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Abstract

This study aims to examine the basic mathematical knowledge of primary
education student teachers according to the Ck¢ theory. The data of this
qualitative study is collected through exams applied and clinical interviews
undertaken with student teachers. To determine mathematical conceptions of
student teachers, examinations on the subjects of Sets, Equations, Functions, and
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Numbers were applied to 61 classroom teachers, and then 26 of them were of Educational
interviewed. A detailed analysis of the exam questions was undertaken and all Research
types of knowledge that student teachers used whilst solving these problems

were identified. Student teachers’ general mathematical conceptions were Vol: 14, No: 1, pp. 71-95

revealed through the classification of the related parts of such knowledge that
were expressed as “operator” in the conception phase of Ck¢ theory. In this study,
the conception of knowledge transfer is presented as one of the determined
conceptions. It has been identified that student teachers use the knowledge they
have previously experienced as effective in problems, whilst they solve problems,
and that they thus think that they will be effective in future problems as well.
Operators involving such knowledge underpin the ‘knowledge transfer’
conception. Yet, it has also been found that this knowledge transfer leads
students to make mistakes as they usually rely on the idea that a rule leading
them to the correct result in a situation, which occasionally leads them to the
correct result, will be applicable in any other situations. This conception shows
that students tend to use the knowledge that seems appropriate for their logic,
their existing knowledge, and their mathematical thinking, even if they notice Received: 2022-08-31
that what they do in solving problems does not have any mathematical validity. Accepted: 2023-01-05
Therefore, this study contributes to the literature in terms of revealing students’

ways of mathematical thinking and addressing the important areas to be covered

by teachers in designing learning environments.
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INTRODUCTION

The problem of how individuals construct knowledge is an issue that is long under discussion for
mathematical concepts. Mathematics is a scientific discipline consisting of concepts and relations that
cannot directly conceived or easily be acquired through everyday life experiences (Duval, 1993; 2000).
Hence, it appears to be a course-subject that students abstain from, have difficulty comprehending, and
approach with prejudice (Baki, 2008; Dogan and Yeniterzi, 2011; Gokcek & Gines, 2011; Isik, Ciltas &
Bekdemir, 2008; Sertdz, 1998; Umay, 1996; Yenilmez & Uysal, 2007). As real as the idea that students
perceive mathematics as a difficult course-subject to learn, it is imperative to understand what crosses
students’ minds in order to overcome this difficulty. Having been aware of this necessity, researchers
work on developing theories and models in order to unearth what knowledge students have in their
minds and how they construct such knowledge. Following on hundreds of studies in the relevant
literature, it can be suggested that a significant number of those studies focus on students’
misconceptions. However, does it suffice to identify students’ misconceptions about certain subjects so
as to understand what is going on in their minds? Before tackling this question, we need to focus on the
idea that students’ new knowledge is not completely false whilst it is being constructed. Balacheff (2000)
argues that there is a logic underlying the behavior of students performing specific tasks, and that those
behaviors are not random acts of students as the students do not act haphazardly. Given that students
have such contingent meaning-makings to check their previous learning experiences if they work under
certain circumstances and yet they are likely to be disproved under some other circumstances, it can be
suggested that their misconception is likely to emerge as an outcome of certain ways of perceiving
and/or meaning-making; in short, as an indicator of a particular conception. Thus, the concept of
‘conception’ needs due attention.

The current dictionary of Turkish Language Association defines conception as the act of
perception, consideration; a way of thinking as an effect of societal, communal, and individual views and
beliefs, the way of thinking, mindset, mentality; the ability to comprehend, consideration, intelligence,
distinctive feature, concept. Conception is defined in the dictionary of education concepts as the way of
thinking or the power of thinking, the set of thoughts and beliefs adopted by a person (Turkish Language
Association, n.d.). Similarly, conception is defined as the an idea of what something or someone is like, or
a basic understanding of a situation or a principle in the Cambridge Dictionary (Cambridge Dictionary,
n.d.). Henceforth, mathematical conception can be defined as “the way of mathematical thinking, the set
of mathematical thoughts and beliefs” of students. When the individual's mathematical conception is at
stake, what is meant is the individual's comprehension of mathematical knowledge, their construction
of that knowledge, and the set of all mathematical thoughts and beliefs. Therefore, investigating how
students construct and use mathematical knowledge is to unearth students’ mathematical conception.

Since students’ mathematical conception is defined as their way to construct mathematical
knowledge and the way of mathematical thinking, these conceptions can merely be depicted through
the investigation of their own mathematical operations. Concurrently, conception comprises all
knowledge structures that students have in solving a mathematical problem instead of being used to
express such hard to change knowledge as misconception (Balacheff, 2000). In that case, mathematical
conceptions that students develop when solving a problem may lead them to a false solution as well as
guiding them to access the correct solution. Therefore, students’ mathematical conceptions are twofold;
correct and false mathematical conceptions. However, a relevant literature analysis shows that, although
many studies investigate how students learn, and what happens in their minds based on various theories
and models, few study directly unveils students’ correct conceptions. Existing studies focus mainly on
false conceptions.

Examples of such theories and models among many are APOS Theory, Recognition-by-
components (RBC) Theory, Conception Image—Concept Definition, Misconceptions, Instrumental—-
Conceptual Learning, Theory of Didactical Situations, and Coception Knowing Cocept Theory (cK¢).
When examining the said theories and models, it is found that the process in which the individual
abstracts the knowledge or the deficiencies that may occur in these processes are stressed. Moreover,
having examined the relevant literature, it can be suggested that theories and models including cK¢,
which aim to understand what happens in students’ minds and how they construct knowledge, are
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subject-based and focus on a subject or a concept (Altun and Yilmaz, 2008; Katranci, Yilmaz & Kahraman
2009; Maracci, 2006; Webber, Pesty and Balacheff, 2002; Yazgan, 2006) and hence aim to unearth
abstractions more clearly (Dubinsky & McDonald, 2001).

Harel and Sowder (2005) use two concepts in their definition of mathematical thinking: ways of
understanding and ways of thinking. Describing ways of understanding, they emphasize students’
meaning-making processes for a concept, sentence, or text, their solutions to a problem, and their
justifications to either prove or refute an assertion, and suggest that students’ — implicit or explicit -
general ideas underlying such behaviors are ways of thinking. Thus, we can consider that students’
reasoning for a particular mathematical situation depicts their ways of understanding. Correspondingly,
we can consider that students’ reasoning used in similar situations depicts their ways of understanding
(Celik, 2016). Harel and Sowder (2005) argue that teachers mostly focus on ways of understanding; yet,
they overlook that these ways of understanding aim to help students to develop effective ways of
thinking. Therefore, it is important to reveal students’ ways of understanding and ways of thinking. On
the other hand, the depiction of students’ ways of understanding, and hence revealing their ways of
thinking, is possible through monitoring students’ activities and identifying how students analyze
problem situations, and which knowledge they use to solve a problem. This study aims to respond to
the questions as to how students construct mathematical knowledge, what similar ways of thinking in
different subjects they develop. Within this context students are exposed to problems in different
subjects in order to reveal students’ mathematical conceptions and all of the knowledge that they use
to solve those problems are identified and classified. Accordingly, the conception phase of cK¢ theory
is suitable and useful to employ. Indeed, the operations that students apply in problem solving can be
considered helpful in determining their patterns of understanding. Therefore, conceptions emerging
from these operations are very useful in identifying their ways of thinking.

Constitution of knowledge about every newly introduced concept expands on a life course from
early years to late adulthood. It is widely supported that primary school teachers have a significant place
in one’s life and an important duty to guide one's future. It is necessary to understand at the pre-service
how those teachers constitute knowledge and what their mathematical conceptions are like. In fact, the
quality of primary school teachers has utmost importance in early years of education and instruction as
they are the first role-models of students. Particularly, given the wide use of mathematics in every aspect
of life and its common need for students in every stage of education, primary school teachers’
mathematical conceptions become more important (Yurekli, 2008). It is hard to overcome any
shortcomings in learning mathematics if at a later level. Therefore, the onus is primary school teachers’
on that front (Kandemir, 2006). However, Toluk Ucar (2011) denotes that many studies have emphasised
that the mathematical conception of student teachers is insufficient for them to be able to teach at the
level of primary education. Considering the content of mathematics courses that student teachers have
taken throughout their collegiate career to improve their mathematical conception, it needs a robust
analysis of basic concepts that they have learnt in those classes so that their conception can be
unearthed. Therefore, the study focu on the idea that student teachers’ mathematical conceptions can
be depicted through the building blocks of mathematics such as Sets, Numbers, Equations, and
Functions.

ck¢ Theory®

Balacheff (2000) states that he has developed cK¢ theory as a tool in designing learning
environments in order to “understand students’ understandings”. This theory is consisted of three
hierarchical stages namely “Conception”, “Knowing” and “Concept” (Balacheff, 2000; 2013). According
to this theory, "knowing” consists of “conceptions” while “concept” consists of “knowing"”. As this study
aims to reveal students’ mathematical conceptions, the conception stage of the theory is concentrated
on and explained below.

2The acronym of cK¢ is consisted of the first letters of English words of Conception, Knowing, and Concept. To distinguish c for
conception and c for concept, the second c is used with an apostrophe.

E-Uluslararast Egitim Arastirmalart Dergisi ISSN: 1309-6265, Cilt: 14, No: 1, ss. 71-95 .

73




. E-International Journal of Educational Research ISSN: 1309-6265 Vol: 14, No: 1, pp. 71-95

Conception

Although "conception" has been involved in research on learning and teaching for many years, its
underpinning framework is not clearly defined and it has been used as a general perspective. According
to Artigue’s (1991) analysis, the term of conception has remained to be implicit and has not been clearly
defined with a consensus even though it shares closelyepistemological roots with misconception (cited
in Balacheff, 2000; Balacheff & Gaudin, 2002). Vittori (2018) states that the foundations of Balacheff's
definition of conception are based on Brousseau's Theory of Didactic Situations/Mathematical Learning
Environments Theory and that the main idea of conception is a dynamical equilibrium of an
action/feedback loop between a student and a learning milieu. Balacheff (2000) argues that conception
is an outcome of correct or false self-learning experiences and that we do not have much knowledge of
what happens in the human mind and hence what we can observe in that regard can form our starting
point. Balacheff (2000; 2013), defines this starting point as behaviors determined during an activity that
occurs in an environment the characteristics of which we can set out, characterizes the conception that
can be unearthed through these behaviors with the following four components.

Conception C is defined through the quartet of C(P, R, L, X);
P: Set of problems

R: Set of operators

L: Representation system

%: Control structure

P, the set of problems, is the sphere of practice of conception (Balacheff, 2000; Balacheff & Gaudin,
2002). In other words, it can be defined as the set of problems in which the conception is significant. To
give an example, the sphere of practice of conception that suggests “when adding decimal numbers,
the numbers before and after the comma are added separately and separated by a comma” consists of
questions that require the addition operation for decimal fractional numbers. In that case, the set of
problems of this conception involves all problems that require addition of decimal numbers. As seen in
this example, the determination of problems within this set is quite a difficult task. There are various
arguments with regards to the determination of the set of problems in the sphere of practice of
conception (Brousseau 1997). Having taken into consideration the inadequacies of these arguments,
Balacheff and Gaudin (2002) suggest to follow a pragmatic approach for the P set of problems by relying
on the outcomes of observations on students in the course-related milieu. Thus, they put forward the
idea that the set of problems can be composed of the major concept, at which students’ conceptions
can be found (Webber, 2004).

R, the set of operators, can yet be considered as operations, rules, and theorems in order to solve
the problems in P (Webber, 2004); to put differently, it is all of the knowledge that students apply toreach
the solution. Inasmuch as operators can be “concrete” enabling the operation to directly be made, they
can be “abstract” enabling it to transform into linguistic, symbolic, or graphic representations (Balacheff
and Gaudin; 2002). Operators are within the solutions that are reached by students. This means that
students find solutions through the use of a set of operators (Webber, Pesty & Balacheff, 2002).

Operators are usually expressed with the statement of “If ... is, it is ...". For instance, the statement
of “(If) there is f (x) =x for ¥ x€R in the function of f : R=R, f function is the unit function for v xeR" is a
statement for the operator. Likewise, considering the given definition of operators, it is clear that not all
operators can be expressed in line with this statement.

The third component of the conception, which is called as L — the representation system, is
consisted of every type of graph, symbol, sign, etc. that are used as representations in the P set of
problems and the R set of operators. That is, the L set is formed with representation systems, namely
algebraic language, geometrical drawing, native language, and so forth, which facilitate expressions of
problems and their solutions and allow the use of operators (Balacheff & Gaudin; 2002). Balacheff &
Gaudin (2003) state that it is easier to define operators and representation system components as
concrete, and accept the current definition that is commonly used as ‘operators and representations
used to explain a concept are parts of the meaning of that concept'.
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The last component of conception can be shown as control structure (¥), which monitors the
accuracy of operations. All of the tools that are necessary for selection, determination, and decision
underpin this component (Balacheff & Gaudin; 2002). Students select the operations that they will use
in problem-solving, check the validity of the actions that they take, and access the solution. Every one
of these three stages is guided within the control structure (Webber, Pesty & Balacheff, 2002). This
dimension remained to be implicit even though it is a dimension where criteria are applied to decide
whether the operations to be used to solve the problem are appropriate or not, whether the given
problem can be solved or not, or to recognise the most crucial elements that play a role in understanding
a mathematical concept (Balacheff, Gaudin; 2002). As the cause of this situation, it can be suggested that
control structures are ingrained in students’ solutions and that students often use these structures
unintentionally. Following the research tradition developed for Polya and metacognition, Schoenfeld
(1985) puts forward the vital role of the control structure in problem-solving (cited in Balacheff & Gaudin
2003). Control structures that help to determine whether an action is relevant or not, whether a problem
is solved or not will probably demonstrate more hypothetical characteristics compared to other
dimensions.

In this study, the conception phase of cK¢ theory was used as a tool to determine the
mathematical conceptions of the student teachers. The questions from different mathematical subjects
formed the problem set of the determined conceptions and the knowledge that student teachers used
whilst solving these problems formed the operators. Many theories have focused on the construction of
concepts whilst seeking an answer to how knowledge is constructed in students’ minds. However, this
study goes beyond the common use of the theory and aims to unearth students’ ways of general
mathematical thinking independent of any specific mathematical subject. In this regard, the conception
phase of the cK¢ Theory is considered to be used by being stripped off of the axis of the concept. This
study also moves forward with the idea that not only operators that students use reveal their ways of
understanding but also conceptions that stem from the classification of these operators reveal their ways
of thinking. Accordingly, this study seeks the answer to the research problem “what are the general
mathematical conceptions of student teachers regardless of any specific mathematical concept?”

METHOD

Since the conceptions of student teachers are tried to determine in a realistic and holistic way in their
natural environment (Yildinm & Simsek, 2008), the study is a qualitative study by its very nature. In
addition, it has a descriptive quality as it provides the opportunity to examine the existing situation of
the problem to be investigated in its own conditions and as it is, and to predict for the future (Karasar,
2009).

In order to describe the general mathematical conceptions of students, the conception phase of
the cK¢ Theory was used. Therefore, first of all, it is necessary to determine the set of problems (P) for
which the conceptions are valid. It would not be fair to speak about a limited set of problems, since
students’ general mathematical conceptions can be encountered in all kinds of problems. Thus, any
problem that may be encountered can be a sphere of practice for each of these conceptions. The other
component of conception, which is the representation system (L), is expressed within all kinds of
symbols, signs, geometric drawings, algebraic language, verbal language, graphics, etc. employed in
expressing and solving problems. Considering the general mathematical conceptions identified in this
study, it is not consistent with the aim of the study if representations that can be used to express the
problems, operators, and control propositions specific to these conceptions are restricted. Hence, all
mathematical representations constitute this component. Another component of the conception phase
of the cK¢ Theory can be shown as control structures that monitor the accuracy of operations. Balacheff
and Gaudin (2002) state that the control structure is difficult to determine and remained to be implicit
although it is a component where criteria are applied to decide whether the operations to be used to
solve the problem are appropriate or not, whether the given problem can be solved or not, or to
recognise the most crucial elements that play a role in understanding a mathematical concept. As a
result of the interviews with the students, the reason of this situation can be suggested that control
structures are ingrained in students’ solutions and that students often use these structures
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unintentionally. Therefore, it was not possible to determine the control structure for each operator used
by the students. Another component of the conception phase is operators, which are concisely defined
as any knowledge that students apply while solving a problem. In this study, conceptions were accessed
by classifying the operators determined in the answers given by students to the questions asked on
different subjects. In short, in this study, the aim of which is to determine the general conceptions of
students, it is sufficient to determine the operators drawn from the solutions of students, and hence, the
determination of the operators in the current study is sufficient.

This study was conducted with 61 first-year students enrolled to the Primary Education degree
programme in a university located at the eastern Black Sea region of Turkey.

Process

The process from identifying the problem set to classifying conceptions is presented in Chart 1.

lll Scanning basic mathematical
subjects

Preparing questions

Set-number-equation-function "
Requesting

expert

Turning prepared questions opinion
into exam questions
Identifying First analysis of exam papers

students to be
interviewed

Identifying correct and false
operators that students used to
solve problems

Making interviews

with the selected
students Clustering similar operators

from different subjects Requesting

expert
opinion

Transcribing

interviews - w )
Determining conceptions

Chart 1.The process of the study

Data Collection

The data of the study was collected with the help of written exams and clinical interviews with
students. Written exams were held in 5 sessions, 3 of which were in the autumn semester and 2 of which
were in the spring semester. The contents of the exams and the total number of questions are as follows:
Sets (Operations with sets, set problems) 12 questions; Numbers (Natural Numbers, Whole Numbers,
Rational Numbers, Real Numbers, Exponents and Roots) 18 questions; Equations (Algebraic Expressions,
Factorisation, First-Order Equations) 7 questions; Functions (Conditions of being a function, domain-
range, inverse function, compound function, parabola) 11 questions.

Data Analysis

In this section, the findings obtained from the documents that examined within the study and
clinical interviews are presented.
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Document Analysis

As seen in Chart 1, the initial analysis of exam papers was conducted following the examination,
and operators that students and students to be interviewed were simultaneously identified. Later,
responses given by every student to all of the questions were analysed in order to determine student
teachers' conceptions, operators used in problem-solving were identified, and identified operators were
supported with student interviews and aligned with the analysis of the questions related to the course-
subject. Similar ones among those operators identified as described for each subject were classified and
coded with a heading. These top headings were also identified as conceptions of students.

In this study, operators are shown in two distinct ways: R«41 and R410. There is not a separate
representation determined for those correct operators that are incorrectly used; such situation is
expressed as “operator used incorrectly”. For instance, it is understood that the operator R41 (Squaring
to recover from the square root) is the 41st operator determined on numbers, and is used correctly
unless otherwise stated. If the operator is used incorrectly, this is also indicated.

On the other hand, the tenth operator of equations, R'410 (the algebraic expression ax+b=y
denotes a quadrilateral in the plane), is an operator that is always used incorrectly, and the “—" symbol
in the upper index indicates that it is always incorrect.

If an operator is encountered in different subjects, the operator is indexed with the subject it lies
in, yet the operator's explanation (expression) is tried to be preserved as much as possible:

R423: Neglecting some of the given while achieving the desired

R«4: Neglecting some of the given while achieving the desired

It is important for the reader to understand the process of data analysis well to understand the
study well. Therefore, it would be appropriate to explain it with an example. An example of the analysis
of the response given by the student coded S34 to the third question about sets and the use of the
interview data, gathered from the interview with them, as a support for this analysis was chosen.

Sk1: Show if the operation AnBcAnC= BcC is correct by using Venn diagrams and
definitions.

First of all, every step taken by the student was examined and it was noticed that the student
realised that the set A was common in both expressions, and that they solved the problem by using the
knowledge that this set was bracketed, that is, the intersection operation has distributive property over
the subset. Since the below data, gathered from the interview made with the student about the solution
after the exam, also supports this situation, the student; considering that the intersection operation has
distributive property over the subset, arranges the expression ANB c AnC as An (B c C) and if the
operator is suitable for this situation; R'v6= is determined as (ANB) c (ANC)=An(BcC) for A B
and C sets. The dialogue between the student and the researcher is as follows.

S4s: These; | expanded the ANB statement. | expanded them separately as ANB. | expanded
this one as A N C. As this has already said subset or something here?!

R: Yes.

S4s: Then | wrote them that way because x€A is common to all of them.

R: Then you put x in the A (x€A) bracket. But then did it suddenly become BNC or were
you going to write BcC?

S4s: Actually, it cannot be BNC because, if | took x€A in common, | had to make this bit
BcC.

R: So, in conclusion; you say that you use the knowledge that the intersection operation
has a distributive property over the subset.

545.' Yes.
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Figure 1. S45°s response to ST

Then the operator used by the studentis R«6=(ANB)c (ANC)=An (B c C) forsets A, B and
C. It is clear that this knowledge leads the student to make mistakes in solving this problem. However,
considering the previous learning of the students, it is regarded that they transfer the knowledge of
distributive property over the subset into this situation. For that, they apply the knowledge of “the
intersection operation has distributive property over the subset” onto the knowledge of “the intersection
operation with sets has distributive property on the associative operation”, which always gives the
correct result. Therefore, this operator is classified as an operator of the conception of knowledge
transfer.

Analysis of Clinical Interviews

Qualitative data obtained from clinical interviews were descriptively analysed. The clinical
interviews conducted at the end of the exams were transcribed and used to support the operators used
by the students. Each interview was first transcribed, and then the expressions that would support the
operators determined by the examination papers of the students were extracted. These direct quotations
are included in the findings section in order to support the relevant operator, to present a realistic picture
to the reader, to give the opportunity to make their own comments and make some inferences (Yildirim
& Simsek, 2009).

Credibility of the study

Opinions from three experts were taken in order to improve the credibility of the study. With one
of these three experts, both the operators, representations, and control structures determined by the
students’ solutions and clinical interviews made with them, and the conceptions, obtained by classifying
similar operators on different subjects were discussed in detail. Since the process of data analysis that
lasted until the determination of students’ conceptions was quite time-and energy-consuming, opinions
(approvals) from the other two experts were taken after the conceptions were formed. The data gathered
was analysed by the researcher as an iterative process at certain time intervals, and they were finalised
and presented in the findings section of this paper.

Limitations of the study

This study allowed to reveal 10 general mathematical conceptions of student teachers. Many
conceptions have been identified by bringing relevant operators together. This study is limited to
"knowledge transfer conception”. For detailed information about other conceptions see Calik Uzun
(2012).

FINDINGS

As stated in the previous section, an inductive approach was adopted for determining conceptions
following the classification of operators used in this study. However, in the presentation of findings, all
of the operators related to the conception were first provided, and then this process was elaborated so
that the reader could follow the findings effortlessly.

In this study, a detailed analysis of exam papers was made after examination to determine student
teachers’ general mathematical conceptions was undertaken. During the analysis, students’ general
mathematical conceptions were determined by bringing together the identified operators that were
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related to each other. In the findings section that is delimited with the “knowledge transfer conception”
of the identified ones, the findings about this conception in which operators from each subject (sets,
numbers, equations, functions) were presented with the provision of a sample question from each
subject in order to make the presentation more comprehensible and simple. The operators of knowledge
transfer conception that was determined through the classification of operators, which includes the
knowledge that gives the correct result in a problem situation is used in another problem situation, are
presented in Table 1.

Table 1.Operators of the knowledge transfer conception

The Knowledge Transfer Conception

Acronym of

Operators
operators
R«6 If A, B and C are any three sets, itis (ANB) c (AnC) =An (B c ()
R9 If A, B and C are any three sets, it is (A\B)U (A\C)= A\(BUC)
R11 If A and B are any two sets, itis (A'/B") = (4/B)’
R16 If A, B and C are any three sets, it is (A\B\C) = (A\B)\C
R«18 Thinking of difference with sets as subtraction with whole numbers
R-24 If A and B are any two sets, itis s(A' U B") =s(4") + s(B")
R-3 Itis £ 45 = 2
R4 If itis %+ = xanditis S+ % = y, 24 thenitis®+ <=
b d b d E+E e k y
R-9 tisZ+Z=ta242=2
y  z X x ¢t

R10 (a+b)" =a" + b"
R11 Division with whole numbers has distributive property over addition, so if x,y,z is

(x:y) + (x:2z) =tthenitisx:(y+2z) =t
R-20 Itis ax"+b.y" =(x.y)".(a+b)
R$23 ltisxya€Zx—aly = xly+a
R25 Ifitis a,b,x€ R and a< b-x < cthenitisa < b-c < x
R$26 Ifitis % = ¢ then it can be expressed as — < % <c
R-28 Itis a.x".b.x"=(a+b).x" 79
Rs32 Making use of logarithms
R:33 Itis ac =%
Rs34 Itis (@™ b)™ = (a.b™™ = a.b™™
R-43 ltisva+vb=+va+b
R47 Where it is ceZ then it is % = E
R420 The equation of a line with two known points as (x1, y1) and (xz, y2) is

X=X V=N
X1 — X2 B Yi— Y2

Ra21 The equation of a line (x1, y1) with a known point and slopeis y —y; = m(x — x,)
R't6 If the graph of a g relation crosses the x and y axes, that relation indicates a function
R+15 If f: R\{a}— R\{b} is a defined function, it is limf(x)=a, and b makes the denominator of the function zero
R18 If a function f is injective and surjective then it is f(x)=f"(x)
R+21 f:A—B being a function, f o gis defined with the help of arithmetic operations

between fand g
Rf22 Where it is f'(x0)=0 for the function of f: R—>R, (xo, f '(X0)) is the maximum point of the function
R32 Itis f~*o[(f(x) + g =fto f(x) + f o glx)

As seen, some of these operators are correct and some are false. In order to make the
determination of operators and the conception to be more comprehensible, some of the operators
formed for the conception is exemplified with the help of the problem situations that are the
components of the conception.

Below, firstly, a question about sets and a false operator used in solving this problem is given:

Si3: Since A and B are two sets, express the set of (A'\B') U (4’'\B) in the shortest way
possible.

Within the scope of the study, students, coded as S10, S12, S15, S34, S37, S52 and S54, whose
responses to the above question were examined, thought that the difference operation had a distributive
property over the association operation by using the expression of (A’\B") U (A'\B) = A'\(B' U B) (See
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Figure 2). Therefore, the operator that they used was determined as R9: (A\B)U (A\C) = A\(BUC) for sets
A, Band C.

C -2 = (A ulAaTRE) o

H,
N
e

AN (gug) = A'NE =E

Figure 2.534's response to 5,3
Interview data of S34 confirms the operator:

R: [...] Well, can you explain the transition from (A'\B") U (A’\B) to '\(B'UB) ?

Ss4 1 used the distributive property.

R: You used the distributive property? Of what did you use the distributive property over
what?

Sz4: Well then, the distributive property of difference over association.

R: Well, what makes you feel that the difference operation has distributive property over
association or intersection, how did you think that there is such a property?

[.]

Sz« There is in multiplication or something, my professor, it can be from there.

R: Have you considered the distributive property of numbers?

534.' Yes.

Below is a question about Numbers and an example of a false operator used to solve this problem:
at+b  b+c cta

S:1:If a,b,c € R and E+ﬂ+ﬂ= 1,thenwhatis —+—+—7?
b+c ct+a a+b b+c c+a a+b

Within the scope of the study, it is found that the student coded S44, whose response to the

above question was examined, divided the given and requested expressions side by side, but made a
mistake while performing the division operation (See Figure 3).

—

— — 1
Eon o P S A
T
il -~
bor A == =
e S — b= _
P — i r e =
X— oale ploo g o
s fo b
o

Figure 3. S44's response to Ss1
In the clinical interview with them, S44 defends their solution with the following statements:

R: You have estimated the expressions given and requested in the first question. Can you
tell me how you think?
S4a: | made it as % . Because the denominators are the same in these, | said these and

those go.

: ~ ~ a e e zypk_ itis®4 S
R.Now,ztmeansyousaytftheyareb+d+f x and b+d+f y,thentttsz+p+

% = i, is that so?

Sas Yes.

[]

R: So, when you divide the rational numbers in the sum situation, you can simplify. So
aren't you thinking as if you were in the multiplication situation?

Sux: Yes, it appears to be so.

Based on student’s solution and the interview data, the operator used was R4 If it is §+ g =x

a ¢
e k _ . . ptg_x
and Z+E_'ltlsﬁf_;'

S
&
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S46: The paths taken by vehicles A and B depending on time are given in the graph below.
What is the distance in kilometres between the vehicles 5 hours after meeting?

) Time

S11, S26 and S43 attempted to solve the problem by using their knowledge of analytical geometry
(See Figure 4) and they used the correct operator of the equation of a straight line with two known
points as Ra20: (x1, y1) and (xa, y2) is — = X1

X1-x, V1i=Y2

Figure 4. 543’s response to S46

S¢6: Since itis f(x) + g(x) = fog(x) and f(x) = 4x + 1,what is the value of g(3)?

S57, on the other hand, combined both sides of the equation from the left with the f(x) function 81
to find the g(x) function. They made a mistake because they thought that the compound operation has
distributive property over the addition operation. The operator used by this student R{32:
o (f() +g() = ftof () + fog (x).

The student's solution is given below (See Figure 5), and in the interview, the student confirmed
the use of such an operator:
R: Is that why you thought of it you think? The distributive property of the compound over

addition.
S57:1thought so, | have already distributed them one by one, as you can see.

enran

Figure 5. S57's response to Si6
CONCLUSION, DISCUSSION AND RECOMMENDATIONS

In this study, some conceptions have been accessed by modelling students’ mathematical knowledge
through ck¢ theory. Within the scope of this study, findings have been circumvented with the conception
of knowledge transfer and the section of discussion and conclusion has similarly been structured. It is
regarded that students who think that the knowledge giving them a correct result in one situation will
also give them correct results in other situations have the conception of knowledge transfer. Having
examined Table 1, it is seen that operators forming this conception are mostly false operators. This
demonstrates that students make mistakes since they think that the knowledge used in one situation
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giving them the correct result can also be used in every other situation to reach the correct result. On
the other hand, it is determined that students who have this conception are also able to get rid of the
conundrum encountered in problem-solving by performing this knowledge transfer correctly.

When looking at the operators that form the conception (See Figure 6), it can be suggested that
the students, who used the knowledge that “intersection and association operations with sets have
distributive property or association property over each other” for the difference operation with sets (R
9, R«16), transferred the knowledge and used it as the knowledge of “there is a distributive property of
the difference operation with sets over the association operation or the difference operation with sets
has the association property”. It is seen that by using the same correct knowledge, they reached the
knowledge that “the intersection operation has distributive property over the subset (R«6)". A similar
situation is encountered in the compound operation on functions. The students used the equation.
flo[(f(x) + g(x)] = fto f(x) + f~to g(x) (R132) by distributing the compound operation over the
addition operation. Here, the fact that the students applied the left-hand distributive property of the
compound operation even when there was an addition operation between functions shows that they
made mistakes while transferring the knowledge. All these false transfers caused students to find
incorrect results.

Rs3 R4 RS9 Rs10
Rs11 Rs20 R23
Rs25 Rs26 R$28
Rs32 Rs33 R34

Functions

Rs20 R, 21

R Ry15 R418
R21 R22 R:32

Figure 6. Operators forming the conception of knowledge transfer

Another knowledge that students transfer to different situations is about multiplication. The rule
of multiplication with rational numbers is used by students from the early years of primary education.
This rule that is expressed by putting the number obtained after multiplying the numbers in the dividend
to the dividend of the product, and putting the number obtained after multiplying the numbers in the
denominator to the denominator of the product, can also be used by students for addition. In this case,

c

the fact that the students taken the rule of %x o= % as correct knowledge for the equation of % + 3 =

% and used them in the solutions of the questions unearths the knowledge transfer that they made.

Yujing and Zhou (2005) stated in their study that some of the students expressed the sum of the
operation of § +§ as the sum of % and suggested that they took the rule given above as correct. Wu

(1999), on the other hand, stated in the repeated reports about some university students that it was

claimed that such solutions as % +% = ﬁ and %+ 2 = %were found in students’ both homework and

exam papers. Kerslake (1986) addressed that there was such a misconception among students in the
report of his study on fractions with secondary education students in England (12-14 year-olds).
Nevertheless, this situation is consistent with the findings of the Soylu and Soylu’s (2005) study on
determining the learning difficulties of students in ordering, addition, subtraction, multiplication, and
fraction problems; Ozciftci's (2007) study on determining the mistakes made by Year 7 students
regarding rational numbers; Biber, Tuna, and Aktas's (2013) study on determining the misconceptions
of Year 5 students in primary education about ordering fractions, addition-subtraction, and
multiplication; Okur & Cakmak-Gurel's (2016) study on determining the common misconceptions of
Year 6 and 7 students of lower secondary education about fractions; and Kurdal's (2016) study on
determining calculations errors in ratio-proportion and fractions in the lower secondary mathematics
curriculum. Moreover, Cengiz (2006), in his study with Year 9 students identified that some students had
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misconceptions of adding and subtracting numerator and denominator whilst adding and subtracting
with rational numbers. Also, Soylu and Soylu (2005), in their study with Year 5 students on determining
operations with fractions, found that students used the rule of addition, which they previously learnt, in
the multiplication operation as well. Therefore, it can be said that these students also have the
conception of knowledge transfer. Kara (2021), in her research examining the misconceptions
encountered in secondary school mathematics courses in Turkiye, found a particular misconception
among many of Year 6 students about fractions that was observed in many studies, and that
misconception was When adding fractions, numerators are added to each other and put in the numerator
and denominator are added to each other and put in the denominator.

Table 2. Components of the conception of knowledge transfer (P,R,L,X)

Subject  Problem (P) Operator (R) Representation (L) Possible Control Propositions ( X)
Plotting the set(s) given in
the question with a Venn
Since A and B are two sets, dia qram
express the set of (A'\B') U g. . . Intersection and association
d ) Naming sets with capital ) R
(A'\B) in the shortest way . operations have distributive property
3 possible R\3: (A\B)U(A\C) = letters over each other.
& ) A\(BUC) for sets A, B Placing letters representing ’
and C. element/element numbers s .
o . Multiplication operation has
in intersecting sets . ..
. . distributive property over addition and
Using the appropriate .
. . subtraction.
symbol for operations with
sets (N,U, \)
Ifiti €ER = ac
3 b{:lt 's:;b' ¢ and e T R 4:Ifitis §+§ =xand b'd_&c_Xx
'E $+El'”‘3" what is e k_ .. 3t x Slash, addition, division E_E ek y
] a+b b+c c+a Fri=yitls cx=7. bd
P4 + + fd
b+c c+a a+b
S46: The paths taken by
vehicles A and B
depending on time are
given in the graph. What
is the distance in
kilometres between the
vehicles 5 hours after
meeting? . i
“ lee equation of a l'_"e Point, coordinate system The equation of a line with two known
5 pathl (k A with two known points R ite sy g points as (xys) and (xy,) is>L =
- athl (km as R,20: (x1,y;) and line, I|ne'e4q%,|at|on, line ) y-y1 | o Tmn
3 (Kary2) is=L = X0 graph, division, subtraction, =~ =——
8 10 M 2 xX1-x2  y1-yz2 equation ymrz
1
1
1
1
1
10 .
£ .
v
§ Since it is 1 Function representation, o
B f@X) + g =fogx) and  f o (f(x)+g(x) i Distributive property
15 _ T o1 1 compound, addition,
£ f)=4x+1, =flof(x) +flog(x). .
2 what is the value of g(3)? equation
- = The knowledge
X Questions for which the experienced to be
c 2 . p . . All numbers, symbols, signs, The knowledge used to prove each
Le knowledge previously effective in solving . L . . .
25 . A L etc. that is used in this operative step taken in during
S experienced as effective in problems in different L . .
o o . . . conception including related  problem solving.
€T solving problems, and that subjects previously o
o9 X . R . situations as problem,
v 3 is considered to be effective encountered, and that is .
Q3 . . . solution, operator, etc.
£ ¢ in future problems. considered to be effective
= in future problems

Thus far, examples have been given about the situations in which students transferred their
previously acquired knowledge in order to find solutions to the situations that they have just
encountered. Thus, the following questions arise: “Can these situations not be otherwise possible?”, “Can
students not reach the correct solutions by transferring the knowledge correctly?”. We can give “yes” as
an answer to these questions. In fact, since those students who have this conception tend to transfer
knowledge, they can get rid of the obstacles that they may encounter in a problem by performing this

E-Uluslararast Egitim Arastirmalart Dergisi ISSN: 1309-6265, Cilt: 14, No: 1, ss. 71-95

83



. E-International Journal of Educational Research ISSN: 1309-6265 Vol: 14, No: 1, pp. 71-95

transfer correctly. For instance, the students who use the operator Rd20, try to solve the question about
the line with two points (x1, y1) and (xz, y2) and reach the equation of ;1__’;12 = ;'1__3;12, which means that
they transfer the correct knowledge. Similarly, using the Rq21 and Ri22 operator (see Table 1) can be
given as an example of correct knowledge transfer. These correct operators can be given as the feature
that distinguishes the conception of knowledge transfer from overgeneralisation, which is one of the types
of misconceptions categorised by Graeber and Johnson (1991) (cited in Zembat 2008; p.43) and Ryan

and Williams (2007).

Another finding of this study is quite remarkable. When Table 2 is examined, it can be said that
the students who have the conception of knowledge transfer are aware of the control structures that
they use to explain why they make false transfer when they do it, and/or these structures can be
determined by the observer. This finding is consistent with the idea, which Balacheff tried to emphasise
while defining the conception, that it would not be realistic to claim that students were completely
mistaken in their solutions. When the operators and control structures in the table are examined, it is
concluded that the students chose this knowledge to solve the new problems that they encountered, as
they had experienced that the operators previously used were effective in solving the problems in
different subjects. In this case, it can be said that the control structure component of conception results
in the use of false operators by students.

In short, as exemplified above, students tend to use a rule or features that give correct results in
a problem situation in other situations as well. The conception of knowledge transfer emerged withinthe
classification of the operators used by such students in their solutions. It can be said that this conception
occasionally leads students to the correct result, but as a result of the knowledge transfers that they
make, it can also be said that they mostly make mistakes thinking that a rule giving the correct result in
one situation can lead them to the correct result in another situation. It has also been determined that
they use the knowledge that leads them to the right solution, especially in the solutions of different
problems, as a control proposition.

In this study, the process of bringing knowledge transfer conception from general mathematical
conception of student teachers into the literature was discussed. While exploring these conception,
problem situations were used. Teachers, too, can follow a strategy similar to the researcher’s strategy,
and as Baki (1998) states, while reading their students’ written papers or assessing their assignments,
they can evaluate not only to give grades, but also to identify the student’s deficiencies and mistakes
and to find a meaningful aspect of the knowledge that they use while performing the solution. The
solution of a problem or the execution of an operation may be in accordance with the logic of the
student, their previous knowledge, and their own mathematical thinking, and the student may not know
that what they have executed has no mathematical validity (Baki, 1998). In that case, it is necessary to
examine the knowledge or conception of students, which is reflected in their solution strategies to
enable them to learn more meaningfully and to reveal what kind of mistakes or misconceptions they
make (Calik-Uzun, Arslan, 2016). According to Confrey (1990), if we carefully look for a conception in a
wrong answer given by a student, we can find the logical underpinning of that answer (cited in Webber,
2004). Henceforth, it comes to the fore that if the way in which students try to solve a question can be
understood, they can be helped to understand mathematics better (Aydin, 2008). According to Niss, if
we can understand the ways in which students learn mathematics and the obstacles that hamper these
ways, we can better understand how mathematical knowledge is constituted, how it is processed, and
how it is used (Niss, 1999). Thus, we can model students’ behaviors and have ideas for their future
learning. It is thought that this study will help teachers to design learning milieu by being aware of the
ways of understanding and thinking that students have while constructing their mathematical
knowledge regardless of the subjects.

The list of operators that form the conception identified within this research may seem too long
to teachers; however, what matters here is to understand what the conceptions underpinned by these
operators mean. On the other hand, teachers can find different operators from these operators and they
can decide which one(s) of these operators will be included in these conceptions. In this way, they can
determine which of these conceptions their students using these operators have developed. Thus, while
planning their classes or designing learning milieu, they can provide the opportunity for more
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meaningful learning to take place by taking advantage of the conceptions that emerged in this study
and that are likely to occur in their own students. In addition, teachers can complete the assessment-
evaluation process more effectively with the help of these conceptions. Thinking about conceptions
helps mathematical education researchers to shape students’ knowledge and guides them to gain
perspective on what kind of questions they should ask to students (Webber, Pesty & Balacheff, 2002).
With this in mind, they can determine the conceptions developed by their students through the
evaluation of the exams that they will prepare in line with these conceptions in order to assess their
students.
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Ozet:

Ogrenenlerin zihinlerinde neler oldugu, bilgiyi nasil yapilandirdiklar, nasil
kullandiklart gibi sorular arastirmacuar icin her zaman merak konusu olmustur. Bu
sorulara aciklik getirmek amactyla, cesitli teorilerden yararlaniarak bircok arastirma
yapumaktadir. Bu ¢alismada ise sinif égretmeni adaylarinin temel matematiksel
bilgilerini Ck¢ teorisinin anlayis asamastina gére incelemek amaclanmustir. Nitel
arastirma yéntemine uygun olarak tasarlanan calismanin verileri; G6gretmen
adaylarina uygulanan swinavlar ve yapilan klinik miilakatlar yardimuyla toplanmustir.
Ogretmen adaylarinin matematiksel anlayislarint belirlemek icin Kiime, Denklem,
Fonksiyon ve Saytlar konularinda hazirlanan sinavlar 61 sinif 6gretmeni adayina
uygulanmus, sinavlarin ardindan 26 6gretmen adayt ile miilakatlar yirdtilmustir.
Uygulanan stnavlarda sorulan sorularin ayrintilt analizi yapiarak égretmen
adaylarinin bu sorulart ¢ézerken kullandiklart her tiirlt bilgi belirlenmistir. cK¢
teorisinin anlayis asamasinda “operatdr” olarak ifade edilen bu bilgilerin, birbirleri
ile ilgili olanlarinin siniflanmasiyla, adaylarin sahip olduklart genel matematiksel
anlayislara ulasdmustir. Bu calismada belirlenen anlayislardan bilgi transferi anlayist
tanitimustr. Bu anlayis bize, 6grencinin problemleri c¢ézerken yaptiklarinin
matematiksel gecerliliginin olmadigint fark etse bile, kendi mantigina, énceki
birikimlerine, kendi matematiksel diisiincesine uygun disen bilgileri kullanma
egiliminde oldugunu gé6stermektedir. Bu nedenle &grencilerin  matematiksel
disiinme bicimlerini ortaya koymast ve 4gretmenlerin 6grenme ortamlarint
tasarlarken nelere dikkat etmesi gerektigini gostermesi agisindan alan yazina katkt
saglayacag diistiniilmektedir.

Anahtar kelimeler: Ck¢ teorisi, Anlayis, Bilgi transferi anlayisi, Sinif 6gretmeni
adaylart
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3 Bu calisma ilk yazarin doktora tezinden tiretilmistir (Calik-Uzun, 2012).
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Genisletilmis Ozet

Problem: Harel ve Sowder (2005) ileri matematiksel diisinmeyi tanimlarken, anlama bicimi ve diistinme
bicimi olarak ifade ettikleri iki kavramdan bahsetmektedirler. Anlama bigimini tanimlarken, 6grencilerin
bir terime, ciimleye veya metne ylkledikleri anlam, bir probleme Urettikleri ¢oziim veya bir iddiayi
dogrulamak veya clrttmek icin kullandiklari gerekcelere vurgu yapan arastirmacilar, dgrencilerin bu
eylemlerin altinda yatan -Ortlik veya acgik- genel fikirlerini ise disinme bigimleri olarak ifade
etmektedirler. Buradan hareketle bir 6grencinin belli bir matematiksel duruma 6zgi olarak yaptigi akil
ylUritmeleri anlama bicimini, benzer nitelikteki bircok durumda kullanilan akil ylritmelerinin ise
disiinme bicimi resmedebilecegini duslinebiliriz (Celik, 2016). Harel ve Sowder (2005) 6gretmenlerin
genellikle anlama yollarina odaklandiklarini; ancak dgrencilerin sahip oldugu bu anlama yollarinin, etkili
distiinme yollari olusturmalarina yardimci olma hedefini gézden kagirdiklarini ifade etmislerdir. Bu
nedenle 6grencilerin anlama ve distinme bicimlerini ortaya koymak énemlidir. Ote yandan dgrencilerin
anlama bicimlerini resmetmek ve bu sayede diisinme bicimlerini ortaya koyabilmek; dgrencilerin yapmis
oldugu etkinlikleri gozlemlemek, problem durumlarini nasil analiz ettiklerini ve hangi bilgileri kullanarak
¢6zlm Urettiklerini tespit etmek ile mimkindur. Bu baglamda calisma 6grencilerin matematiksel bilgiyi
nasil yapilandirdiklari, farkli konulardaki benzer diisiinme bicimlerinin neler oldugu sorularina cevap
bulma amaci tasimaktadir. Bu calismada ogrencilerin matematiksel anlayislarini ortaya koymak icin
ogrenciler farkli konularda problemlerle karsi karsiya getirilmis, problemleri ¢ozerken kullandiklari her
tlrld bilgi belirlenerek bu bilgiler siniflandiriimistir. Bu siiregte cK¢ teorsinin anlayis asamasinin
kullanilmasinin uygun olacagina karar verilmistir. Nitekim égrencilerin problemleri ¢cdzerken kullandiklari
bilgiler (operatorler) anlama bigimlerini, bu bilgilerden benzer olanlarin siniflandiriimasiyla olusan
anlayislarin ise onlarin diisinme bicimlerini belirmemizi saglayacagi distinilmektedir.

Bireyin bilgiyi yapilandirmasi, yeni karsilasilan her kavramda ¢ok kiiciik yaslardan bagslayarak ileri
seviyelere kadar devam etmektedir. Sinif 6gretmenlerinin her bireyin hayatinda 6zel bir yeri ve gelecegi
sekillendirmede 6nemli bir misyonu oldugu kabul edilmektedir. Hizmete baslamadan &énce bu
ogretmenlerin de bilgiyi nasil yapilandirdiklarinin ortaya koyulabilmesi, matematiksel anlayislarinin
belirlenmesi gerekmektedir. Nitekim egitim 6gretim strecinin ilk kademesi olmasi nedeniyle 6grencinin
model olarak aldigi sinif 6gretmenlerinin niteligi son derece énemlidir. Ancak Toluk Ucar (2011), yapilan
bircok arastirmada 6gretmen adaylarinin matematiksel anlayislarinin ilkokul diizeyinde 6gretim
yapabilmeleri icin yetersiz oldugunun vurgulandigini belirtmistir. Ogretmen adaylarinin matematiksel
anlayislarinin  gelismesinde 6grenim hayatlari boyunca aldiklari matematik derslerinin  6nemi
distnuldigiinde, bu anlayislarin ortaya cikarilabilmesi icin bu derslerde goérduikleri temel kavramlarin iyi
analiz edilmesi gerekmektedir. Bu baglamda &gretmen adaylarinin matematiksel anlayislarinin
matematigin yapi tasini olusturan Kime, Sayi, Denklem ve Fonksiyon konularinin yardimiyla
resmedilebilecegi dustincesi bu calismanin temelini olusturmaktadir.

CK¢ Teorisi*, Balacheff'in (2000) 6grenme ortamlarini tasarlarken yararlanilacak bir ara¢ olmasi
adina, 6grencilerin “anlamalarini anlamak” icin gelistirildigini bir teoridir. Bu teori “Anlayis (conception)”,
“Bilme (Knowing)” ve “Kavram (Concept)” olarak ifade edilen hiyerarsik ti¢ asamadan olugsmaktadir. Bu
arastirma ogdrencilerin matematiksel anlayislarini ortaya cikarmayr amagladigindan teorinin anlayis
asamasina odaklanilmis olup bu asama asagida kisaca agiklanmistir.

Balacheff (2000) anlayisi grencilerin dogru ya da yanhs kendi 6grenme deneyimlerinin bir Grinl
olarak ifade etmekte ve insan beyninin icinde meydana gelen olaylarla ilgili cok fazla bilgiye sahip
olmadigimizi belirterek, bu konuda gozlemleyebildiklerimizin baslangi¢ noktamizi olusturabilecegi fikrini
onermektedir. Bu baslangi¢ noktasini, 6zelliklerini belirleyebildigimiz bir ortamda meydana gelen bir
etkinlik sirasinda belirlenebilen davranislar olarak tanimlayan Balacheff, bu davranislar yardimiyla ortaya
konulabilecek olan anlayisi asagidaki 4 bilesenle karakterize etmektedir.

Anlayis C;

P: Problemler kiimesi

4 cK¢ kisaltmasi ingilizce Conception, Knowing ve Concept kelimelerinin ilk harflerinden olusmaktadir. ilk ve son kelimelerin bas harfleri ayn
oldugundan karismalarini 6nlemek igin ikinci ¢ harfinin Gzerine bir kesme isareti konulmustur.

E-Uluslararast Egitim Arastirmalart Dergisi ISSN: 1309-6265, Cilt: 14, No: 1, ss. 71-95 .

87




. E-International Journal of Educational Research ISSN: 1309-6265 Vol: 14, No: 1, pp. 71-95

R: Operatorler kiimesi

L: Gosterim sistemi

2: Kontrol bilgisi

olmak tzere C(P, R, L, X) dortlGsi ile tanimlanmaktadir.

P problemler kiimesi; anlayisin uygulama alanidir (Balacheff, 2000; Balacheff ve Gaudin, 2002).
Baska bir ifadeyle anlayisin anlamli oldugu problemler kiimesi olarak tanimlanabilir. Bir 6rnekle ifade
etmek gerekirse, “ondalik sayilar toplanirken virgllden 6nceki ve sonraki sayilar ayri ayri toplanir ve virgul
ile ayrihr” anlayisinin uygulama alani ondalik kesir sayilariyla ilgili toplama islemini gerektiren sorulardir.
Bu durumda bu anlayisin problemler kiimesi, ondalik sayilarla toplama isleminin yapildigr butiin
problemleri kapsamaktadir. Operatorler kiimesi R ise P'deki problemleri ¢6zime kavusturmak icin
kullanilan islemler, kurallar, teoremler (Webber, 2004), baska bir ifadeyle ¢oziime ulasmak icin
ogrencilerin kullandidi her tiirlU bilgi olarak distndlebilir. Operatorler islemin dogrudan yapilmasina izin
verecek sekilde “somut” olabilecegi gibi dilbilimsel, sembolik ya da grafiksel temsillere déniisiimiine izin
verecek sekilde “soyut” olabilirler (Balacheff ve Gaudin; 2002). Operatérler, 6grencilerin gergeklestirdigi
¢6ziimde yer almaktadir. O halde 6grenciler bir dizi operatdr kullanarak ¢oziimlerini gerceklestirirler
(Webber, Pesty ve Balacheff, 2002).

Operatorler genellikle "Eger, ....ise....dir" kalibi ile ifade edilirler. “(Eger) f: R—R fonksiyonunda v
x€R icin f (x) =x ise f fonksiyonu birim fonksiyondur” ifadesi operatdre 6rnek verilebilir. Anlayisin Gglinci
bileseni gosterim sistemi olarak isimlendirilen L; P problemler kiimesi ve R operatorler kiimesinde
kullanilan her tarli grafik, sembol, simge vb. gosterimlerden olusmaktadir. Diger bir ifadeyle
problemlerin ifade edilmesi ve ¢ozilmesinde gerekli ihtiyaci karsilayan, operatérlerin kullanimina izin
veren, cebirsel dil, geometrik ¢izim, dogal dil, vb. gosterim sistemleri L kiimesini olusturur (Balacheff ve
Gaudin; 2002). Anlayisin son bilegeni ise; islemlerin dogrulugunu denetleyen kontrol bilgileri (Z) olarak
ifade edilebilir. Secim yapmak, karar almak ve yargida bulunmak igin gerekli biitiin araclar bu bileseni
olusturmaktadir (Balacheff ve Gaudin; 2002). Ogrenciler problem c¢dzerken kullanacaklari islemleri
secerler, yaptiklari eylemlerin gecerligini denetlerler ve sonuca ulasirlar. iste bu tic asamanin her biri
kontrol bilgilerinin rehberliginde gerceklesmektedir (Webber, Pesty ve Balacheff, 2002). Bu boyut,
problemi ¢dzmek icin kullanilacak islemlerin uygun olup olmadigina, verilen problemin ¢6zillp
¢Ozllemeyecegine karar vermeyi ya da bir matematiksel kavramin anlasiimasinda rol oynayan en can
alici 6gelerin farkina varmayi saglayan kriterlerin uygulandidi bir boyut olmasina karsin gogu zaman Usti
kapali birakilmistir (Balacheff, Gaudin; 2002). Bu duruma neden olarak, kontrol bilgilerinin 6grencilerin
¢dzlimlerinde gizli oldugu ve &grencilerin de bunlarn ¢odu zaman farkinda olmadan kullandiklar
duslincesi gosterilebilir.

Balacheff (2000)'in 6grencilerin “anlamalarini anlamak” icin 6grenme ortamlarini tasarlarken
yararlanilacak bir arac olarak gelistirdigi cK¢ Teorisini agiklandigi sekilde karakterize edilen anlayis
asamasl, bu calismada Ogretmen adaylarinin matematiksel anlayislarini belirlemede ara¢ olarak
kullanilmistir. Farkli matematik konularinda sorulan sorular belirlenen anlayislarin problem kiimesini,
adaylarin bu sorulari ¢zerken kullandiklari bilgiler operatérlerini olusturmustur. Birgok teori 6grencilerin
zihinlerinde bilginin nasil olustugu sorusuna cevap ararken kavramlarin olusumuna odaklanmistir. Ancak
bu calisma, 6grencilerin konulardan bagimsiz olarak genel matematiksel diisinme bigimlerini ortaya
koymayi amacladigindan bu amaca ulasmak icin teorinin yaygin kullaniminin disina ¢ikilmasi glindeme
gelmistir. Bu baglamda cK¢ Teorisinin anlayis asamasinin kavram odagindan siyrilarak kullanilabilecegi
dustunilmustir.  Ogrencilerin - kullandiklari  operatérler anlama  bicimlerini, bu operatérlerin
siniflandiriimasiyla elde edilen anlayislarin diisiinme bicimlerini ortaya koyacagi disiincesi ile hareket
edilmistir. Bu baglamda adaylarinin temel matematiksel bilgilerini cK¢ teorisinin anlayis modeline gére
inceleyerek, bu model 1si§inda onlarin sahip olduklari matematiksel anlayislari belirleme amaci tasiyan
arastirmada 6gretmen adaylarinin konulardan bagimsiz olan genel matematiksel anlayislari nelerdir?”
seklinde yapilandirilan probleme cevap aranmistir.

Yéntem: Ogretmen adaylarinin anlayislari dogal ortamda gercekci ve bitincil bir bicimde ortaya
konulmaya calsildigindan (Yildinm ve Simsek, 2008) calisma dogasi geregi nitel bir calismadir. Ayrica
arastirilmak istenen problemin var olan durumunu kendi kosullari icerisinde ve oldugu gibi inceleme ve
ilerisi icin yordama sansi dogurdugu icin betimsel nitelik tasimaktadir (Karasar, 2009).
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_ Temel Matematik konularinin
taranmasi

Sorularin Hazirlanmasi

Kiime-sayi-denklem-fonksiyon

ogrencilerin
belirlenmesi

Miilakat yapllacak.
\

Ogrencilerin sorulari ¢ozerken
kullandiklari hatali ve dogru
operatoérlerin belirlenmesi

Secilen 6grencilerle
miilakatlarin

yiiriitiilmesi _ Farkl konulardaki iligkili
operatorlerin bir arada toplanmasi
uzman

goriisiine

) o - . . sunulmasi
Transkriptlerinin Anlayislarin belirlenmesi

yapilmasi

Miilakatlarin

Sema 1. Arastirma sureci

Calisma, Dogu Karadeniz Bélgesi'ndeki bir niversitede &grenim géren, Sinif Ogretmenligi
Programi birinci sinifina kayith 61 6grenci ile ylrittlmuastir. Problem kimesinin belirlenmesinden,
anlayislarin siniflandiriimasina kadar gecen stire¢ Sema 1'de verilmistir.

Arastirmanin verileri yazili sinavlar ve 6grencilerle yapilan klinik milakatlar yardimiyla toplanmistir.
Yazilh sinavlar ilk 3'G glz doneminde 2'si bahar déneminde olmak Uzere toplam 5 oturumda
gerceklestirilmistir. Sinavlarin igerikleri ile toplam soru sayilari su sekildedir: Kimeler (Kimelerle islemler,
kiime problemleri) 12 soru; Sayilar (Dogal Sayilar, Tam Sayilar, Rasyonel Sayilar, Reel sayilar, Usli ve Kokli
Sayilar) 18 soru; Denklemler (Cebirsel ifadeler, Carpanlara Ayirma, Birinci Dereceden Denklemler) 7 soru;
Fonksiyonlar (Fonksiyon olma sartlari, tanim-deger kiimesi, ters fonksiyon, bileske fonksiyon, parabol)
11 soru.

Sema 1 de gorildigu gibi sinavlarin uygulamasinin ardindan sinav kagitlarinin ilk analizi yapilmisg
ve dgrencilerin sorular ¢dzerken kullandiklar operatorler ve es zamanli olarak da miilakat yapilacak
ogrenciler belirlenmistir. Daha sonra 6gretmen adaylarinin sahip olduklari anlayislari belirleyebilmek igin
her 6grencinin tim sorulara verdigi cevaplarin detayli analizi yapilarak, ¢6ziim sirasinda kullanilan
operatorler belirlenmis, elde edilen operatorler 6grencilerle yapilan miilakat verileri ile desteklenerek
ilgili konuda sorulan sorularin analizi boyunca siralanmistir.mHer bir konuya ait olarak anlatilan sekilde
belirlenen operatorlerden benzer olanlar siniflandirilarak st bir bashk altinda kodlanmistir. Bu st
basliklar ayni zamanda 6grencilerin sahip olduklari anlayislar olarak belirlenmistir.

Calismada operatorler, iki farkl sekilde gosterilmistir: Ri41 ve R'q10. Dogru oldugu halde hatali
olarak kullanilabilen operatorler icin ayrica bir gdsterim belirlenmemis, bu durum; ‘operator hatali
kullanilmistir' seklinde belirtilmistir. Ornegin, R41 (Karekdkten kurtarmak icin kare alma) operatériinin
sayllar konusunda belirlenen 41. operator oldugu, aksi belirtiimedikce dogru olarak kullanildigi
anlasiimaktadir. Eger operator yanlis kullanilmigsa bu durum ayrica belirtilmistir.
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Diger yandan denklemler konusuna ait onuncu operatér olan R°410 (ax+b=y cebirsel ifadesi
dizlemde bir dortgen belirtir) her zaman hatali olarak kullanilan bir operatérdir ve Ust indiste yer alan
"—" semboli, her zaman hatali oldugunu belirtmektedir.

Bir operatorin farkli konularda goérilmesi durumda ise operatér bulundugu konuya goére
indislenmis ancak operatoriin agiklamasi (ifadesi) miimkin oldugunca korunmaya cahisilmistir:

R°423: Istenene ulasirken verilenlerden bazilarini ihmal etme

R4 istenene ulasirken verilenlerden bazilarini ihmal etme

Veri analizi sirecinin okuyucu tarafindan iyi anlasiimasi calismanin da anlasilmasi acisindan dnem
tagimaktadir. Bu nedenle bir drnekle aciklamak uygun olacaktir. 034 kodlu égrencinin kiimeler konusu
ile ilgili olarak sorulan Uglincu soruya verdigi cevabin analizi ve kendisi ile yapilan milakat verilerinin bu
analizi destekleyici olarak kullanilmasina iliskin bir 6rnek segilmistir.

Sx1:AnB cAnC= BcC olup olmadigini Venn semasiyla ve tanimlari kullanarak gosteriniz.

Oncelikle 6grencinin yapmis oldugu her adim incelenmis ve A kiimesinin her iki ifadede ortak
oldugunu fark edip, bu kiimenin parantezine aldigi yani kesisim igleminin alt kiime Uzerine dagiima
dzelligi oldugu bilgisini kullanarak soruyu ¢6zdiigi distinilmistir. Ogrenci ile sinavdan sonra ¢cdziimi
ile ilgili olarak yapilan ve asagida verilen milakat verileri de bu durumu destekler nitelikte oldugundan
ogrencinin; kesisim igleminin, alt kiime lzerine dagiima 6zeligi oldugunu disiinerek ANBc ANC
ifadesini An (B c C) seklinde diizenledigi ve bu duruma uygun operator ise; R«6= A, B ve C kiimeleri
icin (AnB) c (AnC) =An (B c C) dir, olarak belirlenmistir. Ogrenci ile arastirmaci arasinda gecen
diyalog asagidaki gibidir.

£ (R

DA el = 3 g e
M Y N m e T o e T e e O
T o= f\{xégﬁc)

e I T N A Y el
Wem By (B ) e w2 W RO SR

P 2, o e =

Sekil 1. O45'in S¢1'e verdigi cevap

045: Bunlari; AnB ifadesini actim. Ayri ayri An B seklinde actim. Bunu da A n C seklinde actim.
Zaten burada alt kiimesi falan demis ya

A: Evet.

045: Sonra bunlari hepsinde x€A ortak oldugu icin o sekilde yazdim.
A: O zaman sen x€A parantezine aldin. Ama sonra bu birdenbire BNC mi oldu yoksa BcC mi
yazacaktin?
045: Aslinda BNC olmaz. Ciinkii X€A yi ortak alirsam burayl BcC yapmam gerekiyordu.
A: Yani sonug olarak; kesisim isleminin alt kiime Uzerinde dagilma 6zelligi vardir bilgisini
kullandigini séyliyorsun.
045: Evet.

O halde 6grencinin kullandigi operator, R'«6= A, B ve C kiimeleriicin (ANB) c (ANC)=An (B c
C) dir bilgisidir. Bu bilginin bu sorunun ¢6ziimiinde 6grenciyi hata yapmaya gotirdigi aciktir ancak
ogrencilerin 6nceki 6grenmeleri dustnildiginde zihninde yerlesen bu “kesisim isleminin, alt kiime
Uzerine dagilma 6zeligi oldugunu bilgisinin, her zaman dogru sonug veren “kiimelerle kesisim isleminin
birlesme islemi Uzerine dagilma 6zelligi vardir” bilgisinden hareketle dagilma 6zeligini alt kiimeye
transfer edilmesi durumu disitiniimektedir. Bu nedenle bu operator, bilgi transferi anlayisinin bir
operatoru olarak siniflandiriimustir.

Klinik milakatlardan elde edilen nitel veriler betimsel olarak analiz edilmistir. Sinavlarin sonunda
gerceklestirilen klinik miulakatlar transkript haline getirilerek 6grencilerin kullandiklari operatorleri
desteklemek icin kullanilmistir. Her bir mulakat 6ncelikle yaziya dokilmis, daha sonra 6grencilerin sinav
kagitlarinin incelenmesi ile kullandiklari belirlenen operatorleri destekleyecek ifadeler ayiklanmistir. Bu
dogrudan alintilara bulgular kisminda, ilgili operatori desteklemek, okuyucuya gercekgi bir resim
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sunmak, kendi yorumlarini yapma ve bazi ¢ikarimlarda bulunabilme firsati vermesi bakimindan (Yildirim
ve Simsek, 2009) yer verilmistir.

Galismada gtivenirligi artirmak icin (¢ uzmandan goris alinmistir. Bu uzmanlardan biri ile gerek
ogrencilerin ¢dzimlerinden ve onlarla yapilan klinik milakat verilerinden hareketle kullandiklari
belirlenen operatorler, gésterimler ve kontrol bilgileri gerekse farkli konulardaki benzer operatorlerin
siniflanmasiyla elde edilen anlayislar olusturulurken etraflica tartisilmistir. Ogrencilerin anlayislarini
belirleyene kadar gecgen veri analizi siireci oldukga zaman alici ve yorucu bir siire¢ oldugundan diger iki
uzmandan anlayislar olusturulduktan sonra goris (onay) alinmistir. Ayrica veri analizi slirecinde zaman
cesitlemesi yapilmistir. Elde edilen veriler arastirmaci tarafindan belli zaman araliklarinda tekrar tekrar
incelenerek son haline getirilmis ve bulgularda sunulmustur.

Bu calisma daha genis kapsamli bir calismanin sinirli sonuclarini sunmaktadir. Sinif 6gretmeni
adaylarinin, farkli konular kapsaminda sorulan sorularda kullandiklari operatérlerin siniflandirilmasiyla
sahip olduklari bircok anlayis belirlenmistir (Calik Uzun, 2012). Mevcut calisma ise bu anlayislardan “bilgi
transferi anlayisi” ile sinirlandiriimistir.

Sonuglar; Calismada o6gretmen adaylarinin genel matematiksel anlayislarini belirlemek amaciyla
hazirlanan sinavlar uygulandiktan sonra, sinav kagitlarinin detayli incelemesi yapilmistir. inceleme
sirasinda belirlenen operatdrlerden ilgili olanlar bir araya getirilerek 6grencilerin genel matematiksel
anlayislarina ulasilmistir. Bir problem durumunda dogru olarak sonug veren bir bilginin baska bir problem
durumunda kullanilmasini iceren operatdrlerin siniflanmasiyla olusturan bilgi transferi anlayisinin
operatdrleri Tablo 1'de verilmistir.

Herhangi bir durumda onlari dogru sonuca gétiren bir bilginin baska durumlarda da dogru sonug
verecedini distinen 6grencilerin bilgi transferi anlayisina sahip olduklari distnilmektedir. Tablo1
incelendiginde bu anlayisi olusturan operatorlerin cogunlukla hatal oldugu gorilmektedir. Bu durum
bize dgrencilerin, bir bilgiyi kullanirken bu bilginin kullanilabildigi her kosulda onlari dogru sonuca
gotirecegini disiinerek hata yaptiklarin géstermektedir. Ote yandan bu anlayisa sahip olan 8grencilerin,
bilgiyi transfer etme egiliminde olduklari icin karsilastiklari problemde ¢ikmaza dustikleri zaman bu
transferi dogru olarak gergeklestirerek bu ¢ikmazdan kurtulabildikleri de belirlenmistir.

Anlayisi olusturan operatorlere bakildiginda (Bkz. Tablo 1) 6grencilerin “"kiimelerle kesisim ve
birlesim islemlerinin birbiri Gzerine dagilma 6zelligi veya birlesme 6zelligi oldugu” bilgisini kiimelerle fark
islemi icin kullanarak (R«9, R«16), yapmis olduklari bilgi transferi ile “klimelerle fark isleminin birlesme
islemi Uzerine dagilma &zelligi vardir veya kiimelerle fark isleminin birlesme 6zelligi vardir” bilgilerini
kullandiklari séylenebilir. Yine ayni dogru bilgiyi kullanarak “kesisim isleminin alt kime tzerine dagiima
ozelligi vardir (R'6)" bilgisine ulastiklari gérilmektedir. Benzer durum fonksiyonlar konusundaki bileske
isleminde de karsimiza cikmistir. Ogrenciler bileske islemini toplama islemi (zerine dagitarak
flo[(f(x) + g)] = f 1o f(x) + f o g(x) (R132) esitligini kullanmislardir. Burada 6grencilerin bileske
isleminin soldan dagilma 6zelligini fonksiyonlar arasinda toplami islemi varken de uygulamis olmalari
bilgiyi transfer ederken hata yaptiklarini gdstermektedir. Tim bu hatali transferler 6grencilerin yanls
sonu¢ bulmalarina neden olmustur.

Ogrencilerin farkli durumlara transfer ettigi diger bir bilgi carpma islemi ile ilgilidir. Rasyonel
sayllarla ¢carpma isleminin kurali ilkdgretim ilk kademeden itibaren dgrenciler tarafindan kullaniimaktadir.
Payda bulunan sayilarin carpilarak, carpimin payina; paydada bulunan sayilarin carpilarak ¢arpimin
paydasina yazilmasi seklinde ifade edilen bu kural 6grenciler tarafindan toplama islemi icin de

. . v . .. a_¢ axc . . a C at+c
kullanilabilmektedir. Bu durumda 6grencilerin 5 X3 = oxd seklindeki kurali st 31T v

dogru kabul ederek sorularin ¢6ztimlerinde kullanmis olmalari yaptiklari bilgi transferini gozler 6niine

esitligi icin de

sermektedir. Yujing ve Zhou (2005) calismalarinda bazi 6grencilerin %+§ toplamini % olarak

yazdiklarini, dolayisiyla yukarida verilen kurali dogru kabul ettiklerini ifade etmislerdir.
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Tablo 1. Bilgi transferi anlayisinin operatérleri

BILGI TRANSFERI ANLAYISI OPERATORLERI

Operatdr simgesi  Operatoriin Agiklamasi

R«6 A, B ve C herhangi ii¢ kime ise (AN B) € (AN C)=AnNn (B c C) dir.

R«9 A, B ve C herhangi iig kime ise (A\B)U(A\C)= A\(BUC) dir.

R«11 A ve B herhangi iki kiime ise (A'/B") = (A/B)’ dir.

R«16 A, B ve C herhangi iig kiime ise (A\B\C) = (A\B)\C dir.

R«18 Kiimelerle fark islemini, tam sayilarla gikarma iglemi olarak diiglinme

R«24 A ve B herhangi iki kiime ise s(A" U B") =s(A") + s(B") dir.

R+3 242 = i _

R4 %+§=xve%+§=yiseE%gvez+£=§dir.

R-9 §+§=t:§+§=%dir.

Rs10 (atb)n=an+ bn dir,

Rs11 Tam sayilarla bolme isleminin toplama islemi (izerine dagiima 6zeligi vardir, yanix, y, z € Zise (x : y) + (x: z) =tise x: (y + z) = t dir.
Rs20 a.xMh.yn=(x.y)n.(a+b)dir.

Rs23 xy,a€Zx—aly = x|ly+a dr.

R's25 a,b,x€ R, a<b-x<cisea<b-c<xdir.

R-s26 - = cise —¢ < <c yazlabilir.

Rs28 a.xn.b.x"=(a+b).xn dir.

Rs32 Logaritmadan faydalanma

R.33 ac =2 dr.

R34 (a“.bam = (a.b™)™ = a.b™™ di.

R43 Vva+vb=+va+b dir

Rs47 ¢ € Z olmak Uzere% = E dir.

R420 (x1, y1) Ve (X2, y2) seklinde iki noktasi bilinen dogrunun denklemi % = % dir.

Rq21 (x1, y1) seklinde bir noktasi ve egimi bilinen dogrunun denklemi y — y; = m(x — x,) dir.
R'6 Bir g bagintisinin grafigi x ve y eksenlerini kesiyorsa o baginti fonksiyon belirtir.

R+15 f: R\{a}— R\{b} tanimli bir fonksiyon ise limf(x)=a dir ve b fonksiyonun paydasini sifir yapar.
R+18 Bir f fonksiyonu birebir ve orten ise f(x)=f-'(x) dir.

R+21 f: A—B bir fonksiyon olmak iizeref o g, f ve g arasinda aritmetik islemler yardimiyla tanimlanir.
Ri22 f: R=R, fonksiyonu igin f'(xo)=0 olmak tizere (xo, f'(Xo)) fonksiyonun maksimum noktasidir.
R+32 f~1o[(f(x) + g(x)] = f 1o f(x) + 1o g(x) dir.

Bu anlayisa sahip olan 6grenciler bilgiyi transfer etme egiliminde olduklari icin karsilastiklar
problemde ¢ikmaza distikleri zaman bu transferi dogru olarak gergeklestirerek bu ¢ikmazdan
kurtulabilmektedirler. Ornegin; R420 (bkz. Tablo 1) operatériini kullanan dgrencilerin soruyu cézmeye
calismalari dogru bilgi transferi yaptiklari anlami tasiyabilir. Benzer sekilde Rq21 ve R22 operatorleri
dogru bilgi transferine drnek olarak verilebilir. Bu sayillan dogru operatdrler, bilgi transferi anlayisini,
Graeber ve Johnson (1991) (Akt, Zembat 2008; s.43) ve Ryan ve Williams (2007) tarafindan
kategorilendirilen kavram yanilgisi tlrlerinden biri olan ve asiri genellemeden ayiran 6zellik olarak
verilebilir.

Galismanin bulgularindan hareketle ulasilan sonuglardan bir digeri oldukga dikkat ¢ekicidir. Bilgi
transferi anlayisina sahip olan 6grencilerin hatali transfer yaptiklarinda bu transferi neden yaptiklarina
yonelik olarak kullandiklari kontrol bilgilerinin farkinda olduklari ve/veya bu bilgilerin goézlemci
tarafindan belirlenebildigi sdylenebilir. Bu sonug Balacheff'in anlayis kavramini tanimlarken vurgulamaya
calistigi, 6grencilerinin ¢6zimlerinde tamamiyla hatali davrandiklari iddiasinda bulunmanin gergekgi
olmayacagi dustincesi ile ortismektedir. Belirlenen operatorler ve kontrol bilgileri incelendiginde
ogrencilerin kullandiklari operatérlerin daha dnceden karsilasilan farkli konu alanlarindaki problemlerde
etkili oldugunu deneyimledikleri icin bu bilgileri karsilastiklari yeni problemleri ¢c6zmek icin segtikleri
sonucuna ulasilmaktadir. Bu durumda anlayisin kontrol bilgisi bileseninin 6grencilerin hatali operatorler
kullanmasina sebep oldugu sdylenebilir.

Elde edilen bulgulardan hareketle bilgi transeri anlayisini olusturan bilesenlerin agiklamalari Tablo
2'de verilmistir.
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Tablo 2. Bilgi transferi anlayisinin bilesenlerinin agiklamasi

z Problem (P) Operator (R) Gosterim (L) [\!Iuhtemel Kontrol
‘5‘; Onermeleri (X)
= Daha 6nceden karsilasilan farklh Daha dnceden karsilasilan Anlayisin iliskili Anlayisin iliskili
-: konu alanlarindaki problemlerde farkli konu alanlarindaki oldugu problem, oldugu problemleri
#3 etkili oldugu deneyimlenen ve problemlerde etkili oldugu ¢6zim, operator vb. ¢ozerken yapilan tim
§ karsi karsiya kalinan yeni deneyimlenen ve karsl durumlarda islem basamaklarini
s problemlerde de kullanish olacagi karsiya kalinan yeni kullanilabilecek her dogrulamak igin ise
g disunilen bilginin kullanilabilecegi | problemlerde de kullanigli tlrll sayi, sembol, kosulan bilgi

tirde sorular olacagi disunilen bilgi isaret, ifade vb.

Oneriler; bu arastirmada sinif gretmeni adaylarinin genel matematiksel anlayislarindan bilgi transferi
anlayisinin alanyazina kazandirilma sireci ele alinmistir. Bu anlayisa ulasilirken problem durumlarindan
yararlanilmistir. Ogretmenler de arastirmacinin izledigi yola benzer bir yol izleyebilir, Baki'nin (1998) de
belirttigi gibi 6grencilerinin yazili kagitlarini okurken ya da &devlerini degerlendirirken sadece not
vermek icin degil, dgrencinin eksiklerini, yanilgilarini belirlemek, ¢6zimi gerceklestirirken kullandiklari
bilgilerin anlamli bir yonini bulmaya calisarak degerlendirebilirler. Bir problemin ¢ézimi veya bir
islemin yiritilmesi 6grencinin mantigina, dnceki birikimlerine, kendi matematiksel diislincesine uygun
disebilir ve 6grenci yaptiklarinin matematiksel gecerliliginin olmadigini da bilmeyebilir (Baki, 1998). Bu
durumda ogrencilerin ¢6ziim stratejilerine yansiyan bu bilgileri veya anlayislari ortaya konulmalidir.
Confrey (1990)'e gore, eger biz bir 6grencinin verdigi yanhs bir cevapta dikkatlice bir anlayis ararsak, o
cevabin mantikh tarafini kesfedebiliriz (Akt. Webber, 2004). O halde 6grencilerin bir soruyu nasil ¢czmeye
calistigi anlasilabilirse, onlarin matematigi daha iyi anlamalarina yardimci olunabilecegi fikri glindeme
gelmektedir (Aydin, 2008). Niss'e gore; eger dgrencilerin matematigi 6grenme yollarini ve bu yollar
tikayan engelleri anlayabilirsek matematik bilgisinin nasil Uretildigini, nasil hafizaya alindigini ve nasil
kullanildigini daha iyi anlayabiliriz (Niss, 1999). Boylece 6grencilerin davranislarini modelleyebilir ve
ilerideki 6grenmeleri igin fikir sahibi olabiliriz. Bu calismanin 6gretmenlerin, 6grencilerin konulardan
bagimsiz olarak matematiksel bilgilerini kurarken sahip olduklari anlama ve diistinme bicimlerini farkinda
olarak 6grenme ortamlarini tasarlamalarina yardimci olacagi disiniilmektedir.

Arastirma sonucunda belirlenen anlayisi olusturan operatorlerin listesi 6gretenlere ¢ok uzun
gelebilir; ancak burada onemli olan bu operatorlerin olusturdugu anlayislarin ne ifade ettiginin
anlasiimasidir. Ote yandan 6gretmenler bu operatérlerden farkli operatérler bulabilir ve bu operatérlerin
bu anlayislardan hangisi ya da hangileri iginde yer alacagina karar verebilirler. Bu sayede bu operatorleri
kullanan 6grencilerinin ortaya ¢ikarilan bu anlayislardan hangisi ya da hangilerini gelistirdiklerini
belirleyebilirler. Bdylece derslerini planlarken veya 6grenme ortamlarini tasarlarken bu calismada ortaya
¢tkan ve kendi 6grencilerinde de olusmasi muhtemel anlayislardan yararlanarak, daha anlamli
ogrenmelerin gerceklesmesine firsat verebilirler. Ayrica 6gretmenler 6lgme-degerlendirme sirecini
belirlenen bu anlayislar yardimiyla daha etkili bir sekilde tamamlayabilirler. Anlayislar hakkinda
distinmek matematik egitimi arastirmacilarina 6grencilerin bilgilerini bicimlendirmede yardimci olurken,
ogrencilere ne tir sorular sormalari gerektigine dair bakis agisi kazanmalarinda rehber olmaktadir
(Webber, Pesty ve Balacheff, 2002). Bu diistinceyle dgrencilerini dlgmek icin bu anlayislar dogrultusunda
hazirlayacaklari sinavlari yine bu anlayislar dogrultusunda degerlendirerek 6grencilerinde olusan
anlayislari belirleyebilirler.
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