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ABSTRACT

This study aimed to develop a measurement tool to assess the mathematical creativity of high school students. The study group
consisted of 500 students enrolled in high schools located in the central districts of Ankara province during the 2022-2023
academic year. A survey design was employed for the research. To measure students' mathematical creativity, a mathematical
creativity test was administered under the supervision of the researcher, with a 40-minute time limit. Test scoring was also
conducted by the researcher. To examine the construct validity of the scores obtained from the measurement tool, Bayesian
exploratory and confirmatory factor analyses were performed. The findings indicated that, in the first-order confirmatory factor
analysis, the measurement tool could be defined by five factors named generating equality, generating relationship, generating
equation, creating equal area, and generating triangle. The second-order confirmatory factor analysis defined it as a single factor
called mathematical creativity. The test’s internal consistency was examined by calculating the Cronbach’s alpha (0,650),
stratified Cronbach’s alpha (0,598), and McDonald’s omega coefficients (0,890). It is demonstrated by findings that the
psychometric features of the mathematical creativity measurement tool were sufficient.

Keywords: Bayesian explatory and confirmatory factor analysis, reliability, validity

! Teacher, Gazi University, Institute of Educational Sciences, Ankara, Turkey, e-mail: ozgul O6yayla@hotmail.com,
ORCID:0000-0002-2013-5178

2 Prof. Dr., Gazi University, Faculty of Education, Measurement and evaluation in education, Ankara, Turkey, e-mail:
dilarabakan@gmail.com, ORCID: 0000-0003-1447-6918

20



OZET

Bu arastirmanin amaci, lise 6grencilerinin matematiksel yaraticiliklarini 6lgmeye yonelik bir 6lgme aract gelistirmektir.
Aragtirmanin ¢aligma grubunu 2022-2023 egitim-6gretim yilinda Ankara ilinin merkez ilgelerinde 6grenim gore toplam 500
lise &grencisi olusturmaktadir. Arastirmada tarama modeli kullanilmistir. Ogrencilere matematiksel yaraticihiklarmi belirlemek
amactyla matematiksel yaraticilik testi 40 dakikalik siire verilerek arastirmaci gézetiminde uygulanmistir. Matematiksel
yaraticilik testi igin puanlama aragtirmaci tarafindan yapilmistir. Olgme aracindan elde edilen puanlarin yapi gegerliginin
incelenmesi amaciyla bir Bayes agimlayici ve dogrulayici faktor analizi gergeklestirilmistir. Bulgular; 6lgme aracinin birinci
diizey dogrulayic faktor analizinde esitlik tiretme, iligki iiretme, denklem iiretme, es alan olusturma ve liggen liretme olarak
adlandirilan bes faktorle, ikinci diizey dogrulayici faktor analizinde ise matematiksel yaraticilik olarak adlandirilan faktorle
tanimlanabildigini gostermistir. Testin i¢ tutarlilif1 ise, Cronbach alfa (0,650), tabakali Cronbach alfa (0,598) ve McDonald
omega (0,890) katsayilari hesaplanarak incelenmistir. Gelistirilen matematiksel yaraticilik 6lgme aracinin psikometrik

ozelliklerinin yeterli oldugu bulgularla ortaya konulmustur.

Anahtar Kelimeler: Bayes agimlayici ve dogrulayici faktor analizi, giivenirlik, gecerlik

1. INTRODUCTION

In a rapidly changing world where technological and scientific developments change social
networks and individuals’ lives, creativity is needed to adapt to change and sustain these developments.
Creativity, which exists in every individual but is open to development with experiences and learning
experiences, can be expressed as the ability of an individual to solve a problem by establishing a
connection between what they have learned as a result of their learning experience and to put forward a
new, original thought or product by using these connections (Giileryiiz, 2000). The necessity for creative
individuals and the development of reliable tools for measuring and evaluating creativity is increasingly

recognized.

However, defining and assessing creativity remains a complex challenge (Runco, 1993). The
literature identifies various types of creativity across domains, including linguistic, scientific, and
mathematical creativity (Kanli, 2019). In this context, it is essential to determine the specific fields in
which creativity manifests, develop domain-specific definitions, and research to enhance creativity
within these fields. Among these, mathematical creativity is a key area of focus in domain-specific
creativity. Given the interconnectedness of mathematics with other disciplines and cognitive processes,
fostering mathematical creativity can significantly contribute to success in mathematics and other fields.
Therefore, understanding the concept of mathematical creativity and recognizing its importance is
crucial. This understanding should guide efforts to assess individuals' levels of mathematical creativity

and implement strategies to develop their creative potential (Tiirkan, 2010).

Tall (2002) defines mathematical creativity as the ability to develop thinking in problem-solving
or structures, considering the unique logical-deductive nature of mathematics and the suitability of the
concepts created to integrate with the essence of what is important in mathematics. Chamberlin and

Moon (2005) define mathematical creativity as the ability to use mathematics-specific thinking
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processes to solve non-routine problems and generate original solutions to simulated or real applied

problems using mathematical modelling.

Mathematical creativity is related to the ability of individuals to generate solutions to the
problems they face not only with known methods but also with original and innovative approaches.
Individuals with mathematical creativity have the potential to contribute to social progress in fields such
as science, engineering, and technology with their analytical thinking, problem-solving solving, and
linking abstract concepts. At this point, measuring mathematical creativity with reliable methods can
help identify individuals with high creative thinking potential and help them receive the education that
will reveal their potential. Therefore, measuring mathematical creativity with reliable and valid methods

1s essential.

The three dimensions used in the literature to measure mathematical creativity and their

explanations are as follows:

e Fluency: It is defined as the ability to come up with many ideas that can answer a problem. For
instance, writing different mathematical prossesses whose results are five. Creative individuals

can generate a large number of ideas for solving a problem.

e Flexibility: It is defined as the ability to approach a problem from different perspectives, see
various situations, generate ideas in different categories, and approach an event from different
perspectives. The more ideas are put forward to examine the problem from different angles, the

higher the flexibility. Creative individuals show solutions to the problem from different angles.

¢ Originality: It refers to being unique in thought and action. The fewer individuals come up with
an idea, the more original it is considered. Creative individuals create original thoughts (Atasoy,

Kadayife1, & Akkus, 2007).

In the literature, most studies on measuring mathematical creativity focus on primary (Kattou,
Kontoyianni, Pitta-Pantazi, & Christou, 2011; Schoevers, Kroosbergen, & Kattou, 2018) and secondary
school students (Akgiil & Kahveci, 2016; Balka, 1974; Evans, 1964; Kartono & Rusilowati, 2019;
Mann, 2005; Prouse, 1964; Sahliawati & Nurlaelah, 2020; Sezerel, 2019; Siswono, 2011; Taskin, 2016;
Tiirkan, 2010; Zainudin, Subali, & Jailani, 2019). Since the studies above are at the level of primary and
secondary school, the items used in the measurement tools are limited to basic mathematical knowledge.
Some of the studies on mathematical creativity were conducted to determine the variables predicting
mathematical creativity (Acar, Tamidik, Uysal, Myers, & Inetas, 2022; Alkan, 2014; Suherman &
Vidakovich, 2024; Tyagi, 2015). While research on creativity skills in mathematics exists, studies

specifically examining the mathematical creativity of high school students remain limited.

Mettler (1976) adapted two items from Evans’ 1964 test for seventh-grade students and applied
them to ninth-grade algebra students. Similarly, Leikin and Lev (2007) used a two-item instrument with

limited multiple solutions to assess the mathematical creativity of tenth and eleventh-grade high school
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students. However, neither study was analyzed to determine the factor structure of the obtained scores.
Unlike Leikin and Lev’s study, the present research includes items with unlimited response possibilities.
Factor analyses were conducted using the Bayesian method to ensure the validity of the obtained scores.
This study aims to develop a valid and reliable measurement tool to assess high school students’

mathematical creativity.
2. METHOD

The survey model was used in the study. Survey models are research approaches that aim to
describe the past or present situation as it exists. The event, person, or object that is the subject of the
survey is tried to be defined as it is within its conditions (Kuzu, 2013).

2.1. Study Group
The pilot scheme of the study was carried out with 311 students. Descriptive statistics of the

pilot scheme are given in Table 1.

Table 1. Descriptive Statistics of The Pilot Scheme

Student admission Number of Number of students Number of
status students taking taking form B students taking Total
form A form C

Without exam 24 25 22 71

With exam 30 29 29 88

Without exam 18 17 20 55

With exam 32 33 32 97
Total 104 104 103 311

The study group included 547 ninth-grade students from Ankara. However, the booklets of 47

participants who did not sign the consent form or left it incomplete were excluded from the analysis.

Purposive sampling was used to select the sample for the study group. Purposive sampling is
also called knowledge-based sampling. The researcher selects a sample based on the experience or
knowledge of the group to be sampled (Airasian, 2000). Descriptive statistics for the study group are

given in Table 2.

Table 2. Descriptive Statistics of The Study Group

Variable Category f %
Gender Female 251 50.2
Male 248 49.6
High school type Anatolian high school 300 60
Science high school 200 40
Status of being a BILSEM Yes 39 7.8
student No 461 92.2
Total 500 100
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As seen in Table 2, 50.2% of the students are female and 49.6% are male. Sixty percent of the
students are studying at anatolian and 40% in science high schools. Of these students, 7.8% are

continuing their education in BILSEM centres.

2.2. Data Collection Tool

First, the Mathematical Creativity Test (MCT) was developed to determine the mathematical
creativity of high school students. While some of the items were adapted from the items created by
researchers aiming to measure mathematical creativity in the literature (Akar & Karaduman, 2021;
Evans, 1964; Haylock, 1984, 1987; Kanli, 2019; Mann, 2005; Price, 2006; Prouse, 1964), some of them

were developed by the researcher.

In order to develop the measurement tool for data collection, 32 open-ended items were initially
prepared and reviewed by three experts. The experts included a mathematics teacher with a master’s
degree and 24 years of experience, a research assistant with a doctorate in measurement and evaluation,
and a mathematics teacher with nine years of experience who is currently pursuing a master’s degree.
Based on their feedback, eight items were eliminated to form the final tool. The remaining 24 items were
distributed into Forms A, B, and C, ensuring that each form contained eight items and that the

mathematical content was balanced across the forms.

These forms were used for the pilot study. The pilot study was conducted in high schools that
admit students with and without entrance exams under the researcher’s supervision. Students were given
40 minutes to complete the paper-and-pencil test. Form A was administered to 104 students, Form B to
104 students, and Form C to 103 students. It was observed that students struggled to complete all eight
items within the allotted time.

After the pilot study, responses were evaluated based on three dimensions: fluency, flexibility,
and originality. Fluency was scored by awarding one point for each correct answer. Flexibility was
scored by assigning one point for each correct answer in different categories. Originality was assessed
based on the rarity of responses: six points were awarded if the answer was given by fewer than 5% of
participants, three points if given by 5-10%, and zero points if given by more than 10%. These raw
scores were calculated for each dimension. The questions are presented in the appendix.

In all items, it was found that students from high schools accepting students with an exam
performed better in fluency, flexibility, and originality than those from high schools without an exam.
In the pilot application, the average percentage of unanswered items was significantly higher in non-
selective schools (64.25%) compared to selective schools (34.47%). Based on these findings, it was
decided that the final implementation would be conducted only in high schools with an exam and
Science and Arts Centers (Bilim ve Sanat Merkezi, BILSEM).

For the final test, six open-ended items were selected to ensure content validity: two from

numbers, two from algebra, and two from geometry. These items were chosen based on the lowest
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percentage of unanswered responses and the highest scores achieved by students in the pilot study. The
test was administered to 547 students in total contained the students of Anatolian and Science high
schools that admit students through entrance exams, and the students of BILSEM, with a 40-minute

completion time under the researcher’s supervision.

2.3. Data Analysis

The item difficulty index refers to the proportion of correct responses to an item. This index is
denoted by "p" ranges between 0 and 1. The closer the index is to 0, the more difficult the item ; the
closer it is to 1, the easier the item is. For open-ended items, the difficullty index is calculated by taking
the difference between the lowest score assigned to the item and the average score received and then
dividing this difference by the range obtained by subtracting the lowest score from the highest score

assigned to the item (Karakaya, 2022).

The item discrimination index is an indicator that provides insightin to how well an item
distinguishes betweet individuals with the high and low scores in relation to the measured construct.
When calculating the idiscrimination indices for open-ended items, the following procedure is followed:
The scores obtained from the responses to the relevant item are ranked from highest to lowest. The top
27% of scorers form the upper group, and the bottom 27% form the lower group. The difference between
the average scores of the upper and the lower groups is then calculated and divided by the range between

the highest and lowest scores received for the item (Karakaya, 2022).

Each of the six open-ended items constituting the MCT was scored based on fluency, flexibility,
and originality dimensions. The scores for the first item were labeled "fl1" for fluency, "fx1" for
flexibility, and "orl" for originality, with the same coding applied to the other items. This resulted in a
dataset with 18 scores. However, in the factor analysis, since it was determined that the fluency,
flexibility, and originality scores of an item in the MCT prevented factorization, the scores of the relevant
item were removed, and since the fluency and flexibility scores of the fourth and fifth items were equal
due to their structure (fl4=fx4 and f15=fx5), fx4 and fx5 scores were not included in the factor analysis.

Therefore, the factor analysis was conducted over 13 points.

The fluency, flexibility, and originality scores for each item were summed to calculate total
creativity scores on an item basis. Before conducting the factor analysis, assumptions such as outliers,
missing data, multicollinearity, linearity, normality, and sample adequacy were checked. To identify
univariate and multivariate outliers, z-scores and Mahalanobis distance D? values were used (Sen, 2023).
A total of 95 outliers were identified, having z-scores outside the +£3 range and significant D? values, and
were removed from the dataset, leaving 405 participants. Missing data was checked, and no missing

data was found.
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Multicollinearity was assessed by checking for correlations above 0.90 (Cokluk, Sekercioglu,
& Biiyiikoztiirk, 2012). Some scores showed correlations exceeding 0.90, which was expected since the
MCT includes three different scores per item. The linearity assumption was evaluated through a scatter
plot matrix, where ellipses would indicate linearity (Cokluk, Sekercioglu, & Biiyiikoztiirk, 2012). The
scatter diagram matrix was examined, and it was determined that very few of the distributions had ellipse
images. However, it is expected that the scores obtained from the items in MCT differ from each other;
therefore, there is no linearity. For instance, a student who scores high on the fluency of an item may
score low on the originality of the same item, or a student who scores high on the flexibility of an item
may score very low on the flexibility of another item. Since the Bayesian method does not require a
normality assumption (Alkis, 2016), it was not checked. The adequacy of the sample was determined
using the Kaiser-Meyer-Olkin (KMO) statistic, where a value between 0.5 and 0.7 is considered
sufficient (Can, 2016; Sen, 2023). The KMO value for this study was 0.637, confirming that the
sampling adequacy assumption was met. Bartlett's test of sphericity results were calculated (x* =

6031.811, df = 120, and p < 0.05).

Fabrigar, Wegener, MacCallum, and Strahan (1999) recommend that when the sample size is
large enough, the data should be randomly split into two halves: one half for Exploratory Factor Analysis
(EFA) and the other for Confirmatory Factor Analysis (CFA). In this study, the dataset of 405
participants, after removing outliers, was randomly divided into two groups by SPSS: one group with
211 participants and another with 194 participants. The first data set with 211 participants was subjected
to Bayesian EFA. If a theoretical structure requires a relationship between factors, it is recommended to
use oblique rotation methods (Can, 2016; Kogar & Kogar, 2023). Therefore, the GEOMIN oblique
rotation method was applied during the Bayesian EFA. For the second half, with 194 participants, first
and second-level CFA was conducted using the Bayesian estimation method. CFA with the Bayesian
estimation method allows parameter estimation based on a priori information through a large number of
iterations and produces much more realistic results compared to traditional CFA methods (Depaoli,

2021).

In general, in model-data fit, a Posterior Predictive P (PPP) value equal to 0.50 is an indicator
of an excellent fit, while a value greater than 0.05 is an indicator of an acceptable fit (Asparouhov &
Muthén, 2021). In addition, in a perfect-fit model, the 95% confidence interval (credible-interval-CI)
calculated for the difference in x> values should contain a value of zero (Wang & Wang, 2020). The
Deviance Information Criterion (DIC) and Bayes Factor (BF) are used to decide on the final solution by
comparing different models. A model with a smaller DIC value indicates a better model-data fit than a
larger DIC value (Asparouhov, Muthén & Morin, 2015). The Bayes factor is based on the comparison
of two different hypotheses: Ho and H;. Accordingly, a BF value greater than 100 demonstrates that (H)
is supported (Jeffreys, 1961; as cited in Kogar & Kogar, 2023).
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To evaluate the reliability of the scores obtained from the MCT, Cronbach’s alpha, stratified
Cronbach’s alpha, and McDonald’s omega coefficients were calculated. Cronbach’s alpha assumes that
the measurement tool is unidimensional and composed of parallel items, characterized by equal means,
standard deviations, covariances, and factor loadings (Uysal & Sarica, 2018). A high Cronbach’s alpha
coefficient supports the assumption of unidimensionality; however, a low coefficient should not be
automatically interpreted as an indication of low reliability, particularly in cases where the measurement
tool encompasses multiple constructs (Basol, 2015; Sencan, 2005). In practice, achieving parallelism
among items is often challenging (Tekindal, 2017), and Cronbach’s alpha, as a measure of internal
consistency, may be insufficient for assessing the overall reliability of multidimensional instruments.
Considering that the items within the MCT exhibit varying means, standard deviations, and covariances,
the scale is more appropriately classified as a congeneric measurement model (Yurdugiil, 2006). In
congeneric measurements, Cronbach’s alpha is known to underestimate the true reliability of the scores
(Uysal & Sariga, 2018). Therefore, McDonald’s omega coefficient was also computed, specifically
designed for congeneric measurements and estimates reliability as the ratio of true score variance to
total variance (McDonald, 1985; 1999). Furthermore, stratified Cronbach’s alpha was calculated to
provide a more accurate reliability estimate in the context of multidimensional congeneric measurement
structures (Soysal, 2023). The use of these complementary reliability coefficients offers a more robust

and comprehensive evaluation of the reliability of the MCT scores.

Item analyses were conducted using IBM SPSS 25.0 software, reliability of the scores using
IBM SPSS 25.0, and R psych package (Revelle, 2025), and EFA and CFA analyses using the Bayesian
method using Mplus 7.0 (Muthén & Muthén, 2012).

3. FINDINGS

3.1. Item Analysis

The raw scores for fluency, flexibility, and originality for each item were summed to calculate
the overall creativity score for each item (e.g., the creativity score for item 1 was calculated as fl1 + fx1
+ orl). Item analyses were conducted according to classical test theory (CTT). These item-based

creativity scores and item analyses are presented in Table 3.

Table 3. Item Mean, Standard Deviation, Minimum, Maximum, Difficulty, and Discrimination Values

Item no X Ss Minimum  Maximum p disc
1 14.44 12.98 0 89 0.18 0.34
2 10.62 10.58 0 64 0.21 0.42
3 21.70 16.38 0 159 0.13 0.21
4 7.98 10.56 0 79 0.11 0.29
5 7.19 15.57 0 95 0.08 0.28
6 7.35 16.68 0 161 0.05 0.18
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As shown in Table 3, the mean scores range from 7.19 to 21.70, the standard deviations range
from 10.56 to 16.68, the item difficulty indices range from 0.05 to 0.21, and the item discrimination
indices range from 0.18 to 0.42. These results suggest that the items were generally challenging for the
students. When the item difficulty indices are analyzed, it is seen that the most difficult item for the
students is item 6. When the discrimination index of this item is analyzed, it is seen that item six is less

discriminative than the other items.

3.2. Findings Regarding Construct Validity

In the dataset of 211 participants, multiple analyses were conducted to identify the most suitable
factor structure. It was found that the data could be factorized after removing the three scores related to
item 6 (f16, fx6, or6). The only item in the booklet in which no sample solution was given to students
was item six. Students may not have received sufficient points because they had difficulty answering
this item. For this reason, item six may not have worked in the factor analysis. The results of the Bayesian

EFA are presented in Table 4.

Table 4. Bayesian EFA Results

Number Posterior 95% Confidence Interval between Deviance BF

of Predictive observed and replicated chi-square (DIC)
factors P (PPP) values difference (CI)

1 0.000 1265.60 1340.71 14059.21
2 0.000 730.67 801.25 -588924.84 >1000000
3 0.000 332.68 407.18 -596665.04 0.00
4 0.000 118.08 194.31 -600579.38 0.00
5 0.106 -15.46 63.87 -603107.45 >1000000

When Table 4 is examined, the model-data fit of the five-factor solution is at an acceptable level
(PPP=0.106 > 0.05), and the CI contains zero value (-15.464 63.874), which indicates a perfect fit. In
the five-factor solution, the DIC value is -603107.457. This DIC value is better as it is smaller than the
DIC value of one, two, three, and four-factor solutions. Moreover, the BF value is calculated as >
1000000 as a result of the comparison of the four-factor model (Ho) and the five-factor model (H;), and
this value is greater than 100, which is the evidence that H; is supported. In other words, the five-factor
solution is better. Since it was determined that the five-factor structure was the best solution according
to the Bayesian EFA result in the measurement tool, the factor loadings, Eigenvalues, and residual

variances for only the five-factor solution are as in Table 5.
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Table 5. Bayesian EFA Results of the Five-Factor Structure

Factors Residual
Variables 1 2 3 4 5 variances
fl1 .861* 252
fx1 .992%* .010
orl .663%* 541
f12 914%* 162
fx2 .997* 006
or2 730% 435
f3 .365% 829
x3 .958%* 061
or3 .659%* 548
fl4 .850%* 252
ord .945% .103
f13 994 007
or5 996* .007
Eigenvalues 2.688 2.482 2.265 1.660 1.451

*at 0.05 significance level

As shown in Table 5, the MCT consists of five factors. The variables fl1, fx1, and or1 for the

first factor, f12, fx2, and or2 for the second factor, and so on, all have statistically significant factor

loadings. Additionally, all factor loadings, except for f13, are greater than 0.40.

The residual variance values for each variable vary between 0.006 and 0.829. The residual

variance values of variables that are well differentiated between factors and have high factor loadings

are also low (Kogar & Kogar, 2023). As a result, Bayesian EFA in MCT, the best solution was reached

in a five-factor structure. The first factor was called "generating equality (gey)", the second factor was

as "generating relationship (gr)", the third factor as "generating equation (gen)", the fourth factor as

"generate equal area (gea)" and the fifth factor as "generating triangle (gt)". Factor loadings ranged

between 0.365 and 0.997.

In the next stage of the study, the results obtained from Bayesian EFA were tested with first-

and second-order Bayesian CFA to examine the model’s construct validity. The PPP value calculated

for the holistic view of the first-order factor structure was found to be 0.211, which indicates that the

model is at an acceptable level. The first-order Bayesian CFA results are presented in Table 6.
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Table 6. First Order Bayesian CFA Results

Generating equality
Factor loading %95 GA
[Lower-Upper]
Generation relations
Factor loading %95 GA
[Lower-Upper]
Generation equation
Factor loading %95 GA
[Lower-Upper]
Generate equal area
Factor loading %95 GA
[Lower-Upper]
Generating triangles
Factor loading %95 GA
[Lower-Upper]

fll | .87[82-91] | fi2 | 91[87-95] | f13 | .31[.19-43] | fl4 | 95[.83-1.0] | fI5 | 1.00[.99-1.0]
fx1 | 98[.94-1.0] | fx2 | .98[.94-1.0] | fx3 | .97[.88-1.0] | or4 | .88[.80-99] | or5 | 1.00[.99-1.0]
orl | .87[.54-72] | or2 | .59[.48-.68] | or3 | .70 [.61-.78]

When Table 6 is examined, it is seen that the factor loadings (standardized Beta coefficients)
ranged between 0.87 and 0.98 for the items constituting the equality generation factor; between 0.59 and
0.98 for the items constituting the relationship generation factor; between 0.31 and 0.97 for the items
constituting the equation generation factor; between 0.88 and 0.95 for the items constituting the generate
equal area factor; and 1.00 for the items constituting the triangle generation dimension (p < 0.001). The

diagram of the first-order Bayesian CFA is presented in Figure 1.
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Figure 1. First-order Bayesian CFA diagram

Note: gey: generating equality; gr: generating relations; gen: generating equation; gea: generating equal area; gt: generating

triangle
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The PPP value calculated for the holistic view of the second-order Bayesian CFA factor
structure was found to be 0.218, which indicates that the model is at an acceptable level. The second-

order Bayesian CFA results are given in Table 7.

Table 7. Second-Order Bayesian CFA Results
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fll | .86[.81-91] | fi2 | 91[.87-91] | f13 | .25[11-39] | fi4 | 95[.83-1.0] | fI5 | 1.00[.99-1.0]
fx1 | .98[.94-1.0] | £x2 | .98[.94-.1.0] | fx3 | .97[87-1.0] | or4 | .87[.80-99] | or5S | 1.00[.99-1.0]
orl | .63[.53-71] | or2 | .58[47-.67] | or3 | .69 [.60-.78]

As can be seen in Table 7, the factor loadings (standardized Beta coefficients) range between
0.63 and 0.98 for the items constituting the equality generation factor, between 0.58 and 0.98 for the
items constituting the relationship generation factor, between 0.25 and 0.97 for the items constituting
the equation generation factor, between 0.87 and 0.95 for the items constituting the generate equal area
factor, and 1.00 for the items constituting the triangle generation dimensions (p < 0.001). The diagram

of the second-level Bayesian CFA is shown in Figure 2.

A ey \e—S88R2(mH
AT TT—=983(016)— _
: —~— 628 (045) _

P — orl
216 (,0v15) ": & ,:"*~f-:.f»--- 907 (.020)
p ——_0981(016) ____
580(0s0)
/288 (.120)

4 T

1.000 (.000) | matere §—

: ~-~i__'744('181)_ — _“:l gen = 254(072)—— *

\

— N N T972(034
N, 150 (.113) 690(046)
N\ » N/ o or3
- b
el L \ & /T 7946 (049) —_
870 (050) _
N ord

T 996 (003) —
S or5

Figure 2. The second-order Bayesian CFA
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generating equal area; gt: generating triangle
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Figure 2 shows that the first-order factors are predicted by the second-order factors, with

values ranging from 0.09 to 0.74.
3.3. Findings Regarding Internal Consistency Reliability

The analyses were conducted using a data set of 405 participants with 13 scores for internal
consistency reliability. The stratified Cronbach’s alpha coefficient was found to be 0.598. Given that the
mathematical creativity items are measured on different scales, the standardized Cronbach’s Alpha was
computed, yielding a value of 0.650. Tavakol and Dennick (2011) state that a the acceptable values of
alpha, ranging from 0.70 to 0.95, and explains that a low value of alpha could be due to a low number
of questions, or heterogeneous constructs. In addition to Cronbach’s alpha coefficient, McDonald’s
omega coefficient was also calculated and found to be 0.890. McDonald’s omega coefficient above 0.70
indicates that the measurement tool has a good level of reliability (Demir, Bektag, Demir & Bektas,
2020). Accoding McDonald’s omega coefficient it can be concluded that the MCT has a good level of
reliability.

4. DISCUSSION, CONCLUSION, AND RECOMMENDATIONS

This study was conducted to develop an instrument to measure high school students’
mathematical creativity skills. When the descriptive statistics of the items were analyzed, it was seen
that the highest average of the total creativity scores obtained from the items was in equation generation,
and the lowest average was in triangle generation. It can be argued that students showed the best
performance in producing equations and the lowest performance in producing triangles. The highest

performance was in algebra, and the lowest performance was in geometry.

It was determined that the developed measurement tool has a five-factor structure. This result
differs from the results of Balka (1974) and Sezerel (2019). Balka (1974) found that the six-item
measurement tool the researcher developed to determine creative ability in mathematics had a two-factor
structure. Sezerel (2019) found that the scale had a three-factor structure in which the researcher

developed a six-item mathematical productivity test to measure the creativity of middle school students.

According to Bayesian factor analyses, a five-factor structure was observed in the EFA, while

the first and second-level CFA results supported the model-data fit of the five-factor structure.

In the study, the stratified Cronbach’s alpha reliability coefficient of MCT was found to be 0.598,
the Cronbach’s alpha reliability coefficient was found to be 0.650, and the McDonald's omega reliability
coefficient was found to be 0.890. Akgiil and Kahveci (2016) found the reliability coefficient of the scale
they developed to measure the mathematical creativity of middle school students to be 0.80, and Tirkan
(2010) found the reliability coefficient of the test developed to measure the mathematical creativity of

sixth, seventh, and eighth-grade students as 0.78. Similarly, Balka (1974) found the reliability of the
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mathematical creativity measurement tool to be as 0.72. CFA was not reported in these studies. The low

number of items in the MCT may have caused Cronbach’s alpha coefficients to be low.

This study was conducted in high schools and BILSEM centers in the central districts of Ankara
province. For this reason, the findings to be obtained from samples including a large number of students
studying in different provinces of Turkiye may reveal more comprehensive findings regarding the
validity and reliability of the MCT. A similar study can be conducted to include high schools that accept
students without a central exam. In addition, in future studies, defining the relationship between the
concept of "mathematical creativity" and factors such as mathematics achievement and mathematics

may contribute to expanding the theoretical framework of mathematical creativity.

Another limitation of the study is that the items in the MCT cover the number, geometry, and
algebra sub-learning areas of mathematics. The study was administered in 40 minutes, which is the
duration of one lesson. Since the items were open-ended and did not have a limited number of solutions,
it was observed that the students needed a long time to answer. A similar study can be conducted by
preparing a measurement tool that includes more items covering different sub-learning areas of
mathematics, such as data, counting, and probability, and taking into account the test duration

accordingly.

Another limitation of the study is that rater errors could not be calculated, because the scoring

was done by a single rater. A similar study can be conducted with more than one rater doing the scoring.

MCT does not provide insights into students’ general abilities or creativity beyond their
mathematical creativity. Therefore, the findings of this study should be interpreted with caution in future

research.

Despite the summarized limitations, it is possible to say that the MCT is a valid, reliable, and

useful test that can be used to assess the mathematical creativity of high school students.
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APPENDIX Items of Mathematical Creative Test
Item 1) Obtain equations such as 2.4 = 8 using the numbers 0, 2, 4, 6, 8. However, do not write an
equation such as 3.4 = 12 because the number 1 in this equation is not among the numbers that can be

used. When obtaining equations;
e Not every number has to be used in every equation.

e Numbers can only be used once in every equation.

Item 2)

Write numbers inside the triangles so that they are related to the numbers in the squares given above.
State the rule for the relationship you have obtained, provided that the relationship is the same for both
shapes. Create as many different relationships as possible. There is no need to write the same numbers
for the same letters. The letters are added only to make it easier to express the rule. An example is given

below.

A A B Rule

0 1

N N

Item 3) Generate as many different equations as possible that include one unknown and the value of

A+B+C+D

the unknown is 4. (For example: x + 5 =9).

Item 4) . 12 dm
_4dm _ 3dm
4 dm A 4dm B
Bathroom
15 dm
3 dm
floor ' —fdo

3dm| C 2 dm D

Above is a bathroom floor with sides of 12 dm and 15 dm and tiles of types A, B, C and D, two of which
are square and two are rectangular, with given side lengths. The bathroom floor will be laid using these

tiles. While laying the bathroom floor;

* At least two different types of tiles should be used.
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* There should be no gaps on the bathroom floor.
* Tiles should not overlap and tiles should not break.

Show how you laid the bathroom floor by following these conditions and writing the letters of the tiles

you used on the figures below.

12 dm 12 dm

15 dm 15 dm

Item 5) If you want to form a triangle by joining three sticks with lengths of a units, b units and ¢ units
end to end, the length of any one of these sticks must be shorter than the sum of the lengths of the other

two and longer than the absolute value of their difference. So;
Ib—c| < a<b+c
la—c|l < b < a+c

la—b]l < ¢c < a+b should be

20 cm
Cem will cut the 20 cm long stick into pieces and join any three of the pieces end to end to obtain as
many different triangles as possible. What triangles can Cem obtain? An example is given below.
4 pieces obtained from the stick The sides of the triangle formed are 4, 5, 6
4,5,5,6 I5—-4] <6 <5 +4

Item 6) Expressions that contain at least one unknown and an operation are called algebraic
expressions. Create as many different algebraic expressions as possible that correspond to the

algebraic expression x + 4 in its simplest form.
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GENISLETILMIiS TURKCE OZET

MATEMATIKSEL YARATICILIK OLCME ARACI: BAYES YONTEMI iLE ACIMLAYICI
VE DOGRULAYICI FAKTOR ANALIZi ORNEGI

GIRiS

Teknolojik ve bilimsel gelismelerin sosyal aglari ve bireylerin hayatlarii degistirdigi, hizla degisen
diinyada, degisime uyum saglamak ve bu gelismeleri siirdiirmek icin yaraticiliga ihtiya¢ vardir. Her
bireyde var olan ancak deneyimlerle ve 6grenme yasantilari ile gelismeye agik olan yaraticilik, bireyin
O0grenme yasantist neticesinde Ogrendikleri arasinda baglanti kurarak karsilasti§i bir problemi
¢Ozebilmesi, bu baglantilar1 kullanarak ortaya yeni, 6zgiin bir diisiince ya da liriin koyabilmesi olarak
ifade edilebilir (Giileryiiz, 2000). Yaratici bireylere ve bireylerin yaraticiliginin giivenilir bir sekilde

Ol¢iiliip degerlendirilmesine olan ihtiyag¢ giin gectikge artmaktadir.

Matematigin diger alanlarla ve diisiince sekilleriyle olan iligskisi nedeniyle matematiksel yaraticilik,
matematikte oldugu kadar diger alanlardaki basariya da dogrudan etkisi olacak bir kavramdir. Bu amagla
kavramin igeriginin anlagilip degerinin ortaya konmasi sonucu bireylerdeki matematiksel yaraticilik
seviyelerinin belirlenip var olan potansiyelleri gelistirici c¢alismalarin  yapilmasi iizerine

yogunlasilmalidir (Tiirkan, 2010).

Tall (2002), matematiksel yaraticiligi, matematigin kendine 6zgli mantiksal-tiimdengelimli dogasini ve
olusturulan kavramlarin matematikte 6nemli olanin 6ziiyle biitiinlesmeye uygunlugunu dikkate alarak,

problem ¢dzme veya yapilarda diistinmeyi gelistirme yetenegi olarak tanimlamaktadir.

Matematiksel yaraticiliga sahip olan bireylerin analitik diisiinme, problem ¢6zme ve soyut kavramlar
arasinda baglanti kurma becerileriyle bilim, miithendislik, teknoloji gibi alanlarda toplumsal ilerlemeye
katki saglama potansiyelleri bulunmaktadir. Bu noktada matematiksel yaraticiligin giivenilir
yontemlerle Ol¢iilmesi, yaratici diisiinme potansiyeli yliksek olan bireyleri belirlemesine yardimci olarak
potansiyellerini ortaya ¢ikaracak sekilde egitimi almalarina yardimci olabilir. Bu nedenle, matematiksel

yaraticiligin giivenilir ve gecerli yontemlerle dl¢iilmesi 6nemlidir.

Matematiksel yaraticiligin dl¢iilmesinde literatiirde kullanilan {i¢ boyut ve bunlarin aciklamalar1 su

sekildedir:

e Akicilik: Bir probleme yanit olabilecek bir¢ok fikir ortaya koyabilme olarak tanimlanmaktadir.
Ornegin, sonucu 5 olan farkli islemler yazmak gibi. Yaratici bireyler problemin ¢dziimiine dair

fazla sayida diislince iiretebilir.
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o Esneklik: Bir probleme farkli bakis agilartyla yaklasabilme, ¢esitli durumlar gérebilme, degisik
kategorilerde fikir {iretme, bir olaya farkli perspektiflerden yaklasabilme olarak
tanimlanmaktadir. Ortaya konulan fikirler, problemi ne kadar degisik agilardan inceliyorsa
esnekligin o derece yiiksek oldugu anlamina gelmektedir. Yaratici bireyler probleme degisik

acilarda ¢ézlim yollar1 gdsterirler.

e  Orijinallik: Diisiince ve eylemde kendine has olma durumunu ifade etmektedir. Ortaya konan
fikir ne kadar az sayida bireyin aklina geliyorsa o derece orijinal kabul edilir. Yaratic1 bireyler

orijinal diisiinceler olustururlar (Atasoy, Kadayif¢1 ve Akkus, 2007).

Literatiirde matematiksel yaraticiligi 6lgmeyi amaglayan ¢aligmalarin biiyiikk kismi ilkokul (Kattou,
Kontoyianni, Pitta-Pantazi ve Christou, 2011; Schoevers, Kroosbergen ve Kattou, 2018) ve ortaokul
ogrencilerine yoneliktir (Akgiil ve Kahveci, 2016; Balka, 1974; Evans, 1964; Kartono ve Rusilowati,
2019; Mann, 2005; Prouse, 1964; Sahliawati ve Nurlaelah, 2020; Sezerel, 2019; Siswono, 2011; Taskin,
2016; Tiirkan, 2010; Zainudin, Subali ve Jailani, 2019). Matematiksel yaraticilik iizerine yapilan
caligmalarin bir kismi da matematiksel yaraticiligi yordayan degiskenlerin belirlenmesi amaciyla
gergeklestirilmistir (Acar, Tanidik, Uysal, Myers ve Inetas, 2022; Alkan, 2014; Suherman ve
Vidakovich, 2024; Tyagi, 2015). Literatiirde matematiksel alanda yaraticilik becerilerini ortaya
koymaya yonelik calismalar bulunmakta ancak lise grubu Ogrencilerinin matematiksel alandaki
yaraticilik becerilerini ortaya koymaya yonelik sinirli sayida ¢alisma bulunmaktadir. Calismada elde
edilen puanlarin gegerligi belirlenmek iizere Bayes yontemiyle faktor analizleri gergeklestirilmistir.
Caligmanin lise seviyesindeki 6grencilerin matematiksel alandaki yaraticilik becerilerini bilim ve sanat
merkezi (BILSEM), Anadolu lisesi ve fen lisesi 6grencilerinden elde edilen veriler ile belirleme

amaciyla alana katki saglamasi beklenmektedir.
YONTEM

Arastirmada tarama modeli kullanilmigtir. Ankara ilinde 6grenim géren dokuzuncu sinif 6grencilerinden
547 6grenci arastirmanin ¢alisma grubunu olusturmustur. Calisma grubunda katilimci onam formunu
isaretlemeyen, uygulama esnasinda yarim birakan 47 katthmcinin kitapgigi aragtirmaya dahil
edilmemistir. Orneklem se¢iminde amagh drnekleme kullanilmistir. Amach drnekleme ayn1 zamanda
bilgiye dayali 6rnekleme olarak da adlandirilir. Arastirmaci, 6rnekleme alinacak grubun deneyimine

veya bilgisine dayanarak 6rneklem secer (Airasian, 2000).

Oncelikle, lise 6grencilerinin matematiksel yaraticiliklarmi belirlemeye yonelik bir matematiksel
yaraticilik testi (MYT) gelistirilmistir. MYT gelistirilirken maddelerin bir kismi literatiirde
matematiksel yaraticiligi 6lgmeyi amaglayan arastirmacilarin olusturdugu maddelerden uyarlanirken
(Akar ve Karaduman, 2021; Evans, 1964; Haylock, 1984; 1987; Kanli, 2019; Mann, 2005; Price, 2006;

Prouse, 1964), bir kism1 da arastirmaci tarafindan gelistirilmistir.
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Veri toplamada kullanilacak 6lgme araci i¢in agik uglu 32 madde hazirlanmig, sonra ii¢ uzmanin
goriisine sunulmus ve uzmanlarin gortsleri dogrultusunda sekiz madde cikarilarak 24 maddeye
indirilmistir. Bu 24 madde, uzman goriisleri dikkate alinarak her formda sekiz madde ve dengeli
matematiksel icerik bulunacak bicimde form A, B ve C’ye yerlestirilmistir. Bu ti¢ ayr1 form sinavla ve
sinavsiz Ogrenci alan liselerde kagit-kalem testi seklinde ogrencilere 40 dakikalik siire verilerek
aragtirmaci gozetiminde uygulanmstir. Ogrencilerin sekiz maddeyi 40 dakikalik siirede yetistirmede
zorlandiklar1 gozlenmistir. Pilot uygulama sonrasinda maddeler akicilik, esneklik ve orijinallik
boyutlarina goére puanlanmistir. Akicilik boyutunda puanlama yapilirken dogru yanitlarin her birine bir
puan, esneklik boyutunda puanlama yapilirken farkli kategorilerdeki her dogru yanit i¢in bir puan
verilmistir. Orijinallik boyutunun puanlamasi yapilirken ise verilen dogru yanit, grubun %5’inden daha
az 6grenci tarafindan yazilmigsa alt1 puan, %5 ten fazla ancak %10’dan az 6grenci tarafindan yazilmigsa
lic puan, %10’dan fazla 6grenci tarafindan yazilmissa sifir puan verilmistir. Boylelikle akicilik, esneklik
ve orijinallik boyutlarinin hepsinde ham puanlar hesaplanmistir. Tiim maddelerde akicilik, esneklik ve
orijinallik boyutlarinda sinavla 6grenci alan liselerde 6grenim goren 6grencilerin sinavsiz 6grenci alan
liselerde 6grenim goren Ogrencilere oranla daha iyi bir performans gosterdigi tespit edilmistir. Bu
nedenle, nihai uygulamanin sadece sinavla dgrenci alan liselerde ve bilim ve sanat merkezi (BILSEM)
kurumlarinda yapilmasinin daha uygun olacagina karar verilmistir. Nihai uygulama i¢in alt1 agik uglu
maddenin se¢iminde, kapsam gegerligini saglamak acisindan iki tane sayilar, iki tane cebir ve iki tane
de geometri alanlarindan madde bulunmasina karar verilmistir. Nihai uygulama yalnizca sinavla 6grenci
alan liselerde ve BILSEM kurumlarinda dgrenim goren 547 6grenci iizerinde, arastirmaci gozetiminde

ogrencilere yine 40 dakika stire verilerek uygulanmistir.

MYT’yi olusturan alt1 agik u¢lu maddenin her biri akicilik, esneklik ve orijinallik boyutlarina gore
puanlanmistir. Madde analizleri, Bayes agimlayict ve dogrulayici faktdr analizleri yapilmis ayrica
puanlarin giivenirligini belirlemek amaciyla Cronbach alfa, tabakali Cronbach alfa ve McDonald omega

giivenirlik katsayilar1 hesaplanmaistir.

Madde analizleri, IBM SPSS 25.0 programi, puanlarin giivenirlikleri IBM SPSS 25.0 ve R psych paketi
(Revelle, 2025), Bayes yontemiyle AFA ve DFA analizleri ise Mplus 7.0 (Muthén & Muthén, 2012)

programi kullanilarak gerceklestirilmistir.
SONUC ve ONERILER

Bu arastirma lise 6grencilerinin matematiksel yaraticilik becerilerini 6l¢gmeyi amaglayan bir 6l¢me araci
gelistirmek i¢in yapilmistir. Maddelerin betimsel istatistikleri incelendiginde maddelerden elde edilen
toplam yaraticilik puanlarinda en yiiksek ortalamanin denklem iiretmede en diisiik ortalamanin tiggen
iiretmede oldugu goriilmiistiir. Buna gore 6grenciler en iyi performansi denklem liretmede, en diisiik
performansi iiggen iretmede gosterdikleri sOylenebilir. En yiiksek performans cebir alaninda

gercgeklesirken en diisiik performans geometri alaninda gergeklesmistir.
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Geligtirilen 6lgme aracinin bes faktorlii bir yapiya sahip oldugu belirlenmistir. Bu sonu¢ Balka (1974)
ve Sezerel’in (2019) sonuglariyla farklilik gostermektedir. Balka (1974), matematikte yaratici yetenegi
belirlemek i¢in gelistirdigi altt maddelik 6l¢me aracinin iki faktorlii bir yaprya sahip oldugunu, Sezerel
(2019) ise, ortaokul Ggrencilerinin yaraticiligini 6lgmeye yonelik olarak alti maddeden olusan
matematiksel iiretkenlik testini gelistirdigi arastirmasinda 6l¢egin ti¢ faktorlii bir yapiya sahip oldugunu

tespit etmistir.

Bayes faktor analizlerine gore, AFA’da bes faktorlii bir yapr gozlenirken ardindan yapilan birinci ve

ikinci diizey DFA sonuglarinin bes faktorlii yapinin model-veri uyumunu destekledigi gézlenmistir.

Arastirmada MY T nin Cronbach alfa giivenirlik katsayis1 0.650 tabakali Cronbach alfa katsayis1 0.598,
olarak ve McDonald omega giivenirlik katsayisi ise 0.890 bulunmustur. Akgiil ve Kahveci (2016)
ortaokul Ogrencilerinin matematiksel yaraticiliklarini 6lgmek igin gelistirdikleri olgegin giivenirlik
katsayisini 0.80 olarak, Tiirkan (2010) altinci, yedinci ve sekizinci sinif 6grencilerinin matematiksel
yaraticiliklarinm1 dlgmek igin gelistirdigi testin glivenirlik katsayisini 0.78 olarak, benzer bigimde Balka
(1974), gelistirdigi matematiksel yaraticilik 6lgme aracinin gilivenirligini 0.72 olarak bulmustur. Bu
caligmalarda DFA raporlanmamistir. MY T’ deki madde sayisinin az olmasi Cronbach alfa katsayilarinin

diisiik ¢ikmasina neden olmus olabilir.

Bu arastirma Ankara ilinin merkez ilgelerindeki smavla dgrenci alan liselerde ve BILSEM’lerde
yapilmigtir. Bu nedenle, Tiirkiye’nin farkli illerinde 6grenim goren ¢ok sayida dgrencinin yer alacagi
orneklemlerden elde edilecek bulgular, MYT’nin gegerlik ve giivenirligine yonelik daha kapsamli
bulgular ortaya koyabilir. Benzer bir arastirma sinavsiz 6grenci alan liseleri de kapsayacak sekilde
yapilabilir. Ayrica gelecekte yapilacak galigmalarda ‘matematiksel yaraticilik’ kavraminin 6grencinin
matematik basarisi, matematiksel gibi faktorlerle olan iliskisinin tanimlanmasi matematiksel

yaraticiligin kuramsal gercevesinin genisletilmesine katki saglayabilir.

Caligmanin bir bagka siirliligt MYT’deki maddelerin matematigin sayilar, geometri ve cebir alt
O0grenme alanlarin1 kapsamasidir. Calisma, bir ders siiresi olan 40 dakikada uygulanmistir. Maddeler
acik uclu oldugundan ve maddelerin sinirli sayida ¢6ziimii olmadigindan 6grencilerin yanitlamak i¢in
uzun siireye gereksinim duyma egiliminde olduklar1 gbzlenmistir. Benzer bir arastirma matematigin
veri, sayma ve olasilik gibi farklr alt 6grenme alanlarini da kapsayan daha fazla sayida maddenin yer
aldig1 ve buna uygun olarak test siliresinin gz oniinde bulunduruldugu bir 6lgme araci hazirlanarak

yapilabilir.

Caligmanin bir diger simurliligi ise puanlamanin tek bir puanlayici tarafindan yapilmasi nedeniyle
puanlayici hatalarinin incelenememesidir. Benzer bir ¢alisma 6lgme aracindan elde edilen verilerin
birden fazla puanlayicinin puanlamayi yapmasi ve puanlayict hatalarmin analiz edilmesi ile

gergeklestirilebilir.
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Ozetlenen sinirhiliklarina ragmen, MY T nin lise seviyesindeki dgrencilerin matematiksel yaraticiliginin
degerlendirilmesinde kullanilabilecek 6zgiin, gegerli, giivenilir ve kullanisl bir test oldugunu sdylemek

mumkiindir.
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