincelerinde bulunan
tutarsizlikla yiizlestirilerek dogru cevabi elde etmesi saglanir. Ders gozlemlerinin
analizlerinden elde edilen sonuglara gore Hatice’nin 6nceden bekledigi bir dgrenci
zorlugu/kavram yanilgis1 i¢in bu yontemi kullandigi goriilmiistiir. Bu yontemi
kullanmasinin sebebi, Ogrencilerin zihinlerinde catigma yaratmak igin soracagi
sorular1 dersten once hazirlama firsati bulmus olmasi olabilir.

Biligsel catisma yonteminin yani sira, Ogretmen adaylarinin derslerinde
karsilastiklar1  6grenci zorluklarinkavram yanilgilarint ortadan kaldirmak ig¢in
didaktik yaklagim kullandig1 sdylenebilir. Bu yaklagima gore, Ogretmen Once
Ogrenciye yaptigi hatayi, nedeniyle birlikte matematiksel bir dille ifade eder. Daha
sonra hata Ogretmen tarafindan diizeltilir (Swan, 2001). Ogretmen adayinin bu
yontemi kullanmasimin bir nedeni olarak, 68renci zorluguyla/kavram yanilgisiyla
ders esnasinda karsilastig1 i¢in, 6grencinin daha pasif oldugu bu yontemi kullanmay1
tercih ettigi sOylenebilir.

Diger  bir  Ogretimsel  strateji ~ olarak  Ogrencilerin  kavram
yanilgilarini/zorluklarini diizeltmek amaciyla sinif tartismalart diizenlenmistir. Borasi
(1994) bununla ilgili olarak ders esnasinda bir kavram yanilgis1 goriildiigli anda bunu
gidermek i¢in smif tartismasi diizenlemenin, 6grencilerin anlamli 6grenmeleri i¢in
gerekli oldugunu belirtmistir. Bu baglamda, Ogretmen adaylarinin sadece ders
oncesinde belirledikleri 6grenci kavram yanilgilari/zorluklar: i¢in siif tartigmasi
diizenlemeleri dikkat c¢eken bir noktadir. Bu yiizden, 6gretmen adaylarinin bu
Ogretimsel stratejiyi kullanmalarinin sebebi olarak zorluga/kavram yanilgisina asina

olmalar1 gosterilebilir.
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Ogrencilerin aktif oldugu ve gorsel anlamda desteklendigi diger bir yontem
olan gosterip yaptirma yontemi, 6gretmen adaylari tarafindan 6nceden kullanmay1
planladiklar1 6grenci zorluklarini/yanilgilarini gidermek i¢in uygulanmaistir.

Ogretmen adaylar1, derslerden dnce belirttikleri 6grenci zorluklarinin/kavram
yanilgilarinin disinda, smifta beklenmedik bir 6grenci kavram yanilgisi/zorlugu ile
karsilagtiklar1 durumlarda diiz anlatim yontemini kullanmayi tercih etmislerdir.
Ogretmen adaylar1 bu sekilde beklenmedik bir durum ile karsilastiginda, kendilerini
giivende hissetmediklerinden dogrudan anlatim yontemini tercih etmis olabilir. Bu
durumda, 6gretmen adaylarinin {iggenin alani konusuna yonelik 6grencilerin sahip
olduklart kavram yanilgilarini/zorluklar1 gidermek icin ders esnasinda kullandiklar
Ogretimsel strateji bilgileri, daha 6nceden uygulamay1 planladiklariyla sinirlidir.

Yukarida da belirtildigi gibi 6gretmen adaylari, belirledikleri 6grenci
zorluklarindan/kavram yanilgilarindan farkli bir 6grenci kavram yanilgisi/zorlugu ile
karsilagtiklarinda,  bunlart  gidermek icin  uygun  Ogretimsel = stratejileri
kullanamadiklar1 belirlenmistir. Bununla ilgili olarak, yapilan son goriismeler
sirasinda Eda, “Ilk defa bdyle bir diisiinceyle karsilastigimdan dolayr kavram
yanilgisini/zorlugu gidermek ig¢in hicbir sey yapamadim” ifadelerini kullanmustir.
Ogretmen adaymin bu sekilde zorlanmasinin sebebi, gercek simif ortaminda
yaptiklari ders anlatimina karsi deneyimsiz olmalar1 olabilir. Bu durumla ilgili olarak
Ogretmen adaymna, kendisine yeniden firsat verilseydi, karsilastigi Ogrenci
zorlugunu/kavram yanilgisin1 gidermek i¢in ne yapacagi soruldugunda ise cesitli
ogretimsel stratejiler belirterek bunlar1 kullanabilecegini ifade etmistir. Bu ylizden,
Ogretmen adaylarinin 68renci yanilgisi/zorlugu bilgisinin, bu zorluklari/yanilgilar:
gidermek icin kullanilabilecek oOgretimsel stratejiler bilgisinin {izerinde bir etkisi
oldugu soylenebilir. Calismanin bu sonucuna paralel olarak, Gokkurt (2014)
caligmasinda 6gretmen adaylarinin, 68rencilerin hatalarinin altinda yatan sebepleri
bildiklerinde bu hatalar1 gidermek icin uygun teknigi ve stratejiyi kullanabildikleri
sonucunu elde etmistir. Bu sebeple, 6gretmen adaylarinin tiggenin alan1 konusundaki
ogrenci zorluklari/kavram yanilgilar1 bilgisine sahip oldugu durumlarda, bunlar

gidermek icin uygun 6gretimsel stratejileri kullanabildikleri sdylenebilir.
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ONERILER

Yapilan ¢alismada pedagoji temelli derslerin 6gretmen bilgisine etkisi agikg¢a
gorilmektedir. Bu baglamda, hem bu derslere giren akademisyenlerin hem de bu
derslerin igerigini olusturan program gelistiricilerin pedagojik igerikli derslere
gerekli O6nemi vermeleri ve Ogretmen adaylarmin anlamli 6grenme ortamlari
olusturabilecek, yeterli pedagojik donanima sahip birer 6gretmen olarak mezun
olmalar1 saglanmalidir.

Ayrica gercek smif ortaminda bulunmanin, 6gretmen adaylarmin 6zellikle
Ogrenci baglaminda bilgisini olumlu yonde etkiledigi gorilmiistiir. Bu sebeple,
O0gretmen adaylarina daha fazla gercek sinif ortaminda bulunma firsat1 sunulmalidir.
Ayrica, Ogretmen adaylarinin bilgi gelisimlerini inceleyebilmek amaciyla mikro-
o0grenme etkinlikleri yapilmalidir. Bunun yaninda, egitim derslerinde 6gretmen
adaylarina  ger¢gek durumlardan uyarlanmig senaryolar verilerek durum
degerlendirmesi yapmalar1 istenebilir. Boylelikle dgretmen adaylart daha fazla
gercek hayat 6rnegi deneyimleme firsati bulacaklardir.

Bu ¢alismanin konusu, daha detayli veri elde edebilmek amaciyla genel alan
kavramindan {iggenin alani konusuna o6zellestirilmistir. Ancak, ilgili alanda yapilan
alan kavrami ile ilgili arastirmalar, 6grencilerin alan kavramini kavrayislarinin
yiizeysel oldugunu ve formiilleri ezberleyerek yaptiklari islemlerin bazi kavram
yanilgilarinin dogmasima sebep oldugu sonucunu ortaya koymaktadir (Cavanagh,
2008; Huang & Witz, 2013; Zacharos, 2006). Bu sebeple, 6gretmen adaylarinin diger
geometrik sekillerin (kare, dikdortgen, yamuk, paralelkenar...) alan1 konusu ile ilgili
olas1 o6grenci zorluklarini/kavram yanilgilarini belirlemeye yonelik bilgileri ve
bunlart gidermeye yonelik kullandiklar1 Ogretimsel stratejileri derinlemesine
incelemek amaciyla da c¢alismalar yapilabilir. Ogretmen adaylarinin  6grenci
zorluk/kavram yanilg: bilgisi ve bunlari gidermek i¢in kullanilabilecek 6gretimsel
strateji bilgisi konularindaki eksikliklerini gidermeye yonelik egitimler verilmesi,
Ogretmen adaylarinin yeterli bilgi donanimiyla mezun edilmesi agisindan dnemlidir.
Ayrica, aym caligmalar suan alanda aktif olarak c¢alisan Ogretmenlerle de

diizenlenebilir. Boylece, 6gretmen adaylariyla bilgilerinin karsilastirilmas: yapilarak
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eksik olan bilgileri tamamlamaya yonelik ¢caligmalar yapilabilir. Diger bir yandan, bu
calismada pedagojik alan bilgisinin sadece iki bileseni c¢alisilmis olup bunlar
hakkinda derinlemesine bilgi elde edilmeye ¢alisiimistir. Bu sebeple, yapilacak olan
caligmalarda pedagojik alan bilgisinin diger alt boyutlarinin da c¢alisilmast dnem
tagimaktadir. Boylelikle 6gretmen bilgisine daha genis bir perspektiften bakma firsati

sunulabilir.
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I. TEZ FOTOKOPI iZiN FORMU

ENSTITU

Fen Bilimleri Enstitiisti

Sosyal Bilimler Enstitiisti
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Enformatik Enstitiisii

Deniz Bilimleri Enstitiisti
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YAZARIN

Soyad: : BILIK
Adi : Ash
Boliimii : lkogretim Fen ve Matematik Egitimi

TEZIN ADI (ingilizce) : Pre-Service Middle School Mathematics Teachers’
Pedagogical Content Knowledge Regarding The
Area of Triangles

TEZIN TURU : Yiiksek Lisans - Doktora ‘:’

Tezimin tamamindan kaynak gdsterilmek gartiyla fotokopi almabilir.

Tezimin igindekiler sayfasi, 6zet, indeks sayfalarindan ve/veya bir
bolimtnden kaynak gosterilmek sartiyla fotokopi alinabilir.

Tezimden bir bir (1) yil stireyle fotokopi alinamaz. -

TEZIN KUTUPHANEYE TESLIM TARIHI:
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