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Abstract: This study analyzed the prospective teachers’ noticing of students’ mathematical thinking. In the
analysis of their skills of noticing, the main consideration was the details that the teachers attended to, the way
that they interpreted students’ mathematical understanding and the practices that they would perform to support
students’ mathematical understanding. The study employed a descriptive research model, which is one of the
qualitative research methods. It was carried out with a total of 27 senior prospective middle school mathematics
teachers in in a state university in the 2015-2016 academic year. In the data collection process, the prospective
teachers were asked to analyze the 7th grade students’ solutions. Prospective teachers examined these solutions
within the framework of the questions in relation to the subskills of attending to, interpreting, and deciding on
the next step, which were identified by Jacobs et al. (2010) regarding the skill of noticing students’ mathematical
thinking. The data analysis was conducted using the framework developed by Jacobs et al. as well. The study
concluded that the prospective teachers were relatively better at the dimension of attending to than the dimension
of interpreting and deciding on. Further, it was found that the prospective teachers overlooked the noteworthy
mathematical details in the strategies of the students and focused on the operations performed by the students
and that their interpretations did not indicate the students’ mathematical understanding. Moreover, the study
revealed that the prospective teachers tended to come up with practice-based ideas and to use their own
instructional knowledge rather than the students’ thinking in the dimension of deciding on the next step in their
teaching.
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Oz: Bu aragtirmada Ogretmen adaylarmin, oOgrencilerin matematiksel diistincelerini fark etme becerileri
incelenmistir. Adaylarin farkindalik becerileri bir 6grencinin cevabini incelerken, neye ve hangi detaylara dikkat
ettikleri, 6grencilerin matematiksel anlamalarini nasil yorumladiklar1 ve 6grencilerin matematiksel anlamalarini
desteklemek i¢in neler yapabilecekleri cercevesinde incelenmistir. Arastirma, bir devlet {iniversitesinde 4. sinifta
Ogrenimine devam eden 27 ortaokul matematik 6gretmeni aday: ile yiiriitilmiistiir. Veri toplama siirecinde,
adaylar 7. smf Ggrencilerine ait problem ¢oziimlerini, Jacobs ve arkadaslari (2010) tarafindan gelistirilen
6grencilerin matematiksel diisiincelerini fark etmeye yonelik dikkat etme, yorumlama ve bir sonraki adima karar
verme becerileri ile iliskili olan sorular dogrultusunda incelemislerdir. Verilerin analizi yine Jacobs ve
arkadaslar1 tarafindan gelistirilen analiz semasma gore yapilmistir. Elde edilen bulgulara gore 6gretmen
adaylarmin dikkat etme becerisinin yorumlama ve karar verme becerisine gore nispeten daha iyi oldugu
sonucuna ulagilmistir. Bununla birlikte adaylarin, 6grencilerin stratejilerindeki dnemli matematiksel detaylar
g0z ardi ederek daha ¢ok Ogrencilerin yapmis oldugu islemlere dikkat ettigi ve yorumlarinda &grencilerin
matematiksel anlayisimi yansitmadig tespit edilmistir. Ayrica, adaylarinin 6gretime iliskin bir sonraki adimda
yapacag etkinlige karar verme siirecinde, uygulama odakl: diistindiikleri ve 6grencilerin diistincelerinden ziyade
kendi 6gretim bilgilerini kullanma egiliminde olduklar1 gézlenmistir.

Anahtar Kelimeler: Fark etme, Ogrencilerin matematiksel diisiinceleri, Ogretmen aday1

Tiirkge siirtim i¢in tiklayiniz

1. Introduction

Studies on mathematics education have revealed that teachers can improve their teaching practices when they
focus on student thinking (Kazemi & Franke, 2004; Lin, 2006; Steinberg, Empson & Carpenter, 2004).
Analyzing student thinking serves as an important means for teachers to make more informed decisions and
develop their practices (Crespo, 2000). Also, NCTM (2000) emphasizes that observing students and listening to
their explanations and reflections, all this information, are essential in making instructional decisions for an
effective learning. Therefore, paying attention to student's thinking and taking this into consideration while
making instructional decisions are fundamental components of teaching. In this regard, teachers’ ability to notice
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is a significant part of teaching, particularly in teaching and learning mathematics (Jacobs, Lamp & Philipp,
2010; van Es & Sherin, 2002).

1.1. Noticing

The studies in the context of reform have highlighted the role of the skill of noticing in teaching (van Es &
Sherin, 2002). The skill of noticing has been defined by different researchers, focusing on numerous components
(Jacobs et al., 2010; Mason, 2002; van Es & Sherin, 2002). In broad terms, noting that every act of teaching
depends on noticing, Mason (2002) defines noticing as, “noticing what children are doing, how they respond,
evaluating what is being said or done against expectations and criteria, and considering what might be said or
done next.” (p. 7). Moreover, Goodwin (1994), and Sherin and van Es (2009) named it as “professional vision”
and conceptualized it as the experience of seeing and interpreting what is noteworthy in a complex classroom
environment. From such a point of view, the ability to “interpret” is crucial for the ability to notice. Accordingly,
van Es and Sherin (2002) developed a conceptual framework involving the concept of professional vision in
teaching. This framework assumes that there are three main aspects of noticing in teaching, which are identifying
what is noteworthy in a classroom situation, making connections between the specifics of classroom interactions,
and using what one knows about the context to reason about them. While van Es and Sherin (2002; 2008; 2009)
discussed teachers’ noticing skills in teaching in their conceptual framework, Jacobs, Lamp and Philipp (2010),
in a more specific way, focused on teachers’ noticing of children’s mathematical thinking. They called the
specialization of teachers in this field “professional noticing of children’s mathematical thinking.”

Despite being less concerned about what and how teachers notice in their conceptual framework, Jacobs et al.
(2010) put emphasis on what teachers notice in children’s mathematical thinking. They conceptualized this
specialization on the basis of a set of three interrelated skills, which are attending to children’s strategies,
interpreting children’s understandings, and deciding how to respond based on children’s understandings. Jacobs
et al. reported that the skill of attending to children’s strategies is related to what extent teachers pay attention to
mathematical details of children’s strategies. Here, particular emphasis is placed on the analysis of children’s
strategies. Since any detail in children’s strategies provides an insight into their understanding. Indeed, research
has shown that children’s strategies vary, and the details of these strategies are important (Carpenter, Fennema,
Franke, Levi & Empson, 1999; Carpenter, Franke & Levi, 2003; Lester, 2007). It is further emphasized that the
ability of teachers to see specific details in the strategies employed by the students is as important as the way that
they interpret the mathematical development and reasoning of students by using such details. The third
component of noticing children’s mathematical thinking is regarding how teachers justify their response or
reaction to children’s understanding. In other words, this component involves what teachers have learned from
specific situations regarding a student’s mathematical understanding and how they use what they have learned to
decide on the next step. When all these skills are considered together, it is apparent that professional noticing
expertise involves a complex set of skills related to students' mathematical thinking. The acts of attending to and
interpreting students' mathematical ideas in a real classroom can therefore be challenging for teachers. Also,
prospective teachers have difficulties attending to student’s ideas and their experience of teaching mathematics
in a real classroom environment is limited. It is important to provide prospective teachers with experiences that
can provide exposure to real student thinking and to include related studies in teacher training programs.
Therefore, it is expected that understanding prospective teachers' approaches to noticing students' mathematical
ideas will provide insights into studies that could be conducted in teacher education programs.

1.2. Prospective Mathematics Teachers’ Noticing of Students’ Mathematical Thinking

An overview of the relevant literature has shown that there are numbers of studies analyzing prospective
teachers’ noticing skills in different contexts. While some of such studies (Llinares & Valls, 2010; McDuffie,
Foote, Bolson, Turner, Aguirre, Bartell, Drake & Land, 2014; Osmanoglu, Isiksal & Kog; 2012; Potari,
Psycharis, Kouletsi & Diamantis, 2011; Santagata & Guariono, 2011; Shack, Fisher, Thomas, Eisenherdt, Tassel
& Yader, 2013; Lynch & Perova, 2011; Walkoe, 2014) examined PST’ noticing skills through observation and
video analysis, others (Fernandez, Llinares & Valls, 2012; Fernandez, Llinares & Valls, 2013; Matamoros,
Fernandez, Llinares & WValls; 2013) analyzed PST’ noticing children’s mathematical thinking and its
development in the context of students’ work. One of these studies, which was performed by Fernandez et al.
(2012), investigated the level and the development of 7 prospective mathematics teachers’ noticing skills of
children’s mathematical thinking through an online discussion. Their findings revealed that prospective teachers
focused on operations more than conceptual understanding in students’ answers. Prospective teachers stated that
in the following step, based on the answers of students, they would ask more questions to the students to explain
their solutions or ask them to describe the operations they performed in solving the problems. Fernandez et al.
reported that the poor level of prospective teachers’ noticing skills impacts their instructional decisions as well.

In addition, some of the studies focused on PST’ noticing skills in specific mathematical contents (e.g
proportional reasoning (Fernandez et al. 2013; Son 2013); derivative (Sanchez-Matamoros et al. 2019); pattern
generalization (Callejo & Zapatera 2017; Ozel, Isiksal-Bostan & Tekin-Sitrava; 2022 ); algebra (Walkoe, 2014);
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quadrilaterals (Ulusoy & Cakiroglu; 2021). For example, Fernandez, Llinares and Valls (2013) examined thirty-
nine prospective teachers’ noticing skills of children’s thinking in problem-solving when they analyzed six
students' solutions of different proportional and non-proportional problems. Prospective teachers were asked to
examine these solutions in the context of Jacobs et al.‘s (2010) framework. The findings suggested that
prospective teachers had difficulty in describing students’ mathematical thinking on the transition from additive
reasoning to multiplicative reasoning. The researchers claimed that the reason for this is prospective teachers’
poor subject-matter knowledge of additive and multiplicative situations. However, the ability to identify
mathematical elements of student strategies for additive and multiplicative situations is necessary for interpreting
mathematical thinking of these situations reflected by the solutions. The difficulty prospective teachers have at
this point is indirectly related to their interpretation skills. It was observed that teacher candidates had difficulty
interpreting the answers of students. While prospective teachers were making claims about what and how
students understood and did not understand regarding their mathematical understanding, they focused on
whether or not the students' answers were correct or incorrect and claimed that the correct answers were
evidence of their understanding.

Similarly, the studies on the teacher’s noticing student mathematical thinking in problem solving, reported
that prospective teachers failed to fully identify mathematical elements in the operations performed by students,
due to their lack of knowledge of mathematics (Matamoros vd., 2013; Zapatera & Callejo, 2013) Factors such as
teachers’ knowledge of content, and the knowledge of student thinking, perspectives, and experiences are
components that affect the approach of attending to students' ideas and interpreting the details that they observe.
(Schoenfeld, 2010; Goldsmith & Seago, 20111; Dreher & Kuntze, 2015). Especially, knowledge of student
thinking is particularly important for noticing. PST should use knowledge of how students think as well as
content knowledge in order to justify situations they attend (van Es & Sherin, 2002). Students can have different
learning backgrounds and develop various thinking strategies, so PST need to follow how their mathematical
thinking develops over time (Jacobs, et al., 2010). It is critical in teacher training that prospective teachers need
to have more such experiences (Sherin, Jacobs, & Philipp, 2011; Sims & Walsh, 2009). Accordingly, the
purpose of this study was to examine prospective teachers' approaches to noticing student thinking, with the
expectation that findings could contribute to the improvement of teacher education programs.

2. Method
2.1. Research Model

This study employs a descriptive research model, which is one of the qualitative research methods, as it aims
to reveal the prospective middle school mathematics teachers’ noticing of children’s mathematical thinking.
Since a descriptive research study intends to provide an accurate presentation and description of a given
situation, no change is made to the characteristics to be analyzed in the study (Creswell, 2014). In accordance
with this model, prospective teachers were not intervened, except for the implementation of necessary tools for
data collection while they were analyzing students’ mathematical thinking.

2.2. Participants

The study was performed with a total of 27 senior prospective secondary mathematics teachers in a program
in a state university. Since the study was carried out within the scope of an elective course taught by the first
author, all of the prospective teachers attending the course participated in the study. As all of them participated
in the study, there was no criterion considered in the selection of the sample group, apart from their year of
study. While the study took place, the prospective teachers also had the opportunity to observe a real classroom
environment within the course of school experience. Considering that, it was determined that the study would be
conducted with the senior prospective teachers. Prior to the study, no particular activity on the content of the
study was carried out with the prospective teachers; however, some of the prospective teachers reported that they
were involved in some activities, such as analyzing the answers of students within other courses at their program
of study.

2.3. Data Collection and Data Collection Tools

In the data collection, the prospective teachers were asked to complete an analysis task on the answers of the
7"-grade students, with the purpose of studying their noticing skills. Thus, data collection procedure was
performed in two stages. In the first stage, sample student answers were prepared for the prospective teachers to
examine. Hence, the 7"-grade students in a state school were administered a test with 6 open-ended questions
selected from the PISA test and then it was determined that different student answers for two questions in this
test were to be used. The selected questions were related to space and shape, and a total of 7 student answers (4
answers for the 1% question and 3 answers for the 2™ question) were chosen. One of the solutions selected for the
first question is mathematically correct and three are incorrect. In the second question, one solution is correct and
the other two solutions are mathematically incorrect. Examining different student solutions for the same question
is important in understanding PST’s approaches to noticing students' ideas. The questions used in PISA, on the
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other hand, are questions that have more than one solution and reveal the students’ mathematical ideas.
Therefore, it was decided to use questions from the PISA. The criterion taken into consideration in the selection
of the student answers was that the solutions included as various ways of thinking and different strategies as

possible. The questions are presented in Table 1.

Table 1. The questions asked to students

FERRIS WHEEL

A giant Ferris wheel is on the bank of a fiver. See the picture and diagram below.

Bed of the nver

The Ferris wheel has an extemal diameter of 140 metres and its highest point is 150
metres above the bed of the niver. It rotates in the direction shown by the arrows.

Question 1:

The Ferris wheel rotates at a constant speed. The wheel makes

one full rotation in exactly 40 minutes.

John starts his ride on the Ferris wheel at the boarding point, P.

Where will John be after half an hour?

Question 2:

The letter M in the diagram indicates the
center of the wheel.

How many meters (m) above the bed of the
river is point M?

Regarding the selected student solutions, Table 2 demonstrates the sample solutions of four students.

Table 2. Sample student solutions

Sample student solutions for the 1* question

1. Incorrect solution

5

Uty
] T )
14 ; Lo Al da e
[, A ",\,"n‘ll h e
| = {04k da B S

Yubands verilen doame dolap sabit hurla dinmektedie. Dolap bir tam divmeyi 40 daklkak
tumaentamaktodir. Con'm dinme dolap lzerindeki twry P binls nokissends baghyor, Can yanm sax
soar niereie lcaktr, Cevaliaza nasi bekduganuzo agiklayarak yamm,

s 1ot DR i
Opectiile kae, Jore askle dduiuon bt doe Topla

Qb "oy buliak e b @ ot

As a first step, | determined how many dots there
were. Add. To find 10 minutes, | divided by 4. The
result is the sixth point. All in 40 min. Up to the 6th
dot at the 10th minute. It is Q.

2. Correct solution

1. Asagida bir nehrin yenimda bulunan dinme dolap verilmistir.

o iz

Yukenda verilen donme dolap sabit bizla doomektedir. Dolap bir tan donmeyi 40 dakikada
temamlamakiedir. Can'in donme dolap izerindeki turu P binig noktasinda bashyor. Can yanm saat
sonra nerede olacakur. Cevabimin nasil buld ugusuzu agiklayarak yazmz.

Cavap 5 rgrias

-

Lot L BA G yant 10 Sk Tor Qackdasnde
153

Loy tin = 3 sclkdes Q,'\uj:r,
Divide 40 by 4 result is 10. So, in 10 minutes, at the point
Q. % of 40 becomes the point of S.

3. Incorrect solution

1. Asaida bir nehrin yanminda balunan dnme dolap verilmistir.

N

o o o
J A

>

Yukanda verilen ddnme dolap sabit hizla ddnmektedir. Dolsp bir tam ddameyi 40 dakikada
tamamlamaktadiz. Can'm ddnme dolap Gzerindeki twry P binis noktasinda baghyor. Can yanim saat
soara nerede olacaktir, Cevabinuzi nasil buldugunuzu agiklayarak yaznre.

4. Incorrect solution
1. Asagida bir nehrin yaninda bulunan ddnme dolap veril migtir.

Uc,'ﬂll“cdt\ __:\ "f;ufoc}j"

N
I
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Yukenda verilen donme dolap sabit huls dommekiedir. Dolap bis tam (Oameyi 40 dakikads
tamamlamekiadir. Can'in déinme dolap Szerindeki tury P binis noktasinda bashiyor. Can yanm sast
sonrm nerede olacakr. Cevabumiz nasil buldufunuzu ag:layarak yazmiz.
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I divided the wheel into four sections. Since each section
took 10 minutes, | subtracted 40-30. In the question, Can
is asked where he was 10 minutes ago. After half an
hour, the wheel reaches Q.
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Table 2 continued

Sample student solutions for the 2" question

1. Incorrect solution 2. Incorrect solution

2. Asagida bir nehrin yanmda bulunan donme dolap verilmistir. 2. Asafiida bir nehri da bulunan donme dolap verilmigtir.

s 1 : . o
Yukanda verilea domme dolabm dis yangapi 140 metre olup en yiksek noktast Thames nebri
yataginu 150 mietre - izerindodir: «Oklarla g5 yénde. dé ir. Sekildeld M-harfi dpume
dolabmn merkezini gostermektedir. M moktasi Thames nehri yatagimn kag metre (m) fzerindedir?
Islemlerinizi agiklayarek gBsteriniz. - . A, e Gss e e

. 5 b 2 conks Om
ik ook - |SO déa- 1G22 LRSI ceftRo T

. nohive don oodslikhn Sanro, Yt copr bulurs e

€5kl A Vain SNy oS

ot L bt

=N

First, we subtract 10 from 150 because 10m is the
distance from the river. Then we find the radius
because it asks for the distance of M from the river.
We divide 140 by 2, 70. And subtract 10 from 70.
The result is 60.

If the bed of the river = 10 and the highest point is more
than 150 meters. 10m + 150m = 160 m

Since the center is halfway up the Ferris wheel, we
divide the number 170 by 2.

In the second stage, the prospective teachers were asked to analyze the solutions of the students. The
prospective teachers examined these solutions within the framework of the questions in relation to the subskills
of attending to, interpreting, and deciding on the next step, which was identified by Jacobs et al. (2010)
regarding the skill of noticing students’ mathematical thinking. These questions were: 1) Please write your ideas
about what the student did to solve the problem in detail (about the student’s strategy, etc.), 2) Please explain
what you have learned about the mathematical understanding of the student based on this solution of the
problem, 3) Please assume that you have that student in your class and now explain your next step and next
problem(s) that you would ask that student, and specify your reason to do that. The prospective teachers were
given one day to answer the questions so that they can separately analyze the solutions of seven students in the
context of 3 questions and write their descriptions in detail. That is, every prospective teacher answered 3
questions for each student solution. Hence, a prospective teacher wrote a total of 21 explanations. The number of
explanations written by the prospective teachers was 561 in total (21x27). In this process, the teachers analyzed
the student solutions separately and they were not intervened in any manner.

2.4. Data Analysis

The written data obtained from the prospective teachers were analyzed based on the framework developed by
Jacobs et al. (2010), presented in Table 3. The framework focuses on the extent to which the prospective teachers
could provide an evidence regarding students’ thinking for each skill in their explanations.

Table 3.Categories and explanations regarding the skills of noticing

Category Explanation

Attending to Does he or she attend to the mathematical details noteworthy in the strategy employed
by the student and explain it in detail?

Strong evidence He or she explains the details of the strategies by referring to the problem in a
comprehensive manner.

Limited evidence He or she explains the details of the strategies without referring to the problem in a

limited manner.
Insufficient evidence  He or she focuses on the accuracy of the operations by using very general expressions.

Interpreting To what extent do the prospective teachers reason about the strategies or
understandings of the students?

Strong evidence He or she explains the student’s understanding based on the solution of the student in
detail.

Limited evidence He or she explains the student’s understanding based on the solution of the student
superficially.

Insufficient evidence ~ He or she makes a judgment without linking it to the solution of the student or the
problem by using very general statements.
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Table 3 continued

Category Explanation

Deciding on To which extent is the next action to be taken by the prospective teachers based on the
students’ understanding and is their reasoning related to the students’ mathematical
thinking? Here, it is not important whether their strategy is the best one or not. What is
important is the extent to which their next action is based on the students’
understanding.

Strong evidence He or she decides on the next step based on the solution of the student.
Limited evidence He or she decides on the next step based on the solution of the student, but without
justifying it.

Insufficient evidence  He or she decides on the next step without considering the solution of the student.

In the analysis, the answers of the prospective teachers were examined separately for each category. In doing
so, the main consideration was the extent to which the prospective teachers provided an evidence specifically
based on the solution of a student in their explanations. The answers of the prospective teachers were coded
according to the degree of the evidences presented. The explanations made by the prospective teachers were
categorized into strong evidence (2), limited evidence (1) and no evidence (0), depending on the nature of the
evidences. The categorization procedure will be elaborated in the section of findings and examples from the
explanations of the prospective teachers will be presented as well. In line with these codes, the answers were
analyzed by two independent researchers. Subsequently, the analyses were compared to ensure the inter-coder
reliability. Following that, the coders reached mutual agreement, and coding was completed. The findings reveal
the percentage distribution of the results obtained after the coding.

3. Findings

This study analyzed the prospective secondary mathematics teachers’ skill of noticing children’s
mathematical thinking. Results are presented in two parts. While the first part discusses the tendency of the
prospective teachers’ skills of noticing, the second part presents the results related to each dimension of noticing,
along with some sample explanations of the prospective teachers.

3.1. Tendency of the Prospective Teachers’ Noticing Skills

With the purpose of seeing the general picture regarding the prospective teachers’ skills of noticing, the first
part focuses on their tendency. Figure 1 shows the distribution of the types of evidences presented by the
prospective teachers, in relation to the dimensions of attending to, interpreting, and deciding on.

100 g Strong Evidence Limited Evidence Insufficient Evidence
80
60

40

20

Attending Interpreting Deciding

Figure 1. The distribution of the evidences presented by the prospective teachers based on the
dimensions of noticing

As seen in Figure 1, the prospective teachers presented more strong and limited evidences in the dimension
of attending to students’ mathematical thinking. The number of strong evidences presented by them tended to
decrease from the dimension of attending to, towards that of interpreting and deciding. The skill of attending to
is the fundamental skill of noticing, and it is relatively easier for the prospective teachers to identify the details in
the answers of the students for the skill of attending to, when compared to interpreting and deciding on.
Therefore, this is not an unexpected result. Yet, given the evidences presented by them in interpreting students’
mathematical thinking and deciding on the next step, their skills of interpreting and deciding on can be
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considered as poor. It is indeed remarkable that there were only nine explanations presenting robust evidence out
of 189 explanations provided by the prospective teachers in the dimension of deciding the next step.

3.2. Attending to Students’ Mathematical Thinking

The skill of noticing students’ mathematical thinking first requires the skill of attending to the mathematical
details in the strategies employed by the students. This section discusses the details that the prospective teachers
attended to in the strategies of the students, in the context of their explanations and their justifications. The
answers of the prospective teachers were coded according to the evidences presented by them. If a prospective
teacher clearly stated how the student provided the solution, that is, whether the student employed the givens in
the problem, which operations the student performed, which representations or symbols the student used in the
solution, etc., the prospective teacher was deemed to present a strong evidence from the solution of the student.
28% of the explanations provided by the prospective teachers included a strong evidence. Below are some
examples from the explanations of the prospective teachers with a strong evidence:

“The student did not pay attention to the givens in the question. The rotation of the ferris wheel is
indicated by arrows in the question, but the student tried to solve the problem without paying attention to
that. Thus, the student oversimplified the question to the fact that the full rotation of the wheel takes 40
minutes. The student counted the divisions on the circle, then calculated how many divisions the wheel
would advance in 10 minutes and multiplied it by 3. Following that, the student found out the point Q.”
(S14- The solution of the 1% question)

“The student clearly understood the question. He or she was aware of what the question asks for, but did
not pay attention to the rotation of the circle. The student found the total number of marks on the circle,
and divided 40 minutes by 4 and got 10 minutes. Then, the student divided the total number of marks by 4
and found the number of marks corresponding to 10 minutes.” (S9- The solution of the 1% question)

As seen in the explanations of the prospective teachers, they first noted the extent to which the students paid
attention to the givens in the problem. Then, they expressed the mathematical operations performed by the
students in their answers in detail. Also, if a prospective teacher mentioned the general characteristics of the
strategies employed by the students and did not describe the solution of the student in detail in his or her
explanations, then, the prospective teacher was deemed to present a limited evidence from the solution of the
student. The prospective teachers with a limited evidence did not provide any information whether the student
paid attention to the constraints in the problem or not. Rather, they superficially explained the operations
performed by the student. 57% of the explanations provided by the prospective teachers included a limited
evidence. Below are some examples from the explanations of the prospective teachers with a limited evidence:

“The student is attentive. He or she paid attention to the direction of the arrow. In a practical way, the
student calculated the distance that the wheel would cover in 10 minutes. He or she correctly found
where it would be in 30 minutes.” (S14- The solution of the 1st problem)

“The student tried to calculate its circumference. He or she divided this number by 40 and found how
many meters it would rotate in 1 minute.” (S12- The solution of the 1st problem)

15% of the explanations provided by the prospective teachers included an insufficient evidence. These
prospective teachers failed to present any evidence indicating that they paid attention to any detail in the
solutions of the students or the strategies employed by them. The teachers merely labeled the solutions of the
students as correct or wrong. Yet, they did not state an opinion about how the students solved the problem or
which operations they performed. Below are some examples from the explanations of these prospective teachers:

“The child correctly understood what the question asks for. However, he or she did not understand the
direction of the rotation.” (S8- The solution of the 1st problem)

“The solution of the student is correct, but the student marked the wrong point as he or she did not pay
attention to the direction of the arrow. ’(S7- The solution of the 1st problem)

As can be seen in the examples given, the prospective teachers expressed their own opinions on the solutions
of the students superficially and failed to provide any explanation on the mathematical details in the solutions.

3.3. Interpreting Students’ Mathematical Thinking

The skill of noticing students’ mathematical thinking involves the skill of attending to the mathematical
details in the strategies employed by students, as well as interpreting these details and making sense of students’
mathematical thinking. In this section, the prospective students’ skill of interpreting students’ mathematical
thinking is classified into strong, limited or insufficient evidence, based on the explanations and evidences
provided by the prospective teachers.
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If a prospective teacher, while interpreting the students’ mathematical thinking, made sense of the details in
the strategies employed by the students, stated how these details provided an insight into the understanding of
the students, and associated the noteworthy details in the answers of the students to their mathematical
development, the prospective teacher was deemed to present a strong evidence from the solution of the student.
6% of the explanations provided by the prospective teachers included a strong evidence. Below are some
examples from the explanations of the prospective teachers with a strong evidence:

“The student solved this question by using fractions. The student considered 40 minutes as a whole
fraction, then divided the ferris wheel into four parts. Acknowledging that a period of 30 minutes
represents ¥, he or she found the point S.” (S15- The solution of the 1st problem)

“The student was aware that it is necessary to use the diameter of the circle to find its radius. He or she
was well aware of the need to have the radius, but after finding that the radius is 70 meters, the student
was confused about whether to include or exclude the distance between the boarding platform and the
river bed.” (S2- The solution of the 2nd problem)

As seen in the explanations above, S15 analyzed the solution of the student to the first question and stated
that the student referred to fractions. Further, with the statement that “The student considered 40 minutes as a
whole fraction”, S15 explained the mathematical thinking of the student based on the operations performed by
him or her and provided evidences for the reasoning of the student. Another prospective teacher made a
statement for the solution to the 2" problem. With the statement that “The student was aware that it is necessary
to use the diameter of the circle to find its radius”, S2 reported that the student has the mathematical knowledge
required for the solution of the problem and emphasized that the student achieved to analyze the problem. In
other words, it is evident that these prospective teachers provided evidences for the operations and the
mathematical thinking of the students.

Remarkably, some of the prospective teachers made sweeping statements to interpret the solutions of the
students. The interpretations of these teachers for the students’ mathematical thinking were not profound, and
their explanations included limited evidences. It was determined that 36% of the answers of the prospective
teachers presented limited evidences. Below are some examples from the explanations of the prospective
teachers:

This is a student with poor geometric thinking skills. He or she has not fully grasped the concept of
distance. He or she could not form a mental image of the shape in the question. The knowledge of the
student on the subject of circle is not sufficient. (S14- The solution of the 2nd problem)

The student failed to reason about the solution of the problem. He or she does not know how to calculate
the circumference and understand what the question asks for. (§12- The solution of the 2nd problem)

As demonstrated in the examples above, the teachers superficially analyzed the way of thinking of the
students. For instance, the prospective teacher failed to provide a justification for the argument that “The
knowledge of the student on the subject of circle is not sufficient. ”That is, the teacher did not inform about how
he or she reached that opinion, specify any operation of the student, or identify the information on circle that the
student did not understand. Therefore, the teacher failed to present sufficient evidence on the students’
mathematical thinking. In a similar way, other prospective teachers interpreted the students’ mathematical
thinking through baseless statements such as that the student does not have a deep understanding of
mathematics, that the student fails to associate the problem with daily life, that his or her mental thinking skills
are obviously good, that the student has a quick mind.

While some prospective teachers presented strong and limited evidence, the interpretation of other
prospective teachers about the solutions of the students included insufficient evidence. These teachers failed to
present any evidence or the evidences presented by them did not indicate the children’s mathematical
understanding at all. Rather, their explanations included some general statements on the operations or the
behaviors of the students. The answers of some teachers are as follows:

The student has correctly understood what the question asks for. He or she clearly expressed his or her
opinion. (S16- The solution of the 1st problem)

The method of the student is reasonable, different and a short-cut. (512- The solution of the 1st problem)

The student felt the need to indicate the circumference by a numerical value. He or she was confused
about 150m and 10m in the question. (S1- The solution of the 1st problem)

57% of the explanations of the prospective teachers presented an insufficient evidence. It can be stated that
the number of the teachers with an insufficient evidence is higher compared to that of the teachers with a strong
evidence and a limited evidence.
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3.4. Deciding on the Next Step based on the Students’ Mathematical Thinking

The skill of noticing involves the skill of deciding how to respond on the basis of the students’ mathematical
thinking, following the skill of interpreting the students’ mathematical thinking. Here, the focus was on the
justifications provided by the prospective teachers about the practices or the decisions that they would perform to
improve the students’ mathematical thinking. The main consideration was not whether the teacher asks the best
problem to the student, but the extent to which the problem to be asked by the teacher challenges the student and
in which ways that such problem based on the student’s mathematical thinking. Therefore, the primary emphasis
was not on what the teacher would do, but on why the teacher would do that. Accordingly, the justifications of
the teachers were considered to include strong, limited or insufficient evidence.

If a prospective teacher decided on his or her next step based on the students’ mathematical understanding,
provided specific evidence depending on the students’ mathematical thinking and acted with the intention of
comprehending the students’ thinking, the prospective teacher was deemed to present a strong evidence. 5% of
the explanations of the prospective teachers presented a strong evidence. S16, one of these teachers, provided the
explanation presented in Figure 2 for the solution of a student.

1. Asagida bir nehrin yaninda bulunan donme dolap verilmistir

nmcktedir. Dolap bir tam dSomeyi 40 dakikada
indeki tury P binis noktasinda baghyor. Can yarun saat
ufunuzu agiklayarak yazinr.

Figure 2. Sample student solution

The student has not comprehended how to calculate the circumference of the circle. He or she
considered the length on the side as the circumference. To correct that, the student can take part in the
activities that involve finding the circumference of a circle. The perimeter of a circle is measured with a
rope, and then the length of the rope is measured. And, the circumference of a circle can be found
through its radius. Thus, the student would grasp the relationship. (S16 - The solution of the 1%
problem.)

The prospective teacher, S16, determined the way of thinking of the student in the operations, identified the
concept that the student did not understand and decided on what to do about the student’s lack of understanding
for the concept in the next step. In the process that the prospective teachers decided on the next step, the teachers
were expected to offer some suggestions to support the mathematical development of the student based on the
information obtained from the strategies, understanding and knowledge of the student. It is notable that only two
prospective teachers provided such suggestions.

Beside, some prospective teachers stated that so as to understand the reason of the operations performed by
the student, they would ask the student why he or she did that, what the reason was for the operation that he or
she performed, and how he or she came to such conclusion, etc. in the next step. These teachers articulated that
they would want to know the way of thinking of the students. The explanations of these teachers were also
considered to present a strong evidence. Some of the examples from the answers of the teachers are as follows:

“I would ask the student how he or she concluded that Can would arrive the point S in 10 minutes. 1
would ask him or her to explain why he or she multiplied it by 3 and also whether the time elapsed for
the paths in equal distance, which are travelled at a constant speed, is equal to each other. Then, | would
write some questions based on the answer.” (S2- The solution of thelst problem)

“I would ask the student why he or she multiplied it by 150. As the student calculated the circumference
of the ferris wheel as 120, he or she obviously had difficulty in finding the circumference of a circle. |
would ask “Is the circumference of a circle calculated in this way?” Then, I would ask him or her “Is it
necessary in this question to calculate the circumference?” (SI- The solution of to the1® problem)

On the other hand, some prospective teachers noted that they would ask certain questions to enable the
student to understand his or her misconceptions and errors in the operations, or offered more general suggestions
such as delivering another lecture on mathematical concepts like diameter-radius, distance and circumference.
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The explanations of these teachers were considered to present a limited evidence. Below are some examples
from the explanations of some of the prospective teachers:

“If the ferr is wheel was tangent to the river bed, what would be the distance? I would ask that as the
student has misconception regarding the concept of distance.”(S8- The solution of the 1st problem)

“Firstly, I would ask some questions about the units. I would enable the student to realize the unit that
the question asks for. | would give simple examples on circle. Once the student has understood these
examples, he or she would notice the mistake.” (S11- The solution of thelst problem)

“I would ask the formula for calculating the circumference and provide different questions for the
student to calculate it. For this question, | would ask the student whether it is possible to solve it without
calculating the circumference or not.” (S12- The solution of the1® problem)

As seen above, the prospective teachers reported that they would base their practices on the conceptual
knowledge or the operational knowledge of the students. 27% of the explanations of the prospective teachers
presented a limited evidence, as given above.

While some prospective teachers presented a strong or a limited evidence, the study concluded that 68% of
the explanations provided by the teachers included an insufficient evidence. These teachers failed to associate
the student’s understanding with the structure of the problem and to provide a mathematical justification for their
next step. Based on such answers, these teachers did not give much consideration to the students’ mathematical
thinking, but they focused on the structure of the problem. For instance, they stated that they would make
changes to the structure of the problem, such as simplifying the structure of the problem by reducing the figures
in the problem, writing the length given on the shape, and changing the direction of the ferris wheel and that they
would ask the same problem once again. Some of the answers of these prospective teachers are as follows:

The student would be provided with the data given in a specific story to be calculated along a single axis.
The student would be asked to solve it in line with the story. (S5- The solution of the2™ problem)

The problem would be integrated into material and asked to the student. The student would be informed
of the direction of the arrow and asked to solve the problem by rotating it. (S7- The solution of the1®
problem)

The answers above indicated that the teachers more focused on the structure of the problem and offered
practice-based suggestions. On the other hand, although some prospective teachers stated the alternatives of the
problems that they could ask the student in the next step, they failed to provide a justification for why they
would ask these problems. They did not explain how they want to change the student’s mathematical thinking
through the problem they would ask, or how such problem would support the student’s mathematical thinking.
For that reason, the answers of these teachers were considered to present insufficient evidence.

4. Conclusion, Discussion, and Suggestions

This study analyzed the dimensions of attending to, interpreting and deciding on in the prospective teachers’
skills of noticing students’ mathematical thinking. In this regard, one of the main findings of the study is that the
prospective teachers were relatively better at the dimension of attending to than the dimension of interpreting
and deciding on. It is remarkable that they were lacking at the dimension of deciding on. When every dimension
of the prospective teachers’ skills of noticing considered separately, it is notable that the teachers mostly
presented limited evidence at the dimension of attending to. The reason is that the explanations of the
prospective teachers overlooked the noteworthy mathematical details both in the problem given and in the
strategies of the students, and thus they were limited in nature in terms of the operations performed by the
students. Yet, the skill of attending to the students’ strategies requires not only marking the answer as correct or
incorrect or describing the operations performed, but also knowing the noteworthy mathematical details in the
problem and defining the strategy of the student based on such knowledge (Jacobs, et al., 2010). In other words,
teachers have sufficient mathematical knowledge in order to be able to identify the mathematical details in
student solutions. Fernandez (2013) achieved similar results and concluded that the incompetency of the
prospective teachers in identifying the mathematical details in the strategies of the students results from their
poor content knowledge of mathematics. The findings of this study reaffirm this argument as well. The
prospective teachers, who failed to determine the necessary mathematical thinking to solve the problem or
simply focused on the correct answer in the solution of the problem, described the answers of the students only
superficially. This subsequently affects the process that the prospective teachers interpreted the students’
mathematical thinking. Indeed, the identification of the mathematical details in students’ answers the first step
for understanding their mathematical thinking in solving problems (Fernandez, 2013).

One of the main findings of this study is that the prospective teachers were lacking in the skill of interpreting
the answers of the students and the evidences presented by them did not indicate the students’ mathematical

10



An Analysis of the Prospective Teachers’ Noticing of Student Mathematical Thinking

understanding. The teachers did not emphasize anything on the students’ understanding in their interpretations;
rather, they stated that the students could not read the visual given in the problem, perform the operations, and
come up with a practical solution for the problem, and highlighted the correctness of the methods used by the
students, the difficulties encountered and the operational errors made by the students. Further, they made some
superficial statements regarding the students’ mathematical reasoning in their explanations, such as that their
mental thinking skills are poor and that their mathematical understanding is not good enough. The use of such
statements reflected that the prospective teachers discounted the conceptual knowledge of the students while
interpreting their strategies and failed to explain the mathematical thinking behind the errors made and
difficulties encountered by the students. Rhodes (2017), reaching similar findings, reported that the details that
the teachers paid attention to and their interpretations in relation to the students” mathematical thinking depend
on the problem given and their own mathematical knowledge. Considering this argument and the findings of this
study, the reason for such superficial interpretations might be the lack of the conceptual knowledge required to
understand the problem given among the prospective teachers. Yet, since the mathematical content of the
problems particularly used in this study was rather easy to understand, aspects such as the prospective teachers’
knowledge of the students’ thinking rather than their content knowledge, may have affected their interpretation
skills. So that teachers can interpret the students’ mathematical thinking, the use of content knowledge as well as
the information on the way that students think are essential for them (van Es & Sherin, 2002). The knowledge of
the students’ thinking includes information on what students know about a certain concept, what they think
about the concept, and how a concept develops in a student’s mind (Hiil, Ball & Schilling; 2008). However, the
findings showed that the prospective teachers were not competent in this regard, which is supported by the fact
that the prospective teachers focused on what the students failed to do, rather than what they achieved, in their
interpretations. This can also imply that the prospective teachers did not take into consideration the mathematical
knowledge and mathematical thinking of the students. Yet, once teachers realize the potential of students'
thinking, they can base their next step on the potential of students and enhance the students’ mathematical
thinking.

This study also found that the prospective teachers tended to come up with practice-based ideas and to use
their own instructional knowledge rather than the students’ thinking in the process of deciding on the activity on
the next step in the teaching process. Very few prospective teachers stated that they would question the students
to understand their mathematical thinking and evaluate their mathematical understanding to improve their
thinking. Other prospective teachers reported that they would ask the students questions to comprehend the
operations performed by the students and to make them realize their errors in the operations. Mason (2002)
highlighted that such questions would be useful to think of alternative ways to use the students’ mathematical
thinking. Therefore, the ability of teachers to ask questions is critical in using students’ mathematical thinking.
Another important finding regarding this dimension of the skill of noticing is that the prospective teachers were
more lacking in presenting evidences to support the students’ mathematical thinking than the dimension of
attending to and interpreting. In a similar way, Gichobi (2013) reported that this results from the lack of
experience of the prospective teachers with students. Indeed, the skill of deciding on requires being aware of the
development of the student’s mathematical thinking, besides a strong skill of attending to and interpreting. The
knowledge on the development of the students’ mathematical thinking is necessary for selecting the problems
that would challenge the students’ thinking so that these students can improve themselves. For that reason, the
skill of deciding the next step is a higher level of skill than the skill of attending to and interpreting.

In conclusion, the skills of attending to and interpreting the students’ mathematical thinking are essential for
the practices on mathematics education and are required for the improvement of teaching. The prospective
teachers may be involved in in-class discussions to analyze the problem solutions of the students for the
improvement of such skills. These in-class discussions rich in mathematical aspects bring valuable experiences
to the prospective teachers for their skill of understanding and interpreting the students’ thinking. The skills of
the prospective teachers of coming up with alternative ideas for teaching and of offering certain experiences to
improve such skills with limited pedagogical content knowledge are supported in teacher training as well. The
relevant studies revealed that the prospective teachers’ skills of noticing have been considerably improved
(Fernandez, Llinares & Valls, 2012; Matamoros et al., 2013; Zapatera & Callejo; 2013). The following
suggestions can be provided to prospective teachers regarding the content of teaching practice, which provides
opportunities to observe the teaching process and students.

The teaching experience can enrich the prospective teacher's knowledge of student ideas, and their ability to
attend to and interpret mathematical thinking; yet there are findings that put forward that these skills are not
sufficient for teachers to decide on the next step regarding the students’ mathematical thinking (Jacobs et al.,
2010). It is notable that the skill can be improved by means of long-term professional development programs. In
this regard, teacher trainers bear tremendous responsibility. Ball, Sleep, and Bass (2009) emphasized that teacher
trainers need to design the teaching practices that support prospective teachers in recognizing their students’
mathematical ideas in their teacher training programs. It is particularly useful to organize group discussions to
examine sample student solutions so that prospective teachers can discuss in depth the possible mathematical
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misconceptions and errors of their classmates. Classroom discussions that are rich in mathematics provide
prospective teachers with valuable experiences in terms of understanding and interpreting students’ ideas. It will
also be an important experience for them to think about what they can do next based on the inferences they get
from discussions. In addition, video club activities that include analysis and evaluation of teaching can be
offered as suggestions for practices that can be included in the teacher training program.

The following suggestions can be put forward for further studies in line with the findings of this study: This
study was performed with prospective teachers, and a similar study might be conducted with teachers. Moreover,
the data of this study were limited to the written statements made by the prospective teachers; a further study
may analyze the teachers’ or prospective teachers’ skills of noticing through in-class or different discussion
environments. Also, another study might focus on the impact of the in-class discussions, which would be
regularly held, regarding the students’ mathematical thinking on the teachers’ or prospective teachers’ skills of
noticing.
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Ogretmen Adaylarimn  Ogrencilerin Matematiksel Diisiincelerini Fark Etme
Becerilerinin Incelenmesi

1. Giris

Matematik egitiminde yapilan arastirmalar, O6gretmenlerin, Ogrenci diisiincelerine odaklandiklarinda
Ogretimsel uygulamalarint gelistirebileceklerini ortaya koymaktadir (Kazemi & Franke, 2004; Lin, 2006;
Steinberg, Empson & Carpenter, 2004). Ogrenci diisiincesi bilgisinin &gretmenlerin kendi smiflarinda daha
bilingli kararlar vermesinde ve uygulamalarini iyilestirmesinde yardimer bir kaynak oldugu diisiiniilmektedir
(Crespo, 2000). Benzer sekilde NCTM (2000) de 6grencilerin gézlemlenmesi, agiklamalarinin ve diisiincelerinin
dikkatli bir sekilde dinlenmesi ve elde edilen bu bilgilerin, 6grenme siirecini etkili hale getirmek igin dgretimsel
kararlar almada kullamilmasinin 6nemli oldugunu vurgulamaktadir. Dolayisiyla 6gretmenlerin  6grenci
diisincelerine dikkat etmesi ve bu diislinceleri 6gretimsel kararlarinda kullanabilmesi o6gretimin &nemli
bilesenlerindendir. Bu anlamda 6gretmenlerin fark etme (noticing) becerileri, 6gretimin 6nemli bir pargasi olup,
Ozellikle matematik Ogretiminde dikkate deger hale gelmektedir (Jacobs, Lamp & Philipp, 2010; van Es &
Sherin, 2002).

1.1. Fark Etme Becerisi (Noticing)

Reform baglaminda yapilan caligmalar, dgretmenin fark etme becerisinin 6gretim siirecindeki Onemini
vurgulamaktadir (van Es & Sherin, 2002). Fark etme becerisi literatiirde farkli arastirmacilar tarafindan gesitli
bilesenler dikkate alinarak tanimlanmistir (Jacobs vd., 2010; Mason, 2002; van Es & Sherin, 2002). Genel olarak
ifade edilecek olursa, Mason (2002) dgretmenin her eyleminin farkindaligina bagli oldugu goriisiinden yola
cikarak fark etmeyi, “dgrencinin ne yaptigini fark etme, nasil cevap verecegini, ne sdylendigini ya da beklentiler
ve kriterlere karst yapilanlari degerlendirme ve bir sonraki adimda ne yapilacagim diisiinme” (s.7) seklinde
tanimlamigtir. Bunun yani sira, Goodwin (1994) ile Sherin ve van Es (2009) bu beceriyi, “profesyonel gézlem”
olarak isimlendirmis, profesyonel gozlemi ise kompleks sinif ortammin &nemli o6zelliklerini gérme ve
yorumlama deneyimi olarak kavramsallastirmistir. Bu bakis agisina gore fark etmede “yorumlama” becerisi
onem kazanmaktadir. Bu duruma bagli olarak, van Es ve Sherin (2002), 6gretimde profesyonel gozlem
diisiincesini igeren bir kavramsal ¢erceve gelistirmislerdir. Gelistirilen kavramsal cergeveye gore Ogretim
stirecindeki farkindaligin ii¢ temel boyutu vardir. Bunlar, 6gretim siirecinin énemli anlarinin tanimlanmasi, sinif
etkilesimindeki spesifik durumlarla, 6grenme ve 6gretme ilkeleri arasinda iligkinin kurulmasi ve bu durumlari
yorumlayabilmek i¢in bilinen bilgilerin kullanilmas1 seklindedir. van Es ve Sherin (2002; 2008; 2009) gelistirmis
olduklar1 kavramsal gergevede, 6gretmenlerin 6gretim siirecindeki fark etme becerilerini incelerken, Jacobs vd.,
(2010), daha spesifik olarak ogretmenlerin Ogrencilerin matematiksel diisiincelerine dair farkindaliga
odaklanmislardir. Ogretmenlerin bu alanda uzmanlasmasim, “éSrencilerin  matematiksel diigiincelerinin
profesyonel farkindaligi (Professional noticing of children’s mathematical thinking)” olarak isimlendirmislerdir.

Jacobs ve arkadaglar1 (2010), kavramsal g¢ercevelerinde, 6gretmenler ne fark ediyor - nasil fark ediyor
durumu ile daha az ilgilenirken, 6grencilerin matematiksel diislincelerinde &gretmenler neye dikkat ediyor
sorusunu ele almislardir. Bu uzmanlik, Ogrencilerin stratejilerine dikkat etme, Ogrencilerin anlamalarini
yorumlama ve Ogrencilerin anlamalarini temel alarak nasil karsilik verecegine karar verebilme olmak iizere
birbiri ile iligkili ii¢ beceri ile kavramsallastirilmistir. Jacobs ve arkadaslar1 (2010), 6grencilerin stratejilerine
dikkat etme becerisinde, Ogretmenlerin belirli Ogretimsel durumlardan spesifik olarak Ogrencilerin
stratejilerindeki matematiksel detaylarda neye dikkat ettigi boyutu ile ilgilendiklerini belirtmislerdir. Burada,
Ogrenci stratejilerini incelemenin dnemli oldugunu vurgulamiglardir. Ciinkii 6grenci stratejilerindeki detaylar
ogrencilerin anlamalari ile ilgili ipuglar sunmaktadir. Nitekim yapilan arastirmalar da 6grencilerin stratejilerinin
karigik oldugunu ve ayni zamanda stratejilerin detaylarinin ise 6nemli oldugunu gostermektedir (Carpenter,
Fennema, Franke, Levi & Empson, 1999; Carpenter, Franke & Levi, 2003; Lester, 2007). Bununla birlikte,
ogretmenin 6grencilerin kullandiklar stratejilerdeki spesifik detaylar1 gorebilmesi kadar, bu detaylari kullanarak
Ogrencilerin matematiksel gelisimini ve matematiksel muhakemesini nasil yorumladiginin da 6nemli oldugu
vurgulanmaktadir. Fark etme yaklasiminin {iglincii bileseni de, 6gretmenin Ogrencilerin anlamalarma karsilik
verdigi tepkiyi ya da cevabi nasil gerekcelendirdigi ile ilgilidir. Bir baska ifadeyle, {iglincii bilesende
ogretmenlerin bir 6grenci ile ilgili spesifik durumdan o 6grencinin matematiksel anlayisina yonelik ne 6grendigi
ve bu Ogrendiklerini bir sonraki adima karar vermede nasil kullandigina odaklanilmaktadir. S6z konusu bu
beceriler bir arada diisiiniildiiglinde, 6grencilerin matematiksel diisiincelerine yonelik profesyonel farkindalik
uzmanhgmin kompleks becerileri igerdigi goriilmektedir. Dolayisiyla sinif ortaminda dgrencilerin matematiksel
diisincelerine dikkat etme ve yorumlama 6gretmenler i¢in kolay bir siire¢ degildir. Benzer sekilde 6gretmen
adaylar1 da 6grenci diisiincelerine dikkat etmede zorluk yagamaktadirlar (Giiner & Akyiiz, 2017) ve gergek sinif
ortaminda matematik Ogretimine dair deneyimleri sinirlidir. Dolayisiyla gergcek &grenci diisiinceleriyle
karsilasabilecek deneyimler sunulmasi ve bu yondeki ¢aligmalarin dgretmen egitim programlarinin bir pargasi
haline gelmesi 6nemli bir unsurdur. Bu nedenle, 6gretmen adaylarinin 6grencilerin matematiksel diisiincelerine
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fark etme yaklagimlarini anlamak, O0gretmen egitim programlarinda yapilabilecek caligmalara bakis agisi
sunacagi beklenmektedir.

1.2. Ogretmen Adaylarinin Ogrencilerin Matematiksel Diisiincelerini Fark Etme Becerileri

Ilgili literatiire bakildiginda, 6gretmen adaylarinin fark etme becerilerini, farkli baglamlarda inceleyen
calismalar oldugu goriilmektedir ve bu calismalar daha c¢ok 6rnek 6grenci ¢ozlimlerini inceleme iizerinde
yogunlagsmaktadir. Bu aragtirmalardan bazilar1 (Llinares & Valls, 2010; McDuffie, Foote, Bolson, Turner,
Aguirre, Bartell, Drake & Land, 2014; Osmanoglu, Isiksal & Koc¢, 2012; Potari, Psycharis, Kouletsi &
Diamantis, 2011; Santagata & Guariono, 2011; Shack, Fisher, Thomas, Eisenherdt, Tassel & Yader, 2013; Star,
Lynch & Perova, 2011; Walkoe, 2014) gozlem ve video analizleri ile &gretmen adaylarmin fark etme
becerilerini incelerken, bazi arastirmalar (Fernandez, Llinares & Valls, 2012; Fernandez, Llinares & Valls, 2013;
Matamoros, Zapatera & Callejo, 2013) ise 6grenci ¢aligmalari baglaminda 6gretmen adaylarinm 6grencilerin
matematiksel diislincelerini fark etme becerilerini ve bu becerilerin gelisimini incelemistir. Bu ¢aligmalardan
Fernandez ve arkadaslar1 (2012), 7 matematik dgretmen adayinin dgrencilerin matematiksel diisiincelerini fark
etme becerilerinin ne seviyede oldugunu ve gelisimini on-line tartigma ortami gergevesinde incelemislerdir. Elde
edilen bulgularda, Ogretmen adaylarinin, Ogrencilerin cevaplarinda kavramsal anlamadan c¢ok islemlere
odaklandiklar tespit edilmistir. Ogretmen adaylar1, dgrencilerin cevaplarindan yola gikarak bir sonraki adimda,
ogrencilere kendi cevaplarini agiklamalart igin daha ¢ok soru sorma ya da problem ¢éziimiinde yapmis olduklari
islemleri aciklamalarini isteyeceklerini belirtmislerdir. Fernandez ve arkadaslart 6gretmen adaylariin
farkindalik becerilerinin zayif olduguna dikkat cekerek, bu durumun adaylarin O6gretimsel kararlarini da
etkiledigini belirtmislerdir.

Bunun yani sira bazi arastirmalar ise spesifik olarak matematiksel kavramlar; orantisal akil yiiriitme
(Fernandez vd., 2013; Son 2013); tiirev (Sanchez-Matamoros vd., 2019); oriintiileri genellestirme (Callejo &
Zapatera 2017; Ozel, Isiksal-Bostan & Tekin-Sitrava; 2022); cebirsel diisinme (Walkoe, 2014); dortgenler
(Ulusoy & Cakiroglu; 2021) odaginda 6gretmen adaylarinin fark etme yaklasimlarini incelemislerdir. Bu
calismalardan, Fernandez vd., (2013), 39 igiincii sinif matematik dgretmen adaylarinin, orantisal ve orantisal
olmayan durumlar ile ilgili alti 6grencinin farkli dort problem ¢6ziimiinii analiz etme yaklagimlarini
incelemislerdir. Adaylardan bu ¢6ziimleri, Jacobs ve arkadaslarmin (2010) gercevesi baglaminda incelemeleri
istenmistir. Elde edilen bulgularda, 6gretmen adaylarin dgrencilerin toplamsal akil yiiriitmeden ¢arpimsal akil
ylrlitmeye gecisi ile ilgili matematiksel diisiincelerini tanimlamada zorlandiklarini tespit etmiglerdir. Bu
durumun ise Ogretmen adaylarinin toplamsal ve carpimsal durumlar ile ilgili konu alan bilgisinin zayif
olmasindan kaynaklandig1 seklinde agiklamislardir. Oysaki 6grencilerin toplamsal ve carpimsal durumlarda
kullandigi stratejilerdeki matematiksel elemanlar1 tanimlayabilmek, Ogrencilerin problem ¢6ziimiindeki
matematiksel diisiincelerini yorumlayabilmek igin gereklidir. Ogretmen adaylarmin, bu noktada zorlanmasi
dolayli olarak 6grenci diisiincelerini yorumlamalarii da etkiledigi sdylenebilir. Nitekim 6gretmen adaylarinin
ogrencilerin cevaplarim yorumlamada zorlandiklar1 goriilmiistiir. Ogretmen adaylari, dgrencilerin matematiksel
anlamalarma iliskin neyi, nasil anlayip anlamadigima yonelik fikir yiiriitiirken 6grencilerin cevaplariin dogru ya
da yanlis olma durumuna odaklanmislar ve anlamalarina yonelik dogru cevaplari kanit olarak gosterdiklerini
belirtmislerdir.

Benzer sekilde, 6gretmen adaylarinin 6grencilerin problem ¢6ziimlerindeki matematiksel diisiincelerini fark
etme becerilerinin incelendigi caligmalarda, 6gretmen adaylarimin matematige yonelik alan bilgilerinin eksik
olmasindan dolay1 6grencilerin yapmis olduklar1 islemlerdeki matematiksel 6geleri tam olarak yansitamadiklari
ifade edilmistir (Matamoros vd., 2013; Zapatera & Callejo, 2013). Ogretmenlerin igerik bilgisi, 6grenci diisiince
bilgisi, bakis agilar1 ve deneyimleri gibi faktorler 6grenci diisiincelerine dikkat etme ve dikkat edilen detaylari
yorumlama becerilerini etkileyen bilesenlerdir (Dreher & Kuntze, 2015; Goldsmith & Seago, 2011; Schoenfeld,
2010). Ozellikle 6grenci diisiince bilgisi, fark etmenin énemli bir parcasidir. Ogretmen adaylarmm, dikkat
ettikleri durumlar gerekgelendirebilmeleri igin, igerik bilgisi kadar O6grencilerin nasil disiindiigiine dair
bilgilerini de kullanabiliyor olmalar1 gerekmektedir (van Es & Sherin, 2002). Ogrencilerin dgrenme siirecleri
birbirinden farkl: olabilir ve ¢esitli diigiinme stratejileri gelistirebilirler. Bu nedenle, 6grencilerin matematiksel
diislincelerinin zaman igerisindeki degisimi takip etmelerine ihtiyaglar1 vardir (Jacobs vd., 2010). Dolayisiyla,
Ogretmen egitim programlarinin, adaylara bu yonde daha fazla deneyim yasayabilecek firsatlar sunmasi
beklenmektedir (Sherin, Jacobs, & Philipp, 2011; Sims & Walsh, 2009). Bu bilgiler dogrultusunda, bu
aragtirmada Ogretmen egitimi programlarinda yapilabilecek c¢aligmalara katki bulanabilecegi Ongdriisiiyle,
Ogretmen adaylarinin 6grenci diistincelerini fark etme yaklagimlari incelenmistir. Bir baska ifadeyle, ¢aligmada
Ogretmen adaylarimin bir 6grencinin cevabini incelediginde, neye ve hangi detaylara dikkat ettikleri, 6grencilerin
matematiksel anlamalarini nasil yorumladiklar1 ve 6grencilerin matematiksel anlamalarini desteklemek i¢in neler
yapabilecekleri cercevesinde fark etme becerileri incelenmistir.
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2. Yontem
2.1. Arastirma Modeli

Bu arastirmada, ortaokul matematik 6gretmen adaylarinin, dgrencilerin matematiksel diislincelerine iligkin
fark etme becerilerinin ortaya ¢ikarilmasi amaglandigi i¢in nitel aragtirma yontemlerinden betimsel arastirma
deseni kullanilmistir. Betimsel arastirmada, verilen bir durumun olabildigince iyi tanimlanmasi ve ortaya
koyulmasi amaglandigi i¢in arastirilan 6zellik tizerinde bir degisiklik yapilmasi s6z konusu degildir (Creswell,
2014). S6z konusu desene uygun olarak, 6gretmen adaylarinin 6grencilerin matematiksel diisiincelerini inceleme
stirecinde veri toplamak icin gerekli araglarin uygulanmasi disinda herhangi bir miidahalede bulunulmamastir.

2.2. Katilimcilar

Aragtirma, bir devlet tiniversitesinde 4. siifta 6grenimine devam eden 27 ortaokul matematik 6gretmeni
adayi ile yiriitiilmiistiir. Caligma, arastirmanin birinci yazari tarafindan yiiriitiilen bir segmeli ders kapsaminda
yapildig1 i¢in derse katilan biitiin 6gretmen adaylari ¢calismanin 6rneklemini olugturmaktadir. Caligmaya katilan
Ogretmen adaylar1 es zamanli olarak okul deneyimi dersi kapsaminda, farkli sinif ortamlarinda dgretmenleri ve
ogrencileri gbzlemeye devam etmislerdir. Bu durum goz oniine alinarak arastirmanin, 4. sinif 6gretmen adaylart
ile yiiriitilmesine karar verilmistir. Derse katilan biitiin 6gretmen adaylar1 ¢calismada yer aldig1 icin, 6rneklem
grubunun se¢iminde sinif seviyesi hari¢ herhangi bir 6l¢iit dikkate alinmamistir. Arastirma 6ncesinde 6gretmen
adaylarryla uygulamanin icerigine iliskin 6zel bir ¢aligsma yapilmamistir ancak bazi 6gretmen adaylar1 daha 6nce
almis olduklar1 dersler kapsaminda 6grenci ¢oziimlerini inceleme gibi etkinlikler yaptiklarini belirtmiglerdir.

2.3. Veri Toplama Siireci ve Veri Toplama Araclar:

Veri toplama siirecinde, dgretmen adaylarinin fark etme becerilerini incelemek icin, adaylar ile 7. siuf
Ogrencilerine ait problem ¢odziimlerini analiz etme ¢aligmast yapilmistir. Bu nedenle veri toplama siireci iki
asamada ger¢eklesmistir. Birinci asamada, adaylarin incelemesi igin 6rnek 6grenci ¢6ziimleri hazirlanmustir.
Bunun i¢in dncelikle, bir devlet okulunda 6grenim goéren 7. smuf &grencilerine, PISA smavindan segilen 6
soruluk a¢ik uglu bir test uygulanmis ve bu testten iki soruya ait farkli 6grenci cevaplarinin kullanilmasina karar
verilmistir. Secilen sorular, uzay ve sekil konusu ile ilgili olup, bu sorulara ait toplamda 7 6grenci cevabi (1. soru
igin 4, 2. soru i¢in 3 adet) secilmistir. Birinci soru igin segilen ¢6ziimlerden bir tanesi matematiksel olarak
dogru, iic tanesi ise yanls ¢oziimdiir. ikinci soruda ise bir ¢oziim dogru, diger iki ¢dziim ise matematiksel olarak
yanlistir. Ogretmen adaylarmin 6grenci diisiincelerini fark etme yaklagimlarini anlamak i¢in aym soruya dair
farkli 6grenci ¢oziimlerinin incelenmesi 6nemli goriilmiistiir. PISA’da kullanilan sorular ise, birden fazla ¢oziim
iiretmeyi ve O0grencilerin matematiksel diislincelerini ortaya ¢ikarmaya saglayabilecek nitelikte sorulardir. Bu
nedenle, sorularin PISA testinden alinmasina karar verilmistir. Ogrenci cevaplarmin seciminde, ¢dziimlerin
miimkiin oldugu kadar birbirinden farkli diisiinme siireglerini ve farkli stratejileri igermesi dikkate alinmustir.
Secilen 6grenci ¢ozlimlerine iligkin Tablo 1°de 6rnek olarak doért 6grencinin ¢dziimii sunulmustur.

Tablo 1. Ornek dgrenci ¢dziimleri

1.Soruya iligkin ¢éziimii matematiksel olarak dogru ve yanlis olan drnek dégrenci cevaplar

1. Hatali ¢6ziim 2. Dogru ¢6ziim

1. Asagida bir nehrin yenemds bulunan dinme dolap verilmistir.
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Tablo 1’in devami

3. Hatali ¢dziim 4. Hatali ¢6ziim

1. Asagida bir nehrin yaninda bulunan donme dolap veril migtir.
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2. Soruya iliskin ¢oziimii matematiksel olarak yanls olan érnek 6grenci cevaplar
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Veri toplama siirecinin ikinci agamasinda ise, dgretmen adaylarindan 6grenci ¢oziimlerini incelemeleri
istenmistir. Ogretmen adaylar, &grenci c¢oziimlerini, Jacobs ve arkadaslar1 (2010) tarafindan gelistirilen
Ogrencilerin matematiksel diigiincelerini fark etmeye yonelik dikkat etme, yorumlama ve bir sonraki adima karar
verme becerileri ile iliskili olan sorular dogrultusunda incelemislerdir. Bu sorular, 1) 6grencinin problemi
¢ozmek i¢in ne(ler) yaptigina dair (kullandigr strateji, vs.) diisiincelerinizi ayrmtili olarak yaziniz, 2) 6grencinin
bu problem ¢odziimiinden matematiksel kavrayisi hakkinda ne 6grendiginizi agiklaymiz ve 3) bu 6grencinin
Ogretmeni oldugu varsayimiyla, bir sonraki adiminiz, 6grenciye soracagiiz bir sonraki problem(ler)in neler
olacagim gerekgesi ile aciklayiniz seklindedir. Ogretmen adaylarindan, farkli yedi 6grenci ¢oziimlerini, yukarida
verilen 3 soru dogrultusunda incelemeleri ve agiklamalarini detayli bir sekilde yazmalari istenmistir. Bdylece bir
Ogretmen adayr toplamda 21 agiklama yazmustir. Calismada arastirmaya katilan 6gretmen adaylari 6grenci
coziimlerine dair toplam 567 (21x27) aciklama yazmislardir. Bu siirecte adaylar birbirinden bagimsiz bir sekilde
6grenci ¢oziimlerini incelemis ve arastirmacilar tarafindan herhangi bir miidahalede bulunulmamustir.

2.4. Verilerin Analizi

Ogretmen adaylarindan elde edilen yazili veriler, yine Jacobs ve arkadaslarmin (2010) gelistirdigi, Tablo
2’de verilen cergeve kullanilarak analiz edilmistir. Bu gergeveye gore, her bir beceri igin 6gretmen adaylarinin
aciklamalarinda hangi 6l¢iide 6grencilerin diisiincelerine dair kanit sunduguna dikkat edilmistir.

Tablo 2. Fark Etme becerilerine iligkin kategoriler ve a¢iklamalari

Kategori Actklama

Dikkat Etme Ogrencinin kullandi1g: stratejide matematiksel olarak 6nemli olan detaylara dikkat ediyor
mu ve ayrintili olarak agikliyor mu?
Giiglii kanit ~ Stratejilerin detaylarini ayrintili bigcimde probleme referans vererek agikliyor.
Sinirli kanit ~ Stratejilerin detaylarini sinirli diizeyde probleme referans vermeden agikliyor.
Yetersiz kanit  Cok genel ifadelerle islemlerin dogruluguna odaklaniyor.
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Tablo 2’nin devami

Kategori Aciklama

Yorumlama Ogretmen adaylarinin, dgrencilerin stratejilerine ya da anlamalarina yonelik yaptig
muhakemelerinin boyutu ne diizeydedir?

Giiglii kamt ~ Ogrenci ¢dziimiine bagli olarak dgrencinin kavrayisini detayl bigimde agikliyor.
Siirli kanit ~ Ogrenci ¢dziimiine bagli olarak 6grencinin kavrayisim yiizeysel bigimde agikliyor.

Yetersiz kanit  Cok genel ifadelerle 6grenci ¢ozliimii ve problemle iligkilendirmeden yargilamada
bulunuyor.

Karar Verme Ogretmen adaylarmnin, bir sonraki adimda yapacagi islem, ne boyutta grencilerin
anlamalarma dayali ve sundugu gerekgeler 6grencilerin matematiksel diisiinceleri ile ne
kadar iligkili? Burada 6nemli olan en iyi strateji olup olmamasi degil. Bir sonraki adimda
yapacaklarini ne kadar 6grenci anlamasiyla temellendiriyor?

Giiglii kanit ~ Ogrenci ¢oziimiine bagl olarak bir sonraki adimina karar veriyor.
Sinirli kamit  Ogrenci ¢oziimiine bagl fakat gerekge sunmadan bir sonraki adimina karar veriyor.
Yetersiz kanit  Ogrenci ¢oziimiinden bagimsiz kararlar veriyor.

Analiz siirecinde 6gretmen adaylarinin cevaplari her bir kategori igin ayr1 ayri incelenmistir. Ogretmen
adaylarmin cevaplar1 incelenirken agiklamalarinda hangi o6lgiide spesifik O6grenci ¢oziimlerinden kanit
sunduklarina dikkat edilmistir. Sunulan kanitlarin derecesine bagli olarak Ogretmen adaylarinin cevaplari
kodlanmistir. Ogretmen adaylarmin cevaplarinda yapmus oldugu agiklamalar, sunmus olduklari kanitlara gore
giiclii kanit (2), siurlt kanit (1) ve kanit yok (0) seklinde kodlanmistir. Bu siirece bulgular béliimiinde 6gretmen
adaylarinin agiklamalarindan 6rneklerle desteklenerek daha ayrintili yer verilecektir. Belirlenen kodlamalar
dogrultusunda, adaylarin cevaplari bagimsiz iki aragtirmaci tarafindan analiz edilmistir. Kodlayicilar-arast
giivenirligini saglamak i¢in daha sonra bu analizler karsilastirilmistir. Bunu takiben kodlayicilar arasindaki goriis
birligi saglanmis ve kodlamalar tamamlanmistir. Kodlamalarin ardindan elde edilen sonuglarin yiizdelik dagilimi
bulgulara yansitilmigtir.

3. Bulgular

Bu arastirmada, ortaokul matematik 6gretmen adaylarimin dgrencilerin matematiksel diisiincelerini fark etme
becerileri incelenmistir. Bu béliimde, elde edilen bulgular iki asamada sunulacaktir. {lk asamada adaylarin fark
etme becerilerinin egilimine deginilecektir, ikinci agamada ise farkindaligin her bir boyutu ayr1 olarak gretmen
adaylarindan 6rnek agiklamalarla desteklenerek sunulacaktir.

3.1. Ogretmen Adaylarimin Fark Etme Egilimi

Bulgularin ilk asamasinda, 6gretmen adaylarmin fark etme becerilerine iliskin genel resmi gérmek adina,
fark etme egilimleri incelenmistir. Sekil 1’de dikkat etme, yorumlama ve karar verme boyutlarina iliskin
adaylarin sunmus olduklari kanit tiirlerinin dagilimi verilmistir.

100 B GUcla Kanit Sinirli Kanit Yetersiz Kanit
80
60

40

20

Dikkat Etme Yorumlama Karar Verme

Sekil 1. Fark etme becerisinin boyutlarina gére 6gretmen adaylarinin sunmus olduklart kanitlarin dagilim

Sekil 1’de goriildiigii lizere, adaylarin 6grencilerin matematiksel diisiincelerine dikkat etme boyutunda,
yorumlama ve karar verme boyutuna gore daha fazla giigli kanit ve sinirli kanit sundugu goériilmektedir.
Yorumlama ve karar verme boyutunda ise adaylarin c¢ogunlukla az kanit sunma egiliminde olduklari
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goriilmektedir. Dikkat etme, farkindaligin temel becerisidir ve yorumlama ve karar verme becerilerine gore
adaylarin Ggrencilerin cevaplarindaki detaylar1 tanimlayabilmesi nispeten daha kolaydir. Ancak, adaylarin
ogrencilerin matematiksel diistincelerini yorumlama ve bir sonraki adimda ne yapacagina karar verme siirecinde
sunduklar1 kanit durumlarma bakildiginda, bu iki becerinin oldukca zayif oldugu soylenilebilir. Ozellikle karar
verme boyutunda sunulan 189 agiklamadan, giiclii kanit sayisinin 9 olmasi oldukga dikkat ¢ekici bir durumdur.

3.2. Ogrencilerin Matematiksel Diisiincelerine Dikkat Etme

Ogrencilerin matematiksel diisiincelerini fark etme becerisi, ilk olarak 6grencilerin kullandiklar:
stratejilerdeki matematiksel detaylara dikkat edebilme becerisini gerektirir. Bu bdlimde de Ogretmen
adaylarmin, o&grencilerin stratejilerinde fark ettikleri detaylar, yapmis oldugu agiklamalar ve sunduklari
gerekceler baglaminda degerlendirilmistir. Sunmus olduklar1 kanitlara gore 6gretmen adaylarinin cevaplari
kodlanmustir.

Ogretmen adaylari, dgrencilerin ¢dziimlerinde ne yaptigmi acik bir sekilde ifade ediyorsa yani égrencinin
problemde verilenleri kullanip kullanmadigini, 6grencinin ne tiir islemler yaptigini, 6grencinin ¢ozlimlerinde
kullandig temsiller ya da semboller gibi detaylar1 agikliyorsa bu adaylarin yaklagimi 6grencilerin ¢dziimlerinden
giiglii kamt sundugu seklinde degerlendirilmistir. Ogretmen adaylarinin yapmis olduklari agiklamalari % 28’i
giiclii kanit igermektedir. Bu duruma 6rnek olabilecek bazi adaylarin agiklamalari su sekildedir:

“Ogrenci soruda verilenlere dikkat etmemis. Soruda dénme dolabin déniisii oklarla gésterilmis ama
ogrenci dikkat etmeden soruyu ¢ozmeye ¢alismis. 40 dakikada bir tam tur attigini bildigi icin soruyu
daha basite indirgemeye c¢alismis. Carktaki bolmeleri saymis. 10 dakikada kag¢ bolme ilerleyecegini
bulup 3 ile ¢carpmis. Q noktasini bulmus.” ( O14- 1. soru)

“Ogrenci soruyu net bir sekilde anlanmistir. Istenenin ne oldugunun farkindadir fakat dairenin doniis
yontine dikkat etmemigstir. Dairenin toplam ¢izgi sayisini bulmugtur. 40 dakikayr 4’e bolmiis ve 10
dakikay elde etmistir daha sonra toplam nokta sayisint da 4’e bélerek 10 dakikaya karsilik gelen nokta
sayisini bulmugtur.” (09- 1. soru)

Ogretmen adaylarimin agiklamalarinda da gériildiigii iizere, adaylar oncelikle &grencilerin problemde
verilenlere ne kadar dikkat ettigini agiklamislardir. Daha sonra 6grencilerin ¢oziimlerinde yapmis olduklar
matematiksel islemleri ayrintili bir sekilde ifade etmislerdir. Diger yandan 6gretmen adaylar1 yapmis olduklart
aciklamalarinda, Ogrencilerin kullandiklar stratejilerin genel o6zelliklerinden bahsediyorsa ve ogrencinin
¢Oziimiinii ayrintili bir sekilde agiklamryor ise adaylarin yaklasimi 6grenci ¢éztiimlerinden smirli kanit sundugu
seklinde degerlendirilmistir. Smirli kanit sunan 6gretmen adaylari, dgrencilerin problemde verilenlere dikkat
edip etmedigi hakkinda herhangi bir bilgi sunmamislardir. Daha ¢ok Ogrencinin yapmis oldugu islemleri
yiizeysel bir sekilde ifade etmislerdir. Bu noktada 6gretmen adaylarinin agiklamalarinin % 57°si smurlt kanit
icermektedir. Smirl kanit sunan bazi 6gretmen adaylarinin cevaplar su sekildedir;

“Ogrenci dikkatli. Okun yéniine dikkat etmis. Pratik dii;iinebilmiss.“ 10 dakikada nereye gelecegini
hesaplamuig. 30 dakikada nerede olacagini bulmug ve dogru bulmus.” (O14-1.soru)

“Cevresini hesaplamayg calismis. Cevre diye buldugu sayryr da 40°a bélerek 1 dakikada kag metre
dondiigiinii bulmus.” (O12-1. soru)

Ogretmen adaylarmin agiklamalarmin % 15°i ise yetersiz kanit igermektedir. Bu adaylar ise dgrencilerin
¢ozlimlerinde ya da stratejilerindeki detaylara iligkin herhangi bir kanit sunmamislardir. Agiklamalarinda,
Ogrencilerin ¢oziimlerini sadece dogru ya da yanlis olarak nitelendirmislerdir. Ancak problemi nasil ¢ozdiigi
veya ne gibi islemler yaptigina yonelik herhangi bir fikir belirtmemiglerdir. Bu kategoride yer alan bazi adaylarin
aciklamalari soyledir;

“Cocuk soruda isteneni dogru anlamis. Ancak sekildeki doniis yoniinii dogru anlamamistir.”(O8-1. soru)

“Ogrencinin ¢éziimii dogru fakat ok yoniine dikkat etmedigi icin yanls noktay: isaretlemistir.”(0O7-1.
soru)

yiizeysek olarak belirtmislerdir ve 6grenci ¢oziimiindeki matematiksel detaylara iliskin herhangi bir agiklama
sunmamiglardir.

3.3. Ogrencilerin Matematiksel Diisiincelerini Yorumlama

Ogrencilerin matematiksel diisiincelerini fark etme becerisi, dgrencilerin stratejilerindeki matematiksel
detaylara dikkat etmenin yani sira bu detaylar1 yorumlamayr ve Ogrencilerin matematiksel diislincelerini
anlamlandirmay1 icermektedir. Bu bdlimde de, adaylarin ogrencilerin  matematiksel diigiincelerini
yorumlayabilme becerileri, onlarin yapmis olduklar1 agiklamalar ve sunmus olduklar1 kanitlar ¢ergevesinde,
giiclii, sinirlt ve yetersiz kanit olarak degerlendirilmistir.
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Ogretmen adaylari, ogrencilerin matematiksel diisiincelerini yorumlarken, ogrencilerin stratejisindeki
detaylar1 anlamlandirtyorsa, ilgili detaylarin &grencinin anlamasini nasil yansittigini tanimliyorsa ve dgrenci
cevabinda dikkat edilen detaylar1 dgrencilerin matematiksel geligimleri ile iliskilendirdigine dair agiklamalar
sunuyorsa bu o6gretmen adaymin cevabi giiglii kanit icerdigi seklinde degerlendirilmistir. Bu degerlendirmeye
gore adaylarin agiklamalarinin % 6’sinin giiclii kanit igerdigi tespit edilmistir. Gliglii kanit sunan bazi 6gretmen
adaylarinin cevaplari su sekildedir;

“Ogrenci bu soruyu kesirlerle iligkilendirip ¢ozmiistiir. Ogrenci 40 dk.’yi bir tam kesir olarak kabul
etmis. Donme dolabt sekil iizerinc{e dorde bolmiistiir. 30 dk. 'nin ¥ i temsil ettigini kabul edip muhakeme
ederek S noktasin bulmustur.” (O15- 1. soru)

“Ogrenci yaricapt bulmak icin yalniz cemberin ¢apimin baz alimmasi gerektiginin farkindadir. Ayrica
yarigapin bulunmasi gerektiginin de farkindadir fakat yaricapt 70 metre bulduktan sonra binis platformu
ile nehir yatagi arasindaki mesafeyi ekleyip ¢ikarma konusunda bir stkinti yagsamuigtir.” (O2- 2.50ru)

Yukarida verilen agiklamalara bakildiginda, O15 birinci soruya iliskin 6grencinin ¢dziimiinii incelemis ve
Ogrencinin soruyu kesirlerle iligskilendirdigini belirtmistir. Ayrica, “dgrenci 40 dk. 'yt bir tam kesir olarak kabul
etmis” ifadesiyle 0grencinin yapmis oldugu islemlerde matematiksel olarak nasil diigiindiigiinii belirtmis ve
Ogrencinin akil yiiritmesine dair yorumunda kanit sunmustur. Bir diger adayin cevabi ise 2. soruya yoneliktir.
02 gember sorusunda, yarigapt bulmak igin “cemberin baz alinmas: gerektiginin farkindadir” agiklamasi ile
Ogrencinin problemin ¢oziimi icin gerekli matematiksel bilgiye sahip oldugunu belirtmistir ve O6grencinin
problemi analiz edebildigine dair yorum yaptig1 gdriillmektedir. Yani buradaki 6gretmen adaylarinin, 6grencilerin
yapmis oldugu islemleri ve matematiksel olarak nasil diisiindiigiine iliskin kanitlar sundugu gériilmektedir.

Bazi Ogretmen adaylarimin ise Ogrencilerin ¢6ziimlerini yorumlamada ¢ok genel ifadeler kullandiklari
gorilmiistiir. Bu adaylarin yorumlamalar1 &grencilerin matematiksel diisiincelerine yonelik derinlemesine
olmayip, agiklamalar: sirl kanitlar igermektedir. Bu dogrultuda adaylarin cevaplarinin % 37’sinin sinirlt kanit
igerdigi tespit edilmistir. Ornek olabilecek bazi1 6gretmen adaylarinin cevaplari sdyledir;

“Ogrencin geometrik diisiinme becerisi diisiik. Uzaklik kavramimi oturtamamis. Sorudaki  sekli
canlandiramamig. Ogrencinin ¢cember konusu ile ilgili bilgisi yeterli degil.” (O14-2. soru)

“Ogrenci sorunun ¢oziimii i¢in akil yiiriitememis. Cevre hesaplamayr bilmiyor. Soruda ne demek
istedigini anlamamg.” ( O13-1. soru)

Verilen orneklerde de goriildiigii tizere adaylar, dgrencilerin diistinme bigimine yonelik yiizeysel ifadeler
kullanmislardir. Ornegin, “égrencinin cember konusu ile ilgili bilgisi yeterli degil” ifadesinde 6gretmen aday1 bu
argliman icin bir gerek¢e sunmamigtir. Yani bu diisiinceyi 6grencinin hangi isleminden yola ¢ikarak ulastigi
noktasinda bilgi vermemis ya da 6grencinin ¢cembere dair hangi bilgiyi anlamadigini belirtmemistir. Dolayisiyla,
ogrencilerin matematiksel diisiinceleri ile ilgi yeterli kanit sunmamustir. Benzer sekilde, diger 6gretmen
adaylarmin da, égrencinin matematiksel kavrayisi ¢ok yiiksek degil, problemi giinliik hayat ile bagdastiramamus,
zihinsel diisiinme becerisinin iyi oldugu goriiliiyor, pratik diisiinebiliyor gibi herhangi bir dayanagi olmayan
ifadelerle ile 6grencilerin matematiksel diisiincelerine iligkin yorum yaptiklart goriilmiistiir.

Giigli ve smirli kanit sunan 6gretmen adaylarinin yani sira bazi adaylarin 6grenci ¢ozlimlerine dair
yorumlarinin yetersiz kanit igerdigi belirlenmistir. Bu adaylar, herhangi bir kanit sunmamislardir ya da sundugu
kanitlarin ¢ocuklarin matematiksel anlamalari ile ilgili olmadig1 goriilmiistiir. Yapmus olduklar1 agiklamalar,
daha ¢ok 6grencinin davranisina ve islemlerine yonelik olup genel ifadeler igermektedir. Birkag adayin cevaplar
su sekildedir;

“Ogrenci sorudan istenileni dogru anlamis. Diisiincesini net olarak ifade etmistir.” (O16- 1. Soru)
“Ogrencinin gittigi yol mantikls, farkli ve kestirme bir yol.” (O12-1.s0ru)

“Ogrenci cevreyi sayisal bir deger ile ifade etme ihtiyac hissetmis. Verilen 150 m ve 10 m de aklini
karistrmistir.” (O1-1.50ru)

Ogretmen adaylarmin agiklamalarinin %57°si yetersiz kanit igermektedir. Bun noktada, gii¢lii kamt ve simrh
kanit sunan dgretmen adaylarina gore ¢ok fazla sayida adayin yeterli kanit sunmadig1 sylenebilir.

3.4. Ogrencilerin Matematiksel Diisiincelerini Temel Alarak bir Sonraki Adima Karar Verme Siireci

Fark etme becerileri, 6grencilerin matematiksel diisiincelerinin yorumlanmasinin ardindan, &grencilerin
diislincelerini temel alarak bir sonraki adimda ne yapacagina karar vermeyi icermektedir. Yani adaylardan
beklenen, 6grenci stratejilerinden, 6grencinin anlamasina ve bilgisine yonelik elde edilen bilgiye dayali olarak
matematiksel gelisimini destekleyecek Oneriler sunmasidir. Dolayisiyla bu bdliimde, dgretmen adaylarinin,
ogrencilerin diislincelerini anlamalarini ve bu diislinceleri bir iist diizeye ¢ikarma adina yapacag: igslemleri ya da
alacag kararlar icin nasil bir gerek¢e sundugu dikkate alinmigtir. Burada 6nemli olan §gretmenin 6grenciye en
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iyi problemi sormasi degil, sormasi planlanan problemin Ogrenciyi ne kadar zorladifi ve &grencinin
matematiksel diisiincesine ne sekilde temellendirildigidir. Dolayisiyla, 6gretmenin ne yapacagindan ¢ok neden
yapacagt durumu dnceliklidir. Adaylarin sunmus olduklar1 gerekgeler de bu yonde giiglii, sinirli ve yetersiz kanit
olarak degerlendirilmistir.

Ogretmen adaylar1 bir sonraki adimda yapacagi adimlar1 dgrencilerin matematiksel anlamalarina gore
belirliyor, 6grencilerin matematiksel diigiincelerini kullanarak spesifik kanitlar gosteriyorsa ve &grencilerin
diisiinceleri anlamaya yonelik islemler yapiyorsa bu adaylarin cevaplari giicli kanit sundugu seklinde
degerlendirilmistir. Ogretmen adaylarmin agiklamalarina bakildiginda adaylarin %35’inin agiklamasinin giiglii
kanit igerdigi goriilmektedir. Bu adaylardan O16 nin, bir 6grencinin ¢oziimiine karsilik agiklamasi su sekildedir;

1. Asagida bir nehrin yaninda bulunan ddnme dolap verilmistir.
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Sekil 2. Ornek 6grenci ¢oziimii

“Bu 6grenci ¢cemberin ¢evresinin nasil bulunacagini kavrayamamistir. Yanda verilen uzunluga ¢emberin
cevresi demektedir. Bunu diizeltmek adina ogrenciyle ¢emberin c¢evresinin bulundugu ¢alismalar
yapilabilir. Once 6grenciden bir cember materyalinin ip ile etrafini 6l¢mesini isterim. Daha sonra cetvel
ile ipin uzunlugunu ol¢cmesini isterim. Sonrasinda da ¢emberin yarigapini ip ile bulmasini isterim. Elde
ettigi sonuglar dogrusunda ¢emberin yarigapi ile ¢evresi arasinda iliski kurmaya yonlendiririm. Béylece
ogrenci yarigap ile cemberin ¢evresi arasindaki iliskiyi kavrayabilecektir. (O16- 1.s0ru)

016, darencinin yaptig1 islemlerden nasil diisiindiigiinii ve matematiksel olarak neyi anlamadigin tespit
etmistir. Bir sonraki adiminda 6grencinin anlamlandiramadigi noktaya odaklanacagini belirtmis ve istenilen
O6grenmeyi gergeklestirme adina neler yapacagini tanimlamistir. Bazi 6gretmen adaylart da bir sonraki adiminda,
ogrencinin yaptig1 islemlerin gerekgesini anlamaya yonelik, neden bdyle yaptin, yapmis oldugun islemin
gerekgesi nedir, burada nasil diisiindiin gibi sorular kullanacaklarim belirtmislerdir. Oncelikli olarak dgrencilerin
ne diigiindiigiinii anlamak istediklerini ifade etmislerdir. Bu adaylarin agiklamalar1 da gii¢lii kanit kategorisinde
degerlendirilmistir. Ornek olabilecek adaylarin cevaplari su sekildedir;

“Bu ogrenciye 10 dakikada Can’in S noktasinda oldugunu neye gore yazdigini sorardim. Ve neye
dayanarak 3 ile ¢arpip cevaba ulastigini agiklamasin isterdim. Sabit hizla alinan esit yollar i¢in gegen
zamanin egit olup olmayacagini sorar ve buna yonelik problemler yazardim.” (O2-1. soru)

“Ogrenciye “Neden 150yi iki ile ¢carptin” diye sorardim. Burada donme dolabin ¢evresinde 120 dedigi
icin 6grencinin ¢cemberin ¢evresini bulma bilgisi ile ilgili sorunlart oldugu belli. “Cemberin ¢evresini bu
sekilde mi buluyoruz?” sorusunu sorardim. Daha sonra “Bu soruda ¢evre bulmaya gerek var mi?” diye
sorardim. “ (O1-1. soru)”

Diger yandan, baz1 6gretmen adaylar1 6grencinin kavram bilgisine yonelik hatali bilgilerini ve islem hatasini
fark ettirmeye yonelik sorular sorabileceklerini ya da ¢ap-yarigap, uzaklik ve ¢evre kavramlari gibi matematiksel
kavramlarin tekrar anlatilmasini igeren daha genel 6neriler de bulunmuslardir. Bu adaylarin agiklamalari ise
sinirh kanit kategorisinde degerlendirilmistir. Ornek olabilecek bazi adaylarin agiklamalari soyledir;

“Eger donme dolap nehir yatagina teget olsaydi uzaklik nasil degisirdi? Uzaklik kavraminda yanlslhk
oldugu i¢in béyle bir soru sorardim.” (OS- 2. soru)

“Oncelikle birimler iizerinde duracak sorular sorardim. Burada bulmak istedigimiz birimin ne oldugunu
fark ettirmesini saglardim. Cember ile ilgili basit orneklerle baglardim. Onu anladiginda hatasim fark
edecektir.” (O11-1. soru)

“Cevre formiilii neydi diye sorarim ve ¢evresini hesaplayabilecegi farkl sorular veririm. Bu soru igin
cevresini hesaplamadan yapilabilir mi diye sorardim.” (O12-1. soru)
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Yukarida verilen orneklerde de goriildiigii lizere, 6gretmen adaylar1 dgrencilerin kavram bilgisi ve islem
bilgisine yonelik uygulamalar yaptirmak istediklerini sdylemislerdir. Ogretmen adaylarin agiklamalarinin %
27’si bu sekilde sinirli kanit igermektedir.

Giiglii ve smirl kanit sunan adaylarin yani sira, adaylarin agiklamalarmin % 68’sinin yetersiz kanit icerdigi
tespit edilmistir. Bu adaylar, agiklamalarinda 6grencinin anlamasi ile problem yapisini iliskilendirmemislerdir ve
bir sonraki yapacagi adima yonelik matematiksel bir gerek¢e sunmamislardir. Bu sekilde cevap veren adaylarin,
Ogrencinin matematiksel diigiincesini ¢ok dikkate almadig1 ve problem yapisina odaklandigi sdylenebilir. Bu
adaylar, problemde sayilar1 kiigiilterek problemin yapisini basitlestirme, sekil {izerinde verilen uzunlugun ne
kadar oldugunu yazmama ve donme dolabin yoniinii degistirme gibi problemin yapisina yonelik degisiklikler
yaparak 6grenciye ayni problemi tekrar sorabileceklerini sdylemislerdir. Bu adaylardan bazilarinin cevaplart su
sekildedir;

“Og’renc"iye belirli bir dykii icerisinde verilmis, tek bir eksen boyunca hesaplanmasi gereken veriler
verilir. Ogrenciden hikayeye uygun bir bi¢cimde ¢ézmesi istenir. (O5-2. SOru)

“Q"g’renciye soru materyal haline getirilere sorulur. Ok yénii séylenerek dondiirerek ¢ozmesi istenir.”
(O7-1. soru)

Verilen cevaplarda da goriildiigii iizere, adaylar problemin yapist ile daha ¢ok ilgilenmislerdir ve uygulama
odakli dneriler sunmusglardir. Diger yandan bazi adaylar ise bir sonraki adimda 6grenciye sorabilecegi problem
durumlarin1 yazmiglardir ancak bu problemleri neden sorduguna dair herhangi bir gerekce sunmamiglardir.
Soracaklar1 problem ile 6grencide hangi matematiksel diisiinceyi ortaya ¢ikarmak istedigini ya da destekleyecegi
noktasinda bir aciklama yapmamuislardir. Dolayistyla bu adaylarin cevaplari da yetersiz kanit icerdigi seklinde
degerlendirilmistir.

4. Sonuc, Tartisma ve Oneriler

Bu aragtirmada, ortaokul matematik 6gretmen adaylariin dgrencilerin matematiksel diisiincelerini fark etme
becerileri, dikkat etme, yorumlama ve karar verme g¢ergevesinde incelenmistir. Bu dogrultuda, arastirmanin en
temel sonuglarindan biri 6gretmen adaylarmin, dikkat etme boyutunda, yorumlama ve karar verme boyutuna
gore nispeten daha iyi seviyede oldugu yoniindedir. Karar verme boyutunda ise oldukca zayif olduklari
goriilmektedir. Ogretmen adaylarinin fark etme becerilerinin her bir boyutu ayri olarak ele almacak olursa,
dikkat etme boyutunda adaylarin ¢gogunlukla sinirlt kanit sunduklari gériilmektedir. Bunun nedeni ise adaylarin
aciklamalarinin, hem verilen problem durumunda hem de 6grencilerin stratejilerindeki dnemli matematiksel
detaylar1 goz ardi ederek ogrencilerin yapmis oldugu islemler cergevesinde smirli kalmasidir. Ogrencilerin
stratejilerine dikkat etmede, cevabin dogru olup olmadiginin belirlenmesi ya da yapilan islem adimlarinin
tanimlanmasi yeterli degildir, bununla birlikte problem durumu i¢in 6nemli matematiksel detaylarin neler
oldugunun tespit edilmesi ve 6grenci stratejisinin bu bilgi ¢ergevesinde tanimlanmasi gerekmektedir (Jacobs vd.,
2010). Bir bagka ifadeyle dgretmenler, 6grenci ¢oziimlerindeki matematiksel detaylar1 fark edebilecek diizeyde
matematik bilgisine sahip olmalidir. Calismasinda benzer sonuglar elde eden Fernandez vd., (2013), 6gretmen
adaylarmin 6grencilerin stratejilerindeki matematiksel detaylari tanimlayamama durumlarini onlarin matematik
alan bilgisinin zayif olmasindan kaynakladig1 seklinde agiklamiglardir. Bu ¢alismadan elde edilen bulgular da bu
diisinceyi destekler niteliktedir. Problem i¢in gerekli matematiksel diisiincenin ne oldugunu belirleyemeyen ya
da problemin ¢6ziimiinde sadece dogru cevaba odaklanan adaylar, 6grencilerin cevaplarini da yiizeysel olarak
tanimlamuslardir. Bu durum, bir sonraki adimda adaylarin 6grencilerin matematiksel anlamalarini yorumlama
stirecini de etkilemigtir. Nitekim Ogrencilerin cevaplarindaki matematiksel detaylarin tanimlanmasi, onlarin
problem ¢6zme siirecindeki matematiksel diistincelerini dogru yorumlayabilmek i¢in ilk adimdir (Fernandez vd.,
2013).

Bu arastirmadan elde edilen bir diger temel sonug ise 6gretmen adaylarinin 6grenci cevaplarini yorumlama
becerisinin zayif oldugu ve sunmus olduklari kanitlarda 6grencilerin matematiksel anlamalarini ¢ok yansitmadigi
seklindedir. Ozellikle yorumlarinda, 6grencilerin problem durumunda verilen gérseli okuyamadig, islemleri
yapamadigi, sorunun ¢oziimiine iligkin pratik diisiinemedigi ve kullandigi yontemin yanlis olduguna iligkin
sOylemlerle Ogrencilerin yasadiklart zorluklart ve islemsel hatalar1 vurgulamislardir. Bununla birlikte
aciklamalarinda, 6grencilerin matematiksel akil yirlitmelerine yonelik, zihinsel diisiinme becerisi iyi degil,
matematiksel kavrayisi ¢ok yiiksek degil gibi yiizeysel ve yargilayici ifadeler yer almaktadir. Tiim bu sdylemler,
adaylarin, ogrencilerin stratejilerini yorumlarken kavramsal bilgiyi g6z ardi ettiklerini ve &grencilerin
hatalarinin, zorluklarmin arkasindaki matematiksel diisiinceyi aciklayamadiklarini gostermektedir. Calismasinda
benzer bulgulara ulasan Rhodes (2017), 6gretmenlerin grencilerin matematiksel diigiincelerine yonelik dikkat
ettikleri detaylarin ve yorumlarinin, verilen problem durumu ve kendi matematiksel bilgileri cercevesinde
oldugunu belirtmistir. Belirtilen tespit ve bu arastirmada elde edilen bulgular dikkate alindiginda, adaylarin,
verilen problem durumunu anlayabilmek i¢in ihtiya¢ duyduklar1 kavram bilgisinin eksikligi yorumlariin
yiizeysel seviyede kalmasinin sebeplerinden biri olabilir. Alan bilgisinin yan1 sira, 6grenci diisiince bilgisi gibi
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unsurlarin  da adaylarmn yorumlama becerilerini etkiledigi sdylenilebilir. Ogretmenlerin, &grencilerin
matematiksel diistincelerini yorumlayabilmesi igin, igerik bilgisinin gerekli oldugu kadar 6grencilerin nasil
diisiindiigii bilgisini de kullanmalar1 gerekmektedir (van Es & Sherin, 2002). Ogrenci diisiince bilgisi,
ogrencilerin belirli bir kavram hakkinda ne bildikleri, kavram ile ilgili diisiincelerinin neler oldugunu ve
ogrencilerde kavramin nasil gelistigini bilmeyi icermektedir (Hill, Ball & Schilling, 2008). Ancak elde edilen
bulgularda adaylarin bu anlamda yeterli olmadig1 goriilmektedir. Adaylarin yorumlarmin, 6grencilerin neyi
yaptigindan c¢ok neyi yapamadigma yonelik olmasi bu goriisii destekler niteliktedir. Bu durum adaylarin
ogrencilerin sahip oldugu matematiksel bilgi ve matematiksel diisiincelerini dikkate almadiginin gostergesi
olarak da ifade edilebilir. Oysaki dgretmenler 6grencilerinin diisiincelerindeki potansiyeli fark ettigi zaman bir
sonraki adimini bu potansiyel {izerine insa edebilir ve 6grencilerin matematiksel anlamalarini derinlestirebilir ve
gelistirebilirler.

Calismadan elde edilen bir diger sonug¢ ise 6gretmen adaylarinin 6gretim siirecinde bir sonraki adimda
yapacag etkinlige karar verme siirecinde, uygulama odakli diisiindiikleri ve dgrencilerin diisiincelerinden ziyade
kendi 6gretim bilgilerini kullanma egiliminde olduklar1 gézlenmistir. Cok az sayida 6gretmen aday1 6grencinin
matematiksel diisiincesini anlamaya yonelik sorgulama yapabilecegini ve onlarin matematiksel anlayislarini
degerlendirerek bu diisiinceyi nasil destekleyecegine yonelik agiklamalarda bulunmustur. Diger adaylar ise
ogrencilere, yaptiklar1 islemleri anlamaya yonelik ve islem hatalarii fark ettirmeye yonelik sorular
yonlendireceklerini belirtmislerdir. Mason (2002), bu tarz sorularin &grencilerin matematiksel diistincelerini
kullanmanin alternatif yollarin1 diisinmede yararli oldugunu vurgulamistir. Dolayisiyla, 6gretmenlerin
ogrencilerin diisiincelerini kullanabilmesi i¢in soru sorabilme becerileri de 6nemli olmaktadir. Farkindaligin bu
boyutuna iliskin 6nemli olabilecek bir diger sonug¢ ise adaylarin Ggrencilerin matematiksel diisiincelerini
desteklemeye yonelik kanit sunmada dikkat etme ve yorumlama boyutuna gére daha zayif olduklar1 yoniindedir.
Calismasinda, benzer bulgulara ulasan Gichobi (2013), bu durumu O6gretmen adaylarmnin 6grenciler ile
tecriibeleri olmamasindan kaynaklandigi belirtmistir. Nitekim karar verme, gii¢lii bir dikkat ve yorumlama
becerisinin yaninda, dgrencilerin matematiksel diisiincesinin gelisimini bilmeyi de gerektirir. Ogrencilerin
matematiksel diislince gelisimi bilgisi, onlart bir adim daha ileriye gotiirebilmek i¢in 6grencilerin diisiincelerini
zorlayabilecek problem segiminde gereklidir. Dolayisiyla, karar verme becerisi, dikkat etme ve yorumlama
becerisine gore nispeten daha iist diizey ve zor bir beceridir.

Sonug olarak, anlamli 6grenme i¢in 6gretimin dgrencilerin matematiksel diistinceleri ilizerine insa edilmesi
gerekmektedir. Bu baglamda, fark etme yaklagimi 6grenci diisiincelerini anlamak ve 6gretimin bu diislinceler
iizerine insa etmek i¢in bir gerceve sunmaktadir. Bu becerilerin desteklenmesi, matematik 6gretimi ile ilgili
uygulamalar igin degerlidir. Ogretmen egitiminde de dgretmen adaylarinin bu becerilerinin gelisimine ydnelik
deneyimler yasatmak ve sinirli pedagojik alan bilgisi ile 6gretime yonelik alternatif diisiinceler gelistirebilme
becerilerinin desteklemektedir. Bu yonde yapilan ¢aligmalar, adaylarin farkindalik becerilerinin kayda deger
sekilde gelistirdigini gostermektedir (Fernandez vd.,2013; Matamoros vd., 2013; Zapatera & Callejo; 2013). Bu
baglamda, 6gretmen adaylarina, &gretim siireci ve ogrencileri gozlemleme firsatlari sunan o6gretmenlik
uygulamasinin igerigine dair bazi 6nerilerde bulunabilir.

Ogretmenlik uygulamasi kapsamindaki s6z konusu deneyimler, 6gretmen adaylarinin 6grenci diisiincelerine
dair bilgilerinin zenginlesmesini, mevcut &grenci disiincelerine dikkat etme ve yorumlama yaklasimlarimi
destekleyebilir niteliktedir. Ancak bu deneyimlerin, 6grencilerin matematiksel diisiinceleri iizerine bir sonraki
adima karar vermede tek bagina yeterli olmadig1 yoniinde bulgular mevcuttur (Jacobs vd., 2010). Dolayisiyla bir
uzman esliginde, 6gretmen adaylarinin 6grenci disiincelerini fark etmelerini destekleyecek uygulamalara yer
verilmesi adaylarin gelisimi i¢in daha etkili olacaktir (Ball, Sleep & Bass, 2009. Ozellikle, érnek 6grenci
¢ozlimlerinin incelenmesine yonelik grup tartismalari organize edilerek, adaylarin &grencilerin olasi
matematiksel diisiincelerini, kavram yanilgilari1 ve hatalarini derinlemesine konusabilmeleri saglanilabilir.
Matematiksel yonii zengin olan smif i¢i tartigmalar, 6gretmen adaylarma 6grenci diisiincelerini anlama ve
yorumlama agisindan degerli deneyimler kazandirmaktadir. Buradan elde ettikleri ¢ikarimlar ile bir sonraki
adimda neler yapabileceklerine dair fikir yiiritmeleri de 6nemli bir tecriibe olacaktir. Bunun yani sira, 6gretim
stireglerinin analiz edilmesinin ve degerlendirmesinin yer aldigi video kullip ¢aligmalar1 6gretmen egitim
programinda yer alabilecek uygulamalara 6neri olarak sunulabilir.

Bu arastirmanin sonuglar1 dogrultusunda ileride yapilabilecek ¢alismalara yonelik su oneriler sunulabilir; bu
aragtirma 6gretmen adaylari ile yapilmis olup benzer bir calisma 6gretmenlerle de yapilabilir. Diger yandan, bu
arastirmanin verileri 6gretmen adaylarinin yazili ifadeleri ile smiurlidir, bir sonraki caligmalarda 6gretmen
adaylar1 ya da Ogretmenlerin simif i¢i veya farkli tartigma ortamlarinda farkindalik becerileri incelenebilir.
Bununla birlikte 6grencilerin matematiksel diisiinceleri {izerine yapilan diizenli sinif ici tartismalarin, adaylarin
veya Ogretmenlerin farkindalik becerilerini nasil etkiledigi incelenebilir.
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