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Introduction

One of the main differences which distinguish human beings from other living beings is the ability to
think. The words “thinking” and “thought” are the most commonly used words in our daily lives.
Although they are used so often, it is not so easy to define them. Taking the typical situations in which
these terms are used into consideration might help to define them. Thought is used in a broad sense.
Every single thing that comes into our mind or passes through our mind is called thought. The term
thought is directly related with what is served (Dewey, 1910, p. 2). Thought becomes important as it
makes one’s life meaningful and effective and contributes to its positive improvement (Alkan and
Bukova Giizel, 2005).

We think of the things which we do not directly see, hear, smell and taste. Thinking of something
means to be aware of it in a way and take steps by noticing what is going to happen (Dewey, 1910, p. 2-
15). Human beings do activities such as evaluating others, solving problems, making decisions,
predictions, interpretations and building cause and result relationships throughout their lives (Hughes
and Lavery, 2015). In other words, human beings make assumptions, develop hypothesis about these
assumptions and try to come up with a solution by focusing on the causes and results in the thinking
process (Ersoy and Baser, 2013).

The responses that students give to a sentence or a text, the solution that they offer for a problem or
the justification and interpretation that they use to confirm or refuse a claim constitute the implicit or
explicit basis their general theories. These kinds of actions are the ways of thinking (Harel and Sowder,
2005). Mathematics is one of the fields in which the action of thinking is used effectively.

Mathematical Thinking

The main purpose of mathematics teaching is to improve thinking (Ayllén, Isabel and Ballesta-Claver,
2106). There are two traditional references in the field of research on mathematics education to define
mathematical thinking. One of these is the perspective which focuses on the mathematical process
(Burton, 1984; Isoda and Katagiri, 2012; Liu, 2003; Liu and Niess, 2006; Mason, Burton and Stacey, 2010;
Polya, 1962, 1985; Schoenfeld, 1992). This perspective focuses on the problem of how mathematical
thinking is realised. The other perspective grounds on the conceptual improvement (Dreyfus, 1991;
Fruendental, 1973; Tall, 1995). This view deals with how the individual constructs the mathematical
concepts in his mind.

Process-oriented mathematical thinking approach

Mathematical thinking is significant as it is one of the ways of learning mathematics. Mathematical
thinking is vital for mathematics teaching. Mathematical thinking is a quite complex activity and there
are lots of researches and writings on it. The process couples in which mathematical thinking is realized
very often are specializing-generalising and conjecturing-convincing. Being able to use mathematical
thinking in problem solving is one of the main purposes of education and it is also one of the most
difficult objectives (Stacey, 2006). In this context, Polya (1985, p. ix) expressed that problem solving was
a special achievement for intelligence and intelligence was a precious gift given to human beings. He
also stated that problem solving could be accepted as the most characteristic human activity.

Mathematical thinking is related with mathematical process. Practising in mathematics and
verbalizing mathematical data might improve mathematical thinking. Working on contradictory and
perplexing situations provoke mathematical thinking. Furthermore, challenging and reflecting learning
environments also support mathematical thinking (Mason, Burton and Stacey, 1994, p. xi). Schoenfeld
(1992) indicated that the tools of mathematics were abstracting, symbolic representation and symbolic
manipulation. In addition to this, being educated on how to use these tools means thinking
mathematically rather than just knowing how to use the tools. Learning how to think mathematically
means developing a mathematical perspective evaluating the mathematical and abstracting processes
and making a preference on practising these. Burton (1984) made the definition of mathematical
thinking by grounding on the definition of tool which the individual use to understand and control his
environment and the tool that he used to control the environment. He explained the mathematical
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thinking as using unique methods to understand and control the environment. These methods are the
operations, processes and dynamics of mathematical thinking. Devlin (2012) claimed that mathematical
thinking was not the same thing as doing mathematics. Doing mathematics usually includes the
implementations of procedures and making some difficult symbolic manipulations. Mathematical
thinking, on the other hand, is a special way of thinking about the things in the universe. Mathematical
thinking does not necessarily need to be related with mathematics. Some parts of mathematics;
however, provide ideal contexts to learn mathematical thinking.

Mathematics’ concept development-oriented mathematical thinking approach

The term ‘mathematization’” was used by Freudenthal (1973) to evaluate the process of
objectification of mathematical activities. Freudenthal explained the mathematical thinking as the
process that started with real experiences and resulted in mathematics. Mathematization here functions
as a component which provides the transition from general thinking into mathematical thinking. Tall
(1995) pointed out that mathematical thinking was realized by building a relationship between concrete
world, symbolic world and formal world. Isoda and Katagiri (2012) mentioned this relationship as it was
given in Figure 1 below.
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Figure 1: World of Mathematics (taken from Isoda and Katagiri (2012, 25))

When Figure 1 was considered, it was seen that the world of mathematics consisted of three titles as
axiomatic formalism, conceptual embodiment, symbolic calculation and manipulation. The world of
axiomatic formalism includes the mathematical fields such as theoretical axiomatic geometry, set
axiomatic geometry and analysis. Symbolic calculation and manipulation include matrix algebra, limits,
analysis, functions, algebra, graphs, trigonometry, counting and number. Conceptual embodiment is
made up of geometry, space and shape matters. These three worlds that figure in the world of
mathematics are stated as the explanation focused on the conceptual development of mathematical
thinking.

When the explanations made so as to define mathematical thinking were considered, it was seen
that there were various definitions and components in this context. Liu (2003) dealt with mathematical
thinking as a union of the predictive, inductive, deductive, description, generalization, sampling, formal
and informal reasoning, verification and similar complex processes on the basis of the definitions and
explanations which had been made about mathematical thinking.
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Mathematics Education and Mathematical Thinking

Cimbricz, Stoll and Wilkens (2015) stated that the future would not be predicted but it would be
logical to reach the conclusion that mathematical thinking would be valuable in the 21% century and
beyond and its importance would continue. Stacey (2006) explained the importance of mathematics by
emphasizing three titles; i. Mathematical thinking’s being an important objective of schooling, ii.
Mathematical thinking’s being a way of learning mathematics, iii. Mathematical thinking’s being
important for mathematics education. These views of Cimbricz, Stoll and Wilkens (2015) and Stacey
(2006) and the explanations above about mathematical thinking propound the importance of
mathematical thinking.

In today's education process, the mathematical thinking aspect of mathematics has been started to
get more attention to be emphasized. It was expressed by Ayllon, Isabel and Ballesta-Claver (2016) that
the main purpose of mathematics teaching was to improve thinking. It is seen that basic skills related
with mathematical thinking are paid more attention in the mathematics curriculum that is currently in
effect (Ministry of National Education [MoNE], 2018). When it is considered that one of the most
important basic components in mathematics teaching is the mathematics teachers, determining the
mathematical thinking skills of teachers is of critical importance.

When the related literature was reviewed, it was seen that there were some studies which were
carried out on mathematical thinking. In a study of Jacobs, Lamb and Philipp (2010), 131 teachers and
pre-service teachers were investigated in terms of their perception manners of the children’s
mathematical thinking. Lim and Hwa (2007) emphasized how mathematical thinking was defined in the
context of Malaysia school program and to what extent mathematical thinking was applied in the
mathematics class. They also focused on the problems that the Malaysian mathematics teachers faced
while they were trying to improve mathematical thinking. Steinberg, Empson and Carpenter (2004)
stated that continuous learning based on practice is a requirement in the setting of U.S. and across
worldwide reforms, reinforcing to comprehend and answer students' thinking about mathematics in
terms of novel ways. The study in which Steinberg, Empson and Carpenter (2004) conducted on a
teacher was about pedagogical applications that created opportunities for students to reflect their
opinions and to participate fully in the dialogue. Kargar, Tarmizi and Bayat (2010) investigated the
students’ mathematical anxieties and the relationship between the attitudes towards mathematics and
mathematical thinking and they concluded that there was a positive relationship between mathematical
thinking and the attitudes towards mathematics while there was a negative relationship between
mathematical anxiety and the attitudes towards mathematics. Furthermore, it was seen that the
students who had positive attitudes made more efforts in mathematical thinking and understanding the
lesson content than the ones who had negative attitudes. They determined mathematical thinking with
mathematical thinking grading scale in their study. Fernandez, Linares and Valls (2013) carried out their
studies on elementary school pre-service teachers. This study was about the pre-service teachers’
noticing their students’ mathematical thinking styles while they were studying on the problems which
required proportional and non-proportional reasoning.

Studies in Turkey have also been started to focus on mathematical thinking in parallel with the
emergence of mathematical thinking in international research studies. When the related literature was
reviewed, plenty of studies on mathematical thinking were observed (Bukova Giizel, 2008, Canbazoglu
and Artut, 2018; Coskun, 2012, Tataroglu Tasdan, Celik and Erduran, 2017). It was found out that some
of these studies were conducted on secondary and high school students (Arslan and Yildiz, 2010;
Katranci, 2019; Yesildere, 2006; Yesildere and Tirnikli, 2008), some of them were conducted on pre-
service teachers of mathematics (Artut and Bal, 2017; Bukova Glizel, 2008; Coskun, 2012; Ersoy and
Baser, 2013; Tataroglu Tasdan, Celik and Erduran, 2017) and some of them were conducted on
elementary school pre-service teachers (Artut and Bal, 2017, Canbazoglu and Artut, 2018). The thinking
skills of elementary school pre-service teachers were evaluated by the mathematical thinking scale
developed by Ersoy ve Baser (2013) in the study of Artut and Bal (2017). This scale consisted of the sub-
dimensions of “high level thinking tendency”, “reasoning” and “problem solving”. In the study
Canbazoglu and Artut, (2018), the mathematical thinking skills of elementary school pre-service teachers
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were measured by the problems of evaluating mathematical thinking. However; it was seen that the
number of the studies conducted on mathematics teachers was limited (Unveren Bilgic and Azak, 2019)
when the available studies were considered.

The related literature about the studies which aimed to determine the level of mathematical
thinking was reviewed and it was seen that there were several studies (Ersoy and Baser, 2013; Harel and
Sowder, 2005; Hernandez, 2002; Lincoln, 2008; Lipman, 2003; Liu and Niess, 2006; Liu, 2003; Liu and
Niess, 2006; 1994; Umay, 1992). On the other hand, it is emphasized that the number of the studies
which are about developing scale to determine the level of mathematical thinking was insufficient.
Besides, it was observed that there was not scale validity and reliability of which had not been tested for
the mathematics teachers. In line with the explanations, it was thought that it was necessary to develop
a mathematical thinking scale for mathematics teachers. The scale which was developed within this
framework is expected to contribute to the literature.

The Purpose of the Study

The primary purpose of this study is to develop a mathematical thinking scale for mathematics
teachers. The secondary purpose of the research is to compare the mathematical thinking skills of
mathematics teachers according to some variables (occupational seniority and the type of school being
graduated from).

In parallel with these purposes, the following questions were formulated.

A) In the scope of content validity;

la. Can the items that constitute the mathematical thinking scale represent the mathematical
thinking according to the field experts?

B) In the scope of structural validity;

1b. Is the structure of the mathematical thinking scale simple and constant?

C) In the scope of reliability;

1c. What are the Cronbach Alpha and Guttman Split Half values of the mathematical thinking scale?

1d. What is the correlation of item-total score for each item in the mathematical thinking scale?

D) In the scope of discrimination;

le. Can the mathematical thinking scale discriminate the individuals in the lower and upper groups?

E) In the scope of some variables;

1f. Do the scores that the mathematics teachers get from the mathematical thinking scale differ
significantly according to their occupational seniority and the type of the school being graduated from?

Method

This is a quantitative research which was conducted in order to develop both a valid and reliable
mathematical thinking scale for determining the mathematical thinking skills of mathematics teachers
and to investigate the thinking skills of mathematics teachers through this scale according to some
variables (occupational seniority and the type of school being graduated from).

Population and Sample of the Study

The population of the study consisted of the mathematics teachers working in the province of
Adana. The teachers who were in the sample were selected by typical case sampling, one of purposive
sampling methods. Typical case sampling is picking a typical and average case out of plenty of cases in
the related population with the issue of the research (Fraenkel, Wallen and Hyun, 2012). In this sense,
the research was carried out with two different sample groups during the processes of developing the
scale and testing the developed scale. Accordingly, the first sample group consisted of 504 mathematics
teachers who were working in Aladag, Ceyhan, imamoglu, Tufanbeyli, Karaisali, Kozan, Pozanti, Saricam
and Yiregir districts of Adana in 2017-2018 school year. 35 scale data; however, were excluded due to
some imperfect information and the exclusion of the extreme values and 469 data sets were analysed.
The second sample group consisted of 190 mathematics teachers working in Seyhan and Cukurova
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districts of Adana in 2018-2019 school year. The personal information of the teachers in the first and
second sample groups were presented in the table below.

Table 1.
Frequency and Percentage Distribution of Mathematics Teachers According to Their Personal
Information

First sample Second sample
Variables group group
N % N %
Female 308 65.7 136 71.6
Gender Male 161 34.3 54 28.4
Total 469 100 190 100
0-5 years 155 33.0 - -
6-10 years 107 22.8 30 15.8
Occupational Seniority 11-15 years 94 20.0 23 12.1
16-20 years 59 12.6 70 36.8
21 years or more 54 115 67 353
Total 469 100.0 190 100
Faculty of Education 381 81.2 160 84.2
Type of school being graduated FaFuIty of Arts and 38 18.8 30 15.8
from Sciences
Total 469 100 190 100
City Centre 154 32.8 190 100
Working region District 249 53.1 - -
Village 66 14.1 - -
Total 469 100.0 190 100

When Table 1 was considered, it was seen that 66 % of the mathematics teachers in the first sample
group were female and 34 % of them were male. One third of the mathematics teachers had
occupational seniority of between 0 and 5 years, one fourth of them occupational seniority of between
6 and 15 years and the rest of them had occupational seniority of 16 or more years. Most of the
teachers in the sample of this research (81%) graduated from a faculty of education. When the regions
in which the teachers were working were taken into consideration, it was observed that nearly half of
them were working in the districts and the rest of them were working in the city centers (33%) and in
the villages (14%). On the other hand, 72% of the teachers in the second sample group were female and
28% of them were male. 16 % of the teachers had occupational seniority of between 6 and 10 years,
12% of them had occupational seniority of between 11 and 16 years, 35% of them had occupational
seniority of between 16 and 20 years and 35% of them had occupational seniority of 21 years or more.
Most of the teachers (84%) in the second sample group were graduated from faculties of education.
When the regions in which the teachers were working were taken into consideration, it was observed
that all of the teachers were working in the city centers.

Data Collection Tools

In this part, first, the process of developing the mathematical thinking scale was presented and
secondly, the alteration of the developed scale according to the demographical information of the
teachers (type of school being graduated from and occupational seniority) in the second sample group
was investigated.
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The process of developing mathematical thinking scale
The mathematical thinking scale, which constituted the first part of the research, was developed by
following the steps below (Balci, 2001; Devellis, 2016). In this context, the steps of the formation of an

item pool, content validity and pilot study, structural validity, reliability study and final form of the scale
were summarized as in Figure 1.

AN

Formation of an item pool
* Reviewng the literature
+ Item pool of 60 ttems

Content validity and pilot study
*Asking 3 field experts and 3 Turkish language experts to control

Structural validity
+ Exploratory factor analysis
+ Confirmatory factor analysis

Reliability studies
* Cronbach-alpha reliability coefficient
» The companson of the averages of 27% of lower and upper groups

Final form of the scale
*Final form of the scale which consists of 4 factors and 17 items

Figure 2: The Process of Developing Mathematical Thinking Scale

When Figure 1 was considered, it was seen that a pool of 58 items was formed by reviewing the
literature during the process of developing an assessment tool. In the second stage, a pilot study was
applied by making use of the opinions of 12 experts ((Mathematics education (3), Assessment and
evaluation (3), program development in education (4) and language teaching (2)). In the third stage,
exploratory and confirmatory factor analyses were made within the content validity process. In the
fourth stage, Cronbach alpha and Guttman Split Half analysis were made and the averages of 27% of
lower and upper groups were compared within the reliability studies of the data collection tool. In the
last stage, the scale consisting of 17 items and 4 factors was finalized.

Formation of item pool

First, the related literature was reviewed in the process of setting the items of mathematical thinking
scale. In this context, the definition of mathematical thinking and the dimensions that constitute the
mathematical thinking were investigated. The studies which had been conducted on this field were
investigated (Burton, 1984; Dreyfus,1991; Ersoy and Baser, 2013; Fruendental, 1973; Harel and Sowder,
2005; Hernandez, 2002; Lincoln, 2008; Lipman, 2003; Liu and Niess, 2006; Liu, 2003; Liu and Niess, 2006;
Mason, Burton and Stacey, 2010; Polya, 1962, 1985; Schoenfeld, 1992; Tall, 1995; Umay, 1992) and first
draft items were formed by taking both process and conceptual development dimensions of
mathematical thinking. Besides, in this process, five mathematics teachers who were completing their
postgraduate education were interviewed and they were asked for their opinions about mathematical
thinking. The teachers were asked which behaviours in the classroom environment would be considered
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in the scope of mathematical thinking, which skills were included in mathematical thinking, what the
components of mathematical thinking were and what the characteristics of mathematical thinking were.
In this sense, an item pool of 58 items was formed in line with the teacher interviews and the revision of
the related literature.

Content validity

Presenting the item pool for the opinions of expert:

The draft form of 58 items was presented for expert opinion and the content validity of the form was
questioned. The content validity assessment tool should be able to assess one feature without
intermingling with the other ones (Balci, 2001; Cepni, Baki, Demircioglu and Akyildiz, 2009). Within this
context, the items in the pool were presented for the confirmation of 3 experts in the field of
mathematics teaching, 3 experts in the field of assessment and evaluation, 4 experts in program
development and 2 experts in the field of language teaching. The experts in the field of mathematics,
assessment and evaluation and program development assessed each item in the draft form as
“appropriate”, “should be reorganized” and “inappropriate” by considering if they served for the
purpose of the scale. Then, the experts in the field of language went over each item in terms of language
structure, grammatical structure and being clear. Three items were reorganized after the opinions of the
experts. The items of “40. | try to reach the truth by evidences.” and “41. | try to reach the truth by
proving.” were considered that they had the same meaning and it was asked for excluding one of these
items. Furthermore, it was considered by the experts that the item of “22. | do not approve the rules
and generalizations being questioned.” were carrying two meanings and it was asked to be reorganized
as two separate items. Therefore, the item of 22 was reorganized as “l do not find it right to question
the rules.” and “l do not find it right to question the generalizations.”.

Pilot study

The draft form of 58 items which was designed in line with the opinions of the experts was given to
15 mathematics teachers working in three different secondary schools and it was reviewed in terms of
language and clarity. Moreover, the draft form was also viewed in terms of appearance validity, page
layout, font size and usefulness. Each item was arranged in conformity with five-point gradation. The
scale form of 58 items which was formed as a result of these arrangements was given to the
mathematics teachers who were working in all districts of Adana.

Data analysis

First, data were enumerated and transferred into computers before the analysis. Then, 49 (35+14)
forms were excluded from the study due to some missing information and extreme point values which
were determined by Mahalanobis Distance. In the first step, 469 data which were obtained from the
first sample group were evaluated in the process of developing the scale. Within this context,
Exploratory Factor Analysis (EFA) of the data set which was obtained with IBM SPSS 22.0 was made and
its content validity was calculated. In addition, Cronbach Alpha Analysis and Guttman Split Half values
were implemented to calculate the reliability of the data. Moreover, arithmetic mean and standard
deviation values and item-total score correlations of the expressions in the scale were studied and item
discrimination strength was calculated by independent groups t-test analysis. After that, Confirmatory
Factor Analysis (CFA) was calculated. The mathematical thinking scale validity and reliability studies of
which were completed was implemented on 190 mathematics teachers who were working in Seyhan
and Cukurova districts of Adana in 2018-2019 spring semester. The analysis was made on the data
obtained from this sample group by using IBM SPSS 22.0. In the process of analysis, Kolmogorov-
Smirnov test was primarily implemented as the number of the samples was more than 50 so as to define
the normality of the scores. It was concluded as a result of the analysis of group largeness that data set
displayed normal distribution. In this context, independent groups t-test was implemented while
comparing two groups such as the school types the teachers graduated from and one-way variance
analysis (ANOVA) implemented while comparing more than three groups such as occupational seniority.
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Scheffe test was implemented while comparing the groups. However, the homogeneity of the variances
was checked before the variance analysis. The significance level was accepted as p=.05 and p=.01 in all
statistical analysis in this process.

Findings

The findings were presented in two parts here. In the first part, the findings about validity and
reliability which were applied in the process of developing “Mathematical Thinking Scale” were
investigated. In the second part, the findings about the change of the scale which was developed
according to the type of school the teachers graduated and their occupational seniorities were
investigated.

Findings about the Construct Validity of the Mathematical Thinking Scale

Factor analysis was made in order to constitute the construct validity of the mathematical thinking
scale. EFA (Sharma, 2006) is administered to obtain information about the number of the factors which
the assessment tool assesses and CFA (Tabachnick and Fidell, 2001) is applied to test the hypothesis
which the researcher develops in accordance with a theory. In this sense, exploratory factor analysis was
primarily administered to obtain information about the number of factors in this study. Secondly, the
appropriateness of the structure was tested via confirmatory factor analysis.

Findings about the exploratory factor analysis of the Mathematical Thinking Scale

Kaiser-Meyer-Olkin (KMO) test and Bartlett’s test of sphericity were implemented to find the
appropriateness of the obtained data for both factor analysis and competency of the number of samples
for the EFA which was adapted into the mathematical thinking scale (Blyukoztiurk 2011). The results of
the analysis are seen in Table 2.

Table 2.

Kaiser-Meyer-Olkin and Bartlett’s Test of Sphericity Values

Kaiser-Meyer-Olkin 0.81
Bartlett’s Test of Sphericity )(2 2307.967

p .000

As it is seen in Table 2, KMO value was determined as .81. In line with this result, it was concluded
that the appropriateness of sampling was “meritorious” (Sharma, 1996). Besides, the result of Bartlett’s
test of sphericity was calculated as x?=3997.751 and the significance level was found as.01. These results
showed that it is appropriate for factor analysis.

While administering EFA on the mathematical thinking scale, varimax maximum variability rotation,
one of principal components analysis, was implemented (Tabachnick and Fidell, 2001). This analysis
presented that four factors whose eigenvalue were over 1 were obtained for 17 items. A factor whose
eigenvalue is 1 or over is accepted to be structurally determined (BUylikoztirk, 2002, Kokli, 2002;
Tabachnick and Fidell, 2001). The scree plot graph (De Vellis, 2016), which is one of mostly used criterion
while deciding on the number of factors, is presented in Figure 2.

286



BAL & DINC ARTUT — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 49(1), 2020, 278-315
Scree Plot

Eigenvalue
i

]
L

i =
@
=]
L
.
n
~i

Component Number
Figure 3: Screen Plot Graph

As it is seen in Figure2, the scree plot graph takes a horizontal shape after the fourth factor.
Therefore, it is observed that the scale is grouped under four factors. As a result of the analysis, a four-
factor structure was obtained in four iterations. Item factor loadings, eigenvalues, and variance values
for each factor are shown in Table 3.

Table 3.
Factor Analysis Results of Mathematical Thinking Scale

Inductive Problem-

and solving- Planned Rule-based
Item No Deductive based Thinking Thinking >

Thinking Thinking
Iltem 57 .79 4.21 .678
Item 56 74 4.12 729
Item 13 .67 4.31 671
Iltem 55 .65 4.10 .790
Iltem 8 .64 4.36 .619
Item 3 .58 4.57 .541
Item 48 .79 1.99 1.130
Item 44 77 2.16 1.175
Item 54 71 2.10 1.121
Iltem 9 .68 2.01 1.145
Item 40 .64 .352 241 1.196
Item 29 .78 4.30 .680
Item 27 77 4.39 .678
Item 30 72 3.94 .801
Item 34 .79 3.48 .964
Iltem 31 .76 3.57 1.035
Item 37 .65 2.85 1.030
Eigenvalue 4.18 2.58 1.73 1.19
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Variance 24.60 15.14 10.18 6.98
percentage

%

Range .54-.79 .64-.79 .72-.78 .65-.79
Number of 6 5 3 3
items

Note: The factor loadings of the items below .32 were not written

According to Table 3, the total variance percentage of the scale, which consists of 17 items and four
factors, is 56.90%. 24.60% of this variance is inductive and deductive thinking sub-factor, 15.14% is
problem-solving based thinking sub-factor, 10.18% is planned thinking sub-factor, and 6.98% is a regular
thinking sub-factor. Factor loadings of the scale ranged from .54 to .79. While determining the items
measuring the same sub-factor; attention was paid on the item factor loadings took place on a single
value and they had high load value. Besides, it was considered that the item factor loadings were at
least .30. (Kline, 2005; Tabachnick and Fidell, 2001). It was seen that the arithmetic means of the items
constituting the mathematical thinking scale ranged between 1.99 and 4.57. The correlation values,
arithmetic mean and standard deviation values of the mathematical thinking scale are shown in Table 4.

Table 4.

Correlation Coefficients, Arithmetic Mean and Standard Deviation Values of Total Scores and Sub-factors
of Mathematical Thinking Scale

Sub-factors of MTS F1 F2 F3 F4 X S
Inductive and deductive thinking - 4.28 47
(F1)

Problem-solving-based thinking (F2) 25%* 1 2.14 .85
Planned thinking (F3) Ag** 14%* 1 4.21 .58
Rule-based thinking (F4) .18** .15%* 31%* 1 3.30 .78
Total 48** S57** S51¥* .60** 3.46 .35

N=469, **p<0.01

When Table 4 is regarded, it is concluded that there were statistically significant relationships (**p
<0.01) between the total score of the mathematical thinking scale and the sub-factor scores. A positive
significant relationship was observed between inductive and deductive thinking sub-factor and other
sub-factors at .25, .44, and .19, respectively and total scores at .48. A positive significant relationship
was observed between the problem-solving-based thinking sub-factor and other sub-factors at .14, .15,
respectively, total scores at .57. It was also observed that there was a positive significant relationship
between the planned thinking sub-factor and other sub-factors at .31, respectively and the total score at
.51. The rule-based thinking sub-factor also showed a significant positive correlation with total scores at
.60. Buyukoztirk (2011) supported that there was a low degree correlation if the correlation value lay
below .30 and there was a moderate degree correlation if the correlation value lay between .30 and .70.
Accordingly, it can be said that the sub-factors of the scale had a positive low degree and moderate
degree statistically significant relationship between each other. Moreover, it can be seen in Table 4 that
the arithmetic means of sub-factors and total scores ranged between 2.14 and 4.28 and standard
deviations ranged between .35 and .85.

Both the content of the item and the related literature were taken into consideration while naming
the sub-factors of the mathematical thinking scale. Therefore, the factors were named “Inductive and
Deductive Thinking”, “Problem-solving-based Thinking”, “Planned Thinking” and “Rule-based Thinking”.
The first factor was named “Inductive and Deductive Thinking” as it involved six items which contained
both deductive and inductive thinking. The example items in this factor were “I reach the general rule

on the basis of examples” and “I can determine an example appropriate for a mathematical rule”. The
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second factor was named “problem- solving-based thinking” as it consisted of five items including
statements which assessed problem-solving-based thinking skills. Some example items of this factor
were “When | face with a difficulty, | first try to understand it”, “I try to overcome the difficulties with
which | face”. The third factor was named “planned thinking” as it contained four items about planned
living. Some example items of this factor were “I like planning the things that | would do in advance” and
“| easily administer the plans that | make in my daily life”. The last factor was named “rule-based
thinking” as it contained three items about being obedient to the rules. Some example items of this
factor were “I like obeying the rules which were established before”, “Following the rules facilitates my
life” and “I follow the existing rules as they are”.

Findings about the confirmatory factor analysis of the mathematical thinking scale

CFA was administered to find out whether four-factor structure which was obtained from EFA
implemented to the mathematical thinking scale was appropriate or not. Fit indices values and limit
values which were obtained during the process of analysis are seen in Table 5.

Table 5.

Calculated Values and Limit Values of the Mathematical Thinking Scale Model

Fit Indices Calculated Limit Values References
Value

ydf < 3 = perfect fit Hooper, Coughlan and Mullen (2008),
1.53 Kline (2005)

RMSEA 055 < 0.8 = good fit Brown (2006), Hooper at al. (2008)

SEMR < 0.8 = good fit Brown (2006), Hu and Bentler (1999),
078 Kline (2011)

NNFI { Non-Normed Fit = 95 = perfect fit Hu and Bentler (1999), Kline (2005),

Index 96 Tabachnick and Fidell (2001)

GFI Goodness of Fit =90 = good fit Cole (1987), Hooper et al. (2008)

Index 85

CFI Comparative Fit = .95 = perfect fit Brown (2006), Hu and Bentler (1999),

Index Kline (20053), Tabachnick and Fidell
97 (2001)

IFI 97 = .95 = perfect fit Hu and Bentler (1999)

When Table 5 was regarded, it was seen that the fit indices were determined as x2/sd=1.53;
RMSEA=0.055; SRMR=0.078; GFI=0.85; CFI=0.97; IFI=.97. The results showed that these values were
between good fit and perfect fit. In other words, this verifies the factorial structure of the mathematical
thinking scale consisting of four factors. T values about four-factor model which were obtained from CFA
were presented in Table 6.

Table 6.

T-test Results obtained from the Confirmatory Factor Analysis for the Mathematical Thinking Scale
Iltem No T Iltem No t
Iltem 57 3.69** ltem 9 5.85**
Item 56 4.71** Item 40 3.56**
Item 13 3.71** Item 29 7.93**
Iltem 55 5.92** Item 27 7.57**
Item 8 6.01** Item 30 5.87**
Item 3 6.78** Item 34 6.54**
Item 48 6.24%* Item 31 8.00%*
Item 44 4.92%* Item 37 9.23%*
Item 54 6.90**

*<0.01

When Table 6 is considered, it is seen that t-test values of the mathematical thinking scale ranged
between 3.56 and 9.23. This is considered significant at 0.5 level when t values are over 1.96 and
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significant at .01 level when t values are over 2.58 (Kline, 2005; Cokluk, Sekercioglu, and Buyiikoztirk,
2014). Accordingly, it was concluded by the results of the analysis that t values for all items were
significant at .01 level. These findings affirm the factorial structure of the mathematical thinking scale.
The standardized values of the recommended mathematical thinking scale were presented in Figure 3
below.
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Figure 4: The standardized values of the mathematical thinking scale which was recommended as a
result of CFA

Figure 3 shows that the factor loadings of the recommended mathematical thinking scale were
between .39 and .84. Accordingly, it was seen that the values which were observed between implicit
variable and observed variable were below .90. Therefore, it can be said that correlation values
observed between the observed variables were appropriate. (Cokluk et al., 2014).

Findings about the reliability of the mathematical thinking scale

In order to determine the reliability of the mathematical thinking scale, Cronbach Alpha internal
consistency value and Guttman Split Half test were calculated and the results of the analysis were
presented in Table 7.
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Table 7.
Cronbach Alpha and Guttman Split Half Values of Total scores and Sub-factor Scores of the
Mathematical Thinking Scale

Sub-factors Cronbach Alpha  Guttman Split Half
Inductive and Deductive thinking .84 .75
Problem-solving-based thinking .86 .79
Planned thinking .86 .83
Rule-based thinking .81 .81
Total score .78 .75

As seen in Table 7, Cronbach Alpha internal consistency coefficients were calculated as .84 in
inductive and deductive thinking sub-factor, .86 in problem-solving-based thinking sub-factor, .86 in
planned thinking sub-factor and .81 in rule-based thinking. The internal consistency value for the whole
scale was .79. In addition to this, Guttman split half test was administered so as to determine the
consistency of the scale. Accordingly, Guttman Split Half value was calculated as .74 for inductive and
deductive thinking sub-factor, .79 for problem-solving-based thinking sub-factor, .83 for planned
thinking sub-factor and .81 for rule-based thinking and .75 for the whole scale. These values were over
.70 and the scale is considered reliable (Fraenkel, Wallen and Hyun, 2012; Tavsancil, 2010; Ozdamar,
1999). Furthermore, modified item total correlation values and Cronbach Alpha values which were
calculated after the items were deleted were presented in Table 8.

Table 8.
Modlified Item Total Correlations and Cronbach Alpha Value after deleting items of the Mathematical
Thinking Scale

Item Number Modified Item Total Correlation Value Cronbach Alpha Value after deleting items

Iltem 1 423 .767
ltem 2 319 773
ltem 3 314 773
ltem 4 .362 771
ltem 5 .310 773
ltem 6 313 774
ltem 7 429 772
ltem 8 446 771
ltem 9 .356 778
Iltem 10 .355 779
Iltem 11 491 .767
Iltem 12 .405 .767
Iltem 13 .354 .770
Item 14 453 .764
Iltem 15 402 .768
Iltem 16 426 767
Iltem 17 .556 .757

As seen in Table 8, item total correlation coefficient ranged between .31 and .36 according to the
results of item analysis. These values are expected not to negative and to be at least .30 or over
(Buyukoztiirk, 2002). Accordingly, it can be said that the scale meets the criteria. It was also observed
that Cronbach Alpha coefficient was between .76 and .78 after the items were deleted. This coefficient
is adequate to be .70 or over for the test scores to be reliable (Fraenkel, Wallen and Hyun, 2012;
Tavsancil , 2010; Ozdamar, 1999).
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The Discrimination Characteristics of the Items of Mathematical Thinking Scale

A developed assessment tool is expected to discriminate the ones who exhibits desired behaviours
and the ones who do not (Can, 2013). For this purpose, independent groups t test was administered to
determine the discriminating strength of the items in the mathematical thinking scale (Balci, 2001). The
total scores of the data obtained from 469 teachers were ranked and 27% of upper and lower groups
and their independent groups t-test scores were calculated. The results of the analysis were shown in
Table 9.

Table 9.
T-test Results about Upper and Lower Groups Scorves of the Mathematical Thinking Scale

Lower Upper

Item groups groups
Number — —

N X S X s t
Ttem 1 126 388 677 457 586 B.op**
Ttem 2 126 393 706 443 662 5.79%*
Ttem 3 126 4.10 709 456 626 5.55%%
Ttem 4 126  3.80 877 443 709 6.24%*
Ttem 5 126  4.13 674 463 533 6.43%*
Item 6 126 4.38 578 476 446 5.86%*
Ttem 7 126 1.59 803 2.58 1482 6.61%*
Item 8 126 1.70 851 2.79 1484 T 14%%
Item 9 126 1.74 887 2.70 1.358 6.65%%
Item 10 126 1.687 727 2.62 1.569 6.18%%
Item 11 126 1.82 983 3.24 1.255 10.00%*
Item 12 126 394 654 463 603 B.71%%
Ttem 13 126 4.14 734 4.69 544 CIWE
Item 14 126 351 767 441 719 9.67H*
Item 15 126 2.87 842 3.87 1.027 8.51%*
Item 16 126 288 917 403 1.073 9. 15%%
Item 17 126 2.12 806 352 1.010 12 21%%*
*p<0.01

According to Table 9, it was concluded that there was a statistically significant difference (p<.01)
between the mean scores of upper group and of lower group. Hereunder, it can be said that the items of
the mathematical thinking scale were distinctive.

Answering and scoring the mathematical thinking scale

A valid and reliable assessment tool which aims to measure thinking skills of mathematics teachers
was developed. The scale consisting of four factors has 17 items. The scores to be received from the
Likert type 5- pointed scale can be between 17 and 85 (17*5=85). In order to facilitate the interpretation
of the mathematical thinking scale, total score or the scores from sub-factors can be divided by the total
number of items. High scores from this scale mean that the perceptions of the teachers towards the
related dimension. The scale can be administered to both mathematics teachers and pre-service
teachers.
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The Findings about the Mathematical Thinking Levels of the Teachers according to the type of school
being graduated

The results of the analysis, conducted to determine whether there was a significant difference
between the scores of the sub-factors of the mathematical thinking scale and total scores according to
the type of school being graduated, were shown in Table 10.

Table 10.
T-test Results about Sub-factors and Total Scores of the Mathematical Thinking Scale according to the
Type of School Being Graduated From

Sub-factors of Mathematical Type of School N X Sd sd t p

Thinking Scale

Inductive and Deductive Faculty of Science/Arts and Science 30 431 .39 188 .823 412

Thinking
Faculty of Education 160 4.24 .36

Problem-solving-based Thinking  Faculty of Science/Arts and Science 30 232 .98 188 3.544 .000
Faculty of Education 160 1.86 .56

Planned Thinking Faculty of Science/Arts and Science 30 420 .55 188 .440 .660
Faculty of Education 160 4.16 .45

Rule-based Thinking Faculty of Science/Arts and Science 30 321 .78 183 -.246 .806
Faculty of Education 160 3.24 .64

Total Score Faculty of Science/Arts and Science 30 3.51 .23 188 4.159 .000
Faculty of Education 160 3.35 .18

When Table 10 is considered, it is seen that there is a significant difference between the scores of
problem-solving-based sub-factor according to the type of school being graduated (t[188-3.544], p<.01;
(t[188-4.159], p<.01), respectively). The difference was in favour of the teachers who were graduates of
a Faculty of Science/Arts and Sciences in terms of arithmetic means of both problem-solving-based sub-
factor and total scores ( X Faculty of Science/Arts and Sciences=2-32; X Faculty of Education=1-86; X Faculty of Science/Arts and
sciences=3.51 and X raculty of Education =3.35, respectively). Hereunder, it can be said that the perceptions of
the teachers who graduated from Faculty of Science/Arts and Sciences towards problem-solving-based
thinking and mathematical thinking were higher than of the teachers who graduated from the Faculty of
Education.

The Findings about the Mathematical Thinking Levels of the Teachers according to their occupational
seniorities

One-way variance analysis was carried out to find out whether there was a difference between the
mathematical thinking levels of the teachers according to occupational seniority. The results of this
analysis were presented in Table 11.

Table 11.
One-way Variance Analysis Results about Sub-factors and Total Scores of the Mathematical Thinking
Scale according to Occupational Seniority

Sub-factors of Occupational N X S sd F P Significant
Mathematical Thinking Seniority Difference
Scale Scheffe Analysis
Inductive and Deductive 6-10 years 30 .43556 .38589 3 1.215 .306
Thinking 11-15 years 23 142319 .35083

16-20 years 70 42667 .37900

21 years or more 67 42040 .35983
Problem-solving-based 6-10 years 30 .20133 .75919 3 .980 .403
Thinking 11-15 years 23 .18000 74346

16-20 years 70 .20114 .70104
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21 years or more 67 .18687 .54889
Planned Thinking 6-10 years 30 42444 .48686 3 .566 .638
11-15 years 23 41159 42174
16-20 years 70 41857 51275
21 years or more 67 41244 44885
Rule-based Thinking 6-10 years 30 .33667 .79919 3 2.160 .094
11-15 years 23 .34493 .54688
16-20 years 70 .32476 .68026
21 years or more 67 .30995 .60027
Total Score 6-10 years 30 .34725 .18310 3 6.185 .000 6-10years, 16-20
11-15 years 23 .33581 .19341 years > 21 years
16-20 years 70 .34092 21513 or more
21 years or more 67 .33082 .16290

When Table 11 is considered, it is clear that there are differences between the mathematical
thinking levels of the teachers according to occupational seniority (Fj»-61s5;, pP<.01). According to the
results of Scheffe analysis, the difference between the teachers with seniority of 6-10 years, 16-20 years
and 21 years or more was in favour of the teachers with seniority of 6-10 years and 16-20 years.

Discussion, Conclusion and Recommendations

This study was carried out to develop a valid and reliable mathematical thinking scale to determine
the mathematical thinking skills of mathematics teachers and to investigate the mathematical thinking
skills of mathematics teachers according to some variables by using the developed scale.

First, an item pool of 58 items was formed after reviewing the related literature in the process of
developing the scale and content validity studies were conducted by asking for the opinions of experts.
56.90 % of the total variance was explained as a result of EFA which was administered to form the
construct validity of the scale. Four factors in the scale were named inductive and deductive thinking,
problem-solving-based thinking, planned thinking and rule-based thinking. Factor loadings of the items
in the scale ranged between .54 and .79. When the fit indices which were obtained as a result of CFA
administered to test the suitability of the construct of mathematical thinking scale were regarded
(x2/sd=1.53; RMSEA=0.055; SRMR=0.078; GFI=0.85; CFI=0.97; IFI=.97), it was concluded that the
construct was within the good fit values. It was revealed by the analysis conducted for the reliability of
the mathematical thinking scale (Cronbach Alpha and Guttman Split Half) that the values were at .75 or
over. This shows that the scale is really reliable (Fraenkel, Wallen and Hyun, 2012; Tavsancil, 2010;
Ozdamar, 1999). On the other hand, it was found by the studies to determine the discriminating
strength of the scale that there was a significant difference between the score of the upper group of
27% and the score of the lower group (p <.01) within the studies of the scale’s reliability and the items
of the scale were discriminative. According to these results, it can be said that the scale can be applied
as a valid and reliable data collection tool that can measure the thinking skills of mathematics teachers
and pre-service teachers.

Secondly, the effectiveness of the scale was tested after being developed in terms of the type of
school being graduated from and occupational seniorities. Accordingly, it was observed that the
teachers who graduated from Faculty of Science/Arts and Sciences had higher perceptions towards
problem solving and mathematical thinking. This can be resulted by the contents of the courses which
they take in the programs they are studying. The course contents of Faculties of Science/Arts and
Sciences are based on improving the students to think abstract, form theorems and hypothesis and
prove these by high level thinking skills such as inductive and deductive thinking. However, the courses
in the Departments of Mathematics Education of Faculties of Education are not based on intensive
subject matter knowledge compared to the courses in the Faculties of Science/Arts and Sciences. The
courses in the Faculties of Education are presented in three main categories. These categories also
include subject matter knowledge, professional teaching knowledge and general knowledge. Another
reason of this result is that doing more practices about mathematics and expressing mathematical
knowledge improve mathematical thinking (Mason, Burton and Stacey, 1994; Schoenfeld, 1992).
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Finally, the mathematical thinking levels of the teachers were investigated by considering their
occupational seniorities and it was concluded that the teachers with high seniority (21 years or more)
had lower mathematical thinking skills than the teachers with low seniority. This result shows partially
similarity with the studies in the literature (Korkmaz, Diindar and Yaman, 2018). This can be causing
from the implementation of behavioural approach-based curriculum in our country for long years. In
this approach, the focus was on the behaviours of the individual rather than his mind and the skills such
as thinking, questioning, criticizing and interpreting on the causes and results were ignored (Gilines,
2012).

In conclusion, a valid and reliable scale was developed to determine the mathematical thinking skills
of mathematics teachers. It was concluded by the developed scale that the thinking skills of
mathematics teachers show differences according to the type of school they graduated from and
occupational seniorities. This scale was only designed to determine the mathematical thinking skills of
mathematics teachers. Besides, it can be recommended to conduct validity and reliability studies of the
developed scale again by taking different sample groups (elementary school teachers or pre-service
teachers) into consideration. Furthermore, the significance between the mathematical thinking skills of
the teachers was investigated in the scope of this study only in terms of the variables of type of school
being graduated from and occupational seniorities. The significance between the mathematical thinking
skills of the teachers in terms of being able to implement these skills in the classroom atmosphere and
the type of school being worked in (secondary school, high school) can be investigated in further
studies.
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Tiirkge Siirimui

Girig

insani diger canl varliklardan ayiran en temel farklarindan biri diisiinebiliyor olmasidir. Giinliik hayat
icinde dislinme ve dlstince en sik kullanilan sozciklerdir. Bu kadar siklikla kullaniimakla birlikte
tanimlanmalari o kadar kolay degildir. Bu terimlerin kullanildigi tipik durumlarin gbéz oOniinde
bulundurulmasi tanimlanmalarina yardimci olabilir. Dlslince genis anlamda kullanilir. Akla gelen,
“kafamizdan gegen” her seye disiince denir. Dislince terimi, dogrudan sunulanlar ile ilgilidir (Dewey,
1910, s. 2). Duslinceyi, kisinin yasantisinin anlamli ve etkili olmasini, olumlu gelisme gostermesine katki
saglamasi 6nemli kilar (Alkan ve Bukova Glizel, 2005).

Dogrudan gormedigimiz, duymadigimiz, koklamadigimiz veya tat almadigimiz seyleri dusiniriz. Bir
seyi distinmek herhangi bir sekilde onun bilincinde olmak ve gelecekte olup bitecekleri fark edip ona
gére adim atmaktir (Dewey, 1910, s. 2-15). insanlar yasamlari siiresince kisileri degerlendirme, problem
¢6zme, karar verme, tahmin etme, yorumlama, neden sonug iliskisi kurma gibi diistinme ilgili etkinlikler
yapar (Hughes ve Lavery, 2015). Bir baska deyisle insanlar diisiinme slirecinde varsayimlarda bulunur,
bununla ilgili hipotez ortaya koyar, neden ve sonuglari lizerine odaklanarak istenilen ¢6ziime ulasmaya
calisir (Ersoy ve Baser, 2013).

Ogrencilerin bir terime, ciimleye veya metne verdikleri, bir soruna sunduklari ¢dziimii veya bir iddiay:
dogrulamak veya reddetmek icin kullandiklari gerekcelendirme, anlamlandirma, 6grencilerin genel
teorilerinin 6rtiik veya agik temelini olusturur. Bu tiir eylemler diisiinme bigimleridir (Harel ve Sowder,
2005). Distinme eyleminin en etkin olarak kullanildigi alanlardan biri matematiktir.

Matematiksel Diisiinme

Matematik 6gretiminin temel amaci, dislinmeyi gelistirmektir (Ayllén, Isabel ve Ballesta-Claver,
2106). Matematik egitimi arastirmalarinda matematiksel dislinceyi tanimlamak igin iki geleneksel
referans vardir. Bunlardan biri matematiksel slirece (Burton, 1984; Isoda ve Katagiri, 2012; Liu, 2003; Liu
ve Niess, 2006; Mason, Burton ve Stacey, 2010; Polya, 1962, 1985; Schoenfeld, 1992) odaklanan
perspektiftir. Bu perspektif matematiksel diisinme nasil gergeklesir sorununa odaklanmaktadir. Diger
perspektif ise kavramsal gelisimi (Dreyfus,1991; Fruendental, 1973; Tall, 1995;) temel almaktadir. Bu
goris bireyin matematiksel kavramlari zihinde nasil yapilandirdigi ile ilgilidir.

Siire¢ odakli matematiksel diisiinme yaklagimi

Matematiksel diisinme, matematik 6grenmenin bir yolu olmasi nedeniyle dnemlidir. Matematiksel
diisinme matematik 6gretimi icin 6nemlidir. Matematiksel diisinme oldukga karmasik bir aktivitedir ve
cok fazla hakkinda yazilmis ve ¢alisilmistir. Matematiksel diisiincenin ¢ok sik gerceklestigi strec ciftleri;
uzmanlagsma—genelleme ve tahmin etme-ikna etmedir. Matematiksel disiinceyi problem c¢ézmede
kullanabilmek, 6gretimin en temel amaglarindan biridir ve ama ayni zamanda en zor hedeflerinden
biridir (Stacey, 2006). Bu baglamda Polya, (1985, s. ix) problem ¢ézmenin, zeka icin 6zel bir basari
oldugunu, zekanin ise insana verilmis ¢ok degerli bir armagan oldugunu ifade etmistir. Problem
¢6zmenin ise en karakteristik insan etkinligi olarak kabul edilebilecegini belirtmektedir.

Matematiksel diisinme, matematiksel siirecle ilgilidir. Matematikle ilgili pratikler yapmak ve
matematiksel bilgileri ifade etmek matematiksel distiinmeyi gelistirebilir. Celiskili, sasirtici durumlar
Uzerinde ¢alismak matematiksel diislinmeyi provoke eder. Bunun yani sira meydan okuyucu, yansiticl
diisinme ortamlari da matematiksel distinmeyi destekler (Mason, Burton ve Stacey, 1994, s. xi).
Schoenfeld (1992) matematigin araglarinin soyutlama, sembolik temsil ve sembolik manipilasyon
oldugunu belirtmektedir. Bununla birlikte, bu araglarin kullanimi konusunda egitilmis olmak bireyin
araglarin nasil kullanilacagini bilmekten ziyade matematiksel olarak dislinmesi anlamina gelmektedir.
Matematiksel olarak disiinmeyi 6grenmek, matematiksel ve soyutlama siireglerini degerlendiren
matematiksel bir bakis acisi gelistirmek ve bunlari uygulama konusunda tercihte bulunmak anlamina
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gelir. Burton (1984) da matematiksel diisinme tanimini, diisinmenin insanin ¢evresini anlamak ve
kontrol etmek igin kullandigi arag tanimi Uzerine kurgulayarak yapmistir. Matematiksel dislinmeyi ise
gevreyi anlamak ve kontrol etmek icin kendine 6zgii yontemleri kullanmak olarak agiklamaktadir. Bu
yontemler, matematiksel disinmenin islemleri, siuregleri ve dinamikleridir. Devlin, (2012) ise
matematiksel diisiinmenin, matematik yapma ile ayni sey olmadigini belirtmektedir. Matematik yapma
genellikle prosedirlerin uygulanmasini ve bazi zor sembolik manipilasyonlar yapmayi igerir.
Matematiksel disiinme ise, diinyadaki seyler hakkinda diisinmenin 6zel bir yoludur. Matematiksel
diisinme sadece matematikle ilgili olmak zorunda degildir. Ancak matematigin bazi bdlimleri
matematiksel diisiinmeyi 6grenmek igin ideal baglamlar saglar.

Matematigin kavramsal gelisimi odakli matematiksel diisiinme yaklasimi

Matematiklestirme ifadesi, Freudenthal (1973) tarafindan matematiksel aktiviteleri nesnellestirme
strecini degerlendirmek icin kullanilmistir. Freudenthal, matematiksel diisinmeyi gercek deneyimlerden
baslayan ve matematik ile sonuglanan bir siireg olarak acgiklamistir. Matematiklestirme, bu siirecte genel
diisinmeden matematiksel disiinmeye gegisi saglayan bir bilesen olarak islev gérmektedir. Tall (1995),
matematiksel dislinmenin somut diinya, sembolik diinya ve formal diinya arasinda iliski kurularak
gerceklestigini ifade etmektedir. Isoda ve Katagiri (2012) de bu iliski Sekil 1’deki gibi verilmistir.
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Sekil 1: Matematik Diinyasi ( Isoda ve Katagiri (2012, 25) den alinmistir)

Sekil 1 incelendiginde matematik diinyasi; aksiyomatik formalizm, kavramsal diizenleme, sembolik
hesaplama ve manuplasyon bigiminde U¢ baslktan olustugu gorilmektedir. Aksiyomatik formalizm
(Axiomatic formalizm) diinyasi, teorik aksiyomatik geometri, kime aksiyomatik cebir ve analiz gibi
matematik alanlarini kapsamaktadir. Sembolik hesaplama ve maniplasyon (Symbolic calculation &
manipulation) ise matris cebiri, limit, analiz, fonksiyonlar, cebir, grafikler, trigonometri, aritmetik, sayi ve
sayma konularini kapsamaktadir. Kavramsal dlizenleme (conceptual embodiment) de geometri, uzay ve
dizlem konularindan olusmaktadir. Matematik diinyasinda yer alan bu ¢ dinya matematiksel
disiinmenin kavramsal gelisimine odakli agiklamasi olarak belirtilmektedir.

Matematiksel disinmenin tanimlanmasi amaciyla yapilan agiklamalar degerlendirildiginde cesitli
tanimlar ve bu baglamda da bilesenler bulunmaktadir. Liu, (2003) matematiksel diisinme ilgili yapilmis
tanimlar ve aciklamalardan yola c¢ikarak matematiksel diisiinmeyi, tahmin edebilme, tlimevarim,
timdengelim, betimleme, genelleme, 6érnekleme, bigcimsel ve bicimsel olmayan usa vurma, dogrulama
ve benzeri karmasik stireclerin bir birlesim kiimesi olarak ele almistir.
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Matematik Egitimi ve Matematiksel Diisiinme

Cimbricz, Stoll ve Wilkens (2015) gelecegin kesin olarak tahmin edilemeyecegini ancak, matematiksel
dislincenin 21. yizyila ve 6tesinde de degerli olacagi ve 6neminin devam edecegi sonucuna varmanin
mantikli oldugunu belirtmektedir. Stacey (2006), matematiksel disiinmenin dnemini; i. Matematiksel
disinmenin okullasmanin 6nemli bir hedefi olmasi, ii. Matematiksel disinmenin matematik
6grenmenin bir yolu olarak 6nemli olmasi, iii. Matematiksel diisinmenin matematik 6gretimi icin 6nemli
olmasi olarak U¢ basliga vurgu yaparak agiklamistir. Cimbricz, Stoll and Wilkens’ in (2015), Stacey’ nin
(2006) bu duslnceleri ve matematiksel disiinme ile ilgili yukarida yapilan agiklamalar matematiksel
dislinmenin 6nemini ortaya koymaktadir.

GlnUmuz egitim Ogretim siirecinde matematigin matematiksel disiime ile ilgili yonin ©ne
cikarilmasina daha ¢ok dikkat edilmeye baslanmistir. Ayllén, Isabel ve Ballesta-Claver, (2106) tarafindan
matematik 6gretiminin temel amacinin, disinmeyi gelistirmek oldugu ifade edilmektedir. Tlrkiye’ de de
ylrirlikte olan matematik 6gretim programinda matematiksel disinme ilgili temel becerilere daha
fazla 6nem verildigi gérilmektedir (Milli Egitim Bakanhg [MEB], 2018). Matematik egitiminde etkili en
onemli temel bilesenlerden birinin matematik 6gretmenleri oldugu gbéz 6niinde bulunduruldugunda
o6gretmenlerin matematiksel diisinme becerilerinin belirlenmesi dnem tasimaktadir.

ilgili alan yazin incelendiginde matematiksel diisiinme ile ilgili calismalarin yapildigi gériilmektedir.
Jacobs, Lamb ve Philipp (2010) tarafindan yapilan calismada, 131 6gretmen ve O6gretmen adayinin
cocuklarin matematiksel diisiincelerini algilama bigimleri arastirilmistir. Lim ve Hwa (2007), tarafindan
yapilan calismada, matematiksel disincenin Malezya okul programi baglaminda nasil tanimlandigi,
matematik dersinde matematiksel dislincenin ne olg¢lide uygulandigi ve Malezya matematik
ogretmenlerinin  matematiksel duslinceyi gelistirme c¢abalarinda karsilastigi  bazi  sorunlar
vurgulanmaktadir. Steinberg, Empson ve Carpenter (2004), ABD ve Ogretmenlerin Ogrencilere
matematik hakkindaki dislincelerini yeni yollarla anlamalarini ve bunlara cevap vermelerini gerektiren
diinya capinda egitim reformlari baglaminda, uygulamadan sirekli 6grenme bir zorunluluktur. Bu
baglamda Steinberg, Empson ve Carpenter (2004), bir O6gretmen Uzerinde ydrattikleri calisma,
ogrencilerine dislincelerini ve diyaloga tam anlamiyla katilmalarini saglayan firsatlar yaratan pedagojik
uygulamalar hakkindadir. Kargar, Tarmizi ve Bayat (2010), Universite 68rencilerinin matematik kaygisi,
matematige yonelik tutum ve matematiksel disiinme arasindaki iliskiyi inceledikleri ¢alismada
matematiksel disinme ve matematik tutumu arasinda pozitif bir iliski, matematik kaygisi ile matematik
tutumu arasinda ise negatif bir iliski oldugunu ortaya koymuslardir. Bunun yani sira olumlu tutuma sahip
olan 6grencilerin, olumsuz tutumlari olan 6grencilere gore matematiksel distinme, ders icerigini
anlamaya yo6nelik daha fazla caba gosterdikleri daha fazla motive olduklari gérilmistir. Calismalarinda
matematiksel diisinmeyi matematiksel dislinme derecelendirme 6lgegi ile belirlemislerdir. Fernandez,
Linares ve Valls (2013) galismalarini ilkokul 6gretmen adaylari Gizerinde gerceklestirmislerdir. Bu ¢alisma,
ogrencilerin orantisal ve orantisal olmayan akil ylritmeyi gerektiren problemler Uzerinde calisirken
O0gretmen adaylarinin 6grencilerin matematiksel diisinme bigimlerini fark etmeleri ile ilgilidir.

Uluslararasi arastirmalarda matematiksel diisinmenin giindeme gelmesine paralel olarak Turkiye’de
de matematiksel diisinme {zerine calismalar yapilmaya baslanmstir. ilgili alan yazin incelendiginde
matematiksel distinme ile ilgili yapilmis calismalar (Bukova Giizel, 2008, Canbazoglu ve Artut, 2018;
Coskun, 2012, Tataroglu Tasdan, Celik ve Erduran, 2017) oldugu goriilmektedir. Bu calismalar
incelendiginde ortaokul ve lise 6grenciler lzerinde yiritiulen (Arslan ve Yildiz, 2010; Katranci, 2019;
Yesildere, 2006; Yesildere ve Turniikli, 2008), matematik 6gretmen adaylari Uzerinde (Artut ve Bal,
2017; Bukova Giizel, 2008; Coskun, 2012; Ersoy ve Baser, 2013; Tataroglu Tasdan, Celik ve Erduran,
2017) ve sinif 6gretmen adaylar lzerinde yaritilen (Artut ve Bal, 2017, Canbazoglu ve Artut, 2018)
calismalar oldugu gortlmektedir. Sinif 6gretmen adaylart {zerinde vyapilan c¢alismalar
degerlendirildiginde Artut ve Bal (2017) tarafindan yapilan galismada, sinif 6gretmen adaylarinin
diisinme becerileri Ersoy ve Baser (2013) tarafindan gelistirilen matematiksel disiinme Olcegi ile
incelenmistir. Bu 6lcek “lst diizey dislinme egilimi”, “akil yliritme”, “problem ¢6zme” alt boyutlarini
kapsamaktadir. Canbazoglu ve Artut, (2018) tarafindan yapilan galisma ise sinif 6gretmen adaylarinin
matematiksel disiinme becerileri matematiksel diislinmeyi 6lgme problemleri ile incelenmistir. Ancak
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ulagilabilen galismalari incelendiginde matematik 6gretmenleri ile yapilan galismalarin sinirh sayida
(Unveren Bilgic ve Azak, 2019) oldugu gérillmektedir.

Matematiksel diisinme diizeyinin belirlenmesine yonelik calismalar ile ilgili alan yazin incelendiginde
bazi calismalarin (Ersoy ve Baser, 2013;Harel ve Sowder, 2005; Hernandez, 2002; Lincoln, 2008; Lipman,
2003; Liu ve Niess, 2006; Liu, 2003; Liu ve Niess, 2006; 1994; Umay, 1992) oldugu gorilmektedir.
Bununla birlikte bu c¢alismalarda matematiksel disiinme dizeyinin belirlenmesine yonelik 6lgek
gelistirme ile ilgili cahismalarinin yetersiz oldugu vurgulanmaktadir. Bunun yani sira bu ¢alismalarda
matematik 6gretmenlerine yonelik gegerligi ve glvenirligi sinanan bir dlgegin olmadig da gorilmustir.
Yapilan agiklamalar dogrultusunda matematik 6gretmenlerine yonelik matematiksel diisinme 6lgeginin
gelistirilmesine ihtiya¢c oldugu duslinilmustir. Bu kapsamda gelistirilen Olgegin alan yazina katki
saglayacagi beklenmektedir.

Arastirmanin Amaci

Bu calismanin ilk amaci; matematik O6gretmenlerine yonelik bir matematiksel disinme olcegi
gelistirmektir. Arastirmanin ikinci amaci ise matematik 6gretmenlerinin bazi degiskenlere (mesleki kidem
ve mezun olunan okul tiirl) gére matematiksel diisinme becerilerini karsilagtirmaktir.

Bu amaglar dogrultusunda asagida yer alan sorulara ¢6ziim aranmistir.

A) Kapsam gecerligi kapsaminda;

la. Matematiksel distinme 6lgegini olusturan maddeler konu alani uzmanlarinin goérislerine gore
matematiksel distinmeyi temsil edebilmekte midir?

B) Yapi gecerligi kapsaminda;

1b. Matematiksel diislinme 6lgeginin yapisi basit ve kararl midir?

C) Glivenirlik kapsaminda;

1c. Matematiksel dislinme Olgeginin Cronbach Alpha ve Guttman Split Half degerleri nedir?

1d. Matematiksel dislinme Olceginde yer alan her madde icin madde-toplam puan korelasyonu
nedir?

D) Ayirt edicilik igin;

le. Matematiksel diislinme Olgegi alt Gist grup bireylerini ayirt edebilmekte midir?

E) Bazi degiskenler igin;

1f. Matematik 6gretmenlerinin matematiksel disinme 6lgeginden aldiklari puanlar mesleki kidem ve
mezun olunan okul tiirt agisindan anlamh farklilik géstermekte midir?

Yontem

Bu calisma matematik 6gretmenlerinin matematiksel disiinme becerinin belirlemek amaciyla hem
gecerli hem de givenilir bir 6lgek gelistirmek ve bu 6lcek araciligl ile matematik 6gretmenlerinin
distinme becerilerini gesitli degiskenler (mesleki kidem ve mezun olunan okul tiri) agisindan incelemek
amaciyla yapilan nicel bir aragtirmadir.

Evren ve Calisma Grubu

Calismanin evreni, Adana ilinde gbrev yapan matematik 6gretmenleri olusturmaktadir. Calisma
grubunu olusturan 6gretmenler amacli 6érneklem yontemlerinden tipik durum orneklemesine gore
belirlenmistir. Tipik durum 6rneklemesi arastirma durumuyla ilgili olarak evrende yer alan ¢ok sayida
durumdan sira disi olmayan ortalama, tipik durumun segilmesidir (Fraenkel, Wallen ve Hyun, 2012). Bu
kapsamda, 6lgegin gelistirilmesi sirecinde ve gelistirilen 6lgegin sinanmasi siirecinde iki farkh ¢alisma
grubu ile arastirma yuritulmdastir. Buna gore ilk ¢alisma grubu 2017-2018 6gretim déneminde Adana
ilinin Aladag, Ceyhan, imamoglu, Tufanbeyli, Karaisali, Kozan, Pozanti, Saricam ve Yiregir ilcelerinde
gorev yapan 504 matematik 6gretmeni arastirmaya dahil edilmistir. Ancak birinci ¢calisma grubu 6lgegin
doldurulmasi siirecinde eksik bilgilerin olmasi ve ug degerlerin ¢ikarilma islemelerinden dolayi 35 6lgcek
verileri 6rneklem disinda tutularak 469 veri seti lizerinden analizler degerlendirilmistir. ikinci calisma
grubu ise 2018-2019 6gretim doneminde Adana ili Seyhan ve Cukurova ilcelerinde gorev yapan 190

299



BAL & DINC ARTUT — GCukurova Universitesi Egitim Fakiiltesi Dergisi, 49(1), 2020, 278-315

matematik 6gretmeni arastirmada yer almistir. Aragtirmaya katilan birinci ve ikinci ¢galisma grubunda yer
alan 6gretmenlerin kisisel bilgileri Tablo 1’de gérulmektedir.

Tablo 1.
Matematik Ogretmenlerinin Kisisel Bilgilerine Gére Frekans ve Yiizde Dagilimi

Birinci calisma grubu  ikinci ¢alisma grubu

Degiskenler N % N %
Kadin 308 65.7 136 71.6
Cinsiyet Erkek 161 34.3 54 28.4
Toplam 469 100 190 100
0-5yil 155 33.0 - -
6-10 yil 107 22.8 30 15.8
Mesleki Kidem 11-15yil 94 20.0 23 12.1
16-20 yil 59 12.6 70 36.8
21 ve Ussl 54 11.5 67 35.3
Toplam 469 100.0 190 100
Egitim Fakiltesi 381 81.2 160 84.2
Mezun Olunan Okul Tiirii  Fen / Fen Edebiyat Fakiltesi 88 18.8 30 15.8
Toplam 469 100 190 100
Merkez 154 32.8 190 100
Calisilan bolge Ilse 249 >3.1 i i
Koy 66 141 - -
Toplam 469 100.0 190 100

Tablo 1 incelendiginde arastirmaya katilan birinci calisma grubundaki matematik 6gretmenlerinin
%66’sI kadin, %34’U erkektir. Mesleki kidem olarak Ugte biri 0-5 yil kideme, dortte biri 6-15 yil kideme
digerleri ise 16 yil ve daha fazla kideme sahiptir. Orneklem kapsamindaki 6gretmenlerin cogu (%81)
egitim fakiltesi mezunudur. Ogretmenlerin calistiklari bolgeler incelendiginde, yaklasik yarisinin
ilcelerde ve digerlerinin ise merkez (%33) ve koylerde (%14) gorev yaptiklar gorilmektedir. Bunun yani
sira ikinci calisma grubundaki &gretmenlerin %72’i kadin, %28’ erkektir. Ogretmenlerin, %16’sinin 6-10
yil kideme, %12’inin 11-16 yil kideme, %37’sinin 16-20 yil kideme, %35’inin 21 yil ve daha fazla kideme
sahip oldugu da goérilmektedir. Calisma grubundaki 6gretmenlerin ¢ogu (%84) egitim fakiltesi
mezunudur. Calistiklari bélgeler incelendiginde ise 6gretmenlerin hepsinin merkez ilcelerde goérev
yaptiklari gérilmektedir.

Veri Toplama Araglari

Bu bolimde 6ncelikle matematiksel diisiinme olgeginin gelistirilme siireci yer almakta daha sonra da
gelistirilen Olgegin ikinci calisma grubundaki 6gretmenlerin demografik 6zelliklerine (mezun olunan okul
tlrt ve mesleki kidem) gore degisimleri incelenmistir.

Matematiksel diisiinme 6lgeginin hazirlanma siireci

Arastirmanin ilk boélimiini olusturan matematiksel disiinme Olgegi asagidaki adimlar izlenerek
hazirlanmistir (Balci, 2001; Devellis, 2016). Bu kapsamda oOncelikle madde havuzunun olusturulmasi,
kapsam gecerligi ve pilot uygulama, yapi gecerligi, glivenirlik ¢alismalari ve oOlgegin son halinin
verilmesinden olusan islem basamaklari Sekil 1'deki gibi 6zetlenmistir.
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Madde Havuzu Olusturma

Kapsam Gegerligi ve Pilot Uygulama

Yap1 Gegerligi

Gitvenirlik Calismalar:

Olgesin Son Hali

Sekil 2: Matematiksel Diisiinme Olgedinin Gelistirilme Siireci

Sekil 1 incelendiginde 6lgme aracinin hazirlanmasinda madde havuzunun olusturulmasi siirecinde
alan yazin taranarak 58 maddelik bir madde havuzu olusturulmustur. ikinci asmada &lgme aracinin
kapsam gegerligi sirecinde 12 uzman (Matematik egitimi (3), 6lgme degerlendirme (3), egitimde
program gelistirme (4) ve dil egitimi (2)) gériisiinden yararlanilarak pilot uygulama yapilmistir. Ugiincii
asamada olarak yapi gecerligi slrecinde acimlayici ve dogrulayici faktér analizleri uygulanmistir.
Dordiinct asamada veri toplama aracinin glivenirlik calismalarinda Cronbach Alpha, Guttman Split Half
analizi ve %27’lik alt Gst grup ortalamalarinin karsilastiriimistir. Son asamada ise 17 madde ve dort
faktérden olusan 6lgege son sekli verilmistir.

Madde Havuzunun Olugturulmasi

Matematiksel diisinme 6lgegiyle ilgili maddelerin hazirlanmasi stirecinde 6ncelikle ilgili alan yazinda
taramasi yapimistir. Bu kapsamda matematiksel disiinmenin tanimi, matematiksel disinmeyi
olusturan boyutlar incelenmistir. Bu kapsamda vyapilan c¢alismalar incelenmis (Burton, 1984;
Dreyfus,1991; Ersoy ve Baser, 2013; Fruendental, 1973; Harel ve Sowder, 2005; Hernandez, 2002;
Lincoln, 2008; Lipman, 2003; Liu ve Niess, 2006; Liu, 2003; Liu ve Niess, 2006; Mason, Burton ve
Stacey,2010; Polya, 1962, 1985; Schoenfeld, 1992; Tall, 1995; Umay, 1992) ve matematiksel diistinmenin
hem sire¢ boyutu hem de kavramsal gelisim boyutlarini géz 6niine alarak ilk taslak maddeler
hazirlanmistir. Bu siiregte ayrica matematik egitiminde lisansistl egitimine devam eden bes matematik
ogretmeniyle de gorismeler yaparak matematiksel disiinme konusundaki gorisleri alinmistir.
Ogretmenlere sinif ortaminda hangi davranislarin  matematiksel disiinmeye kapsaminda
degerlendirdikleri, matematiksel diisinmenin hangi becerileri kapsadigi ve matematiksel disiinmeyi
olusturan bilesenlerin neler oldugu ve matematiksel disiinmenin ozellikleri konusunda gorisleri
sorulmustur. Bu baglamda 6gretmenlerle yapilan goriismeler ve alan yazin taramasi sonucunda elde
edilen bilgiler dogrultusunda 58 maddelik bir madde havuzu hazirlanmistir.
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Kapsam Gegerligi
Madde havuzunun uzman gériigii galismalari:

Hazirlanan 58 maddelik taslak form uzman goriisiine basvurularak kapsam gecerligine sahip olma
durumu incelenmistir. Kapsam gecerligi 6lgme aracinin Olgecegi 6zelligi baska 6zelliklere karistirmadan
oOlgilebilmelidir (Balci, 2001; Cepni, Baki, Demircioglu ve Akyildiz, 2009). Bu kapsamda 6nce madde
havuzundaki maddeler matematik egitimi alaninda 3, 6lgme degerlendirme alaninda 3, egitimde
program gelistirme alaninda 4 ve dil egitimi alaninda 2 uzmanin gérisiine sunulmustur. Matematik,
olgme degerlendirme ve egitimde program gelistirme alanindaki uzmanlar taslak formda yer alan her
maddeyi 6lgegin amaca hizmet etme durumuna gore “uygun”, “dizeltiimeli” ve “uygun degil” olarak
degerlendirmislerdir. Daha sonra dil uzmanlari ise her bir maddenin dil yapisi, gramer yapisi ve anlasilir
olmasini incelemislerdir. Uzmanlardan gelen goérisler dogrultusunda i¢ madde de dizeltmeler
yapilmistir. Bu diizeltmeler soyledir; “40. Kanitlarla dogruya ulasmaya calisirm.” madde ile “41. ispat
yaparak dogruya ulasmaya calisirm.” maddeleri ayni anlamda oldugundan bu maddelerden birinin
cikartilmasi istenmistir. Bunun yani sira “22. Kurallarin ve genellemelerin sorgulanmasini dogru
bulmam.” ifadesinde uzman gorusleri dogrultusunda iki farkh anlamda oldugu ve ayri ayri madde
bigiminde yazilmasi 6nerilmistir. Bu nedenle 22. Madde “Kurallarin sorgulanmasini dogru bulmam.” ve
“Genellemelerin sorgulanmasini dogru bulmam.” bicimde diizenlenmistir.

Pilot Uygulama

Uzman gorisleri dogrultusunda diizenlenen 58 maddelik taslak form, lg¢ farkh ortaokulda gorev
yapan 15 matematik 6gretmenine uygulanarak dil ve anlasilirhk agisindan kontrol edilmistir. Ayrica,
taslak formun goriinls gecerligi agisindan sayfa diizeni, yazi puntolarinin buyuklGgi ve kullanish olmasi
bakimindan da incelenmistir. Her madde begli derecelendirmeye uygun olarak dizenlenmistir. Bu
dizenlemeler sonucunda elde edilen 58 maddelik 6lgcek formu, Adana iline bagh tiim ilgelerde gorev
yapan matematik 6gretmenine uygulanmistir.

Verilerin Analizi

Analiz slirecine gegmeden 6nce veriler numaralandirilarak bilgisayar ortamina aktarilmistir. Sonra
veri toplama aracinda eksik bilgilerin olmasi ve u¢ nokta degerler Mahalanobis Distance ile belirlenmis
toplam 49 (35+14) form degerlendirme disinda tutulmustur. ilk asamada &lcegin gelistirilmesi siirecinde
birinci ¢alisma grubundan elde edilen 469 veri degerlendirilmistir. Bu baglamda elde edilen veri setinin
IBM SPSS 22.0 programinda Agimlayici Faktor Analizi (AFA) uygulanarak yapi gegerligi, ayni programda
Cronbach Alpha analizi ile Guttman Split Half degerleri toplanan verilerin givenirligi hesaplanmistir.
Avyrica, 6lgekte yer alan ifadelerin aritmetik ortalama degerleri ve standart sapma degerleri ile madde-
toplam puan korelasyonlari incelenmis, bagimsiz gruplar t-testi analiziyle de madde ayiricilik gigleri
hesaplanmistir. Daha sonra da Dogrulayici Faktér Analizi (DFA) hesaplanmistir. Gegerlik ve glvenirlik
¢alismalari tamamlanan matematiksel diisinme 6lgegi 2018-2019 bahar yariyilinda Adana ili Seyhan ve
Cukurova ilgelerinde gérev yapan 190 matematik dgretmenine uygulanmistir. Bu ¢alisma grubundan
elde edilen veriler lGzerinden de IBM SPSS 22.0 programi kullanilarak analiz yapilmistir. Analiz stirecinde
oncelikle puanlarin normalligini belirlemek amaciyla ¢alisma grubunun 50’den biylk oldugu igin
Kolmogorov-Smirnov testi uygulanmistir. Grup biyutklGgliniin, yapilan analizler sonucunda veri setinin
normal dagilim sergiledigi sonucuna ulasiimistir. Bu kapsamda 6gretmenlerin mezun olduklari okul tiri
gibi iki grubun karsilastirilmasi durumunda bagimsiz gruplar t-testi; mesleki kideme gibi li¢ten fazla
grubun karsilastigl durumlarda tek yonli varyans analizi (ANOVA) yapilmistir. Gruplarin karsilastiriimasi
sirecinde ise Scheffe testi yapilmistir. Ancak, varyans analizine gecilmeden &nce varyanslarin
homojenligi kontrol edilmistir. Bu sliregte tim istatistiksel analizlerin ¢ézimlenmesi siirecinde anlamlilik
degeri icin p=.05 ve p=.01 kabul edilmistir.
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Bulgular

v

Bu béliimde bulgular iki bdlim halinde verilmistir. ilk bélimde “Matematiksel Diisinme Olgegi”nin
gelistirilme siirecinde uygulanan gecerligine ve giivenirlige iliskin bulgular yer almaktadir. ikinci bélimde
ise gelistirilen 6lgegin 6gretmenlerin mezun olduklari okul tiri ve mesleki kideme gore degisimlerine
iliskin bulgular incelenmistir.

Matematiksel Diisiinme Olgeginin Yapi Gegerligine iliskin Bulgular

Matematiksel disiinme 6lgeginin yapi gegerliligini olusturmak amaciyla faktor analizi uygulanmistir.
Arastirmacinin 6lgme aracinin 6l¢tiigii faktorlerin sayisi hakkinda bilgi edinmek AFA, (Sharma, 2006) ve
arastirmacinin  kuram dogrultusunda gelistirdigi bir hipotezi test etmeye yonelik DFA uygulanir
(Tabachnick ve Fidell, 2001). Bu baglamda 6ncelikle agimlayici faktor analizi uygulanarak faktor sayisi
hakkinda bilgi edinilmis daha sonra da dogrulayici faktér analizi yardimiyla da olusan yapinin uygunlugu
sinanmistir.

Matematiksel diisiinme 6lgeginin agimlayici faktor analizine iligkin bulgular

Matematiksel disiinme 6lgegine uygulanan AFA igin, oncelikle elde edilen verilerin hem faktor
analizine uygunlugu hem de 6rneklem sayisinin yeterligi agisindan uygunlugu Kaiser- Meyer-Olkin
(KMO) testi ve Bartlett Kuresellik testi ile yapilmistir (Blyukoztiirk 2011). Uygulanan analiz sonuglari
Tablo 2’de gorilmektedir.

Tablo 2.

Kaiser-Mever- Olkin ve Bartlett Kiiresellik Test Degerleri

Kaiser-Meyer- Olkin 0.81
42 2

Bartlett Kiresellik Testi L 2307.967
D 000

Tablo 2’de gorildiugi Gzere KMO degeri .81 olarak belirlenmistir. Bu sonug¢ dogrultusunda 6rneklem
uygunlugunun AFA icin “cok iyi” oldugu sonucuna ulasiimistir (Sharma, 1996). Ayrica Bartlett kiiresellik
testi sonucu x2=3997.751 olarak hesaplanmis ve .01 dizeyinde anlamh oldugu gérilmistir. Elde edilen
bu sonuglar faktor analizi icin uygunlugunu géstermektedir.

Matematiksel disinme 0Olgegine AFA uygulanirken temel bilesenler analizinden (principal
components analysis) varimax maksimum degiskenlik dondirme islemi uygulanmistir (Tabachnick ve
Fidell, 2001). Bu analize gore, 17 madde igin 6zdegeri 1’in lzerinde olan dort faktér elde edilmistir. Bir
faktoérin 6z degeri bir ve lizerinde olan faktorlerin yapisinin kararli oldugu kabul edilir (Buyukoztirk,
2002, Kokli, 2002; Tabachnick ve Fidell, 2001). Faktor sayisina karar verirken en sik kullanilan
olgitlerden olan yamag birikinti grafigi (De Vellis, 2016) Sekil 2’de goérilmektedir.
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Sekil 3. Yamac ve Birikinti Grafigi
Sekil 2’de gorildugu gibi doérdincli faktérden sonra yamag birikinti grafigi yatay sekil almaktadir.
Bundan dolayi 6lgek dort faktoér altinda toplandigi gérilmektedir. Analiz sonucunda dort iterasyonda
ulagilan dort faktorli bir yapi elde edilmistir. Her faktore iliskin madde faktor yikleri, 6zdegerleri,
varyans degerleri Tablo 3’te gorilmektedir.

Tablo 3.
Matematiksel Diisimme Olgegine Ait Faktér Analizi Sonuglar:
Tiimevarim ve Problem

. Tiimden ¢dzmeye Planl Kurall:

Madde No Gelimli dayali Diigiinme diigiinme y S
Diigiinme diigiinme

Madde 57 .79 4.21 678
Madde 56 .74 412 .729
Madde 13 .67 4.31 671
Madde 55 .65 4.10 .790
Madde 8 .64 436 .619
Madde 3 58 4,57 541
Madde 48 .79 1.99 1.130
Madde 44 77 2.16 1.175
Madde 54 71 2.10  1.121
Madde 9 .68 2.01 1.145
Madde 40 .64 352 241 1.196
Madde 29 .78 430  .680
Madde 27 77 4.39 678
Madde 30 72 3.94 801
Madde 34 .79 3.48  .904
Madde 31 .76 3.57 1.035
Madde 37 355 .65 2.85 1.030

ézrleéer 4.18 2.58 1.73 1.19

Agiklanan Varyans —, 5 15.14 10.18 6.98

Yiizdesi %

Ranj 34-.79 .04-.79 72-78 .65-.79

Madde sayist ] J 3 3

Not: .32 degerinin altindaki maddelerin faktér yiikleri yazilmamistir.

Tablo 3 incelendiginde, uygulanan analiz sonucunda 17 madde dort faktérden olusan 6lgegin
aciklanan toplam varyans yizdesi %56.90°dir. Bu varyansin %24.60’in1 timevarim ve timdengelimli
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disiinme alt faktori, %15.14’G problem ¢ézmeye dayal digiinme alt faktori, %10.18’ini planh digsinme
alt faktérii ve %6.98'ini kuralli diisiinme alt faktéri agiklamaktadir. Olgegin faktor yiikleri .54 ile .79
arasinda degismektedir. Ayni alt faktori 6lgen maddelerin belirlenmesinde; madde faktor yiklerinin tek
bir degerde yer almasi, yiksek yiik degerine sahip olmasina dikkat edilmistir. Ayrica madde faktor
yiklerinin en az .30 olmasi dikkate alinmistir. (Secer, 2013; Kline, 2005; Tabachnick ve Fidell, 2001).
Matematiksel diisiinme 0lgegini olusturan maddelerin aritmetik ortalamalarinin 1.99 ile 4.57 arasinda
degistigi gorulmektedir.

Matematiksel disinme Olgegine ait korelasyon degerleri aritmetik ortalama ile standart sapma
degerleri Tablo 4’te gorilmektedir.
Tablo 4.

Matematiksel Diigiinme Olgeginin Toplam Puan ve Alt Faktérlerine Ait Koreldsyon Katsayilari,
Aritmetik Ortalama ve Standart Sapma Degerleri

MDO Alt Faktorleri F1 F2 F3 F4 X S

Tiimevarim ve tiimden gelimli diigiinme (F1) - 428 47
Problem ¢ézmeye dayali diigiinme (F2) 2571 2.14 .85
Planli diigiinme (F3) 447147 1 421 .58
Kurall: diiglinme (F4) 187 157 317 1 3.30 .78
Toplam A8 577 517 60T 346 .35

N= 469, **p=<0.01

Tablo 4 incelendiginde, matematiksel diisiinme 6lgeginin toplam puani ile alt faktér puanlari arasinda
birbiriyle istatistiksel olarak anlamli iliskiler (**p<0.01) oldugu sonucuna ulasilmistir. TGmevarim ve
timdengelimli distinme alt faktorl diger alt faktorlerle sirasiyla .25, .44, .19 ve toplam puanlarda .48;
problem ¢6zmeye dayal diistinme alt faktori diger alt faktérlerle sirasiyla .14, .15 ve toplam puanla da
.57; planli diisiinme alt faktoru diger alt faktorler sirasiyla .31 ve toplam puanla da .51; Kurall dislinme
alt faktoéri toplam puan agisindan da .60 degerinde pozitif yonde anlamli iliski gostermistir.
Buyukozturk’e (2011) gore korelasyon degeri .30’dan kiglik ise dusuk iliski ve .30 ile .70 arasinda ise orta
diizeyde bir iligski vardir. Buna gore 6lgegin alt faktorleri kendi aralarinda pozitif diisiik ve orta diizeyde
istatistiksel olarak anlamli iken alt faktorlerle toplam puan arasinda orta diizeyde, pozitif ve istatistiksel
olarak anlamli bir iliski oldugu sdylenebilir. Ayrica alt faktorle ve toplam puanin aritmetik ortalamalarinin
2.14 ile 4.28, standart sapmalarin ise .35 ile .85 arasinda degistigi Tablo 4’de goriilmektedir.

Matematiksel diistinme Olgeginin alt faktorlerine isim verme siirecinde hem madde igerikleri ve hem
de ilgili alan yazin dikkate alinmistir. Buna gore faktorlerin isimleri “Timevarim ve Timdengelimli
Dislinme”, “Problem ¢6zmeye dayali distiinme”, “Planli disiinme”, “Kuralli disiinme” olarak
belirlenmistir. ilk olarak birinci faktér hem tiimdengelim hem de tiimevarimsal diisinmeyi iceren alti
maddeyi kapsadigindan “tiimevarim ve tiimdengelimli diisiinme” boyutu olarak isimlendirilmistir. Bu
boyutta yer alan érnek maddeler “Orneklerden yola cikarak genel kurala ulasirim.”, “Bir matematiksel
kurala uygun bir érnek belirleyebilirim.” bicimindedir. ikinci faktdér olarak bes maddeden olusan ve
problem ¢6zmeye dayali dislinme becerisini iceren ifadelerden olustugundan “problem ¢ézmeye dayali
diisiinme” boyutu olarak isimlendirilmistir. Bu boyuta iliskin 6rnek maddeler ise sdyledir; “Bir gliclikle
karsilastigim zaman oncelikle onu anlamaya ¢alisirm.”, “Karsilastigim problemlerin lstesinden gelmeye
calisinm”. Uclincii faktor olarak planli yasamla iliskin dért maddeden olustugundan “planii diisiinme”
olarak adlandiriimistir. Bu faktérde yer alan 6rnek maddeler ise “Yapacagim isleri dnceden planlamayi
severim.”, “Yaptigim planlari glinlik hayatimda rahatlikla uygularim.” Seklindedir. Son faktor olarak da
kurallara bagh olmakla ilgili G¢ maddeden olustugundan “kuralli diisiinme” olarak adlandirilmistir. Bu

faktoérde yer alan 6rnek maddeler ise “Daha 6nceden belirlenen kurallara uymaya severim.”, “Kuralara
bagh kalmak hayatimi kolaylastirir.” ve “Var olan kurallari oldugu gibi uygularim.” seklindedir.
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Matematiksel diisiinme 6lgeginin dogrulayici faktor analizine iligkin bulgular

Matematiksel dislinme 6lgegine uygulanan AFA sonucunda elde edilen dort faktorli yapinin uygun
olup olmadiginin belirlenmesi amaciyla DFA uygulanmistir. Analiz siirecinde elde edilen uyum indeks
degerleri ve sinir degerleri Tablo 5’te gortlmektedir.

Tablo 5.

Matematiksel Diisiimme Olgek Modelinin Hesaplanan Degerleri Ve S Degerleri

Uyum Indeksleri Hesaplanan Sumir Degerler Kaynaklar
Deger
s < 3 = mitkemmel uyum Hooper, Coughlan and Mullen
x/df 1.53 (2008). Kline (2005)
RMSEA 055 = .08 =1y1 uyum ](?:;;&8'1)1 (2006). Hooper ve arkadaglart
= .08=iyi uyum Brown (2006), Hu ve Bentler (1999),
SRMR 078 Kline (2011)
NNFI Non-Normed 96 > .95 = Mitkemmel Uyum  Hu wve Bentler (1999), Kline (2005),
Fit Index) ' Tabachnick ve Fidell (2001)
GFI Goodness of Fit g5 <.90=1Iyi uyum Cole (1987)., Hooper ve arkadaglan
Index) ' (2008).
T > .05 = miitkemmel uyum  Brown (2006); Hu ve Bentler (1999),
ST Comparatve it o7 Kline, (2005), Tabachnick ve Fidell,
(2001)
IFI .97 > .95= Miikemmel uyum  Hu ve Bentler (1999),

Tablo 5 incelendiginde, uyum indeksleri x2/sd=1.53; RMSEA=0.055; SRMR=0.078; GFI=0.85; CFI=0.97;
IFI=.97 olarak belirlenmistir. Buna gore elde edilen sonuglara gore bu degerlerin iyi uyum ile miikemmel
uyum arasinda yer aldigi gozlenmektedir. Baska bir ifade ile dort faktorden olusan matematiksel
diisinme olgeginin faktor yapisini dogrular niteliktedir. DFA sonucunda doért faktoérli modele iligskin t
degerleri ise Tablo 6’da goriilmektedir.

Tablo 6.

Matematiksel Diigimme Olgegi icin Dogrulavici Faktér Analizinden Elde Edilen t-testi Sonuglar

Madde No t Madde No t
Madde 57 3.69%*  Madde 9 5.85%*
Madde 56 4.71*%*  Madde 40 3.56%*
Madde 13 3.71%*  Madde 29 7.93%*
Madde 55 5.92*%*%  Madde 27 T.57**
Madde & 6.01**  Madde 30 5.87%*
Madde 3 6.78*%*  Madde 34 6.54%*
Madde 48 6.24%*  Madde 31 8.00%*
Madde 44 4.92%*  Madde 37 9.23%*
Madde 54 6.00%*

*p<0.01

Tablo 6 incelendiginde matematiksel diistinme 6lgeginin maddelerin t testi degerlerinin 3.56 ile 9.23
arasinda deger almaktadir. Bu t degerlerinin 1.96’dan biiylik ise .05 diizeyinde; 2.58'den biyik ise .01
diizeyinde anlamhdir bigiminde yorumlanmaktadir (Kline, 2005; Cokluk, Sekercioglu, ve Buyukoztiirk,
2014). Buna gore, yapilan analiz sonucunda tim maddeler icin t degerleri incelendiginde anlamhlik
diizeyinin .01 oldugu goérilmektedir. Bu bulgular, matematiksel diisiinme oOlgeginin faktor yapisini
dogrular niteliktedir. Onerilen matematiksel diisiinme dlceginin standardize edilmis degerleri Sekil 3'te

yer almaktadir.
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Sekil 4. DFA Sonucunda Onerilen Modelin Standardize Edilmis Degerleri

Sekil 3 incelendiginde, dnerilen modele iliskin faktor yiklerinin .39 ile .84 arasindadir. Buna gére
ortiik ve gozlenen degiskenler arasinda yer alan degerlerin .90’den kiiglik oldugu goériilmektedir. Buna
gore gozlenen degiskenler arasindaki koreldasyon degerlerinin uygun oldugu soylenebilir. (Cokluk vd.,
2014).

Matematiksel Diisiinme Olgeginin Giivenirlige iliskin Bulgular

Matematiksel dislinme 6lgeginin glvenirligi belirlemek amaciyla Cronbach Alpha i¢ tutarlilk degeri
ile Guttman Split Half testi hesaplanmistir. Analizler sonuglari Tablo 7’de sunulmustur.
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Tablo 7.
Matematiksel Diisiime Olgeginin Toplam Puanlarmn ve Alt Faktér Puanlarmin Cronbach Alpha ve
Guttman Split Half Degerleri

Alt Faktorler Cronbach Alpha  Guttman Split Half
Tiimevarim ve tiimden gelimli diiglinme .84 .75
Problem c¢ézmeye dayali diigiinme .86 .79
Planli diigtinme .86 .83
Kurall: diigiinme 81 .81
Toplam Puan .78 75

Tablo 7’de gorildugia gibi Cronbach Alpha i¢ tutarlik katsayilari incelendiginde, timevarim ve
timdengelimli disinme alt faktériinde .84; problem ¢6zmeye dayali disinme alt faktériinde .86; planh
diisinme alt faktériinde .86 ve kuralli disiinme alt faktériinde .81 olarak hesaplanmistir. Olgegin
tamami igin i¢ tutarlik degeri .79’dur. Bunun yani sira 6lgegin tutarliigini belirlemek amaciyla Guttman
Split Half testi hesaplanmistir. Buna gére tiimevarim ve tiimdengelimli disinme alt faktoriu igin .74,
problem ¢6zmeye dayal diisinme alt faktori icin .79; planli diisinme alt faktori icin .83 ve kuralli
diisinme alt faktori icin .81 ve 6lgegin tamami icin .75’dir. Buna gore elde edilen degerlerin .70’den
bilylk olmasi 6lgegin givenilir oldugu gostermektedir (Fraenkel, Wallen ve Hyun, 2012; Tavsancil , 2010;
Ozdamar, 1999). Ayrica, matematiksel diisiinme 6lceginin giivenirligini belirlemek iizere yapilan analiz
sonucunda dizeltilmis madde toplam korelasyon degerleri ve madde atildiginda Cronbach Alpha
degerleri Tablo 8’de yer almaktadir.

Tablo 8.

Matematiksel Diigiime Olgeginin Diizeltilmis Madde Toplam Korelasyonlart ve Madde Anldigmda
Cronbach Alpha Degeri

Madde Savist Diizeltilmis Madde Toplam Madde Atildiginda

o Korelasyon Degeri Cronbach Alpha Degeri
Madde 1 423 767
Madde 2 319 773
Madde 3 314 773
Madde 4 362 171
Madde 5 310 773
Madde 6 313 774
Madde 7 429 172
Madde 8 A46 771
Madde 9 356 778
Madde 10 355 779
Madde 11 491 767
Madde 12 405 767
Madde 13 354 770
Madde 14 453 764
Madde 15 402 768
Madde 16 426 767
Madde 17 556 757

Tablo 8'de goruldigi gibi uygulanan madde analizi sonuglarina gére madde toplam korelasyon
katsayisinin .31 ile .56 arasinda degismektedir. Bu degerlerin negatif olmamasi ve en az .30 ve Uzerinde
bir deger almasi beklenir (Blylikoztirk, 2002). Buna gore 6lcegin bu kriterleri karsiladig1 séylenebilir.
Ayrica maddeler atildiginda elde edilen Cronbach Alpha degeri .76 ile .78 arasinda deger aldigi
gorulmektedir. Bu deger .70 ve lzerinde olmasi test puanlarinin givenirligi icin yeterlidir (Fraenkel,
Wallen ve Hyun, 2012; Tavsancil , 2010; Ozdamar, 1999).
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Matematiksel Diisiinme Olgegine Ait Maddelerin Ayirt Edicilik Ozellikler

Gelistirilen 6lgme aracinin istenilen davranisi sergileyip sergilemedigini ayirt etmesi beklenir (Can,
2013). Bu amagla matematiksel disiinme 6lgegindeki maddelerin ayirt edicilik giicini belirlemek igin
bagimsiz gruplar t testi uygulanmistir (Balci, 2001). 469 6gretmenden alinan verilerin toplam puanlari
siralanarak Ust ve alt %27’lik gruplar belirlenmistir ve gruplara ait puanlara bagimsiz gruplar t-testi
hesaplanmistir. Analiz sonuglari Tablo 9’da gosterilmektedir.

Tablo 9.
Matematiksel Diisiinme Olcegine Ait Madde Analizi Sonuglar
Alt grup Ust grup
Madde No N i S i S t

Madde 1 126 3.88 677 4.57 586 B.66%*
Madde 2 126 3.93 706 4.43 .662 5.70%*
Madde 3 126 4.10 709 4.56 626 5.55%%
Madde 4 126 3.80 877 4.43 709 6.24%*
Madde 5 126 4.13 674 4.63 533 6.43%*
Madde 6 126 4.38 ST78 0 476 446 5.86%*
Madde 7 126 1.59 .803 2.58 1.482 6.61%%*
Madde 8 126 1.70 851 2.79 1.484  T.14%*
Madde 9 126 1.74 .887 2.70 1.358 6.65%%
Madde 10 126 1.67 727 2.62 1.569  G.18**
Madde 11 126 1.82 983 3.24 1.255 10.00%*
Madde 12 126 3.94 654 4.63 .603 B.71**
Madde 13 126 4.14 734 4.9 544 6. 73%*
Madde 14 126 3.51 767 4.41 719 0.67**
Madde 15 126 2.87 842 3.87 1.027  8.51**
Madde 16 126 2.88 917  4.03 1.073 0.15%%
Madde 17 126 212 806 3.52 1.010 12.21%*
**p<0.01

Tablo 9'da gorildugi gibi Gst grubun aldigi puan ortalamalari ile alt grubun aldigi puan ortalamalari
arasinda istatistiksel olarak anlamh bir fark (p<.01) oldugu sonucuna ulasiimistir. Buna gore
matematiksel disiinme 6lgegine ait maddelerin ayirt edici oldugu soylenebilir.

Matematiksel Diisiinme Olgeginin Cevaplanmasi ve Puanlanmasi

Matematik 6gretmenlerinin disinme becerilerini 6lcmeyi amaglayan, gecerli ve glvenilir bir 6lgme
araci gelistirilmistir. Dort faktérden olusan 6lgegin toplam 17 maddesi vardir. Begli likert tipindeki
oOlgekten alinabilecek puanlar 17 ile 85 (17*5=85) arasinda degismektedir. Matematiksel disinme
olgeginin yorumlanmasini kolaylastirmak igin toplam puan ya da alt faktorlerden alinan puanlar, toplam
madde sayisina bolinebilir. Bu dlgekten elde edilen alinan yiksek puanlar, 6gretmenlerin ilgili boyuta
yonelik algilarinin yiiksek oldugu anlamina gelmektedir. Olcek, hem matematik 6gretmenleri ve hem de
6gretmen adaylarina uygulanabilmektedir.

Mezun Olunan Okul Tiiriine Gére Ogretmenlerin Matematiksel Diisiinme Diizeylerine iliskin Bulgulari

Arastirmaya katillan 6gretmenlerinin matematiksel disiinme oOlgeginin alt faktérleri ve toplam
puanlari agisindan mezun olduklari okul tiirline gére anlamli bir farki isaret edip etmedigini belirlemek
lizere yapilan analiz sonucu Tablo 10’da gosterilmistir.
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Tablo 10.

Mezun Olunan Okul Tiiriine Gire Ogretmenlerin Matematiksel Diisiinme Olceginin Alt Faktérlerine ve
Toplam Puanlarina 1ligkin t Testi Sonuglar

Matematiksel Diisiinme Ol¢eginin

Alt Faktorleri Okul Tiru N X Ss sd ]
. . . . .. Fen /Fen  Edebiyat )
E)l.l.nlex-amn ve Timden Gelimli Fakitltesi 30 431 .39 188 823 412
rstinme Egitim Fakiiltesi 160 424 .36
Fen /Fen  Edebiyat 30 232 08
Problem Cézmeye Dayali Diigiinme  Fakiiltesi I 188 3.544 .000
Egitim Fakiiltesi 160 1.86 .56
Fen /Fen  Edebiyat 4
Planli Diigiinme Fakiiltesi 30 420 .55 188 .440  .660
Egitim Fakiiltesi 160 4.16 .45
) » Fen“ Fen Edebiyat 30 321 78
Kurall: Diigiinme Fakiiltesi 188 -246 .806
Egitim Fakiiltesi 160 324 .64
Fcn" Fen Edebiyat 30 351 23
Toplam Puan Fakiiltesi 188 4.159 .000
Egitim Fakiiltesi 160 3.35 .18

Tablo 10 incelendiginde, mezun olunan okul tiriine gére problem ¢ézmeye dayali diisiinme alt
faktori ile toplam puan arasinda anlamh farklihk oldugu goértlmektedir (Sirasiyla t[188-3.544], p<.01;
(t[188-4.159], p<.01)). Aritmetik ortalamalar agisindan ise hem problem ¢6zmeye dayali diisinme alt
faktori hem de toplam puan icin fark Fen/Fen Edebiyat Faktiltesinden mezun olan 6gretmenler lehinedir
( Sirasiyla X Fen/Fen Edebiyat Fakiltesi=2-32 ve X Egitim Fakiltesi=1.86; X Fen/Fen Edebiyat Fakiltesi=3.51 Ve X Egitim
rakiltesi=3.35). Buradan Fen/Fen Edebiyat Fakiltelerinden mezun olan 6gretmenlerin problem ¢6zmeye
dayali disinmeye ve matematiksel distinmeye yonelik algilarinin egitim fakiltesinden mezun olan

o6gretmenlere gore daha yiiksek oldugu séylenebilir.

Mesleki Kidemlerine Gére Ogretmenlerin Matematiksel Diisiinme Diizeylerine iliskin Bulgulari

Mesleki kideme goére 6gretmenlerin matematiksel disiinme diizeyleri arasinda farklilasma olup

olmadigi tek yonliu varyans analizi ile sinanmistir. Bu sonuglar Tablo 11’de yer almaktadir.
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Tablo 11.
Mesleki Kideme Gore Ogretmenlerin Matematiksel Diisiinme Olgeginin Alt Faktorlerine ve Toplam
Puanlarma Iligkin Tek Yenlii Varyans Degerleri

Anlamh Fark

Matematiksel Diisiinme Mesleki -
N X S sd T P Scheffe Analizi

Olceginin Alt Faktorleri Kidem

6-10 y1l 30 4.3556 .38589
Tiimevarim ve Tiimden 11-15yil 23 42319 .35083
Gelimli Diisiinme 16-20 yil 70 4.2667 .37900
21 veiissii 67 4.2040 35983

6-10 y1l 30 2.0133 .75919
Problem Cozmeye Dayalh  11-15yil 23 1.8000 .74346
Diisiinme 16-20 yil 70 2.0114 .70104
21veiissii 67 1.8687 .54889

3 980  .403

6-10 yal 30 4.2444 48686
11-15 yil 23 41159 42174
16-20 yil 70 4.1857 51275
21vetissi 67 4.1244 44885

Planh Diisiinme 3 566  .638

6-10 y1l 30 3.3667 .79919
11-15yil 23 3.4493 .54688
16-20 yil 70 3.2476 .068026
2lvelissi 67 3.0095 .60027

Kuralh diisiinme 3 2160 .094

6-10 y1l 30 3.4725 18310
11-15yil 23 3.3581 .19341
16-20 yil 70 3.4092 21513
21wveiissi 67 3.3082 .16290

6-10 y1l, 16-20
3 6.185 000 wil=
21 yil ve iistii

Toplam Puan

Tablo 11 incelendiginde, mesleki kidemlerine gore 6gretmenlerin matematiksel disiinmelerinde
farkhhklar oldugu gériilmektedir. (F—6.1s5, pP<.01). Uygulanan Scheffe analizi sonuglarina gére; 6-10 yil,
16-20 yil ve 21 yil ve Ustl kideme sahip olan 6gretmenler arasindaki fark 6-10 yil ve 16-20 yil kidem yilina
sahip 6gretmenler lehinedir.

Tartisma, Sonug ve Oneriler

Bu calisma, matematik 6gretmenlerinin matematiksel distiinme becerilerini belirlemeye yonelik
gecerli ve glivenilir bir olcek gelistirmek ve gelistirilen 6lgek araciligi ile matematik 6gretmenlerinin
disiinme becerilerini gesitli degiskenlere agisindan incelemek amaciyla yapilmistir.

ilk asamada &lgegin gelistiriime siirecinde dncelikle alan yazin taranarak 58 maddelik bir madde
havuzu olusturulmustur ve uzman gériislerine sunularak kapsam gegerligi saglanmistir. Olgegin yapi
gecerligini olusturmak amaciyla uygulanan AFA sonucunda toplam varyansin % 56,90 agiklanmaktadir.
Olgekte yer alan dort faktor; tiimevarim ve timdengelimli diisiinme, problem ¢ézmeye dayali diisiinme,
planli diisinme, kuralli diisiinme olarak isimlendirilmistir. Olcegi olusturan madde faktér yiikleri .54 ile
.79 arasinda degismektedir. Matematiksel diisinme 06lgceginin yapisinin uygunlugunu test etmek icin
yapilan DFA sonucunda uyum indeksleri incelendiginde (x2/sd=1.53; RMSEA=0.055; SRMR=0.078;
GFI=0.85; CFI=0.97; IFI=.97) elde edilen yapinin iyi uyum degerleri arasinda oldugu sonucuna ulasiimistir.
Matematiksel disinme 6lgegin glivenirligi icin yapilan analizler (Cronbach Alpha ve Guttman Split Half)
sonucunda elde edilen degerlerin .75 ve lzerinde oldugu ortaya ¢cikmistir. Bu deger olcegin oldukga
givenilir oldugunun bir géstergesidir (Fraenkel, Wallen ve Hyun, 2012; Tavsancil, 2010; Ozdamar, 1999).
Diger taraftan o6lgegin glvenirligi kapsaminda madde ayirt edicilik gliciini belirlemek i¢in toplam puan
Uzerinden %27’lik Ust grubun aldigl puan ile alt grubun aldig puan arasinda anlamh bir farkhlik oldugu
(p<.01) ve olgekte yer alan maddelerin ayirt edici oldugu sonucuna ulasilmistir. Bu sonuglar
dogrultusunda olcegin matematik O6gretmenlerinin ve 6gretmen adaylarinin diisiinme becerilerini
olgebilecek nitelikte gegerli ve giivenilir bir veri toplama araci olarak uygulanabilecegi sdylenebilir.

Arastirmanin ikinci kismini olusturan bu bolimde ise Olgegin gelistirildikten sonraki islerligi
matematik 6gretmenlerinin mezun olduklari okul tlrli ve mesleki kidem degiskenleri baglaminda

311



BAL & DINC ARTUT — GCukurova Universitesi Egitim Fakiiltesi Dergisi, 49(1), 2020, 278-315

sinanmistir. Buna gore Fen/Fen-Edebiyat Faklltesinden mezun olan 6gretmenlerin problem ¢ozmeye ve
matematiksel distinmeye yonelik algilarinin daha yuksek oldugu gorilmustiir. Bu durum 6gretmenlerin
Ogrenim gordukleri programlardaki ders iceriklerinden kaynaklanabilir. Fen/Fen Edebiyat Fakiltelerinin
ders igerikleri, ©grencilerin soyut duslinebilmelerini gelistirmeye, teorem ve hipotezlerin
olusturulmasina ve bunlarin timevarim, timdengelim, gibi cesitli st dizey diisiinebilme becerileriyle
ispat edilmesine dayanmaktadir. Diger taraftan Egitim Fakultesi matematik 6gretmenligi bélimlerinde
ise dersler Fen/Fen Edebiyet Fakultelerindeki kadar yogun alan bilgisine dayali olmamasindan
kaynaklanabilir. Egitim Fakiltelerinde dersler U¢ ana kategoride islenmektedir. Bu kategoriler; alan
bilgisi, 6gretmenlik meslek bilgisi ve genel kiiltir ile ilgili dersleri de igermektedir. Bu sonucun bir diger
nedeni ise matematik ile ilgili daha pratik yapmanin ve matematiksel bilgileri ifade etmenin
matematiksel distinmeyi gelistiriyor olmasidir (Mason, Burton ve Stacey, 1994; Schoenfeld, 1992).

Son olarak, arastirmada, 6gretmenlerin mesleki kidemlerine gére matematiksel diisiinme dizeyleri
incelendiginde ise yuksek kidem seviyesine sahip (21 yil ve Ustl) 6gretmenlerin diisiik kidem seviyesine
sahip 6gretmenlere gére matematiksel diisinme becerilerinin daha disik oldugu sonucuna ulasiimistir.
Bu sonug literatiirle (Korkmaz, Dindar ve Yaman, 2018) de kismen benzerlik géstermektedir. Bu
durumun nedeni {lkemizde uzun vyillardir davranisgi yaklasima dayali Ogretim programinin
uygulanmasindan kaynaklanmis olabilir. Bu yaklasimda bireyin zihni yerine davranigiyla ilgilenilmis,
diisinme, sorgulama, elestirme, neden sonuglar lzerine yorum yapma gibi beceri goz ardi edilmistir
(Gunes, 2012).

Ozetle, bu calismanin sonucunda matematik &gretmenlerinin matematiksel diisinme becerilerini
belirlemeye yonelik gecerli ve glvenilir bir 6lcek gelistirilmistir. Gelistirilen 6lcek aracihgi ile matematik
o6gretmenlerinin dislinme becerilerini mezun olunan okul tiri ve mesleki kideme gore farkhhklar
gosterdigi sonucuna ulasiimistir. Bu 6lgek sadece matematik 6gretmenlerinin matematiksel diisinme
becerilerini belirlemek amaciyla yapilmistir. Bununla birlikte hazirlanan 6lgegin farkli 6rneklem gruplari
(sinif 6gretmenleri ya da 6gretmen adaylari) gbz 6niinde bulundurularak yeniden gecerlik ve giivenirlik
calismalari yapilmasi onerilebilir. Ayrica ¢alisma kapsaminda 6gretmenlerin sadece mezun olunan okul
tird ve mesleki kidem degiskenleri agisindan matematiksel distinme becerine farkhlasma durumu
incelenmistir. ileride yapilacak calismalarda &gretmenlerin matematiksel disiinme becerini sinif
icerisinde uygulayabilme durumlari, galistiklari okul tiirine (ortaokul, lise) gore farklilasma olma durumu
incelenebilir.
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