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Abstract
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One of the problems addressed in teaching mathematics is mathematical
misconceptions. Errors and misconceptions that students develop in previous
lessons or bring to school from the community they live in can create barriers to
the continuous learning of mathematical concepts and ultimately lead to failure
in mathematics. It is also important to see whether teachers' misconceptions have
any effect on students' misconceptions. In this study, it was aimed to develop a
scale in order to know the level of opinions of primary school teachers about
misconceptions in mathematics and to measure whether they are aware of
mathematical misconceptions. The 36-item draft scale, in which different
dimensions were determined regarding mathematical misconceptions, was
piloted with a total of 372 classroom teachers in the 2022-2023 academic year.
After the results obtained from the pilot application and the opinions of the
experts, 2 items were removed from the scale. The scale, which has 34 items in
total, was applied to 524 primary school teachers. In the development of the
measurement tool, the stages of literature review, item creation, content validity
(referring to expert opinion), pre-testing and validity and reliability calculation
were followed. During the analysis made with a statistical program, it was
determined that the scale consisted of 3 dimensions with Exploratory Factor
Analysis (EFA). The researchers named these dimensions as 'Mathematical
Misconceptions Awareness in Learning-Teaching Processes', 'Misconceptions
Specific to Mathematics Learning Fields', and 'Cognitive and Conceptual
Awareness', respectively, after the common points of the questions in the
dimensions formed and their exchange of views with the experts. In addition, it
was observed that the KMO Kaiser-Meyer-Olkin (Sampling Suitability
Measurement) value was 0.97, and the internal consistency coefficient
(Cronbachalpha) value calculated for the reliability study was 0=0.97. With the
findings obtained, it was concluded that the scale has a valid and reliable
structure. The results obtained with the Confirmatory Factor Analysis (CFA)
show that although they do not have perfect fit values, they are within acceptable
limits.
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Introduction

The most basic way for individuals to find solutions to problems is to recognize and define the
problem. When a problem is noticed in any subject, its main lines are determined and the ways to
solve it are examined one by one. In teaching mathematics, Polya's strategy is very useful for solving a
problem. George Polya defined the problem solving process as a four-stage process. These;
understanding the problem, choosing the strategy related to the solution, applying the chosen strategy
and evaluating the solution (Yildizlar, 2001:16). This is a process of producing solutions not only for
mathematical problems but also for the whole life. It is important for a person to have acquired this
skill from childhood in order to be able to realize the problems in his own life and produce his own
solutions. According to Piaget (2008), children approach the problem and solve it with three systems,
namely action intelligence, egocentric thinking and rational thinking, respectively. In other words,
they discover the problem while in action, interpret what they have discovered with their own words,
and then turn it into a rational thought with what they have learned before (Maury, 2008). For this
reason, teachers as well as parents have a lot of work in solving problems. Teachers should first realize
their individual problems and deficiencies and then teach children how to do this. In fact, they should
teach children a "superior" model of knowing.

The concept of metacognition was introduced by Flavel in the 1970s and focused on learning
to learn. As a result of his studies, Flavel defined metacognition as specifying the operations on
memory, explaining the functions and limits of memory, and explaining the student's control over his
own cognitive processes. Towards the end of the 1970s, this concept was expanded and the concept of
metacognition was started to be used instead of meta-memory (Schneider and Lockl, 2002). With the
recognition of this concept, concepts such as ‘awareness and awareness' of researchers have also
entered the radar of studies (Ozsoy, 2008; Akpunar, 2011; Kalemkus, 2021; Onen, 2021, Bakkaloglu
and Toptas, 2022). In some studies (Asik and Ertkin, 2019; Sevgi and Caglikose, 2020; Arslan, 2021)
individuals' cognitions regarding their metacognitive awareness were measured and their situations of
addressing and solving their problems were examined. There are studies in which this awareness,
which is essential to be acquired at home and at school during childhood, is also discussed in an
important lesson such as teaching mathematics. For example, Kaplan and Duran (2016) aimed to
measure and evaluate students' awareness of knowing mathematics, that is, metacognitive awareness,
with the scale they developed. This study has shown us that mathematics is a branch of science that
can be developed by raising awareness. Therefore, mathematics is an area where not only the "what"
question, but also the "how" question should be answered. In order to reach these answers, the
equivalent of mathematics in the concrete world and abstract learning in the minds of individuals must
be meaningful. As it is known, the mind of each individual has a different width and perception.
Therefore, as Neutzling, Pratt, and Parker (2019) mentioned, individuals should know their own
perceptions and learning and should proceed accordingly. Metacognitive knowledge explains exactly
this. In particular, the fact that external world information such as mathematics becomes meaningful in
the minds of individuals is closely related to the functionality of metacognitive information. Along
with focusing on learning mathematics, it is also important to know and analyze the problems that
exist in learning. From this point of view, it can be commented that there is a difference between
knowing mathematics and knowing how to know mathematics.

One of the problems addressed in teaching mathematics is the subject of mathematical
misconceptions. According to Baki and Bell (1997), it can be difficult to define a concept in a
mathematics lesson. In order to define a concept, it is sometimes necessary to explain the concepts
associated with it. For example, to define decimal fractions, the definition of fraction is needed first. In
other words, individuals build on their previous prior knowledge while learning concepts, and this
prior knowledge they have sometimes causes difficulties in learning new concepts. Smith, Disessa,
and Roschelle (1993) defined misconception as “the student's understanding that systematically
produces errors™. In this case, mistakes and misconceptions that students have developed in previous
lessons or brought to school from the community they live in can create obstacles in the continuous
learning of mathematical concepts and, as a result, cause failure in mathematics. French
mathematician Bernard Cornu explained the causes of misconceptions in three ways. These are the
epistemological reasons that are spontaneous and encountered in the historical process of the concept;
psychological reasons including personal situations while learning the concept, and pedagogical
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reasons including the form, content and methods of teaching (Cited by Ozmantar, Bingdlbali, &
Akkog, 2008). Therefore, it is also important to see whether the misconceptions of teachers have any
effect on students' misconceptions. Borasi (1994) stated that it would be beneficial to use
misconceptions as a jumping off point or starting point in teaching. Therefore, there is a need to
identify the conceptual areas where most children make mistakes or make false generalizations, as
well as the causes responsible for them and how to correct them. According to Ozdemir, Bayraktar and
Yilmaz (2017), it is very important to take necessary precautions so that misconceptions are known by
teachers and that they do not occur in students. Because if teachers know their misconceptions and
their reasons, they can prevent students' possible mistakes or misconceptions. Of course, the way to
achieve this is related to whether teachers are aware of their own misconceptions or what solutions
they bring to existing misconceptions. According to Sadi (2007), primary school teachers should be
aware of the causes of misconceptions that may occur in students' minds before mathematical
misconceptions emerge. As it was emphasized before, not only knowing mathematics but also
realizing how we know or do not know it contributes to making learning permanent and meaningful. It
is thought that the first step in solving such learning problems in the primary school level mathematics
course, which is one of the leading levels of education, passes through the primary school teachers.
The first thing that can be done for this is to measure and evaluate the awareness of the primary school
teachers about the subject. In this study, it was aimed to develop a scale to learn the awareness of
primary school teachers about misconceptions in mathematics.

Method

Developing the Mathematical Misconception Awareness Scale for Primary School Teachers:
The stages of the reliability study and the characteristics of the study group are presented below. In
this research, which aims to develop a scale to determine the mathematical misconception awareness
of the participants, the survey model was used.

Study Group

This study was carried out with the participation of 524 primary school teachers working in a
province in ‘Central Anatolia’ region in the 2022-2023 academic year. The number of items in the
draft scale and the final scale were taken as a basis in determining the number of participants. In the
literature, it is recommended that the number of participants be 5 or 10 times the number of items in
scale development studies (Child, 2006; Dogan and Basokg¢u, 2010; Tavsancil, 2018). As there were
36 items in the draft scale within the scope of the study, 372 primary school teachers were reached in
the first stage and 524 primary school teachers were reached for 34 items in the final scale formed
after the exploratory factor analysis, and more than 10 times the number of items in the scales were
reached.

The study group consists of a total of 524 primary school teachers (307 females, 217 males)
working in the Ministry of National Education in the 2022-2023 academic year, which were
determined by random sampling method. The seniority years of the classroom teachers are 0-10 years
of 139; It was determined that 138 of them were 11-20 years and 247 of them were 21 years and later.
In addition, 399 of the teachers stated that they graduated from Education Faculties and 125 from
Vocational High Schools. Of the classroom teachers, 50 of them have associate degree, 408
undergraduate, 65 graduate and 1 doctorate graduates, indicating their current education status.

Data Collection Process

Within the scope of the research, the stages in the literature were taken into account in order to
develop the scale, which aims to measure the awareness of mathematical misconceptions of primary
school teachers (Biiyiikoztiirk, 2011). Therefore, the following stages were followed in the scale
development process:

1. Establishing an Item Pool: By scanning the literature, areas and sub-titles (epistemological,
psychological and pedagogical) related to misconceptions and mathematical misconceptions were
determined. Before preparing the scale items, the researchers conducted a large-scale literature review
on mathematical misconceptions and their relationship with teaching, and examined the studies on
misconceptions in mathematics in domestic and international sources (Kiigiik and Demir, 2009;
Tiirkdogan, Giiler, Biilbiil and Danisman, 2015; Mohyuddin and Khalil, 2016; Ozdemir and Bayraktar,
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2017; Mutlu and Séylemez, 2018; Neidorf et al., 2020). The obtained scale expressions were
rearranged within the framework of curiosity and mathematics, and the item pool of the draft scale was
created with a total of 36 expressions. The created scale is a 5-point Likert type scale. Tools made with
the Likert technique consist of a set of sentences and response formats for each sentence. Generally, a
five-point format is used from strongly agree to strongly disagree. In order to obtain points from the
tool, the scores of each item are added. A five-point response form, such as | completely agree, |
strongly disagree, reveals the value from 1 to 5 (Tekindal, 2009, p.88). Positive and negative items

determined in this scale were rated on a 5-point Likert scale as "never", "rarely", *sometimes”, "often",
"always".

2. Determination of Content Validity: Content validity means the adequacy of the items used
for the characteristics to be measured in terms of quantity and quality. One of the logical ways used to
determine the content validity, which expresses whether the behavior (feature) that is intended to be
measured, is sufficient in terms of quantity and quality, is to consult the opinions of experts, which is
the Lawshe technique (Lawshe, 1975; Biiyiikoztiirk, 2011). At this stage, the researches were
compiled and presented to the experts in the field (three associate professors who are experts in the
field of mathematics and classroom education) to receive their opinions and suggestions. Experts
stated that they found some of the questions they examined to be similar to each other. In addition,
they suggested a simpler way in the language and expression of some questions. In the light of the
experts' evaluations, the items were revised, similar questions were brought together or removed from
the draft scale and necessary corrections were made. Thus, the final version of the draft scale was
considered as 34 items. There is no reverse item in the scale.

3. Application of the Measurement Tool: In order to test the final version of the scale items, a
pilot group was administered with 372 primary school teachers working in the Central Anatolia
region. After the pilot applications, two items were removed from the scale and 34 items were applied
to a total of 524 primary school teachers working in a city in ‘Central Anatolia’ region, along with
demographic information. Each of the participants was reached via Google Form and the data was
recorded through this platform. Participation took an average of 5 to 7 minutes.

4. Determination of Construct Validity: Construct validity gives information about
investigating whether the qualities to be measured are measured or not (Kurt, 2001). Exploratory
factor analysis was performed on the data obtained from primary school teachers and teacher
candidates in order to determine the construct validity of the measurement tool, which was found to be
suitable for factor analysis by finding the KMO value of 0.97 and the Barlett test result as p=.000.
KMO value of 0.60 is sufficient for the sample size, and KMO values of 0.90 and above are
interpreted as perfect (Tavsancil, 2006; Shrestha, 2021). Exploratory factor analysis is an analysis
technique that aims to identify and group the items that measure the same structure or quality among
the items determined by the researchers and to explain the measurement with these few meaningful
superstructures (Biiyiikoztiirk, 2011). In this process, Kaiser—Meyer-Olkin (KMO) and Bartlett test
results, common factor variance values of items, eigenvalue line graph, principal component analysis
results were used. Varimax (rotation) technique was used in factor analysis. All analyzes in the
research were made through a statistical program.

5. Determination of Reliability: The reliability of the data collection tool was analyzed by
Cronbach's alpha reliability coefficient. The Cronbach alpha reliability coefficient value is a measure
of the internal consistency of the scale between test scores, and values of 0.70 and above are
considered sufficient for the reliability of the scale (Biiyiikoztiirk, 2011; Tavakol and Dennick, 2011;
Shrestha, 2021). The Cronbach alpha reliability coefficient of the scale is 0.972, and this data indicates
that the scale is quite reliable (Adeniran, 2019).

6. Finalizing the Data Collection Tool: After the application of the scale, some items in the
scale were rearranged and the scale was given its final shape. The final version of the scale consists of
34 items. There is no reverse item in the scale (Appendix-1).

Data Analysis

In the light of the results obtained from the scale applied to the pilot group, factor analysis was
performed for the construct validity of the scale. Kaiser Meyer-Olkin (KMO) test was applied to
investigate whether the data were suitable for factor analysis (Shrestha, 2021). After the data were
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found to be suitable for factor analysis, Diagonal Anti-image Correlation values were examined in
order to examine the sample adequacy. After the items with diagonal values less than 0.40 were
removed from the scale, it was checked with the Barlett test whether the data in the universe came
from a multivariate normal distribution (Shrestha, 2021). In order to examine the construct validity of
the scale, exploratory factor analysis, which is a process for finding factors based on the relationships
between variables, was used (Biiyiikoztiirk, 2011; Sowden, Schonfeld and Bianchi, 2022). In order to
decide how many important factors or constructs the scale items measure, the line graph drawn based
on the factor eigenvalues was examined. Principal component analysis, one of the factorization
techniques, was used. In addition, varimax (rotation) technigque, one of the vertical rotation techniques,
was preferred in order to find the items with a high correlation with the factors and to interpret the
factors more easily (Biyiikoztiirk, 2011). In addition, confirmatory factor analysis was performed on
the data obtained from a different sample.

Results

In this section, the statistical analyzes made for the developed scale and the results obtained
are tabulated and interpreted.

Exploratory Factor Analysis (EFA)

Factor analysis is an important tool used in the development, refinement and evaluation of
tests, scales and measures (Williams and Brown, 2010). Factor analysis is one of the analyzes that
should be used to determine the construct validity of a scale. Whether the data obtained from the
sample group is suitable for factor analysis can be explained by the Kaiser Meyer Olkin (KMO)
coefficient and the Bartlett sphericity test (Biyiikoztiirk, 2011; Capik, Goziim and Aksayan, 2018). It
is known that for the data set to be suitable for factor analysis, the KMO value should be greater than
.50, and for the data set to be perfectly compatible with factor analysis, the KMO value should be
close to .90 (Kalayci, 2006). The KMO and Barlett values obtained as a result of the analysis
performed in the study are given in Table 1.

Table 1. Mathematical Misconception awareness scale KMO and Barlett test results

KMO .970

Chi Squ 15784.975
Global Bartlett Test Sd 561
p .000

When Table 1 is examined, it is seen that the KMO value is 0.970. According to this value, it
was determined that the sample size was sufficient to perform factor analysis. Bartlett's test was found
to be significant as p=.000. According to this result, it is appropriate to perform factor analysis for the
correlation matrix. In addition, exploratory factor analysis was performed to determine how many
factors the scale consisted of. Exploratory factor analysis is the type of analysis in which the
researcher has no knowledge of the number of factors measured by the measurement tool, and tries to
obtain information about the nature of the factors measured by the measurement tool, instead of testing
a certain hypothesis (Child, 2006; Tavsancil, 2006). As a result of the first analysis, it was determined
that there were three factors with an eigenvalue of 1 and above. The findings of the first analysis are
given in Table 2.

Table 2. Results of mathematical misconception awareness scale exploratory factor analysis

Factor Eigenvalue Variance explanation Variance explanation
percentage (Total) percentage (Cumulative)
1 17.841 52.474 52.474
2 3.155 9.279 61.753
3 1.683 4.950 56.704

According to Table 2, it is seen that there are three factors with an eigenvalue of 1 and above
in the draft scale. The total contribution of these factors to the variance is 56.704%. In Table 3,
variance explanation percentages of the Mathematical Misconception Awareness Scale, which consists
of three factors, are given.
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Table 3. Mathematical misconception awareness scale variance explanation percentages

Factor Eigenvalue Variance explanation Variance explanation
percentage (Total) percentage (Cumulative)
1 8.687 25.551 25.551
2 7.962 23.419 48.970
3 6.030 17.734 56.704

As seen in Table 3, the variance explanation percentage of the first factor is 25.551, the
variance explanation percentage of the second factor is 23.419, and the variance explanation
percentage of the third factor is 17.734. The total variance explained by three factors was determined
as 56.704. It is sufficient that the variance explained in multifactorial scales is between 40% and 60%
(Biiyiikoztiirk, 2007). According to this explanation, it can be explained that the variance ratio
explained by the scale is sufficient. The results of the rotated principal components analysis (varimax)
of the mathematical misconceptions awareness scale are presented in Table 4.

Table 4. Rotated component matrix of mathematical misconception awareness scale

Item No Factor-1 Factor-2 Factor-3
18 .789
20 .784
21 .748
17 721
9 .695
19 .687
12 .673
13 .650
34 .629
10 .629
14 .624
15 .606
11 .586
16 575
22 .564
7 481
8 420
29 .849
28 .841
26 .834
27 .832
30 .816
31 .789
25 726
32 .662
23 .657
33 .654
24 .563
2 .803
3 .786
1 773
4 723
5 .646
6 .609

When Table 4 is examined, the factor load values of the items in the first factor are between
0.78 and 0.42; It is seen that the factor load of the items in the second factor is between 0.84 and 0.56,
and the factor load of the items in the third factor is between 0.80 and 0.60. As a result of the factor
analysis conducted by the researchers, it was determined that there were 17 items in the first factor, 11
items in the second factor, and 6 items in the third factor. Researchers named the sub-dimensions of
the scale. “Awareness of Learning and Teaching Processes” for the first factor (Items 18, 20, 21, 17, 9,
19, 12, 13, 34, 10, 14, 15, 11, 16, 22, 7, 8) for the second factor. Awareness Specific to Mathematics
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Learning Areas” (Items 29, 28, 26, 27, 30, 31, 25, 32, 23, 33, 24) and “Cognitive and Conceptual
Awareness” for the third factor (Items 2, 3, 1, 4, 5, 6) were deemed appropriate. The scale developed
by the researchers is presented as an appendix in the study (Appendix-1).

In addition, the reliability analysis of the scale was made by calculating the Cronbach Alpha
internal consistency coefficient. The Cronbach Alpha reliability coefficients calculated for the
Mathematical Misconception Awareness Scale and its sub-dimensions are shown in Table 5.

Table 5. Internal consistency coefficients of mathematical misconception awareness scale

Factor Item number Number of internal consistency
Mathematical misconceptions 17 .962
awareness in learning-teaching
processes
Misconceptions specific to 11 .953
mathematics learning fields
Cognitive and conceptual 6 .883
awareness
Scale total 34 972

Table 5 shows the values of the Cronbach Alpha internal consistency coefficients of the
Mathematical Misconception Awareness Scale for each factor. The total reliability coefficient of the
scale is 0.97. With the values of these data, it can be said that the scale is quite reliable.

Confirmatory Factor Analysis (CFA)

In order to determine whether the two-factor model obtained in Confirmatory Factor Analysis
(CFA) and exploratory factor analysis was confirmed, the covariance matrix of the scores obtained
from the scale were examined. LISREL 8.80 package program was used for confirmatory factor
analysis (Joreskog and Sorbom, 2004). In the literature for testing a measurement tool with
confirmatory factor analysis, there are many fit values to test the fit of the data. The most commonly
used of these fit values are: Chi-square, Comparative Fit Index of the tested model CFI, Standardized
Root Mean Square Resudual SRMR, which gives the mean of the differences between the explained
covariance and observed covariances of the model, SRMR, Mean of Approximate Errors Root Mean
Square Error of Approximation RMSEA, Non-Normed Fit Index (Tucker-Lewis Index-NNFI)
(Cokluk, 2010). Among these fit indices, RMSEA is .06 or less, SRMR is .08 or less, CFI, and NNFI
is .90 and a value is accepted as an acceptable fit indicator for the model, .95 and above is a good fit
index. In addition, although the fit values are not perfect, there are also acceptable fit values evaluated
on a sample basis (Hu and Bentler, 1999; Schumacker and Lomax, 2010). Table 6 shows good and
acceptable fit values, as well as the fit values obtained as a result of the confirmatory factor analysis of
the Mathematical Misconception Awareness Scale.

Table 6. Standard fit criteria and fit values of the mathematical misconception awareness scale

Fit measures Good fit values Acceptable compliance Recommended fit values
values

RMSEA 0.00<RMSEA<0.05 0.05<RMSA<0.10 0.097
SRMR 0.00<SRMR<0.05 0.05<SRMR<0.10 0.057
GFI 0.95<GFI<1.00 0.90<GFI<0.95 0.87
AGFI 0.90<AGFI<1.00 0.85<AGFI<0.90 0.88
NFI 0.95<NFI<1.00 0.90<NFI1<0.95 0.98
CFlI 0.95<CFI<1.00 0.90<CFI<0.95 0.98
RFI 0.90<RFI<1.00 0.85< RFI <0.90 0.97

According to Table 6; similarity rate was determined as chi-square statistic X2=331.17,
P<0.01. Root mean square approximation error (RMSEA)= 0.097; standardized root mean square
(SRMR) = 0.057; goodness of fit index (GFI)=0.87; adjusted goodness-of-fit index (AGFI)=0.88;
formed fit index (NFI) = 0.98; comparative fit index (CFI)= 0.98 relative fit index (RFI)= 0.97. The
results show that although it does not have perfect fit values, it is within acceptable values. In addition,
as a result of the calculation made with the chi-square / df operation, it has been shown that the
absolute fit of the scale to the database is at the good fit level according to Bollen's (1989) calculations
(chi square/df<3).
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The path diagram obtained as a result of the confirmatory factor analysis performed with the
mathematical misconception awareness scale is shown in Figure 1.

|
£
\
——

i
g

(]
HH (815 1 [. d g ‘ |
- | | | | v '_. Slatel

R
IS

t

1
~=<

)

3% 2
|5
=

t
£

-~
o
-

.
4 B
|

-Square~3094.23, df . RMSEA#D,097

Figure 1. Confirmatory factor analysis Path diagram
Discussion, Conclusion and Recommendations

As a result of this study, which aims to develop a scale for primary school teachers' awareness
of mathematical misconceptions, a 34-item mathematical misconception awareness scale with proven
validity and reliability was created. The overall Cronbach Alpha reliability coefficient of the scale is
0.97. However, it can be said that the scale is sufficient in terms of its use for classroom teachers. The
internal consistency coefficients for all three sub-dimensions of the scale are 0.96, 0.95 and 0.88,
respectively. It can be interpreted that these values are compatible with the current values in Emerson's
(2019) study and that the scale is reliable.

The items in the first factor were associated with the pedagogical and psychological
subheadings of the misconceptions. In addition, this factor is related to the extent to which classroom
teachers clarify their awareness of misconceptions in the learning and teaching processes of
mathematics and constitutes the dimension of "mathematical misconception awareness in learning and
teaching processes”. The items in the second factor were associated with the epistemological and
psychological subheadings of the misconceptions. However, this factor is related to the extent to
which classroom teachers' awareness of misconceptions is related to sub-learning areas of
mathematics. For this reason, it is named as “misconception awareness specific to mathematics
learning fields”. Finally, the items under the title of the third factor were associated with the
pedagogical, psychological and epistemological subheadings of misconceptions and to explain the
extent to which primary school teachers' awareness of misconceptions could occur in cognitive and
conceptual learning as a discipline and course in mathematics. This dimension was named as
“cognitive and conceptual awareness”. From this point of view, it can be concluded that the scale
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items are structurally at a level that can respond to all sub-headings (epistemological, psychological
and pedagogical) by combining the misconceptions with mathematics.

This scale has been prepared to measure whether the classroom teachers have misconceptions
about mathematics and whether they are aware of it. In addition, it is a good tool to get an idea about
which mathematics topics teachers have misconceptions about, how they learned in the past with these
misconceptions and how they teach now. In this direction, it has been determined whether the
awareness of the misconceptions of the classroom teachers determined within the scope of the research
is meaningful according to various variables such as gender, seniority year, the faculty they graduated
from and their current education status. Thus, it is aimed to improve the mathematics teaching that
teachers do by being aware of pre-existing or possible misconceptions. Zembat (2008, p.5) stated that
it is important for teachers to carry out studies to prevent misconceptions without revealing them, by
choosing appropriate teaching methods, especially in subjects where misconceptions are expected
more. In addition, this scale can be expanded to measure the awareness of pre-service teachers
studying in different departments in education faculties and teachers in different branches of
mathematical misconceptions. The most important aim of the researchers in developing this scale is to
raise awareness about mathematical misconceptions in all teachers related to the field, especially
primary school teachers, and to prevent them in their teaching.

As a result of the confirmatory factor analysis conducted within the scope of the study, it was
determined that the three-factor model had sufficient fit indices. As a result, it can be said that this
scale is a valid and reliable measurement tool that can be used to measure the mathematical
misconception awareness of classroom teachers and which sub-dimensions of misconceptions these
awareness correspond to. Along with the prepared scale, it is based on the fact that teachers or
prospective teachers at other education levels, especially primary school teachers, realize the
misconceptions that have occurred before or may occur during the teaching process and develop the
necessary solution proposals. As a matter of fact, teachers' awareness of knowledge, problems and
solutions on the basis of their teaching will make the teaching more meaningful. Depending on the
data obtained by using this scale, different studies can be conducted to improve the misconception
awareness of teachers and teacher candidates from different branches and levels.
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APPENDIX-1 Mathematical Misconception Awareness Scale

Item

Never
Rarely
Sometimes
Often
Always

1. | can explain what a mathematical misconception is.

2. | can distinguish between a mathematical error and a mathematical
misconception.

3. | can give examples of misconceptions that may occur in a
mathematics lesson.

4. | can notice if | have misconceptions in any learning area in
mathematics.

5. | can show examples that may cause misconceptions in the
mathematics curriculum and textbooks.

6. | know how to eliminate the misconceptions that may occur in
mathematics teaching.

7. | can make preparations before the mathematics lesson so that
mathematical misconceptions do not occur.

8. I make sure that students do not have misconceptions in mathematics
teaching.

9. | follow and examine the studies on mathematical misconceptions.

10. I can list the types of mathematical misconceptions.

11. 1 know how to detect mathematical misconceptions.

12. 1 know what kind of studies I will do so that a certain rule or concept
in mathematics is not generalized to other learning areas.

13. If my students have mathematical misconceptions, | know which
studies will be effective.

14. 1 can explain the causes of mathematical misconceptions.

15. | can give examples of the most common misconceptions in
mathematics.

16. | can predict what kind of misconceptions my students might have
before the math lesson.

17. | can eliminate the misconception by working with the parents about
the students who have mathematical misconceptions.

18. I can make special plans and programs for students with mathematical
misconceptions.

19. | can identify the mathematical misconceptions of the students within
the scope of the education they received before school.

20. | can do special studies on the mathematical misconceptions that may
occur in the pre-school period of the students.

21. | can prepare materials related to mathematics learning areas in order
to prevent the formation of mathematical misconceptions.

22. | can motivate students to overcome their mathematical
misconceptions.

23. | can discover students' misconceptions (if any) about numbers.

24. | can discover students' misconceptions (if any) about rational and
decimal numbers.

25. | can discover students' misconceptions (if any) about process.

26. | can discover students' misconceptions (if any) about mathematical
symbols (+,-.x, +).

27. | can discover students' misconceptions 27. | can discover students'
misconceptions about fractions (if any)about fractions.

28. | can discover students' misconceptions 28. | can discover students'
misconceptions about geometric shapes (if any) about geometric shapes.

29. | can discover students' misconceptions (if any) about number/place
value.
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30. I can discover students' misconceptions (if any) about the
measurement learning field.

31. I can discover students' misconceptions (if any) about the data
processing learning domain.

32. I can explain exemplary and non-exemplary situations related to
mathematical concepts.

33. I can distinguish between determinative and non-determining features
in mathematical concepts.

34. | can create concept cartoons, concept maps and networking concept
activities in order to avoid mathematical misconceptions.

This work is licensed under a Creative Commons Attribution 4.0 International License.
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Anahtar Kelimeler

Matematik 6gretiminde ele alinan sorunlardan birisi de matematiksel kavram
yanilgilaridir.  Ogrencilerin  6nceki derslerde gelistirdikleri ya da iginde
yasadiklar1 topluluktan okula getirdikleri hatalar ve kavram yanilgilari,
matematiksel kavramlarin siirekli 6grenilmesinde engeller olusturabilir ve sonug
olarak matematikte basarisizliga neden olabilir. Ogretmenlerde olan kavram
yanilgilarinin, 6grencilerin kavram yanilgilar1 iizerinde herhangi bir etkisinin
olup olmadigim1 gérmek de onemlidir. Bu arastirmada smif 6gretmenlerinin
matematikteki kavram yanilgilarina iligkin farkindaliklarini1 6l¢mek amaciyla bir
Olcek  gelistirmek  amaclanmigtir.  Matematiksel — kavram  yanilgis
farkindaliklarina iliskin farkli boyutlar1 belirlenen 36 maddelik taslak olgek
2022-2023 egitim Ogretim yilinda toplamda 372 simif Ogretmeni ile pilot
uygulama yapilmistir. Pilot uygulamadan elde edilen sonuglar ve uzmanlardan
alman goriislerden sonra 2 madde 6lgekten ¢ikarilmistir. Toplamda 34 madde
olarak olusturulan dlgek, 524 smif dgretmenine uygulanmistir. Olgme aracinin
geligtirilmesinde literatiir tarama, madde olusturma, igerik gecerligi (uzman
goriigiine bagvurma), 6n deneme ile gecerlik ve giivenirlik hesaplama asamalari
izlenmistir. Bir istatistik programi ile yapilan analiz sirasinda Agimlayici Faktor
Analizi (AFA) ile dlgegin 3 boyuttan olustugu saptanmustir. Arastirmacilar
olusan boyutlardaki sorularin ortak noktalar1 ve uzmanlarla yaptiklari goriis
aligverislerinden sonra sirastyla bu boyutlara ‘Ogrenme Ogretme Siireclerinde
Matematiksel Kavram Yanilgilar1 Farkindaligr’, ‘Matematik Ogrenme Alanlaria
Ozgii Kavram Yamlgilar1 Farkindahgr’, ‘Bilissel ve Kavramsal Farkindalik’
isimlerini vermiglerdir. Ayrica 6l¢egin Kaiser-Meyer-Olkin (KMO) degerinin
0.97 ve i¢ tutarlik katsayr (Cronbachalpha) degerinin 0=0.97 oldugu
goriilmiistiir. Elde edilen bulgular ile 6lgegin gegerli ve giivenilir bir yapiya sahip
oldugu sonucuna ulasilmigtir. Yapilan Dogrulayict Faktor Analizi (DFA) ile elde
edilen sonuglar mitkkemmel uyum degerlerine sahip olmasa da kabul edilebilir
sinirlar i¢inde oldugunu ortaya koymaktadir.
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Giris

Bireylerin sorunlara karsi ¢oziim iiretmesinin en temel yolu sorunun farkina wvarip
tanimlamasindan gegmektedir. Herhangi bir konuda sorun fark edildiginde ana hatlar1 belirlenir ve
¢cozlime giden yollar tek tek irdelenir. Matematik 6gretiminde ise Polya’nin stratejisi, bir problemi
¢Oziime kavusturmaya iliskin oldukc¢a kullaniglidir. George Polya problem ¢ézme siirecini dort asamali
siire¢ ile tanimlamistir. Bunlar; problemin anlasilmasi, ¢ozlimle ilgili stratejinin secilmesi, secilen
stratejinin uygulanmasi ve ¢6ziimiin degerlendirilmesidir (Polya, 1957). Bu sadece matematiksel
problemlere iligskin degil tiim hayati kapsayan bir ¢oziim iiretme siirecidir. Kisinin kendi hayatindaki
sorunlart fark edebilmesi ve kendi c¢oziimlerini iiretebilmesi i¢in bu beceriyi temelden yani
cocukluktan edinmis olmasit 6nemlidir. Piaget (2008)’e gore cocuklar sirasiyla, hareket zekalari,
benmerkezci diisiince ve akilcr diisiinceleri olmak iizere ii¢ dizge ile probleme yaklasir ve ¢dziime
kavustururlar. Yani problemi hareket halinde iken kesfederler, kendi ifadeleri ile kesfettiklerini
yorumlarlar ve daha sonra da bunu 6nceki 6grendikleriyle akilc1 bir diisiinceye doniistiiriirler (Maury,
2008). Bu yiizden sorunlarin ¢dziimiinde ebeveynlere oldugu kadar 6gretmenlere de oldukea is
diismektedir. Ogretmenler 6nce bireysel sorun ve eksikliklerini fark edip sonrasinda gocuklara bunu
nasil yapmalar1 gerektigi konusunda O6gretim yapmalidirlar. Aslinda, ¢ocuklara bilmenin bir “iist”
modelini 6gretmeliler.

Ustbilis kavrami 1970°li yillarda Flavel tarafindan ortaya atilmis kisinin 6grenmeyi 6grenmesi
tizerine odaklanmis bir kavramdir. Flavel, yaptig1 caligmalar sonucunda iistbilisi bellek iizerinde
yapilan islemleri belirtmek, bellegin fonksiyonlarini, sinirlarini agiklamak ve 6grencinin kendi biligsel
siiregleri lizerindeki denetimini agiklamasi olarak tanimlamistir. 1970’lerin sonlarina dogru bu kavram
genigletilerek {ist bellek yerine iistbilis (metacognition) kavrami kullanilmaya baglanmistir (Schneider
ve Lockl, 2002). Bu kavramin taninmasiyla birlikte arastirmacilarin ‘farkina varma ve farkinda olma’
gibi kavramlar da yapilan ¢alismalarin radarina girmistir (Ozsoy, 2008; Akpunar, 2011; Kalemkus,
2021; Onen, 2021, Bakkaloglu ve Toptas, 2022). Yapilan bazi calismalarda (Asik ve Ertkin, 2019;
Sevgi ve Caglikose, 2020; Arslan, 2021) bireylerin iistbilis farkindaliklarina yonelik bilisleri 6l¢lilmiis
ve kisilerin sorunlarini ele alma ve ¢dzmesi durumlar incelenmistir. Cocukluk doneminde evde ve
okulda edinilmesi elzem olan bu farkindaligin matematik gibi 6nemli bir derste de ele alindigi
caligmalar vardir. Ornegin, Kaplan ve Duran (2016) gelistirdikleri 6lcek ile dgrencilerdeki matematigi
bilme bilincini yani istbilissel farkindaligi 6lgme ve degerlendirmeyi amaglamisladir. Yapilan bu
caligma bizlere matematigin, farkindalik kazandirilarak gelistirilebilen bir bilim dali oldugunu
gostermigtir. Dolayisiyla matematik icerik olarak yalnizca ‘ne’ sorusunun degil ayn1 zamanda ‘nasil’
sorusunun da cevaplanmasi gereken bir alandir. Bu cevaplara ulagsmak i¢in de matematigin somut
diinyadaki karsilig1 ve bireylerin zihinlerindeki soyut 6grenmelerin anlamli olmas1 gerekir. Bilindigi
tizere her bireyin zihni farkli bir genislikte ve algidadir. Bu yiizden bireyler Neutzling, Pratt ve
Parker’in (2019) da bahsettigi gibi kendi algilarmi ve O6grenmelerini bilmeli ve buna goére yol
almalidirlar. Ustbilissel bilgi tam olarak bunu agiklamaktadir. Ozellikle matematik gibi dis diinya
bilgilerinin bireylerin zihinlerinde anlamli hale gelmesi iistbiligsel bilginin islevsel olmasiyla yakindan
ilgilidir. Matematigi 6grenmeye odaklanmakla birlikte 6grenmede var olan sorunlari da bilmek ve
analiz etmek onemlidir. Buradan hareketle matematik bilmek ve matematigi nasil bildigini bilmek
arasinda fark vardir gibi bir yorum yapilabilir.

Matematik Ogretiminde ele alinan sorunlardan birisi de matematiksel kavram yanilgilar
konusudur. Baki ve Bell (1997)’e gore matematik dersinde bir kavrami tanimlamak zor olabilir. Bir
kavrami tamimlamak icin bazen onunla iliskili kavramlari da agiklamak gerekir. Ornegin ondalik
kesirleri tanimlamak igin oncelikle kesir tanimina ihtiyag duyulmaktadir. Yani bireyler, kavramlari
Ogrenirken daha onceki 6n bilgileri iizerine inga ederler ve sahip olduklari bu 6n bilgileri bazen yeni
kavramlarin 6grenilmesinde zorluk yasamalarina sebep olur. Smith, Disessa ve Roschelle (1993),
kavram yanilgisini “sistematik bir gekilde hata {ireten 6grenci kavrayigi” olarak tanimlamistir. Bu
durumda oOgrencilerin onceki derslerde gelistirdikleri ya da iginde yasadiklari topluluktan okula
getirdikleri hatalar ve kavram yanilgilari, matematiksel kavramlarin siirekli 6grenilmesinde engeller
olusturabilir ve sonu¢ olarak matematikte bagarisizliga neden olabilir. Kavram yanilgilarinin
nedenlerini Fransiz matematik¢i Bernard Cornu ii¢ sekilde agiklamistir. Bunlar, kendiliginden olan ve
kavramin tarihsel siirecinde karsilasilan epistemolojik nedenler; kavrami 6grenirken kisisel durumlar
iceren psikolojik nedenler ve o6gretimin sekli, icerigi ve kullanilan yontemleri iceren pedagojik
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nedenlerdir (Akt: Ozmantar, Bingdlbali ve Akkog, 2008). Dolayisiyla dgretmenlerde olan kavram
yanilgilarinin, 6grencilerin kavram yanilgilar1 {izerinde herhangi bir etkisinin olup olmadigini gérmek
de onemlidir. Borasi (1994) kavram yanilgilarinin 6gretimde birer sigrama ya da baslangi¢ noktasi
olarak kullanilmasinin faydali olacagini séylemistir. Bu nedenle, ¢ocuklarin ¢ogunun hata yaptigi veya
yanlis genellemeler yaptig1 kavramsal alanlarin yan1 sira bunlardan sorumlu olan nedenleri ve bunlarm
nasil diizeltilecegini belirlemeye ihtiyac vardir. Ozdemir, Bayraktar ve Yilmaz (2017)’a gére kavram
yanilgilarinin 6gretmenler tarafindan bilinmesi ve 6grencilerde olusmamasi i¢in gerekli tedbirlerin
alinmas1 olduk¢a Onemlidir. Ciinkii Ogretmenler kavram yanilgilarint ve nedenlerini bilirlerse
ogrencilerin  olasit hatalarim1  ya da kavram yanilgilarini  Onleyebilirler.  Elbette  bunu
gerceklestirebilmenin yolu 6gretmenlerin kendi kavram yanilgilarinin farkinda olup olmadiginin veya
var olan kavram yanilgilarina ne gibi ¢6ziim getirdikleriyle ilgilidir. Sadi (2007)’ye gore matematiksel
kavram yanilgilar1 heniiz ortaya ¢ikmadan sinif 6gretmenlerinin, 6grencilerin zihninde olusabilecek
yanlis kavramalarin nedenlerinin farkinda olmasi gerekmektedir. Daha 6nce de vurgu yapildig: gibi
matematigi yalmizca bilmekle kalmayip nasil bildigimizi veya bilemedigimizi fark etmek de
ogrenmenin kalic1 ve anlamli hale gelmesine katki saglar. Ogretimin 6nde gelen kademelerinden olan
ilkokul diizeyi matematik dersinde ise bu tarz 6grenme sorunlarini ¢dzmenin ilk basamagi sinif
Ogretmenlerinden gectigi diisliniilmektedir. Bunun i¢in de yapilabilecek ilk igin sinif 6gretmenlerinin
konu ile ilgili farkindaliklarmi 6lgmek ve degerlendirmektir. Bu calismada sinif &gretmenlerinin
matematikteki kavram yanilgilarina iligkin farkindaliklarin1 6grenmek amaciyla bir 6lgek gelistirmek
amaclanmistir.

Yontem

Bu bolimde Smif Ogretmenlerine Yonelik Matematiksel Kavram Yamlgisi Farkindalik
Olgeginin Gelistirilmesi: Giivenirlik Calismasinin hangi asamalarda yapildig1 ve calisma grubunun
ozellikleri sunulmustur. Katilimcilarin matematiksel kavram yanilgis1 farkindaliklarimi belirlemeye
yonelik bir 6lgek gelistirmeyi amaglayan bu arastirmada tarama modeli kullanilmigtir.

Calisma Grubu

Bu calisma, 2022-2023 egitim-dgretim yilinda I¢ Anadolu bolgesindeki bir ilde gorev
yapmakta olan 524 smif Ogretmeninin kattlmiyla gerceklestirilmistir. Katilimer sayisimin
belirlenmesinde taslak olgekte ve nihai 6lgekte yer alan madde sayilar1 baz alinmistir. Literatiirde
Olcek gelistirme calismalarinda katilimer sayisinin madde sayisinin 5 ila 10 kat1 olmasi 6nerilmektedir
(Child, 2006; Dogan ve Basokgu, 2010; Tavsancil, 2018). Caligma kapsaminda taslak 6l¢ekte 36
madde bulundugu icin ilk etapta 372 ve agimlayici faktdr analizi sonrasinda olusan nihai 6lgcekteki 34
madde i¢in de 524 smif 6gretmenine ulagilarak 6lgeklerdeki madde sayilarinin 10 katindan daha fazla
katilimciya ulagiimistir.

Caligma grubunu, random 6rnekleme yontemi ile belirlenmis olan, 2022-2023 6gretim yilinda
MEB’de aktif gorev yapmakta olan toplam 524 simf oOgretmeni (307 kadin, 217 erkek)
olusturmaktadir. Smif Ogretmenlerinin kidem yillar1 139’unun 0-10 yil; 138’inin 11-20 yil ve
247’sinin ise 21 yil ve sonrasi olarak belirlenmistir. Ogretmenlerin 399’u Egitim Fakiilteleri’nden,
125’1 ise Meslek Yiiksek Okullari’ndan mezun olduklarini belirtmislerdir. Ayrica dlgek igersinde sinif
Ogretmenlerinden 50’si 6n lisans, 408’1 lisans, 65’1 yiiksek lisans ve 1’1 doktora mezunu olduklarini
isaretleyerek giincel egitim durumlarini belirtmislerdir.

Verilerin Toplanmas:

Arastirma kapsaminda sinif 6gretmenlerinin matematiksel kavram yanilgisi farkindaliklarini
O0lcmeyi amaclayan Olgegin gelistirilmesi i¢in alan yazinda yer alan agsamalar dikkate alinmistir
(Lawshe, 1975; Biiyiikoztiirk, 2011). Dolayisiyla 6lgek gelistirme siirecinde su agamalar izlenmistir:

1. Madde Havuzu Olusturulmasi: Alanyazin taramasi yapilarak kavram yanilgist ve
matematiksel kavram yanilgilarina ilisgkin alanlar ve alt bagliklar (epistemolojik, psikolojik ve
pedagojik) belirlenmistir. Arastirmacilar 6lgek maddelerini hazirlamadan 6nce matematiksel kavram
yanilgilarina ve dgretimle olan iliskisi hakkinda genis ¢apli bir literatiir taramasi1 yapmis ve halihazirda
yurti¢i ve yurtdisi kaynaklarda yer alan matematikteki kavram yamilgilarma iliskin c¢alismalar
incelemislerdir (Kiigiik ve Demir, 2009; Tiirkdogan, Giiler, Biilbiil ve Danisman, 2015; Mohyuddin ve
Khalil, 2016; Ozdemir ve Bayraktar, 2017; Mutlu ve Séylemez, 2018; Neidorf vd., 2020). incelenen
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caligmalardan elde edilen matematikle iligkilendirilen kavramsal yanilgilari, farkindaliklart ve
gelistirilebilecek ¢6ziim Onerileri gibi oOlgek ifadeleri kavram yanilgist ve matematik konu
gergevesinde yeniden diizenlenmis ve toplam 36 ifade ile taslak Olgegin madde havuzu
olusturulmustur. Olusturulan dlgek 5°li Likert tipi 6lgektir. Likert teknigiyle yapilan araglar, ciimleler
ve her ciimleye verilen cevap formatlarinin bir setinden olusur. Genel olarak tamamen katiliyorum
seceneginden hi¢ katilmiyorum segenegine dogru bes dereceli bir format kullanilir. Aragtan puanlari
elde edebilmek igin her maddenin puanlari toplanir. Tamamen katiliyorum, hi¢ katilmiyorum gibi bes
dereceli cevap formu 1’den 5’e kadar olan degeri ortaya koyar (Tekindal, 2009, s.88). Bu dlcekte de
belirlenen olumlu ve olumsuz maddeler 5°1i Likert, “hi¢bir zaman”, “nadiren”, “bazen”, “sik sik”, “her
zaman” seklinde derecelendirilmistir.

2. Kapsam Gegerliliginin Belirlenmesi: Kapsam gecerliligi, ol¢iilmek istenen 6zellikler i¢in
kullanilan maddelerin nicelik ve nitelik olarak yeterliligi anlamina gelmektedir. Testi olusturan
maddelerin, Ol¢iilmek istenen davranisi (6zelligi) nicelik ve nitelik olarak yeterli olup olmadigini ifade
eden kapsam gecerliligini belirlemede kullanilan mantiksal yollardan biri de Lawshe teknigi olan
uzman gorlslerine basvurmaktir (Lawshe, 1975; Biiyiikoztirk, 2011). Bu asamada arastirmalar
olusturduklari madde havuzunda yer alan ifadeleri derleyip alandaki uzmanlara (biri matematik ve
ikisi sinif egitimi alaninda uzman olmak {izere toplam {i¢ dogent doktor) goriis ve Onerilerini alinmak
iizere sunulmustur. Uzmanlar inceledikleri sorularin bazilarini birbirleriyle benzer bulduklarini beyan
etmislerdir. Bu yilizden benzer olan ifadeler tek maddede birlestirilmistir. Ayrica bazi sorularin dil ve
anlatiminda daha sade bir yola gidilmesini Onermislerdir. Uzmanlarin degerlendirmeleri 1s1ginda
maddeler yeniden gozden gecirilmis benzer sorular bir araya getirilmis ya da taslak oOlcekten
cikarilmistir ve gerekli diizeltmeler yapilmistir. Uzmanlarin ortak goriisleri arasinda “kavram
yanilgis1” ile “tutum” kavramlarinin ayrimini yapilmasi ornek gosterilebilir. Boylece taslak 6lgegin
son hali 34 madde olarak ele alinmustir. Olgekte ters madde bulunmamaktadir.

3. Ol¢me Aracimin Uygulanmast: Olgek maddelerinin son halinin test edilmesi amaciyla I¢
Anadolu bolgesinde gorev yapmakta olan 372 siif 6gretmeni ile pilot gruba uygulama yapilmistir.
Pilot uygulamalarindan sonra ol¢ekten iki madde c¢ikarilmis ve 34 madde demografik bilgiler ile
birlikte i¢ Anadolu bélgesindeki bir ilde gérev yapmakta olan toplamda 524 siif dgretmenine
uygulanmistir. Katilimeilarin her birine Google Form {izerinden ulasilmis ve veriler bu platform
iizerinden kaydedilmistir. Katilim siiresi ortalama 5 ila 7 dakika stirmiistiir.

4. Yapr Gegerliliginin Belirlenmesi: Yap1 gecerliligi, ol¢lilmek istenen niteliklerin Sl¢iiliip
Ol¢lilmediginin arastirilmasi hakkinda bilgi vermektedir (Kurt, 2001). KMO degeri 0.97 ve Barlett
testi sonucu p= .000 bulunarak faktor analizine uygunlugu goriilen 6lgme aracinin yapi gecerliligini
belirleyebilmek icin simif Ogretmenleri ve Ogretmen adaylarindan elde edilen veriler iizerinde
acimlayici faktor analizi yapilmistir. Orneklem biiyiikliigii i¢in 0.60 KMO degeri yeterli 0.90 ve iizeri
KMO degerlerin mitkemmel olarak yorumlanmaktadir (Tavsancil, 2006; Shrestha, 2021). A¢imlayict
faktor analizi arastirmacilarca belirlenen maddeler arasindan aymi1 yapiyr ya da niteligi Olgen
maddelerin belirlenerek gruplandirilmast ve az sayidaki bu anlamli {ist yapilarla Slgmenin
aciklanmasini amaglayan bir analiz teknigidir (Biyiikoztiirk, 2011). Bu siiregte, Kaiser—Meyer-Olkin
(KMO) ve Bartlett testi sonuglari, maddelerin ortak faktdr varyans degerleri, 6zdeger ¢izgi grafigi,
temel bilesenler analizi sonuglarindan yararlanilmistir. Faktor analizinde varimax (dondiirme) teknigi
kullanilmistir. Arastirmadaki tiim analizler bir istatistik programi araciligiyla yapilmustir.

5. Giivenirliligin Belirlenmesi: Veri toplama aracinin giivenilirligi Cronbach alfa giivenilirlik
katsayis1 analiz edilmistir. Cronbach alfa giivenilirlik katsayis1 degeri, 6lcegin test puanlart arasindaki
i¢ tutarliligmin bir dlgiisiidir ve 0.70 ve tizeri degerler Olgegin giivenilirligi i¢in yeterli kabul
edilmektedir (Biiyiikoztiirk, 2011; Tavakol ve Dennick, 2011; Shrestha, 2021). Olgegin Cronbach alfa
giivenilirlik katsayist 0.972°‘dir ve bu veri Olgegin oldukca giivenilir oldugunu belirtmektedir
(Adeniran, 2019).

6. Veri Toplama Aracina Son Seklinin Verilmesi: Olgegin uygulanmasi sonrasinda 6l¢ekteki
baz1 maddeler yeniden diizenlenmis ve olgege son sekli verilmistir. Olgegin son hali 34 maddeden
olusmaktadir. Olgekte ters madde bulunmamaktadir (EK-1).
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Verilerin Analizi

Pilot gruba uygulanan dlgekten alinan sonuglar 1s18inda Glgegin yapr gecerligi igin faktor
analizi yapilmistir. Verilerin faktér analizi yapmaya uygun olup olmadigini arastirmak amaciyla
(Shrestha, 2021) Kaiser Meyer-Olkin (KMO) testi uygulanmistir. Verilerin faktor analizine uygun
cikmasindan sonra Orneklem yeterliligini incelemek amaciyla Diagonal Anti-image Correlation
degerleri incelenmistir. Diyagonal degerleri 0.40’tan diisiik olan maddeler dl¢ekten ¢ikarildiktan sonra
evrendeki verilerin ¢ok degiskenli normal dagilimdan gelip gelmedigi Barlett testi ile kontrol
edilmistir (Shrestha, 2021). Olgegin yapr gegerligini incelemek amaciyla, degiskenler arasindaki
iligkilerden hareketle faktor bulmaya yonelik bir islem olan agimlayici faktor analizine bagvurulmustur
(Biiyiikoztiirk, 2011; Sowden, Schonfeld ve Bianchi, 2022). Ol¢ek maddelerinin kag¢ tane énemli
faktorii ya da yapiy1 dlgtiigiine karar vermek amaciyla faktor 6z degerlerine dayali olarak cizilen ¢izgi
grafigi incelenmistir. Faktorlestirme tekniklerinden temel bilesenler analizi kullanilmistir. Ayrica
faktorlerin kendileri ile yiiksek iliski veren maddeleri bulmasi ve faktorlerin daha kolay yorumlanmasi
amactyla dik dondiirme tekniklerinden varimax (dondiirme) teknigi tercih edilmistir (Biiyiikoztiirk,
2011). Ayrica farkli bir 6rneklemden elde edilen veriler iizerinde ise dogrulayici faktor analizi
yapilmistir.

Bulgular

Bu boliimde gelistirilen 6lgek igin yapilan istatistiksel analizler ve elde edilen sonuglar tablo
haline getirilerek yorumlanmistir.

Agimlayict Faktor Analizi

Faktor analizi, testlerin, dlgeklerin ve Ol¢limlerin gelistirilmesinde, rafine edilmesinde ve
degerlendirilmesinde kullanilan 6nemli bir aractir (Williams ve Brown, 2010). Faktor analizi, bir
dlgegin yap1 gecerligini belirlemede kullanilmas1 gereken analizlerden birisidir. Orneklem grubundan
elde edilen verilerin faktor analizi yapmak i¢in uygun olup olmadigi Kaiser Meyer Olkin (KMO)
katsayis1 ve Bartlett kiiresellik testi ile agiklanabilir (Biiytikoztiirk, 2011; Capik, Géziim ve Aksayan,
2018). Veri setinin faktor analizine uygun olmasi icin KMO degerinin .50’den biiylik olmasi, veri
setinin faktor analizine miikemmel bir bicimde uyumlu olmasi i¢in ise KMO degerinin .90’a yakin
degerde olmasi gerektigi bilinmektedir (Kalayci, 2006). Calismada yapilan analiz sonucunda elde
edilen KMO ve Barlett degerleri Tablo 1’de verilmistir.

Tablo 1. Matematiksel kavram yanilgisi farkindalik 6lgegi KMO ve Barlett testi sonuglari

KMO .970
Ki-Kare 15784.975

Kiiresel Barlett Testi Sd 561

p .000

Tablo 1 incelendiginde KMO degerinin 0.970 oldugu goriilmektedir. Bu degere gore faktor
analizi yapmak i¢in 6rneklem biiyiikliigiiniin yeterli oldugu belirlenmistir. Bartlett testi ise p= 0.000
seklinde anlamli bulunmustur. Bu sonuca gore korelasyon matrisi i¢in faktér analizi yapmak
uygundur. Ayrica 6lgegin ka¢ faktérden olustugunu belirleyebilmek igin agimlayici faktor analizi
yapimistir. A¢imlayici faktdr analizi, arastirmacinin 6lgme aracinin Olgtiigli faktorlerin sayisi
hakkinda bir bilgisinin olmadigi, belli bir hipotezi sinamak yerine, 6lgme araciyla ol¢iilen faktorlerin
dogas1 hakkinda bir bilgi edinmeye ¢alistig1 inceleme tiiriine denir (Child, 2006; Tavsancil, 2006).
Yapilan ilk analiz sonucunda 6zdegeri 1 ve iizerinde olan ii¢ faktor oldugu belirlenmistir. Yapilan ilk
analize iligkin bulgular Tablo 2’dedir.

Tablo 2. Matematiksel kavram yanilgisi farkindalik 6lgegi agimlayici faktor analizi sonuglari

Faktor Ozdeger Varyans agiklama Varyans agiklama
yiizdesi (Toplam) yiizdesi (Birikimli)

1 17.841 52.474 52.474

2 3.155 9.279 61.753

3 1.683 4.950 56.704
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Tablo 2’ye gore taslak dlgekte 6zdegeri 1 ve lizerinde olan ii¢ faktor oldugu goriilmektedir. Bu
faktorlerin varyansa yaptigi toplam katki ise %56.704’tiir. Tablo 3’te ii¢ faktdrden olusan
Matematiksel Kavram Yanilgisi Farkindalik Olgegi *nin varyans agiklama yiizdeleri verilmistir.

Tablo 3. Matematiksel kavram yanilgis1 farkindalik 6lgegi varyans agiklama yiizdeleri

Faktor Ozdeger Varyans agiklama Varyans agiklama
yiizdesi (Toplam) yiizdesi (Birikimli)
1 8.687 25.551 25.551
2 7.962 23.419 48.970
3 6.030 17.734 56.704

Tablo 3’te goriildigii gibi birinci faktoriin varyans agiklama yiizdesi 25.551, ikinci faktoriin
varyans agiklama yiizdesi 23.419, {iglincii faktdriin varyans agiklama yiizdesi ise 17.734 tiir. Ug faktor
ile aciklanan toplam varyans ise 56.704 olarak belirlenmistir. Cok faktorlii 6l¢eklerde agiklanan
varyansin% 40 ile % 60 arasinda olmasi yeterlidir (Biiylikoztiirk, 2007). Bu aciklamaya gore 6lcegin
acikladigi Varyans oraninin yeterli oldugu agiklanabilir. Matematiksel kavram yanilgis1 farkindalik
6lceginin dondiiriilmiis temel bilesenler analizi (varimax) sonuglar1 Tablo 4’te sunulmustur.

Tablo 4. Matematiksel kavram yanilgis1 farkindalik 6lgeginin dondiiriilmiis bilesen matrisi

Madde No Faktor-1 Faktor-2 Faktor-3

18 .789

20 .784

21 748

17 721
9 .695

19 .687

12 .673

13 .650

34 .629

10 .629

14 .624

15 .606

11 .586

16 575

22 .564
7 481
8 420

29 .849

28 .841

26 .834

27 .832

30 .816

31 .789

25 726

32 .662

23 .657

33 .654

24 .563
2 .803
3 .786
1 773
4 723
5 .646
6 .609

Tablo 4 incelendiginde birinci faktérde yer alan maddelerin faktor yiikii degerleri 0.78 ile 0.42
arasinda; ikinci faktorde yer alan maddelerin faktdr yiikii 0.84 ile 0.56 arasinda ve ligiincii faktdrdeki
maddelerin faktor yiikii ise 0.80 ile 0.60 arasinda oldugu goriilmektedir. Aragtirmacilarin yapmis
oldugu faktor analizi sonucunda birinci faktorde 17, ikinci faktorde 11, {igiincli faktdrde ise 6 madde
oldugu saptanmistir. Arastirmacilar Slgegin alt boyutlarini isimlendirmiglerdir. Birinci faktor igin
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“Ogrenme Ogretrne Siirecleri Farkindalig1” (Madde 18, 20, 21, 17, 9, 19, 12, 13, 34, 10, 14, 15, 11, 16,
22,7, 8), ikinci faktor igin “Matematik Ogrenme Alanlarma Ozgii Farkindalik” (Madde 29, 28, 26, 27,
30, 31, 25, 32, 23, 33, 24) ve liglincii faktor igin “Biligsel ve Kavramsal Farkindalik” (Madde 2, 3, 1, 4,
5, 6) isimleri uygun goriilmiistiir. Arastirmacilarin gelistirdigi 6l¢ek calismada ek olarak sunulmustur
(EK-1). Ayrica 0Olgegin giivenirlik analizi Cronbach Alpha i¢ tutarlilik katsayisi hesaplanarak
yapilmistir. Matematiksel Kavram Yamilgis1 Farkindalik Olgegi’ne ve alt boyutlarina yonelik
hesaplanan Cronbach Alpha giivenirlik katsayilar1 Tablo 5’te gosterilmistir.

Tablo 5. Matematiksel kavram yanilgis1 farkindalik 6lgeginin i¢ tutarlhilik katsayilari

Faktor Madde say1si I¢ tutarhilik sayist
Ogrenme 6gretme siireclerinde 17 .962
matematiksel kavram yanilgist
farkindalig1
Matematik 6grenme alanlarina 11 .953
0zgii kavram yanilgis1 farkindaligt
Bilissel ve kavramsal farkindalik 6 .883
Olgek toplam 34 972

Tablo 5°te Matematiksel Kavram Yanilgis1 Farkindalik Olgegi Cronbach Alpha ig tutarlilik
katsayilarmin her bir faktor i¢in aldig: degerlere yer verilmistir. Olgegin toplam giivenirlik katsayisi
0.97°dir. Bu verilerin degerleri ile 6lgegin oldukca gilivenilir oldugu sdylenebilir.

Dogrulayict Faktor Analizi

Dogrulayici1 Faktor Analizi (DFA), acimlayici faktér analizinde elde edilen iki faktorlii
modelin dogrulanip dogrulanmadigini belirlemek amaciyla 6lgekten elde edilen puanlar co-varyans
matriksleri incelendi. Dogrulayici faktor analizi kullanilan bir istatistik programi ile bir 6lgme aracinin
dogrulayici faktor analiziyle test edilmesi i¢in alan yazinda, verilerin uyumunu simamak i¢in birgok
uyum degeri bulunmaktadir. Bu uyum degerlerinden en yaygin olarak kullanilanlar: Ki kare, sinanan
modelin Kargilastirmali Uyum Indeksi (Comperative Fit Index) CFI, modelin agiklanan co-varyans ile
gozlenen co-varyanslar1 arasindaki farklarin ortalamasini veren Standardize Edilmis Hatalarin
Ortalama Karekokii (Standartized Root Mean Square Resudual) SRMR, Yaklasik Hatalarin Ortalama
Kare Kokii (Root Mean Square Error of Approximation) RMSEA, Normallestirilmemis Uyum Indeksi
(Non-Normed Fit Index/ Tucker-Lewis Index-NNFI) (Cokluk vd., 2010). Bu uyum indekslerinden
RMSEA .06 veya daha az bir degere, SRMR .08 ya da daha az, CFI, ve NNFI ise .90 ve bir deger
model icin kabul edilebilir uyumun gostergesi, .95 ve {istii iyi bir uyum indeksi olarak kabul
edilmektedir. Buna ek olarak uyum degerleri miikemmel olmasa da 6rneklem bazinda degerlendirilen
kabul edilebilir uyum degerleri de bulunmaktadir (Hu ve Bentler, 1999; Schumacker and Lomax
2010). Tablo 6°da iyi, kabul edilebilir uyum degerleriyle birlikte Matematiksel Kavram Yanilgisi
Farkindalik Olgegi’nin dogrulayici faktér analizi sonucunda elde edilen uyum degerleri yer
almaktadir.

Tablo 6. Matematiksel kavram yanilgisi farkindalik 6lgeginin standart uyum 6lgiitler ve uyum degerleri

Uyum olgiileri Iyi uyum degerleri Kabul edilebilir uyum Onerilen uyum degerleri
degerleri

RMSEA 0.00<RMSEA<0.05 0.05<RMSA<0.10 0.097
SRMR 0.00<SRMR<0.05 0.05<SRMR<0.10 0.057
GFI 0.95<GFI<1.00 0.90<GFI1<0.95 0.87
AGFI 0.90<AGFI<1.00 0.85<AGFI<0.90 0.88
NFI 0.95<NFI<1.00 0.90<NFI1<0.95 0.98

CFlI 0.95<CFI<1.00 0.90<CFI<0.95 0.98

RFI 0.90<RFI<1.00 0.85< RF1 <0.90 0.97

Tablo 6’ya gore; benzerlik orani ki-kare istatistigi X?=331.17, P<0.01 olarak tespit edilmistir.
Kok ortalama kare yaklasim hatast (RMSEA)= 0.097; standardize edilmis kok ortalama kare
(SRMR)= 0.057; uyum iyiligi indeksi (GFI)= 0.87; diizeltilmis uyum 1iyiligi endeksi (AGFI)= 0.88;
formlanmig uyum endeksi (NFI)= 0.98; karsilastirmali uyum endeksi (CFI)= 0.98 goreli uyum endeksi
(RFD=0.97 olarak belirlenmistir. Elde edilen sonug¢lar miikemmel uyum (fit) degerlerine sahip olmasa
da genel olarak kabul edilebilir smirlar iginde oldugunu ortaya koymaktadir. Ayrica ki kare/sd
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islemiyle yapilan hesaplama sonucunda 6lgegin veri tabanina mutlak uygunlugunun Bollen (1989)’in
hesaplamalarina goére iyi uyum diizeyinde oldugu sonucunu géstermistir (ki kare/ sd<3).

Matematiksel kavram yanilgisi farkindalik 6l¢egi ile yapilan dogrulayici faktor analizi sonucu
elde edilen path diyagrami Sekil 1’de gosterilmistir.
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Sekil 1. Dogrulayici faktor analizi Path diyagrami
Tartisma, Sonuc ve Oneriler

Siif Ogretmenlerinin  matematiksel kavram yanilgis1 farkindaliklarina iliskin bir 6l¢ek
gelistirmeyi amaclayan bu ¢alismanin sonucunda gecgerlik ve giivenirligi kanitlanmis 34 maddelik bir
matematiksel kavram yanilgis1 farkindalik 6lcegi olusturulmustur. Olgegin genel olarak Cronbach
Alpha giivenirlik katsayist 0.97’dir. Bununla birlikte 6lgegin sinif 6gretmenleri i¢in kullaniminin
uygunlugu agisindan yeterli oldugu sdylenebilir. Olcegin ii¢ alt boyutu icin de i¢ tutarlilik katsayilar:
sirastyla 0.96, 0.95 ve 0.88’dir. Bu degerler ile Emerson’un (2019) ¢alismasinda yer alan giincel
degerlerin uyumlu ve 6lgegin giivenilir oldugu yorumu yapilabilir.

Birinci faktérde yer alan maddeler, kavram yanilgilarinin pedagojik ve psikolojik alt
bagliklariyla iliskilendirilmistir. Ayrica bu faktor sinif 6gretmenlerinin matematik dersini 6grenme ve
Ogretme siireclerindeki kavram yanilgilarma dair farkindaliklarini  ne 6lgiide  acgikliga
kavusturduklariyla ilgilidir ve “Ogrenme Ogretme siireglerinde matematiksel kavram yanilgisi
farkindalig’” boyutunu olusturmaktadir. Ikinci faktordeki maddeler, kavram yanilgilarinin
epistemolojik ve psikolojik alt basliklariyla iliskilendirilmistir. Bununla birlikte bu faktoér sinif
Ogretmenlerinin matematigin alt 6grenme alanlartyla ilgili kavram yanilgis1 farkindaliklarinin ne
Olglide olduguyla iligkilidir. Bu yiizden “matematik 6grenme alanlarina 6zgli kavram yanilgisi
farkindalig1” olarak adlandirilmistir. Son olarak tiglincli faktor bagligr altinda yer alan maddeler,
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kavram yanilgilarinin pedagojik, psikolojik ve epistemolojik alt basliklartyla ve sinif 6gretmenlerinin
matematik dersinin bir bilim dal1 ve ders olarak biligsel ve kavramsal 6grenmeye yonelik olusabilecek
kavram yanilgisi farkindaliklarinin ne 6lgiide oldugunu agiklamak ile iliskilendirilmistir. Bu boyut
“bilissel ve kavramsal farkindalik” olarak adlandirilmigtir. Buradan hareketle 6lgek maddelerinin
yapisal olarak kavram yanilgilarinin matematik ile i¢ ige hale getirilip tiim alt bagliklarma
(epistemolojik, psikolojik ve pedagojik) cevap verebilecek diizeyde oldugu sonucuna ulasilabilir.

Bu olcek simif dgretmenlerinin matematige iliskin kavram yanilgilarinin var olup olmadig: ve
var ise bunun farkinda olup olmadiklarini 6l¢mek igin hazirlanmigtir. Ayrica 6gretmenlerin kavram
yanilgilarinin hangi matematik konular1 icerisinde oldugu, bu kavram yanilgilan ile ge¢cmiste nasil
Ogrenim gordiikleri ve simdi nasil 6gretim yaptiklarma dair bir fikir elde etmek i¢in iyi bir aractir. Bu
dogrultuda arastirma kapsaminda belirlenen sinif O6gretmenlerinin kavram yanilgilarina iliskin
farkindaliklarinin cinsiyet, kidem yili, mezun olduklar fakiilte ve giincel egitim durumlar: gibi ¢esitli
degiskenlere gore anlamlilik gosterip gostermedigini belirlenmistir. Boylece 6gretmenlerin dnceden
var olan veya sonrasinda olusabilecek kavram yanilgilarinin farkinda olarak yaptiklari matematik
ogretimini gelistirmeleri amaglanmistir. Zembat (2008, s.5), bu konuyla ilgili 6gretmenlerin 6zellikle
kavram yanilgilariin daha ¢ok beklenildigi konularda uygun 6gretim yontemleri segerek yanilgilar
ortaya ¢cikarmadan engellemeye yonelik ¢aligmalar yapmalarinin 6nemli oldugunu belirtmistir. Ayrica
bu olcek egitim fakiiltelerinde farkli ana bilim dallarinda 6grenim goren 6gretmen adaylar1 ve farkl
branglardaki dgretmenlerin matematiksel kavram yanilgilan1 farkindaliklarimi Slgme amaciyla da
genisletilebilir. Arastirmacilarin bu 6lgegi gelistirmedeki en 6nemli amaglari, basta simif 6gretmenleri
olmak iizere alanla iligkili tiim 6gretmenlerde matematiksel kavram yanilgilarina dair bir farkindalik
olusturmak ve 6gretimlerinde bunun 6ntine ge¢cmelerini saglamaktir.

Calisma kapsaminda yapilan dogrulayici faktor analizi sonucunda ii¢ faktorlii modelin yeterli
uyum indekslerine sahip oldugu tespit edilmistir. Sonug¢ olarak, bu 6lgegin simif Ggretmenlerinin
matematiksel kavram yanilgis1 farkindaliklarmi ve bu farkindaliklarin kavram yanilgilarinin hangi alt
boyutlaria denk geldigini dl¢ebilecek ve kullanilabilecek gecerli ve giivenilir bir 6lgme aract oldugu
sOylenebilir. Hazirlanan o6l¢ek ile birlikte basta simif Ogretmenleri olmak iizere diger Ogretim
kademelerindeki 6gretmenlerin veya dgretmen adaylarimi matematik dersine iligkin 6nceden olusmus
veya sonradan Ogretim esnasinda olusabilecek kavram yanilgilarini fark etmeleri ve gereken ¢6ziim
Onerilerini gelistirmeleri esas alinmistir. Nitekim &gretmenlerin yapacagi 6gretim temelinde bilgi,
sorun ve ¢ozim Onerileri ile ilgili farkindaliklarinin olmasi yapilan 6gretimi daha anlamli hale
getirecektir. Bu 6lgegin kullanilmasi ile elde edilen verilere bagli olarak farkli brang ve diizeylerde
olan ogretmen ve Ogretmen adaylarmin matematige iliskin kavram yanilgis1 farkindaliklarim
gelistirmeye yonelik farkli caligmalar yapilabilir.
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EK-1 Matematiksel Kavram Yamlgis1 Farkindahk Ol¢egi

Madde

Hicbir

Zaman

Nadiren

Bazen

Sik Si1k

Her

Zaman

1. Matematiksel kavram yanilgisinin ne oldugunu agiklayabilirim.

2. Matematiksel hata ile matematiksel kavram yanilgisini ayirt edebilirim.

3. Matematik dersinde olusabilecek kavram yanilgilarina rnek
verebilirim.

4. Matematikteki herhangi bir 6grenme alaninda kavram yanilgim varsa
fark edebilirim.

5. Matematik dersi 6gretim programi ve ders kitaplarinda kavram
yanilgisina sebep verebilecek 6rnekler gosterebilirim.

6.Matematik 6gretiminde olusabilecek kavram yanilgilariin nasil
giderilecegini bilirim.

7. Matematiksel kavram yanilgilarinin olugsmamasi i¢in matematik dersi
oncesinde hazirliklar yapabilirim.

8. Matematik 6gretiminde dgrencilerde kavram yanilgisi olusmadigindan
emin olurum.

9. Matematiksel kavram yanilgilari ile ilgili yapilan ¢aligmalar takip eder
ve incelerim.

10. Matematiksel kavram yanilgilarinin ¢esitlerini sayabilirim.

11. Matematiksel kavram yanilgilarinin nasil fark edilecegini bilirim.

12. Matematikteki belirli bir kuralin veya kavramin diger 6grenme
alanlari ile genellenmemesi i¢in hangi tiir caligmalar yapacagimi bilirim.

13. Ogrencilerin matematiksel kavram yanilgilari varsa hangi
calismalarin etkili olacagini bilirim.

14. Matematiksel kavram yanilgilarinin nedenlerini aciklayabilirim.

15. Matematikte en ¢ok rastlanilan kavram yanilgilaria 6rnek
verebilirim.

16. Matematik dersi 6ncesinde 6grencilerimde ne tiir bir kavram yanilgist
olabilecegini kestirebilirim.

17. Matematiksel kavram yanilgisinin oldugu 6grencilerle ilgili veliler ile
isbirlikli ¢alisarak kavram yanilgisini ortadan kaldirabilirim.

18. Matematiksel kavram yanilgisi olan 6grenciler icin 6zel plan ve
program yapabilirim.

19. Ogrencilerin okul dncesinde almis olduklari egitim dgretim
kapsamindaki matematiksel kavram yanilgilarini tespit edebilirim.

20. Ogrencilerin okul dncesinde dénemlerinde olusabilecek matematiksel
kavram yanilgilarina iligkin 6zel ¢aligmalar yapabilirim.

21. Matematiksel kavram yanilgilariin olusmasini 6nlemek amaciyla
matematik 6grenme alanlarina iliskin materyal hazirlayabilirim.

22. Ogrencilerin matematiksel kavram yamlgilarinin iistesinden
gelmeleri i¢in motive edebilirim.

23. Ogrencilerin saymaya iliskin kavram yamilgilarini (varsa)
kesfedebilirim.

24. Ogrencilerin rasyonel ve ondalik sayilara iliskin kavram yanilgilarini
(varsa) kesfedebilirim.

25. Ogrencilerin islem yapmaya iliskin kavram yanilgilarmi (varsa)
kesfedebilirim.

26. Ogrencilerin matematiksel sembollere (+,-,X, +) iliskin kavram
yanilgilarini (varsa) kesfedebilirim.

27. Ogrencilerin kesirlere iliskin kavram yanilgilarini (varsa)
kesfedebilirim.

28. Ogrencilerin geometrik sekillere iliskin kavram yanilgilarin (varsa)
kesfedebilirim.

29. Ogrencilerin say1/basamak degerine iliskin kavram yanilgilarim
(varsa) kesfedebilirim.
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30. Ogrencilerin 6lgme dgrenme alanma iliskin kavram yamlgilarini
(varsa) kesfedebilirim.

31. Ogrencilerin veri isleme dgrenme alanina iligkin kavram yanilgilarini
(varsa) kesfedebilirim.

32. Matematiksel kavramlara iligkin 6rnek olan ve olmayan durumlari
aciklayabilirim.

33. Matematiksel kavramlarda belirleyici olan ve olmayan 6zellikleri
ayirt edebilirim.

34. Matematiksel kavram yanilgilarin1 6nlemek amaciyla kavram
karikatiirii, kavram haritasi ve kavram ag etkinlikleri olugturabilirim.
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