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Abstract: Although fluency is a widely used concept to describe a student's reading ability, its use in mathematics
curriculum is relatively new. Given that mathematics has a language of its own, it makes sense for teachers to want students
to be fluent and able to convey what they understand. In this sense, fluency is an important aspect of students' ability to work
mathematically. Students need not only to develop knowledge of mathematical concepts, but also to demonstrate this
knowledge by working with mathematical processes. Therefore, determining the opinions of teachers about this concept will
shed light on determining the features such as determining, monitoring and evaluating mathematical fluency in students, as
well as identifying the points needed for future learning. In addition, as a result of the literature review, the scarcity of studies
on the concept of mathematical fluency in our country draws attention, and it is thought that the current research will
contribute to the field. For this purpose, with this study, both how mathematics teachers define the term "mathematical
fluency" and their knowledge and beliefs about this concept were determined. The study has a sequential explanatory design
from mixed method typologies. The study was carried out with a total of 60 elementary and secondary school mathematics
teachers working in different provinces of Turkey, an online questionnaire was applied to all teachers and semi-structured
interviews were conducted with 12 selected teachers in virtual environments. In the analysis and presentation of the data
obtained, descriptive statistics and content analysis techniques were used, which provide an explanatory and exploratory
orientation to the research. As a result, it was found that both teachers have different perspectives (between each other) and
complex understandings (within themselves) that match different ends of the traditional and contemporary spectrum
regarding mathematical fluency.
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Oz: Akicilik, bir 6grencinin okuma yetenegini tanimlamak igin yaygin olarak kullamlan bir kavram olmasina ragmen,
matematik miifredatinda kullanimi nispeten yenidir. Matematigin kendine ait bir dili oldugu diisiiniildiigiinde, 6gretmenlerin
ogrencilerin akict olmalarini ve anladiklar1 seyi aktarabilmelerini istemeleri mantiklidir. Bu anlamda akicilik, dgrencilerin
matematiksel olarak caligma becerilerinin énemli bir yoniidiir. Ogrencilerin sadece matematiksel kavramlarla ilgili bilgileri
gelistirmeleri degil, ayni zamanda bu bilgileri matematiksel siireclerle calisarak gostermeleri gerekir. Dolayisiyla
ogretmenlerin bu kavrama iliskin goriislerinin belirlenmesi, 6grencilerde matematiksel akiciligin belirlenmesi, izlenmesi ve
degerlendirilmesi gibi 6zelliklerin belirlenmesine ve gelecekteki dgrenmeler igin ihtiyag duyulan noktalarin belirlenmesine
151k tutacaktir. Ayrica literatiir taramasi sonucunda iilkemizde matematiksel akicilik kavramina yonelik ¢aligmalarin azligi
dikkat ¢ekmekte ve mevcut arastirmanin alana katki saglayacagi diisiiniilmektedir. Bu ¢aligmanin amaci, matematik
ogretmenlerinin hem “matematiksel akicilik” terimini nasil tanimladiklar1 hem de bu kavram hakkindaki bilgi ve inanclari
belirlemektir. Calisma, karma yontem tipolojilerinden agimlayict sirali desen tasarimina sahiptir. Calisma Tiirkiye'nin farkli
illerinde gorev yapan toplam 60 ilkgretim ve ortaokul matematik Ogretmeni ile gergeklestirilmis, tiim Ogretmenlere
cevrimici anket uygulanmis ve segilen 12 dgretmenle sanal ortamlarda yari yapilandirilmig goriismeler gergeklestirilmistir.
Elde edilen verilerin analizinde ve sunumunda, arastirmaya agiklayici ve kesfedici bir yonelim saglayan betimsel istatistikler
ve icerik analizi teknikleri kullanilmistir. Sonug olarak matematiksel akicilikla ilgili olarak hem &gretmenlerin farkli bakis
acilarma (birbirleri arasinda) hem de 6gretmenlerin (kendi i¢lerinde) geleneksel ve ¢agdas yelpazenin farkli uglariyla eslesen
karmasik anlayiglara sahip oldugu anlasilmistir.

Anahtar Kelimeler: Matematiksel akicilik, Matematik 6gretmenleri, Kavrayis

Tiirkge siirtim i¢in tiklayiniz

1. Introduction

Although fluency is a widely used concept to describe a student's reading ability, its use in mathematics
education is relatively new. Associated with fluency, literacy and language acquisition aspects at primary school
level, so fluent reading has become a term widely used by teachers (Kuhn & Stahl, 2003). In different
disciplines, fluency is expressed in different ways such as performing with ease, speaking smoothly or easily
without effort, fluid, easily changed or adapted (URL-1, 2021). Although definitions of fluency outside of
mathematics do not usually associate fluency with speed, fluency in mathematics is often associated with “speed
or quick recall” (Ramos-Christian, Schleser & Varn, 2008; Wong & Evans, 2007).

The literature surrounding mathematics often defines fluency as procedural or procedural fluency (Kilpatrick,
Swafford & Findell, 2001; McClure, 2014; National Council of Teachers of Mathematics [NCTM], 2014;
Russell, 2000). As a matter of fact, many researchers delineate mathematical fluency with the concept of
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"procedural fluency" within the framework of mathematical proficiency — conceptual understanding, operational
fluency, strategic competence, adaptive reasoning, productive disposition) — constructed by Kilpatrick et al.
(2001). This view of mathematical fluency as being only procedural, can lead to a disconnect between the
teaching of the procedure and the understanding of the concept of mathematics which need to be learned in
unison (McClure, 2014). For example, Kilpatrick et al. (2001) stated that excessive time spent on computational
procedures may harm the student's ability to deepen their understanding of mathematical ideas. Sullivan (2011,
p.7) emphasized the need for teachers to develop in their student’s fluency in calculation “as a way of reducing
the load on working memory, so allowing more capacity for other mathematical actions”. According to Foster
(2014), it allows students to focus all their energies on solving more complex tasks rather than computational
procedures, allowing them to see the big picture, selecting which strategies to use and being able to explain why
they chose them. In this sense, students need to understanding why they are using specific strategies and know
when it is appropriate to use different methods (McClure, 2014). According to McClure (2014) students who
engage in a lot of practice without understanding what they are doing often forget, or remember incorrectly,
those procedures.

Boaler (2015) approached fluency in mathematics with a more holistic perspective and stated that fluency
includes not only "knowing" but also "doing" mathematics. Watson and Sullivan (2008) expressed mathematical
fluency as having factual knowledge and concepts that come to mind immediately, as well as carrying out
procedures flexibly, accurately, efficiently and appropriately. Fosnot and Dolk (2001) defined mathematical
fluency as knowing how a number can be composed and decomposed and using that information to be flexible
and efficient with solving problems. Kilpatrick et al. (2001) stated that effective, flexible and correct use of
procedures is essential for being mathematically fluent. As it can be understood from these definitions, students
should not only develop their knowledge of mathematical concepts, but also demonstrate this knowledge by
working with mathematical processes. In recent years, the tendency to see mathematics as a set of skills that
must be memorized has shifted towards teaching, where problem solving comes to the fore and the mathematical
processes that students use while learning mathematics are important (Anderson & Bobis, 2005; Rittle-Johnson
& Alibali, 1999). The importance of having knowledge of both skills and subject content is emphasized, along
with the processes needed to use the skills and knowledge in a variety of situations. As a result, while
mathematical fluency includes both the ability to perform procedures and an understanding of the mathematics
learned, mathematical proficiency is nourished by being both procedural and conceptually fluent.

However, despite the emphasis on conceptual understanding in more contemporary approaches to teaching
mathematics, traditional mathematics teaching methods that focus only on procedural fluency are still used, and
there is still debate about "teaching for speed and teaching for meaning" and, if any, their relationship (Handal &
Herrington, 2003; Thomas, 2012; Yates, 2006). Students often perform tasks with little or no knowledge of the
processes, as they focus on procedural fluency rather than what the processes they go through while performing
mathematical tasks (Hiebert, 1999; McClure, 2014). In particular, "quick recall" affects the way teachers teach
mathematics, and this has the potential to cause mathematics anxiety in students from an early age. (Ashcraft &
Krause, 2007; Boaler, 2015). In addition, associating fluency with rapid recall may encourage teachers and
parents to value quick recall above all else (Bauer, 2013). Given the limitations of seeing fluency as merely
memorizing procedures and remembering facts quickly, more research is needed on how teachers define fluency.
In addition, when the literature on mathematics education is examined, it is understood that fluency is mostly
defined as procedural, operational or computational fluency (Kilpatrick et al., 2001; McClure, 2014; NCTM,
2014; Russell, 2000). The terms "such as procedural, operational or computational” in these definitions may
enable teachers to interpret fluency as being able to follow a defined formula or be able to calculate quickly in
mathematics (Cartwright, 2018). For this reason, determining the conceptions of teachers about this concept will
shed light on determining the characteristics such as determining, monitoring and evaluating mathematical
fluency in students, as well as identifying the points needed for future learning. In addition, it is thought that this
research will contribute to the field, since studies (Finnane, 2004; Foster, 2013; Graven, Nieuwoudt, Laubscher
& Dreyer, 2012; Russell, 2000; Stott, 2013) on fluency in mathematics are generally conducted with students
and there are few studies (Alptekin, 2019; Uysal, 2017) on the concept of mathematical fluency in our country.
In this context, the aim of the study is to explore the conceptions of primary and secondary school mathematics
teachers about the concept of "mathematical fluency". For this purpose, with this study, both how mathematics
teachers define the term "mathematical fluency" and their knowledge and beliefs about this concept were
determined.

2. Method

This section contains information about the research design, participants, data collection tools, data collection
process and data analysis.
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2.1. Research Design

This study, which aims to determine the perspectives of mathematics teachers on the concept of
"mathematical fluency" both quantitatively and qualitatively, has a sequential explanatory design from mixed
method typologies. In the first stage of this design, quantitative data is collected and analyzed, while in the
second stage, qualitative data is collected and analyzed. In the next step, merging takes place during the
interpretation of the data (Creswell, 2013).

2.2. Participants

The study was carried out with a total of 60 (30+30) primary and secondary school mathematics teachers
working in different provinces of Turkey. In the selection of these teachers, convenient or convenience sampling
method, which is one of the non-random sampling methods, was used. In this method, which accelerates the
research, the researcher selects the participants who are close and easy to Access (Dawson & Trapp, 2001).
Questionnaire forms designed online were applied to all of the teachers, and semi-structured interviews were
conducted in virtual environments with 12 selected teachers, taking into account the data obtained from these
questionnaires. In addition, the purposive sampling technique was also used in the selection of 12 teachers in
order to conduct in-depth research on information-rich situations in the context of the purpose of the study. In
the presentation of the interviews, secondary school mathematics teachers were coded as OL1 — OL6, and
primary school mathematics teachers were coded as 001 — O06. Demographic information of the interviewed
mathematics teachers is given in Table 1.

Table 1. Demographic information of teachers

Participants Professional Experience (Year) Education status Class level taught
Oo1 4 Bachelor 5th and 6th grade
Oop 12 Bachelor 7th grade
Oos 8 Master student 7th and 8th grades
Oous 22 Bachelor 6th, 7th and 8th grades
Oos 17 PhD student 7th and 8th grades
Oos 7 Bachelor 5th and 6th grades
O 24 Bachelor 12th grade
O, 13 Bachelor 9th and 10th grades
O3 9 Master student 11th and 12th grades
OL4 7 Bachelor 9th and 10th grades
Os 2 Bachelor 11th grade
O 18 Master’s degree 12th grade

2.3. Data Collection Tools

In this section, information about the data collection tools used in the research is given. The data of the study
were collected with a questionnaire form and semi-structured interview questions prepared with the support of
the literature (Cartwright, 2018). These two methods were chosen because they are important ways to get direct
answers about the understandings, thoughts, opinions, beliefs and attitudes of mathematics teachers (Harris &
Brown, 2010). A questionnaire is a systematic question form prepared to collect information from primary
sources. The questionnaire is one of the methods that allows us to make certain generalizations about the target
population by collecting data from relatively small but highly representative samples (ilhan & Deniz, 2021). For
this reason, a questionnaire consisting of ten 5-point Likert-type items (Strongly Disagree (SD); Disagree (D’);
Neither agree nor disagree (N°); Agree (A"); Strongly Agree (SA")) and two open-ended questions was used in
the study. The 10 items in the questionnaire included three different dimensions (see Table 4): (I) How students
communicate mathematical ideas, (1) Do teachers see mathematics as a dynamic subject (modern) rather than a
fixed body of knowledge (traditional) about students’ mathematics and fluency development? (111) How teachers'
mindsets affect students' mathematics learning. The two open-ended questions in the questionnaire are as
follows: “Which subject or learning domain comes to mind first when you hear the word fluency?” and “Write
the three words that best describe mathematical fluency, in order?”. Semi-structured interviews were conducted
with the teachers in order to further examine the perspectives of mathematics teachers on the concept of
"mathematical fluency”. In the semi-structured interview technique, the interviewer prepares an interview
protocol (see Table 2) that includes the questions he planned to ask before, and the interviewer can affect the
flow of the interview with other questions or sub-questions according to the flow of the interview (Karasar,
1994).
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Table 2. Semi-structured interview questions

Questions Additional questions

1) How would you define mathematical fluency?
2) What basic characteristics can be observed in students with mathematical fluency?
3) Is mathematical fluency seen when students are speaking, or do you think it can be  In order to further

seen in students' writing? deepen the answers to
4) Is fluency related to mathematical skills such as reasoning, communicating, these questions, the
relating, and problem solving? researcher asked

5) Can students speak fluently without understanding? Or do you think students can  why?, how?, why?,
understand without fluency? which?, etc. questions

6) Some teachers associated fluency more with the concepts of numbers and were asked.
operations. Is this the only area where fluency in mathematics is seen or required?

7) Does a student's Turkish fluency affect their mathematical fluency? How does it

affect it?

2.4. Analysis of Data

Descriptive statistics and content analysis techniques, which provide an explanatory and exploratory
orientation to the research, were used in the analysis and presentation of the obtained data. Descriptive statistics
is the best technique for summarizing data and interpreting research results. For this reason, the frequency,
arithmetic mean and standard deviation values of the items in the questionnaire form of the study were
calculated, and the intervals in Table 3 were taken into account in the evaluation of the answers given to the
questionnaire questions. It was assumed that the intervals were equal, and the score interval was calculated as
0.80 for the arithmetic means (Score Interval = (Highest Value — Lowest Value)/5 = (5 — 4)/5 = 4/5 = 0.80).

Table 3. Evaluation range of arithmetic means according to 5-point Likert Scale

Intervals Options

1.00 - 1.80 Strongly Disagree (SD)
1.81-2.60 Disagree (D)

2.61-3.40 Neither agree nor disagree (N°)
3.41-4.20 Agree (A"

4,21 -5.00 Strongly Agree (SA")

The sample used in quantitative design is used as a determinant in selecting samples for subsequent
qualitative design (Kemper, Stringfield & Teddlie, 2003). Therefore, considering the data in Table 5 obtained as
a result of descriptive statistics, 12 teachers were selected to conduct semi-structured interviews.

Content analysis was used in the analysis of the data obtained from the semi-structured interviews. Content
analysis is a method frequently used in qualitative studies. The purpose of this method is to reveal the answers to
the why and how questions while describing the researched situation. This aim is achieved by revealing the
themes and the relationships between these themes through conceptual coding and classification. Thus,
previously unambiguous and unclear meanings, views, approaches and values about the examined teachers are
revealed (Baki, 1994). In this sense, in the content analysis process, firstly, the data obtained from the
mathematics teachers were transcribed, and then the transcripts were coded.

2.5. Validity and Reliability

In order to ensure the reliability of the research, the research design suitable for the research problem was
selected and the findings obtained from the research were presented accordingly. In addition, after the coding of
the collected data, participant confirmation was made and the suitability of the coding was checked. In this
context, the coding process was carried out in a controlled manner with a faculty member and the coding was
evaluated as "appropriate” and "not appropriate” by this researcher. The agreement between encoders was
calculated as 87%. According to Giiler and Tasdelen-Teker (2015), this value is sufficient for inter-coder
agreement. In order to ensure the validity of the research, direct quotations from the statements of the teachers
were included and the whole process, including the study group, was described in detail, and the situations under
which the research could be repeated were reflected.
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Table 4. Data obtained from questionnaire items by using descriptive statistics

» Elementary mathematics teachers Secondary school mathematics teachers General
c
. . . o
No Questionnaire items S sp- D N A* SA* s D N A* SA*
(*) marked negative items GE) x o x o x o
[a Frequencies Frequencies
Alotofthings in mathematics must be m 2 6 5 15 2 360 120 3 8 5 12 2 331 136 346 1.28
accepted and remembered as perfectly correct.
o  Mathematical ideas are something studentscan |\, 4 3 14 5 340 130 5 5 4 13 3 313 132 325 131
explore for themselves.
Mathematical fluency depends on students'
3 capacity to remember procedures. I 4 4 6 10 6 333 132 3 3 7 12 5 343 119 338 1.25
4 Students may be mathematically fluent but still I 4 2 6 11 7 350 131 3 3 5 12 7 357 125 353 128
may not understand the concepts.
It is more important for students to be able to
E* reach the answer quickly in mathematics than N1 7 3 5 4 353 148 12 8 1 4 5 360 154 357 151
to be able to explain their answers by ' ' ' ' ' '
reasoning.
g  Jobefluentinmath studentsneedtobeable —  , ;7 7 5 319 131 5 6§ 7 6 6 307 139 308 135
to communicate with other students.
| want my students to master basic
7 mathematical operations before solving | 4 3 5 9 9 353 138 4 4 3 10 9 353 142 353 140
complex problems.
8 | encourage students to explain their strategies. | 4 3 2 9 12 373 144 5 4 3 10 11 360 144 366 1.44
When students are working on mathematics
9* problems, | put more emphasis on getting the | 11 9 2 6 2 370 134 12 10 3 4 1 393 117 381 125
correct answer than on the process followed.
1o+ Fluencyissomething that develops naturally, it |\, 5 43 5 4 5 323 13 4 13 5 4 4 330 126 326 131

doesn’t need to be taught specifically.
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3. Findings

In this section, the answers given by the mathematics teachers to the two open-ended questions and semi-
structured questions in the questionnaire were coded and presented.

3.1. Findings on the definition of mathematical fluency

The findings presented in this section are composed of the answers given by the mathematics teachers to the
second open-ended question (Write the three words that best describe mathematical fluency, in order?) in the
questionnaire and the first question in the semi-structured interview protocol. When teachers were asked to write
the three words that best described fluency, they wrote 34 different words. The distribution of the words
preferred by the teachers is given in Table 5.

Table 5. Distribution of the first word and the first three words to describe it best

The first word that best describes  Frequencies Three words that best describes Frequencies
Efficient/effective 9 Efficient/effective/productive 27
Flexible 8 Flexible /changeable/varied 20
Strategy/method 8 Strategy/method/way 20
Understanding 7 Understanding 19
Correct/faultless 6 Correct/faultless 18
Again/repetition 4 Speed 14
Memorization 4 Remembering / recalling 10
Speed 3 Again/repetition/ iteration 8
Remembering 3 Memorization 8
Confidence 3 Calculation 8
Calculation 2 Transfer/transition 7
Transfer 1 Confidence/believing/courage 6
Others 2 Logic/reason 6

Others (curiosity, proof, comment, 9
Total 60 etc.)

Total 180

When Table 5 is examined, the most common word used by teachers to describe fluency is
"efficient/effective”, while they frequently use the words "flexible, strategy, understanding and correct™. While
the number of teachers who accept the words "remembering and speed"” as the first word is very small, the
number of teachers who write these words as the second or third word is more. However, it is an interesting
result that the words “confidence/believing/courage” are less preferred. It was determined that 9 teachers
preferred very different words, especially in their findings about the three words that best describe them.
However, in some quotations from the interviews with the teachers regarding the definition of "mathematical
fluency", the words selected in Table 6 and the words in Table 5 overlap.

Table 6. Quotations and keywords for teachers' definitions of mathematical fluency

Quotations by teachers Coded Words
Oo1: Being able to understand what you read quickly and be able to act in mind. I ~ Speed, Logic, Confidence,
think it is related to being able to reason with confidence... Reasoning

O0,: We can define it as a transition or transfer from basic skills to complex skills.

In other words, it is about applying skills to new learning and recognizing different Transition/transfer,

strategies/ways ... Strategy/way
Oos: Applying processing skills in daily life in efficient and different methods, Efficient, Method,
making associations and making connections... Associations/connections

Oo4: Ability and practicality to operate in an organized or efficient manner. Or,
fluency is achieved with plenty of practice in every subject where mathematical
definitions are well understood. For example, without fluency, students struggle...

Regular, Efficient,
good understanding,

Oos: | think it can be calculations or operations or problem situations, executing it Flexible, Accurate,
in a flexible, accurate, efficient and appropriate way... It is also the ability to bring Efficient, Appropriate,
information or concepts to mind immediately and use them quickly... Of course, it Recall, Speed,

is also important to trust oneself in this process. Students repeating processes such Confidence, Repetition,
as these both gain speed and understand the process. Understanding
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Table 6 continued

Oog: It is the student's ability to perform fast operations in an understandable way — Speed, Recall/remember,
and to repeat or remember this skill... Repeat

O_1: It is the state of the student knowing why he is doing what he is doing, that is,

understanding or comprehending ... Understanding

O.,: Ability to act quickly. Correct and effective application by choosing
appropriate methods. For example, the concepts became more difficult when 1

learned when I started high school. But I still had fluency with numbers... Because Speed, Method,

I knew how to use numbers and how to use math. But then | had to change a bit Effective
because these concepts were more difficult. So it made me work a little more...
O3 Implementation of the learned mathematical skill in an error-free, meaningful, Accuratelcorrect,

understandable, efficient and flexible way. But fluency depends on the content. |
may be a fluent reader, but if you give me a physics book, I'll slow down and lose
my fluency. | think that's the challenge of the text before you, whether it's a
mathematical text or a literacy text...

Meaningful, Efficient,
Flexible, Reading
Comprehension

O.,: The process of searching for solutions to some mathematical problem or

question in an efficient and flexible way. Making comments with the help of existing Efficient, Flexible,

) . ; . Commenting
information, producing new solutions...

O_s: The way from the problem to the solution. The ability to reach a step-by-step Way, Systematic,
result or to perform calculations in the face of a problem-question-situation... Calculation

O_6: Students can understand the logic of the subject in interaction with each other
and answer questions such as why, why, how | did it, meaningful learning and
knowledge sharing. In other words, it's the ability to express why you did a certain
thing, how you arrived at the answer... a lot of fluency for me is about
understanding and adapting. So easily to the next...

Understanding,
Adapting,
Communication, Logic,
Knowledge sharing

In addition, when the quotes from the teachers in Table 6 are examined, it is understood that mathematical
fluency is a complex concept for teachers. In particular, the expressions used by postgraduate teachers in their
definitions of mathematical fluency and the words discovered by analyzing show parallelism with the definitions
in the literature. For example, the statements of the teachers of Og3 and O 3 as “To use the learned mathematical
skill in an error-free, meaningful, understandable, efficient and flexible way...” and “To apply the processing
skills in daily life in efficient and different ways, to associate and establish connections...” are in line with the
literature definitions. It was determined that some of the teachers gave examples from their own educational
experiences (OL,) and social experiences (Og3) to explain the concept of "mathematical fluency”. Teacher O3
stated that fluency was related to the content, while teacher Og, Stated that students who did not have fluency
would have difficulties.

3.2. Findings on basic features of mathematical fluency

As a result of the interviews with mathematics teachers, fifteen different codes related to the basic features of
mathematical fluency were created and presented in Table 7.

Table 7. Findings from teachers' views on the basic features of mathematical fluency

Codes Teachers
Oo:1 Oo2 Ocs Ops Ops Oos Oy Oz Oz Opg Ops Oy

Spend time and persistence in repetition

and practice X

Be patient and persevering X

Conceptual understanding (Knowing
where to do what and interpreting)

Developed sense of numbers and
calculation skills

Developed reasoning skills X X X X

x
x

Developed problem-solving skills

Developing different solving strategies X X X X X X X

Being able to calculate quickly and
interpret these calculations (control the X X X X
process and give feedback)

Reading comprehension and
interpretation
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Table 7 continued

Ability to organize transactions and
procedures in a planned, systematic and X X X X X X X
orderly manner

Developing effective and accurate
solutions

Ability to produce practical solutions X X X

Ability to make associations between
information or concepts

Creative thinking X X

Keep in touch with your teacher and
peers

When Table 7 is examined, the teachers of Oo;, Oaz, Oos, OL1, Ora, Ora, OLs emphasized that conceptual
understanding is one of the main features of mathematical fluency.For example, the statement of O, teacher
"The student acts knowing where to do what and with what method to solve the question... He can answer the
questions why | did it, why | did it. Students who already understand make their calculations effective, that is,
regularly and in a planned manner. By logical reasoning, he is able to tell different methods effectively and
efficiently, even about questions he does not know. He can communicate with his friends and teachers..."
indicates conceptual understanding. Teachers of Ogy, Oos, Oos, Oos, O1, Ors, OLs emphasized that one of the
main features of mathematical fluency is the ability to develop different solution strategies/methods. For
example, Ogs teacher's statement "To master basic operations, to define and interpret concepts correctly, to use
the steps of operation correctly and effectively. Reaches the solution systematically and accurately by paying
attention to the solution steps Ability to develop more than one solution. Judging understanding by
understanding what you read..." shows this situation. Teachers of O, Ogs, Oos, Or1, Ovs, OLs, OLs emphasized
that one of the main characteristics of mathematical fluency is the ability to organize operations and procedures
in a planned, systematic and regular way. For example, O, stated that the teacher should have the ability to
organize the operations and procedures in a planned, systematic and regular way, from the statement "He takes
the necessary actions in a followable and descriptive manner without skipping a step. This is to operate
efficiently, effectively and flexibly. In addition, he can use mathematical knowledge without error by transferring
it between subjects. This transfers information in an understandable way. He can only do this by learning the
real meanings of the concepts..." Ogs, O, O3, Oy teachers considered being able to make calculations quickly
and interpreting these calculations (controlling the process and giving feedback), while the teachers of Op;,, Ogs,
Oos, Ors considered developing a sense of number and calculation skills as one of the basic features of
mathematical fluency. For example, these two basic features were emphasized in the expression of teacher Op3
as "He can calculate and interpret quickly... Ability to practice practice. A student who can control the process
and give feedback when necessary. In this sense, students should improve themselves with continuous practice
and training and accelerate well. This acceleration leads to the development of different solution methods..."
Some of the teachers associated the basic features of mathematical fluency with the development of
mathematical skills such as reasoning (Ogs, Ogs, Or1, O12), association (Oo;, Ogz, Oy3), problem solving (Opg,
Ovs), and communication skills (O,). they have described. Some of the teachers described the basic features of
mathematical fluency by associating them with the development of reasoning(Oos, Ocs, Or1, Ov),
association(Og1, Ogy, Oy 3), problem solving (O3, Oy 5), and communication (O ;) skills. In addition, a few of the
teachers defined the characteristics of mathematical fluency as spending time on repetition and exercises, being
patient and determined, understanding and interpreting what is read, developing effective and correct solutions,
producing practical solutions, and thinking creatively.

Otherwise, a question was asked to the teachers about whether the features related to mathematical fluency
were the same for each grade level, and while nine of the teachers (Oo,, Oos, Oos, Oos, Oos, Or1, OrLo, Ors, Ove)
answered no and two of them (Og1, OL4) answered yes, one teacher (Oys: | don't think, | guess not everyone is the
same...) was undecided. For example, Oq, teacher who answered no explained why she said no as follows:
"Because each grade level has different gains, features related to mathematical fluency vary according to grade
levels. However, if the foundations of mathematical fluency are laid well from an early age, it will be easier to
adapt the features in the next grade levels...", while O, teacher who answered yes explained why she said yes as
follows: “I think it's the same for. Because | think that in order for students to have this feature, there should be
a classroom environment where students can easily express their thoughts, communicate effectively and be open
to questioning...”

3.3. Findings on whether math fluency is more likely to be seen when students are speaking or writing

The findings obtained from the teachers regarding whether mathematical fluency can be seen more when
students are speaking or writing were evaluated by creating three different codes as in Table 8.
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Table 8. Findings on whether fluency can be seen more when students are speaking or writing

Codes Teachers
More when talking (Speaking > Writing) Oz — Ows
More when writing (Writing > Speaking) Oos—O11
I'm undecided 001* 003* 004* 005 — Osz 0|_37 OL4* OLG

When Table 8 is examined, it has been determined that 8 teachers are undecided about whether mathematical
fluency can be seen more when students are speaking or writing. For example, Oos teacher attributed the reason
for his indecision to the mathematical context or content and made a statement as follows: "It can be seen in
both. I think it would not be right to classify which one is more visible... Written texts are reflections of
discourses anyway. | think the mathematical context is important here and it depends on the mathematical
context...” Similarly, it was understood that the teacher was undecided from the statement of Oy ¢ teacher as
"Multiple participation and many ideas while speaking, individuality and more limited ideas when writing.
Therefore, | have no idea about which one will be seen more...". On the other hand, O, teacher emphasized that
mathematical fluency can be seen more when students are speaking in her statement, "If you are more fluent
while speaking, the act of writing will be efficient. Don't talk to him first...". On the contrary, the teacher of Oy,
emphasized that mathematical fluency can be seen more when students write, in his statement “I believe that
mathematics can be seen more when writing rather than speaking. We can see this more in their written
solutions. As problems become more complex, fluency in written solutions becomes more important. Thus, the
solution can be followed and understood...”

3.4. Findings on the relationships between mathematical fluency and other mathematical skills

Most of the teachers (all of the teachers except Oys) stated that there is a relationship between mathematical
fluency and mathematical skills such as reasoning, communication, association and problem solving. For
example, from the statement of the teacher Oos', a doctoral student, as "They are all related. Understanding what
is meant in the question or problem is the most important factor, the one who understands moves more fluently.
Then, the method is developed by reasoning, or the current situation can be associated with previous topics or
questions, and students with good problem-solving skills reach a conclusion quickly... In other words, those who
are fluent internalize these skills better and move faster through the process. Conversely, students who are good
at these skills can develop faster, more efficient, flexible, accurate calculations or methods in mathematics”, it is
understood that mathematical fluency affects mathematical skills such as reasoning, communication, association
and problem solving, and students who are more competent in mathematical skills are more fluent in
mathematics. Similarly, the statement of master's student O3 as “Fluency has an important place in solving
complex problems when necessary by using all these skills together... Fluency in both thought and written
mathematical operations enables reasoning on that subject, making associations, solving the problem and
understanding the solution. Likewise, having these skills and using them by organizing them increases the
fluency of his mathematical work. In this sense, | think it is directly related. Mathematical fluency is more
evident in students with these skills...” revealed that the teacher emphasized the relationship between
mathematical fluency and other mathematical skills. In addition to this, it was understood that the teacher Oys
stated that "Communication is not possible, but it is directly related to others. Because I'm thinking of
communicating, I'm thinking of fluency, I can't connect. Maybe there is, I don't know... I'm not sure. But there is
a relationship with others...", and that the teacher hesitates whether there is a relationship between
communication skills and mathematical rationality, and emphasizes that there is a relationship between other
mathematical skills and fluency. As a result, almost all of the teachers stated that there is a relationship between
mathematical fluency and other mathematical skills.

3.5. Findings on the relationship between mathematical fluency and “understanding”

When the data showing that there is a relationship between mathematical fluency and "understanding " were
examined, the perspectives of the teachers were evaluated by creating three different codes as in Table 9.

Table 9. Findings on whether there is a relationship between mathematical fluency and "understanding"
Codes (relationship and direction) Teachers

Understanding & Mathematical fluency Ops — Oy

Understanding => Mathematical fluenc " = = " " = " = "
Understanding = Mathematical fluencz Vo1~ 0oz~ Oos = Oos— Oos ~ O~ 012~ Oua- O
Understanding ? Mathematical fluency Os

Meaning of symbols: ¢: strong bidirectional relationship; =: strong one-way relationship; = : one-way weak
relationship; ?: undecided whether there is a relationship

It was determined that two of the teachers emphasized that there was a strong bidirectional relationship
between these two concepts, nine of them emphasized that there was a strong one-way but weak relationship in
the opposite direction, and one teacher was undecided. For example, it was determined that the teacher Oyg
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emphasized that there is a strong bidirectional relationship between comprehension or comprehension and
fluency in his statement "Unfortunately, there is no fluency without comprehension. It is thought that only the
operations that are put into a pattern are learned by rote... Besides, the fluent one also comprehends more
quickly. I think there is a lot of two-way interaction...". Oo3 teacher's statements such as "Sometimes | think that
my best children | teach really have a deep understanding and lack fluency. So | think they can understand
without being fluent. But I don't think it could work the other way around..." and O, teacher's statements such
as "If they understand or comprehend, they can do more fluent operations or calculations. Just like in Turkish,
they can speak more effectively if they are mothers. | am of the opinion that the reverse is partially true. That is,
one can understand without fluency, but one cannot be fluent without understanding without understanding. For
example, | think a student can achieve fluency by grasping a mathematical structure. But for basic mathematical
operations, we can sometimes see that he can operate fluently without understanding the logic...", it has been
determined that teachers emphasize that understanding affects mathematical fluency a lot, but mathematical
fluency does not affect comprehension much. On the other hand, it was determined from the statement of the Oys
teacher, "If we adapt it without speaking Turkish. I am not sure if understanding or comprehension alone is
enough to speak fluently... An extrovert can convey what he understands or comprehends. | don't think it needs
to be fluent. So comprehension seems to affect fluency, but I can't quite think how the other affects it..." that the
teacher was insufficient in defining the relationship between these two concepts and was undecided in
determining the direction of the relationship. As a result, most of the teachers stated that understanding is
necessary for being mathematically fluent, but the effect of mathematical fluency is less on understanding.

3.6. Findings on learning domains associated with mathematical fluency

The findings presented in this section are composed of the answers given by the mathematics teachers to the
second open-ended question in the questionnaire and the sixth question in the semi-structured interview protocol.
Table 10 was created by analyzing the answers given by the teachers to the second open-ended question (Which
subject/learning area comes to your mind first when you hear the word fluency?) in the questionnaire.

Table 10. Findings from 60 teachers on learning areas associated with mathematical fluency

Elementary mathematics teachers Secondary school mathematics teachers
Learning area/subject Frekans Learning area/subject Frekans
Numbers and operations 22 Numbers and algebra 26
Algebra 6 Geometry 1
Geometry - Data counting and probability 3
Data processing and probability 2

When Table 10 is examined, it is understood that secondary school teachers generally associate mathematical
fluency with numbers and operations learning, while high school teachers mostly associate numbers and algebra
learning. However, as can be seen from the data in Table 11, which was obtained from the 12 teachers
interviewed, it was determined that most of the mathematics teachers emphasized that the only area where
mathematical fluency is seen is not the area of learning numbers and operations, but that mathematical fluency
can be seen in different subjects or learning areas.

Table 11. Findings from 12 teachers on learning areas associated with mathematical fluency

Codes Teachers

NO (?01— 002_ 003 — O04_ O05 — C)OG — OLl — OLZ_ OL3 — OLG
Yes O|_4
Indecisive Os

While all elementary mathematics teachers stated that mathematical fluency can be seen in learning areas
other than numbers and operations, one secondary school mathematics teacher stated that mathematical fluency
can only be seen in the areas of learning numbers and algebra. For example, Oo; teacher's statement "Basic
mathematical operations are encountered in almost every mathematical occupation. Therefore, fluency in this
matter is important. But it is not limited to just here. Using skills such as basic processing skills, reasoning
skills, and problem solving skills together, creating appropriate solutions to the problem situation or making
explanations are also areas where fluency can be seen. We can see this in fields such as Geometry and Statistics.
In other words, fluency should not only mean error-free operation. Just like knitting a knitting, the person should
gather the information he has acquired for the mathematical situation in front of him and express this
combination verbally and in writing... " revealed that the teacher emphasized that mathematical fluency can be
seen in different learning areas. However, it is understood from the expression "I think yes. It has a lot to do with
learning numbers and algebra. This is natural. Because the first learning area at all grade levels is numbers and
operations learning area. Since the subject of numbers is related to all learning areas, | think mathematical
fluency is limited to learning numbers and algebra, especially in high school..." by the teacher of Oy, that the
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teacher emphasized the field of learning numbers and algebra. Qs mathematics teacher was undecided on this
question, as in other interview questions, and answered, "I don't know... I don't know much... Reading
comprehension must be absolutely necessary..." As a result, although the majority of teachers claim that there is
a greater relationship between mathematical fluency and the learning domain of numbers and operations
(numbers and algebra), it has been understood from the interviews that mathematical fluency can be seen in
different learning domains.

3.7. Findings on whether Turkish fluency affects mathematical fluency

All of the teachers stated that there is a very important and deep relationship between mathematical fluency
and Turkish fluency, and they emphasized that Turkish fluency greatly affects mathematical fluency. For
example, the statement of the master's student Opz that "Most of the mathematical pursuits involve Turkish
explanations, instructions or daily life scenarios. If the student understands these expressions correctly, they
transfer these expressions to the world of mathematics and develop solutions. It is possible for an individual who
does not understand what he reads correctly and fluently to make mistakes. Fluency in Turkish is also important
in order to explain the result or solution strategy he has reached. Good Turkish fluency affects mathematical
fluency positively..." reveals this situation. Similarly, teacher O¢ explained that Turkish fluency positively
affects mathematical fluency as follows: “People who can express their reading comprehension and
understanding in Turkish will also express themselves more easily in mathematics. A person who is not fluent in
Turkish is negatively affected because he or she cannot understand and express mathematics. In other words,
reading comprehension and mathematization are important. Those who understand the situation make fluent
calculations more meaningfully and reason more accurately, efficiently and effectively...” As a result, all of the
teachers stated that Turkish fluency is important for the development of mathematical fluency.

4, Discussion and Results

Before discussing the data obtained from the semi-structured interviews and open-ended questions, the data
in Table 4 of all the teachers obtained from the 5-point Likert-type questionnaires were interpreted and then
these data were discussed together with the data obtained from the interviews.

From the answers given to the questionnaire items, it is understood that both elementary and secondary
school mathematics teachers generally speak the same language about mathematical fluency. For example, it is
understood that mathematics teachers in both groups are undecided about the fact that mathematical ideas can be
discovered by students, communication skills are important for students to be fluent in mathematics, fluency
does not develop naturally and should be taught. One of these ambivalences differs from Boaler's (2016) idea
that fluency is something that needs to be learned and taught. In addition, it was determined that the majority of
mathematics teachers agreed that students may still not understand concepts even if they are mathematically
fluent, that students need to master basic mathematical operations before solving complex problems, and that it
is important to encourage students to explain their strategies. Similarly, it was determined that the teachers in
both groups did not agree with the questionnaire items that the students' ability to reach the answer quickly in
mathematics is more important than their ability to explain their answers by reasoning, or that teachers give more
importance to finding the right answer than the process followed when students are working on mathematical
problems. This reveals that understanding is more important than quick recall (Cartwright, 2018). However, it
was understood that primary school mathematics teachers agreed with the item " A lot of things in mathematics
must be accepted and remembered as perfectly correct ", but secondary school mathematics teachers were
undecided. It was determined that secondary school mathematics teachers agreed with the item " Mathematical
fluency depends on students' capacity to remember procedures”, but primary school mathematics teachers were
undecided. As a result, the questionnaire items showed that both teachers had different beliefs (between each
other) and teachers (within themselves) had complex beliefs that matched different ends of the traditional and
contemporary spectrum.

While the most preferred word by the teachers who wrote 34 different words to describe mathematical
fluency was "efficient/effective”, they also frequently used the words "flexible, strategy and correct”. The words
used are consistent with the definitions of fluency (effective, flexible, efficient (appropriately)) in the literature
(Kilpatrick et al., 2001; Watson & Sullivan, 2008). For example, these words are compatible with Watson and
Sullivan's (2008) definition of mathematical fluency, which includes students' ability to apply procedures
flexibly, accurately, efficiently and appropriately. One of the words most preferred by the teachers is the words
"understanding”. As a matter of fact, in many definitions of mathematical fluency, the relationship between these
concepts and fluency is frequently emphasized (Boaler, 2015; Hiebert, 1999; McClure, 2014; Watson &
Sullivan, 2008). The number of teachers who prefer the words "remembering and speed" is quite low. According
to the results of the questionnaire, the number of teachers who think that students' ability to reach the answer
quickly in mathematics is more important than their ability to explain their answers by reasoning is quite low.
These two data are parallel to each other. However, speed and quick recall are the first words to look for in
fluency. Although definitions of fluency outside of mathematics do not associate fluency with speed or recall,

94



Mathematics Teachers’ Understanding of the Concept of Mathematical Fluency ...

fluency in mathematics is often considered synonymous with speed or rapid recall (Ramos-Christian et al., 2008;
Wong & Evans, 2007). Similarly, teachers preferred the words "confidence/believing/courage " less. Although
the procedural fluency, which is one of the components of Kilpatrick et al. (2001) related to mathematical
competences, is associated with productive disposition, it is an interesting result that the words
"confidence/believing/courage " are less preferred. In addition, the data obtained from the interviews with the
teachers regarding the definition of "mathematical fluency" and the data obtained from the questionnaire items
match. For example, the fact that teachers are indecisive about the questionnaire items and that mathematical
fluency in quotations is a complex concept for teachers coincide. Some of the teachers connected the concept of
“mathematical fluency” with their own learning, social experiences, classroom practices and what their students
were doing to confirm their perspectives. In other words, teachers' perspectives on mathematical fluency were
influenced by both internal factors (their own educational experiences and personal knowledge and content and
pedagogical beliefs) and external factors (students' knowledge in their classroom, social experiences, and school
context).

The opinions of teachers about the basic features of mathematical fluency and the results of studies in the
literature show parallelism. More than half of the teachers stated that conceptual understanding(don't question
where to do what, how to solve the question, why you prefer this solution or do it), being able to develop
different solution strategies/methods, and having the ability to organize procedures in a planned, systematic and
orderly manner are the basic features of mathematical fluency. According to McCluer (2014), understanding
why students use certain strategies and knowing when it is appropriate to use different methods are the main
features of mathematical fluency. Approximately one-third of the teachers considered being able to calculate
quickly and interpret these calculations (controlling the process and giving feedback), having a sense of number
and developed calculation skills as one of the main features of mathematical fluency. Some of the teachers
defined the basic features of mathematical fluency by associating them with the development of mathematical
skills such as reasoning, association, problem solving and communication skills. A similar perspective was
obtained from the survey data, which is in line with Kilpatrick et al.'s (2001) framework of nested mathematics
competencies. In addition, a few of the teachers defined the characteristics of mathematical fluency as spending
time on repetition and exercises, being patient and determined, understanding and interpreting what is read,
developing effective and correct solutions, producing practical solutions, and thinking creatively. In this sense,
the data obtained showed that teachers made a clear distinction between students who they thought were fluent
and students who were not fluent. For example, stating that students who have procedural fluency or learn
content by rote are not really fluent (Cartwright, 2018) actually shows why conceptual understanding is
important in mathematical fluency. The students, whom the teachers thought to be fluent, had procedural
knowledge as well as knowing what to do in the processes and which strategies were more efficient in different
situations. These data obtained as a result of the interviews showed that the teachers comprehensively listed
many basic features related to mathematical fluency. For example, teachers often used similar words regarding
the strategic competences students exhibit (effective, different, multiple choice), the conceptual understanding
they convey (understanding, connecting, explaining), and the adaptive reasoning they use (transfer, work on
mistakes, self-correction). These features have been described by Kilpatrick et al. (2001) overlaps with their
intertwined mathematical competences. In addition, a question was asked to the teachers about whether the
characteristics related to mathematical fluency were the same for each grade level, and nine of the teachers
answered no and two of them answered yes, while one teacher was undecided.

It was determined that the majority of the teachers interviewed were undecided about whether mathematical
fluency can be seen more when students are speaking or writing. As a matter of fact, this situation coincides with
the indecision of the teachers in the questionnaire items. In addition, two of the teachers emphasized that
mathematical fluency can be seen more when students are speaking, while the other two teachers emphasized
that mathematical fluency can be seen more when students are writing. Most of the teachers stated that there is a
relationship between mathematical fluency and mathematical skills such as reasoning, communication,
association and problem solving. For example, it was determined that one of the teachers emphasized that
mathematical fluency affects mathematical skills such as reasoning, communication, association and problem
solving, while those who are more competent in mathematical skills can progress more fluently in mathematics.
However, it was understood that a teacher hesitated whether there was a relationship between communication
skills and mathematical rationality, and emphasized that there was a relationship between other mathematical
skills and fluency.

Teachers stated that understanding is important in being mathematically fluent, but the effect of mathematical
fluency is less on understanding. It was determined that two of the teachers emphasized that there was a strong
bidirectional relationship between these two concepts, nine of them emphasized that there was a strong one-way
relationship but weak in the opposite direction, and one teacher was undecided. In other words, students may
have mathematical fluency as part of strategic competence, but they may lack knowledge of when to use
procedures as part of conceptual understanding (Cartwright, 2018). Kilpatrick et al. (2001) stated that students
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who learn procedures without understanding typically cannot do more than apply the learned procedures, while
those who learn by understanding can change or adapt the procedures to make them easier to use.

It is understood that elementary mathematics teachers generally associate mathematical fluency with numbers
and operations learning, and secondary school mathematics teachers associate numbers and algebra learning
more. However, it was determined that most of the mathematics teachers interviewed emphasized that numbers
and operations are not the only area where mathematical fluency is seen, and that mathematical fluency can be
seen in different subject or learning areas. While all of the elementary mathematics teachers interviewed stated
that mathematical fluency can also be seen in learning areas other than numbers and operations, one secondary
school mathematics teacher stated that mathematical fluency can only be seen in the areas of learning numbers
and algebra. As a result, although the majority of teachers claim that there is a greater relationship between
mathematical fluency and the learning domain of numbers and operations (numbers and algebra), it has been
understood from the interviews that mathematical fluency can be seen in different learning domains.

All of the teachers stated that there is a very important and deep relationship between mathematical fluency
and Turkish fluency, and they emphasized that Turkish fluency greatly affects mathematical fluency.
Considering Newman's (1977) statement "Being fluent and literate in English plays a vital role in a student's
ability to read, understand, interpret and solve mathematical problems”, it may lead to saying that being fluent
in Turkish is also important for mathematical fluency. However, it has been determined that the viewpoints of
postgraduate teachers on mathematical fluency are in a broader perspective than other teachers.

5. Recommendations

Although the study was conducted with teachers from different provinces, the small sample size is an
important limitation for this study. For this reason, increasing the number of teachers to whom data collection
tools will be applied can provide a better analysis of their perspectives on the concept of mathematical fluency.
In addition, although the data obtained from both the questionnaire and the interviews were shared in the study,
observing classroom practices in the context of mathematical fluency can help to interpret the relationship
between teacher understandings and teaching practices. Similarly, it is necessary to observe classroom practices
in order to verify that the fluency characteristics specified by teachers are actually present in students. As the
findings of this study belong to teachers only, it is important to conduct research in collaboration with teachers in
future studies on mathematical fluency to observe students working on tasks, discuss their reasoning and
strategies with students, and analyze student work samples for characteristics of fluency. Such studies will also
help teachers validate their concepts of mathematical fluency with student behavior.
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Matematik Ogretmenlerinin Matematiksel Akicihk Kavramindan Anladiklar:

1. Giris

Akicilik, bir 6grencinin okuma yetenegini tanimlamak igin yaygin olarak kullanilan bir kavram olmasina
ragmen, bu kavranmin matematik egitiminde kullanim1 oldukca yenidir. Ilkokul siniflarinda akicilik; okuryazarlk
ve dil edinimi yonleriyle iliskilendirilmis, bu nedenle akici okuma, &gretmenler tarafindan yaygin olarak
kullanilan bir terim haline gelmistir (Kuhn & Stahl, 2003). Farkl: disiplinlerde ise akicilik; kolaylikla icra etme,
sorunsuz veya akici konusma, kolayca degistirilebilir veya uyarlanabilir olarak farkli sekillerde ifade
edilmektedir (URL-1, 2021). Matematik disgindaki akiciik tanimlar1  genellikle akicihigi hiz ile
iliskilendirmemesine ragmen, matematikte akicilik genellikle “hiz veya hizli hatirlama” ile iliskilendirilmektedir
(Ramos-Christian, Schleser & Varn, 2008; Wong & Evans, 2007).

Matematigi ¢evreleyen literatiirde akicilik genellikle prosediirel veya islemsel akicilik olarak tanimlanir
(Kilpatrick, Swafford & Findell, 2001; McClure, 2014; National Council of Teachers of Mathematics [NCTM],
2014; Russell, 2000). Nitekim birgok arastirmaci matematiksel akiciligi, Kilpatrick vd. (2001) yapilandirdigi
matematiksel yeterlilik - kavramsala anlama, islemsel akicilik, stratejik yetkinlik, mantiksal muhakeme, verimli
egilim - ¢ercevesindeki “islemsel/prosediirsel akicilik” kavramu ile tasvir etmektedir. Matematiksel akiciligm
yalnizca prosediirel oldugu goriisii, prosediiriin 6gretilmesi ile uyum icinde 6grenilmesi gereken matematigi
kavrammin (nedeninin) anlasiimas: arasinda bir kopukluk yaratabilir (McClure, 2014). Ornegin, Kilpatrick vd.
(2001) hesaplama prosediirlerine harcanan asir1 zamanm, Ogrencinin matematiksel fikirleri anlamasini
derinlestirme becerisine zarar verebilecegini belirtmistir. Sullivan (2011) ise O6gretmenlerin, “caligma
bellegindeki yiikii azaltmanin ve boylece diger matematiksel eylemler i¢in daha fazla kapasiteye izin vermenin
bir yolu olarak (s.7)” hesaplamada Ogrencilerinin akiciliklarini gelistirmeleri gerekliligine vurgu yapmuistir.
Foster’e (2014) gore 6grencilerin tiim enerjilerini hesaplama prosediirlerinden ziyade daha karmasik gorevleri
¢ozmeye odaklamalarinin, onlarm biiylik resmi goérmelerine, hangi stratejileri kullanacaklarin1 segmelerine ve
neden onlar: segtiklerini agiklayabilmelerine olanak tanir. Bu anlamda 6grencilerin neden belirli stratejileri
kullandiklarin1 anlamalar1 ve farkli yontemleri kullanmanin ne zaman uygun oldugunu bilmeleri gerekir
(McClure, 2014). McClure'a (2014) gore ne yaptigmi anlamadan ¢ok fazla uygulama yapan 6grenciler bu
prosediirleri siklikla unutur veya yanlis hatirlar.

Bununla birlikte Boaler (2015) matematikte akiciliga daha biitlinciil bir bakis agisiyla yaklasmis ve akiciligin
sadece matematigi “bilmeyi” degil “yapmay1” da i¢erdigini belirtmistir. Watson ve Sullivan (2008) matematiksel
akiciligi, prosediirleri esnek, dogru, verimli ve uygun bir sekilde yiiriitmenin yani sira akla hemen gelen olgusal
bilgi ve kavramlara sahip olma olarak ifade etmistir. Fosnot ve Dolk (2001) matematiksel akicilig1 bir saymin
nasil olusturulabilecegini ve ayristirilabilecegini bilmek ve bu bilgiyi problem ¢6zmede esnek ve verimli olmak
icin kullanmak olarak tanimlamistir. Kilpatrick vd. (2001) ise matematiksel olarak akici olmada prosediirleri
etkili, esnek ve dogru kullanimmin esas oldugunu ifade etmistir. Bu tammmlardan da anlasilacagi lizere
ogrencilerin sadece matematiksel kavramlara iliskin bilgilerini gelistirmeleri degil, ayn1 zamanda bu bilgilerini
matematiksel siireglerle calisarak sergilemeleri gerekir. Son yillarda matematigi ezberlenmesi gereken bir dizi
beceri olarak gdérme egilimi, problem ¢dzmenin On plana ¢iktig1 ve &grencilerin matematik Ogrenirken
kullandiklar1 matematiksel siire¢lerin 6nemli oldugu 6gretime dogru kaymaktadir (Anderson & Bobis, 2005;
Rittle-Johnson & Alibali, 1999). Hem beceri hem de konu igerigi bilgisine sahip olmanin 6nemi, beceri ve
bilgiyi ¢esitli durumlarda kullanmak i¢in gereken siireglerle birlikte vurgulanir. Sonu¢ olarak matematiksel
akicilik hem prosediirleri gergeklestirme becerisini hem de 6grenilen matematigin anlasilmasini igerirken,
matematiksel yeterlilik, hem prosediirel hem de kavramsal olarak akict olmaktan beslenir.

Ancak matematik Ogretimine iliskin daha c¢agdas yaklasimlarda kavramsal anlamaya vurgu yapilmasina
ragmen, sadece prosediirel akicilia odaklanilan geleneksel matematik 6gretim yontemlerinin kullanilmasi
devam etmekte ve “hiz i¢in 6gretme ve anlam igin gretme” ve varsa bunlarm ne gibi bir iligkiye sahip olduklar1
konusunda tartigmalar halen siirmektedir (Handal & Herrington, 2003; Thomas, 2012; Yates, 2006). Ogrenciler
genellikle matematiksel gorevleri yerine getirirken gegtigi siireclerin ne ise yaradigindan ¢ok prosediirel akiciliga
odaklandigindan, siireclere dair ¢ok az veya hig bilgi sahibi olmadan gorevleri yerine getirirler (Hiebert, 1999;
McClure, 2014). Ozellikle “hizli hatirlama” dgretmenlerin matematigi 6gretme bigimlerini etkiler ve bu durum
kiiciik yaslardan itibaren 6grencilerde matematik kaygisina neden olma potansiyeline sahiptir (Ashcraft &
Krause, 2007; Boaler, 2015). Ayrica akicilig1 hizli hatirlama ile iliskilendirmek, 6gretmenleri ve ebeveynleri her
seyden once hizli hatirlamaya deger vermeye tesvik edebilir (Bauer, 2013). Akicilig1 yalnizca prosediirleri
ezberlemek ve gercekleri hizli bir sekilde hatirlamakla ilgili olarak gormeyle ilgili smirlamalar gz Oniine
alindiginda, Ogretmenlerin akiciligt nasil tanimladiklar1 konusunda daha fazla arastirma yapilmasi
gerekmektedir. Ayrica matematik egitimi ile ilgili literatiir incelendiginde akiciligin daha c¢ok,
prosediirel/islemsel veya hesaplamali akicilik olarak tanimlandigi anlagilmaktadir (Kilpatrick vd., 2001;
McClure, 2014; NCTM, 2014; Russell, 2000). Bu tanimlamalarda yer alan “prosediirel, islemsel veya
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hesaplamal1 gibi” terimler, 6gretmenlerin akiciligi belirlenmis bir formiilii takip edebilme veya matematikte
hizl1 bir sekilde hesaplama yapabilme olarak yorumlamasini saglayabilir (Cartwright, 2018). Bu dar bakis acisi,
Ogretmenlerin matematigi 6gretme bicimini etkileyebilir. Bu nedenle 6gretmenlerin bu kavram hakkindaki
diisiincelerinin veya goriiglerinin belirlenmesi hem 6grencilerde matematiksel akiciligi belirleme, izleme ve
degerlendirme gibi 6zellikleri hem de gelecekteki 6grenim igin ihtiya¢ duyulan noktalar1 belirlemeye 151k
tutacaktir. Ayrica, matematikte akicilik iizerine yapilan ¢aligmalarmn genel olarak &grencilerle yiiriitiilmesi
(Finnane, 2004; Foster, 2013; Graven, Nieuwoudt, Laubscher & Dreyer, 2012; Russell, 2000; Stott, 2013) ve
iilkemizde matematiksel akicilik kavramima yonelik yapilan ¢aligmalarin (Alptekin, 2019; Uysal, 2017) azalig1
nedeniyle bu arastirmanin alana katk: saglayacagi diisiiniilmektedir.

Bu baglamda calismanin amaci, ilkdgretim ve ortadgretim matematik Ogretmenlerinin “matematiksel
akicilik” kavramu ile ilgili diistincelerini/goriislerini kesfetmektir. Bu ama¢ dogrultusunda ¢aligma ile matematik
Ogretmenlerinin hem “matematiksel akicilik” terimini nasil tanimladiklari hem de bu kavram hakkindaki bilgi ve
inanglar1 belirlenmistir.

2. Yontem

Bu boliimde arastirmanin yontemi, katilimcilari, veri toplama araglari, veri toplama siireci ve verilerin analizi
ile ilgili bilgiler yer almaktadir.

2.1. Arastirma Deseni

Matematik dgretmenlerinin “matematiksel akicilik” kavramu ile ilgili bakis agilarmi hem nicel hem de nitel
olarak belirlemeyi amaglayan bu g¢alisma, karma yontem tipolojilerinden agimlayici sirali desen tasarimina
sahiptir. Bu tasarimin ilk asamasinda nicel veriler ikinci asamasinda nitel veriler toplanir ve analiz edilir, daha
sonra ise verilerin yorumlanmasi esnasinda birlestirme gergeklesir (Creswell, 2013).

2.2. Cahsma Grubu

Caligma Tiirkiye’nin farkli illerinde gérev yapan toplam 60 (30 + 30) ilkdgretim ve ortadgretim matematik
Ogretmenleri ile yliriitiilmiistiir. Bu 6gretmenlerin se¢ciminde tesadiifi olmayan 6rnekleme yontemlerinden uygun
veya elveriglilik (convenience) drnekleme yontemi kullanilmigtir. Bu yontem arastirmaya hiz kazandiran bir
yontemdir ve bu yontemde arastirmaci, yakin ve erigilmesi kolay olan katilimcilar1 seger (Dawson & Trapp,
2001). Ogretmenlerin tamamna online olarak tasarlanan anket formlar1 uygulanmis ve bu anket formlarindan
elde edilen veriler dikkate almarak secilen 12 dgretmen ile sanal ortamlarda yari-yapilandirilmis miilakatlar
gerceklestirilmigtir. Ayrica 12 6gretmenin seciminde, ¢aligmanin amaci baglamimda bilgi acisindan zengin
durumlar (lisan, yiiksek lisan ve doktora yapmis dgretmenler) derinlemesine arastirma yapabilmek amaciyla
amach 6rnekleme tekniginden de yararlanilmigtir. Miilakatlarin sunumunda ortadgretim matematik d6gretmenleri
OL1 — OL6, ilkdgretim matematik dgretmenleri ise OO1 — Q06 olarak kodlanmistir. Miilakat yiiriitiilen
matematik dgretmenlerine ait demografik bilgiler Tablo 1'de verilmistir.

Tablo 1. Ogretmenlerin demografik bilgileri

Katthmeilar  Ogretmenlik Tecriibesi (Y1l) Ogrenim Durumu Ogretim yapilan simif diizeyi
Oo1 4 Lisans 5. ve 6. siiflar
Oo; 12 Lisans 7.siiflar
Oo3 8 Yiiksek Lisans Ogrenci 7. ve 8. siuflar
Oo4 22 Lisans 6. 7. ve 8.smiflar
Oos 17 Doktora Ogrenci 7. ve 8. smiflar
Oos 7 Lisans 5. ve 6.smiflar
Ou 24 Lisans 12.smuflar
O, 13 Lisans 9. ve 10 smuflar
O3 9 Yiiksek Lisans Ogrenci 11. ve 12.sinuflar
OLs 7 Lisans 9. ve 10.smiflar
OLs 2 Lisans 1 1.smiflar
OLe 18 Yiiksek Lisans Bitti 12.smiflar

2.3. Veri Toplama Araclan

Bu boéliimde arastirmada kullanilan veri toplama araglar1 hakkinda bilgi verilmektedir. Calismanin verileri,
literatiir (Cartwright, 2018) destekli hazirlanan bir anket formuyla ve yar1 yapilandirilmig goriigmelerle
toplanmistir. Bu iki yontem, matematik 6gretmenlerinin anlayislari, diisiinceleri, gorisleri, inanglart ve tutumlari
hakkinda dogrudan yanitlar almanin 6nemli yollar1 oldugu i¢in segilmistir (Harris & Brown, 2010). Anket,
birincil kaynaklardan bilgi toplamak i¢in hazirlanan sistematik bir soru formudur. Anket gorece kiigiik ama
temsiliyet Ozelligi yiiksek Orneklemler tiizerinden veri toplanilarak, hedef popiilasyon hakkinda belirli
genellemeler yapmamizi saglayan metotlardan biridir (Ilhan & Deniz, 2021). Bu nedenle ¢alismada 5°li likert
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tipte [Kesinlikle Katilmiyorum (KK, Katilmiyorum (K), Kararsizim (K°), Katilhiyorum (K*), Kesinlikle
Katiliyorum (KK')] 10 maddeden ve iki a¢ik uglu sorudan olusan bir anket formu kullamlmistir. Anket
formundaki 10 madde ii¢ farkli boyutu igermektedir (bkz. Tablo 4): (I) Ogrencilerin matematiksel fikirleri nasil
ilettikleri, (II) Ogretmenler matematigi, dgrencilerin matematik ve akicilik gelisimi ile ilgili sabit bir bilgi
birikimi (geleneksel) yerine dinamik bir konu (gagdas) olarak mu goriiyorlar?, (III) Ogretmenlerin diisiince
yapilarini 6grencilerin matematik dgrenimini nasil etkiledigi. Bununla birlikte anketteki iki a¢ik uglu soru ise
“Akicilik denilince akliniza ilk olarak hangi konu veya 6grenme alani geliyor?” ve “Matematiksel akiciligi en iyi
tamimlayan ii¢ kelimeyi swrasiwyla yaziniz?’ seklindedir. Matematik Ogretmenlerin “matematiksel akicilik”
kavramu ile ilgili bakis agilarin1 daha derinlemesine incelemek amaciyla &gretmenlere yari-yapilandirilmis
goriismeler gerceklestirilmistir. Yar1 yapilandirilmis gériisme tekniginde, gdriigmeyi yapan kisi daha 6nceden
sormay1 planladig1 sorular1 igeren bir goriisme protokolii (bkz. Tablo 2) hazirlar ve goriigmeyi yapan kisi
goriismenin akigina gore bagka sorularla veya alt sorularla goriismenin akisini etkileyebilir (Karasar, 1994).

Tablo 2. Yari-yapilandirilmis goriisme sorulari

Goriisme Sorulan Ek sorular

1) Matematiksel akicilig1 nasil tanimlarsiniz? Bu sorulara verilen
2) Matematiksel akiciliga sahip 6grencilerde hangi temel dzellikler gézlemlenebilir? — cevaplari daha da
3) Matematiksel akicilik 6grenciler konusurken mi goriiliir, yoksa o&grencilerin  derinlestirmek

yazilarinda da gortilebilecegini diigiiniiyor musunuz? amaciyla arastirmaci
4) Sizce akicilik; akil yiiriitme, iletisgim kurma, iliskilendirme, problem ¢6zme gibi tarafindan Nigin?,
matematiksel beceriler ile iligkili midir? Ni¢in? Nasil?, Neden?,
5) Sizce 6grenciler anlamadan/kavramadan akici konusabilir mi? Ya da 6grencilerin - Hangi?, vb. sorular
akicilik olmadan anlayabileceklerini diisiiniiyor musunuz? sorulmustur.

6) Bazi1 Ogretmenler, say1 ve islem kavramlariyla akicihi@i daha ¢ok
iligkilendirmistir. Matematikte akiciligin goriildiigii veya gerekli oldugu tek yer
bu alant m1? Nigin?

7) Bir 6grencinin Tiirkge akiciligi matematiksel akiciligmni etkiler mi? Etkilerse
nasil etkiler?

2.4. Verilerin Analizi

Elde edilen verilerin analizinde ve sunulmasinda ise arastirmaya agiklayici ve kesfedici bir yonelim saglayan
betimsel (descriptive) istatistik ve igerik analiz teknikleri kullanilmigtir. Betimsel istatistik, verilerin 6zetlenmesi
ve arastirma sonuglarinin yorumlanmasi i¢in kullanilan en iyi tekniktir. Bu nedenle ¢alismanin anket formundaki
maddelerin frekans, aritmetik ortalama ve standart sapma degerleri hesaplanmis, anket sorularma verilen
cevaplarm degerlendirilmesinde ise Tablo 3’teki araliklar dikkate alinmistir. Araliklarin esit oldugu varsayilmis,
aritmetik ortalamalar i¢in puan aralig1 0,80 olarak hesaplanmistir (Puan Aralig1 = (En Yiiksek Deger — En Diisiik
Deger)/5 = (5 — 4)/5 = 4/5 = 0,80).

Tablo 3. 5°li Likert Olgegine Gore Aritmetik Ortalamalarin Degerlendirme Araligi

Arahklar Secenekler

1,00-1,80 Kesinlikle Katilmiyorum (KK )
1,81 -2,60 Katilmiyorum (K)

2,61 -3,40 Kararsizim (K°)

3,41-4,20 Katiliyorum (K*)

4,21 -5,00 Kesinlikle Katiltyorum (KK")

Nicel asamada kullanilan son 6rneklem, daha sonraki nitel asamada 6rneklem se¢me igin belirleyici olarak
kullanilir (Kemper, Stringfield & Teddlie, 2003). Bu nedenle betimsel istatistik sonucu elde edilen Tablo 4’deki
veriler dikkate alinarak yari-yapilandirilmis goriismelerin gergeklestirilecegi 12 6§retmen segilmistir.

Yari-yapilandirilmis goriismelerden elde edilen verilerin analizinde igerik analizi kullanilmistir. igerik analizi
nitel ¢alismalarda siklikla kullanilan bir yontemdir. Bu yontemin amaci, arastirilan durumu betimlerken neden,
nasil sorularmin yanitlarmi da ortaya koymaktir. Bu amaca da kavramsal kodlama ve siniflama yoluyla temalarin
ve bu temalar arasindaki iligkilerin ortaya ¢ikarilmasiyla ulasilir. Béylece, incelenen dgretmenlerle ilgili 6nceden
acik ve belirgin olmayan anlamlar, goriisler, yaklasimlar ve degerler ortaya ¢ikarilmis olur (Baki, 1994). Bu
anlamda igerik analizi siirecinde ilk olarak matematik 6gretmenlerinden elde edilen veriler transkript edilmis,
ardindan yapilan transkriptler kodlanmustir.
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Tablo 4. Betimsel istatistikten yararlanarak anket maddelerinden elde edilen veriler

Ilkégretim Matematik Ogretmenleri Ortabgretim Matematik Ogretmenleri Genel
S
Anket maddeleri = _ _ 0 + + _ _ 0 + N
No (*) isaretli olanlar olumsuz maddeler = KK K K K KK x o KK K K K KK x o x o
o
@ Frekanslar Frekanslar
1 Matematikie birgok sey tamamen dogru m 2 6 5 15 2 360 120 3 8 5 12 2 331 136 346 1,28
kabul edilmeli ve hatirlanmalidir.
Matematiksel fikirler, 6grencilerin
2 kendilerinin kesfedebilecekleri bir seydir. I 4 4 3 14 5 340 130 5 5 4 13 3 313 13 325 131
g Matematiksel akicilik, Sgrencilerin Hn 4 4 6 10 6 333 132 3 3 7 12 5 343 119 338 125
prosediirleri hatirlama yeterliligine baglidir.
4 Ogrenm.ler matematiksel olarak alel.(?lablllI' T 4 2 6 11 7 350 131 3 3 5 12 7 357 125 353 1728
ancak yine de kavramlar1 anlamayabilir.
Ogrencilerin matematikte cevaba hizli bir
gx  sekilde ulasabilmeleri, muhakeme ederek n 11 7 3 5 4 358 148 12 8 1 4 5 360 154 357 151
cevaplarmi agiklayabilmelerinden daha
Onemlidir.
Ogrencilerin matematikte akici olabilmeleri
6 icin diger 6grencilerle iletigim kurabilmeleri I 4 7 7 7 5 310 131 5 6 7 6 6 307 139 308 1,35
gerekir.
Ogrencilerimin karmasik problemleri
7 ¢6zmeden Once temel matematiksel 1] 4 3 5 9 9 3,53 1,38 4 4 3 10 9 3,63 142 3,53 1,40
igslemlerde uzmanlagmalarini isterim.
g onenclleristatciilerimiapidamayatesvik 43 2 9 12 373 144 5 4 3 10 11 360 144 366 144
Ogrenciler matematik problemleri iizerinde
9* caligirken, izlenen siirecten ¢ok dogru cevabi 1 11 9 2 6 2 3,70 1,34 12 10 3 4 1 393 1,17 3,81 1,25
bulmalarma daha fazla 6nem veririm.
1or Akicilk dogal olarak gelisen bir seydir, 6zel 549 5 4 5 323 136 4 13 5 4 4 330 12 326 131

olarak gretilmesi gerekmez.
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2.5. Gegerlik ve Giivenirlik

Aragtirmanimn  giivenirligini saglamak i¢in arastirma problemine uygun arastirma deseni se¢ilmis ve
arastirmadan elde edilen bulgular1 da bu dogrultuda sunulmustur. Ayrica toplanan verilerin kodlanmasindan
sonra katilimel teyidi yapilarak, kodlamalarm uygunlugu kontrol edilmistir. Bu baglamda kodlama siireci bir
Ogretim tiyesi ile kontrollii olarak yiiriitiilmiis ve bu arastirmaci tarafindan kodlamalar “uygun” ve “uygun degil”
bi¢iminde degerlendirilmistir. Kodlayicilar arast uyum %87 olarak hesaplanmistir. Giiler ve Tasdelen-Teker’e
(2015) gore bu deger kodlayicilar arast uyum igin yeterlidir. Arastrmanin gegerligini saglamak igin,
Ogretmenlerin ifadelerinden dogrudan alintilara yer verilmis ve ¢aligma grubu da dahil olmak iizere tiim siireg
ayrintili olarak tasvir edilerek arastirmanin hangi durumlar altinda tekrarlanabilecegi yansitilmistir.

3. Bulgular

Bu boliimde matematik 6gretmenlerinin anket formunda yer alan iki agik uglu soruya ve yari-yapilandirilmis
sorulara verdikleri cevaplar kodlanarak sunulmustur.

3.1. Matematiksel akiciig1 tanimina iliskin bulgular

Bu kisimda sunulan bulgular, matematik 6gretmenlerinin “Matematiksel akiciligr en iyi tamimlayan ii¢
kelimeyi sirasiyla yazimiz?” seklindeki agik uglu soruya ve yari-yapilandirilmig goriisme protokoliindeki birinci
soruya verdigi cevaplardan olusturulmustur. Ogretmenlerden akiciligi en iyi tammlayan ii¢ kelimeyi yazmalari
istendiginde, 6gretmenler 34 farkli kelime yazmuslardir. Ogretmenlerin tercih ettigi kelimelerin dagilimlari
Tablo 5’te verilmistir.

Tablo 5. En iyi tanimlayacak ilk kelime ile ilk ii¢ kelimenin dagilimi

En iyi tammlayacak ilk kelime Frekans En iyi tammlayacak ii¢ kelime Frekans
Verimli/etkili 9 Verimli/etkili/randimanh 27
Esnek 8 Esnek/degisken/degisik 20
Strateji/yontem 8 Strateji /yontem/yol 20
Anlama 7 Anlama/anlayig 19
Dogru/hatasiz 6 Dogru/hatasiz/dogruluk 18
Tekrar 4 Hiz 14
Ezber 4 Hatirlama/animsama 10
Hiz 3 Tekrar/yineleme 8
Hatirlama 3 Ezber(leme)/hifzetme 8
Giiven 3 Hesaplama/iglem 8
Hesaplama 2 Transfer/gegis 7
Transfer 1 Giiven/inanma/cesaret 6
Digerleri 2 Mantik/akil 6
Digerleri (merak, ispat, yorum, vb.) 9
Toplam 60 Toplam 180

Tablo 5 incelendiginde Ogretmenlerin akiciligi tamimlamak i¢in kullandiklar1 en yaygin kelime
“verimli/etkili” iken, “esnek, strateji, anlama ve dogru” kelimelerini de sikilikla kullanmislardir. “Hatirlama ve
hiz” kelimelerini birinci kelime olarak kabul eden 6gretmenlerin sayis1 ¢ok az iken, bu kelimeleri ikinci veya
iiclincli kelime olarak yazan ogretmenlerin sayisi ise daha fazladir. Bununla birlikte “giliven/cesaret/inanma”
kelimelerinin daha az tercih edilmesi ilging bir sonuctur. Ozellikle en iyi tammlayan ii¢ kelime ile ilgili
bulgularinda 9 6gretmenin ¢ok farkl kelimeleri tercih ettigi tespit edilmistir Ancak 180 kelime icerisinde 9
kelimenin az oldugu diisiiniildiigiinde 6gretmenlerin genel olarak ayni fikirde olduklar1 séylenebilir. Bununla
birlikte “matematiksel akiciligm” tanimina iliskin 6gretmenlerle yapilan goriismelere ait Tablo 6’daki bazi
alintilarda secilen kelimeler ile Tablo 5°teki kelimeler ortiismektedir.

Tablo 6. Ogretmenlerin matematiksel akicilik ile ilgili tanimlarina dair alintilara ve anahtar kelimeler

Ogretmenlere ait alintilar Kodlanan Kelimeler
Oo01: Okudugunu hizlica anlayip zihinden islem yapabilme. Bence kendine giivenerek Hiz, Mantik, Giiven,
muhakeme yapabilme ile iliskilidir ... Muhakeme

Ooy: Temel becerilerden karmagsik becerilere gecis veya transfer olarak Gecis/transfer,

tamimlayabiliriz. Yani  becerileri yeni oOgrenmeye uygulayabilme ve farkl

yollarla/stratejilerle taniyabilme ile ilgilidir... Stratejiler/yollar

Ocs: Islem becerilerini verimli ve degisik yollarla giinliik hayatta uygulamast, Verimli, Farkl yol,
iliskilendirmesi ve baglantilar kurmas... Iligkilendirme

Oou: Diizenle ya da verimli islem yapabilme kabiliyeti ve pratikligi. Veya matematik
tammlarinin iyi anlasidigy her konunun bol uygulama yapimast ile akicilik elde edilir.
Ornegin, akicilik olmadan égrenciler zorlanir ...

Diizenli, Verimli,
Iyi anlasilma
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Tablo 6’nin devami

Oos: Bence hesaplamalari veya islemleri ya da problem durumlar: da olabilir, esnek,
dogru, verimli ve uygun bir sekilde yiiriitme... Ayrica bilgileri veya kavramlari hemen
akla getirme ve bunlari hizly bir sekilde kullanma becerisidir... Tabi ki bu siirecte
kisinin kendisine giivenmesi de onemlidir... Bu gibi siiregleri tekrar eden dgrenciler

Esnek, Dogru,
Verimli, Uygun,
Hatirlama, Hiz,
Giiven, Tekrar

hem hizlanir hem de durumu Kavrar ... Kavrama
Oog: Ogrencinin anlasilir bir sekilde izl islem yapabilme becerisi ve bu becerisini  Hiz,
tekrar edebilme ya da hatirlayabilme durumudur. Hatirlama/tekrar

O.1: Ogrencinin neyi neden yaptigini bilmesi, yani anlamast veya kavramasi
durumudur ...

Anlama/kavrama

Oy ,: Hizli islem yapabilme yeterliligi. Uygun yontemleri secerek dogru ve etkili bir
sekilde uygulama. Ornegin liseye basladigimda ogrendigimde kavramlar daha da
zorlasti. Ama yine de sayilarla ilgili akicihigim vardi... Ciinkii sayilart nasil
kullanacagimi ve matematigi nasil kullanacagumi biliyordum. Ama sonra biraz
degismek zorunda kaldim ¢iinkii bu kavramlar daha zordu. Bu yiizden biraz daha
caliymami sagladi...

Hiz, Yontem, Etkili,
Uygulama,

O\3: Ogrenilen matematiksel becerinin hatasiz, anlaml, anlagilir, verimli ve esnek bir
sekilde ise kosulmasi. Ancak akicilik icerige baghdur. Akici bir okuyucu olabilirim ama
bana bir fizik kitabt verirsen yavaslarim ve akiciligim kaybolur. Bence bu, ister
matematiksel metin isterse okuryazarlik metni olsun, oniiniizdeki metnin zorlugudur ...

Hatasiz, Anlamli,
Verimli, Esnek,
Okudugunu anlama

O\ 4 Bazi matematiksel problemlere ya da sorulara verimli ve esnek bir sekilde ¢oziim
aramak. Bilgilerin yardimiyla yorum yapmak, yeni ¢éziim tiretmek...

Verimli, Esnek,
Yorum yapma

O.s: Problemden ¢oziime giden yol. Problem-soru-durum karsisinda adim adim
sonuca erigebilme ya da hesaplama islemlerini yapabilme yetenegi. ..

Yol, Sistematik,
Hesaplama

O\ Ogrencilerin birbiri ile etkilesim icerisinde konunun mantigini anlayarak neden,
nigin, nasitl yaptim gibi sorulara cevap verebilmesi, anlamli ogrenmesi ve bilgi
paylasimi. Bir baska ifade ile belirli bir seyi neden yaptiginizi, cevaba nasil ulastiginizi
ifade edebilme yetenegidir... benim icin akictigin ¢ogu, anlamakla ve uyarlamakla
ilgilidir. Yani kolay bir gekilde bir sonrakine...

Anlama, Uyarlama,
[letisim, Mantik,
Bilgi paylasimi,

Ayrica Ogretmenlere ait Tablo 6’daki alintilar incelendiginde, matematiksel akiciligin &gretmenler igin
karmasik bir kavram oldugu anlasiimistir. Ozellikle lisansiistii egitimi alan 6gretmenlerin matematiksel akicilikla
ilgili tanimlarinda kullandiklar1 ifadeler ile analiz edilerek kesfedilen kelimeler literatiirdeki tanimlarla paralellik
gostermektedir. Ornegin Ops ile O3 dgretmenlerinin “Ogrenilen matematiksel becerinin hatasiz, anlaml,
anlagilir, verimli ve esnek bir sekilde ise kosulmasi...” ve “Islem becerilerini verimli ve degisik yollarla giinliik
hayatta uygulamasi, iliskilendirmesi ve baglantilar kurmasi...” seklindeki ifadeleri literatiir tanmimlari ile
ortiismektedir.  Ogretmenlerden bazilar1 “matematiksel akicilik” kavrammi agiklamak icin kendi egitim
deneyimlerinden (O.,), sosyal deneyimlerden (Oos) ornek verdikleri belirlenmistir. O3 6gretmeni akiciligin
icerikle baglantili oldugunu belirtmisken, Op, 68retmeni ise akicilifa sahip olmayan dgrencilerin zorlanacagini
ifade etmistir.

3.2. Matematiksel akicih@in temel 6zelliklerine iliskin bulgular

Matematik dgretmenleri yapilan gériismeler sonucunda matematiksel akiciligin temel 6zellikleri ile ilgili on
bes farkli kod olusturulmus ve Tablo 7’°de sunulmustur.

Tablo 7. Ogretmenlerin matematiksel akiciligin temel dzellikleri ile ilgili goriislerinden elde edilen bulgular

Ogretmenler
Oo1 O02 Ocz Ops Ops Oos O Oz O3 Ops Os O

X X

Kodlar

Ders tekrarina ve alistirmalara zaman
harcayip devamlilik gsterme

Sabirli ve azimli olma X
Kavramsal anlama (Nerede ne
yapacagini bilme ve yorumlama)

Say1 hissi ve hesaplama becerisi gelismis
olma

Akl yiiriitme becerisi gelismis olma X X X X
Problem ¢6zme becerileri gelismis olma
Farkli ¢ozme stratejileri gelistirebilme X X X X X X X
Hizl1 bir sekilde hesaplama yapabilme ve

bu hesaplamalar1 yorumlayabilme (siireci X X X X
kontrol edip geri doniitler verebilme)

X X X X X X X

x
x
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Tablo 7°nin devami

Okudugunu anlama ve yorumlama X X
Islemleri ve prosediirleri planls,

sistematik ve diizenli bir sekilde organize X X X X X X X
edebilme

Etkili ve dogru ¢6ziimler gelistirebilme X X X
Pratik ¢Ozlimler iiretebilme X X X

Bilgiler veya kavramlar arasi
iliskilendirmeler yapabilme
Yaratici diigiinebilme X X
Ogretmeniyle ve akranlariyla iletisim
halinde olma

Tablo 7 incelendiginde Oo1, Oz Oos, Or1, Ora, O, Ops dgretmenleri matematiksel akiciligin temel
ozelliklerden birinin kavramsal anlama olduguna vurgu yapmuslardir. Ornegin O, 6gretmeninin “Ogrenci
nerde ne yapacagini, hangi yontemle soruyu ¢ozecegini bilerek hareket ediyor. Neden yaptim, nigin yaptim
sorularina cevap verebiliyor. Zaten kavrayan ogrenciler hesaplamalarini etkili yani diizenli ve planli yapar.
Mantiksal akil yiiriiterek bilmedigi sorular hakkinda bile etkili ve verimli ayni zamanda farkli yontemler
soyleyebiliyor. Arkadaslary ve 6gretmenleri ile iletisim halinde olabiliyor...” ifadesindeki “nerede ne yapacagini,
hangi yontemle soruyu ¢dzebilecegini, ni¢in bu ¢ézlimii tercih ettiini veya yaptigini sorgulama” kavramsal
anlamaya isaret etmektedir. Ogy, Oos, Oos, Oos Or1, O, O Ofretmenleri matematiksel akiciigin temel
ozelliklerden bir digerinin ise farkli ¢oziim stratejileri/yontemleri gelistirebilme olduguna vurgu yapmuslardir.
Ornegin Ogs 6gretmenin “Temel islemlere hakim olma, kavramlart dogru tammlama ve yorumlama, islem
basamaklarint dogru ve etkili bir bi¢imde kullanma. Coziim basamaklarina dikkat ederek sistematik ve dogru bir
sekilde ¢oziime ulasir. Birden fazla ¢oziim yolu gelistirebilme. Okudugunu anlayarak, anladigini muhakeme
etmek...” seklindeki ifadesi bu durumu gostermektedir. Oy, Ogs, Oos, Or1, Ors, Ors, O, Ogretmenleri ise
matematiksel akiciligin temel 6zelliklerden bir digerinin islemleri ve prosediirleri planli, sistematik ve diizenli
bir sekilde organize edebilme olduguna vurgu yapmuslardir. Ornegin O, 4 6gretmenin “Adum atlamadan, takip
edilebilir ve agiklayict bir sekilde gereken islemleri yapar. Bu ise verimli, etkili ve esnek bir sekilde islem
yapmaktir. Ayrica matematiksel bilgileri konular arasinda transfer ederek hatasiz bir sekilde kullanabilir. Bu
bilgi transferini anlasilir bir sekilde yapar. Bunu da ancak kavramlarin asil anlamlarint 6grenerek yapabilir...”
ifadesinden Ggrencilerin islemleri ve prosediirleri planli, sistematik ve diizenli bir sekilde organize edebilme
yeterliligine sahip olmasi gerekliligini ifade etmistir. Oog, Oos, Op3, O Ogretmenleri hizl bir sekilde hesaplama
yapabilme ve bu hesaplamalar1 yorumlayabilme (siireci kontrol edip geri doniitler verebilme), O gy, Ogs, Oos, OLs
Ogretmenleri ise say1 hissi ve hesaplama becerisi geligmis olmayr matematiksel akiciligin temel 6zelliklerinden
biri olarak gormiislerdir. Ornegin O03 6gretmenin “Hizli bir sekilde hesaplama yapabilen ve yorumlayabilen.
Pratik islem yapabilme. Gerektiginde siireci kontrol edip geri doniitler verebilen ogrenci. Bu anlamda
ogrenciler siirekli alistirma ve antrenmanlarla kendini geligtirmeli ve iyice hizlanmalidir. Bu hizlanma ise farkl
¢oziim yontemleri gelistirmeye yol acar... “seklindeki ifadesi ifadesinde bu iki temel 6zellige vurgu yapilmistir.
Ogretmenlerln bazilart matematiksel akiciligm temel o6zelliklerini, akil yurutme (0o Ocs, Ou, O,_Z)
iliskilendirme (Oo1, Ogp, Or3), problem ¢ézme (Opg, Ors), ve iletisim becerisi (O ;) gelismis olma seklinde
matematiksel becerilerin gelisimi ile iliskilendirerek betimlemislerdir. Ayrica 0gretmenlerden bir kagi, ders
tekrarma ve aligtirmalara zaman harcayip devamlilik géstermeyi, sabirli ve azimli olmayi, okudugunu anlama ve
yorumlamayi, etkili ve dogru ¢oziimler gelistirebilmeyi, pratik ¢oziimler tiretebilmeyi, yaratici diisiinebilmeyi
matematiksel akiciligin 6zellikleri olarak tanimlamiglardir.

Bununla birlikte 6gretmenlere matematiksel akicilikla ilgili dzelliklerin her simf diizeyi i¢in ayni olup
olmadigna dair bir soru yoneltilmis ve dgretmenlerden dokuzu (Ooz, 003, Oos, Oos, Ocs, Or1, Ora, Ors, Ope)
hayir cevabini, ikisi (Ooz, OL4) evet cevabimi vermisken bir ogretmen (Ovys: Diisiinmiiyorum, herkes ayni degildir
herhalde) ise kararsiz kalmistir. Ornegin hayir cevabi veren Og, 6gretmeni ni¢in hayir dedigini su sekilde
aciklamigken: “Her sinif seviyesinin fakli kazanimlar: oldugundan dolayi sinif seviyelerine gore matematiksel
akicilikla ilgili ozelliklerde degisir. Ancak kiigiik yaslardan itibaren matematiksel akiciligin temelleri iyi atilirsa
gelecek simif seviyelerindeki ézelliklerin adaptasyonu daha kolay olur...”, evet cevabmi veren O, gretmeni ise
ni¢in evet dedigini su sekilde aciklamistir: “Her sinif icin ayni oldugunu diisiiniiyorum. Ciinkii ogrencilerin bu
ozellige sahip olmasi icin 6grencilerin rahatlikla diisiincelerini ifade edebilecegi, etkin bir sekilde iletisim
kurabilecegi, sorgulamaya agik bir sinif ortami olmast gerektigini diisiiniiyorum...”

3.3. Matematiksel akicihgin 6grenciler konusurken mi yoksa yazarken mi daha cok goriilebilecegine dair
bulgular

Matematiksel akiciligin 6grenciler konusurken mi yoksa yazarken mi daha ¢ok goriilebilecegine iliskin
ogretmenlerden elde edilen bulgular Tablo 8’deki gibi {i¢ farkli kod olusturularak degerlendirilmistir.
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Tablo 8. Akicilik 6grenciler konusurken mi yoksa yazarken mi daha ¢ok goriilebilecegine iliskin bulgular

Kodlar Ogretmenler

Konusurken daha ¢ok (Konusurken > Ogy— O

Yazarken)

Yazarken daha ¢ok (Yazarken > Konusurken)  Ogg— Op4

Karasizim 001* 003 - 004* 005 — OLZ - 0|_37 OL4 - OLG

Tablo 8 incelendiginde 8 6gretmenin matematiksel akiciligin 6grenciler konusurken mi yoksa yazarken mi
daha cok goriilebilecegi konusunda karasiz oldugu belirlenmistir. Ornegin Ogs 6gretmeni karasizliginin nedenini
matematiksel baglama veya igerige baglamis ve su sekilde bir agiklama yapmustir: “Her ikisinde de goriilebilir.
Hangisinde daha fazla goriliir gibi bir smiflama yapmak ¢ok dogru olmaz kanaatindeyim... Zaten yazili
metinler séylemlerin yansimalaridir. Bence burada matematiksel baglam énemlidir ve bu durum matematiksel
baglama gore degisir... Benzer sekilde O ¢ 6gretmenin “Konusurken coklu katilim ve cok fikir, yazarken
bireysellik ve daha simirli fikir. Bu nedenle hangisinde daha fazla gériilecegi konusunda bir fikrim yok...”
seklindeki ifadesinden &gretmenin kararsiz oldugu anlasilmistir. Bununla birlikte Op, 6gretmeni “Konusurken
daha akici olursa yazma eylemi verimli olur. Onun icin once konusma...” seklindeki ifadesinde matematiksel
akicihigin dgrenciler konusurken daha ¢ok goriilebilecegine vurgu yapmisken, Oy dgretmeni ise “Matematikte
konusurken degil yazarken daha ¢ok goriilebilecegine inaniyorum. Yaziuli olarak yaptiklar: ¢oziimlerde de bunu
daha fazla gorebiliriz. Problemler karmasiklastikca yazili ¢oziimdeki akicilik daha da onemli hale gelir. Boylece
¢oziim takip edilebilir ve anlasur olur...” seklindeki ifadesinde matematiksel akiciligin 6grenciler yazarken
daha ¢ok goriilebilecegine vurgu yapmustir.

3.4. Matematiksel akicilik ile diger matematiksel beceriler arasindaki iliskilere dair bulgular

Ogretmenlerin ¢ogunlugu (Os hari¢ diger dgretmenlerin hepsi) matematiksel akicilik ile akil yiiriitme,
iletisim kurma, iligkilendirme ve problem ¢dzme gibi matematiksel beceriler arasinda iliski oldugunu ifade
etmistir. Ornegin; doktora dgrencisi Ogs 6gretmenin “Hepsi de iligkilidir. Soruda veya problemde anlatiimak
isteneni anlamak en onemli unsur, anlayan daha akici hareket eder. Daha sonra akil yiiriiterek yontem
gelistirilir ya da énceki konular veya sorularla mevcut durum iliskilendirilebilir ve problemi ¢ozme becerisi iyi
olan ogrencilerde hizli bir sekilde sonuca ulagir... Yani akici olan bu becerileri daha iyi i¢sellestirir ve siire¢
boyunca daha hizli hareket eder. Tersine bu becerilerde iyi olan 6grenciler matematikte daha hizli, verimli,
esnek, dogru hesaplamalar veya yéntemler gelistirebilir... ” seklindeki ifadesinden 6gretmenin matematiksel
akiciligin akil yiiriitme, iletisim, iliskilendirme ve problem ¢dzme gibi matematiksel becerileri etkiledigine,
matematiksel becerilerde daha yetkin olanlarin ise matematikte daha akici ilerleyebildigine vurgu yaptig tespit
edilmistir. Benzer sekilde yiiksek lisans &grencisi O3 dgretmenin“... Akicilik tim bu becerilerin birlikte
kullanmilarak gerektiginde karmasik problemlerin ¢éziilmesinde onemli bir yere sahiptir. Hem diisiince hem de
yazuli olarak yapilan matematiksel iglemlerde akicilik olmasi o konu iizerinde akil yiiriitiilmesini, iliskilendirme
yapilmasini, problemin ¢éziilmesini ve ¢oziimiin anlasiimasint saglar. Aym sekilde kisinin bu becerilere sahip
olmast ve bunlart organize ederek kullanabilmesi yaptigi matematiksel ugrasin akiciligim arttirir. Bu anlamda
dogrudan iliskili oldugunu diisiiniiyorum. Bu becerilere sahip olan dgrencilerde matematiksel akicilik daha
belirgin gériiliiyor...” seklindeki ifadesinden de Ogretmenin matematiksel akicilik ile diger matematiksel
becerileri arasinda iligki olduguna vurgu yaptig1 belirlenmistir. Bununla birlikte Oys 6gretmenin “Iletisim kurma
belki degil ama digerleriyle dogrudan ilintilidir. Ciinkii iletisim kurmayr diisiiniiyorum akiciligi diistiniiyorum
baglanti kuramiyorum. Belki de vardir ben bilmiyorum... Emin degilim. Ancak digerleri ile iliski vardir...”
seklindeki alintisindan 6gretmenin iletisim becerisi ile matematiksel akileilik arasindaki iligki olup olmadiginda
tereddiit yasadigi, diger matematiksel beceriler ile akicilik arasinda iligki olduguna vurgu yaptig1 anlagilmistir.
Sonug olarak dgretmenlerin neredeyse tamami matematiksel akicilik ile diger matematiksel beceriler arasinda
iliski oldugunu ifade etmislerdir.

3.5. Matematiksel akicilik ile “anlama/kavrama” arasindaki iliskiye dair bulgular

Matematiksel akicilik ile “anlama/kavrama” arasinda iliski olduguna dair veriler incelendiginde,
Ogretmenlerin bakis acilar1 Tablo 9°daki gibi ii¢ farkli kod olusturularak degerlendirilmistir.

Tablo 9. Matematiksel akicilik ile “anlama/kavrama” arasinda iligki olup olmadigma iligkin bulgular

Kodlar (iliski ve yonii) Ogretmenler

Anlama/kavrama < Matematiksel akicilik Oos—Ou6

Anlama/kavrama = Matematiksel akicilik - . . . . .. .. .. ..
Anlama/kavrama = Matematiksel akicilik Oo1~ 0oz~ 0o~ Oo4— Oos — OL1— Oz~ Oa— Ous

Anlama/kavrama ? Matematiksel akicilik OLs

Sembollerin anlami: <-: ¢ift yonli kuvvetli iliski; =: tek yonlii kuvvetli iliski; = : tek yonlii zayif iligki; ?:
iliski olup olmadiginda kararsiz
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Ogretmenlerden ikisinin bu iki kavram arasinda ¢ift yonlii kuvvetli bir iliski olduguna vurgu yaptigi,
dokuzunun tek yonlii kuvvetli ancak ters yonde zayif bir iliski olduguna vurgu yaptigi, bir 6gretmenin ise
kararsiz kaldig1 belirlenmistir. Ornegin, O dgretmeni “Kavramadan akicilik olmuyor ne yazik ki. Sadece kalip
islemler ezberlenerek dgrenildigi zannediliyor... Ayrica akici olan da daha ¢abuk kavriyor. Bence c¢ift yonlii ¢cok
fazla etkilesim vardir...” seklindeki s6yleminden anlama veya kavrama ile akicilik arasinda ¢ift yonlii kuvvetli
bir iliski olduguna vurgu yaptig1 belirlenmistir. Qo gretmenin “Bazen dgrettigim en iyi cocuklarimin gercekten
derin bir anlayisa sahip oldugunu, akiciliktan yoksun oldugunu diisiiniiyorum. Yani akict olmadan da
anlayabileceklerini diigiiniiyorum. Ama bunun tam tersi sekilde cahsabilecegini sanmiyorum...” ve Oy
ogretmenin “Anlarsa veya kavrarsa daha akict islem veya hesaplama yapabilir. Tipki Tiirkcede gibi analarsa
daha etkili konugsabilir. Tersinin kismen dogru oldugu kanaatine sahibim. Yani akicilik olmadan anlayabilir,
ancak anlamadan kavramadan akict olunmaz. Ornegin bir égrenci matematiksel bir yapuy kavrayarak akicilig
yakalayabilir bence. Fakat temel matematiksel iglemler i¢cin bazen mantigint anlamadan akict bir sekilde islem
yapabildigini de gorebiliriz...” seklindeki ifadelerinden 6gretmenlerin anlamanin veya kavramanin matematiksel
akicilig1 ¢ok fazla etki ettigine ancak matematiksel akiciligin ise anlama veya kavrama iizerine ¢ok etki
etmedigine vurgu yaptiklari tespit edilmistir. Bununla birlikte O 5 6gretmenin “Tiirk¢e konusmadan uyarlasak...
Akict konusmak i¢in anlamak veya kavramak tek basina yeterli mi emin degilim... Disa doniik bir kisi anladigi
veya kavradigi konuyu aktarabilir. Akici olmasina gerek yok fikrimce. Yani anlama akiciligi etkiler gibi, ancak
digeri nasil etkiler tam olarak diisiinemiyorum... ” seklindeki ifadesinden 6gretmenin bu iki kavram arasindaki
iliskiyi tanimlamada yetersiz kaldigi ve iliskinin yoniinii belirlemede kararsiz oldugu belirlenmistir. Sonug
olarak oOgretmenlerin ¢ogunlugu matematiksel acidan akici olmada anlamanin veya kavramanmn gerekli
oldugunu, ancak anlamada veya kavramada matematiksel akiciligin etkisinin daha az oldugunu ifade etmislerdir.

3.6. Matematiksel akiciigin baglantil oldugu 6grenme alanlarina dair bulgular

Bu kisimda sunulan bulgular, matematik 6gretmenlerinin anket formunda ikinci agik uglu soruya ve yari-
yapilandirilmis gériisme protokoliindeki altinci soruya verdigi cevaplardan olusturulmustur. Ogretmenlerin
“Akicilik denilince akliniza ilk olarak hangi konu/6grenme alani geliyor?” seklindeki ag¢ik uclu soruya verdikleri
cevaplarm analizi ile Tablo 10 olusturulmustur.

Tablo 10. Matematiksel akiciligin iligkili oldugu 6grenme alanlarina dair 60 6gretmenden elde edilen bulgular

Ortaokul 6gretmenleri Lise 6gretmenleri

Ogrenme alani/konu Frekans  Ogrenme alani/konu Frekans
Sayilar ve iglemler 22 Sayilar ve cebir 26
Cebir 6 Geometri 1
Geometri - Veri sayma ve olasilik 3
Veri isleme ve olasilik 2

Tablo 10 incelendiginde ortaokul &gretmenlerin genel olarak matematiksel akicilikla sayilar ve islemler
o0grenme alanini, lise Ogretmenlerinin ise sayilar ve cebir Ogrenme alanmi daha c¢ok iligkilendirdigi
anlasilmaktadir. Bunula birlikte miilakat yapilan 12 6gretmenden elde edilerek olusturulan Tablo 11°deki
verilerden de goriildiigii gibi matematik dgretmenlerinin ¢ogu matematiksel akiciligin goriildiigii tek alanin
sayilar ve islemler 6grenme alani olmadigina, farkli konu veya 6grenme alanlarinda da matematiksel akiciligi
goriilebilecegine vurgu yaptiklari tespit edilmistir.

Tablo 11. Matematiksel akicilign iligkili oldugu 6grenme alanlarina dair 12 6gretmenden elde edilen bulgular

Kodlar Ogretmenler

Hayir Oo1~ Ooz— Oos = Oos— Oos = Oog —O11—~O12—-O13— Ors
Evet O|_4

Kararsiz OLs

Ortaokul 6gretmenlerin tamami, matematiksel akiciligin sayilar ve iglemler 6grenme alani haricindeki
O0grenme alanlarinda da goriilebilecegini ifade etmisken, bir lise 6gretmeni ise matematiksel akiciligin sadece
sayilar ve cebir grenme alaninda goriilebilecegini belirtmistir. Ornegin Opz 6gretmenin “Temel matematiksel
islemler hemen hemen her matematiksel ugrasida karsimiza ¢ikmaktadir. Bu nedenle bu konudaki akicilik
onemlidir. Fakat sadece buraswyla sumirli degildir. Temel islem becerisi, muhakeme becerisi, problem ¢ézme
becerisi gibi becerileri bir arada kullanarak problem durumuna uygun ¢oziim olusturmak ya da agiklamalarda
bulunmak da akicihgin goriilecegi alanlardir. Geometri, Istatistik gibi alanlarda da bunu gorebiliriz. Yani
akiciliktan tek kasit hatasiz iglem olmamali. Aymi bir 6rgii oriiyormus gibi kisi edindigi bilgileri oniindeki
matematiksel durum icin bir araya getirmeli ve bu bir araya getirisi sozlii ve yazili olarak ifade edebilmeli”
seklindeki ifadesinden &gretmenin matematiksel akicilign farkli 6grenme alanlarinda goriilebilecegine vurgu
yaptig1 anlasilmistir. Ancak Op4 lise matematik dgretmeninin “ Bence evet... Sayi ve cebir dgrenme alni ile
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iligkisi ¢ok fazla. Bu dogal bir sey. Ciinkii tiim sinif seviyelerinde ilk 6grenme alani sayilar ve islemler 6grenme
alami. Sayilar konusu tiim 6grenme alanlari ile iliskili oldugundan matematiksel akicilik bence ézellikle lisede
sayilar ve cebir ogrenme alami ile stmwrlidir...” seklindeki ifadesinden 6gretmenin sayilar ve cebir §grenme
alanm 6n plana ¢ikardig1 anlagilmaktadir. Bununla birlikte O, 5 matematik 6gretmeni diger miilakat sorularinda
oldugu gibi bu soruda da karasiz kalmis, “Bilmiyorum... Cok fazla bilgim yok... Okudugunu anlama kesinlikle
olmali...” seklinde bir cevap vermistir. Sonug olarak her ne kadar 6gretmenlerin ¢ogunlugu matematiksel akicilik
ile sayilar ve islemler (sayilar ve cebir) 6grenme alami arasindaki iligkinin daha fazla oldugunu iddia etse de
farkli 6grenme alanlarinda da matematiksel akicilig1 goriilebilecegi goriismelerden anlasilmistir.

3.7. Tiirk¢e akicihgin matematiksel akicihig: etkileyip etkilemedigine dair bulgular

Ogretmenlerin tamami matematiksel akicilikla Tiirkge akicilik arasinda cok onemli ve derin bir iliski
oldugunu ifade etmis ve Tiirk¢e akiciligin matematiksel akicilig1 ¢ok fazla etkiledigine vurgu yapmislaridir.
Ormegin yiiksek lisans 8grencisi olan Ogg 6gretmenin “Matematiksel ugrasilarin cogunda Tiirkce aciklamalar,
yonergeler veya giinliik hayat senaryolart yer alyor. Ogrencinin bu ifadeleri dogru anlamasi, bu ifadeleri
matematik diinyasina dogru bir sekilde aktararak ¢éziim gelistirmesini saglar. Okudugunu dogru ve akici bir
sekilde anlamayan bireyin hata yapmast miimkiin. Ulastigi sonucu veya ¢oziim stratejisini agiklayabilmesi icin
de yine Tiirk¢e akicihigi onemli. Tiirk¢e akiciligin iyi olmasi matematiksel akiciligi olumlu yonde etkiler.”
seklindeki ifadesi bu durumu gdzler dnene sermektedir. Benzer sekilde OL6 dgretmeni Tiirkge akiciligin
matematiksel akiciligi olumlu yonde etkiledigini su sekilde aciklamistir: “Tiirkge de okudugunu anlayip
anladigini ifade edebilen kisiler matematikte de aym sekilde kendilerini daha rahat ifade edeceklerdir. Tiirk¢e
akiciligr olmayan bir kigi matematik anlayp ifade edemeyecegi icin olumsuz etkilenir. Yani okudugunu anlama
ve anladigi matematiksellestirme dnemlidir. Durumu anlayan daha anlaml bir sekilde akict hesaplamalar yapar
ve daha dogru, verimli ve etkili muhakeme yapar...”. Sonug olarak 6gretmenlerin tamam Tiirkce akiciligin
matematiksel akiciligin gelisimi i¢in dnemli oldugunu belirtmislerdir.

4. Tartisma ve Sonuclar

Yar1 yapilandirilmig goriisme ve agik uglu sorulardan elde edilen verileri tartisiilmadan 6nce 5°1i Likert tipli
anket maddelerinden elde edilen tiim &gretmenlere ait Tablo 4’deki verileri yorumlanmis ve daha sonra
goriismelerden elde edilen verilerle bu veriler birlikte tartigilmistir.

Anket maddelerine verilen cevaplardan hem ilkgretim hem de ortadgretim matematik dgretmenlerinin genel
olarak matematiksel akicilik ile ilgili ayn1 dili konustuklar1 anlasilmaktadir. Ornegin matematiksel fikirlerin
ogrenciler tarafindan kesfedilebilecegi, 0Ogrencilerin matematikte akici olabilmelerinde iletigim becerisinin
onemli oldugu, akiciligm dogal olarak gelismedigi ve 6gretilmesi gerektigi konusunda hem ilkogretim hem de
ortadgretim matematik d6gretmenlerin kararsiz oldugu anlasilmaktadir. Bu karasizliklardan biri, Boaler’in (2016)
akiciligin 6grenilmesi ve ogretilmesi gereken bir sey oldugu diislincesi ile ayrismaktadir. Ayrica dgrencilerin
matematiksel olarak akici olsalar bile yine de kavramlar1 anlamayabileceklerine, 6grencilerin karmasik
problemleri ¢ozmeden Once temel matematiksel iglemlerde uzmanlagsmalar1 gerektigine ve Ogrencileri
stratejilerini agiklamaya tesvik etmenin onemli olduguna hem ilkégretim hem de ortadgretim matematik
Ogretmenlerinin ¢ogunlugunun katildiklar: tespit edilmistir. Benzer sekilde 6grencilerin matematikte cevaba
hizli bir gekilde ulagabilmeleri, muhakeme ederek cevaplarint agiklayabilmelerinden daha nemli oldugu veya
Ogretmenlerin O0grenciler matematik problemleri iizerinde calisirken, izlenen siiregten ¢ok dogru cevabi
bulmalarma daha fazla 6nem verdigi seklindeki anket maddelerine her iki gruptaki dgretmenlerinde kesinlikle
katilmadig1 belirlenmistir. Bu ise anlamanin hizli hatirlamadan daha 6nemli bir sey oldugunu ortaya koymaktadir
(Cartwright, 2018). Ancak “matematikte bir¢ok sey tamamen dogru kabul edilmeli ve hatirlanmalidir”
maddesine ilkogretim Ogretmenlerinin  katildigi ancak ortadgretim Ogretmenlerinin  kararsiz - kaldigy,
“Matematiksel akicilik, ogrencilerin prosediirleri hatirlama yeterliligine baghdir” maddesine ise ortadgretim
ogretmenlerinin katildig1 ancak ilkdgretim 6gretmenlerinin kararsiz kaldigi anlasilmistir. Sonug olarak anket
maddeleri, hem Ogretmenlerin farkli inanglar1 (birbirleri arasinda) hem de o6gretmenlerin (kendi iclerinde)
geleneksel ve ¢agdas yelpazenin farkli uglariyla eslesen karmasik inanglara sahip oldugunu gostermistir.

Matematiksel akiciligi tanimlamada 34 farkli kelime yazan 6gretmenlerin en c¢ok tercih ettikleri kelime
“verimli/etkili” iken, “esnek, strateji ve dogru” kelimelerini de sikilikla kullanmiglardir. Kullanilan kelimeler
akiciligin (etkili, esnek, verimli(uygun bir sekilde)) literatiirdeki tanimlariyla (Kilpatrick vd., 2001; Watson &
Sullivan, 2008) tutarlidir. Ornegin, bu kelimeler Watson ve Sullivan'in (2008) 6grencilerin esnek, dogru, verimli
ve uygun bir sekilde prosediirleri uygulayabilmelerini i¢eren matematiksel akicilik tanimiyla uyumludur.
Ogretmelerin en ¢ok tercih ettigi kelimelerden biri de “anlama veya kavrama” kelimeleridir. Nitekim
matematiksel akicilikla ilgili birgok tanimda bu kavramlarla akicilik iliskisine siklikla vurgu yapilmaktadir
(Boaler, 2015; Hiebert, 1999; McClure, 2014; Watson ve Sullivan, 2008). “Hatirlama ve hiz” kelimelerini tercih
eden &gretmenlerin sayisi ise oldukg¢a azdir. Anket sonuglarina gére 6grencilerin matematikte cevaba hizli bir
sekilde ulasabilmeleri, muhakeme ederek cevaplarmi agiklayabilmelerinden daha 6nemli oldugunu diisiinen
Ogretmenlerin sayist olduk¢a azdir. Bu iki veri birbirine paraleledir. Halbuki akicilikta hiz ve hizli hatirlama
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aranacak ilk kelimelerdendir. Matematik digindaki akicilik tanimlamalar1 her ne kadara akiciligi hiz veya
hatirlama ile iligkilendirmezse de matematikte akicilik genellikle hiz veya hizli hatirlama ile es anlamli olarak
ele almr (Ramos-Christian vd., 2008; Wong & Evans, 2007). Benzer sekilde Ogretmenlerin
“gliven/cesaret/inanma” kelimelerini daha az tercih etmislerdir. Kilpatrick vd.’nin (2001) matematiksel
yeterlilikler ile ilgili bilesenlerinden olan islemsel akicilik ile iiretken egilim kavramlarmin baglantili olmasina
ragmen “giiven/cesaret/inanma” kelimelerinin daha az tercih edilmesi ilging bir sonugtur. Ayrica “matematiksel
akiciligin” tanimina iligkin 6gretmenlerle yapilan goriismelerden elde edilen veriler ile anket maddelerinden elde
edilen verilerde uyusmaktadir. Ornegin Ogretmenlerin anket maddelerinde kararsiz olmasi ile alintilarda
matematiksel akicihigm dgretmenler igin karmagik bir kavram olmasi &rtiismektedir. Ogretmenlerden bazilar
“matematiksel akicilik” kavrami ile bakis acilarmin dogrulugunu teyit etmek i¢in kendi d6grenmeleri, sosyal
deneyimleri, smif uygulamalar1 ve O&grencilerinin yaptiklariyla baglanti kurdular. Bir baska ifade ile
Ogretmenlerin matematiksel akiciliga bakis agilari, hem icsel faktorlerden (kendi egitim deneyimleri ve kisisel
bilgi ve icerik ve pedagoji inanglart) hem de dis faktdrlerden (Ogrencilerin smiflarindaki bilgileri, sosyal
deneyimleri ve okul baglamr) etkilenmistir.

Matematiksel akiciligmm temel 6zelliklerinin ne oldugu ile ilgili 6gretmen goriisleri ile literatlirdeki
caligmalarin sonuglari paralellik gdstermektedir. Ogretmenlerin yaridan fazlasi, kavramsal anlamanin (nerede ne
yapacagini, hangi yontemle soruyu ¢6zebilecegini, ni¢in bu ¢dziimii tercih ettigini veya yaptigini sorgulama),
farkli ¢Oziim stratejileri/yontemleri gelistirebilmenin, prosediirleri planli, sistematik ve diizenli bir sekilde
organize edebilme yeterliligine sahip olabilmenin matematiksel akiciligin temel 6zellikleri oldugunu ifade
etmislerdir. McCluer’a (2014) goére &grencilerin neden belirli stratejileri kullandiklarini anlamalar1 ve farkli
yontemler kullanmanin ne zaman uygun oldugunu bilmeleri matematiksel akiciligin temel 6zelliklerindendir.
Ogretmenlerin yaklasik iicte biri ise hizli bir sekilde hesaplama yapabilme ve bu hesaplamalari
yorumlayabilmenin (silireci kontrol edip geri doniitler verebilme), say1 hissi ve hesaplama becerisi gelismis
olmanin matematiksel akiciigin temel &zelliklerinden biri olarak gdrmiislerdir. Ogretmenlerin bazilar1 ise
matematiksel akiciligin temel 6zelliklerini, akil yiiriitme (O3, Ogs, Op1, OL»), iliskilendirme (Oo;, Ooz, Or3),
problem ¢dzme (Ooz, Ors), ve iletisim becerisi (O4) gelismis olma seklinde matematiksel becerilerin gelisimi
ile iligkilendirerek tanimlamislardir. Benzer bir bakis agis1 anket verilerinden elde edilmis olup, bu durum
Kilpatrick vd.’nin (2001) i¢i ige gegmis matematik yeterlilikleri ile ilgili ¢atis1 ile uyumludur. Ayrica
Ogretmenlerden bir kaci, ders tekrarina ve alistrmalara zaman harcayip devamlilik géstermeyi, sabirli ve azimli
olmayi, okudugunu anlama ve yorumlamayi, etkili ve dogru ¢oziimler gelistirebilmeyi, pratik ¢oziimler
tiretebilmeyi, yaratici diisiinebilmeyi matematiksel akiciligin 6zellikleri olarak tanimlamiglardir. Bu anlamda
elde edilen veriler 6gretmenlerin akici oldugunu diisiindiikleri 6grenciler ile akici olmayan dgrenciler arasinda
net bir ayrmm yaptigini gdstermistir. Ornegin prosediirel akiciliga sahip olan veya igerigi ezberleyerek dgrenen
ogrencilerin gercekten akici olmadiklarmi belirtmek (Cartwright, 2018), aslinda matematiksel akicilikta
kavramsal anlamanin neden dnemli oldugunu gostermektedir. Ogretmenlerin akici oldugunu diisiindiikleri
Ogrenciler ise siire¢lerde ne yapacaklarini ve farkli durumlarda hangi stratejilerin daha verimli oldugunu
bilmenin yam sira prosediirel bilgiye de sahiptiler. Goriismeler sonucu elde edilen bu veriler 6gretmenlerin
matematiksel akicilikla ilgili birgok temel &zelligi kapsamli bir sekilde listeledigini gdstermistir. Ornegin
Ogretmenler, 6grencilerin sergiledikleri stratejik yeterlilikler (etkili, farkli, coklu se¢im), ilettikleri kavramsal
anlayis (anlama, baglanti kurma, agiklama) ve kullandiklar1 uyarlanabilir akil yiiriitme (aktarma, hatalar tizerinde
calisma, kendi kendini diizeltme) ile ilgili benzer sozciikleri sik sik kullanmislardir. Bu 6zellikler Kilpatrick vd.
(2001) i¢ ice gegmis matematiksel yeterlilikleri ile ortiigmektedir. Bununla birlikte 6gretmenlere matematiksel
akicilikla ilgili 6zelliklerin her sinif diizeyi i¢in ayn1 olup olmadigma dair bir soru ydneltilmis ve dgretmenlerden
dokuzu hayir cevabini, ikisi evet cevabini vermisken bir 6gretmen ise kararsiz kalmistir.

Goriisme yapilan O6gretmenlerin ¢ogunlugunun matematiksel akiciligm 6grenciler konusurken mi yoksa
yazarken mi daha ¢ok goriilebilecegi konusunda karasiz oldugu belirlenmistir. Nitekim bu durum anket
maddelerindeki Ogretmenlerin karasizliklar1 ile Ortiismektedir. Ayrica Ogretmenlerden ikisi matematiksel
akiciligin 6grenciler konusurken daha c¢ok goriilebilecegine, diger iki 0gretmen ise matematiksel akiciligin
ogrenciler yazarken daha ¢ok goriilebilecegine vurgu yapmistir. Ogretmenlerin cogu matematiksel akicilik ile
akil yiriitme, iletisim kurma, iliskilendirme ve problem ¢6zme gibi matematiksel beceriler arasinda iliski
oldugunu ifade etmistir. Ornegin ogretmenlerden biri matematiksel akicihgmn akil yiiriitme, iletisim,
iliskilendirme ve problem ¢6zme gibi matematiksel becerileri etkiledigine, matematiksel becerilerde daha yetkin
olanlarin ise matematikte daha akici ilerleyebildigine vurgu yaptigi tespit edilmistir. Bununla birlikte O s
Ogretmenin iletisim becerisi ile matematiksel akilcilik arsindaki iliski olup olmadiginda tereddiit yasadigi, diger
matematiksel beceriler ile akicilik arasinda iligki olduguna vurgu yaptigi anlasilmistir.

Ogretmenler matematiksel agidan akict olmada anlamanin veya kavramanin gerekli oldugunu, ancak
anlamada veya kavramada matematiksel akiciligin etkisinin daha az oldugunu ifade etmislerdir. Ogretmenlerden
ikisinin bu iki kavram arasinda ¢ift yonlii kuvvetli bir iliski olduguna vurgu yaptigi, dokuzunun tek yonli
kuvvetli ancak ters yonde zayif bir iliski olduguna vurgu yaptigi, bir Ogretmenin ise kararsiz kaldigi
belirlenmistir Cartwright (2018) de 6grencilerin akicilik olmadan anlamalarinin miimkiin oldugunu, ancak
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tersinin miimkiin olmadigmi ifade etmistir. Bir bagka ifade ile stratejik yeterliligin bir pargasi olarak 6grenciler
matematiksel akiciliga sahip olabilirler, ancak kavramsal anlamanin bir pargasi olarak prosediirleri ne zaman
kullanacaklar1 konusunda bilgiden yoksun olabilirler. Kilpatrick vd. (2001) prosediirleri anlamadan 6grenen
ogrencilerin tipik olarak dgrenilen prosediirleri uygulamaktan fazlasmi yapamayacagini, anlayarak dgrenenlerin
ise kullanimlarmni kolaylastirmak igin prosediirleri degistirebilecegine veya uyarlayabilecegini ifade etmislerdir.

Ortaokul 6gretmenlerin genel olarak matematiksel akicilikla sayilar ve islemler 6grenme alanini, lise
Ogretmenlerinin ise sayilar ve cebir 6grenme alanini daha ¢ok iliskilendirdigi anlasilmaktadir. Bunula birlikte
miilakat yapilan matematik Ogretmenlerinin ¢ogu matematiksel akiciligm goriildiigii tek alanin sayilar ve
islemler 6grenme alani olmadigma, farkli konu veya Ogrenme alanlarinda da matematiksel akiciligi
goriilebilecegine vurgu yaptiklar: tespit edilmistir. GoOriigme yapilan ortaokul 6gretmenlerin tamamu,
matematiksel akiciligin sayilar ve islemler 6grenme alami haricindeki 6grenme alanlarmda da goriilebilecegini
ifade etmisken, bir lise Ogretmeni ise matematiksel akiciligin sadece sayilar ve cebir 6grenme alaninda
goriilebilecegini belirtmistir. Sonug¢ olarak her ne kadar 6gretmenlerin ¢ogunlugu matematiksel akicilik ile
sayilar ve igslemler (sayilar ve cebir) 6grenme alani arasindaki iligkinin daha fazla oldugunu iddia etse de farkli
O0grenme alanlarinda da matematiksel akicilig1 goriilebilecegi goriismelerden anlasilmigtir.

Ogretmenlerin tamami matematiksel akicilikla Tiirkge akicilik arasinda cok Onemli ve derin bir iliski
oldugunu ifade etmis ve Tiirk¢e akiciligin matematiksel akicilig1 ¢ok fazla etkiledigine vurgu yapmislaridir.
Newman’m (1977) “Ingilizce de akic1 ve okuryazar olmak dgrencinin matematik problemlerini okuma, anlama,
yorumlama ve ¢dzme becerisinde hayati bir rol oynar” ifadesi géz Oniine alindiginda, Tiirkge ’de de akici
olmanin matematiksel akicilik i¢in 6nemli oldugunu séylemeye yon verebilir. Bununla birlikte lisansiistii egitimi
alan 6gretmenlerin matematiksel akiciliga bakis agilarinin diger 6gretmenlere gore daha genis bir perspektifte
oldugu tespit edilmistir.

5. Oneriler

Caligma her ne kadar farkli bolgelerden 6gretmenlerle yiiriitiilmiisse de 6rneklemin azlig1 bu ¢alisma igin
onemli bir smirliliktir. Bu nedenle veri toplama araglarinin uygulanacagi dgretmenlerin sayilarinin artirtlmasi
matematiksel akicilik kavramu ile ilgili bakis agilarmin daha iyi analiz edilmesini saglayabilir. Ayrica ¢alismada
hem anketten hem de goriismelerden elde edilen veriler paylasilmis olsa da, matematiksel akicilik baglaminda
smif i¢i uygulamalarin gdzlemlenmesi, Ogretmen anlayislar1 ile 6gretim uygulamalar1 arasindaki iliski
hakkindaki yorum yapmaya yardim edebilir. Benzer sekilde oOgretmenler tarafindan belirtilen akicilik
ozelliklerinin dgrencilerde gergekten mevcut oldugunu dogrulamak igin sinif i¢i uygulamalar1 gozlemlemek
gerekmektedir. Bu ¢alismanin bulgular1 yalnizca 6gretmenlere ait oldugundan, matematiksel akicilik ile ilgili
gelecek caligmalarda gorevler iizerinde calisan dgrencileri gdézlemlemek, dgrencilerle akil yiiriitmelerini ve
stratejilerini tartismak ve akiciligin 6zellikleri igin 6grenci ¢alisma Orneklerini analiz etmek igin 6gretmenlerle
isbirligi i¢inde aragtirma yapmak 6nemlidir. Bu tiir caligmalar ayni1 zamanda 6gretmenlerin matematiksel akicilik
kavramlarim 6grenci davraniglariyla dogrulamaya yardime1 olacaktir.

Kaynaklar / References

Alptekin, S. (2019). Matematik islemlerinde akiciligin gelistirilmesi: Dinleyerek islem yapma uygulamalari.
Ankara Universitesi Egitim Bilimleri Fakiiltesi Ozel Egitim Dergisi, 20(3), 629-649.

Anderson, J., & Bobis, J. (2005). Reform-oriented teaching practices: A survey of primary school teachers.
International Group for the Psychology of M athematics Education, 2, 65-72.

Ashcraft, M. H., & Krause, J. A. (2007). Working memory, math performance, and math anxiety. Psychonomic
Bulletin & Review, 14(2), 243-248.

Baki, A. (1994). Breaking with tradition: a study of Turkish student teachers' experiences within a Logo-based
mathematical environment (Unpublished doctoral dissertation), UCL, UK.

Bauer, B. J. (2013). Improving multiplication fact recall; Interventions that lead to proficiency with
mathematical facts. Graduate research papers, 11, 1-59.

Boaler, J. (2015). Fluency without fear: Research evidence on the best ways to learn math facts. Reflections,
40(2), 7-12.

Boaler, J. (2016). Mathematical mindsets: unleashing students' potential through creative math, inspiring
messages and innovative teaching (First ed.). San Francisco, CA: Jossey-Bass, a Wiley Brand.

Cartwright, K. (2018). Teachers’ conceptions of mathematical fluency, (Unpublished master dissertation),
Sydney School of Education and Social Work, The University of Sydney.

Creswell, J. W. (2013). Qualitative inquiry and research design: choosing among five approaches (Vol. 3rd).
Thousand Oaks: SAGE Publications.

Dawson, B. & Trapp, R., G. (2001). Probability&related topics for making inferences about data.
Basic&Clinical Biostatistics. 3rd Edition, Lange medical Books/McGraw-Hill Medical Publishing Division,
69-72.

108



Matematik Ogretmenlerinin Matematiksel Akiciltk Kavramindan Anladiklart

Finnane, M. (2004). The role of assessing counting fluency in addressing a mathematical learning difficulty.
Paper presented at the PME 28 CONFERENCE, Bergen, Norway.

Fosnot, C. T., & Dolk, M. (2001). Young mathematicians at work: constructing multiplication and division:
Heinemann Portsmouth, NH.

Foster, C. (2013). Mathematical études: embedding opportunities for developing procedural fluency within rich
mathematical contexts. International Journal of Mathematical Education in Science and Technology, 44(5),
1-9.

Foster, C. (2014). Mathematical fluency without drill and practice. Mathematics Teaching (240), 5-7.

Graven, M., Stott, D., Nieuwoudt, S., Laubscher, D., & Dreyer, H. (2012). Conceptualising procedural fluency
as a spectrum of proficiency. Paper presented at the Proceedings of the 18th Annual National Congress of the
Association for Mathematical Education of South Africa (AMESA)

Giiler, N., & Tasdelen-Teker, G. (2015). Acik uglu maddelerde farkli yaklasimlarla elde edilen puanlayicilar
aras1 giivenirligin degerlendirilmesi. Egitimde ve Psikolojide Olgme ve Degerlendirme, 6 (1), 12-24.

Handal, B., & Herrington, A. (2003). Mathematics teachers’ beliefs and curriculum reform. Mathematics
Education Research Journal, 15(1), 59-69.

Harris, L., & Brown, G. (2010). Mixing interview and questionnaire methods: Practical problems in aligning
data. Practical Assessment, Research & Evaluation, 15, 1-19.

Hiebert, J. (1999). Relationships between research and the NCTM standards. Journal for Research in
Mathematics Education, 30(1), 3-19.

Ilhan, A. O. & Deniz, E. (2021). Anket Metodolojisinde Dért Ana Hata Tiiriine Giris. Pamukkale Universitesi
Sosyal Bilimler Enstitiisii Dergisi, 42(1),0199-0214.

Karasar, N. (1994). Bilimsel Aragstirma Yontemi. Ankara: Arastirma Egitim ve Danigmanlik Ltd.

Kemper, E., Stringfield. S., & Teddlie, C. (2003). Mixed methods sampling strategies in social science research.
In A. Tashakkori & C. Teddlie (Eds.), Handbook of mixed methods in social & behavioral research (pp. 273-
296). Thousand Oaks, CA: Sage

Kilpatrick, J., Swafford, J., & Findell, B. E. (2001). Adding it up: helping children learn mathematics.
Washington, DC: National Academy Pres.

Kuhn, M. R., & Stahl, S. A. (2003). Fluency: A Review of Developmental and Remedial Practices. Journal of
Educational Psychology, 95(1), 3-21.

McClure, L. (2019). Developing number fluency - what, why and how. Retrieved from
https://nrich.maths.org/10624 accessed on 21 November 2021.

National Council of Teachers of Mathematics (2000). Principles and standards for school mathematics. Reston,
VA: National Council of Teachers of Mathematics.

National Council of Teachers of Mathematics (2014). Procedural fluency in mathematics. Retrieved from
https://www.nctm.org/Standards-and-Positions/Position-Statements/Procedural-Fluency-in-Mathematics/
accessed on 20 November 2021.

Newman, M. A. (1977). An analysis of sixth-grade pupils’ errors on written mathematical tasks. Victorian
Institute for Educational Research Bulletin, 39(31-43).

Ramos-Christian, V., Schleser, R., & Varn, M. E. (2008). Math fluency: accuracy versus speed in preoperational
and concrete operational first and second grade children. Early Childhood Education Journal, 35(6), 543-
549.

Rittle-Johnson, B., & Alibali, M. W. (1999). Conceptual and procedural knowledge of mathematics: does one
lead to the other? Journal of Educational Psychology, 91(1), 175-189

Russell, S. J. (2000). Developing computational fluency with whole numbers. Teaching Children Mathematics,
7(3), 154-158.

Stott, D. (2013). A quick tool for tracking procedural fluency progress in Grade 2, 3 and 4 learners. Learning
and Teaching Mathematics, 14, 36-39.

Sullivan, P. (2011). Teaching mathematics: Using research-informed strategies. Australian Council for
Educational Research, Camberwell, Victoria.

Thomas, J. N. (2012). Toward meaning-driven mathematical fluency. School Science and Mathematics, 112(6),
327-329.

URL- 1 (2021). In Dictionary.com. Retrieved from http://www:.dictionary.com/browse/fluency

Uysal, H. (2017). Zihin yetersizligi olan 6grencilere temel toplama islemlerinde akicilik kazandirmada iki farkl
uygulamamn karsilastirilmasi, (Yaymlanmamis yiiksek lisans tezi), Anadolu Universitesi, Egitim Bilimleri
Enstitiisii, Eskisehir.

Watson, A., & Sullivan, P. A. (2008). Teachers learning about tasks and lessons. In D. Tirosh, & T. Wood
(Eds.), Tools and Processes in Mathematics Teacher Education (1 ed., pp. 109 - 134). Sense Publishers.

Wong, M., & Evans, D. (2007). Improving basic multiplication fact recall for primary school students.
Mathematics Education Research Journal, 19(1), 89-106.

Yates, S. M. (2006). Primary teachers’ mathematics beliefs, teaching practices and curriculum reform
experiences. Paper presented at the Australian Association for Research in Education, Conference, Adelaide.

109


http://www.dictionary.com/browse/fluency



