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Abstract: This study has aimed at revealing the knowledge for teaching a middle-school mathematics teacher has in teaching
the 5th-grade subject of fractions. For this purpose, the Mathematics Knowledge for Teaching (MKT) was used. The study
adopted the holistic single-case study, one of the qualitative study designs. The study was implemented with a teacher
assigned at a public school and who volunteered for the study. The study data were collected by semi-structured interviews
held with the teacher and observations during the teaching process of the subject of fractions, on which the teacher’s
knowledge was sought to be assessed. Consequent to the study, it was revealed that the middle-school mathematics teacher
possesses insufficient content knowledge on fractions, operations with fractions and meanings and models of fractions. It was
concluded that his insufficient content knowledge also had an adverse impact on this knowledge for teaching and therefore,
restricted the teacher’s teaching process. Based on the study, it was concluded that due to the teacher’s limited content
knowledge and pedagogical content knowledge, he has an insufficient mathematical knowledge for teaching.
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Oz: Bu galismada 5. sinif kesirler konusunun 6gretiminde bir ortaokul matematik 6gretmeninin Ggretme bilgisinin ortaya
konulmas: amagclanmistir. Bu amag dogrultusunda Ogretmek icin Matematik Bilgisi (OMB) modeli kullanilmistir.
Arastirmada nitel arastirma desenlerinden biitiinciil tek durum c¢alismasi benimsenmistir. Arastirma, devlet ortaokulunda
gorev yapan ve ¢aligmaya katilmaya goniillii olan bir matematik 6gretmeni ile yiriitiilmiistiir. Aragtirmanin verileri 6gretmen
ile gergeklestirilen yar1 yapilandirilmis goriismeler ve 6gretmen bilgisinin incelendigi kesirler konusunun 6gretimi siirecinde
yapilan gozlemler yolu ile toplanmistir. Arastirmada elde edilen verilerin analizinde betimsel analiz yontemi kullanilmustir.
Aragtirma sonucunda c¢aligmada yer alan ortaokul matematik dgretmeninin kesir, kesirlerle islemler, kesirlerin anlamlart ve
modellerine iligkin yetersiz alan bilgisine sahip oldugu ortaya konulmustur. Yetersiz alan bilgisinin, 6gretmenin dgretme
bilgisini de olumsuz etkiledigi ve 6gretim siirecinin de bu dogrultuda kisitli kaldig1 ortaya konulmustur. Calisma sonucunda
O0gretmenin alan bilgisi ve pedagojik alan bilgisinin kisitli olmast sonucu matematik dgretme bilgisinin de yeterli olmadigi
sonucuna ulagilmigtir.

Anahtar Kelimeler: Matematigi 6gretme bilgisi, kesirler, ortaokul matematik 6gretmeni

Tiirkge siiriim i¢in tiklayiniz

1. Introduction

In achieving a good process of teaching, it is required that the teachers have profound knowledge on the
subject they are going to be teaching (Fernandez, 2005). Teachers who lack sufficient knowledge and skills in
students’ learning fail to act effectively and efficiently (Ball, Thames & Phelps, 2008). Knowledge and skills
possessed by teachers are amongst the most important factors that affect quality of education and teaching.
Accordingly, the importance of the teaching knowledge that the teachers have comes into prominence (Hill, Ball
& Schilling, 2008). Teachers’ knowledge on the subject that constitutes contents of the teaching, their familiarity
with methodologies and techniques they may use in efficient transmission of this knowledge to students, as well
as knowledge and skills the teachers are required to possess in order to teach in a way appropriate for each
student are referred to collectively as content knowledge and pedagogical content knowledge (National Council
of Mathematics [NCTM], 2000).

In the knowledge of teaching mathematics, the content knowledge is a profound knowledge that the teachers
have on mathematical notions (Mishra & Koehler, 2006). Pedagogical content knowledge connects the teachers’
conceptions on mathematical notions with the pedagogical knowledge they have on the teaching contents. In the
pedagogical content knowledge, the content knowledge is knowledge of teaching that is specific to teach a
certain subject and that acts as a prerequisite for such knowledge (Depaepe, Verschaffel & Kelchtermans, 2013).
Pedagogical content knowledge refers to the knowledge and skill that enables selecting pedagogical
methodologies and techniques that allow use of materials and models that will make teaching contents effective,
representation of ideas (allusion, explaining, notation, adducing and the like) and adapting these representations
appropriately to each student (Shulman, 1987).
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Mathematics subject content knowledge constitutes the basis for the middle-school teachers’ mathematics
course contents (Ferrini-Mundy & Findell, 2001). Furthermore, in the mathematics teachers’ efficient reflection
of their mathematics knowledge in their classes, their pedagogical content knowledge plays a significant role.
Examining the studies that identify the mathematics teachers’ teaching knowledge, it is observed that these
studies are classified on the basis of the content knowledge that suggests the knowledge the teachers possess on
the relevant topic and on the basis of the pedagogical content knowledge that shapes their teaching. In studies on
the content knowledge of mathematics teachers, it is proven that the teachers’ content knowledge and the
students’ mathematical achievements are closely correlated (Ball, Lubienski & Mewborn, 2001; Hill, Sleep,
Lewis & Ball, 2007). These studies emphasised the correlation between enhancement of the teacher’s knowledge
and increase in the students’ achievements. On the other hand, studies on pedagogical content knowledge have
attested connections between the content and pedagogy and expanded the concept of teachers’ mathematical
knowledge. These studies have shown that teachers’ pedagogical content knowledge is important in students’
learning and conceptualisation of mathematical knowledge (Baumert et al., 2010; Kleickmann et al., 2013).
Similarly, in the study by Joutsenlahti and Perkkila (2019), it is emphasised that insufficient mathematic content
knowledge and pedagogical content knowledge will lead the teacher to view mathematics merely as a set of
‘rules’ and ‘procedures.” In such a case, the teacher aims at gaining expertise in applying the rules and
procedures and practising calculations and operations, without any concern to conceive the fundamental notions
and structures in mathematics teaching (Petocz & Reid, 2003).

As the importance of mathematics knowledge for teaching is further emphasised, research of teachers’
knowledge for teaching concerning the learning domains within mathematics has become a necessity. It is
observed that, during transition from elementary school to middle school, both teachers and students experience
difficulties about certain notions due to the abstract nature of mathematics. The subject of fractions is the most
prominent among these (Isiksal & Cakiroglu, 2011). Fractions form one of the subjects that both teachers and
students experience difficulties to understand (Behr, Harel, Post & Lesh, 1992; Li & Kulm, 2008; Ma, 1999;
Simon, 1993; Tirosh, 2000; Zhou, Peverly & Xin 2006). One of the underlying reasons to such difficulties is that
the conceptual dimension of teaching fractions is neglected (Ma, 1999). These difficulties include applying
operations with fractions by mere rote and the lack of knowledge about the mathematical logic behind these
operations (Davis, 2003; Tirosh, 2000). Operations with fractions are often implemented with applying
memorised knowledge such as ‘at addition, if denominators are different, they are equalled and at division, the
first fraction is written as it is, the second fraction is reversed and multiplied.” One of the factors causing this
condition is that teachers do not possess the mathematical knowledge concerning the subject and they teach on
the basis of memorising mathematical algorithms (Isiksal & Cakiroglu, 2011; Joyner, 1994; Khoury & Zazkis,
1994, Tirosh, 2000). Although mathematical algorithms present steps that facilitate solution of a question, when
they are not conceptually associated with mathematical thinking, they lead to deficient learning based on mere
memorisation (Klemer, Rapoport & Lev-Zamir, 2018). Such learning based on algorithms prevents the teachers
from developing their own thinking and achieve a meaningful learning (Hanselman, 1997; Kamii & Dominick,
1998). Due to students’ learning of algorithms on mere memorisation, certain errors and conceptual mistakes
emerge (Klemer, Rapoport & Lev-Zamir, 2018). In students’ learning of concepts that are hard for them to
conceive and about which they have various mistakes, the teachers have an important role (Hill & Ball, 2004).
Efficient implementation of teaching and learning is directly correlated with the teacher’s Professional
competency (Tanigh & Kose, 2013). In this context, the importance of the knowledge for teaching that the
teachers possess on teaching fractions is further pronounced.

In studies made on knowledge for teaching that the teachers possess on teaching the subject of fractions
(Behr, Harel, Post & Lesh, 1992; Eli, Mohr-Schroeder & Lee, 2013; Isik & Kar, 2012; Lo & Luo, 2012; Klemer,
Rapoport & Lev-Zamir, 2018; Ma, 1999; Olmez & Izsak, 2020; Ozel, 2013; Sahin, Gokkurt & Soylu, 2016;
Simon,1993), it was identified that mathematics teachers have shortcomings in interpretation of mathematical
notations, deepening the conceptual dimension, deduction and proof and using multiple representations and
problem types. In light of these studies, an assessment of mathematics teachers’ knowledge on the notion of
fractions, their pedagogical content knowledge effective in implementation of their teaching of fractions and
associations between these two types of knowledge have become even more important.

1.1. Theoretical Framework

Knowledge and skills required in teachers who form the most important component in quality and character
of education have been studied by many researchers. These studies have primarily focussed on what teachers are
required to know (Ball, Lubienski & Mewborn, 2001; Begle, 1979; Monk, 1994; Rowan, Chiang & Miller,
1997). Following these studies, studies targeting the factors that will affect teachers’ actual classroom teaching
were made and the knowledge for teaching has been classified in various ways (Grossman, 1990; Magnusson,
Krajcik & Borko, 1999; Shulman, 1986, 1987). Shulman (1986) classified the content knowledge required to be
possessed by the teacher as a) subject content knowledge, b) pedagogical content knowledge and c¢) knowledge
of curriculum. Subject content knowledge is the knowledge that enables integration of fundamental rules and
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notions of a certain discipline and distinguishing situations of validity/invalidity and accuracy/inaccuracy.
Pedagogical content knowledge refers to the knowledge possessed on difficulties the students experience on a
subject and on the modes of representation (analogy, explanation, image, and the like) that enables the students’
comprehension of rules and notions found within the content knowledge. Syllabus knowledge is comprehensive
of knowledge on being acquainted with targets and purposes of a subject, as well as the preceding or following
subjects associated with the subject, using compatible techniques and methods of teaching and selection of
subject-specific effective materials (Shulman, 1986).

Definition of Shulman (1986) on pedagogical content knowledge has been specified by mathematics
education researchers (Ball, Thames & Phelps, 2008; Hill, Schilling & Ball, 2004; Hill, Rowan & Ball, 2005) for
teaching of mathematics and structured as content knowledge for teaching (CKT) and mathematics knowledge
for teaching (MKT). Classification identified by Shulman (1986) on knowledge for teaching was specified by
Ball, Thames, and Phelps (2008) for teaching mathematics and the MKT classification was detailed further
(Figure 1). In MKT, under the knowledge for teaching a teacher is required to possess; a) common content
knowledge (HCK), b) specialised content knowledge (SCK) and c) horizon content knowledge (HCK) sub-
categories were introduced for classification. On the other hand, pedagogical content knowledge was clustered in
categories a) knowledge of contents and students (KCS), b) knowledge of content and teaching (KCT) and c)
knowledge of content and curriculum (KCC).

Subject-Matter Content Knowledge %'—— Pedagogical Content Knowledge
c Knowledge of
ng‘::l:“ Contents and
; Students
Knowledge Specialised E
C Knowledge of
ontent
Content and
Knowledge Currl
. urriculum
Horizon
Content Knowledge of
Knowledge Content and
Teaching

Figure 1. Mathematics Knowledge for Teaching Model (Ball, Thames & Phelps, 2008)

HCK is inclusive of knowledge on mathematical notions, rules, and principles (Ball et al., 2008). This
knowledge is a fundamental-level knowledge that does not require profound mathematical comprehension.
Accurate use of mathematical language and terminology, the ability to distinguish the students’ answers as
correct, false or deficient are found in this scope. SCK is inclusive of mathematical knowledge for teaching
mathematics. Familiarity with the logic of mathematical thinking and the mathematical ideas found in conceptual
sub-structures of mathematical operations implemented and also, explaining them in an association of causality
are found in this scope. It requires the ability to interpret the students” answers in mathematical terms and decide
on whether they are correct or false, which is an ability that is essential in achieving effective teaching. HCK is
inclusive of recognising associations and causality between diverse mathematical subjects. HCK shows
parallelisms with horizontal and vertical knowledge for curriculum, found under the teaching programme in the
classification by Shulman (1986). Horizontal knowledge of curriculum is a teacher’s knowledge of other
domains associated with the subject he/she teaches. Vertical knowledge of curriculum is a teacher’s holistic
handling of the subject he/she teaches, in association with preceding and following class levels and without
limiting it to the current class level. KCS is inclusive of a teacher’s knowledge on mathematical knowledge and
skills possessed by his/her students and accordingly, the knowledge on the students’ individual characteristics
and teaching techniques specific to the subject matter. KCS is a teacher’s knowledge of his/her students’ ages,
attendance, difficulties, and mistakes in the notion taught and the ability to plan a compatible teaching by taking
the students’ individual characteristics into consideration. KCT is a teacher’s knowledge of mathematics
teaching techniques and ability to design a subject-specific lesson. A teacher’s use of subject-specific visuals,
materials, models, presentations, technological tools, and multiple representations, as well as use of examples
and a mathematical language compatible with the purpose of the subject are the sorts of knowledge found in the
KCT component. KCC is inclusive of a teacher’s competency in the curriculum he/she is responsible of,
planning the lesson in the context of achievements found in the curriculum, application of teaching techniques
designated in the programme and acting according to the purpose, selecting materials compatible with the
curriculum and familiarity with the mathematics curriculum’s associations with other fields (such as science or
social sciences). With this model, measuring the teachers’ mathematics knowledge for teaching and identifying
their content and pedagogical content knowledge have gained further importance (Aslan-Tutak & Koklii, 2016).
The knowledge for teaching a teacher possesses for teaching mathematics is considerably effective on his/her
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students’ knowledge and skills (Morris, Hiebert & Spitzer, 2009). Accordingly, identifying the mathematics
teachers’ knowledge for teaching mathematics shall present significant contributions to the literature.

In studies researching the teachers’ knowledge for teaching mathematics, it has been revealed that they have
insufficient knowledge to define the fractions (Fazio & Siegler, 2011; Kieren, 1993). The notion of fraction is
defined by Niven (1961) as an algebraic expression composed of the numerator and denominator (cit., Yanik,
2013). Based on this definition, a fraction is understood to have an infinite number of representations (Yanik,
2013). Lamon (2007) defined a fraction as a positive expression that can be written in the form a/b. In
understanding the fractions, the expression that is represented is required to be understood (Van de Walle, Karp
& Bay-Williams, 2013). Fractions appear before us in their part-whole, measure, division, ratio and operator
meanings (Lamon, 2007). A fraction’s part-whole meaning refers to the operation of dividing the whole into
equal parts. Part-whole meaning of the expression a/b represents the part a in a whole divided into b equal parts.
Measure meaning defines expression of a measuring procedure. Measure meaning of the expression a/b
represents a times a 1/b-unit scale (Yanik, 2013). Division meaning represents an operation of dividing. Division
meaning of the expression a/b refers to the result obtained by dividing a to b (Kieren, 1993). Ratio is a
comparison of quantities belonging to the same or different measuring spaces (Smith, 2002). This ratio may be
either part-whole or part-part (Van de Walle et al., 2013). Ratio meaning of the expression a/b may be identified
as the ratio of part or the ratio of the part a to a whole divided into b parts. Operator meaning of a fraction refers
to the multiplication rule (Toluk, 2002). For example, in the expression ‘2/5 of 3, the fraction 2/5 refers to the
operation of multiplication. In teaching fractions, particularly at the elementary-school level and in textbooks,
part-whole meaning of fractions is heavily emphasised (Van de Walle et al., 2013). This leads to difficulties in
students’ understanding that fractions may also have different meanings. Siebert and Gaskin (2006) assert that, in
early stages of teaching fractions, the part-whole meaning should be taught first and followed by teaching the
other meanings. By recognition of different meanings of fractions, the students shall be given the opportunity to
improve their understanding of fractions (Clarke, Roche & Mitchell, 2008; Siebert & Gaskin, 2006).

Use of fraction models is suggested to achieve students’ conceptual learning of fractions (Siebert & Gaskin,
2006). Fractions are represented by region (area), length and set models (Van de Walle et al., 2013). Region
(area) model represents a fraction’s part-whole meaning on a part of a region or area (Cramer, Wyberg &
Leavitt, 2008; Kieren, 1976; Wu, 2011). It is usually in the shape of a circle or a rectangle. Denominator of the
fraction represents the number of equal parts the shape is divided, and its numerator presents the shaded part. In
notation of fractions and representation of operations with fractions, usually the region (area) model is used
(Baek et al., 2017; Webel & Deleeuw, 2016). Length model refers to use of fraction strips or rods in
representation of the magnitude of a fraction (Siegler et al., 2010). Numerical line is one of the length models
used in representing magnitudes of fractions (Kieren, 1976; Moss and Case, 1999). Use of a numerical line is
recommended both for perception of fractions and numbers and to arrange them (Clarke et al., 2008; Flores,
Samson & Yanik, 2006). Another model used in representation of fractions is the set model. A fraction is used to
notate a set representing a group of objects that constitute the integral and also, the different properties of certain
elements in this set. By using fraction models, learning fractions conceptually beyond symbolic expressions and
assistance in meaningful learning of the notion are enabled (Fazio, DeWolf & Siegler, 2016; Fuchs et al., 2013;
Kellman et al., 2008; Van de Walle et al., 2013). Nevertheless, it is observed that teachers fail to sufficiently use
the set models that support their students’ learning and do not assign time to their use (Van de Walle et al,,
2013).

Studies indicate that the level of students’ understanding of the notion of fraction is rather low (NCTM,
2000; Sowder & Wagne, 2006). Incompetent understanding of students on the subject of fraction leads to the
difficulties they experience in applying operations with fractions, understanding notions of decimals and
percentage and also, in other learning domains (algebra, ratio and proportion and rational numbers) associated
with fractions (Bailey, Hoard, Nugent & Geary, 2012; National Mathematics Advisory Panel [NMP], 2008;
Siegler et al., 2010).

Difficulties concerning the notion of fraction are not experienced only by students but also by teachers (Luo,
Lo & Leu, 2011; Ma, 1999; Merenluoto & Lehtinen 2004; Obersteiner et al., 2013; Vamvakoussi, Van Dooren
& Verschaffel, 2012; VVan Dooren, Lehtinen & Verschaffel, 2015). The studies show that students overgeneralise
the properties of their operations with natural numbers to their operations with fractions (based on the property
of addition/subtraction, adding the numerator and denominator or applying the property of addition to the
operation of multiplication) and experience difficulties thereof (McMullen et al., 2015; Van Dooren et al., 2015;
Vamvakoussi & Voshiadou, 2004). Overgeneralisation of operations with natural numbers causes a conceptual
fallacy in students. One of the reasons the students’ difficulties in fractions is that the teachers teach on the basis
of algorithm and students try to memorise these algorithms (Hanson, 1995; Pantziara & Philippou, 2011).
Accordingly, assessment of the knowledge for teaching possessed by teachers on teaching fractions, a subject the
students have difficulties in learning, and which affects their learning in other learning domains has become
important. To serve this purpose, answers were sought to the following questions:
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1. How is the middle-school mathematics teacher’s subject-matter content knowledge on the subject of

fraction?
2. How is the middle-school mathematics teacher’s pedagogical content knowledge on the subject of
fraction?
2. Method

The study has aimed at revealing a middle-school mathematics teacher’s MKT on fractions. Case studies are
studies where ‘particular cases’ taking place in real-life situations are assessed. A particular case may be
constituted by exemplary conditions such as an individual, a class, a programme or a school and they may also
be implemented by targeting a process (Fraenkel & Wallen, 2009). Holistic single-case studies are studies
implemented on a single case (such as an individual or a programme) (Yin, 2003). In this study, the study was
implemented with one teacher, thus enabling in-depth assessment of all dimensions found in MKT components.

2.1. Participants

The study had been implemented by obtaining the required on the basis of the Yozgat Bozok University
Ethics Commission taken at the meeting of the date 22 April 2020 and number 09. In addition to the ethics
commission’s approval, a meeting was held with the teacher who would participate in the study and the
application was explained in detail. The teacher had participated voluntarily in the study.

The teacher who would participate in the study was designated by purposeful sampling. A teacher who
teaches at 5th, 6th, 7th and 8th grade courses at middle schools located in the central district and who has a
special education student (inclusive, gifted and talented) in the 5th grade was selected. Components of teaching
knowledge were taken into consideration at designating the criteria expected from the teacher. The study
focussing on the 5th-grade subject of fractions, the teacher’s capacity to associate due to his competency in
advanced syllabus topics was considered. Thanks to the other criterion, i.e., a special-education student in his
class, it was enabled to consider the students’ individual attributes in the procedure of teaching and question the
elements of customisation and diversification of teaching. A middle-school mathematics teacher who meets the
said criteria was identified and this study had been implemented by his voluntary participation in the study.

In order to protect the privacy of the mathematics teacher who had participated in the study, ‘Burak’ was
used as his pseudonymous given name. Burak graduated from the Elementary Schools Mathematics Teaching
programme of a public university in the year 2013. He has been assigned at his current middle school for 7 years
and is teaching the mathematics courses for the 5th, 6th, 7th, and 8th grades.

2.2. Data Collection Tools

The study has used personal interview and observation as data collection tools. Burak’s content knowledge
and pedagogical content knowledge were first assessed by a personal interview and afterwards, by comparisons
based on classroom observations.

2.2.1. Interview

The personal interview had been held between Burak and the researcher, with a semi-structured interview
questionnaire prepared by the researcher. The interview questionnaire was prepared on the basis of MKT and is
composed of two main sections concerning the teacher’s content knowledge on the subject of fractions and his
pedagogical content knowledge. Of the questions in the questionnaire, in the context of content knowledge; i)
general content knowledge, ii) specialised content knowledge and iii) comprehensive content knowledge sub-
dimensions and in the context of the pedagogical content knowledge; i) content and student knowledge, ii)
content and teaching knowledge and iii) content and syllabus knowledge sub-dimensions were included. The
interview questionnaire was prepared by the researcher in a draft form composed of 40 questions and afterwards,
two researchers specialised in teaching mathematics were consulted for their opinions. Following the expert
educators’ assessment of the draft form in its contents and scope, the questionnaire was finalised in a form of 36
questions guided by shared opinions. In order to have the interview with the teacher implemented in a complete
and accurate manner, the interview procedure was first tested by holding an interview with another mathematics
teacher. By using the interview questionnaire thus finalised (APPENDIX-1), the personal interview with the
teacher was held in two sessions, with duration of approximately 20 minutes each. The personal interview was
held prior to Burak’s lesson on fractions and in order to prevent any impact of the interview content on Burak
and his teaching of fractions, it was scheduled to three months before Burak’s lesson on fractions. By taking the
teacher’s consent, sound recording of the personal interview held was taken. This way, any data loss was
prevented.

Interview Questionnaire: The MKT interview questionnaire is composed of 6 sub-categories. These questions
were prepared on the basis of MKT categories and contents. The contents of the interview questionnaire are as
follows:
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Subject-Matter Content Knowledge

1. HCK: This sub-category relates to questions about the knowledge on fractions that a teacher is universally
required to possess. It is composed of 6 questions concerning definition of a fraction expression and
application of operations in fractions

2. SCK: This sub-category relates to questions based on the mathematical logic of operations applied in
fractions and where the notion of fraction is assessed in all of its dimensions (i.e. different meanings and
notations). This sub-category has 8 questions.

3. KAP: This sub-category is composed of two further sub-categories, namely horizontal and vertical
knowledge of curriculum. In the context of the horizontal knowledge of curriculum, it is composed of
questions aimed at revealing the subject of fractions with its associations in various disciplines, daily life
and within the subjects of mathematics itself. On the other hand, the context of the vertical knowledge of
curriculum involves contents including preceding subjects associated in the curricular programme with
teaching of fractions, advanced-grade subjects it forms a basis for, comprehensive meaning of the notion of
fractions, different models of fractions and compatibility with class levels. This sub-category has 5
questions in total.

Pedagogical Content Knowledge

e KCS: This sub-category relates to 8 questions aiming at revealing the knowledge on the students’
characteristics, difficulties and mistakes they experience on fractions and techniques and methodologies the
teacher uses in the procedure of teaching by taking these factors into consideration.

e KCT: This sub-category relates to 4 questions aiming at revealing the knowledge on visuals, materials,
models, representations, technological tools, and multiple representations that may be included specifically
for teaching the subject of fractions.

e  KCC: This sub-category aims at revealing the teacher’s knowledge of the Mathematics Course (Elementary
School and Middle School) Curriculum (2018) in the context of teaching the subject of fractions. It
includes 2 questions concerning the teacher’s knowledge on achievements in the curriculum and teaching
techniques identified with these achievements. Achievements presented in association with the subject of
fractions are placed under relevant topics of the interview questionnaire.

2.2.2. Observation

In revealing a teacher’s knowledge for teaching, detailed identification of the teacher’s explanations and the
teacher’s actions in the classroom, which enable an assessment of the classroom application, plays a significant
role (Hill, Ball and Schilling, 2008). Accordingly, the researcher had joined Burak’s classroom environment as a
non-participating observer at this teaching of the 5th-grade subject of fractions and observed his teaching
process. During the observation, the researcher was involved by observing and taking notes, without joining the
activities performed. The observation had been implemented throughout the teaching of fractions and on a
weekly basis of 5 class periods; it had been continued for 5 weeks. A semi-structured observation form
(APPENDIX-2), photography and video recording were used for observation. For this purpose, the researcher
took observation notes on the teacher’s teaching process and in order to prevent any data loss, the lesson was
recorded on video and photographs were taken. By taking the necessary permissions from Burak, the teacher
whose lesson was observed, photographs from the observation were used in assisting the interview data.

2.3. Data Analysis

Data obtained from the interview and observation were analysed in the study by descriptive analysis.
Knowledge for teaching possessed by the teacher participating in the study was analysed by using the MKT
components chart developed by Ball, Thames and Phelps (2008). Sound recordings used for obtaining data at the
interview were transcribed and the data in a text form were encoded in the context of MKT components. This
analysis of obtained data in accord with predefined themes is identified as a descriptive analysis (Yildrim &
Simsek, 2013). The procedure applied for this purpose is detailed as follows:

1. A list where MKT categories are placed was developed. Afterwards, the dataset obtained from the personal
interview was converted to a written text and encoded in the context of MKT components.

2. Observation form the researcher had recorded data during observation was also encoded in the context of
MKT components. In addition to the observation form used during observation, classroom practices had
been recorded with sound and image on a video recorder. These recordings were converted to a written text
and analysed in the context of MKT components.

3. Data obtained from the interview, observation and video recordings of classroom practices were handled
with a holistic approach and where necessary, direct citations from observation notes and classroom
practices were included.
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In the study that is a qualitative one, diversification was made in data collection tools in order to ensure
credibility and transferability. Throughout the study, sufficient and required data materials were obtained from
collection and archiving of the interview, observation, photography, and video recordings. Data collected in the
study were analysed and transformed into a written document, the participant’s approval was taken. Afterwards,
analyses, made on correct understanding or correct interpretation of the data were verified by consulting the
participant. This way, the data obtained were assorted, verified, and compared. Because the teacher participating
in the study was selected by purposeful sampling and his individual characteristics were given and also, due to
detailing of the teaching process observed and its presentation by direct citations, transferability to similar
situations was considered.

2.4. Procedure

The study had been implemented in the autumn period of the 2019-2020 academic year. Necessary permits
require to study with a teacher who meets the criteria designated under the study were taken from the Provincial
Directorate of National Education. The study was implemented with Burak, a teacher who teaches at 5th, 6th, 7th
and 8th grade courses and who has a special education student (inclusive, gifted and talented) in the 5th grade.
Since the study aims at MKT assessment of a middle-school mathematics teacher, data under the study were
collected by interviewing and observation. The study had been implemented in two stages. At the first stage, a
personal interview with the purpose of revealing the teacher’s MKT was held. At the second stage, the teacher’s
process of teaching fractions was observed in the classroom. Therefore, a comparison between interview data
and observation data was enabled.

Fractions learning sub-domain in the Mathematics Course (Elementary School and Middle School)
Curriculum (MoNE, 2018) is placed in the middle-school 5th grade, under the Numbers and Operations learning
domain, following teaching of Natural Numbers. In elementary school, fractions are taught in 1st, 2nd, 3rd, and
4th grades. Accordingly, it may be argued that a 5th-grade student possesses an existing knowledge of fractions.
In the Mathematics Course (Elementary School and Middle School) Curriculum, the 5th-grade subject of
Fractions and Operations with Fractions has 8 achievements. 35 class periods are assigned for the relevant
achievements in the curriculum.

3. Findings

The middle-school mathematics teacher’s knowledge for teaching on the subject of fractions are presented
under the topics of subject-matter content knowledge and pedagogical content knowledge.

3.1. Subject-Matter Content Knowledge
HCK, SCK and HCK dimensions were handled under the MKT subject-matter content knowledge.
3.1.1. HCK

In order to reveal the teacher’s HCK on fractions, questions aiming at defining fractions and applying basic
operations were asked. First, Burak was asked to explain the notion of fractions and to express the condition
given in the form % . The teacher defined the notion of fractions as ‘We divide a whole into pieces and the

number of these pieces gives us the denominator, Then, how many of these pieces we take, that gives us the
numerator.” Based on this explanation of the teacher, we may argue that he defines the notion of fractions on the
basis of part-whole meaning, but he fails to use the expression ‘equal parts.” Also at classroom observations, it
was observed that he defined the notion of fractions based on a part-whole association but nevertheless, in that
procedure, he also expressed division into equal parts (Figure 2). Accordingly, we can observe that the teacher is
able to provide basic definition fractions, which includes the part-whole meaning.
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Figure 2. Observation note on the definition of fractions
Following the teacher’s explanations on the notion of fractions, he was asked basic-level questions pertinent

to addition-subtraction and multiplication-division operations with fractions. The solutions by the teacher and his
explanations to them are presented in the following figure (Figure 3).

102



Assessment of a Middle-School Mathematics Teacher’s Knowledge for Teaching the 5th-Grade Subject of Fractions

EEEETE A e -
4 < » ¥ T4 5 » ¥
(2> o ) L

I ( ke 2lesir

=g _1Ll[s 5 a0 5x8 . S
_%—X__g_—— —— ; | a - ?_ Q ;’_xg 56

ol > b AlE" g
9 TR Ard \J
Figure 3. The teacher’s solution to operations with fractions

Burak expressed the addition-subtraction operation with fractions as ‘If the denominators are equal to each
other, the denominator is written and the numerators, written on a single fraction strip, are either added or
subtracted. Eventually, if reduction is required, the fraction is reduced.” On the operation of multiplication with
fractions, Burak’s explanation was as follows: ‘In the operation of multiplication, the numerators are multiplied
and written in the numerator. This is 2x3. The denominators are multiplied, and this is 3x4. If reduction is
required, first, reductions are reduced. 3s are reduced, 4 is reduced by 2 and in its most reduced form, the
fraction is %.’ As for his explanation on the operation of division, Burak told the following: ‘The first fraction is
written and the second fraction is taken in a form reverse to multiplication, exchanging the places of the
numerator and denominator. Therefore, the operation of division is converted to an operation of multiplication.
Afterwards, the rules of multiplication shall apply. The numerators are multiplied and written in the numerator
and the denominators are multiplied and written in the denominators. In the operation of division, we write the
first fraction as it is and write the second fraction as reversed and we multiply. By reverse, we mean that the
numerator and the denominator swap places.’ It is observed that the teacher’s solution and his explanations to
the solution have no error. Viewing the teacher’s explanations on operations with fractions, it is observed that the
solutions were based on algorithm. It is concluded that the teacher, in his operations with fractions, is able to
define the notion of fraction at a basic level and possesses the operational knowledge required to apply
operations with fractions.

3.1.2. SCK

In this chapter, the purpose had been to identify the teacher’s knowledge on the notion of fraction and the
mathematical meaning of operations applied with fractions. To serve this purpose, the teacher was given

mathematical expressions notated in the form % and he was asked to clarify whether they are fractions or not. For

the expression % , the teacher made the following explanation: ‘There’s a whole and we divided this into 0 pieces.

Or we don’t have any whole at hand and yet, we took 2 pieces from this. Something like annihilating a thing that
doesn’t even exist. We can’t define this. It is impossible.’ Similarly, with his words ‘no whole but | divide that
into 0 pieces and take O pieces from it. What did we already have? Nothing. Therefore, this is ambiguous’ he

used to define the expression % shows that he based his explanation on the part-whole meaning of fractions. It is

observed that the teacher reflected the part-whole meaning in his definition of the notion of fraction to all %
expressions in a similar manner. This behaviour shows that the teacher failed to consider different meanings (i.e.
measure, division, ratio and operator) meanings of fractions. Burak’s explanation on the expression (%) was

‘This is a negative number. We can’t call it a fraction. Nevertheless, the grade is important in these. For
instance, at the lycée level, we would be calling this expression a rational number.’ Based on this explanation of
the teacher, it is observed that he holds the impression that, in teaching of the notion of fractions at elementary-
school and middle-school levels, the notion of fractions would be identified in advanced grades with the notion
of rational numbers. This impression of the teacher indicates that he is unable to adequately define the notions of

fraction and rational numbers. In a similar vein, the teacher was given the expression D to assess his

consideration of fraction and rational number properties and he was asked for which values of n this expression
may identify a fraction. Burak’s explanation was ‘It is a fraction for each state of n. If we give the value 1 to n, it
is % If Y%, itis 3/8. It is defined as a fraction under any circumstances.’ It is observed that the teacher is
unable to make a complete definition of the notions of fraction and rational numbers and fails to consider their
properties.

By deepening the notion of fraction, the teacher was asked to define the types of fractions (unit fraction,
equivalent fraction and mixed fraction). Burak explained unit fraction as follows: ‘For example, | draw a whole
on the board. I divide this whole into equal pieces and mentioning that 4 of them were eaten, | tell the piece that
falls to each of four siblings.” This definition by the teacher was also observed at his classroom practices for
teaching fractions (Figure 4).
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Figure 4. Observation note on the definition of unit fraction

Burak defined a mixed fraction with the following words: ‘I can express it based on quantities of the wholes
we have at hand. For example, we have 3 wholes that are identical. When we will divide 3 apples to 2 persons as
a whole each, we give a whole apple to one of them and another whole apple to the other. Afterwards, by cutting
the third apple in half, we give one half to one of them and one half to the other. Afterwards, we express the
whole and the fraction taken by each of them. It is expressed as 1 whole and 7.’ For equivalent fractions, he
gave the following definition: “By drawing, | divide a whole into 4 equal parts and take 3 parts and show that 6
parts were taken from the same whole when divided into 8 parts. This way, | show the equivalences in fractions.
1 say that those fractions are equivalent but not equal.” It is seen that the teacher shapes his definitions of the
types of fractions by giving examples based on situations he has been teaching. Accordingly, we may argue that
the teacher failed to define the types of fractions but could merely exemplify them.

In order to reveal the mathematical meaning of operations procedure with fractions, operations of
addition/subtraction and division that were applied by rote were questioned. Concerning the deed of equalling
the denominators in the operation of addition/subtraction with fractions, Burak made the explanation ‘We must
have identical denominators so that we can disintegrate and distribute the same whole. Hence, if not identical,
they can’t be distributed’ and thereby, had based his explanation with the reason of ‘working within the same
whole.” It is observed that this explanation was brought by emphasising the part-whole meaning of fractions.
Accordingly, we may argue that the teacher indicates the underlying conceptual dimension of the deed of
equalling the denominators. Burak’s mathematical explanation to the expression ‘the first fraction stays as it is,
and the second fraction is reversed’ on applying the operation of division with fractions was as follows: ‘The
operation is converted to an operation of multiplication. The first fraction is kept as a constant and it is
multiplied with the reverse of the second fraction in the operation of multiplication. In other words, it is
converted to a multiplication.” It is observed that the teacher explains the operation of division as ‘reverse in the
operation of multiplication’, that is to say, based on the operational procedure. Therefore, we may argue that the
teacher is not versed in the mathematical thinking underlying the algorithm applied in the operation division with
fractions.

3.1.3. HCK

In the HCK dimension, the purpose had been to reveal the horizontal and vertical knowledge of curriculum.
For the horizontal knowledge of curriculum, revealing the subject of fractions with its associations in various
disciplines, daily life and within the subjects of mathematics itself was aimed at.

The teacher’s explanation to association of fractions with the subjects and notions of mathematics was as
follows: ‘When the students learn of the notion of fraction, they learn dividing, distributing and adding the
distributed pieces and later, they learn how to associate them with rational numbers.’ This explanation by Burak
shows that the teacher, with his words ‘dividing, distributing’, exemplifies the component meaning of fractions.
In the context of SCK, it was noted that the teacher does not possess the knowledge of different meanings of
fractions and only focusses on the part-whole meaning. Based on this, we may argue that, although the teacher
does not possess direct knowledge of fractions’ meanings and is unable to define them, he is able to make
associations through his examples. However, it is observed that the teacher fails to make associations with the
learning domains of percentages, ratio and proportion that the notion of fractions is associated with.

As for associating the notion of fraction with different disciplines, Burak made his associations with the
following words: ‘First and foremost, it’s science. You cannot think of science without maths. Taking a look at
its association with the subject of fractions, well, we may say that it’s associated with rational numbers, rather
than fractions. Science meets with rational numbers in operations. While expressing density, or also in
operations for instance, they are expressed in rational numbers. Decimals see use.” He explains the association
of fractions with science in terms of rational numbers. Based on this explanation of the teacher and his remarks
in reply to the questions concerning SCK, we may argue that Burak is unable to distinguish fractions and rational
numbers. Moreover, he says that fractions are represented in decimals and thereby, makes an association with
decimals as a subject associated with the subject of fraction. The teacher’s example ‘while expressing density’
given in his explanation indicates an association made with the ratio meaning of fractions. Accordingly, we may
argue that he was able to make association although he was not aware of the ratio meaning itself; the teacher is
able to make associations. As for associating fractions with daily life, Burak told the following: ‘At teaching
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fractions, | already give examples associated with daily life. For example, distribution of a field or how many
pieces each get when a watermelon is cut’. However, at observations of the teacher’s classroom practices, no
association concerning subjects, disciplines or daily-life situations associated with fractions was observed.

In the context of the vertical knowledge of curriculum, knowledge the teacher possesses on contents
including preceding subjects associated in the curricular programme with teaching of fractions, advanced-grade
subjects it forms a basis for, comprehensive meaning of the notion of fractions, different models of fractions and
compatibility with class levels was assessed. In order to reval the teacher’s knowledge on different meanings of
fractions, he was asked what meanings the fractions have. Burak told that fractions have ‘part-whole and
division” meanings but failed to mention their measuring, proportion, and operator meanings. It is observed that
this deficiency the teacher has in his understanding is also reflected to HCK and he fails to define the notion of
fraction in a sufficient manner. Burak was asked of the association between fractions and rational numbers and
he told the following: ‘There’s a difference in terms of grades. We usually teach rational numbers in 7th and 8th
grades. Rational number is a more advanced expression. Fractions are simpler. They are like dividing a whole
into pieces. In further studies, there is the concept of proportion for instance. It is also not identical with
fractions. Fraction refers to pieces of a whole. On the other hand, proportion refers to dividing two different
sorts to each other. There, we can’t speak of any whole.” The teacher’s explanation on rational numbers shows
his emphasis on his understanding that rational numbers are a concept more advanced than fractions and that
fractions turn into rational numbers in further middle-school studies. Additionally, the teacher’s explanation on
the notion of proportion defined the difference between fraction and proportion as ‘Fraction refers to pieces of a
whole. On the other hand, proportion refers to dividing two different sorts to each other.” Based on these
explanations by the teacher, we may argue that he lacks sufficient knowledge on associations and definitions of
the notions of fractions, rational numbers, and proportion. This finding is also confirmed with the conclusion
under SCK.

The teacher was asked of exemplary situations concerning different meanings of fractions and a query on
whether these express a fraction and if yes, the meanings they refer to was made. Exemplary situations Burak
was asked and his explanations are presented in the Table 1.

Table 1. Exemplary situations on different meanings of fractions and the teacher’s explanations

Expression Explanation

3in5ofaclass B: The entire class is divided into 5 pieces and 3 are taken. In other

(part-whole meaning) words, it refers to the part-whole meaning. Therefore, it is a
fraction.

Using 5 units of the fraction 1/8 to obtain  B: Ir is ‘how many units of the fraction 1/8 to obtain the fraction 5 in

the fraction 5 in 8 87° Here, | divide a whole into 5 pieces and first, take one of the

(operator meaning) pieces. Later, | divide it into 6 pieces and take one. Then, 1 in 5

pieces, 1 in 6 pieces and 1 in pieces and therefore, each whole has
its unit fractions.

A comparison of the number of girlsina B: A comparison means a proportion. Proportion refers to a

class to the number of boys comparison of two quantities of the same sort. This is a proportion.
(ratio meaning) We can’t call it a fraction.

Distributing 7 cookies to 9 students B: 7 is divided to 9 and it’s a decimal. The numerator is divided
(division meaning) directly to the denominator.

Expressing 1 in 4 of a land plot with a B: We can express it by converting into a decimal.
surface are of 50 m*
(measure meaning)

Observing the teacher’s answers to exemplary situations representing different meanings of fractions, we can
see that the teacher gave an accurate definition of the part-whole meaning. Other examples reveal that he fails to
make accurate assessments in terms of other meanings of fractions. In the example related to the operator
meaning of fractions, Burak focussed on the fraction’s attribute of being a unit fraction, rather than on its way of
use. On the other hand, in the example related to the ratio meaning of fractions, his inaccurate definition of
proportion and fraction led the teacher to identify the expression as a proportion and not a fraction. It is observed
that the teacher’s erroneous explanations are based on his lack of knowledge on fractions’ ratio meaning and
therefore, his failure to identify an expression of proportion as a fraction. This exemplary situation is also
supported by the findings under SCK. In examples related to division and measure meanings of fractions, the
teacher focussed on the fraction’s mode of representation and not on its use and asserted that it is a decimal
expression. Based on the aforementioned, we may argue that the teacher does not know different meanings of
fractions and hence, has failed to accurately assess the examples given in this context. It is observed that this
limited understanding is also reflected in his teaching of fractions Also in his definition of the notion of fraction
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and in his examples he gave during the teaching process, he focussed merely on the part-whole meaning (Figure
2)

The teacher was asked questions that are pertinent to different models of fractions. First of all, the modelling
was given and Burak was asked to explain such expression of a fraction and afterwards, by giving the expression
of a fraction, he was asked to model this operation. An exemplary representation to the region (area) model was
given (Figure 5). By this exemplary representation, teacher’s interpretation of the region (area) model and also,
revealing his knowledge on the expression of a fraction represented in this model were sought.

Figure 5. Region (area) modelling of fractions

Concerning the fraction represented by the model in the figure, Burak made the following explanations: ‘A
hexagon was taken and yet another hexagon was taken. One of them is shaded. A whole is composed of pattern
blocks. With two f them later, each is divided into 6 equal pieces. Actually, the whole pattern was divided into 2
equal pieces Therefore, it is 1/12.” Looking at the teacher’s explanation, it is observed that he brings and
interpretation by making an association between the first and second visuals. It is seen that the teacher interprets
the given representation differently and fails to identify it as an equivalent fraction and mixed fraction.
Additionally, Burak was asked to model 2 in 3 as 1 in 6. Accordingly, the teacher made a modelling (Figure 6)
and gave the following explanation: ‘When I apply the operation of multiplication only arithmetically, it is too
abstract. It is better with materials. When I mention materials, it’s not that we bring an object to the classroom.
We draw the figure on the board and apply the operations on that. If | tell the kid “1 divided by 6 of 2 in 3,”
more than half of the class would ask they would whether multiply or divide or subtract.’

Figure 6. Modelling of the exemplary operation

It is observed that, in the exemplary operation given on modelling of fractions, the teacher provided a
representation by using the region (area) model accurately. Furthermore, it is concluded that he is aware of the
difficulty the students would experience with the fraction given and takes it into consideration.

By showing exemplary expressions on different fraction models, the teacher was asked how he may express
these representations in fractions:

Expression of the fraction % in the region (area) model and the teacher’s explanation:

B: It’s a composite cube with a shaded piece. Is it asked in surface area or in @
volume? If it’s volume, we’ll say 1 in 2. If it’s surface area, we'll find their surface
areas and say it’s 1 piece. There are 5 surfaces and 5 surfaces more. 10 surfaces
in total. Then, it’s 1 in 10.

-----

The teacher’s explanation indicates that he interprets the shape’s part-whole meaning accurately but brings an
erroneous representation of the fraction due to his assumption that it represents surface area and volume.

Where the green rod represents 1 whole and the blue rod represents 2 unit, -
representation by using the length model, of the operation of butting the orange rod of i 5
units G X4 = 2) and the teacher’s explanation: ﬁﬁ

B: One of them is 1 whole, the other is alsol and the other is 4 wholes. Here, there’s no expression of a
fraction. It is not divided into equal parts.

It is seen that the teacher is unable to identify the operation applied with the rods in the example. Besides, it
was observed that he uses the numerical line method in his representation of magnitudes in fractions (Figure 7).
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Figure 7. Classroom observation on use of the line model

Representation by the set model, of the exemplary situation of the red beads’ ratio
to yellow beads (g) and the teacher’s explanation:

B: Here, there is no whole. This is the ratio of separate sorts. A proportion is
made.

The teacher’s explanation shows that, as indicated for HCK and SCK, the teacher focusses merely on the
part-whole meaning of fractions and is unaware of the ratio meaning. Based on this explanation, it is concluded
that Burak is also unaware of another fraction model, namely the set model.

The teacher was asked which representations from the given exemplary fraction models are used in his class
and he was asked to comment on compatibility of these representations with the class level. Burak expressed his
opinions on representations of fractions with the following words: ‘I don’t use any of these models. Furthermore,
Idon’t use any 3D model. I only draw on the board. I draw rectangles, cake and circles. I teach none of these in
5th, 6 th or 7th grades. | can use these only if | have the materials. . Otherwise, I can’t do these in 3D by
drawing on the board. I don’t think any of these representations are adequate for the students’ level. Indeed,
none of them are compatible to be taught at a middle-school level. For instance, the third shape, it’s not a
fraction anyway. It’s a proportion.’ Accordingly, it may be concluded that the teacher does not possess sufficient
knowledge in different representations of fractions. On the other hand, the teacher’s comments on use of
different representations of fractions and their compatibility with the class level reveals that he does not use these
representations and reflects his opinion that they are not adequate for a middle-school level. It is considered that
this opinion of the teacher stems from his lack of sufficient knowledge on these representations and therefore, he
declines to use them. Furthermore, it is also considered that this opinion stems from the teacher’s insufficient
KCC.

3.2. Pedagogical Content Knowledge
KCS, KCT and KCC dimensions were handled under the MKT pedagogical content knowledge.
3.2.1. KCS

Under KCS, the purpose has been to assess the teacher’s knowledge on his students’ attendance, difficulties,
and mistakes in learning the subject of fractions, their common mistakes, and his ability to plan a compatible
teaching by taking the students’ individual characteristics into consideration.

Concerning the difficulties his students experience during their learning of the subject of fractions, Burak
gave the following explanation: ‘They don’t know how to equal the denominator; they don’t know the given
figure will be written as a numerator or denominator. | give them assignments. We need to work with materials.
I tell them to disintegrate a whole and I also try to show it at the school but there are ones who can learn and
there are ones who can’t.’ It is observed that, amongst the difficulties the students experience during their
learning of the subject of fractions, the teacher takes notice of confusion with the concepts of numerator and
denominator and the challenge of equalling the denominators in the operation of addition-subtraction. In a
similar vein, Burak asserted also under HCK that his students are unable to distinguish the numerator and the
denominator in expressions such as 2 in 3. Based on these explanations, it may be observed that the teacher is
aware of the difficulties during their learning of the subject of fractions but yet, he fails to take efficient
measures on this issue.

The teacher’s explanation on the conceptual fallacy his students have on fractions is as follows: ‘For
example, in the expression I in 2, they have a confusion of concepts. They usually can’t know where to write the
numerator, where to write the denominator and even what a denominator is and what a numerator is. Therefore,
1 sometimes look if there’s a prejudicial mistake. 1 in 4, for instance. They read it the right way but at writing,
they write it as 4/1. At times, I ban it in certain classes. I tell them “you’ll never call it 1 in 4 but you’ll call it 1
stroke 4”.” 1t is observed that the teacher is aware of the frustration the students have in writing the numerator
and the denominator and also, of the expression that leads to this frustration. In the teacher’s explanations under
HCK, SCK and HCK and also, at observations of his teaching, it was detected that he handles fractions based on
the part-whole meaning but when expressing the part-whole meaning, he expresses the part-whole meaning in
terms of a quotient. It is considered that one of the causes in the students’ difficulty in writing the numerator and
the denominator is that the expressions of fractions as presented by the teacher represent different meanings
while reading and while writing.
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In order to enable a profound assessment of the teacher’s answers and to detail them further, exemplary
situations on conceptual fallacies the students have on fractions, the teacher was asked to comment on these
situations and what sort of solution he would bring to these situations. First of all, fallacies on the notion and
representation of fractions were exemplified. The teacher was shown examples of the students’ representations

of the fraction % (Figure 8) and he was asked to comment on these answers.

M|
1l &

Figure 8. Representations of the fraction i
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Burak’s remarks on representations of the fraction 7 are as follows: ‘It means that, at teaching the student the

notion of fractions, the expression of equal parts wasn’t emphasised enough. The kid just looked at whether the
whole is divided into 4 parts or not. Yet, checking whether they 're equal or not wasn’t emphasised. It’s either the
teacher’s fault and he didn’t teach that part or the student just missed it. My students wouldn’t say such a thing
because | emphasise that it should de divided into equal parts.” This explanation indicates that the teacher is
aware of the underlying reason that leads to this conceptual fallacy but he fails to develop an effective solution to
overcome this problem.

By exemplifying the fallacies the students have in operations with fractions, the teacher was asked to make

comments and offer remedies. Burak’s remarks on (15—3 + % = S) , the exemplary situation given for addition

with fractions are as follows: ‘Yes, unfortunately, this happens. Here, we should specifically ask the student what
operation he’s applying. The student begins hastily, without even knowing what the operation is. We must make
the kid aware of this. It shall be prevented this way.’ Concerning the operation of multiplication with fractions,
the teacher was asked of the expression ‘Multiplication always makes the multiplied numbers larger and division
makes the divided numbers lesser.” Burak’s remarks on this fallacy are as follows: ‘Here, it wasn’t emphasised.
The kid doesn’t know how to check the result. He doesn’t know how to compare the initial and the final. I, after
the kid finishes the operation, do compare them. | make him see what the number was before multiplication and
what happened later and how. The result appears that a decimal multiplied with a natural number gives us a
result that is either larger or lesser than the natural number. | have the kids comment on these.” Based on these
explanations, we may argue that the teacher is unaware of the underlying conceptual condition of operations with
fractions and therefore, he is unable to develop an effective solution. Also under SCK, it was revealed that the
teacher is not aware of the underlying conceptual condition of operations with fractions. Based on these findings,
given that the teacher is unaware of the underlying conceptual condition of operations with fractions, it may be
concluded that the teacher is not efficient in assessing the students’ conceptual fallacies and correcting them.

The teacher was asked questions aiming at revealing his awareness of his students’ individual characteristics
and whether he takes these characteristics into consideration in the teaching process. Burak’s explanations were
as follows: “In the 5th grade, there are 3 inclusive students. One of them has dyslexia. That student has no
problem in conception. He gets everything; fractions, addition with fractions, all of them. However, we can’t
have progress with my other 2 students because they have mental problems. They have no capacity to learn.
They learn today and tomorrow, they’ll forget. There’s also a student assigned as gifted but when I show
different operations with fractions. | tried to teach some multiplication by mental operation but no, he gets
nothing. Therefore, I guess that kid is not gifted or something at all or whatever.’ It is observed that the teacher
is aware of the existence of inclusive or gifted students amongst his students in the classroom. Nevertheless, it
was observed that the classroom teaching practice had no planning or application specific to these students. For
the inclusive student, he is given out-of-class courses as practised at the school and Burak provides assistance
education under this scheme. It was observed that the teacher is unaware of his inclusive student’s disadvantages
and he does not provide him with assistance in the classroom environment.

3.2.2. KCT

Under KCT, it was aimed at assessment of the teacher’s knowledge on methodologies and techniques
efficient in teaching fractions and revealing his knowledge for teaching on designing subject-specific lessons.
For this purpose, the teacher’s use of visuals, materials, models, presentations, technological tools and multiple
representations specific to teaching fractions was investigated.

The teacher was asked to assess his implementation process for teaching fractions. Burak defined his
preferred method of teaching as follows: ‘As a method, technically, it is usually that I narrate the subject myself
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and the students solve the questions I give to them.’ In a similar vein, it was also noted at observations of
teaching fractions that a teacher-centric teaching is followed. Again, as indicated by the teacher, it was observed
that operational practices comprised of solving questions were in abundance (Figure 9).

Figure 9. Observation note on the operational process

Under HCK, the teacher was asked to define types of fractions but without the techer’s definition, they were
exemplified on the basis of the classroom practices. At observations on teaching fractions, it was observed that
the concepts of mixed fraction, compound fraction and equivalent fraction were merely described and then,
operation-based practices were started (Figure 10).

Figure 10. Observation note on description of fraction types

In the teacher’s explanations on types of fractions, it is observed that he is familiar with definitions of the
concepts mixed fraction, compound fraction and equivalent fraction but as he asserted under HCK, he does not
apply them by exemplifying in his teaching process. Accordingly, it may be concluded that the teacher possesses
knowledge of types of fractions and their representations but does not apply them in his teaching process.

Concerning materials, models and technological tools, Burak gave the following remarks: ‘Unfortunately, at
our school, we have no materials. We only use pen and the board. I usually draw them | usually draw a whole
and shade a part and show the fraction... I don’t think using a smart board is beneficial. When may I be using
it? At solving questions, perhaps.’ As asserted by the teacher, no use of technological tools was detected during
the teaching process. In expressing the part-whole meaning of the notion of fraction, region (area) model was
used and in ordering the fractions, the length model was used (Figure 11). Teaching the types of fractions and
operations with fractions were taught merely by operational applications.
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Figure 11. Classroom observation on use of region (area) and length models

It was observed that, at teaching fractions, the teacher prefers a teaching based on plain narration has
shortcomings in making use of educational materials and models that enrich the lesson contents. Based on the
aforementioned, it is revealed that the teacher is insufficient in knowing and including the methodologies and
techniques that may make teaching fractions more efficient, fraction-specific models and tools and materials.
Under HCK, it was already asserted that the teacher has insufficient knowledge on fraction models. Accordingly,
it is concluded that due to his insufficient knowledge of fraction models, the teacher is barred from using
different models in his teaching process.

3.2.3.KCC

It was observed that Burak had planned and implemented his process of teaching fractions on the basis of
topics found in the textbook. The teacher was asked certain questions to assess his knowledge on the
Mathematics Course Teaching Programme. Burak had the following opinions on achievemnts related to
fractions: ‘I don’t think that the achievements are competent. Those who prepare the programme does never
think that they are swapped, reduced and later, they think that an excluded achievement was indeed necessary
and include it again. This mean that the programme is inadequate.” On the other hand, the teacher had the
following opinions on planning the teaching of fractions on the basis of achievements found in the programme.
‘I really don’t care if it’s listed in the achievements or not. What the student needs, | give it in an appropriate
way. If our purpose is to prepare the kids to advanced studies, when | take a look at feedbacks from my students
who had graduated, it is confirmed that my method of teaching the lessons and my practices are appropriate. |
see my students placed at a science lycée and he comes to me and says “sir, apparently you had taught us well
because we experience no difficulty at all.” Therefore, I maintain that I'm doing the right thing. I mean I don’t
see it merely from the perspective of achievements. | give the something extra, which they may receive. Maybe
they re not in the 5th-grade curriculum but | give them as an extra.’

Athough the teacher, with his words ‘I give them as an extra’, maintains that he provides further knowledge;
it is observed that he fails to teach even the curriculum achievements in a proper manner. Nevertheless, it was
observed that his students are successful in central exams and are placed at good schools. Based on both
observations on the process of teaching fractions and the teacher’s remarks, we may argue that Burak has
insufficient KCC for teaching the subject of fractions. While he gives his successful students as examples, he
seems to deliberately disregard his inclusive students who experience learning difficulties. This conclusion
draws parallelisms with the result obtained under the teacher’s KCS.

It is detected that the teacher does not possess any knowledge of the achievements found in the curriculum
and does not plan his teaching process on the basis of targets and achievements. The teacher’s incompetent
profile under KCC is confirmed by the results obtained under KCS. It is considered that the teacher’s failure to
use fraction-specific methodologies and techniques identified in the curriculum, to include models, materials or
tools in the teaching process, to teach different meanings and by neglecting the conceptual dimension in teaching
fractions, the usual application of operational practices based on algorithm may be outcomes of the teacher’s
insufficient KCC. Because the teacher does not possess sufficient knowledge in this subject, fractions had been
taught in 25 class hours, unlike the 35 class hours envisaged by the curriculum. The teacher had ignored the
duration assigned in the curriculum to teaching of fractions and passed on to decimals, a different learning sub-
domain.

4, Discussion and Conclusion

In this study, a middle-school mathematics teacher’s mathematics knowledge for teaching was assessed with
its content knowledge and pedgogical content knowledge dimensions. Based on the results obtained from the
study, it has been revealed that the content knowledge and pedgogical content knowledge of the teacher is
insufficient and concurrently, his MKT is limited.

Under HCK and SCK, it was observed that the teacher participating in the study does not have the required
mathematical thinking on fractions and operations with fractions. This condition is also reflected in the teacher’s
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classroom practices. The teacher identifies the notion of fraction only with its part-whole meaning. This does
not only show that the teacher’s SCK is insufficient but also leads to shortcomings in his HCK and KCT. The
teaching process failed to handle the notion of in a complete manner and it was implemented only in the context
of the part-whole meaning. Clarke et al. (2008) argue that the failure to teach the students with fractions’
division, measure and operator meanings, in addition to the part-whole meaning at elementary-school teaching
results in deficient knowledge of students on fractions. It is observed that the teacher also has a limited
understanding in operations with fractions. Solutions and explanations the teacher provides on operations are
made of memorised, stereotypical expressions. Kinach (2002) argues that explanations the teachers make on
operations with fractions usually depend on rules and operations. In studies, it is identified that teachers apply
the ‘revert and multiply’ method at dividing with fractions and they are not able to explain to their students the
underlying reason of this arithmetical operation (Holm & Kajander, 2011; Klemer, Rapoport & Lev-Zamir,
2018). Baumert et al. (2010) argued that, in order to have a teacher teach mathematics, it is essential that it is
he/she who is required to have a conceptual understanding of mathematics. Accordingly, a teacher’s
understanding of an operation’s conceptual sub-structure and mathematical meaning, beyond his/her ability to
apply the operations gains further importance (Kajander & Holm, 2016).

It is observed that the teacher’s lack of content knowledge on fractions is also reflected to his pedagogical
content knowledge. In their respective studies, Kieren (1993) and Fazio & Siegler (2011) argued that teachers, at
defining expressions in the form a/b had made erroneous classifications. In a similar vein, since Burak is
ignorant of the different meanings of fractions, he has no clear definition on the notions of fraction, rational
number and proportion and he is unable to distinguish them accurately in terms of their similarities and
differences. Because the teacher has insufficient content knowledge, operations with fractions had been applied
on the basis of algorithm and focussing on the operation. Pantziara and Philippou (2011) indicate that the failure
to assign sufficient time to allow conceptual understanding may lead the students to fallacies on the notion of
fraction and on operations with fractions. Particularly presenting the operations and algorithms without
providing the students with a conceptual meaning leads to an education based on memorisation and the students’
learning the fractions by rote (Mok, Cai & Fong-Fung, 2008). Similarly, Hanson (1995) argues that the students’
effort of memorising the operations based on algorithm is one of the factors that lead to mistakes and errors.
Charalambous and Pitta-Pantazi (2005) argue that the measure meaning of fractions is an important conceptual
knowledge in applying the operation of multiplication with fractions. In this study, the teacher’s knowledge on
the meanings of fractions has been revealed under HCK and it was observed that he is not aware of measure,
operator and division meanings and concurrently, he implements a teaching that is only based on the part-whole
meaning. It is observed that, due to the teacher’s insufficient content knowledge, he lacks the mathematical logic
required by the operations he applies and therefore, provides a teaching based on algorithm.

Structuring the teaching on fractions in a way compatible with the students and the knowledge on how to use
the representations constitute pedagogical knowledge the teachers are required to have because they affect the
students’ learning (Kajander & Boland, 2014; Mitchell, Charalambous & Hill, 2014). In the study, it was
observed under the participating teacher’s content knowledge that he focuses merely on the part-whole meaning
of fractions and concurrently, in his teaching, he only presented representations relevant to the pat-whole
meaning and used the region (area) model. Similarly, it was observed that the teacher does not make use of
fraction-specific materials (such as fraction rods or fraction kits) or tools. Based on the aforementioned results, it
is concluded that the teacher has a low KCT. Similarly, in the study by Chestnut-Andrews (2007), it is argued
that teachers who have limited pedagogical content knowledge fail to diversify the learning process.

Reckless implementation of the teaching process is one of the reasons to difficulties and mistakes the
students experience on the notion of fractions (Reys et al., 1998; Van de Walle et al., 2013). In the curriculum,
the fraction Y is given as an example to the expression in the form a/b and this was paraphrased with the
following words: ‘In reading expressions of fractions, expressions that emphasise the part-whole relation are
emphasised. For example, the fraction % is read as “one in four” and it is explained that a whole is divided into
4 parts and one of them is taken’ (MONE, 2018; p. 40). It was observed that, given his insufficient KCC, the
participating teacher paid no attention to how the expression of fraction is read. Mistakes the students have in
reading of fractions and writing of the denominator and numerator were specifically mentioned. He told that his
solution to such mistakes is to use the word ‘stroke.” In the study by Siebert and Gaskin (2006), it is argued that,
in expressing fractions, expressions such as ‘three stroke four’ should be avoided and reading the fraction as
‘three in one’ will be adequate. The teacher participating in the study maintains tht use of such expression leads
to the students’ confusion about the numerator and denominator. Nevertheless, at exemplifying the conceptual
fallacies his students experience in relation to fractions, Burak could only mention that they do not know where
the numerator and denominator would be placed. Similarly, certain studies (Amato, 2005; Siegler, 2003; Soylu
& Soylu, 2002) indicate that teachers are unsuccessful in foreseeing the fallacies their students have on fractions.
Shulman (1986) argued that the pedagogical content knowledge is effective in identifying and elimination of the
students’ conceptual fallacies. Based on the study’s data, it is concluded that the teacher is not aware of the
fallacies his students have and he lacks the sufficient KCS to identify and eliminate them. The teacher’s
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insufficient KCS is also observed in his ignorance of his special-needs students’ characteristics and his disregard
for their needs. In studies on teachers’ knowledge on their special-needs students’ characteristics and needs
(Brownell, Ross, Colon & McCallum, 2005; Donnely & Watkins, 2011; Savolainen, 2009), it was attested that,
in a similar vein, the teachers lack sufficient knowledge for special education, and they implement restrictive
practices in their classes. In this study, the participating teacher’s lack of sufficient knowledge on the needs of
his special-needs students resulted in shortcomings in planning the teaching process according to the needs of
these students. It is observed that the teacher has failed to plan his teaching by taking his students’ individual
characteristics and needs and therefore, he has insufficient KCT in this sense. This result shows that the teacher’s
level of KCS has also affected his KCT.

It was observed that the teacher participating in the study does not plan his teaching of the lesson contents on
the basis of achievements listed in the curriculum. Since the teacher’s knowledge of the curriculum is
insufficient, the lesson contents were not taught in the context of the targets and achievements designated in the
curriculum and teaching methodologies and techniques, models, tools and activities were not applied. This result
shows that the teacher’s insufficient KCC has affected his KCT. Furthermore, by finishing teaching the fractions
and operations with fractions within 25 class periods, the teacher participating in the study had failed to conform
to the duration specified in the curriculum. Due to the teacher’s insufficient knowledge on achievements found in
the curriculum, the conceptual knowledge dimension of fractions as identified in the curriculum was neglected
and practices based on algorithm had been implemented. Based on these results obtained from the study, it was
concluded that the teacher’s insufficient content knowledge in teaching the subject of fractions also restricted his
pedagogical content knowledge and this had had a adverse impact on his classroom practice of teaching.

5. Suggestions

Based on the results obtained from this study, it is concluded that bringing the mathematics teachers’ content
knowledge and pedagogical content knowledge to an adequate level is important. Accordingly, it is considered
that the teachers’ pre-service (bachelorship studies) and in-service (courses, programmes and the like) education
may provide assistance in their content knowledge and pedagogical content knowledge. At professonal
development programmes, the subject of fractions that is one of the topics the teachers experience difficulties
and mistakes may be emphasised and the subject-matter’s attributes and also, the modes of teaching it may be
included in the programmes. By providing the teachers with mathematical meanings of the operations with
fractions, their understanding of the notion of fractions may be improved. Furthermore, exemplary cases on
difficulties and mistakes the students experience in on fractions may be given and their potential causes, as well
as remedies may be discussed. Likewise, efficiency of remedies may be evaluated by classroom practices.
Teachers may be assisted in learning and using teaching models, materials and tools that can make learning
fractions more meaningful and provide enriched opportunities of learning. In professional development
programmes, the teachers may be informed on special education and provided knowledge on special-needs
students they have in their classes. By this means, their integration of these students in their teaching may also be
ensured.

This study had been implemented with a single mathematics teacher. Studies with higher numbers of
participants may provide further information on teachers’ knowledge of fractions and teaching fractions. This
study has assessed MKT in the context of fractions and teaching fractions. Studies on diverse mathematical
subjects and concepts may create a comprehensive study network on teachers’ MKT. This may present an
opportunity to identify the mathematics teachers’ knowledge on various learning domains and their
shortcomings and therefore, to introduce solutions to such shortcomings.

Appendices
Appendix 1. MKT Interview Questionnaire

Dear sir,

Our interview will be held for the purpose of identifying your opinions on the process of implementation process
of teaching fractions. Contents of our interview and your personal data shall be kept strictly confidential an shall
not be disclosed to third parties. | will be using a sound recorder to fully record your answers. If you agree, we
can begin our interview.

A. Personal data

1. Which faculty did you graduate from?

2. For how many years have you been in service?

3. For how many years have you been assigned at this school?

4. Which grades are those that you teach mathematics?
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B. MKT Questions on the Subject of Fractions

B. 1. Subject-Matter Content Knowledge Questions

B. 1. 1. HCK

1. What is a fraction? How would you define the notion of fraction?

2. % how do you read this expression?

3. How do you apply operations of addition and subtraction with fractions?
4. How do you apply the operation of multiplication with fractions?

5. How do you apply the operation of division with fractions?

6. Please apply the following operations:

2.3 5 8
W 779"
7. How do you apply the operation of division with fractions?

B.1.2.SCK

1. In your opinion, which ones among these expressions | will show you are fractions? Can you please provide
an explanation for each expression?

2. % + n, for which conditions of n can this expression represent a fraction?

3. What is a unit fraction?
4. What is a mixed fraction?
5. What is an equivalent?
6. In fractions, are expressions of equality and equivalence the same?
7. In fractions, why are the denominators equalled to apply an operation of addition or subtraction? What is the
mathematical logic underlying this practice?
8. In the operation of division with fractions, what is the mathematical explanation of the expression ‘the first
fraction stays the same, the second fraction is reversed?’
B.1. 3. HCK
1. Why is learning the fractions important for a student? For learning of which subject does the subject of
fractions create a basis?
e  Advanced-level studies
e Associations with daily life
2. Which meanings do fractions have?
e  Association with rational numbers
e  Percentage
e Decimals
3. Can you please explain what do the fractions in the expressions I will read to your express?
3in5ofaclass
How many 1/8 fractions would we use to obtain the fraction of 5 in 8?
Comparison of the number of girls in a class to the number of boys in the class
Distributing 7 cookies to 9 students
1in 4 of a land plot with a surface area of 50 m?
4. The figure has the expression of a fraction represented with pattern blocks. Which operation do you think is
represented?

. 1 2
5. Find p Ofg
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6. Please explain what the representations in the shape express.

é fraction’s expression;  Expression of the operation g expression;
L] L] L] L] L] ; x 4 = 2;

o . . Green rod: 1 unit
. @ Blue rod: 1/2 units

. . . Orange rod: 1/4 units

—
—
I

7. Which representation do you use in teaching fractions?
8. In your opinion, which representation is adequate for each level?

C. Pedagogical Content Knowledge

C.1. KCS

1. What kind of difficulties do students experience in learning fractions?

2. Do you have any measures taken against these difficulties? If yes, which are these?

3. Which conceptual fallacies do the students maintain for fractions?

4. Of the shapes | will show you, a teacher asked ‘which represents 4?” and a student answered ‘all of them.’
Please assess the student’s answer. What would be your explanation to a student who gives this answer?

A\ | ]
1l &

2

. .13
5. Assess a student’s solution to the operation— + 5>

= g What can be the reason the student did this? How

would you explain it to the student?
6. Assess the answer of a student who says ‘Multiplication always makes the multiplied numbers larger and
division makes the divided numbers lesser.’

7. For the shape I will show to you, the student’s answer was g Assess the student’s answer. Is it correct/false or

is it acceptable? What can be the underlying reason of the student’s answer?

8. At teaching, which characteristics of our students do you take into consideration?

e Inclusive;

e Learning difficulty;

e Gifted etc.
C.2.KCT

1. What are the techniques and methods you use in teaching fractions?

2. Do you have any materials you use in teaching fractions? If yes, which are these?

3. Do you benefit from technological tools? If yes, how?

4. Do you have any representations you use in teaching fractions? If yes, which are these?

C.3.KCC
1. Do you think the achievements in the subject of fraction sufficient?
2. What are your opinions on progress of the achievements?
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Appendix 2. Observation Form
Date:

1. How was the fraction defined?
2. How was the fraction expression read?
3. How were the types of fractions defined?
Unit fraction;
Mixed fraction;
Equivalent fraction;
. How were operations (addition, subtraction, multiplication and division) with fractions defined and applied?
. Were different meanings of fractions given?
. Were multiple presentations of fractions made?
. Does he know the targets and achievements relevant to fractions?
. Is the teaching implemented in line with the targets and achievements?
. Was the students’ existing knowledge revealed?
10. Were the students’ difficulties and conceptual fallacies identified? Were measures against potential
difficulties and mistakes taken?
11. Was the teaching implemented in a customised manner adequate for the students’ individual characteristics?
12. Were associations with other meanings of fractions made?
13. Were associations of the subject-matter with daily life or other disciplines made?
14. Which methods and techniques were used? Were technological tools, materials or models used?
15. How was assessment and evaluation applied?
Other remarks:

©O© 00 N O 01

Ethics Committee Approval Information: Ethics committee approval was obtained from Yozgat Bozok
University, Project Coordination Application and Research Center Directorate Ethics Committee for the
research, with the date of April 30, 2020 and protocol number E.10353.

115



C. Sen

Ortaokul Matematik Ogretmeninin 5. Simf Kesirler Konusundaki Ogretme Bilgisinin
Incelenmesi

1. Giris

Iyi bir dgretim siirecinin gerceklestirilmesinde, dgretmenlerin dgretimini gerceklestirecegi konuya iliskin
derin bilgiye sahip olmalar1 gerekmektedir (Fernandez, 2005). Yeterli bilgi ve beceriye sahip olmayan
Ogretmenler Ogrencilerinin 6grenmelerinde de etkili ve verimli olamamaktadirlar (Ball, Thames ve Phelps,
2008). Ogretmenlerin sahip olduklar1 bilgi ve beceriler egitim ve 6gretimin kalitesini etkileyen 6nemli unsurlar
arasindadir. Bu dogrultuda 6gretmenlerin sahip olduklar1 6gretme bilgisinin 6nemi ortaya ¢ikmaktadir (Hill, Ball
ve Schilling, 2008). Ogretmenlerin dgretim igerigini olusturan konuya iligskin bilgi sahibi olmalari, bu bilgiyi
etkili bir sekilde 6grencilerine aktarmada kullanabilecekleri yontem ve teknikleri bilmeleri, her 6grenciye uygun
egitimi verebilmede sahip olmalar1 gereken bilgi ve beceriler alan bilgisi ve pedagojik alan bilgisi olarak
karsimiza ¢ikmaktadir (National Council of Mathematics [NCTM], 2000).

Matematik 6gretme bilgisinde alan bilgisi, 6gretmenlerin matematiksel kavramlara iliskin sahip olduklar1
derinlemesine bilgidir (Mishra ve Koehler, 2006). Pedagojik alan bilgisi, dgretmenlerin matematiksel kavramlara
yonelik anlayislar1 ile 6gretim icerigine yonelik sahip oluklar1 pedagojik bilgiyi birbirine baglar. Pedagojik alan
bilgisinde, alan bilgisi dnkosul olmak {izere bir konuyu 6gretmeye Ozgii sahip olunan Ogretme bilgisidir
(Depaepe, Verschaffel ve Kelchtermans, 2013). Pedagojik alan bilgisi, 6gretim igerigini etkili kilacak
materyallerin ve modellerin kullanilmasi, fikirlerin temsil edilmesi (benzetme, agiklama, gdsterim, 6rnek verme,
vb.) ve bu temsillerin 6grenciye uygun sekilde uyarlanmasini saglayan pedagojik yontem ve tekniklerin
secilmesini saglayan bilgi ve beceridir (Shulman, 1987).

Matematik konu alan bilgisi, ortaokul matematik Ogretmenlerinin matematik ders igeriginin temelini
olusturmaktadir (Ferrini-Mundy ve Findell, 2001). Bununla birlikte matematik dgretmenlerinin sahip olduklar1
matematik bilgisini siniflarinda etkili bir sekilde yansitmalarinda pedagojik alan bilgileri etkili olmaktadur.
Matematik Ogretmenlerinin  6gretme bilgisini ortaya koyan c¢aligmalar incelendiginde bu ¢alismalarin
Ogretmenlerin ilgili konuya iliskin sahip olduklar1 bilgilerini ortaya koyan alan bilgisi ve oOgretimlerini
sekillendiren pedagojik alan bilgisine yonelik olarak siniflandirildig gériilmektedir. Matematik 6gretmenlerinin
alan bilgisine yonelik yapilan c¢aligmalarda dgretmenlerin alan bilgisi ile dgrencilerin matematik basarisimin
yakindan iligkili oldugu ortaya konulmustur (Ball, Lubienski ve Mewborn, 2001; Hill, Sleep, Lewis ve Ball,
2007). Bu arastirmalar dgretmen bilgisinin artmasi sayesinde 6grenci basarisimin da artacagi yoniinde iligkiyi
vurgulamustir. Pedagojik alan bilgisine yonelik gergeklestirilen ¢aligmalarda ise alan ve pedagoji arasinda
baglantilar kurularak 6gretmenlerin matematik bilgisi kavrami genisletilmistir. Bu ¢aligmalarda 6grencilerin
o0grenmelerinde ve matematiksel bilgiyi kavramsallagtirmalarinda 6gretmenlerin pedagojik alan bilgilerinin
onemli oldugu gorilmiistiir (Baumert ve ark., 2010; Kleickmann ve ark, 2013). Benzer sekilde Joutsenlahti ve
Perkkila (2019) calismasinda bir 6gretmenin matematik alan ve pedagojik alan bilgisinin yetersiz olmasi
durumunda matematigi yalnizca “kurallar” ve “prosediirler” olarak gorecegini vurgulamistir. Bu durumda
Ogretmen matematik Ogretiminde temel kavram ve yapilar1 anlamaya g¢alismadan kural ve prosediirleri
uygulama, hesaplama ve islem yapmada ustalasmay1 hedeflemektedir (Petocz ve Reid, 2003).

Matematigi 6gretme bilgisinin 6nemi ortaya konuldukc¢a, matematik igerisinde yer alan 6grenme alanlarina
yonelik dgretmenlerin dgretme bilgisinin incelenmesi ihtiyaci ortaya ¢ikmistir. Ilkokuldan ortaokula gegerken
matematigin soyut dogasindan kaynakli 6grencilerin ve 6gretmenlerin bazi kavramlara iliskin zorluk yasadiklar1
goriilmektedir. Bu konularin basinda kesirler gelmektedir (Isiksal ve Cakiroglu, 2011). Kesirler hem 6grenciler
hem de 6gretmenler tarafindan anlagilmakta zorlanilan konular arasindadir (Behr, Harel, Post ve Lesh, 1992; Li
ve Kulm, 2008; Ma, 1999; Simon, 1993; Tirosh, 2000; Zhou, Peverly ve Xin 2006). Yasanilan bu zorluklarin
sebepleri arasinda kesir 6gretiminin kavramsal boyutunun eksik kalmasi yatmaktadir (Ma, 1999). Bu zorluklar
arasinda kesirlerle gergeklestirilen islemlerin ezbere yapilmasi ve islemlerin matematiksel mantiginin
bilinmemesi yer almaktadir (Davis, 2003; Tirosh, 2000). Kesirlerle islemlerde “toplama isleminde paydalar
farkl ise esitlenir, bolme isleminde birinci kesir aynen yazilir, ikinci kesir ters ¢evrilir ¢arpilir” gibi ezberlenmis
bilgilerin uygulamas: sik¢a gerceklestirilmektedir. Bu duruma sebep etkenler arasinda gretmenlerin konuya
iliskin matematiksel bilgiyi bilmemeleri ve matematiksel algoritmalart ezberlemeye dayali Ogretim
gerceklestirmeleri yer almaktadir (Isiksal ve Cakiroglu, 2011; Joyner, 1994; Khoury ve Zazkis, 1994, Tirosh,
2000). Matematiksel algoritmalar sorunun ¢dziimiinii kolaylastiran adimlar olmasina ragmen, kavramsal olarak
matematiksel diisiince ile baglanti kurulmadiginda ezbere dayali eksik 6grenmeye sebep olmaktadir (Klemer,
Rapoport ve Lev-Zamir, 2018). Bu tiir algoritmaya dayali dgrenmeler &grencilerin kendi diisiincelerini
gelistirmelerine ve anlamli d6grenmelerine engel olmaktadir (Hanselman, 1997; Kamii ve Dominick, 1998).
Ogrencilerin algoritmalar1 ezberlemeye dayali dgrenmeleri sonucunda bazi hatalar ve kavram yanilgilari
meydana gelmektedir (Klemer, Rapoport ve Lev-Zamir, 2018). Ogrencilerin anlamakta zorlandiklar1 ve gesitli
yanilgilara sahip olduklar1 kavramlarin 6gretimlerinde 6gretmenlere biiyiik sorumluluk diigmektedir (Hill ve
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Ball, 2004). Ogrenim ve ogretimin etkili uygulamasi dogrudan &gretmenin mesleki yeterliligi ile iliskilidir
(Tanigh ve Kose, 2013). Bu baglamda kesirlerin 6gretimi konusunda matematik 6gretmenlerinin sahip olduklar
Ogretme bilgisinin 6nemi ortaya ¢ikmaktadir.

Kesirler konusunda &gretmenlerin sahip olduklar1 6gretme bilgisine yonelik yapilan ¢alismalarda (Behr,
Harel, Post ve Lesh, 1992; Eli, Mohr-Schroeder ve Lee, 2013; Isik ve Kar, 2012; Lo ve Luo, 2012; Klemer,
Rapoport ve Lev-Zamir, 2018; Ma, 1999; Olmez ve Izsak, 2020; Ozel, 2013; Sahin, Gokkurt ve Soylu, 2016;
Simon,1993) matematik 6gretmenleri tarafindan matematiksel gosterimlerin anlamlandirilmasinda, kavramsal
boyutun derinlestirilmesinde, akil yiiriitme ve ispat yapmada, g¢oklu temsillerin ve problem tiirlerinin
kullanilmasinda eksikliklere sahip olduklar: tespit edilmistir. Bu ¢alismalar 151gimnda matematik 6gretmenlerinin
kesir kavramina yonelik alan bilgilerinin, kesir dgretimini gerceklestirmelerinde etkili olan pedagojik alan
bilgilerinin ve bunlar arasindaki iligkilerin incelenmesi 6nem kazanmaktadir.

1.1. Teorik Cerceve

Egitimin niteligi ve kalitesinde en 6dnemli unsur olan 6gretmenlerin sahip olmasi gereken bilgi ve beceriler
bircok arastirmaci tarafindan incelenmistir. Bu arastirmalar ilk olarak ogretmenlerin neyi bilmesi gerektigine
odaklanmustir (Ball, Lubienski ve Mewborn, 2001; Begle, 1979; Monk, 1994; Rowan, Chiang ve Miller, 1997).
Bu aragtrmalarin ardindan &gretmenlerin sinif i¢i 6gretimlerinde etkili olacak unsurlara yonelik c¢aligmalar
yapilmig ve 6gretme bilgisi ¢esitli sekilde siniflandirilmigtir (Grossman, 1990; Magnusson, Krajcik ve Borko,
1999; Shulman, 1986, 1987). Shulman (1986) 6gretmenin sahip olmasi gereken alan bilgisini; a) konu alan
bilgisi, b) pedagojik alan bilgisi ve c¢) 6gretim programu bilgisi olarak smiflandirmustir. Konu alan bilgisi, bir
disipline ait temel kural ve kavramlar1 biitiinlestirebilme, gecerli ve dogru olma/olmama durumlarini ayirt
edebilme bilgisidir. Pedagojik alan bilgisi, 6grencilerin konuya iliskin yasadiklar1 zorluklara ve alan bilgisinde
yer alan kural ve kavramlarin 6grenciler tarafindan anlasilmasini saglayan temsil bigimlerine (analoji, aciklama,
resim, vb.) iliskin sahip olunan bilgiyi tanimlamaktadir. Ogretim programi bilgisi, ilgili konuya iligkin amag ve
hedeflerin, iliskili oldugu Oncesi ve sonrasi konularin bilinmesi, uygun o6gretim teknik ve yOntemlerin
kullanilmasi, konuya 6zgii etkili materyal se¢imine iligkin sahip olunan bilgiyi kapsamaktadir (Shulman, 1986).

Shulman (1986) tarafindan pedagojik alan bilgisine yonelik yapilan tanimlama matematik egitimi
aragtirmacilar1 tarafindan (Ball, Thames ve Phelps, 2008; Hill, Schilling ve Ball, 2004; Hill, Rowan ve Ball,
2005) matematik dgretimi i¢in 6zellestirilerek dgretme igin alan bilgisi (OAB) ve dgretme igin matematik bilgisi
(OMB) olarak yapilandirilmistir. Shulman (1986) tarafindan tanimlanan 6gretme bilgisine iliskin siniflandirma
Ball, Thames ve Phelps (2008) tarafindan matematik 6gretimi i¢in dzellestirilmis ve OMB siniflandirmasi
detaylandirilmstir (Sekil 1). OMB’de matematik dgretmeninin sahip olmasi gereken dgretme bilgisi konu alan
bilgisi kapsaminda; a) genel alan bilgisi (GAB), b) uzmanlik alan bilgisi (UAB), c) kapsamli alan bilgisi (KAB)
alt bagliklart ile siniflandirilmistir. Pedagojik alan bilgisi ise; a) alan ve 6grenci bilgisi (AOB), b) alan ve 6gretim
bilgisi (AOtB), ¢) alan ve miifredat bilgisi (AMB) olarak gruplandirilmistir.

KONU ALAN BILGISI ’__ PEDAGOJIK ALAN BILGISI

Alan ve

Ogrenci Bilgisi

Genel Uzmanhk

Alan Bilgisi Alan

Alan ve
Miifredat
Bilgisi

Kapsamli | Bilgisi

Alan Bilgisi Alan ve

Ogretme Bilgisi

‘\_________—/

Sekil 1. Ogretme I¢in Matematik Bilgisi Modeli (Ball, Thames ve Phelps, 2008)

GAB, matematiksel kavram, kural ve ilkelere yonelik bilgiyi icermektedir (Ball ve ark., 2008). Bu bilgi
derin matematiksel anlayis gerektirmeyen temel diizey bilgidir. Matematiksel dil ve terminolojiyi dogru
kullanma, 6grenci yanitlarmi dogru, yanlis ve eksik olarak ayirt edebilme bu kapsamda yer almaktadir. UAB,
matematik Ogretimine Ozgii matematiksel bilgiyi icermektedir. Matematiksel diisiincenin mantigint ve
gerceklestirilen matematiksel islemlerin kavramsal alt yapilarindaki matematiksel fikirleri bilme ve neden-sonug
iliskisi igerisinde aciklamayi igermektedir. Etkin dgretimin gergeklestirilmesinde gerekli olan ve dgrencilerin
yanitlarini matematiksel olarak yorumlayarak dogru veya yanlis olduguna karar verebilmeyi gerektirmektedir.
KAB, farkli matematiksel konularin birbirleriyle olan iliskilerinin ve sebeplerinin farkina varilmasini
icermektedir. KAB, Shulman (1986)’in gelistirmis oldugu smiflandirmada 6gretim programi kapsaminda yer
alan yatay ve dikey miifredat bilgisi ile paralellik gostermektedir. Yatay miifredat bilgisi, 0gretmeninin
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Ogretimini gergeklestirmis oldugu konuya yonelik diger alanlarla iliskisini bilmesidir. Dikey miifredat bilgisi,
O0gretmenin ogretim yaptigi konuyu sinif diizeyi ile smirl kalmayip dnceki ve sonraki sinif seviyeleri ile biitiinsel
olarak ele almasidir. AOB, 6gretmenin 6grencilerinin sahip oldugu matematik bilgi ve becerileri hakkinda bilgi
sahibi olmas1 ve bu dogrultuda 6grencilerin bireysel 6zelliklerine ve konuya 6zgii 6gretim tekniklerine iliskin
bilgisini igermektedir. AOB, Ogretmenin ogrencilerinin yas, hazirbulunusluk, &gretilen kavrama iliskin
yasadiklar1 zorluk ve yanilgilarini bilmesini, &grencilerin bireysel 6zelliklerini gozeterek uygun ogretimi
planlayabilme bilgisini kapsamaktadir. AOtB, dgretmenin matematik dgretme tekniklerini bilmesi ve konuya
6zgii ders tasarlayabilme bilgisidir. Ogretmenin konuya &zgii gorsel, materyal, model, gdsterim, teknolojik arac-
gereg ve coklu temsilleri kullanmasi, konunun amacma en uygun olacak 6rnek ve matematiksel dil kullanimi
AOtB bileseninde yer alan bilgilerdir. AMB, 6gretmenin sorumlu oldugu miifredata hikim olmasi, miifredatta
yer alan kazanmmlar ¢ergevesinde dersini planlamasi, programda belirtilen 6gretim tekniklerini kullanmasi ve
amaca uygun hareket etmesi, miifredata uygun materyal segme, matematik miifredatinin diger alanlarla (fen
bilimleri, sosyal bilgiler, vb.) iligkisini bilmesini igermektedir. Bu modelle birlikte 6gretmenlerin matematik
Ogretme bilgilerinin 6l¢iilmesi, alan ve pedagojik alan bilgilerinin, becerilerinin belirlenmesi 6nem kazanmistir
(Aslan-Tutak ve Koklii, 2016). Bir 6gretmenin matematik 6gretimine yonelik sahip oldugu &gretme bilgisi
ogrencilerin bilgi ve becerilerinde oldukga etkilidir (Morris, Hiebert ve Spitzer, 2009). Bu dogrultuda matematik
Ogretmenlerinin matematik 6gretme bilgilerinin belirlenmesi alan yazina 6nemli katkilar sunacaktir.

Ogretmenlerin matematik 6gretme bilgisinin incelendigi galismalarda, kesirleri tanimlamada yetersiz bilgiye
sahip olduklar1 ortaya konulmustur (Fazio ve Siegler, 2011; Kieren, 1993). Kesir kavrami Niven (1961)
tarafindan pay ve paydadan olusan cebirsel ifade olarak tanimlanmaktadir (akt., Yanik, 2013). Bu tanima dayali
olarak bir kesrin sonsuz sayida gosteriminin oldugu anlagilmaktadir (Yanik, 2013). Lamon (2007) kesirleri, a/b
seklinde yazilabilen pozitif ifadeler olarak tanimlamistir. Kesirlerin anlagilmasinda, temsil edilen ifadenin
anlagilmasi1 gerekmektedir (Van de Walle, Karp ve Bay-Williams, 2013). Kesirler parga-biitiin, 6lgme, b6lme,
oran ve igslemci anlamlar1 ile karsimiza ¢ikmaktadir (Lamon, 2007). Kesirlerin parga-biitiin anlami, bir biitiini
esit parcalara aymrma iglemini icermektedir. a/b ifadesinin parga-biitiin anlami, b esit parcaya boliinmiis bir
biitiiniin a par¢asmi temsil etmektedir. Olgme anlami, bir dl¢iim islemini ifade etmeyi tanimlamaktadir. a/b
ifadesinin 6lgme anlami, a tane 1/b birimlik 6l¢iiyii temsil eder (Yanik, 2013). Bolme anlami bir bélme islemini
gostermektedir. a/b ifadesinin boliim anlami, a’nin b’ye bélimiinde ulasilan sonucu belirtir (Kieren, 1993). Oran,
ayni ya da farkli 6lgme uzaylarna ait ¢okluklarin karsilagtirilmasidir (Smith, 2002). Bu oran, parga-par¢a ya da
parga-biitiin olabilir (Van de Walle ve ark., 2013). a/b ifadesinin oran anlami, a par¢asinin b parcasina ya da a
pargasiin b parcaya ayrilmis biitiine orani seklinde ifade edilebilir. Kesirlerin iglemci anlami ise ¢arpma kuralini
belirtir (Toluk, 2002). Oregin, 3’iin 2/5’si seklindeki ifadede 2/5 kesri ¢arpma islemini belirtmektedir.
Kesirlerin 6gretiminde 6zellikle ilkokul diizeyinde ve ders kitaplarinda ¢ogunlukla kesirlerin parga-biitiin anlami
vurgulanmaktadir (Van de Walle ve ark., 2013). Bu durum O6grencilerin kesirlerin farkli anlamalarinin da
olabilecegi konusunda zorlanmalarma sebep olmaktadir. Siebert ve Gaskin (2006) kesir &gretiminin ilk
asamalarinda Oncelikle parga-biitiin anlaminin verilmesinin ardindan diger anlamlarinin da verilmesinin
gerektigini belirtmektedir. Kesirlerin farkli anlamlarinin fark ettirilmesiyle 6grencilerin kesir anlayislarinin
gelismesine firsat sunulmaktadir (Clarke, Roche ve Mitchell, 2008; Siebert ve Gaskin, 2006).

Ogrencilerin kesirlere yonelik kavramsal anlamalarinm saglanmasinda kesir modellerinin kullanimi
onerilmektedir (Siebert ve Gaskin, 2006). Kesirler; bolge (alan), uzunluk ve kiime modelleri ile temsil
edilmektedirler (Van de Walle ve ark., 2013). Bolge (alan) modeli, kesirlerin parga-biitiin anlamin1 bir alanin ya
da bolgenin pargasinin temsil edilmesiyle gostermektedir (Cramer, Wyberg ve Leavitt, 2008; Kieren, 1976; Wu,
2011). Genellikle daire ya da dikdortgen sekli kullanilmaktadir. Kesrin paydasi kullanilan seklin kag esit parcaya
boliindiigiinii, payi ise tarali olan kismi1 temsil eder. Kesirlerin gdsterimi ve kesirlerle gergeklestirilen iglemlerin
temsilinde cogunlukla bolge (alan) modeli kullanilir (Baek ve ark., 2017; Webel ve DeLeeuw, 2016). Uzunluk
modeli, kesirlerin biiyiiklerinin temsil edilmesinde kesir seritleri veya ¢ubuklarinin kullanilmasidir (Siegler ve
ark., 2010). Kesirlerin biiyiikliik gosteriminde kullanilan uzunluk modellerinden biri de say1 dogrusudur (Kieren,
1976; Moss ve Case, 1999). Kesirlerin hem bir sayr oldugunun kavranmasinda hem de siralamasinda sayi
dogrusu kullanimi 6nerilmektedir (Clarke ve ark., 2008; Flores, Samson ve Yanik, 2006). Kesir gosteriminde
kullanilan bir diger model ise kiime modelidir. Biitiinii olusturan bir grup nesneyi temsil eden kiime ve bu
kiimenin bazi elemanlarmin farkli 6zelliklerini gostermek igin kesir kullanilir. Kesir modellerinin kullanimi ile
kesirlerin sembolik ifadelerinin 6tesinde kavramsal olarak anlasilmasi ve kavrama yonelik anlamli 6grenmenin
desteklenmesi saglanmaktadir (Fazio, DeWolf ve Siegler, 2016; Fuchs ve ark., 2013; Kellman ve ark., 2008;
Van de Walle ve ark., 2013). Bunun yami sira Ogrencilerin 6grenmelerini destekleyen kesir modellerinin,
Ogretmenler tarafindan yeteri kadar kullanilmadig: ve kullanimi konusunda zaman ayirmadiklar1 goriilmektedir
(Van de Walle ve ark., 2013).

Yapilan calismalar Ogrencilerin kesir kavraminit anlama diizeylerinin diisiik oldugunu gdstermektedir
(NCTM, 2000; Sowder ve Wagne, 2006). Ogrencilerin kesir kavrammna iliskin eksik anlayislar1 kesirlerle
islemlerin gerceklestirilmesinde, ondalik gosterim ve yiizde kavramlarinin anlagilmasinda ve iliskili oldugu diger
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O0grenme alanlarinda (cebir, oran ve oranti, rasyonel sayilar) da zorlanmalarma sebep olmaktadir (Bailey, Hoard,
Nugent ve Geary, 2012; National Mathematics Advisory Panel [NMP], 2008; Siegler ve ark., 2010).

Kesir kavrami sadece Ogrencilerin degil 6gretmenler tarafindan da zorluk yasanan kavramlardan biridir
(Luo, Lo ve Leu, 2011; Ma, 1999; Merenluoto ve Lehtinen 2004; Obersteiner ve ark., 2013; Vamvakoussi, Van
Dooren ve Verschaffel, 2012; Van Dooren, Lehtinen ve Verschaffel, 2015). Yapilan ¢aligmalarda dgrencilerin
dogal sayilarda gerceklestirilen iglemlerin 6zelliklerini kesirler konusuna agir1 genellemede (toplama/gikarma
islemi 6zelliginden yola ¢ikarak pay ve paydalar1 kendi arasinda toplama/¢ikarma, toplama isleminin 6zelligini
carpma islemine uygulama) bulunarak zorluk yasadiklarmi gostermektedir (McMullen ve ark., 2015; Van
Dooren ve ark., 2015; Vamvakoussi ve Vosniadou, 2004). Dogal sayilarda gerceklestirilen islemlerin asiri
genellenmesi sonucu O6grencilerin kesirlere iligkin kavram yanilgisina sahip olmalarina neden olmaktadir.
Ogrencilerin kesirler konusunda zorluk yasamalarmin ve kavram yanilgilarina sahip olmalarmin sebepleri
arasinda Ogretmenler tarafindan algoritmaya dayali 6gretim yapilmasi ve Ogrencilerin de bu algoritmalari
ezberlemeye caligmalar1 yer almaktadir (Hanson, 1995; Pantziara ve Philippou, 2011). Bu dogrultuda,
ogrencilerin 6grenmekte zorluk yasadiklart ve diger 6grenme alanlarmma iliskin 6grenmelerini de etkileyen
kesirler kavramina yonelik Ogretmenlerin kesirleri 6gretme bilgilerinin ortaya konulmasmin 6nemi ortaya
¢ikmaktadir. Bu amagcla ¢alismada asagidaki sorulara cevap aranmistir:

3. Ortaokul matematik dgretmeninin kesirler konusuna iligkin konu alan bilgisi nasildir?

4. Ortaokul matematik 6gretmeninin kesirler konusuna iliskin pedagojik alan bilgisi nasildir?

2. Yontem

Calismada bir ortaokul matematik Ogretmenin kesirler konusuna iliskin OMB’sinin ortaya konulmasi
amaclanmigtir. Bu baglamda ¢aliymada nitel arastrma yOntemlerinden biitiinciil tek durum deseni
benimsenmistir. Durum c¢aligmalari, gercek yasamda yer alan olay “6zel durum” incelemelerinin
gerceklestirildigi ¢alismalardir. Ozel durum kisi, program, smif, okul gibi rnek durumlar olabilecegi gibi bir
stirece yonelik de ger¢eklestirilebilir (Fraenkel ve Wallen, 2009). Biitiinciil tek durum, tek bir duruma (bir birey,
bir program, vb.) yonelik yapilan g¢aligmalardir (Yin, 2003). Bu caligmada, tek bir dgretmen ile ¢alisma
gergeklestirilerek OMB bilesenlerinin her boyutunun derinlemesine incelenme olanag1 saglanmistir.

2.1. Katihmcilar

Calisma, Yozgat Bozok Universitesi Etik Komisyonu’nun 22.04.2020 tarih ve 09 sayili toplantisnda almis
oldugu kararla gerekli yasal izinler alinarak gergeklestirilmistir. Etik kurul onaymnin yani swra ¢alismada yer
alacak dgretmen ile goriisiilmiis ve uygulama igerigi detayh olarak anlatilmistir. Ogretmen caligmaya goniillii
olarak katilmustir.

Caligmada yer alacak 6gretmenin belirlenmesi amagh 6rnekleme yoluyla olmustur. Merkez ilgede yer alan
ortaokullardan 5. 6. 7. ve 8. smiflarda derse giren ve 5. smifinda 6zel egitim (kaynastirma, iistiin zekali ve
yetenekli) 6grencisi olan bir dgretmen segilmistir. Ogretmenin sahip olmasi beklenen kriterlerin belirlenmesinde
Ogretme bilgisi unsurlar1 géz oniinde bulundurulmustur. Calismada 5. sinif kesirler konusuna odaklanilirken
Ogretmenin ileri miifredat konularina hakim olmasi sayesinde iligkilendirme yapabilme olanaginin oldugu goz
onilinde bulundurulmustur. Bir diger kriter olan sinifinda 6zel egitim 6grencisi bulunmasi sayesinde ise 6gretim
stirecinde Ogrencilerin bireysel 0Ozelliklerini goz Onlinde bulundurma ve Ogretimini sekillendirme ve
¢esitlendirme unsurlarma yonelik sorgulamaya olanak saglanmistir. Bu baglamda ilgili 6zellikleri tasiyan
ortaokul matematik 6gretmeni belirlenmis ve ¢aligmaya katilmaya goniillii olmasi ile ¢alisma gergeklestirilmistir.

Calismada yer alan matematik 6gretmeninin kimliginin gizliligi agisindan takma isim olarak Burak
kullanilmistir. Burak 6gretmen; bir devlet iiniversitesinin Ilkdgretim Matematik Ogretmenligi programindan
2013 yilinda mezun olmustur. Su an ¢aligmakta oldugu ortaokulda 7 yildir gérev yapmakta ve 5. 6. 7. ve 8.
siiflarin matematik derslerini yiiriitmektedir.

2.2. Veri Toplama Araglan

Calismada veri toplama amaci ile bireysel goriisme ve gézlem araglar1 kullanilmistir. Burak dgretmenin alan
bilgisi ve pedagojik alan bilgisi ilk olarak bireysel goriisme yapilarak ardindan smif i¢i gbzleme dayali
karsilagtirmalar yolu ile ortaya konulmustur.

2.2.1. Gériisme

Bireysel goriisme, Burak Ogretmen ve arastirmaci arasinda, arastirmaci tarafindan hazirlanan yari
yapilandirilmis goériisme formu ile gergeklestirilmistir. Goriisme formu, OMB dogrultusunda hazirlanmis ve
Ogretmenin kesirler konusuna iliskin konu alan bilgisi ve pedagojik alan bilgisine iliskin iki ana kisimdan
olugmaktadir. Konu alan bilgisi kapsaminda; i) genel alan bilgisi, ii) uzmanlik alan bilgisi, iii) kapsamli alan
bilgisi alt boyutlari, pedagojik alan bilgisi kapsaminda ise; i) alan ve dgrenci bilgisi, ii) alan ve dgretim bilgisi,
iii) alan ve miifredat bilgisi alt boyutlarina iliskin sorulara yer verilmistir. Goriigme formu arastirmaci tarafindan
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40 soruluk taslak form seklinde hazirlanmis ardindan matematik egitiminde uzman iki aragtirmacinin goriislerine
basvurulmustur. Taslak formun uzman egitimciler tarafindan igerik ve kapsam konusundaki degerlendirilmesi
sonucu ortak goriisler dogrultusunda 36 soruluk son hali verilmistir. Ogretmen ile gerceklestirilecek gdriismenin
eksiksiz ve dogru bir sekilde yiiriitiilebilmesi i¢in goriisme ilk olarak farkli bir matematik 0gretmeni ile
gerceklestirilerek goriisme siireci denenmistir. Son hali verilen goriisme formu (EK-1) kullanilarak 6gretmen ile
bireysel goriisme yaklasik 20 dakikalik iki oturum seklinde gergeklestirilmistir. Bireysel goriisme, Burak
ogretmenin kesirler 6gretimi dncesinde gergeklestirilmis ve 6gretmenin goriisme igeriginden etkilenmemesi ve
Ogretimine etkide bulunmamasi amaciyla kesirler konusundan ii¢ ay once gergeklestirilmistir. Gergeklestirilen
bireysel goriisme Ogretmenin de izni alinarak ses kaydina alinmistir. Bu sayede veri kaybinin onlenmesi
saglanmustir.

Goriisme Formu: Kesirlere yonelik OMB goriisme formu 6 alt kategoriden olusmaktadir. Bu sorular OMB
kategorileri ve igerigine gore hazirlanmistir. Gériigme formu igerigi;

Konu Alan Bilgisi

4. GAB: Kesirler konusunda 6gretmenin genel olarak sahip olmasi gereken bilgilere yonelik sorulardan
olusmaktadir. Kesir ifadesinin tanimlanmasi ve kesirlerde iglemlerin gerceklestirilebilmesine yonelik 6
sorudan olugmaktadir.

5. UAB: Kesir kavrammin her boyutuyla (farkli anlam, gdsterim) incelendigi ve kesirlerde gerceklestirilen
islemlerin matematiksel mantigmma dayali sorulardan olugmaktadir. Bu kategoride 8 soru yer almaktadir.

6. KAP: Yatay ve dikey miifredat bilgisi olarak iki alt kategoriden olusmaktadir. Yatay miifredat bilgisi
kapsaminda kesir konusunun farkli disiplinlerdeki, giinlik hayattaki ve matematik konularinin kendi
icerisindeki iliskisini ortaya ¢ikarmaya yonelik sorulardan olusmaktadir. Dikey miifredat bilgisi
kapsaminda ise miifredat programinda kesir 6gretiminin iligkili oldugu 6nceki konular, temel olugturdugu
ileri smif konulari, kesir kavraminin genis kapsamli anlami, kesirlerin farkli modelleri ve smif seviyelerine
gdre uygunlugunun yer aldig1 igerikten olugmaktadir. Bu kategoride toplam 5 soru yer almaktadir.

Pedagojik Alan Bilgisi

e AOB: Ogrencilerin 6zelliklerinin, bireysel farkliliklarinin, kesirlere iliskin yasadiklar1 zorluk ve yanilgilar,
Ogretmenin bunlar1 gozeterek gerceklestirecegi 6gretim siirecinde kullandigi yontem ve tekniklere iliskin
bilginin ortaya konulmasi amaciyla 8 sorudan olusmaktadir.

e AOtB: Kesirler konusunun dgretimine 6zgii yer verilebilecek gorsel, materyal, model, gdsterim, teknolojik
arag ve c¢oklu temsillere iligkin bilginin ortaya konulmasi amaglanmistir. Bu amacgla 4 soruya yer
verilmistir.

e AMB: Ogretmenin kesirlerin dgretimi konusunda Matematik Dersi (1lkokul ve Ortaokul) Ogretim Programi
(2018)’na iliskin bilgisinin ortaya konulmasi amag¢lanmistir. Bu kapsamda kazanim ve kazanimlarda
belirtilen 6gretim tekniklerine iligkin bilgisine yonelik 2 soruya yer verilmistir. Programda yer alan kesirler
konusuna iliskin kazanimlar goriisme formunun ilgili basliklar1 altinda yer almistir.

2.2.2. Gozlem

Bir 6gretmenin 6gretme bilgisinin ortaya ¢ikarilmasinda, sinif i¢i uygulama siirecinin degerlendirilmesi i¢in
aciklamalarinin ve smnif i¢i hareketlerinin ayrintilartyla ortaya cikarilmas: dnemlidir (Hill, Ball ve Schilling,
2008). Bu amagla arastirmaci katilimer olmayan gézlemci olarak Burak 6gretmenin 5. smif kesirler konusunu
islerken sinif ortaminda bulunmus ve 6gretim siirecini gézlemlemistir. Gézlem siiresince arastirmact gerceklesen
faaliyetlere katilmadan gozlemleyen ve not alan roldedir. Gozlem, kesir Ogretimi siirecinin tamaminda
gerceklestirilmis ve haftada 5 ders saati olmak {izere 5 hafta gbzlem yapilmistir. Gézlem i¢in yari-yapilandirilmis
gozlem formu (EK-2), fotograf ve video kullanilmistir. Bu amacla, aragtirmaci dgretmenin dgretim siirecine
iliskin gdzlem notlar1 tutmus, herhangi bir veri kaybmm yaganmamasi igin dersi video kaydina almis ve fotograf
cekmistir. Ders gozlemi yapilan Burak Ogretmen’den gerekli izinler almarak goriisme verilerinin
desteklenmesinde gozlemlere iligkin fotograflar kullanilmistir.

2.3. Verilerin Analizi

Calismada goriisme ve gozlem sonucu elde edilen veriler betimsel analiz yoluyla analiz edilmistir.
Calismada yer alan 6gretmenin 6gretme bilgisi Ball, Thames ve Phelps (2008) tarafindan gelistirilen OMB
bilesenleri semasiyla analiz edilmistir. Gorligme siiresince veri elde etmede kullanilan ses kayitlar1 yaziya
dokiilmiis ve metin halinde veriler OMB bilesenleri kapsamimda kodlanmistir. Elde edilen verilerin bu sekilde
onceden belirlenen temalar dogrultusunda analiz edilmesi betimsel analiz olarak tanimlanmaktadir (Yildirim ve
Simsek, 2013). Bu amagla uygulanan siireg asagida detaylandirilmistir.

4. OMB Kkategorilerinin yer aldig1 liste olusturulmustur. Ardindan bireysel goriismeden elde edilen veri seti
yazili metin haline doniistiiriilmiis ve OMB bilesenleri ¢ergevesinde kodlanmistir.
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5. Gozlem siiresince arastirmaci tarafindan veri kaydedilen gozlem formu da OMB bilesenleri gercevesinde
kodlanmugtir. Gézlem siiresince kullanilan gézlem formunun yani sira sinif i¢i uygulamalar video ile sesli
ve goriintiilii kaydedilmistir. Bu kayitlar da yazili metin haline getirilerek OMB bilesenleri kapsaminda
¢Oziimlenmistir.

6. Goriisme, gozlem ve siif i¢i uygulamalara ait gériintiilerden elde edilen veriler biitiinciil bir yaklasimla ele
alinmis ve gerekli yerlerde gozlem notlar1 ve sinif i¢i uygulamalara ait dogrudan alintilara yer verilmistir.

Nitel bir arastrma olan ¢alismada inandiricilik ve transfer edilebilirliginin saglanmasinda veri toplama
araglarinda cesitleme yapilmistir. Calisma boyunca goriisme, gozlem, fotograf ve video goriintiilerinin
toplanmasi ve arsivlenmesi sayesinde gerekli ve yeterli veri malzemesi elde edilmistir. Calismada elde edilen
veriler analiz edilmis ve yazili dokiiman haline getirilerek katilimct teyidi alinmistir. Verilerin dogru sekilde
anlasilip/anlasilmadig1 veya dogru yorumlanip/yorumlanmadig1 konusunda yapilan analizler daha sonra katilimc1
ile gorisiilerek teyit edilmistir. Bu sayede elde edilen veriler ¢esitlenmis, dogrulanmis ve karsilastirilmistir.
Calismada yer alan 6gretmenin amagli 6rnekleme yolu ile segilmesi ve bireysel 6zelliklerinin verilmesi ayni
zamanda gdzlem yapilan 6gretim siirecinin detaylandirilmasi ve dogrudan alintilar ile sunulmasi sayesinde
benzer durumlara iligkin transfer edilebilirlik hedeflenmistir.

2.4. Siirec

Caligma 2019-2020 egitim-6gretim yili giiz doneminde gerceklestirilmistir. Caligmanin amact kapsaminda
belirlenen dzellikleri tasiyan 6gretmenle galismanin yiiriitiilebilmesi i¢in 1 Milli Egitim Miidiirliigii’nden gerekli
izinler alinmigtir. 5. 6. 7. ve 8. smiflarda derse giren ve 5. smifinda 6zel egitim (kaynastirma, iistiin zekali ve
yetenekli) Ogrencisi olan Burak o&gretmenle calisma gerceklestirilmistir. Calismada ortaokul matematik
dgretmeninin OMB’sini belirlemek amaglandigindan gériisme ve gozlem yoluyla veri toplanmistir. Calisma iKi
asamada gerceklestirilmistir. ilk asamada, 6gretmenin OMB’sinin ortaya konulmasi amaciyla bireysel goriisme
gerceklestirilmistir. Tkinci asamada ise, Ogretmenin kesirler konusundaki &gretim siireci smif iginde
gozlemlenmistir. Bu sayede goriisme ve gézlem verilerinin karsilagtirilmas: saglanmustir.

Kesirler alt 6grenme alan1 Matematik Dersi (Ilkokul ve Ortaokul) Ogretim Programi (MEB, 2018)’nda
ortaokul 5. sinifta Sayilar ve Islemler 6grenme alaninda Dogal Sayilarin gretimi sonrasinda yer almaktadir.
Ilkokulda ise 1. 2. 3. ve 4. simfta 6gretimi gergeklestirilmektedir. Bu dogrultuda 5. smiftaki bir dgrencinin
kesirler konusuna iliskin 6n 6grenmeye sahip oldugu soylenebilir. Matematik Dersi (Ilkokul ve Ortaokul)
Ogretim Programi 5. Swmif Kesirler ve Kesirlerle Islemler konusunda 8 kazamim yer almaktadir. Programda
belirtilen ilgili kazanimlar i¢in 35 ders saati belirlenmistir.

3. Bulgular

Ortaokul matematik dgretmeninin kesirler konusuna yonelik 6gretme bilgisi; konu alan ve pedagojik alan
bilgisi bagliklar1 altinda sunulmustur.

3.1. Konu Alan Bilgisi
OMB konu alan bilgisi kapsamida; GAB, UAB ve KAB boyutlar1 ele alinmustir.
3.1.1. GAB

Ogretmenin kesirlere iliskin GAB’ni ortaya koymak amaciyla kesirleri tanimlama ve temel islemleri
gerceklestirmeye yonelik sorular yoneltilmistir. Tk olarak Burak 6gretmenin kesir kavrammi agiklamasi ve %
seklinde verilen durumu ifade etmesi istenmistir. Ogretmen, kesir kavramuni “Bir biitiinii parcalara ayiriyoruz,
ka¢ parcaya aywrryorsak payda olur daha sonra bu par¢alarindan kagini aliyorsak bu da pay olur” seklinde
tanimlamugtir. Ogretmenin bu agiklamasindan yola ¢ikarak kesir kavramni parga-biitiin anlamindan yola ¢ikarak
tanimladig fakat esit parca ifadesini kullanmadig1 goriilmektedir. Siif i¢i gozlemlerde de kesir kavramini parga-
biitiin iligkisinden yola ¢ikarak tanimladig: fakat bu siiregte esit parcalara bolmeyi ifade ettigi gdzlemlenmistir
(Sekil 2). Buna dayal1 olarak 6gretmenin kesirlerin parga-biitiin anlamini i¢ceren temel tanimlamay1 yapabildigi
goriilmektedir.

Kesi-  Towmi: Panga ~bbtan )ikl sidin dent bie 3HNT esi- porcalara K33 jadnden
istedilen  miklan @lmakb e

é@ye’\mea\ 3 Mpader pne anlama gebmektedic ) Stye avdu.frelndon asklomg

4
olorak + " Rtang &3 porcalro, 4onT [ es poaIp AM\le ; L e3 paRadinl
awak demekthyr: seldvnse agiklamg aarr\\\ﬁhﬂy\d\rﬂw\ abn  nodeld laalgnlonak,

adsterim dg‘pl\d\.
V77227 sekli sl gosteri- donildi,
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Ogretmenin kesir kavramina yonelik agiklamalarinin ardindan kesirlerle gerceklestirilen toplama-¢ikarma ve
carpma-bdlme islemlerine yonelik temel bilgi diizeyinde sorular yoneltilmistir. Ogretmenin yaptig1 ¢oziim ve
aciklamalar asagida sunulmustur (Sekil 3).
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Sekil 3. Ogretmenin kesirlerle islemlere yonelik ¢oziimii

Burak 6gretmen kesirlerle toplama-gikarma islemini “Eger paydalari esit ise; payda yazilir ve paylar tek bir
kesir cizgisinde yazilarak toplamir veya c¢ikarilir. Son olarak sadelesme varsa sadelestirme islemi yapulir”
seklinde ifade etmistir. Kesirlerle ¢arpma islemine yonelik “Carpma isleminde paylar ¢carpuir paya yazilir 2%3;
paydalar ¢arpilir 3 x4. Eger sadelestirme varsa énce sadelestirmeler yapilir 3 ler sadelesir, 4 ile 2 sadelesir en
sade hali ile ;" seklinde agiklama yapmustir. Ogretmenin blme islemine yonelik agiklamasi ise “Birinci kesir
yazilwr, ikinci kesri ise payr ve paydast yer degisecek sekilde ¢carpmaya gére tersi alimr. Béylece bélme islemi
carpma islemine doniistiiriiliiv. Sonra carpmadaki kurallar gecerli olur paylar carpilir paya yazilir, paydalar
carptlir paydaya yazilir. Bolme isleminde birinci kesri aynen yaziyoruz, ikinci kesri ise ters ¢evirip ¢arpiyoruz.
Ters derken payt ile paydasi yer degistiriyor. Ardindan tek bir kesir ¢izgisi ile yazilarak sadelesenler var mi
bakilr yoksa ¢arpip yazihr” seklinde olmustur. Ogretmenin yaptigi ¢dziim ve c¢oziimlere yonelik
aciklamalarinda herhangi bir hata olmadigi goriilmektedir. Kesirlerle gergeklestirilen islemlere yonelik
O0gretmenin yaptig1 agiklamalara bakildiginda algoritmaya dayali ¢oziimler gergeklestirdigi goriilmektedir.
Ogretmenin yaptig1 kesirlerle islemlere dayali agiklamalarmda kesir kavrammi temel diizeyde tanimlayabildigi
ve kesirlerle islemleri gerceklestirmede ihtiya¢ duyulan islemsel bilgiye sahip oldugu goriilmektedir.

3.1.2. UAB

Bu bolimde 6gretmenin kesir kavramina ve kesirlerle gerceklestirilen islemlerin matematiksel anlamina
yonelik bilgisinin ortaya konulmasi amac¢lanmistir. Bu amag¢ dogrultusunda 6gretmene % seklinde yazilan

matematiksel ifadeler verilmis ve kesir olup olmadiklarina yonelik aciklama yapmasi istenmistir. Ogretmen %

ifadesi i¢in “Bir biitiin var bunu 0 par¢aya bolmiisiiz. Ya da elimizde bir biitiin yokmug bunun i¢indense 2 par¢a
almisiz yani olmayan bir seyi yoktan var etmek. Bunu tamimlayamayiz miimkiin degil” seklinde agiklama

yapmustir. Benzer sekilde % ifadesine yonelik “bir biitiin yok 0 parcaya boliiyorum, iginden 0 parca alryyorum. Ne

var elinde hi¢bir sey o Xz'izden bu belirsizdir” seklinde kesirlerin parca-biitiin anlamindan yola ¢ikarak agiklama
yaptig1 goriilmektedir. Ogretmenin kesir kavramina yonelik taniminda parga-biitiin anlamin1 benzer sekilde tiim

% ifadelerine tasidig1 goriilmektedir. Bu durum 6gretmenin kesirlerin farkli anlamlarini (6l¢me, bdlme, oran ve

islemci) goz oniinde bulundurmadigini gostermektedir. (-%) ifadesine yonelik Burak 6gretmenin agiklamasi

“Negatif sayidir bu, kesir diyemeyiz. Bunlart derken sinif 6nemli, mesela lisede rasyonel sayt deniyor bu ifadeye”
seklinde olmustur. Ogretmenin bu agiklamasindan yola ¢ikarak ilkokul ve ortaokul diizeyinde gergeklestirilen
dgretimde kesir kavraminin ileri diizey simiflarda rasyonel say1 olarak nitelendirdigi goriilmektedir. Ogretmenin
boyle bir anlayisa sahip olmasi kesir ve rasyonel say1 kavramlarini dogru tanimlayamadigimi gostermektedir.

Benzer sekilde kesir ve rasyonel sayilarin 6zelliklerini géz 6niinde bulundurmaya yonelik %: n ifadesi verilmis

ve n’in hangi degerleri i¢in bu ifadenin bir kesir belirtebilecegi sorulmustur. Burak &gretmen “n’nin biitiin
durumlart igin kesirdir. n’e 1 desen % olur; % desek 3/8 olur. Her durumda kesir olur” seklinde agiklama
yapmustir. Ogretmenin rasyonel say1 ve kesir kavramlarinm tanimlarmi tam olarak yapamadig1 ve dzelliklerini
g0z oniinde bulundurmadig: goriilmektedir.

Kesir kavrami derinlestirilerek 6gretmene kesir cesitlerini (birim kesir, denk kesir, tam sayilt kesir)
tanimlamasi istenmistir. Birim kesir Burak dgretmen tarafindan “Mesela, tahtaya bir biitiin ¢izerim. Bu biitiinii
esit par¢alara boliip igerisinden 4 tanesi yenildi diyerek, dort kardes igin kisi basina diisen par¢ayr soyliiyorum”
seklinde aciklamistir. Ogretmenin yaptigi bu tanimlama kesir Ogretimine yonelik yapilan smf igi
uygulamalarinda da gozlemlenmistir (Sekil 4).
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Sekil 4. Birim kesir tanimina iligkin gézlem notu

Burak 6gretmen tam sayili kesri “Elimizdeki biitiinlerin ¢okluklarindan yola ¢ikarak ifade edebilirim mesela
3 tane aymi olan biitiiniimiiz var. 3 tane elmayt biitiin olarak 2 kigiye bolecegimiz zaman bir tam birine veriyoruz,
bir tam digerine. Ardindan kalan iigiincii elmayr yariya bélerek yarisint birine yarisint diger kisiye veriyoruz.
Ardindan kisinin aldigi tam ve kesri ifade ederiz. 1 tam % olarak” seklinde agiklamistir. Denk kesirler ise
“Cizerek bir biitiinii 4 egit par¢aya béliip 3 parcasini altyorum, aym biitiinii 8 esit par¢aya béliip 6 tanesinin
almdigint gosteriyorum. Bu sayede kesirlerin denkliklerini gosteriyorum. Hizalayip 6grenciye ayni parcalara
denk geldigini gostermis olurum. Bu kesirlerin birbirine denk oldugunu soyliiyorum, esit degil” seklinde
aciklama yapilmistir. Ogretmenin kesir gesitlerine iliskin tanimlamalarinda dgretimini yaptig1 durumlardan yola
¢ikarak oOrneklendirdigi goriilmektedir. Buna dayali olarak kesir ¢esitlerinin 6gretmen tarafindan
tanimlanamadig1 6rneklendirildigi sdylenebilir.

Kesirlerle gerceklestirilen islemlerin matematiksel anlamini ortaya ¢ikarmak amaciyla kesirlerle
toplama/¢ikarma ve bolme igin ezbere gerceklestirilen iglem siireci sorgulanmigtir. Kesirlerle toplama/gikarma
isleminde payda esitlemeye yonelik Burak ogretmen “Paydalar ayni olacak ki aym biitiinii par¢alayip
dagitabilelim. Dolayisiyla aymi degilse dagitilamaz” seklinde agiklama yaparak “ayni biitiinde g¢aligma”
sebebiyle aciklama yapmistir. Bu agiklamanin kesirlerin parga-biitiin anlami belirtilerek yapildig: goriilmektedir.
Buna dayali olarak dgretmenin, payda esitleme isleminin altinda yatan kavramsal boyutu belirttigi sdylenebilir.
Burak 6gretmen tarafindan kesirlerle bolme isleminde gergeklestirilen “birinci kesir sabit durur, ikinci kesir ters
cevrilir” ifadesinin matematiksel aciklamas1 “Carpma islemine doniistiirme islemi yapur. Birinci kesir sabit
tutulur ve ikinci kesrin ¢arpma islemine gére tersi ile ¢arptlir. Yani ¢carpma iglemine doniigtiiriiliir’ seklinde
yapilmistir. Kesirlerle bolme igleminin 6gretmen tarafindan islemsel siirece dayali olarak “carpmaya gore tersi”
seklinde agiklandig1 goriilmektedir. Bundan dolay1r 6gretmenin kesirlerle bolme isleminde gergeklestirilen
algoritmanin altinda yatan matematiksel diisiinceye hakim olmadig1 sdylenebilir.

3.1.3. KAB

KAB boyutunda yatay ve dikey miifredat bilgisinin ortaya konulmasi amaglanmistir. Yatay miifredat
bilgisinde kesir konusunun farkli disiplinlerdeki, giinliik hayattaki ve matematik konularindaki iliskisinin ortaya
¢ikarilmasi amaglanmistir.

Kesirlerin, matematigin kendi icerisinde yer alan konu ve kavramlarla iliskilendirilmesine 6gretmen
aciklamasi “Ogrenciler kesir kavramim égrendiginde boélmeyi, paylastirmayi, paylastirilmis parc¢alart toplamayt
daha sonra rasyonel sayilar ile iliskilendirmeyi 6greniyor” seklinde olmustur. Burak §gretmenin yapmis oldugu
bu agiklamada “bélmeyi, paylasmayr” ifadeleri ile kesirlerin bolim anlamini drneklendirdigi goriilmektedir.
UAB kapsaminda 6gretmenin kesirlerin farkli anlamlarmi bilmedigi sadece parga-biitiin anlamma odaklandigi
belirtilmistir. Buradan yola ¢ikarak 6gretmenin kesirlerin anlamlarini dogrudan bilip tanimlayamasa da 6rnekler
ile iliski kurabildigi sdylenebilir. Bunun yani1 sira 6gretmenin kesir kavraminin iliskili oldugu yiizdeler, oran ve
orant1 6grenme alanlari ile iliskilendirme yapmadig goriilmektedir.

Kesir kavrammin farkli disiplinlerle iliskilendirilmesinde Burak ogretmen “En basta fen tabi, fen
matematikten ayri diisiiniilemez. Kesirler konusuyla iliskisine baktigimizda kesirlerden ziyade aslinda rasyonel
saywyla iliskisi var diyebiliriz. Rasyonel sayilar fende igslemlerde karsisina ¢ikar. Yogunluk yazarken mesela veya
islem yaparken de rasyonel ifade olur. Ondalik gosterimlerini gériir” seklinde fen bilgisi ile iligkilendirmede
bulunmustur. Kesirlerin fen ile iliskilendirilmesi ise rasyonel sayilar konusu ile ifade edilmektedir. Ogretmenin
bu agiklamasi ve UAB kapsaminda yer alan sorulardaki agiklamalarindan yola ¢ikarak 6gretmenin kesir ve
rasyonel sayiy1 ayut edemedigi sdylenebilir. Bunun yani sira Burak 6gretmen kesirlerin ondalik gosterim ile
ifade edildigini belirterek, kesirlerin iligkili oldugu konu olarak ondalik gosterim ile iliskilendirme yapmuistir.
Ogretmenin aciklamasmda “yogunluk yazarken” seklinde verdigi ornekte ise kesirlerin oran anlamini
orneklendirdigi goriilmektedir. Buradan yola ¢ikarak kesir anlami olarak orani bilmese de iligkilendirme
yapabildigi soylenebilir. Kesirlerin giinliik hayatla iligkilendirilmesi ise “Zaten kesirleri dgretirken giinliik
hayatla iligkili ornekler veriyorum, bir tarlamin paylastirilmasi, bir karpuz boliindiigiinde kisi basina ne diiger
gibi” seklinde olmugtur. Fakat 6gretmenin sinif i¢i uygulamalarma yonelik yapilan gozlemlerde kesirlerin iliskili
oldugu konular, disiplinler ve gergek yasam durumlart ile iliskilendirmede bulunmadigi gézlemlenmistir.
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Dikey miifredat bilgisi kapsamida miifredat programinda kesir 6gretiminin iliskili oldugu 6nceki konular,
temel olusturdugu ileri sinif konulari, kesirlerin farkli anlamlar1 ve modellerine ydnelik 6gretmenin sahip oldugu
bilgiler incelenmistir. Ogretmenin kesirlerin farkli anlamlarma yonelik sahip oldugu bilgileri ortaya ¢ikarmak
amactyla kesirlerin hangi anlamlarmm oldugu sorulmustur. Burak &gretmen kesirlerin “parga-biitiin ve bolme”
anlammnm oldugunu belirtmistir fakat &lgme, oran ve islemci anlamlarmi ifade etmemistir. Ogretmenin
anlayigindaki bu eksikliginin GAB’a da yansidig1 ve kesir kavramimi ifade etmede eksik kaldig1 goriilmektedir.
Burak 6gretmene kesir ve rasyonel sayi iligkisi sorulmus ve 6gretmen “Sinif bazinda farkiilik var. Daha ¢ok 7. 8.
swifta rasyonel sayi veriyoruz. Rasyonel sayi daha geligmis bir ifade, kesir daha basit; parcanin biitiine gore
béliinmesi. Ilerleyen zamanlarda oran var mesela oranla kesir de aymi degil; kesir bir biitiiniin parcalari, oran
ise iki farkl: cinsin birbirine béliimiidiir, bir biitiin yoktur burada” seklinde agiklama yapmustir. Ogretmenin
rasyonel sayilara iligkin agiklamasina bakildiginda kesirlerden daha geligsmis bir kavram oldugu ve ortaokul
seviyesindeki kesirlerin diizey ilerledik¢e rasyonel sayiya doniistiigiini belirttigi goriilmektedir. Bunun yani sira
O0gretmenin oran kavramina iliskin agiklamasinda kesir ve oranmn farkini “kesir bir biitiiniin parcgalari, oran ise
iki farkli cinsin birbirine boliimiidiir” seklinde tanimlamistir. Ogretmenin yapmis oldugu bu agiklamalar
dogrultusunda kesir, rasyonel say1 ve oran kavramlarma yonelik tanimlamalarmin ve iliskilendirmelerinin eksik
oldugu sdylenebilir. Bu bulgu ayni zamanda UAB’de yer alan sonug ile ortiismektedir.

Ogretmene kesirlerin farkli anlamlarma yonelik 6rnek durumlar sunulmus ve bunlarm kesir belirtip
belirmedigi, belirtiyor ise hangi anlamda kullanildigina dair sorgulama yapilmistir. Burak 6gretmene yoneltilen
Ornek durumlar ve ac¢iklamalar1 Tablo 1°de sunulmustur.

Tablo 1. Kesirlerin farkli anlamlarma iligkin 6rnek durumlar ve 6gretmen agiklamasi

ifade Aciklama

Bir sinifin 5°te 3’u B: Swifin tamami 5’e boliinmiis 3 pargast alinmuig. Yani par¢a-biitiin

(parga-biitiin anlami) anlamindadir. O yiizden kesirdir.

8’de 5 kesrine ulasmak i¢in 1/8 kesrinden B: 8’de 5 kesrine ulasmak icin 1/8 kesrinden kag tane; birim kesir.

5 tane kullanilmasi Bir biitiinii boliiyorum 5 parcaya ilk once birini alryyorum. Sonra 6

(islemci anlamr) par¢aya boliiyorum 1’ini aliyorum, sonra diyorum 5 parcada 1, 6
parcada 11 8 parcada 1'i o zaman her biitiintin birim kesirleri
vardir.

Bir siniftaki kizlarin sayisinin erkeklerin - B: Karsilagtirma demek oran demek. Oran aymi cins iki ¢oklugun

sayisina gore karsilastiriimasi karsilagtirtimasidir. Bu bir orandir kesir demeyiz

(oran anlami)

7 tane kurabiyenin 9 Ogrenciye B: 7, 9°a béliiniir ve ondalik sayidir. Pay paydaya direk boliiniir.
paylastiriimasi
(b6lme anlami)

50 m? arazinin 4’te 1’inin ifade edilmesi  B: Ondalik sayiya ¢evirip ifade edebiliriz.
(6lgme anlamu)

Kesirlerin farkli anlamini ifade eden 6rnek durumlara iliskin 6gretmenin verdigi yanitlar incelendiginde
parga-biitiin anlamini dogru ifade ettigi goriilmektedir. Bunun haricindeki drnekleri ise kesirlerin farkli anlamlar1
baglammda dogru degerlendirme yapmadig: goriilmektedir. Burak 6gretmen, kesirlerin iglemci anlamina iliskin
ornekte kesrin kullanim seklinden ziyade birim kesir olmasina odaklanmistir. Kesirlerin oran anlamina yonelik
ornekte ise 6gretmenin oran ve kesir tanimmin dogru olmamasindan kaynakl ifadeyi kesir degil oran olarak
nitelendirmistir. Ogretmenin kesirlerin oran anlammnmn oldugunu bilmemesi ve oran ifadesini kesir olarak
tanimlamamasindan kaynaklanan hatali agiklamalar yaptig1 goriilmektedir. Bu 6rnek durum UAB kapsamindaki
bulgularla desteklenmektedir. Kesirlerin bolim ve 6lgme anlamlarina iligkin 6rnekte 6greten, kesrin kullanim
anlamina degil temsil sekline odaklanilmis ve ondalik gosterim oldugu belirtilmistir. Bu sonuglar neticesinde
Ogretmenin kesirlerin farkli anlamlarin1 bilmedigi ve bu kapsamda yer alan Ornek durumlar1 da
degerlendiremedigi sOylenebilir. Bu kisitli  kavrayism Ogretmenin kesir Ogretimine de yansidigi
gozlemlenmektedir. Kesir kavramini tanimlamada ve 6gretim siirecinde yer verilen drneklerde de sadece parga-
biitiin anlamina odaklanilmistir (Sekil 2.)

Ogretmene kesirlerin farkli modellerini iceren sorular yoneltilmistir. Ilk olarak modelleme verilerek kesir
gosterimi olarak neyi ifade ettigi sorulmus, daha sonra ise kesir ifadesi verilerek 6gretmen tarafindan bu islemin
modellenmesi istenmistir. Kesirlerin bolge (alan) modeline iliskin 6rnek gdsterim yapilmistir (Sekil 5). Bu 6rnek
gosterim ile 6gretmenin hem bdlge (alan) modelini yorumlamasi hem de bu modelle temsil edilen denk kesir
ifadesine yonelik bilgisinin ortaya ¢ikarilmasi amaglanmistir.
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Sekil 5. Kesirlerin bolge (alan) modellemesi

Burak 6gretmen sekilde yer alan modelin temsil ettigi kesre yonelik “Bir altigen ve bir altigen daha alinmus,
biri tarali... Oriintii bloklar: ile bir biitiin olusturulmus iki tanesi ile sonra her biri 6 esit parcaya béliinmiis
ashinda bu ériintiiniin tamami 2 esit parcaya bolinmiis. Yani 1/12” seklinde agiklama yapmustir. Ogretmenin
aciklamasina bakildiginda birinci ve ikinci gorsel arasinda iliski kurarak yorumlamadigi goriilmektedir.
Ogretmenin verilen temsili farkli yorumlamadigi ve denk kesir, tam sayili kesir olarak ifade etmedigi
goriilmektedir. Bunun yami sira Burak 6gretmenden 3’te 2°nin 6°’da 1’ini modellemesi istenmigtir. Buna iliskin
ogretmen hem modelleme (Sekil 6) hem de “Carpma islemini sadece islem olarak yapsam soyut kaliyor
materyalle daha iyi. Materyal dedigimde sinifa alip bir sey getirmiyoruz sekli tahtaya ¢iziyoruz ve islemi bunun
tizerinde yapryoruz. Cocuga 3’te 2'nin 1 bolii 6’st desem ¢arpacak miyim bélecek miyim ¢ikaracak myim diye
swmifin yarisindan fazlasi sorar” seklinde agiklama yapmuistir.
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Sekil 6. Ornek isleme dair modelleme

Ogretmenin kesirlerin modellenmesine iliskin verilen drnek islemde bdlge (alan) modelini dogru sekilde
kullanarak temsil ettigi goriilmektedir. Ayni zamanda verilen kesir ifadesinde 6grencilerin yasadigi zorlugun
farkinda oldugu ve g6z 6niinde bulundurdugu sonucuna ulagilmaktadir.

Farkli kesir modellerine iligkin drnek temsiller gosterilerek 6gretmenin bu gosterimleri kesir olarak nasil
ifade edebilecegi sorulmustur.

% kesrinin bolge (alan) modeli ile gosterimi ve 6gretmenin buna iligkin agiklamast:

B: Bilesik bir kiip bir parcasi taranms. Yiizey alam olarak mi sorulmus yoksa bu * * @
hacimsel olarak mi? Hacimsel ise 2’de 1 deriz. Yiizey alani ise yiizey alanlarini

bulup 1 parcasi deriz. 5 yiizey var, 5 yiizey daha var toplam 10 yiizey. 10°da 1 | + « » + +
e P

Ogretmenin aciklamasinda sekli parga-biitiin olarak dogru yorumladig: fakat alan ve hacim ifade ettigini
diistiniip kesir temsilini yanlis yapmuistir.

Yesil cubugun 1 biitiinii, mavi gubugun % birimi temsil ettigi durumda, i birimlik
turuncu g¢ubuklarm ug¢ uca birlestirilmesi isleminin (%x 4 = 2) uzunluk modeli ile

gosterimi ve 6gretmen agiklamas,

B: Biri I tam digeri de 1 tam digeri ise 4 tam. Bir kesir ifadesi yok burada. Eyit ﬁ
parcalara béliinmemis.

Ogretmenin &rnekte yer alan kesir gubuklariyla gergeklestirilen islemini ifade edemedigi goriilmektedir.
Bunun yani sira say1 dogrusu modelini kesirlerin biiyiikliik gosteriminde kullandig1 gozlenmistir (Sekil 7).
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Sekil 7. Cizgi modelinin kullanimina ait ders gozlemi

Kirmiz1 renkli boncuklarm, sar1 renkli boncuklara orani ( ) ornek durumuna
iliskin kesirlerin kiime modeli ile gosterimi ve d§retmen aciklamas,

B: Burada bir biitiin yok, ayri ayri cinslerin birbirlerine orant bu. Oranlama
yapilmas.
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Ogretmenin yaptig1 agiklamada KAB ve UAB’de belirtildigi gibi kesirlerin sadece parga-biitiin anlamina
odaklandig1 ve oran anlamini bilmedigi goriilmektedir. Bu agiklamaya dayali olarak Burak 6gretmenin kesir
modelleri arasinda yer alan kiime modeli temsilini de bilmedigi sonucuna ulasilmaktadir.

Ogretmene gosterilen drnek kesir modelleri arasindan hangi gosterimleri smifinda kullanip/kullanmadig: ve
bu gosterimlerin sinif seviyesine uygunluguna iliskin degerlendirme yapmasi istenmistir. Burak 6gretmenin
kesirlerin gosterimlerine iliskin goriisii “Bu modellerin hicbirini kullanmiyorum. Ug boyutlu bir model de
kullanmiyorum sadece dortgen ¢izerim, pasta ¢izerim, yuvarlak ¢izerim. Bunlarin hi¢birini 5. 6. veya 7. sinifta
gostermiyorum. Bunlart ancak elimde bir materyal varsa kullanirim. Yoksa bunlari ii¢ boyutlu olarak tahtaya
¢izerek yapmam. Bu gésterimlerin hi¢birinin 6grenci seviyesi igin uygun oldugunu diigtinmiiyorum. Hepsi uygun
degil bunlar ortaokul seviyesinde gosterilemez. Mesela iiciincii sekil kesir degil zaten bir oran” seklinde
aciklamistir. Bu dogrultuda 6gretmenin kesirlerin farkli gdsterimlerine iliskin yeterli bilgiye sahip olmadig:
sonucuna ulasilabilir. Kesirlerin farkli gosterimlerinin kullanimi ve sinif seviyesine uygunluguna iligkin
O0gretmenin yaptig1 aciklamalarda ise bu gosterimleri kullanmadigi ve ortaokul seviyesine uygun olmadigi
gbriisiiniin hakim oldugu goriilmektedir. Ogretmenin bu gosterimlere iliskin bilgisinin yeterli olmamasindan
kaynakli olarak bu diisiincelere sahip oldugu ve kullanmay1 tercih etmedigi diisiiniilmektedir. Ayrica bu
diistincenin, 6gretmenin AMB eksikliginden kaynakl olabilecegi de diistiniilmektedir.

3.2. Pedagojik Alan Bilgisi
OMB pedagojik alan bilgisi kapsaminda; AOB, AOtB, AMB boyutlari ele alimustir.
3.2.1. AOB

AOB kapsaminda Ogretmenin kesir Ogretimini gergeklestirirken ogrencilerin  hazirbulunusluklarima,
yasayacaklart muhtemel zorluklara, kesirlere iliskin yaygin kavram yanilgilarina yonelik sahip oldugu bilgisi ve
bu unsurlar dogrultusunda uygun 6gretimi planlamasina iliskin bilgisinin ortaya konulmasi amaglanmistir.

Kesir dgretiminde 6grencilerin yasadigt zorluklara iligkin Burak 6gretmenin agiklamast “Payda egsitlemeyi
bilmez, séyleneni paya mi paydaya mi yazacagim bilmez. Odev veriyorum materyalle islem yapmasi lazim
biitiinii par¢alayin diyorum, okulda da yapmaya ¢alisiyorum ama 6grenen var ogrenemeyen var” seklinde
aciklama yapmustir. Ogretmenin agiklamasinda 6grencilerin kesirler konusuna iliskin yasadiklar1 zorluklar
arasinda pay ve payda kavramlarini karistirma, toplama-gikarma isleminde paydalarm esitlemesinde sorun
yasandigini ifade ettigi goriilmektedir. Benzer sekilde KAB kapsaminda Burak dgretmen dgrencilerin 3’te 2 gibi
ifadelerde Ogrencilerin pay ve payda kavramlarmni karigtirdigini belirtmisti. Bu agiklamalara dayali olarak
ogretmenin Ogrencilerin kesirler konusunda yasadigi zorluklarin farkinda oldugu fakat buna iligkin 6nlem
anlamada yetersiz kaldig1 goriilmektedir.

Ogrencilerin kesirlerde sahip olduklar1 kavram yamlgisina iliskin 6gretmenin agiklamast “2°de I ifadesinde
mesela kavramlarda karistirma var. Payr nereye yazacak paydayr nereye yazacak, payin veya paydanin ne
demek oldugunu genelde karistirryorlar. O yiizden bazen bakiyorum onceden ogrenilmis yanlis varsa. Mesela
4’te 1. Okuyor ama yazarken 4/1 olarak yaziyor. Bazen bazi siniflara yasakliyorum 4’te 1 demeyeceksiniz 1 bélii
4 diyeceksiniz diyorum” seklinde olmustur. Ogrencilerin pay ve paydanin yaziminda yasadigi kavram
yamlgismin ve bu yanilgiya sebep olan ifadenin 6gretmen tarafindan farkinda oldugu gériilmektedir. Ogretmenin
GAB, UAB ve KAB yer alan agiklamalarinda ve 6gretimine yonelik gézlemlerde kesirleri par¢a-biitiin anlamina
dayali olarak ele aldig1 goriiliirken, parca-biitiin anlammi ifade etmede ise bolim seklinde ifade kullandigi
goriilmektedir. Ogrencilerin pay ve payda yazimmda yasadiklar1 zorluklarin sebeplerinden birinin dgretmen
tarafindan sunulan kesirlerin anlamanin ve okunmasmim farkli anlamlar1 ifade etmesinden kaynaklandig:
diistiniilmektedir.

Ogretmenin yanitlarin1 derinlemesine incelemek ve detaylandirmak i¢in dgrencilerin kesirlere iliskin sahip
olduklart kavram yanilgilart 6rnek durumlar ile sunularak 6gretmenin bu durumlari degerlendirmesi ve
kendisinin bu durumlara iliskin ¢dziim olusturmada nasil bir 6gretim siireci izleyecegi sorulmusgtur. Oncelikli

olarak kesir kavrami ve temsiline iliskin yamlgilar 6rneklendirilmistir. Ogretmene % kesrinin Ogrenciler

tarafindan temsilinde ornekler gosterilmis (Sekil 8) ve bu yanitlarin 6gretmen tarafindan degerlendirilmesi

istenmigtir.
H A\
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Sekil 8. i kesrinin temsiline iliskin gdsterimler
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Burak 6gretmenin 2 Kesrinin temsiline iliskin gosterimlere yonelik agiklamasi “Demek ki o ogrenciye kesir

kavrami verilirken esit parg’alar ifadesi vurgulanmamis. Cocuk bakmis hepsi 4 parcaya béliinmiis ama egit mi
degil mi vurgulanmamis. Ogretmenin hatast olmus anlatmamis ya da 6grenci orayr kagirmis. Benim ogrenciler
bunu demez ¢iinkii esit par¢aya boliinmesi gerektigini vurguluyorum” seklinde olmustur. Aciklamada
Ogretmenin ilgili kavram yanilgismin altinda yatan sebebin farkinda oldugu fakat bunu gidermek amaciyla etkili
bir ¢oziim gelistirmedigi goriilmektedir.

Kesirlerle islemlerde 6grencilerin sahip olduklari yanilgilar 6rneklendirilerek 6gretmenin degerlendirme

yapmasi ve ¢Ozlim yollar1 gelistirmesi istenmistir. Kesirlerle toplama islemine 6rnek duruma (15—3+ 22—2 = %)

yonelik Burak 6gretmen “Ne yazik ki bu yapiliyor evet. Burada ézellikle 6grenciye sunu vurgulamak lazim hangi
islemi yapiyorsun? Ogrenci hangi islemi yaptigina bakmadan direk basliyor. Bunun ayrimini ¢ocuga yaptirmak
lazim. Boylece dnlenir” seklinde agiklama yapmustir. Kesirlerle ¢arpma iglemine yonelik “Carpma islemi
carpilan sayilart daima biiyiitiiv, bélme islemi ise kiigiiltiir” ifadesi sorulmugtur. Burak ogretmenin ilgili
yamlgiya iliskin agiklamas1 “Burada vurgulama yapumamis. Cocuk saglama yapmayr bilmiyor. Ilkle sonu
karsilastirmayr bilmiyor. Ben ¢ocuga islemi yaptiktan sonra karsilastirnyorum. Bir baksin ¢arpmadan dnce sayt
ne islemden sonra ne olmus neyle yapmis bu ¢arpmayr. Bir ondalik sayi ile dogal saywyi ¢arpinca sonug dogal
sayidan biiyiik mii kiigiik mii sonu¢lar alyyor. Bunlart yorumlatiyorum c¢ocuklara” seklinde olmustur. Bu
aciklamalara bakildiginda 6gretmenin kesirlerle islemlerin altinda yatan kavramsal durumun farkinda olmadig1
bu sebeple etkili bir ¢éziim yolu gelistiremedigi sdylenebilir. UAB kapsaminda 6gretmenin de kesirlerle
islemlerin altinda yatan matematiksel anlamin farkinda olmadigi ortaya konulmustur. Bu bulgulara dayali o larak
ogretmenin kesirlerle gergeklestirilen islemlerin kavramsal anlaminin farkinda olmamasi sebebiyle 6grencilerin
kavram yanilgilarmi degerlendirmede ve gidermede de yetersiz kaldig1 sonucuna ulasiimaktadir.

Ogretmenin 6grencilerin bireysel dzelliklerinin farkinda olup/olmama ve dgretim siirecinde bu 6zelliklerine
dikkat edip/etmemesinin ortaya ¢ikarilmasi amaciyla sorular sorulmustur. Burak 6gretmen “5. sinifta 3 tane
kaynagtirma 6grencisi var birisi disleksi mesela. Algilamayla sorunu yok kesirler, kesirlerde toplama bunlarin
hepsini aliyor yalmiz diger 2 égrencimde ilerleme kat edemiyoruz ¢iinkii zihinsel olarak sorun var. Ogrenme
kapasiteleri yok bugiin 6greniyvor yarin unutuyor. Ustiin zekdli tanisi olan ¢ocuk da var ama kesirlerle ilgili
farkly islemler gosteriyorum mesela alamiyor bazi ¢arpma islemlerini zihinden yapmayr dgretmeye ¢alistim
mesela anlayamadi demek ki iistiin zekali filan degil yani bu ¢ocuk” seklinde agiklama yapmustir. Ogretmenin
smifinda bulunan 6grenciler arasinda kaynastirma, iistiin zekali ve yetenekli tanis1 konulmus &grencilerinin
farkinda oldugu goriilmektedir. Bunun yami sira smif i¢i 6gretim siirecinde bu 6grencilere yonelik 6zel bir
planlama ve uygulama yapmadig1 gozlenmistir. Kaynastirma 6grencisi i¢in 6zellikle okulda uygulanan sinif dis1
ders anlatim1 yapilmakta ve Burak 6gretmen de bu uygulama dahilinde destek egitimi yapmaktadir. Ogretmenin
kaynastirma Ogrencisinin dezavantajli oldugu durumun bilgisinde olmadigr ve smif igerisinde destek
uygulamadig1 gézlenmistir.

3.2.2. AOtB

Ogretmenin kesir 6gretiminde etkili olan dgretim ydntem ve tekniklere iliskin bilgisinin belirlenmesi ve
konuya 6zgii ders tasarlayabilmesine iliskin 6gretim bilgisinin ortaya konulmasi amaglanmistir. Bu amacla
Ogretmenin kesir 6gretimine 0zgili gorsel, materyal, model, gdsterim ve teknolojik arag-gere¢ kullanimina iliskin
bilgisi ortaya ¢ikarilmustir.

Ogretmenin kesir 6gretimini gergeklestirme siirecini degerlendirmesi istenmistir. Burak 6gretmen gretim
stirecinde tercih ettigi 6gretimi “Yontem teknik olarak genelde kendim anlatiyorum égrenciler verdigim sorulart
¢oziiyor” seklinde ifade etmistir. Benzer sekilde kesir dgretimine yonelik yapilan gdzlemlerde de 6gretmen
merkezli bir 6gretimin gerceklestigi gdzlenmistir. Yine 6gretmenin de belirttigi gibi 6gretimde soru ¢oziimlerinin
yer aldigi islemsel uygulamalarin agirlikta oldugu gézlenmistir (Sekil 9).
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Sekil 9. Islemsel siirece iliskin gézlem notu

KAB kapsaminda 6gretmenin kesir ¢esitlerini tanimlamasi istenmis fakat 6gretmen tarafindan tanimlamalar
yapilmadan smif i¢i uygulamalarindan yola ¢ikilarak Orneklendirilmistir. Kesir 6gretimine yonelik yapilan
gozlemlerde ise tam sayili kesir, birlesik ve denk kesir kavramlarina yonelik sadece tanimlarin yapildigi ve
ardindan isleme dayali uygulamalara gegildigi gozlemlenmistir (Sekil 10).

Sekil 10. Kesir ¢esitlerini tanimlamaya yonelik gézlem notu

Ogretmenin kesir cesitlerine iliskin agiklamalarinda bilesik, tam say1li ve denk kesir kavramlarmnim tanimini
bildigini fakat KAB’de ifade ettigi sekilde 6gretim siirecinde 6rneklendirerek uygulamadigi goriilmektedir. Bu
durumda &gretmenin kesir gesitlerini ve temsillerini bildigi fakat 6gretim siirecinde uygulamadigi sonucuna
ulagilmaktadir.

Kesir dgretiminde kullanilabilecek materyal, model ve teknolojik araglara iligkin Burak o6gretmenin
aciklamas1 “Ne yazik ki okulda materyal yok sadece tahta kalem kullaniyoruz. Ciziyorum genelde, genelde bir
biitiinii ¢izerim, tarayarak bunun kacgta kacini temsil ettigini gosteririm...Akilli tahta kullanmay faydali
bulmuyorum. Ne zaman kullanmirim? Soru ¢éziimiinde belki” seklinde olmustur. Ogretmenin de belirttigi gibi
Ogretim siirecinde teknolojik arag-gere¢ kullanimi gdézlenmemistir. Kesir kavraminin parga-biitiin anlaminin
ifadesinde bdlge (alan) modeli ve kesirlerin siralamasinda uzunluk modeli kullanistir (Sekil 11). Kesir
cesitlerinin 6gretiminde ve kesirlerle islemler sadece islemsel uygulamalar ile gergeklestirilmistir.
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Sekil 11. Bolge (alan) ve uzunluk modelinin kullanimina yonelik ders gozlemi

Ogretmenin kesir dgretiminde diiz anlatima dayali bir dgretimi tercih ettigi, ders igerigini zenginlestirici
Ogretim materyal ve modellerden yararlanmada eksiklikleri oldugu goriilmektedir. Buna dayali olarak
Ogretmenin, kesir 0gretimini etkili kilacak yontem ve teknikleri, kesirlere 6zgii model, materyal ve arag-gerecleri
bilmede ve 6gretimde yer vermede eksiklikleri oldugu ortaya ¢ikmaktadir. KAB kapsaminda &gretmenin kesir
modelleri konusunda yeterli bilgiye sahip olmadigi ortaya konulmustu. Bu dogrultuda &gretmenin kesir
modellerine iliskin yeterli bilgiye sahip olmamasi 6gretim siirecinde de farkli modelleri kullanmasina engel
oldugu sonucuna ulagilmaktadir.

3.2.3. AMB

Burak Ogretmenin kesir dgretimi siirecini ders kitabinda yer alan bagliklar dogrultusunda planladigi ve
uyguladig gdzlenmistir. Ogretmenin Matematik Dersi Ogretim Programi’na iligkin bilgisinin ortaya ¢ikarilmasi
amaciyla sorular yoneltilmistir. Burak &gretmenin kesirlerle ilgili kazanimlara iligkin goriisleri “Kazanimlarin
yeterli oldugunu diisiinmiiyorum programi hazirlayanlar da diigtinmiiyor ki yerleri degistiriliyor eksiliyor sonra
ctkarilan kazammin gerekli oldugu diigiiniiliip tekrar ekleniyor. Demek ki uygun degil program.” seklinde
olmustur. Ogretmenin kesir 6gretimini programda yer alan kazanimlara gore planlamasma iliskin goriisleri ise
“Kazamimda var yok bakmiyorum d&grencinin ihtiyact neyse ona uygun sekilde vermeye c¢alisiyorum. Bizim
amacimiz eger ¢ocugu bir tist kuruma hazirlamaksa mezun olan ogrencilerimize bakarsak geri doniitlere benim
yaptigim bu ders isleme seklinin ve uygulamalarin yerinde oldugunu gosteriyor. Baktiginizda ogrenciler fen
lisesine yerlesmis, gelip diyor “hocam ¢ok iyi dgretmissiniz hi¢ zorlanmiyoruz.” O yiizden dogru yaptigimi
diigtintiyorum, yani sadece kazanim olarak bakmiyorum ¢ocuklara ek alabilecekleri seyleri veriyorum. 5. sinifta
belki miifredatta yok ama ben ek seyler de veriyorum” seklindedir.

Ogretmenin “ek olarak veriyorum” seklinde fazlasiyla bilgi verdigini belirtirken aslinda 6gretim programinda
yer alan kazanimlar1 bile gerektigi sekilde tam olarak vermedigi goriilmektedir. Bunun yani sira 6grencilerinin
merkezi smavlarda basarili oldugunu ve iyi okullara yerlestiklerini belirttigi goriilmektedir. Hem kesir 6gretim
stirecine yonelik yapilan gozlemler hem de 6gretmen agiklamalar: sonucunda Burak dgretmenin kesir 6gretimi
konusunda AMB’sinin yetersiz oldugu sdylenebilir. Ogretmenin basarili 6grencileri 6rneklendirirken smifinda
yer alan 6grenme giicliigli yasayan kaynastirma 6grencilerini géz 6niinde bulundurmadigi goriilmektedir. Bu
sonug 6gretmenin AOB kapsaminda belirtilen sonug ile paralellik gostermektedir.

Ogretmenin dgretim programinda yer alan kazanimlar1 bilmedigi ve 6gretim siirecini de hedef ve kazanimlar
dogrultusunda planlamadig1 goriilmektedir. Ogretmenin AMB kapsaminda yetersiz olmas1t AOB’sinde de elde
edilen sonuglarla drtiismektedir. Ogretim programinda belirtilen kesir dgretimine 6zgii yontem ve tekniklerin
kullanilmamasi, model, materyal ve arag-gereglerin 6gretim siirecine dahil edilmemesi, farkli anlamlarinin
verilmemesi ve kesir 6gretiminde kavramsal boyutun eksik birakilarak genellikle algoritmaya dayali islemsel
uygulamalarin  yapilmasmm sebepleri arasinda Ogretmenin  AMB’sinin  eksikliginden kaynaklandigt
diisiiniilmektedir. Ogretmenin bu konuda yeterli bilgiye sahip olmamas1 sonucu kesir dgretimi siireci 6gretim
programinda belirtildigi sekilde 35 ders saati degil 25 ders saati yapilmustir. Ogretim programinda kesir
Ogretimine ayrilan siire 6gretmen tarafindan goz ardi edilerek diger bir alt 6grenme alani olan ondalik gosterim
konusuna gegilmistir.

4. Tartisma ve Sonug¢

Bu ¢alismada bir ortaokul matematik 6gretmeninin matematik 6gretme bilgisi alan bilgisi ve pedagojik alan
bilgisi bilesenleri boyutunda ele alinmistir. Caligmada ulagilan sonuglar dogrultusunda g¢alismada yer alan
dgretmenin alan bilgisi ve pedagojik alan bilgisi bilesenleri kapsaminda yeterli olmadig1 buna paralel OMB’sinin
de kisitl oldugunu gostermistir.

GAB ve UAB kapsaminda ¢aligmada yer alan 6gretmenin kesir ve kesirlerle gergeklestirilen islemlerle ilgili
gerekli matematiksel diisiinceye sahip olmadigi goriilmiistiir. Bu durum 6gretmenin smnif i¢i uygulamalarina da
yansimustir. Ogretmen kesir kavramini sadece parga-biitiin anlami ile tanimlamaktadir. Bu durum &gretmenin
UAB’sinin yetersiz oldugunu gostermekle beraber KAB ve AOtB’sinin de eksik olmasma sebep olmaktadir.
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Ogretim siirecinde kesir kavrami eksik birakilmis ve sadece parca-biitiin anlamina yonelik bir &gretim
gergeklestirilmigtir. Clarke ve arkadaslari (2008) ilkokul kesir 6gretiminde parga-biitiin anlaminin yani sira
boliim, 6lgme, oran ve islemci anlamalarinin verilmemesinin 6grencilerde kesir kavramina iliskin eksik anlayisa
sebep olunacagini belirtmektedir. Ogretmenin kisith kavrayisinin kesirlerle islemlerde de oldugu goriilmiistiir.
Ogretmen tarafindan islemlere yonelik ¢oziim ve aciklamalar ezberlenmis kalip ifadelerden olugsmaktadir.
Kinach (2002) kesirlerle gerceklestirilen iglemlere yonelik 6gretmenlerin yaptiklari agiklamalarin genelde kural
ve islemlere dayali oldugu belirtilmektedir. Yapilan ¢alismalarda kesirlerle bolme konusunda 6gretmenlerin “ters
cevir-gap” yontemini uyguladiklart ve oOgrencilerine de bu matematiksel islemin altinda yatan sebebi
agiklayamadiklar1 goriilmektedir (Holm ve Kajander, 2011; Klemer, Rapoport ve Lev-Zamir, 2018). Baumert ve
arkadaglar1 (2010) bir 6gretmenin matematigi Ogretebilmesi icin Oncelikle matematigi kavramsal olarak
anlamasinm  Oncelikli  oldugunu belirtmistir. Bu dogrultuda bir 6gretmenin kesirlerle iglemleri
gergeklestirmesinin  6tesinde bu islemin kavramsal alt yapisini ve matematiksel anlamini bilmesi Gnem
kazanmaktadir (Kajander ve Holm, 2016).

Ogretmenin kesirlere yonelik alan bilgisinin eksik olmasmm pedagojik alan bilgisine de yansidig
goriilmiistiir. Kieren (1993) ve Fazio ve Siegler (2011) calismalarinda a/b seklinde ifadelerin &gretmenler
tarafindan tanimlanmasmda hatali smiflamalarin yapildigi belirtilmistir. Benzer sekilde Burak 6gretmenin de
kesirlerin farkli anlamlarin1 bilmemesi sebebiyle kesir, rasyonel say1 ve oran kavramlarina iliskin tanimlarinin
net olmadigi ve aralarindaki benzerlik/farklilik durumlarimi dogru sekilde ayirt edemedigi goriilmektedir.
Ogretmenin alan bilgisinin yetersizligi sebebiyle kesirlerle islemler, algoritmaya dayali ve islem odakli
gergeklestirilmistir. Pantziara ve Philippou (2011) kavramsal anlamaya yeteri kadar zaman ayrilmamasinin
ogrencilerde kesir kavrami ve gergeklestirilecek islemlere yonelik yanilgilara sebep olacagini belirtmektedir.
Ozellikle kavramsal anlamin verilmeden islem ve algoritmalarm sunulmasi ve isleme dayali &gretimin
gerceklesmesi 6grencilerin Kesirle ilgili ezber yapmalarina sebep olmaktadir (Mok, Cai ve Fong-Fung, 2008).
Benzer sekilde Hanson (1995) 6grencilerin algoritmaya dayali igslemleri ezberlemeye ¢alismalarinin hata ve
yanilgilara sebep olan etkenlerden oldugunu ifade etmektedir. Charalambous ve Pitta-Pantazi (2005) kesirlerin
Olgme anlaminm kesirlerle ¢arpma isleminin gergeklestirilmesinde 6nemli bir kavramsal bilgi oldugunu
belirtmektedir. Caligmada 6gretmenin KAB kapsaminda kesirlerin anlamlarina yonelik bilgisi ortaya ¢ikarilmis
ve 6lgme, islemci ve boliim anlamlarinin farkinda olmadigi, buna paralel olarak da dersinde sadece parca-biitiin
anlamma dayal 6gretim yaptig1 goriilmiistiir. Ogretmenin alan bilgisinin yetersiz olmas1 sebebiyle kesirlerle
gerceklestirilen islemlerin gerektirdigi matematiksel mantigr bilmedigi ve Ogretimini algoritmaya dayali
gerceklestirdigi goriilmektedir.

Kesirler konusunda 6gretimin uygun sekilde yapilandirilmasi, temsillerin nasil kullanilacaginin bilinmesi
ogrencilerin 6grenmelerini etkiledigi i¢in 6gretmenlerin sahip olmalar1 gereken pedagojik bilgidir (Kajander ve
Boland, 2014; Mitchell, Charalambous ve Hill, 2014). Caligmada yer alan 6gretmenin alan bilgisi kapsaminda
kesirlerin sadece parga-biitiin anlamina odaklandig1 ve buna paralel 6gretiminde de sadece parga-biitiin anlamina
yonelik gdsterimler yaparak bdlge (alan) modelini kullandigi goriilmiistiir. Benzer sekilde 6gretmenin kesir
materyalleri (kesir ¢ubuklari, kesir takimi, vb.) ve arag-geregleri kullanmadigi goriilmektedir. Bu sonuglara
dayali olarak 6gretmenin AOtB’nin diisiik oldugu sonucuna ulasilmaktadir. Benzer sekilde Chestnut-Andrews
(2007)’nin c¢aligmasinda pedagojik alan bilgisi diisiikk olan &gretmenlerin 0gretim siirecini ¢esitlendirmede
yetersiz kaldiklarim belirtmektedir.

Ogrencilerin kesir kavramina iliskin yasadiklar1 zorluk ve yanilgilarinin sebepleri arasinda dgretim siirecinin
ozensiz gerceklestirilmesi bulunmaktadir (Reys ve ark., 1998; Van de Walle ve ark., 2013). Ogretim
programinda a/b seklindeki ifadeye 6rnek olarak Y kesri verilmis ve “Kesir gosterimlerinin okunmasinda, parca-
biitiin iligkisini vurgulayacak ifadeler kullanilir. Ornegin % kesri “dortte bir” bigiminde okunur ve bir biitiiniin
4’e boliiniip bir parcast alindigi seklinde aciklanir” seklinde ifade edilmistir (MEB, 2018; s. 40). Calismada yer
alan 6gretmenin AMB’sinin yetersiz olmasi sebebiyle kesir ifadesinin okunmasina dikkat etmedigi goriilmiistiir.
Ozellikle dgrencilerin kesirlerin okunusunda pay ve payda yaziminda yanilgilarin oldugu dgretmen tarafindan
ifade edilmistir. Bu yanilgiya iligkin kendi ¢ézliimiiniin de “boliim” ifadesini vurgulamak oldugu goriilmiistiir.
Siebert ve Gaskin (2006) c¢alismasinda kesirlerin ifade edilmesinde “li¢ boli dort” seklinde ifadelerden
kaginilmasi ve “dortte ti¢” denilmesinin uygun oldugunu belirtmistir. Caligmada yer alan 6gretmenin bu sekilde
bir ifade kullanmasmin 6grencilerin pay ve paydaya yonelik yanilgiya sebep oldugu diisiiniilmektedir. Bunun
yani sira Burak 6gretmen 6grencilerin kesirlerle ilgili yasadiklar1 kavram yanilgilarimi érneklendirmede sadece
pay ve paydanm yerini belirleyememeyi belirtmistir. Benzer sekilde, yapilan galigmalarda da (Amato, 2005;
Siegler, 2003; Soylu ve Soylu, 2002) 6gretmenlerin 6grencilerin kesirlerde sahip olduklar1 yanilgilar1 ngérmede
yetersiz olduklar1 belirtilmistir. Shulman (1986) 6grencilerin kavram yanilgilarinin belirlenme ve giderilmesinde
pedagojik alan bilgisinin etkili oldugunu belirtmistir. Calisma dogrultusunda 6gretmenin dgrencilerin var olan
yanilgilarinin farkinda olmadigi, ortaya ¢ikarma ve gidermede AOB’sinin yeterli olmadigi goriilmektedir.
Ogretmenin AOB’sinin yetersiz oldugu sinifinda yer alan 6zel gereksinimli dgrencilerin dzelliklerini bilmedigi
ve ihtiyaclarini dikkate almadigi goriilmiistiir. Ogretmenlerin 6zel gereksinimli grencilerin ihtiyaglar1 ve
Ozelliklerine yonelik bilgilerinin incelendigi ¢aligmalarda da (Brownell, Ross, Colon ve McCallum, 2005;
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Donnely ve Watkins, 2011; Savolainen, 2009) benzer sekilde 6gretmenlerin 6zel egitim konusu ile ilgili yetersiz
bilgiye sahip olduklar1 ve simiflarinda smirl uygulamalar yaptiklar1 ortaya konulmustur. Bu ¢alismada yer alan
Ogretmenin 0zel gereksinimli 6grencilerin ihtiyaglar1 konusunda yeterli bilgiye sahip olmamasi beraberinde bu
dgrencilere yonelik 6gretim planlamasinda da eksikliklerinin olmasma sebep olmustur. Ogretmenin grencilerin
bireysel dzelliklerini ve ihtiyaglarmi gdz Oniinde bulundurarak dgretim planlamadigi ve AOtB’sinin de bu
anlamda yetersiz oldugu goriilmektedir. Bu sonug¢ oOgretmenin AOB’sinin AOtB’sini de etkiledigini
gostermektedir.

Caligmada yer alan 6gretmenin ders igerigini dgretim programinda belirtilen kazanimlar dogrultusunda
planlamadig1 gériilmiistiir. Ogretmenin miifredata yonelik bilgisinin yetersiz olmasi1 sebebiyle ders icerigi,
programda belirlenen hedef ve kazanimlar ¢ercevesinde iglenmemis, programda belirtilen dgretim yontem ve
teknikleri, model ve arag-geregler, etkinlikler uygulanmamistir. Bu sonug, 6gretmenin AMB’sinin yetersiz
olmasinm AOtB’yi de etkiledigini gdstermektedir. Ayrica calismada yer alan 6gretmen kesirler ve kesirlerle
islemler dgretimini 25 ders saatinde tamamlayarak programda belirtilen siirenin digma ¢ikmustir. Ogretmenin
miifredatta yer alan kazanimlara iligkin bilgisinin yetersizligi sebebiyle programda belirtilen kesirlerin kavramsal
bilgi boyutu eksik birakilmig algoritmaya dayali uygulamalar gerceklestirilmistir. Caligmadan elde edilen bu
sonuglar neticesinde kesir 6gretiminde dgretmenin alan bilgisinin yetersiz olmasinin pedagojik alan bilgisinin de
kisitli olmasina sebep oldugu ve bu durumun sinif i¢i 6gretimi de olumsuz etkiledigi sonucuna ulasilmistur.

5. Oneriler

Bu ¢alismadan elde edilen sonuglar dogrultusunda matematik 6gretmenlerinin alan bilgilerinin ve pedagojik
alan bilgilerinin yeterli olacak diizeye getirilmesinin 6nemli oldugu sonucuna ulagilmaktadir. Bu sonuca dayali
olarak 6gretmenlerin hizmet dncesi (lisans egitimi) ve hizmet igi (kurs, program, vb.) egitimlerle alan bilgisi ve
pedagojik alan bilgisinin desteklenebilecegi diisliniilmektedir. Mesleki gelisim programlarinda 6gretmenlerin
zorluk yasadig1 ve yanilgiya sahip olduklar1 konular arasinda olan kesirlere odaklanilarak ne oldugu ve nasil
ogretilebilecegi konusuna yer verilebilir. Ogretmenlere kesirlerle yapilan islemlerin matematiksel anlami
sunularak kesir kavramma ydnelik anlayis gelistirilebilir. Bunun yani sira kesirler konusunda dgrencilerin
yasadiklart zorluklar ve yanilgilarina iliskin 6rnek durumlar verilerek olasi sebeplerin neler olabilecegi ve
giderilme yollar1 tartigilabilir. Aym1 zamanda smif i¢i uygulamalar yolu ile ¢6ziim yollarmm etkililigi
degerlendirilebilir. Ogretmenlerin kesir dgretimini anlamli hale getirecek ve zengin dgrenme firsatlar1 sunacak
Ogretim modellerini, materyallerini ve arag-gereclerini 6grenmeleri saglanarak kullanmalar1 konusunda
desteklenmeleri saglanabilir. Mesleki gelisim programlarinda 6zel egitim konusunda &gretmenler
bilgilendirilerek smiflarinda yer alan 6zel 6grencilere yonelik bilgiler sunabilir. Bu sayede dgretimlerinde bu
Ogrencilerin yer almalar1 da saglanabilir.

Bu caligma tek bir matematik 6gretmeni ile gergeklestirilmistir. Daha fazla katilimci ile yiiriitiillen ¢aligmalar,
ogretmenlerin kesirlerle ilgili bilgileri ve kesirleri dgretme konusunda daha fazla bilgi sahibi olmamizi
saglayabilir. Bu ¢aligma, matematigi 6gretme bilgisinin kesirler ve kesirleri 6gretme baglaminda yiiritilmiistiir.
Cesitli matematik konular1 ve kavramlar1 iizerine yapilan aragtirmalar, 6gretmenlerin alani 6gretme bilgileri
lizerine kapsamli bir ¢aligma ag1 olusturabilir. Bu sayede matematik 6gretmenlerinin ¢esitli 6grenme alanlar1 ve
eksikliklerini ve dolayistyla bu tiir eksikliklere ¢6ziimler getirmek igin bir firsatlar elde edilebilir.

Ekler
Ek 1. OMB Gériisme Formu

Sayin hocam,
Goriismemiz, kesirlerin  6gretimini  gerceklestirme siirecinize iligkin  goriislerinizi belirlemek amaciyla
gerceklestirilecektir. Gorligme icerigimiz ve kisisel bilgileriniz tamamen gizli tutulacak olup iiciincii kisilerle
paylagilmayacaktir. Cevaplarmizi eksiksiz kaydedebilmek igin ses kaydi kullanacagim. Izniniz olursa
goriismemize baglayabiliriz.
C. Kisisel Bilgiler
1. Hangi Fakiilteden mezun oldunuz?
2. Mesleginizde kaginct yiliniz?
3. Bu okulda kag yildir gérev yapmaktasiniz?
4. Kagmer smiflarin matematik derslerine girmektesiniz?
D. Kesirler Konusuna Yonelik OMB Sorular
B. 1. Konu Alan Bilgisi Sorularn
B.1.1. GAB
1. Kesir nedir? Kesir kavramini nasil tanimlarsiniz?
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7. ..
o ifadesini nasil okursunuz?

Kesirlerin toplama veya ¢ikarma iglemini nasil gerceklestirirsiniz?
Kesirlerin ¢arpma iglemini nasil ger¢eklestirirsiniz?
Kesirlerin bolme iglemini nasil gerceklestirirsiniz?
Asagidaki islemleri yapmiz:
2 X 3 5 8
374 779
7. Kesirlerin bolme islemini nasil gergeklestirirsiniz?
B.1. 2. UAB
1. Size gosterecegim ifadelerden hangilerinin kesir oldugunu disiiniiyorsunuz. Her bir ifade igin
aciklama yapabilir misiniz?

oakw N

2
1 1_11

V5 V30 Vas 3
Y o 91 01 =
7 5 5

bl o
[=R N1
=R -]

-2
' :tv

|
Lol ]

3 +n ifadesi n’in hangi durumlari i¢in kesir ifade edebilir?
4

Birim kesir nedir?

Tam sayili kesir nedir?

Denk kesir nedir?

Kesirlerde esitlik ve denklik ifadeleri ayni/farkli midir?

Kesirlerde toplama veya ¢ikarma islemi yapilirken paydalar neden esitlenir? Bu islemin altindaki
matematiksel mantik nedir?

8. Kesirlerde bolme isleminde “Birinci kesir sabit durur, ikinci kesir ters ¢evrilir” ifadesinin
matematiksel agiklamas1 nedir?

Nogak~kw N

B.1. 3. KAB
1. Kesirlerin 6grenilmesi 6grenci i¢in neden 6nemlidir? Kesirler hangi konularin 6grenilmesine temel
olusturur?

e lleri seviye konular
e  Giinliik hayatla iliskisi
2. Kesirlerin hangi anlamlar1 vardir?
e Rasyonel say1 ile iliskisi
e  Yiizde gosterim
e  Ondalik gosterim
3. Size okuyacagim ifadelerde yer alan kesirlerin neyi ifade ettigini agiklar mismniz?
e Bir smifin 5’te 3’1
8 de 5 kesrine ulagmak i¢in 1/8 kesrinden kag tane kullanmaliy1z?
Bir siniftaki kizlarm sayisiin erkeklerin sayisina gore karsilastirilmasi
7 tane kurabiyenin 9 6grenciye paylastiriimasi
50 m? arazinin 4’te 1’i

4. Sekilde oriintii bloklari ile temsil edilmis kesir ifadesi bulunmakta. Bu temsili islem sizce nedir?

2

5. —’nin —’smi1 bulunuz.

6. Sekildeki gosterimlerin neyi ifade ettigini agiklayiniz.
é kesrinin gosterimi; % X 4 = 2 isleminin gosterimi; g gosterimi;
e+ s e Yesil gubuk: 1 br

e e . MaVi gubuk: 1/2 br
. @ Turuncu ¢ubuk: 1/4 br

7. Kesirlerin 6gretiminde siz hangi gdsterimi kullaniyorsunuz?
8. Hangi gosterimin hangi seviye i¢in daha uygun oldugunu diigiiniiyorsunuz?
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C. Pedagojik Alan Bilgisi

HowpnpE

e o o m

el NS

1.
2.

C.1. AOB

Ogrenciler kesirlerin 6greniminde ne tiir zorluklar yasamaktadir?

Sizin bu zorluklara kars1 aldiginiz 6nlemler var mi? Neler?

Ogrenciler kesirlerde hangi kavram yanilgilarma sahipler?

Gosterecegim sekillere yonelik bir 6gretmenin “hangisi /4’1 temsil eder sorusuna iliskin 6grenci cevabi
hepsi olmustur. Ogrencinin yanitin1 degerlendiriniz. Bu yanit1 veren 6grenci igin agiklamaniz ne olur?

A | ]
1l &

15 . . . e .. e e - T .. o .
2z Islemine yonelik dgrencinin yaptig1 ¢dziimil degerlendiriniz. Ogrencinin bu yaptiginin sebebi

13, 2
R
ne olabilir? Nasil bir agiklamada bulunursunuz?

“Carpma islemi ¢arpilan sayilar1 daima biiyiitiir, bolme islemi ise kiigiiltiir” diyen dgrencinin cevabini

degerlendiriniz.

Gosterecegim seklin ifadesi i¢in 6grenci cevabi g olmustur. Ogrenci cevabini degerlendiriniz. Dogru/yanlis

ya da kabul edilebilir mi? Ogrenci cevabimnin altinda yatan sebep sizce neler olabilir?

Ogretim yaparken dgrencilerin hangi &zelliklerine dikkat ediyorsunuz?
Kaynastirma,

Ogrenme giicliigii,

Ustiin zekals, vs.

C.2.AOtB

Kesir 6gretimi yaparken kullandigimiz yontem ve teknikler neler?
Kesirleri 6gretirken kullandigimiz materyaller var m1? Neler?
Teknolojik arag-gereclerden faydalaniyor musunuz? Ne sekilde?
Kesirleri 6gretirken kullandiginiz gosterimler var mi1? Neler?

C.3.AMB
Kesirler konusundaki kazanimlarin yeterli oldugunu diisiiniiyor musunuz?
Kazanimlarn ilerleyisi hakkindaki diiglinceleriniz neler?

Ek 2. Gozlem Formu

Tarih:

1.
2.
3.

© N OA

Kesir tanimi nasil yapildi?

Kesir ifadesinin okunusu nasil yapildi?

Kesir g¢esitlerinin tanimlanmasi nasil yapildi?

Birim kesir;

Tam sayili kesir;

Denk kesir;

Kesirlerle islemler (toplama, ¢ikarma, carpma, bdlme) nasil tanimlandi ve gergeklestirildi?
Kesirlerin farkli anlamlar1 verildi mi?

Kesirlerin ¢oklu gosterimi yapildi m1?

Kesir konusuna iliskin hedef ve kazanimlari1 biliyor mu?

Ogretim amag ve kazanimlar dogrultusunda gergeklestiriliyor mu?
Ogrencilerin 6n bilgileri ortaya ¢ikarildi n?
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10. Ogrenci zorluklarini ve kavram yamlgilarini ortaya ¢ikardi mi? Olasi zorluk ve yanilgilara yonelik dnlem
alind1 m1?

11. Ogrencilerin bireysel 6zelliklerine yonelik bireysellestirilmis dgretim yapildi mi?

12. Kesirlerin diger anlamlari ile iliskilendirme yapildi m?

13. Konuya yonelik giinliik hayat veya diger disiplinler ile iliskilendirme yapildi m1?

14. Hangi yontem ve teknikler kullanildi? Teknolojik arag-gereg, materyal ya da model kullanildi m1?

15. Olgme ve degerlendirme nasil yapildi?
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