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Abstract: Mathematics education aims to enhance students’ computational skills and develop their critical,
creative, problem-solving, and metacognitive thinking abilities. In this context, the valid and reliable assessment
of mathematical higher-order thinking skills is crucial for evaluating instruction and monitoring cognitive
development. This study aims to adapt the Mathematical Higher-Order Thinking Scale, developed by Zhou et al.
(2024), for use in Turkish culture and to develop a valid and reliable measurement tool. The original scale consists
of four main dimensions: mathematical critical thinking, creative thinking, problem solving, and metacognitive
skills and nine subdimensions. The scale was translated into Turkish using the back-translation method, revised
based on expert opinions, and administered to 417 high school students. The construct validity of the scale was
examined through confirmatory factor analysis (CFA) and second-order CFA. Measurement invariance across
gender was tested at the configural, metric, scalar, and residual levels, and the model was found to be invariant
across groups. Reliability analyses were conducted, and correlations among the dimensions were examined to
ensure internal consistency. The findings indicated that the Turkish version of the Mathematical Higher-Order
Thinking Scale is a valid and reliable instrument for assessing students’ higher-order thinking skills in
mathematics.

Keywords: High school students, Mathematical higher-order thinking skills, Scale adaptation

Matematiksel Ust Diizey Diisiinme Olgegi: Tiirkceye Uyarlama, Gegerlik ve Giivenirlik
Calismasi

Oz: Matematik egitimi, ogrencilerin yalmzca islem becerilerini degil; elestirel, yaratici, problem ¢ézme ve
ustbiligsel diistinme becerilerini de gelistirmeyi hedefler. Bu baglamda, matematiksel {ist diizey diisiinme
becerilerinin gegerli ve giivenilir bicimde 6l¢iilmesi hem 6gretimin degerlendirilmesi hem de biligsel gelisimin
izlenmesi agisindan 6nemlidir. Bu arastirma, Zhou vd. (2024) tarafindan gelistirilen Matematiksel Ust Diizey
Diisiinme Olgegi'nin Tiirk Kkiiltiiriine uyarlanmasini ve gegerli, giivenilir bir Slgme araci elde etmeyi
amaglamaktadir. Orijinal 6l¢ekte matematiksel elestirel diistinme, yaratici diigiinme, problem ¢dzme ve iistbilissel
beceriler olmak tizere dort temel boyut ve dokuz alt boyut yer almaktadir. Geri geviri yontemiyle Tiirkgeye
uyarlanan dlgek, uzman goriisleri dogrultusunda diizenlenmis ve 417 lise grencisine uygulanmistir. Olgegin yapi
gegcerligi dogrulayici faktor analizi (DFA) ve ikinci diizey DFA ile incelenmis; cinsiyete gore 6l¢lim degismezligi
analizi yapilarak bi¢imsel, metrik, skalar ve hata degismezligi diizeylerinde modelin degismezligi dogrulanmuistir.
Giivenirlik analizleri sonucunda boyutlar arast korelasyonlar incelenmis ve dlgegin i¢ tutarlilign saglanmistir.
Bulgular, 6lgegin Tiirk kiiltiiriinde gegerli ve giivenilir bir 6lgme araci oldugunu gostermektedir.
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Introduction

In the 21st century, changing forms of information production require individuals to access
information and effectively utilize higher-level cognitive processes, such as analyzing, evaluating, and
transferring the information they obtain to new situations (Kurnaz, 2019; Topal et al., 2025). Education
systems, in particular, emphasize the need to instill these skills from an early age, prioritizing the
development of mental competencies, such as critical thinking, creative thinking, problem-solving, and
metacognitive awareness in students (Altun, 2024). Mathematics education, by its very nature, which
underlies mental processes, such as abstraction, generalization, and inference, is considered a suitable
discipline for developing these higher-level thinking skills (English & Halford, 2012; Lin, 2023).

Accordingly, international assessment systems, such as PISA and TIMSS, systematically evaluate
students' success not only at the procedural knowledge level but also in higher-order cognitive processes,
such as reasoning, judgment, and problem-solving (Incikabi et al., 2016; OECD, 2023). In the Turkish
context, the updated mathematics curriculum in the 21st Century Education Model (MEB, 2024), which
supports this approach, aims to develop students' mathematical thinking skills in a multidimensional
way, thereby making them active individuals in the information society. In the program, the
development of critical and creative thinking, the structuring of problem-solving processes, and the
acquisition of metacognitive awareness are considered among the basic competencies.

It is extremely important that these mental competencies are developed in learning processes and
measured in a valid and reliable manner. However, most of the scales developed in the literature for
measuring these skills are either designed independently of the field of mathematics or focus only on a
single cognitive dimension (e.g., only creative thinking or only problem-solving) (Giirefe & Akgakin,
2018; Korkmaz & Karakus, 2009; Unal & Aral, 2014). In addition, the limited number of psychometric
tools that are specific to mathematical content, based on theoretical foundations, and capable of
multidimensional measurement makes it difficult to evaluate higher-order thinking skills holistically in
education. Indeed, students' mathematical thinking skills often require the interaction of more than one
cognitive process, and these processes need to be evaluated without separating them (Schoenfeld, 1992).
In this context, Zhou et al. The Mathematical Higher-Order Thinking Scale (MHOTS), developed by
(2024), provides the opportunity to evaluate students' multi-layered mental processes by considering
them in four basic dimensions. This scale consists of four sub-dimensions: mathematical critical
thinking, mathematical creative thinking, mathematical problem solving, and mathematical
metacognitive skills.

Mathematical Critical Thinking

Mathematical critical thinking is a high-level cognitive process that involves an individual's
ability to generate information, make judgments, and make decisions by analyzing a mathematical
situation in a multidimensional way. This dimension encompasses the ability to perform mathematical
operations correctly and the ability to question, explain, and justify thought processes (Monteleone et
al., 2023). Critical thinking includes skills, such as interpretation, analysis, evaluation, explanation, and
creation, and the application of these skills in a mathematical context is defined as "critical mathematical
thinking." Students' behaviors of questioning mathematical solution processes, making judgments, and
justifying these judgments are among the key indicators of critical mathematical thinking. In this
context, a student's ability to solve a mathematical problem and explain the solution method, justify the
strategy used, and consider alternative solutions demonstrates their critical mathematical thinking skills
(Samura & Juandi, 2020). This skill supports the individual's thinking ability and social learning
processes, such as defending one's ideas in classroom discussions and critically evaluating the ideas of
others (Sachdeva & Eggen, 2021).
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Mathematical critical thinking is closely related to creative thinking, problem-solving, and
metacognitive skills, as individuals can both observe and reconstruct their own thinking processses,
thereby developing more in-depth solution strategies (Zhang et al., 2024; Monteleone et al., 2023). From
this perspective, mathematical critical thinking is an individual skill and a constructive, multifaceted,
and meaning-based learning process. Mathematical critical thinking allows students to question,
evaluate, and justify their solution process, while reconstructing this process in different, original, and
unconventional ways forms the basis of mathematical creative thinking.

Mathematical Creative Thinking

Mathematical creative thinking is a high-level cognitive process that enables an individual to
approach a mathematical problem in multifaceted and original ways, going beyond conventional
patterns. This skill encompasses not only arriving at the correct solution but also diversifying solution
paths, developing original ideas, and demonstrating active cognitive productivity in this process. This
dimension encompasses generating correct solutions to a mathematical problems and the ability to
produce many valid and meaningful ideas (fluency) and to develop original and unusual ideas among
them (innovation) (Suherman & Vidékovich, 2022). Fluency refers to the student's capacity to present
more than one solution path to the same problem, while innovation reflects the ability to select original
paths from among these and creatively restructure them (Fortes & Andrade, 2019; Sriraman, 2009). In
this context, mathematical creative thinking involves not only the student producing solutions but also
their ability to generate, compare, and refine these solution paths through flexible reasoning and
reflective decision-making. This is a multidimensional cognitive competency that includes the ability to
justify these solutions meaningfully, propose alternative approaches, and express original mathematical
thought structures (Furnham et al., 2013; Kholid et al., 2024). While mathematical creative thinking
supports students in generating multiple and original solution paths, the process of structuring,
evaluating, and effectively applying these solutions also requires problem-solving skills.

Mathematical Problem Solving

Mathematical problem-solving is a high-level cognitive process that involves an individual
understanding a mathematical situation, developing appropriate solutions, applying these solutions, and
evaluating the process. This dimension encompasses performing operations correctly and skills, such as
interpreting given information, generating strategies, monitoring the solution process, and evaluating
the outcome (Oztiirk et al., 2023). In this study, problem-solving skills are addressed in two main sub-
dimensions: reasoning skills and reflective skills. Reasoning skills involve the student making inferences
by establishing logical relationships between the data in the problem and planning the solution path
according to these inferences (Suherman & Vidakovich, 2022). Especially in structured problems, such
as ratios, proportions, and patterns, students' ability to produce correct solutions largely depends on how
effectively they use their reasoning processes (Oztiirk et al., 2021). Reflective skills, on the other hand,
refer to the student's ability to monitor the solution process, evaluate the functionality of the strategies
they have chosen, and reorganize the process when necessary (Carbonneau et al., 2020). This skill
enables the student to evaluate not only the result but also the process, and significantly increases
problem-solving success, mainly when supported by metacognitive awareness (Suherman &
Vidakovich, 2022). In this context, mathematical problem-solving is a holistic learning skill that extends
beyond simply reaching a solution; it encompasses the processes of planning, monitoring, and
structuring thought. This multi-layered cognitive structure of the problem-solving process requires the
individual's awareness of their own thought processes, their experiences, and their ability to manage
these processes consciously; this forms the basis of mathematical metacognitive skills.

Mathematical Metacognitive Skills

Mathematical metacognitive skills are a multi-layered cognitive self-regulation system related to
an individual's awareness of their own mathematical thinking processes, planning, monitoring, and
restructuring these processes when necessary (Muncer et al., 2021; Suliani et al., 2024). This skill
involves possessing information and understanding how, when, and why to use that information and
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consciously managing this usage process (Giiner & Erbay, 2021). Mathematical metacognitive skills are
examined under three main components: metacognitive knowledge, metacognitive experience, and
metacognitive monitoring.

Metacognitive knowledge refers to an individual's knowledge of their own cognitive
characteristics, learning strategies, and the requirements of tasks (Suliani et al., 2024). This type of
knowledge, metacognitive knowledge, encompasses three fundamental components: knowing what one
knows (declarative), knowing how to do something (procedural), and knowing when and in what
situation to use a particular strategy (contingent knowledge) (Giiner & Erbay, 2021). Students with well-
developed metacognitive knowledge can more realistically assess their own competencies and develop
more effective learning processes by choosing strategies appropriate to the type of problem they
encounter (Muncer et al., 2021).

Metacognitive experience is the student's awareness of the emotions, thoughts, and judgments
they experience during a mathematical task, as well as their ability to guide the process based on these
internal experiences (Yiiksel et al., 2021). This experience is crucial in reflecting what an individual
feels, knows, thinks, and how confident they are while solving a particular problem (Suliani et al., 2024).
In particular, feelings of difficulty or success experienced during problem-solving can cause individuals
to change their strategy choices, which is effective in consciously managing the process (Sahinkaya et
al., 2022). Metacognitive monitoring is the ability of an individual to observe their mathematical
thinking process in real time, control the solution process, and reorganize it by intervening when
necessary (Giiner & Erbay, 2021). This monitoring skill to identify their current position during the
solution process, recognize their mistakes, and adjust their strategies to steer the process in the right
direction (Suliani et al., 2024). Research indicates that developing metacognitive skill enables students
to successfully manage the outcome and the process, and significantly enhances their mathematical
achievement (Aydin & Oztiirk, 2024). In this context, mathematical metacognitive skills are a
fundamental cognitive system that reflects how students access information, structure and evaluate
information in the mathematical learning process; they are integrated with self-awareness and support
in-depth learning (Suliani et al., 2024; Muncer et al., 2021).

In recent years in Tiirkiye, various scale development and adaptation studies have been carried
out regarding metacognitive skills, creative and critical thinking, and mathematical problem-solving
processes. However, the number of measurement tools that directly link metacognitive awareness to the
problem-solving process is quite limited. Most scales developed in Tiirkiye either measure general
metacognitive awareness or address problem-solving processes indirectly. The majority of these studies
address general metacognitive constructs or establish a limited relationship with the mathematical
context. For example, the scales developed by Firat Durdukoca and Aribag (2019) and Kaplan and Duran
(2016) aim to measure the general level of metacognitive awareness. They are not structured specifically
for mathematical content. The scales developed by Canakg1 and Ozdemir (2011) and Haciémeroglu
(2011), respectively, aim to measure attitudes and beliefs regarding mathematical problem solving and
exclude higher-level cognitive processes. Furthermore, Suliani et al. (2024), Muncer et al. (2021), and
Yiiksel et al. Studies, such as (2021), highlight the significance of metacognitive skills in individuals'
mathematical thinking processes, but state that there is an insufficient number of scales that directly
measure these constructs.

In line with this general picture, most measurement tools developed and adapted in mathematical
problem-solving in Tiirkiye focus on attitudes, skills, beliefs, and achievement in terms of the areas they
evaluate. For example, attitude scales aim to measure students' tendencies and motivations towards
problem-solving (Canakgi, 2008; Ugurluoglu, 2008). Skill scales are geared towards evaluating
individuals' problem-solving performance (Comlekoglu, 2001; Ozsoy, 2008; Uysal, 2007; Kizilkaya &
Askar, 2009; Ozpinar, 2012; Muyo, 2015; Celik, 2017; Atlihan, 2021; Giirsoy & Celikoz, 2021).
However, metacognitive regulatory dimensions of the problem-solving process, such as planning,
monitoring, control, and evaluation, are mostly overlooked in these tools.
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Similarly, belief scales have measured students' epistemological beliefs and self-efficacy
perceptions regarding problem-solving (Kayan, 2008; Hacidmeroglu, 2011; Glimiis & Umay, 2017).
These scales assess subjective beliefs about problem-solving rather than cognitive awareness in the
process. Achievement tests (Sadik, 2006; Giines, 2022; Siizer, 2022; Yasar, 2022) measure problem-
solving performance but do not directly assess individuals' metacognitive awareness of their own
problem-solving processes. An examination of the study groups reveals that the developed scales are
applied across a wide range of levels, from second grade of primary school to university level
(Degirmenci & Deringél, 2024; Canakg1, 2008; Uysal, 2007; Celik, 2017; Ozpmar, 2012; Atlihan, 2021;
Ozsoy, 2008; Sadik, 2006; Siizer, 2022; Yasar, 2022; Haciémeroglu, 2011; Kayan, 2008; Muyo, 2015;
Comlekoglu, 2001; Giimiis & Umay, 2017; Giirsoy & Celikdz, 2021). This situation highlights that
despite extensive studies on measuring problem-solving skills at various ages and educational levels,
remains lack of valid and reliable measurement tool to evaluate metacognitive awareness in the
mathematical problem-solving process of high school students, along with their creative and critical
thinking skills. In this context, adapting the scale developed by Zhou et al. (2024), which addresses the
dimensions of critical thinking, creative thinking, problem-solving, and metacognitive thinking
holistically, into Turkish makes an important contribution to meeting the multidimensional
measurement needs in the field.

Therefore, rather than developing a new scale, the present study aims to adapt the Mathematical
Higher-Order Thinking Scale (MHOTS) developed by Zhou et al. (2024), which has a solid theoretical
foundation and a multidimensional structure, for use in Turkish. This approach enabled the benefits of
the international validity and comprehensive factor structure of the original scale, while also facilitating
cultural and linguistic adaptations suitable for the Turkish educational context. The adapted scale has a
unique structure that enables the evaluation of students' mathematical thinking processes in a
multidimensional manner. The scale developed by Zhou et al. (2024) aims to measure the cognitive,
affective, and metacognitive aspects of mathematical thinking simultaniously addressing the dimensions
of critical thinking, creative thinking, problem-solving, and metacognitive thinking within a holistic
framework. Considering that the existing tools for measuring mathematical thinking skills in Tiirkiye
are generally unidimensional, the translation of this scale into Turkish fills an important gap in the field.
Furthermore, this study is consistent with national education policies as, it contributes to the assessment
of higher-order thinking and problem-solving skills emphasized in the Turkish Century Education
Model (MEB, 2024). Therefore, the Turkish adaptation of the scale can make a significant contribution
to the field of mathematics education at both theoretical and practical levels.

Purpose

This study aims to fill a significant gap in the literature and provide an original and functional
contribution by adapting the MHOTS (Mathematical Higher-Order Thinking Scale) developed by Zhou
et al. (2024) into Turkish, presenting the validity and reliability evidence of the scale in a Turkish
sample, and examining the psychometric properties of the measurement instrument. In this context, the
study investigated whether the four-dimensional structure of the scale remains valid within the Turkish
cultural context.

The adapted scale is an important tool n for academic research and teachers to identify, monitor,
and plan strategies for developing students' higher-order thinking skills in their classroom practices. For
researchers, the scale enables a holistic analysis of the cognitive, affective, and metacognitive
dimensions of mathematical thinking; for policymakers, it provides a concrete measurement tool for
assessing 21st-century skills and the higher-order thinking achievements emphasized in the Turkish
Century Education Model.

The findings of this study can make significant contributions to both monitoring the effectiveness
of curricula and developing evidence-based practices that support higher-order thinking skills in teacher
training processes. It is anticipated that the results of this research will guide studies on measuring,
monitoring, and developing students' higher-order thinking skills in mathematics education. This
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adapted scale allows for a multidimensional and holistic assessment of students' cognitive,
metacognitive, creative, and critical thinking skills in a mathematical context, filling a significant gap
in the literature and offering a unique and functional contribution to the field.

Method

This research aims to adapt the Mathematical Higher-order Thinking Scale (MHOTS), originally
developed by Zhou et al. (2024), to assess the mathematical higher-order thinking skills of high school
students, to Turkish culture. Accordingly, a survey model, a quantitative research method, was chosen
for this study. The survey model is a research design that aims to describe an existing situation,
phenomenon, or characteristic as it is and within its natural environment (Karasar, 2000). In this study,
validity and reliability analyses were conducted as part of the adaptation process of the MHOTS scale
into Turkish; the construct validity of the scale was examined using confirmatory factor analyses.
Furthermore, the internal reliability coefficients of the scale were calculated to evaluate the consistency
of each dimension, and the correlations between the dimensions were examined to support the structural
integrity of the scale.

Translation Study

The adaptation process was carried out in accordance with criteria accepted in national and
international literature (Hambleton et al., 2005). In the first stage, the 45 items of the original scale were
independently translated into Turkish by three foreign language experts and three mathematics
education experts with proficiency in the English-Turkish language. Then, each translation was
combined, and a consensus was reached. This translated text was then re-translated into English using
the back-translation method by three foreign language educators who were different from the expert
team that had done the first translation. This process was conducted to assess whether the translations
retained their conceptual and semantic integrity (Brislin, 1970). The back-translations were compared
with the original scale, and it was found that they maintained semantic integrity.

Following expert opinions, a Turkish version of the scale was created through final revisions, and
a pilot application was conducted with a group of 30 high school students. In this study, the scale form
was evaluated in terms of students' understanding of the statements, and minor simplifications were
made to the item structure accordingly. Based on the feedback obtained from the pilot application, the
scale was finalized and unanimously approved by the expert team, making it ready for implementation.
In the Turkish adapted scale, the four core dimensions (Mathematical Critical Thinking, Mathematical
Creative Thinking, Mathematical Problem Solving, and Mathematical Metacognitive Skills) and their
nine sub-dimensions were retained, as in the original form. The scale is structured as a 5-point Likert
scale (1 = Strongly disagree, 5 = Strongly agree), as in the original study. In this context, the translation
and adaptation process focused on ensuring cultural and linguistic equivalence at a qualitative level;
based on expert opinions and the results of the pilot application, it was observed that the scale has been
adapted to be understandable and contextually appropriate for Turkish high school students. However,
it should be noted that since linguistic equivalence was examined only qualitatively in this process, the
findings offer a limited linguistic evaluation.

Research Group

The study's research group consisted of high school students studying in a province located in
Northeast Tiirkiye, studying during the 2024-2025 academic year. The research group comprised a total
of 417 high school students, including 210 females (50.36%) and 207 males (49.64%). The distribution
of participants by grade level was as follows: 87 (20.9%) 9th-grade students, 107 (25.7%) 10th-grade
students, 109 (26.1%) 11th-grade students, and 114 (27.3%) 12th-grade students. In the literature, the
recommended lower limit for valid factor analysis results is 400 (Goretzko et al., 2021; Giivendir et al.,
2025). Accordingly, the sample size of this study appears to be sufficient.
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Data Collection Tool

The Mathematical Metacognitive Thinking Scale (MHOTS) was developed by Zhou et al. (2024)
to assess the higher-order mathematical thinking skills of high school students. During the scale
development process, 53 items were identified with the contributions of experts in mathematics
education and assessment; these were then reduced to 45 items based on expert opinions and analyses.
The scale includes four core dimensions related to mathematical thinking: mathematical critical
thinking, mathematical creative thinking, mathematical problem-solving, and mathematical
metacognitive skills. Each core dimension is further divided into sub-dimensions, resulting in nine sub-
factors. The scale is structured using a 5-point Likert scale (1=Strongly disagree, 5=Strongly agree), and
data regarding students' gender and class variables were also collected during the application process.

The first dimension of the scale, Mathematical Critical Thinking, includes the sub-dimensions of
Curiosity and Systematic Thinking. This dimension aims to measure students' tendencies to question
mathematical situations deeply and think systematically. Examples include statements. For example,
"When faced with a mathematical problem, I ask questions to find different solutions," and "When
solving a problem, I arrange the steps I follow in a logical order." The second dimension, Mathematical
Creative Thinking, consists of the sub-dimensions of Flexibility and Innovation. This dimension
evaluates students' ability to solve mathematical problems using unconventional approaches. For
example, statements "I try different methods to solve a mathematical problem," and "I enjoy generating
original ideas in mathematics," fall under this dimension. The third dimension, Mathematical Problem
Solving, encompasses the sub-dimensions of Reasoning Skills and Reflective Skills. This dimension
aims to measure students' abilities in logical reasoning, strategy formation, and evaluating the solution
process. An example of this is, "When solving a mathematical problem, I verify the result I reach in
different ways." Examples of this dimension include statements. For example, "After solving a problem,
I evaluate whether the method I used was appropriate." The fourth dimension, Mathematical
Metacognitive Skills, consists of the sub-dimensions of Knowledge, Experience, and Monitoring. This
dimension measures students' ability to plan, monitor, and organize their own learning processes. For
example, statements like "Before solving a problem, I think about what approach I will take" and "I
change my solution strategy by learning from the mistakes I make in mathematics" are examples of this
dimension.

Data Collection and Analysis Process

This research began with obtaining the necessary permission via email from the responsible
author who developed the scale. After obtaining ethical permissions, the process of adapting the scale
into Turkish commenced. Following the adaptation process, the Turkish version of the scale was
administered to high school students. Participants answered the demographic questions in the first part
of the form and then indicated their opinions on the scale items using a 5-point Likert scale. The
application was conducted on a voluntary basis, and necessary permissions were obtained from the
school administration and teachers. The data collection process was carried out in a manner that did not
disrupt class operations.

In the analysis process, the Kaiser-Meyer-Olkin (KMO) coefficient and Bartlett's sphericity test
were first examined to determine the suitability of the data for factor analysis. The results of these tests
showed that the data were suitable for factor analysis, and the Confirmatory Factor Analysis (CFA)
process was initiated. SPSS, Jamovi, and AMOS programs were used together to test the structural
validity of the scale and the model's fit to the sample. Since the data type is at the ordinal level, the
WLSMV (Weighted Least Squares Mean and Variance Adjusted) estimation method and polychoric
correlation matrix were preferred in the CFA analysis. To evaluate model fit, the ¥?/df, CFI, NFI, GFI,
AGFI, and RMSEA fit indices were reported. The findings indicate that the model provides good fit
values (y*/df <3, RMSEA < .08, CFL, NFI > .90, GFI, AGFI > .85).

The analysis revealed that the four core dimensions (Mathematical Critical Thinking,
Mathematical Creative Thinking, Mathematical Problem Solving, and Mathematical Metacognitive



Kurdal & Kaplan / Anemon Mug Alparslan Universitesi Sosyal Bilimler Dergisi, 2026 14(1) 316-362 323

Skills) and their nine sub-dimensions were validated in accordance with the original structure.
Standardized factor loadings ranging from .51 to .91 indicated that the items adequately represented
their respective dimensions. Furthermore, the high and significant correlation coefficients between the
core dimensions support the construct validity of the model. In addition, the measurement invariance of
the scale with respect to the gender variable was examined. In this context, structural equation modeling
(SEM) was used to test the configural, metric (factor loadings), scalar (cross-sectional), and strict (error
variances) levels of invariance, respectively. The fact that the obtained ACFI, ATLI, and ARMSEA
values remained within acceptable limits (ACFI < .01, ATLI < .01, ARMSEA <.015) indicates that the
scale functions equivalently for female and male students and that measurement invariance has been
ensured.

As part of the reliability analyses of the scale, Cronbach’s alpha, McDonald’s Omega, Guttman
Split-Half, and Spearman-Brown coefficients were calculated; coefficients above .80 for all dimensions
indicated that the scale has high internal consistency. In conclusion, the analyses conducted revealed
that the MHOTS can be used validly and reliably in Turkish high school students.

Findings

In the process of adapting the scale into Turkish, the suitability of the data for factor analysis was
examined first. Accordingly, kurtosis and skewness values were calculated for each sub-dimension in
the dataset, and the results obtained are presented in Table 1.

Table 1. Descriptive Statistics for Sub-Dimensions

Sub-Dimensions N X SS Kurtosis Skewness

Mathematical Critical 417 40.15 72 -94 31
Thinking

Mathematical Creative 417 28.08 .63 =17 .04
Thinking

Mathematical Problem 417 34.90 74 -1.05 28

Solving
Mathematical Metacognitive 417 33.55 57 -1.15 30
Skills

As shown in Table 1, the kurtosis and skewness values for all sub-dimensions were in the range
of -1.5 to +1.5. Biiyiikoztiirk (2007) and Tabachnick and Fidell (2013) state that values within this range
ensure normality. Accordingly, it is assumed that the data set meets the assumption of normal
distribution. Furthermore, it was determined that the sample size is sufficient and there were no missing
or outlier values. To test the suitability of the data set for factor analysis, the Kaiser-Meyer-Olkin (KMO)
and Bartlett's Sphericity Tests were applied, and the findings are presented in Table 2.

Table 2. KMO and Bartlett Sphericity Test Results for Each Subdimension

Mathematical Critical KMO Value 97
Thinking Bartlett Sphericity Test Chi-square 5774,84
Degrees of freedom 78
p .000*
Mathematical Creative KMO Value .87
Thinking Bartlett Sphericity Test Chi-square 927.39
Degrees of freedom 45
p .000*
Mathematical Problem KMO Value .96
Solving Bartlett Sphericity Test Chi-square 5202.31
Degrees of freedom 55
p .000*
Mathematical KMO Value 95
Metacognitive Skills Bartlett Sphericity Test Chi-square 4449.80
Degrees of freedom 55

p .000*
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p*<.05

According to Table 2, the KMO values for each sub-dimension ranged between .87 and .97, and
all values were above .60. Furthermore, the Bartlett Sphericity Test was statistically significant for each
sub-dimension (p <.05). According to Biiyiikoztiirk (2006), for factor analysis to be possible, the KMO
value must be greater than .60 and the Bartlett test must be statistically significant. In this context, the
findings indicate that the dataset is highly suitable for factor analysis. During the adaptation process, the
structural steps in the scale's development phase were followed, and the factor structure and reliability
were evaluated separately for each dimension.

Mathematical Critical Thinking Dimension CFA Results

To test the validity of the two-factor structure of the mathematical critical thinking dimension, a
confirmatory factor analysis (CFA) was applied. This analysis examined the extent to which previous
findings were confirmed in the sample and tested the validity of the structure. The CFA was performed
using the AMOS program, and the resulting model fit indicators are visualized in Figure 1. As seen in
Figure 1, the confirmatory factor analysis of the mathematical critical thinking dimension confirmed the
two-factor structure of the model. The factor loadings of the items related to the "Curiosity" factor
ranged from .86 to .90, while the factor loadings of the items related to the "Systematicity" factor ranged
from .86 to .89. These values indicated that all items strongly represent their respective factors.
Furthermore, the correlation coefficient of .77 between the two factors reveals that the Curiosity and
Systematicity dimensions were highly related to each other, but did not measure the same structure.
When Figure 1 is examined, the model's fit indices were calculated as follows: y>=117.072, df = 64, p
=.007, y*/df = 1.829, CFI = .99, GFI = .96, NFI = .98, AGFI = .94, and RMSEA = .045. Information
regarding the evaluation of these values is presented in detail in Table 3.

Table 3. Compatibility Indices related to the Dimension of Mathematical Critical Thinking

Compgtibility Zhou vd. The values obtair_led within Acceptabl; range of  Perfect fit D_ecision

Indices the scope of this study. compliance range (Kline, 2019)

¥ /df 2.670 1.829 3-5 0-3 Perfect Fit

RMSEA 0.072 .045 <.08 <.06 Perfect Fit

NFI 0.923 98 >.90 >.95 Perfect Fit

CFI 0.950 .99 >.90 >.95 Perfect Fit

GFI 0.931 .96 >.85 >.90 Perfect Fit

AGFI 0.917 .94 >.85 >.90 Perfect Fit

When Table 3 is examined, the y*df value being below 3 indicates that the model is at an
acceptable level. The RMSEA value being below .06 (.037) shows that the model has a low error rate
and exhibits excellent fit. All other fit indices, NFI, CFI, GFI, and AGFI, are above .95 or .90, indicating
that the model has a high level of structural validity.

Based on the fit criteria proposed by Kline (2019), all indices obtained in this study had an
excellent fit level. Furthermore, the fact that these results coincide with the structural model reached by
Zhou et al. (2024), who developed the original scale, indicates that the factor structure in the adapted
scale has been preserved and validated in accordance with the original structure. Accordingly, it can be
stated that the two-factor structure related to the dimension of mathematical critical thinking is
consistently maintained based on both theoretical grounds and empirical findings.

Following confirmatory factor analysis, convergent and divergent validity values for the
Mathematical Critical Thinking dimension were examined. In this context, the Mean Explained
Variance (AVE) values for the Curiosity and Systematics sub-dimensions were calculated as .77 and
.76, respectively, and the Composite Reliability (CR) values were calculated as .95 and .96. These values
met the criteria of AVE > .50 and CR > .70. This finding indicates that both sub-dimensions have
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convergent validity and that the items adequately represent the factor to which they belong (Fornell &
Larcker, 1981; Hair et al., 2019). Regarding divergent validity, it was determined that the AVE values
for the Mathematical Critical Thinking dimension (.77 and .76) were higher than the squares of the
correlation coefficients (r?) of this dimension with the other dimensions [MED-MPC = (.743)? = .552;
MED-MUB = (.766)> = .587]. This result showed that the Curiosity and Systematics sub-dimensions
were statistically distinguishable from other constructs in the scale. Therefore, the obtained AVE and
CR values supported both the theoretical consistency and psychometric robustness of the Mathematical
Critical Thinking dimension.
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Figure 1. CFA Results regarding the Dimension of Mathematical Critical Thinking (Merak:
Curiosity, Sistematiklik: Systematics)

Mathematical Creative Thinking Dimension CFA Results

To test the validity of the two-factor structure of the mathematical creative thinking dimension,
CFA was applied. This analysis examined the extent to which previous findings were confirmed in the
sample and tested the validity of the structure. CFA was performed using the AMOS program, and the
resulting model fit indicators are visualized in Figure 2. Figure 2 shows that the model exhibits an
acceptable level of fit and that the measurement instrument maintains its construct validity. When
examining the standardized factor loadings, it is observed that the loadings of the items in the Flexibility
dimension range from .48 to .67, and the loadings of the items in the Innovation dimension range from
.50 to .61. The fact that all items have factor loadings above .40 indicates that the items adequately
represent their respective dimensions. Furthermore, the observed correlation of .85 between the two
factors reveals that the dimensions have a significant and strong relationship with each other. These
results generally show that the model fits the data well and that the two-dimensional structure of the
scale is confirmed. When Figure 2 is examined, the model's fit indices were calculated as follows: y* =
97.354, df = 34, p = .000, ?*/df = 2.863, CFI = .93, GFI = .96, NFI = .91, AGFI = .93, and RMSEA =
.067. Information regarding the evaluation of these values is presented in detail in Table 4.
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Table 4. Compatibility Indices related to the Mathematical Creative Thinking Dimension

Compatibility =~ Zhouvd.  The values obtained within ~ Acceptable range Perfect fit Decision
Indices the scope of this study. of compliance range (Kline, 2019)
X2/df 3.599 2.863 3-5 0-3 Perfect Fit
RMSEA .057 .067 <.08 <.06 Perfect Fit
NFI 91 .90 >.90 >95 Perfect Fit
CFI .95 .93 >.90 >95 Acceptable fit
GFI 0.930 .96 >.85 >.90 Perfect Fit
AGFI 0.907 .93 >.85 >.90 Perfect Fit

When Table 4 is examined, a %*/df value below 3 indicates that the model is at an acceptable level.
An RMSEA value below .07 (.067) shows that the model has a low error rate and exhibits an excellent
fit. All other fit indices, NFI (.896), CFI (.929), GFI (.956), and AGFI (.929), are at an acceptable level,

indicating good fit and structural validity.

Based on the fit criteria proposed by Kline (2019), all indices obtained in this study have an
excellent fit. Furthermore, the congruence of these results with the structural model developed by Zhou
et al. (2024), who developed the original scale, reveals that the factor structure in the adapted scale has
been preserved and validated in accordance with the original structure. Accordingly, it can be stated that
the two-factor structure related to the dimension of mathematical creative thinking is consistently
maintained, based on both theoretical grounds and empirical findings.

In terms of convergent validity, the AVE values for the Flexibility and Innovation sub-dimensions
were calculated as .34 and .33, respectively, and the CR values were .72 and .71. Although the AVE
values are below .50, the CR values being above .70 indicates that the construct has an acceptable level
of convergent validity (Fornell & Larcker, 1981; Hair et al., 2019). This result shows that the relevant
items are significantly related to the factor and that the internal consistency of the construct is ensured.
In the divergent validity analysis, it was observed that the AVE value of the Mathematical Creative
Thinking dimension (.58) is higher than the squares of the correlation coefficients with the other
dimensions [MRT-MCT = (.127)> = .016; MRT-MMS = (.135)?> = .018]. This indicates that the
Flexibility and Innovation sub-dimensions are distinguishable from other constructs within the scale.
Therefore, the obtained AVE and CR values support the theoretical integrity of the Mathematical
Creative Thinking dimension and strengthen the overall validity of the scale.
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Figure 2. CFA Results regarding the Dimension of Mathematical Creative Thinking (Esneklik:
Flexibility, Yenilik: Innovation)

Mathematical Problem Solving Dimension CFA Results

To test the validity of the two-factor structure of the mathematical problem-solving dimension,
Confirmatory Factor Analysis (CFA) was applied. This analysis examined the extent to which previous
findings were confirmed on the sample and tested the validity of the structure. CFA was performed
using the AMOS program, and the resulting model fit indicators are visualized in Figure 3. Figure 3
shows that the model exhibits an excellent fit and strongly ensures the structural validity of the
measurement instrument. When the standardized factor loadings were examined, it was determined that
the loadings of the items in the Reasoning dimension ranged from .88 to .92, and the loadings of the
items in the Reflective dimension ranged from .88 to .91. The fact that the factor loadings of all items
are well above .40 indicates that the items represent their respective dimensions at a high level.
Furthermore, the observed correlation of .77 between the two factors reveals that the dimensions have a
significant and strong relationship with each other. When Figure 3 is examined, the model's fit indices
were calculated as follows: ¥*> = 65.613, df =34, p=.01, y¥/df = 1.526, CF1=.99, GFI = .97, NFI = .99,
AGFI = .96, and RMSEA = .036. Information regarding the evaluation of these values is presented in
detail in Table 5.

Table 5. Compatibility Indices Related to the Mathematical Problem Solving Dimension

Compgtibility Zhou vd. The values obtaiped within Acceptablej range Perfect fit Decision

Indices the scope of this study. of compliance range (Kline, 2019)

X2/df 3.368 1.526 3-5 0-3 Perfect Fit

RMSEA 0.076 .036 <.08 <.06 Perfect Fit

NFI 0.928 .99 >.90 >.95 Perfect Fit

CFI 0.948 .99 >.90 >.95 Perfect Fit

GFI 0.929 97 >.85 >.90 Perfect Fit

AGFI 0.906 .96 >.85 >.90 Perfect Fit

Table 5 shows that a y¥?/df value below 3 indicates that the model is at an acceptable level. An
RMSEA value below .06 (.036) shows that the model has a low error rate and exhibits excellent fit. All
other fit indices, NFI, CFI, GFI, and AGFI, are .95 or higher, indicating a high level of structural validity
for the model.
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Based on the fit criteria proposed by Kline (2019), all indices obtained in this study are found to
have an excellent fit level. Furthermore, the fact that these results coincide with the structural model
reached by Zhou et al. (2024), who developed the original scale, reveals that the factor structure in the
adapted scale has been preserved and validated in accordance with the original structure. Accordingly,
it can be stated that the two-factor structure related to the mathematical problem-solving dimension is
consistently maintained based on both theoretical grounds and empirical findings.

In the convergent validity analysis, the AVE values for the Reasoning Skills and Reflective Skills
sub-dimensions were calculated as .79 and .80, respectively, and the CR values were .96 for both
dimensions. The satisfaction of the conditions AVE >.50 and CR >.70 indicated that the items represent
the factors at a high level and that convergent validity is achieved. In terms of divergent validity, it was
found that the AVE value for the Mathematical Problem Solving dimension (.80) is higher than the
squares of the correlation coefficients of this dimension with the other dimensions [e.g., MPS-MCT =
(.743)? = .552; MPS-MMS = (.784)> = .614]. This finding shows that the Reasoning and Reflective
components are distinguishable from other constructs in the scale; thus, it strongly supports the overall
construct validity of the scale (Fornell & Larcker, 1981; Hair et al., 2019).

Figure 3. CFA Results Regarding the Problem-Solving Dimension (Muhakeme: Reasoning
Skills, Yansitict: Reflective skills)

Mathematical Metacognitive Skills Dimension CFA Results

To test the validity of the three-factor structure of the mathematical metacognitive skills
dimension, CFA was applied. This analysis examined the extent to which previous findings were
confirmed on the sample and tested the validity of the structure. CFA was performed using the AMOS
program, and the resulting model fit indicators are visualized in Figure 4. Figure 4 shows that the model
exhibits an excellent fit and strongly ensures the structural validity of the measurement instrument.
When examining the standardized factor loadings, it was determined that the loadings of the items in
the Knowledge dimension ranged from .81 to .97, those in the Experience dimension from .55 to .57,
and those in the Monitoring dimension from .55 to .61. The fact that the factor loadings of all items were
well above .40 indicates that the items adequately represent their respective dimensions. Furthermore,
correlations between the factors ranging from .45 to .57 revealed that the dimensions are significantly
and moderately related to each other. When Figure 4 is examined, the model's fit indices were calculated
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as > = 49.55, df = 41, p = .168, */df = 1.208, CFI = 1.00, GFI = .98, NFI = .99, AGFI = .96, and
RMSEA = .024, respectively. Information regarding the evaluation of these values is presented in detail
in Table 6.

Table 6. Fit Indices for the Mathematical Metacognitive Skills Dimension

Compatibility Zhou vd. The values obtained within ~ Acceptable range of Perfect fit Decision
Indices the scope of this study. compliance range (Kline, 2019)

X%/df 3.003 1.208 3-5 0-3 Perfect Fit

RMSEA 0.071 0.024 <.08 <.06 Perfect Fit

NFI 0.905 .99 >.90 >.95 Perfect Fit

CFI 0.933 1.00 >.90 >.95 Perfect Fit

GFI 0.933 .98 >.85 >.90 Perfect Fit

AGFI 0.902 .96 >.85 >.90 Perfect Fit

Table 6 shows that a ¥?/df value below 3 indicates that the model is at an acceptable level. An
RMSEA value below .06 (.024) shows that the model has a low error rate and exhibits excellent fit. All
other fit indices, NFI, CFI, GFI, and AGFI, are .95 or higher, indicating a high level of structural validity
for the model.

Based on the fit criteria proposed by Kline (2019), all indices obtained in this study have an
excellent fit level. Furthermore, the fact that these results coincide with the structural model reached by
Zhou et al. (2024), who developed the original scale, reveals that the factor structure in the adapted scale
has been preserved and validated in accordance with the original structure. Accordingly, it can be stated
that the three-factor structure related to the mathematical metacognitive skills dimension is consistently
maintained based on both theoretical grounds and empirical findings.

In terms of convergent validity, the AVE values for the three sub-dimensions were calculated as
.76, .78, and .77, respectively, and the CR values were .93, .93, and .93. All values being above the
acceptable thresholds (AVE >.50; CR >.70) indicates that each sub-dimension has convergent validity.
In the divergent validity analysis, it was determined that the AVE values for the Mathematical
Metacognitive Skills dimension (.77 and above) were higher than the squares of the correlation
coefficients with the other dimensions (e.g., MMS-MCT = (.766)> =.587; MMS-MPS = (.784)* = .614).
This indicated that the Metacognitive Knowledge, Experience, and Monitoring sub-dimensions were
statistically distinguishable from each other and from other constructs. Therefore, the findings indicated
that the Mathematical Metacognitive Skills dimension demonstrated both convergent and divergent
validity, thereby strengthening the overall psychometric structure of the scale.
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Figure 4. CFA Results Regarding the Mathematical Metacognitive Skills Dimension (Bilgi: M.
Knowledge, Deneyim: M. Experience, Izleme: M. Monitoring)

CFA Results for the Entire Scale

This section of the study examines the extent to which previous findings are confirmed on the
sample and tests the validity of the construct. DFA was performed using AMOS and JAMOVI programs,
and the resulting model fit indicators are visualized in Figure 5. Figure 5 shows that the model exhibits
an acceptable level of fit and that the measurement instrument maintains its construct validity.

When standardized factor loadings were examined, it wasobserved that the loadings of the items
in the Mathematical Critical Thinking (Curiosity and Systematics) dimension ranged from .87 to .88;
those in the Mathematical Creative Thinking (Flexibility and Innovation) dimension range from .51 to
.73; those in the Mathematical Problem Solving (Reasoning Skills and Reflective Skills) dimension
ranged from .86 to .89; and those in the Mathematical Metacognitive Skills (Knowledge, Experience,
and Observation) dimension ranged from .87 to .91. The fact that all items had factor loadings above
.50 indicated that the items adequately represented their respective sub-dimensions.

At the second level, the standardized loadings of the MHOTS, the higher-level factor representing
the four sub-dimensions, ranged from .19 to 1.01. These values indicated that the sub-dimensions
significantly predicted the overall construct. Furthermore, the correlation coefficients between the sub-
dimensions ranged from .21 to .97. The fact that most of these values were above .50 suggests that the
dimensions were related but conceptually distinct, thereby supporting the construct validity of the scale.

The overall fit indices of the model also support these results. The fit indices obtained from the
analysis were ¥* = 1405.019, df = 930, ¥y*/df = 1.511, CFI =.973, NFI = .925, GFI = .874, AGFI = .860,
and RMSEA = .035. These values indicate that the model shows excellent fit in terms of CFI and
RMSEA, and that the y*df ratio being below 2 indicates a high level of fit to the data. Information
regarding the evaluation of these values is presented in detail in Table 11. The results obtained in the
Jamovi analysis also show parallelism with these findings. The confirmatory factor analysis, performed
using the WLSMYV estimation method yielded CFI = .998, TLI = .998, SRMR = .035, and RMSEA =
.022, indicating that the model maintains a very good fit in a second sample as well.

Table 11. Fit Indices of the Mathematical Higher-Order Thinking Scale



Kurdal & Kaplan / Anemon Mug Alparslan Universitesi Sosyal Bilimler Dergisi, 2026 14(1) 316-362 331

Compatibility Zhou vd. The values obtained within ~ Acceptable range of Perfect fit Decision
Indices the scope of this study. compliance range (Kline, 2019)
X2/df 3.003 1.511 3-5 0-3 Perfect Fit
RMSEA 0.071 0.035 <.08 <.06 Perfect Fit
NFI 0.905 93 >.90 >.95 Acceptable fit
CFI 0.933 97 >.90 >.95 Perfect Fit
GFI 0.933 .87 >.85 >.90 Acceptable fit
AGFI 0.902 .86 >.85 >.90 Acceptable fit

Table 11 shows that the fit indices obtained from the confirmatory factor analysis (CFA) of the
MHOTS are generally within acceptable and excellent fit ranges. The X*/df ratio of 1.511 indicates that
the model shows an excellent fit. The RMSEA value (.035) also supports the model having a good level
of fit. While the CFI (.97) value reflects excellent fit, the NFI (.93), GFI (.87), and AGFI (.86) values
are at an acceptable fit level. These results show that the validated factor structure of the Turkish form
of the scale is consistent with the original model and provides a good fit to the data.

Figure 5. First-Order Confirmatory Factor Analysis Model of the Mathematical Higher-Order
Thinking Scale (MED: Mathematical Critical Thinking, MYD: Mathematical Creative Thinking,
MPC: Mathematical Problem Solving, MUB: Mathematical Metacognitive Skills, Merak: Curiosity,
Sist.: Systematics, Esn.: Flexibility, Yen.: Innovation, M. Bec.: Reasoning Skills, Y. Bec.: Reflective
Skills, Bilgi: M. Knowledge, Deneyim: M. Experience, Izleme: M. Monitoring)

This section of the study examines the extent to which previous findings are confirmed on the
sample, and the validity of the construct is tested using second-order confirmatory factor analysis (2nd-
order CFA). The analysis was performed using AMOS and Jamovi software, and the resulting model fit
indicators are presented in Figure 6. Figure 6 shows that the second-order structure of the model exhibits
an acceptable level of fit, and the measurement instrument maintains its construct validity at the overall
factor level.

When standardized factor loadings are examined, it is observed that the loadings of the items in
the Mathematical Critical Thinking (Curiosity and Systematics) dimension range from .88 to .88; those
in the Mathematical Creative Thinking (Flexibility and Innovation) dimension range from .73 to .16;
those in the Mathematical Problem Solving (Reasoning Skills and Reflective Skills) dimension range
from .86 to .89; and those in the Mathematical Metacognitive Skills (Knowledge, Experience, and
Observation) dimension range from .87 to .91. The fact that all items have factor loadings above .50
indicates that the items adequately represent their respective sub-dimensions.

The second-level DFA results showed that the standardized loadings of the MHOTS, representing
the higher-level factor that encompasses the four sub-dimensions, ranged from .19 to 1.01. These values
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indicate that the sub-dimensions significantly predict the overall construct. Furthermore, the correlation
coefficients between the sub-dimensions were observed to range from .19 to .99. These results reveal
that the sub-dimensions are related but conceptually distinct, thus supporting the construct validity of
the scale.

The overall fit indices of the model also support these results. The fit indices obtained from the
analysis were ¥> = 1411.478, df = 932, ¥*/df = 1.514, CFI = .973, TL1 = .971, NFI = .925, GFI1 = .873,
AGFI =.859, and RMSEA = .035. These values indicate that the model exhibits an excellent fit in terms
of CFI, TLI, and RMSEA, and the y?%/df ratio being below 2 indicates that the model provides a high
level of fit to the data.

The results obtained in the Jamovi analysis are also consistent with these findings. The
confirmatory factor analysis performed using the WLSMYV estimation method yielded CFI = .998, TLI
=.998, SRMR =.035, and RMSEA = .022, indicating that the model provides a very good fit in a second
sample as well. Detailed information regarding the evaluation of these values is presented in Table 12.

Table 12. Level 2 CFA Fit Indices for the Mathematical Higher-Order Thinking Scale

Compatibility Zhou vd. The values obtained within Acceptable range Perfect fit Decision
Indices the scope of this study. of compliance range (Kline, 2019)
X%/df 3.003 1.514 3-5 0-3 Perfect Fit
RMSEA 0.071 0.035 <.08 <.06 Perfect Fit
NFI 0.905 .93 >.90 >.95 Acceptable fit
CFI 0.933 97 >.90 >.95 Perfect Fit
GFI 0.933 .87 >.85 >.90 Acceptable fit
AGFI 0.902 .86 >.85 >.90 Acceptable fit

Table 12 presents the results of the second-order CFA for the Mathematical Meta-Order Thinking
Scale. The analysis findings show that the model fits the data very well. The X*df ratio of 1.514
indicates that the model has an excellent fit. The RMSEA value of .035 also supports this result. While
the CFI (.97) value is at an excellent fit level, the NFI (.93), GFI (.87), and AGFI (.86) values are within
acceptable fit ranges. These results confirm the statistical validity of the second-order factor structureand
that Mathematical Meta-Order Thinking skills are represented holistically.

Figure 6. Second-Order CFA Model of the Mathematical Meta-Order Thinking Scale
(MUDDO: MHOTS, MED: Mathematical Critical Thinking, MYD: Mathematical Creative Thinking,
MPC: Mathematical Problem Solving, MUB: Mathematical Metacognitive Skills, Merak: Curiosity,
Sist.: Systematics, Esn.: Flexibility, Yen.: Innovation, M. Bec.: Reasoning Skills, Y. Bec.: Reflective
Skills, Bilgi: M. Knowledge, Deneyim: M. Experience, Izleme: M. Monitoring)
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Findings of Measurement Constancy Analysis

In this part of the research process, a measurement invariance analysis of the scale was performed
based on the gender variable. The analysis aimed to test the configural, metric, scalar, and strict
invariance levels based on confirmatory factor analysis. The fit indices of the models created to
determine whether the model performed the same way among gender groups are presented in Table 13.

Table 13. Results of the Fit Index of Multiple Group CFA Analysis by Gender

Types of v sd CFI RMSEA Ay? Asd Sig. ACFI
Invariance
Configural 2481.72 1864 97 .028 - - - -
Invariance
Metric 2517.48 1900 97 .028 35.76 36 .00 .000
Invariance
Scalar 2530.19 1908 97 .028 12.71 8 .00 .001
Invariance
Residual / 2604.91 1967 .96 .028 74.72 59 .00 .002
Strict
Invariance

As shown in Table 13, it was seen that the formal model showed a good level of fit (CFI = .97,
RMSEA = .028). Then, in the metric invariance model, the values ACFI = .000 and Ay*(36) = 35.76, p
<.001, showed that the factor loadings did not differ significantly between the gender groups. Similarly,
in the scalar invariance model, ACFI = .001 was found and no significant deterioration was observed in
the fit indices. Finally, in the model where the error variances were equalized, a value of ACFI =.002
was obtained. The fact that the ACFI values remain below .010 when transitioning from one model to
another shows that the scale provides complete measurement invariance in terms of gender. For this
reason, it was observed that this difference remained within acceptable limits. These findings
demonstrated that the scale exhibited complete measurement invariance with respect to the gender
variable, meaning that the scale measured the same construct in both male and female groups. In other
words, scale scores were comparable between groups.

Reliability Findings of the Scale

In this part of the research process, reliability analyses were performed for the Turkish adaptation
of the Mathematical Higher-Order Thinking Scale and its sub-dimensions, and the results were reported.
In this context, Cronbach's alpha, Guttman's A coefficient, McDonald's Omega, and Spearman-Brown
reliability coefficients, as well as AVE and CR values, were calculated. The results are presented in
Table 14.

Table 74. Reliability Coefficients for the Sub-Dimensions and the Whole Scale

Cronbach Spearman-

Ana Boyut Alt Boyut alfa Guttman’s  Omega Brown AVE CR
{osi . . 95 .96 . 95

Mathematical Critical Curiosity % » ’ ’ i ’
Thinking Systematics .96 .95 .95 95 76 .96
Flexibilit .70 .70 .70 .6 3472

Mathematical Creative exibility 7 7 7 7 7
Thinking Innovation .70 .70 .70 72 331
R ing Skill .96 .96 .96 .96 79 .96

Mathematical Problem casoning Skills ’ ’ ’ ’ ! ’
Solving Reflective skills 95 95 95 95 80 .96
Mathematical M. Knowledge 93 93 93 93 76 .93

Metacognitive Skills
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M. Experience 91 91 92 .90 8 .93
M. Monitoring 93 93 93 93 g7 .93
Mathematical Critical

Thinking 97 .96 .96 .88 77 97
Mathematical Creative 81 81 81 78 58 96

MHOTS Thinking
Mathematical Problem 96 96 96 96 80 .98

Solving
Mathematical 95 95 95 90 7797

Metacognitive Skills

As shown in Table 14, the internal consistency coefficients (Cronbach alpha, Guttman’s Lambda,
Omega, and Spearman-Brown) of all sub-dimensions of the scale were above .70, indicating that the
scale has a high level of overall reliability. Specifically, these coefficients are above .90 in the
dimensions of “Mathematical Critical Thinking,” “Mathematical Problem Solving”, and “Mathematical
Metacognitive Skills.” Furthermore, the fact that most AVE values were above .50 and all CR values
were above .70 revealed that the construct had sufficient construct validity and high composite
reliability. Only the sub-dimensions of the primary dimension of Mathematical Creative Thinking
showed low AVE values. Literature indicates that construct validity is considered acceptable when AVE
values are below .50, and CR values are above .70 (Fornell & Larcker, 1981; Hair et al., 2019). These
values indicate an acceptable level of reliability and demonstrate that these sub-dimensions have
sufficient consistency in terms of measurement (DeVellis, 2017).

In this phase of the study, the relationships between the four sub-dimensions of the scale were
examined using Pearson correlation analysis. The obtained correlation coefficients and significance
levels are presented in Table 15.

Table 15. Factor Correlations for the MHOTS Scale

MCT MRT MPS MMS
MCT 1
MRT .178* 1
MPS 743%* 228%* 1
MMS 765%* .245% JTT74%% 1

*p<.05, **p<.01 (MCT: Mathematical Critical Thinking, MRT: Mathematical Reflective Thinking, MPS:
Mathematical Problem Solving, MMS: Mathematical Metacognitive Skills)

Table 15 shows that the correlations between MCT and MMS (r = .765, p < .01) and MPS (r =
743, p < .01) are robust. This indicated that critical thinking was highly related to both metacognitive
awareness and problem-solving processes. Furthermore, the correlations of the MRT sub-dimension
with other variables were relatively lower. For example, while the relationship between MRT and MPS
(r=.228, p <.05) and MUB (r = .245, p < .05) was weak, it was statistically significant. These results
suggest that the MRT sub-dimension has a more independent structure and weaker connections with
other concepts in the scale. In addition, the high correlation between MPS and MMS was noteworthy (r
=.774, p <.01). These findings revealed that students' mathematical problem-solving skills were closely
related to their metacognitive competencies and higher-order thinking abilities. Overall, the
relationships between the sub-dimensions of the scale are reliable in terms of internal consistency.
Therefore, it can be said that the scale can validly and reliably measure the mathematical higher-order
thinking skills of high school students.

Discussion

In this study, the Mathematical Meta-Order Thinking Scale, adapted into Turkish, stands out as a
theoretically structured measurement tool designed to assess students' mathematical thinking skills in a
multidimensional way. The scale's four core dimensions, critical thinking, creative thinking, problem-
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solving, and metacognitive skills, encompass the operational aspects of mathematical thinking and its
analytical, creative, and self-regulatory dimensions. This structure is consistent with previous research
that highlights the need for measurement tools appropriate to the nature of mathematical thinking
processes (Schoenfeld, 1992; English & Halford, 2012; Zhang et al., 2024). Indeed, a large portion of
the scales in the existing literature focus only on specific cognitive domains; for example, some studies
address only metacognitive skills (Giiner & Erbay, 2021; Kaplan & Duran, 2016), while others address
only creative thinking (Furnham et al., 2013; Kholid et al., 2024). However, due to the nature of
cognitive processes, these skills often work in interaction and need to be evaluated holistically within a
mathematical context. In this regard, the scale used in this study, which can measure four different
mental dimensions simultaneously and in relation to each other, fills an important gap in the literature
and offers a unique contribution to measurement and evaluation.

In this context, the fact that the scale used in this study addresses four different cognitive processes
together fills an important gap in the literature. The action research conducted by Altun (2024) also
emphasizes the need for holistic approaches, especially in developing higher-order thinking skills of
prospective teachers. Similarly, the meta-analysis study conducted by Aydimn and Oztiirk (2024) shows
that metacognitive awareness trainings have significant and strong effects on both problem-solving and
general mathematics achievement. These findings demonstrate that the Mathematical Higher-Order
Thinking Scale is a tool that can be used not only for diagnosis but also for evaluating the effectiveness
of instructional interventions.

Furthermore, international and national assessment reports, such as those by the OECD (2023)
and Incikabi et al. (2016) point to the importance of students having the ability to analyze, structure, and
transfer information to new situations, rather than simply accessing information. The critical thinking,
creative thinking, and metacognitive components included in this scale contain elements that directly
measure these 2 1st-century skills. In this respect, the scale is also consistent with the goals emphasized
in the Turkish Century of Education Model (MEB, 2024) regarding the development of multifaceted
mathematical thinking and higher-order mental competencies.

In conclusion, the Mathematical Higher-Order Thinking Scale, adapted into Turkish in this study,
stands out as a robust measurement tool both theoretically and statistically, providing a valuable
contribution to the assessment of students' higher-order cognitive skills in the field of mathematics
education. The scale is a valuable tool for researchers, teachers, and curriculum developers to monitor
students' thinking skills in a multifaceted manner. Further studies could broaden the scale's scope of
application by conducting validity analyses for different age groups, cultural contexts, or teaching levels.

Conclusion

In this study, the validity and reliability of the Mathematical Higher-Order Thinking Scale
developed by Zhou et al. (2024) were examined in a Turkish sample. In validity studies, exploratory and
confirmatory factor analyses were conducted, and for reliability analyses, internal consistency and split-
half reliability coefficients were calculated, and as well as interdimensional correlations.In the process
of adapting the scale into Turkish, first, the 45 items in the original form were translated into Turkish
by three independent foreign language experts and three mathematics educators. These translations were
then combined to create a common text. Subsequently, this text was translated into English using the
back-translation method by three different foreign language educators, and its conceptual and semantic
equivalence was verified according to Brislin's (1970) method. Following final revisions based on expert
opinions, the resulting Turkish form was piloted with 30 high school students, and minor linguistic
simplifications were made according to the students' level of understanding. The final version of the
scale retains the four main dimensions and nine sub-dimensions from the original form and is structured
as a 5-point Likert scale.

The results of the DFA conducted in the study showed that the structure determined by
exploratory analyses was validated on the sample data. When evaluated in terms of key indicators, such
as model fit indices (y*/df, RMSEA, CFI, GFI, AGFI, and NFI), it was observed that the models for all
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sub-dimensions had an excellent fit level (Kline, 2019). In particular, the RMSEA values being below
.06 and the CFI, GFI, and NFI values being close to or above .95 indicate that the factor structures in
the scale have been empirically validated. In addition, as a result of the analyses performed to determine
the measurement invariance of the scale with respect to the gender variable, all formal, metric, scalar,
and error invariance models showed acceptable fit. The ACFI values remaining below .010 at all stages
reveal that the scale provides complete measurement invariance with respect to gender. This finding
demonstrates that the Mathematical Higher-Order Thinking Scale is a valid measure ofthe same
construct in both male and female groups, and that scale scores are comparable across gender groups.

Reliability analyses of the scale revealed that Cronbach’s a, Guttman’s A, McDonald’s Omega,
and Spearman-Brown coefficients for both the sub-dimensions and the overall scale mainly were above
.90. This indicates that the scale has high internal consistency and provides reliable measurements. The
reliability coefficients for the “Flexibility” and “Innovation” components within the ‘“Mathematical
Creative Thinking” sub-dimension, which are around .70, show that these sub-dimensions are also
acceptably reliable (DeVellis, 2017). When all these findings are considered together, it can be said that
the Turkish adapted form of the Mathematical Higher-Order Thinking Scale is both a valid and reliable
measurement tool. The scale provides a functional structure for researchers and practitioners to evaluate
the mathematical thinking skills of high school students in a multidimensional manner.
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Recommendations

This study makes significant contributions to the adaptation of the Mathematical Higher-Order
Thinking Scale into Turkish and to the performance of its validity and reliability analyses. However, it
also has some limitations. First, this study was conducted only with high school students. This limits the
generalizability of the validity and reliability findings of the scale to different age groups. In future
studies, it is recommended that the scale be applied to different age and education groups, such as middle
school, university, and adult individuals, and that comparative analyses be conducted according to age
and developmental level. Second, the data obtained in this study were collected through self-reports.
Data obtained based on participants' self-reports may be subject to effects, such as social desirability
bias. Therefore, it is recommended that multiple data sources, such as teacher observations, portfolios,
or performance evaluations based on problem-solving processes, be used in future research. Third, this
study focused only on the psychometric properties and did not investigate the relationships between the
dimensions included in the scale and students' academic achievement or other cognitive/affective
variables. Future research could strengthen criterion validity by examining the relationship between
higher-order mathematical thinking skills and variables, such as academic achievement, math anxiety,
self-regulation, problem-solving competence, creativity, and critical thinking. Finally, cross-cultural
comparisons could be conducted across different socio-cultural regions to assess the relationship
between the constructs included in the scale and the cultural context. Such studies would provide
important data for determining the cross-cultural validity level of the scale.
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TURKCE SURUM

Giris

21. ylizyilda degisen bilgi tliretim bi¢imleri, bireylerden yalnmizca bilgiye ulagsmalarini degil,
ulagtiklar bilgiyi analiz etme, degerlendirme ve yeni durumlara transfer etme gibi st diizey biligsel
siirecleri de etkili bir sekilde kullanmalarini beklemektedir (Kurnaz, 2019; Topal vd., 2025). Ozellikle
egitim sistemleri, bu becerilerin erken yaslardan itibaren kazandirilmasi gerektigini vurgulamakta;
ogrencilerin elestirel diisiinme, yaratici diistinme, problem ¢dzme ve iistbilissel farkindalik gibi zihinsel
yeterlikleri gelistirmelerine Oncelik vermektedir (Altun, 2024). Matematik egitimi ise, soyutlama,
genelleme ve ¢ikarim yapma gibi zihinsel siireglerin temelinde yer alan dogasi geregi, bu iist diizey

diisiinme becerilerinin gelistirilebilmesi i¢in uygun bir disiplin olarak kabul edilmektedir (English &
Halford, 2012; Lin, 2023).

Bu dogrultuda, uluslararasi 6lgme degerlendirme sistemleri olan PISA ve TIMSS gibi
programlarda da Ogrencilerin sadece islemsel bilgi diizeyinde degil, aym1 zamanda akil yiiriitme,
muhakeme ve problem ¢dzme gibi {ist diizey biligsel siireglerde ne derece basarili olduklart sistematik
olarak degerlendirilmektedir (Incikab1 vd., 2016; OECD, 2023). Tiirkiye baglaminda da bu yaklasimi
destekleyen bi¢cimde glincellenen Tiirkiye Yiizyili Maarif Modelinde matematik dersi 6gretim programi
(MEB, 2024); 6grencilerin matematiksel diisiinme becerilerini ¢ok boyutlu olarak gelistirmeyi, bu
sayede onlar1 bilgi toplumunun aktif bireyleri haline getirmeyi amaglamaktadir. Programda 6zellikle
elestirel ve yaratict diislinmenin gelistirilmesi, problem ¢6zme siireclerinin yapilandirilmas: ve
iistbiligsel farkindaligin kazandirilmasi, temel yeterlilikler arasinda sayilmaktadir.

Bu zihinsel yeterliklerin 6grenme siireclerinde gelistirilebilmesi kadar, gegerli ve giivenilir
bicimde o6l¢iilmesi de son derece Onemlidir. Ancak literatiirde bu becerilerin dlglimiine ydnelik
gelistirilen dlgeklerin ¢ogu ya matematik alanindan bagimsiz kurgulanmis ya da yalnizca tek bir biligsel
boyuta (6rnegin sadece yaratici diisiinme ya da yalnizca problem ¢dzme) odaklanmistir (Giirefe &
Akgakin, 2018; Korkmaz & Karakus, 2009; Unal & Aral, 2014). Buna ek olarak, matematiksel icerige
0zgii, kuramsal temele dayali ve ¢ok boyutlu 6l¢lim yapabilen psikometrik araclarin sayisinin sinirl
olmasi, egitimde iist diizey diisiinme becerilerinin biitiinciil olarak degerlendirilmesini zorlastirmaktadir.
Nitekim Ogrencilerin matematiksel diisiinme becerileri, ¢cogu zaman birden fazla biligsel siirecin
etkilesim halinde yiiriitilmesini gerektirmekte ve bu siireglerin birbirinden ayristiritlmadan
degerlendirilmesi gerekmektedir (Schoenfeld, 1992). Bu baglamda, Zhou vd. (2024) tarafindan
gelistirilen Matematiksel Ust Diizey Diisiinme Olgegi (MUDDO), dgrencilerin bu ¢ok katmanl zihinsel
stireclerini dort temel boyutta ele alarak degerlendirme imk&mi sunmaktadir. S6z konusu 6lgek;
matematiksel elestirel diisiinme, matematiksel yaratici diisiinme, matematiksel problem ¢dzme ve
matematiksel iistbiligsel beceriler olmak iizere dort alt boyuttan olugsmaktadir.

Matematiksel Elestirel Diisiinme

Matematiksel elestirel diisiinme, bireyin matematiksel bir durumu ¢ok boyutlu bigimde analiz
ederek bilgi liretme, yargiya varma ve karar verme becerisini igeren {ist diizey biligsel bir siirectir. Bu
boyut, yalnizca matematiksel islemleri dogru yapmayi degil, ayn1 zamanda diisiinme siireglerini
sorgulama, agiklama ve gerekcelendirme becerisini de kapsar (Monteleone vd., 2023). Elestirel
diisiinme; yorumlama, analiz etme, degerlendirme, agiklama ve yaratma gibi becerileri igerdigi gibi, bu
becerilerin matematiksel baglamda uygulanmasiyla "elestirel matematiksel diisiinme" olarak tanimlanir.
Ogrencilerin matematiksel ¢dziim siireglerini sorgulama, yargi iiretme ve bu yargilar1 gerekgelendirme
davraniglar, elestirel matematiksel diisiinmenin temel gostergeleri arasinda yer almaktadir. Bu
baglamda, Ogrencinin bir matematiksel problemi c¢ozmekle kalmayip, ¢6ziim yolunu agiklamasi,
kullanilan stratejiyi gerekgelendirmesi ve alternatif ¢6ziim yollarini ele alabilmesi, onun elestirel
matematiksel diisiinme becerisine sahip oldugunu gosterir (Samura & Juandi, 2020). Bu beceri yalnizca
bireyin bireysel diisiinme yetisini degil, ayn1 zamanda simif i¢i tartismalarda diisiince savunma ve
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bagkalarmin diislincelerini elestirel bicimde degerlendirme gibi sosyal Ogrenme siireclerini de
desteklemektedir (Sachdeva & Eggen, 2021).

Matematiksel elestirel diigsiinme, yaratici diisiinme, problem ¢ézme ve istbiligsel becerilerle
yakindan iliskilidir; ¢linkii birey, kendi diigiinme siirecini hem izler hem de yeniden yapilandirarak daha
derinlemesine ¢0ziim stratejileri gelistirebilir (Zhang vd., 2024; Monteleone vd., 2023). Bu ag¢idan
bakildiginda, matematiksel elestirel diisiinme, sadece bireysel bir beceri degil; ayn1 zamanda yapici, ¢ok
yonlii ve anlam temelli bir 6grenme siirecidir. Bu yoniiyle, matematiksel elestirel diisiinme 6grencinin
¢Oziim siirecini sorgulamasina, degerlendirmesine ve gerekcelendirmesine imkan tanirken; bu siirecin
farkli, 6zgiin ve alisilmadik yollarla yeniden kurgulanmasi ise matematiksel yaratici diisiinmenin
temelini olugturmaktadir.

Matematiksel Yaratici Diisiinme

Matematiksel yaratict diisiinme, bireyin matematiksel bir problemi aligilmig kaliplarin 6tesine
gecerek ¢ok yonlil ve 6zgiin bigimlerde ele almasini saglayan {ist diizey bir biligsel siirectir. Bu beceri,
yalnizca dogru ¢oziime ulagsmay1 degil; ¢dziim yollarini ¢esitlendirme, 6zgiin diisiince gelistirme ve bu
stirecte aktif biligsel iiretkenlik sergilemeyi de kapsar. Bu boyut, yalnizca matematiksel bir probleme
dogru ¢oziimler iiretmeyi degil; ayn1 zamanda ¢ok sayida gegerli ve anlamli fikir {iretebilme (akicilik)
ile bu fikirler arasinda 6zgiin ve sira dis1 olanlar gelistirebilme (yenilik) yetilerini birlikte icermektedir
(Suherman & Vidakovich, 2022). Akicilik, 6grencinin ayni probleme yo6nelik birden fazla ¢6ziim yolu
ortaya koyabilme kapasitesini ifade ederken; yenilik, bu yollar arasindan 6zgiin olanlar secebilme ve
yaratic1 bicimde yeniden yapilandirabilme becerisini yansitir (Fortes & Andrade, 2019; Sriraman, 2009).
Bu baglamda, matematiksel yaratici diislinme, 6grencinin yalnizca ¢oziim iretmesini degil; bu
cozlimleri anlamlh bigimde gerekcelendirmesini, alternatif yollar dnermesini ve 6zglin matematiksel
diisiince yapilarini ifade edebilmesini de kapsayan ¢ok boyutlu bir biligsel yeterliliktir (Furnham vd.,
2013; Kholid vd., 2024). Matematiksel yaratici diisiinme, 6grencilerin ¢oklu ve 6zgiin ¢6ziim yollari
iiretmesini desteklerken; bu ¢6ziim yollarmin yapilandirilmasi, degerlendirilmesi ve etkili bicimde
uygulanmasi siireci problem ¢6zme becerisini de gerekli kilmaktadir.

Matematiksel Problem C6zme

Matematiksel problem ¢6zme, bireyin karsilastigi bir matematiksel durumu anlayarak uygun
¢cozlim yollar gelistirmesi, bu yollar1 uygulamasi ve siireci degerlendirmesiyle olusan {iist diizey bir
bilissel siirectir. Bu boyut, yalnizca islemleri dogru yapmay1 degil; verilenleri yorumlama, strateji
iiretme, ¢oziim siirecini izleme ve degerlendirme gibi becerileri de kapsar (Oztiirk vd., 2023). Problem
¢ozme becerisi, bu calismada muhakeme becerileri ve yansitici beceriler olmak {izere iki temel alt
boyutta ele alinmaktadir. Muhakeme becerileri, 6grencinin problemdeki veriler arasinda mantiksal
iligkiler kurarak ¢ikarim yapmasini ve ¢dziim yolunu bu ¢ikarimlara gdre planlamasini igerir (Suherman
& Vidékovich, 2022). Ozellikle oran-orant1 ve oriintii gibi yapilandirilmis problemlerde, dgrencilerin
dogru ¢oziim iiretmesi, biiyiik dl¢lide muhakeme siireglerini ne kadar etkili kullandiklarina baglidir
(Oztiirk vd., 2021). Yansitict beceriler ise dgrencinin ¢dziim siirecini izlemesi, sectigi stratejilerin
islevselligini degerlendirmesi ve gerektiginde silireci yeniden diizenleyebilmesini ifade eder
(Carbonneau vd., 2020). Bu beceri, 6grencinin yalnizca sonucu degil, siireci de degerlendirmesini saglar
ve Ozellikle iistbiligsel farkindalikla desteklendiginde, problem ¢6zme basarisini anlamli bigimde artirir
(Suherman & Vidakovich, 2022). Bu baglamda matematiksel problem ¢ozme, yalmizca sonuca
ulagsmakla sinirli olmayan; diisiinmeyi planlama, izleme ve yapilandirma siireglerini iceren biitiinciil bir
O0grenme becerisidir. Bu baglamda matematiksel problem ¢o6zme, yalnizca sonuca ulagmakla simnirh
olmayan; diislinmeyi planlama, izleme ve yapilandirma siireglerini igeren biitlinciil bir 6grenme
becerisidir. Problem ¢dzme siirecinin bu bilissel cok katmanli yapisi, bireyin kendi diisiinme siireglerine
iligkin farkindaligini, deneyimlerini ve bu siire¢leri bilingli bicimde yonetebilmesini gerektirir; bu ise
matematiksel iistbiligsel becerilerin temelini olusturmaktadir.

Matematiksel Ustbilissel Beceriler
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Matematiksel {istbiligsel beceriler, bireyin kendi matematiksel diislinme siireglerinin farkinda
olmasi, bu siiregleri planlamasi, izlemesi ve gerektiginde yeniden yapilandirmasiyla iliskili ¢ok katmanl
bir biligsel 6zdiizenleme sistemidir (Muncer vd., 2021; Suliani vd., 2024). Bu beceri, yalnizca bilgiye
sahip olmay1 degil; bilginin nasil, ne zaman ve neden kullanilacagini anlamay1 ve bu kullanim siirecini
bilingli bi¢imde yonetmeyi igerir (Giiner & Erbay, 2021). Matematiksel iistbiligsel beceriler, ii¢ temel
bilesen altinda incelenmektedir: iistbiligsel bilgi, iistbilissel deneyim ve {istbiligsel izleme.

Ustbilissel bilgi, bireyin kendi bilissel 6zelliklerine, dgrenme stratejilerine ve gorevlerin
gerekliliklerine dair bilgi sahibi olmasini ifade eder (Suliani vd., 2024). Bu bilgi tiirli; neyi bildigini
bilme (bildirimsel), nasil yapilacagini bilme (yordam bilgisi) ve ne zaman-hangi durumda nasil bir
strateji kullanilacagimi bilme (kosul bilgisi) olmak iizere ii¢ temel bileseni kapsar (Giiner & Erbay,
2021). Ustbiligsel bilgisi gelismis d6grenciler, kendi yeterliliklerini daha gergekgi degerlendirebilir ve
karsilastiklar1 problem tilirline uygun stratejileri secerek daha etkili 6grenme siirecleri gelistirebilir
(Muncer vd., 2021).

Ustbilissel deneyim, dgrencinin bir matematiksel gérev sirasinda yasadigi duygu, diisiince ve
yargilarin farkinda olmasi ve bu icsel yasantilara gore siirece yon vermesidir (Yiiksel vd., 2021). Bu
deneyim, bireyin belirli bir problemi ¢dzerken ne hissettigini ne bildigini diisiindiiglinii ve ne kadar emin
oldugunu yansitmasi agisindan oldukea kritiktir (Suliani vd., 2024). Ozellikle problem ¢dzme sirasinda
hissedilen zorluk ya da basar1 duygulari, bireyin strateji tercihlerinde degisiklik yapmasma neden
olabilir ve bu durum, siirecin bilingli yonetilmesinde etkili olur (Sahinkaya vd., 2022).

Ustbilissel izleme ise bireyin matematiksel diisiinme siirecini gergek zamanli olarak
gbzlemlemesi, ¢Oziim siirecini kontrol etmesi ve gerektiginde miidahale ederek siireci yeniden
diizenlemesidir (Giiner & Erbay, 2021). Bu izleme becerisi, 6grencinin ¢oziim sirasinda nerede
oldugunu fark etmesini, hatalarin1 tanimasini ve strateji degisikligi yaparak siireci dogru yone tagimasini
saglar (Suliani vd., 2024). Arastirmalar, bu becerinin gelismis olmasinin 6grencinin sadece sonucu degil,
stireci de basariyla yonetmesini sagladigini ve matematik basarilarini anlamli bi¢imde artirdigini
gostermektedir (Aydin & Oztiirk, 2024). Bu baglamda matematiksel iistbiligsel beceriler, dgrencinin
matematiksel 6grenme siirecinde bilgiye nasil eristigini, bu bilgiyi nasil yapilandirdigini ve stireci nasil
degerlendirdigini yansitan; 6z farkindalikla biitiinlesmis, derinlemesine 6grenmeyi destekleyen temel
bir biligsel sistemdir (Suliani vd., 2024; Muncer vd., 2021).

Tiirkiye’de son yillarda istbiligsel beceriler, yaratici ve elestirel diisiinme ile matematiksel
problem ¢6zme siireclerine iligkin ¢esitli 6lcek gelistirme ve uyarlama ¢alismalar gergeklestirilmistir.
Bununla birlikte, tistbiligsel farkindaligin problem ¢ézme siireciyle dogrudan iligkilendirildigi 6lgme
araglarmin sayisi oldukga smirhidir. Tiirkiye’de gelistirilen oOlgeklerin ¢ogu ya genel istbiligsel
farkindaligi 6l¢mekte ya da problem ¢6zme siireglerini dolayli bicimde ele almaktadir. Bu ¢aligmalarin
biiyiik boliimii, genel iistbiligsel yapilar ele almakta veya matematiksel baglamla sinirh diizeyde iliski
kurmaktadir. Ornegin, Firat Durdukoca ve Aribas (2019) ile Kaplan ve Duran (2016) tarafindan
gelistirilen dlgekler, genel {istbilissel farkindalik diizeyini 6lgmeye yonelik olup, matematiksel icerige
ozgii yapilandirilmamistir. Canake1 ve Ozdemir (2011) ile Haciémeroglu (2011) tarafindan gelistirilen
Olgekler ise sirasiyla matematik problem ¢ozmeye iligkin tutum ve inanglar1 6lgmeye yonelik olup, {ist
diizey biligsel siiregleri kapsam dig1 birakmigtir. Ayrica Suliani vd. (2024), Muncer vd. (2021) ve Yiiksel
vd. (2021) gibi ¢aligmalar, bireylerin matematiksel diisiinme siire¢lerinde {istbiligsel becerilerin Gnemini
vurgulamakla birlikte, bu yapilart dogrudan 6lgen dlgeklerin sayica yetersiz oldugunu ifade etmektedir.

Bu genel tabloya paralel bicimde, Tiirkiye’de matematiksel problem ¢6zme alaninda gelistirilen
ve uyarlanan 6lgme araglarinin biiyiik boliimii, degerlendirdikleri alan bakimindan tutum, beceri, inang
ve basart odaklidir. Ornegin tutum olgekleri Ogrencilerin problem ¢dzmeye yonelik egilim ve
motivasyonlarini 6lgmeyi amaglamigtir (Canakgi, 2008; Ugurluoglu, 2008). Beceri 6lgekleri, bireylerin
problem ¢dzme performansmi degerlendirmeye yoneliktir (Comlekoglu, 2001; Ozsoy, 2008; Uysal,
2007; Kizilkaya & Askar, 2009; Ozpinar, 2012; Muyo, 2015; Celik, 2017; Atlihan, 2021; Giirsoy &
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Celikoz, 2021). Ancak bu araglarda problem c¢ozme siirecinin planlama, izleme, kontrol ve
degerlendirme gibi listbiligsel diizenleme boyutlart cogunlukla g6z ardi edilmistir.

Benzer sekilde, inang dlgekleri 6grencilerin problem ¢dzmeye yonelik epistemolojik inanglarini
ve 0z yeterlik algilarmi dlgmiistiir (Kayan, 2008; Haciomeroglu, 2011; Giimiis & Umay, 2017). Bu
Olcekler stirecteki biligsel farkindalik yerine, problem ¢6zme hakkindaki 6znel inanglar
degerlendirmektedir. Basar testleri (Sadik, 2006; Giines, 2022; Siizer, 2022; Yasar, 2022) ise problem
¢ozme performansimi Olgmekte, fakat bireylerin kendi ¢06ziim siireclerine iliskin istbiligsel
farkindaliklarin1 dogrudan degerlendirmemektedir. Calisma gruplar1 bakimindan yapilan incelemede,
gelistirilen 6lgeklerin ilkokul ikinci siniftan tiniversite diizeyine kadar genis bir yelpazede uygulandigi
goriilmektedir (Degirmenci & Deringdl, 2024; Canakg1, 2008; Uysal, 2007; Celik, 2017; Ozpinar, 2012;
Atlihan, 2021; Ozsoy, 2008; Sadik, 2006; Siizer, 2022; Yasar, 2022; Haciémeroglu, 2011; Kayan, 2008;
Muyo, 2015; Comlekoglu, 2001; Giimiis & Umay, 2017; Giirsoy & Celikoz, 2021). Bu durum, farkl
yas ve egitim diizeylerinde problem ¢dzme becerilerinin Ol¢iilmesine yonelik kapsamli ¢aligmalar
yapilmig olmasina karsin, ozellikle lise Ogrencilerinin matematiksel problem ¢6zme siirecindeki
iistbiligsel farkindaliklarini, yaratici ve elestirel diisiinme becerileriyle birlikte degerlendiren gecerli ve
giivenilir bir 6lgme aracinin heniiz bulunmadigini gdstermektedir. Bu baglamda, elestirel diisiinme,
yaratict diislinme, problem ¢6zme ve lstbilissel diisiinme boyutlarini biitiinciil bigimde ele alan Zhou
vd. (2024) tarafindan gelistirilen Ol¢egin Tirkceye uyarlanmasi, alandaki bu ¢ok boyutlu 6lgme
ihtiyacim karsilamas1 bakimmdan 6nemli bir katki sunmaktadir.

Bu nedenle, mevcut galigma yeni bir 6lgek gelistirmekten ziyade, kuramsal temelleri saglam ve
cok boyutlu bir yapiya sahip olan Zhou vd. (2024) tarafindan gelistirilen Mathematical Higher-Order
Thinking Scale (MHOTS) 6l¢eginin Tiirk¢eye uyarlanmasini amaglamaktadir. Bu yaklagim, 6zgiin
Olgegin uluslararas1 gecerligi ve kapsamh faktdr yapisindan yararlanmayi, ayni1 zamanda Tiirk egitim
baglamma uygun kiiltiirel ve dilsel uyarlamalarin yapilmasini miimkiin kilmigtir. Uyarlanan 6lgek,
ogrencilerin matematiksel diistinme siireclerini ¢ok boyutlu bi¢imde degerlendirebilme agisindan 6zgiin
bir yapiya sahiptir. Zhou vd. (2024) tarafindan gelistirilen dlgek; elestirel diisiinme, yaratici diislinme,
problem ¢dzme ve {istbiligsel diisiinme boyutlarini biitiinciil bir ¢ercevede ele alarak, matematiksel
diisiinmenin biligsel, duyussal ve istbiligsel yonlerini birlikte 6lgmeyi amaglamaktadir. Tiirkiye’de
matematiksel diistinme becerilerini 6l¢gmeye yonelik mevcut araglarin genellikle tek boyutlu oldugu géz
Oniline alindiginda, bu 6lgegin Tiirk¢eye kazandirilmasi alandaki dnemli bir boslugu doldurmaktadir.
Ayrica, Tirkiye Yiizyili Maarif Modeli'nde vurgulanan iist diizey diisiinme ve problem ¢dzme
becerilerinin degerlendirilmesine katki sunmasi bakimindan, ¢aligma ulusal egitim politikalariyla da
dogrudan ortiismektedir (MEB, 2024). Dolayisiyla, dlcegin Tiirk¢e uyarlamasi hem kuramsal hem de
uygulamali1 diizeyde matematik egitimi alanina anlamli bir katki saglamaktadir.

Amag

Bu calismada Tiirkgeye uyarlanan MUDDO, 6grencilerin matematiksel baglamdaki bilissel,
istbiligsel, yaratici ve elestirel diisiinme becerilerini ¢ok boyutlu ve biitiinciil bir yaklagimla
degerlendirme olanagi sunarak alanyazindaki 6nemli bir boglugu doldurmay1 ve 6zgiin, islevsel bir katki
saglamay1 amaclamaktadir. Arastirmanin temel amaci, Zhou vd. (2024) tarafindan gelistirilen olgegi
Tiirk¢eye uyarlamak, 6lgegin Tiirk drnekleminde gegerlik ve gilivenirlik kanitlarii ortaya koymak ve
6lgme aracinin psikometrik 6zelliklerini incelemektir. Bu kapsamda, 6lgegin dort boyutlu yapisinin Tiirk
kiiltiirel baglaminda da gegerliligini koruyup korumadigi arastirilmigtir.

Uyarlanan 6lgek, yalnmizca akademik aragtirmalar igin degil; ayn1 zamanda 6gretmenlerin sinif igi
uygulamalarinda 6grencilerin tist diizey diisiinme becerilerini tanilamasi, izleyebilmesi ve gelistirmeye
yonelik stratejiler planlamasi agisindan da onemli bir arag¢ niteligindedir. Arastirmacilar igin o6lgek,
matematiksel diisiinmenin biligsel, duyussal ve iistbiligsel boyutlarini biitiinciil bicimde analiz etmeye
imkan tamimakta; politika yapicilar agisindan ise 21. yiizy1l becerilerini ve Tirkiye Yiizyilh Maarif
Modeli’nde vurgulanan {ist diizey diistinme kazanimlarini somut bi¢gimde degerlendirebilecek bir 6lgme
arac1 sunmaktadir.
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Bu ¢alismanin bulgular1, hem 6gretim programlarimin etkililiginin izlenmesine hem de 6gretmen
yetigtirme siireglerinde iist diizey diisiinme becerilerini destekleyen kanita dayali uygulamalarin
gelistirilmesine 6nemli katkilar sunmaktadir. Aragtirmadan elde edilen sonucglarin, matematik egitimi
alaninda 6grencilerin iist diizey diisiinme becerilerinin 6l¢giilmesi, izlenmesi ve gelistirilmesine yonelik
caligmalara yon verecegi ongdriilmektedir. Uyarlanan bu 6lcek, 6grencilerin matematiksel baglamda
biligsel, iistbiligsel, yaraticit ve elestirel diisiinme becerilerini ¢ok boyutlu ve biitiinciil bir bigimde
degerlendirmeye olanak taniyarak alanyazinda var olan dnemli bir boslugu doldurmakta ve alana 6zgiin,
islevsel bir katki sunmaktadir.

Yontem

Bu arastirma, lise 6grencilerinin matematiksel iist diizey diisiinme becerilerini degerlendirmek
amaciyla Zhou vd. (2024) tarafindan gelistirilen ve 6zgilin ad1 "Mathematical Higher-order Thinking
Scale (MHOTS)" olan Matematiksel Ust Diizey Diisiinme Olgegini (MUDDO) Tiirk kiiltiiriine
uyarlamay1 amaglamaktadir. Bu dogrultuda, aragtirmada nicel arastirma yontemlerinden tarama modeli
tercih edilmistir. Tarama modeli, mevcut bir durumu, olguyu ya da 6zelligi, oldugu sekliyle ve dogal
ortami icinde tanimlamay1 amagclayan bir arastirma desenidir (Karasar, 2000). Calismada, MUDDO
Olgeginin Tiirkgeye uyarlanmasi siireci kapsaminda gecerlik ve gilivenirlik analizleri yapilmis; 6lgegin
yap1 gecerligi dogrulayici faktdr analizleriyle incelenmistir. Ayrica, 6l¢egin i¢ gilivenirlik katsayilart
hesaplanarak her bir boyutun tutarlilign degerlendirilmis ve boyutlar arasindaki korelasyonlar
incelenerek Olcegin yapisal biitlinliigii desteklenmistir.

Ceviri Calismasi

Uyarlama siireci, ulusal ve uluslararasi literatiirde kabul gormiis Olgiitler dogrultusunda
gerceklestirilmistir (Hambleton vd., 2005). ilk asamada, 6zgiin dlgekte yer alan 45 madde, Ingilizce-
Tiirkge dil yeterliligi olan ii¢ yabanci dil uzmani ve ii¢ matematik egitimi uzman tarafindan bagimsiz
olarak Tiirk¢eye ¢evrilmistir. Daha sonra, her geviri birlestirilerek uzlasi saglanmis ve bu ¢eviri metni,
alaninda uzman ilk g¢eviriyi yapan uzman ekibinden farkli ii¢ yabanci dil egitimcisi tarafindan geriye
ceviri (back-translation) yontemiyle Ingilizceye yeniden gevrilmistir. Bu siireg, gevirilerin kavramsal ve
anlamsal biitiinliiglinii koruyup korumadigini degerlendirmek amaciyla yapilmistir (Brislin, 1970).
Geriye ceviriler ile 6zgiin 6lgek karsilagtirilmis ve anlam biitiinliigi tagidigi gorilmiistiir.

Uzman goriisleri dogrultusunda yapilan son diizenlemelerle Tiirk¢e form olusturulmus ve 6lgegin
pilot uygulamasi, 30 kisilik bir lise 6grencisi grubuna uygulanmistir. Bu calismada 6l¢ek formu,
ogrencilerin ifadeleri anlama diizeyleri agisindan degerlendirilmis ve bu dogrultuda madde yapisinda
kiictik sadelestirmeler yapilmistir. Pilot uygulamadan elde edilen geri bildirimlere gore dlgek, nihai
haline getirilerek uzman ekibin oy birligiyle uygulamaya hazir duruma getirilmistir. Tiirk¢eye uyarlanan
Olcekte, 6zgiin formda oldugu gibi dort temel boyut (Matematiksel Elestirel Diisiinme, Matematiksel
Yaratic1 Diisiinme, Matematiksel Problem Cdzme ve Matematiksel Ustbilissel Beceriler) ile bu
boyutlarin altinda yer alan dokuz alt boyut korunmustur. Olgek, 6zgiin calismada oldugu gibi 5°1i Likert
tipi (I = Hi¢ katilmiyorum, 5 = Tamamen katiliyorum) olarak yapilandirilmistir. Bu baglamda,
gerceklestirilen ¢eviri ve uyarlama siireci nitel diizeyde kiiltiirel ve dilsel esdegerligin saglanmasina
odaklanmis; uzman goriisleri ve pilot uygulama sonuglar1 dogrultusunda 6lgegin Tiirk lise dgrencileri
icin anlasilabilir ve baglama uygun bir bi¢ime kavustugu goriilmiistiir. Ancak, bu siirecte dilsel
esdegerlik yalnizca nitel olarak incelendiginden, elde edilen bulgularin dilsel agidan sinirli bir
degerlendirme sundugu dikkate alinmalidir.

Arastirma grubu

Caligmanin aragtirma grubunu, 2024-2025 egitim 6gretim yilinda Tiirkiye’nin Kuzeydogusunda
yer alan bir ilde 6grenim gormekte olan lise 6grencileri olusturmaktadir. Aragtirma grubunda, 210 kadin
(%50.36) ve 207 erkek (%49.64) olmak iizere toplam 417 lise 6grencisi bulunmaktadir. Katilimeilarin
smif seviyelerine gore dagilimi ise, 87 (%20,9) lise 1. siif, 107 (%25,7) lise 2. sinif, 109 (%26,1) lise
3. smif ve 114 (%27,3) lise 4. smif 6grencisidir. Alanyazinda faktor analizlerinin gegerli sonug



Kurdal & Kaplan / Anemon Mug Alparslan Universitesi Sosyal Bilimler Dergisi, 2026 14(1) 316-362 343

verebilmesi i¢in 6nerilen alt sinir 400 olarak kabul edilmektedir (Goretzko vd., 2021; Giivendir, Vd.,
2025). Bu dogrultuda arastirmanin 6rneklem biiyiikliigiiniin yeterli oldugu gortilmektedir.

Veri Toplama Araci

MUDDO, Zhou vd. (2024) tarafindan lise 6grencilerinin matematiksel iist diizey diisiinme
becerilerini degerlendirmek amaciyla gelistirilmistir. Olgek gelistirme siirecinde, matematik egitimi ve
Olgme degerlendirme alaninda uzman Kkisilerin katkilariyla toplam 53 madde belirlenmis; bu
maddelerden uzman goriisii ve analizler dogrultusunda 45 maddeye indirgenmistir. Olcek, matematiksel
diisiinme ile iligkili dort temel boyut icermektedir: matematiksel elestirel diisiinme, matematiksel
yaratici diisiinme, matematiksel problem ¢ézme ve matematiksel iistbiligsel beceriler. Her temel boyut,
kendi igerisinde alt boyutlara ayrilarak toplam dokuz alt faktér halinde yapilandirilmustir. Olgek 5°1i
Likert tipinde (1=Hig¢ katilmiyorum, 5=Tamamen katiliyorum) diizenlenmis olup, uygulama siirecinde
Ogrencilerin cinsiyet ve sinif degiskenine iliskin veriler de toplanmustir.

Olgegin birinci boyutu olan Matematiksel Elestirel Diisiinme, Merak ve Sistematiklik alt
boyutlarini igermektedir. Bu boyut, 6grencilerin matematiksel durumlar derinlemesine sorgulama ve
sistematik diisiinme egilimlerini 6lgmeyi amaclamaktadir. Ornek maddeler arasinda “Bir matematik
problemiyle karsilastigimda farkli ¢oziim yollart bulmak igin sorular sorarim.” ve “Bir problemi
¢ozerken izledigim adimlari mantiksal bir sirayla diizenlerim.” ifadeleri yer almaktadir. Ikinci boyut
olan Matematiksel Yaratict Diisiinme, Esneklik ve Yenilik alt boyutlarindan olugmaktadir. Bu boyut,
Ogrencilerin matematiksel problemleri alisilmisin disinda yaklagimlarla ¢ozebilme becerilerini
degerlendirmektedir. Ornegin, “Bir matematiksel problemi ¢ozmek igin farkli yontemler denerim.” ve
“Matematikte 6zgiin fikirler iiretmekten hoslanirim.” gibi ifadeler bu boyut kapsaminda yer almaktadir.
Uciincii boyut olan Matematiksel Problem Cézme, Muhakeme Becerileri ve Yansitici Beceriler alt
boyutlarin1 kapsamaktadir. Bu boyut, 6grencilerin mantiksal akil yiirlitme, strateji olusturma ve ¢6ziim
stirecini degerlendirme yetilerini 6lgmeyi amaglamaktadir. Bu kapsamda “Bir matematik problemini
cozerken ulagtiim sonucu farkli yollarla dogrularim.” ve “Problemi ¢ozdiikten sonra kullandigim
yontemin uygun olup olmadiginmi degerlendiririm.” 6rnek maddeleri yer almaktadir. Dérdiincii boyut
olan Matematiksel Ustbilissel Beceriler ise Bilgi, Deneyim ve Izleme alt boyutlarindan olusmaktadir. Bu
boyut, 6grencilerin kendi 6grenme siire¢lerini planlama, izleme ve diizenleme becerilerini 6lgmektedir.
Ornegin, “Bir problemi ¢dzmeden 6nce nasil bir yol izleyecegimi diisiiniiriim.” ve “Matematikte
yaptigim hatalardan ders ¢ikararak ¢6ziim stratejimi degistiririm.” gibi ifadeler bu boyuta 6rnektir.

Veri Toplama ve Analiz Siireci

Aragtirmaya, 0l¢egi gelistiren sorumlu yazardan e-posta yoluyla gerekli izin alinarak baglanmigtir.
Etik izinler de alindiktan sonra Ol¢egin Tiirkgeye uyarlama siirecine gecilmistir. Uyarlama siireci
tamamlandiktan sonra, dlgegin Tiirk¢e formu lise 6grencilerine uygulanmistir. Katilimeilar, formun ilk
kisminda yer alan demografik sorular1 yanitladiktan sonra, 6l¢ek maddelerine iliskin goriiglerini 5’li
Likert tipi derecelendirme iizerinden belirtmiglerdir. Uygulama goniilliiliik esasina dayali olarak
gergeklestirilmis; okul yonetimi ve 0gretmenlerden gerekli izinler alinmis, veri toplama siireci ders
isleyisini aksatmayacak bigimde yiiriitiilmiistiir.

Analiz siirecinde, dncelikle verilerin faktor analizine uygunlugunu belirlemek i¢in Kaiser-Meyer-
Olkin (KMO) katsayis1 ve Bartlett kiiresellik testi incelenmistir. Bu testlerin sonucunda verilerin faktor
analizine uygun oldugu goriilmiis ve DFA siirecine gecilmistir. Olgegin yap1 gecerligini ve modelin
ormeklem {iizerindeki uyumunu test etmek amaciyla SPSS, Jamovi ve AMOS programlan birlikte
kullanilmigtir. Veri tipi ordinal diizeyde oldugu i¢in, DFA analizinde WLSMYV (Weighted Least Squares
Mean and Variance Adjusted) kestirim yontemi ve polikorik korelasyon matrisi tercih edilmistir. Model
uyumunu degerlendirmek tizere ¥?/df, CFI, NFI, GFI, AGFI ve RMSEA uyum indeksleri raporlanmustir.
Elde edilen bulgular, modelin iyi uyum degerleri sagladigim gostermektedir (y*/df <3, RMSEA < .08,
CFI, NFI > .90, GFI, AGFI> .85).
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Analiz sonucunda, dort temel boyut (Matematiksel Elestirel Diisiinme, Matematiksel Yaratici
Diisiinme, Matematiksel Problem Cézme ve Matematiksel Ustbilissel Beceriler) ile bunlarin altinda yer
alan dokuz alt boyutun orijinal yapiya uygun sekilde dogrulandigi goriilmistiir. Standardize edilmis
faktor yiiklerinin .51 ile .91 arasinda degismesi, maddelerin kendi boyutlarini yeterli diizeyde temsil
ettigini ortaya koymustur. Ayrica temel boyutlar arasindaki korelasyon katsayilarmin yiiksek diizeyde
ve anlamli olmasi, modelin yap1 gegerliligini desteklemektedir. Bununla birlikte, 6lgegin cinsiyet
degiskenine gore ol¢lim degismezligi incelenmistir. Bu kapsamda yapisal esitlik modellemesi (SEM)
yaklagimiyla sirasiyla configural (bicimsel), metric (faktdr yiikleri), scalar (kesit) ve strict (hata
varyanslar1) degismezlik diizeyleri test edilmistir. Elde edilen ACFI, ATLI ve ARMSEA degerlerinin
kabul edilebilir smirlar iginde (ACFI < .01, ATLI < .01, ARMSEA < .015) kalmasi, 6l¢egin kadin ve
erkek O6grenciler i¢in esdeger bicimde igledigini ve 6l¢iim degismezliginin saglandigini gostermistir.

Olgegin giivenirlik analizleri kapsaminda Cronbach’s alpha, McDonald’s Omega, Guttman Split-
Half ve Spearman-Brown katsayilar1 hesaplanmis; tiim boyutlar igin katsayilarin .80’in {izerinde olmasi,
dlcegin ic tutarlihiginim yiiksek oldugunu gdstermistir. Sonug olarak, yiiriitiilen analizler, MUDDO niin
Tiirk lise 6grencilerinde gegerli ve giivenilir bigimde kullanilabilecegini ortaya koymustur.

Bulgular

Olgegin Tiirkgeye uyarlanma siirecinde &ncelikle verilerin faktdr analizine uygunlugu
incelenmistir. Bu dogrultuda veri setindeki her alt boyuta iliskin basiklik ve carpiklik degerleri
hesaplanmig ve elde edilen sonuglar Tablo 1’de sunulmustur.

Tablo 8. Alt Boyutlara Ait Tamimlayict [statistikler

Boyut N X SS Basiklik Carpiklik
Matematiksel Elestirel 417 40.15 72 -.94 31
Diisiinme
Matematiksel Yaratici 417 28.08 .63 -17 .04
Diisiinme
Matematiksel Problem 417 34.90 74 -1.05 28
Cozme
Matematiksel Ustbiligsel 417 33.55 .57 -1.15 .30
Beceriler

Tablo 1 incelendiginde, tiim alt boyutlara iligkin basiklik ve ¢arpiklik degerlerinin-1.5 ile +1.5
araliginda oldugu goriilmektedir. Biiylikoztiirk (2007) ve Tabachnick ve Fidell (2013) bu aralik iginde
kalan degerlerin normalligi sagladigin ifade etmektedir. Bu dogrultuda, veri setinin normal dagilim
varsayimini karsiladigi kabul edilmistir. Ayrica 6rneklem biiylikligiiniin yeterli oldugu ve kayip ya da
u¢ deger bulunmadigi da belirlenmistir. Veri setinin faktor analizine uygunlugunu test etmek amaciyla
Kaiser-Meyer-Olkin (KMO) ve Bartlett Kiiresellik Testi uygulanmis, elde edilen bulgular Tablo 2°de
verilmistir.

Tablo 9. Her Bir Alt Boyuta Ait KMO ve Bartlett Kiiresellik Testi Sonuglari

Matematiksel Elestirel KMO Degeri 97
Diigiinme Bartlett Kiiresellik Testi Ki-kare 5774,84
Serbestlik derecesi 78
p .000*
Matematiksel Yaratici KMO Degeri .87
Diigiinme Bartlett Kiiresellik Testi Ki-kare 927.39
Serbestlik derecesi 45
p .000*
Matematiksel Problem KMO Degeri .96
Cozme Bartlett Kiiresellik Testi Ki-kare 5202.31
Serbestlik derecesi 55
p .000*
Matematiksel Ustbiligsel KMO Degeri .95

Beceriler

Bartlett Kiiresellik Testi

Ki-kare

4449.80

Serbestlik derecesi

55
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p .000*
p*<.05

Tablo 2’ye gore her bir alt boyut igin KMO degerlerinin .87 ile .97 arasinda degistigi ve tiim
degerlerin .60’ iizerinde oldugu goriilmektedir. Ayrica Bartlett Kiiresellik Testi her bir alt boyutta
istatistiksel olarak anlamlidir (p <.05). Biiytlikoztiirk (2006)'e gore faktor analizine gegilebilmesi igin
KMO degerinin .60’tan biiylik, Bartlett testinin ise anlaml diizeyde olmas1 gerekmektedir. Bu baglamda
elde edilen bulgular, veri setinin faktor analizine son derece uygun oldugunu gdstermektedir. Uyarlama
stirecinde, dlgegin gelistirme asamasindaki yapisal adimlar izlenmis ve her boyut 6zelinde faktdr yapisi
ile glivenirligi ayr1 ayn degerlendirilmistir.

Matematiksel Elestirel Diisiinme Boyutu DFA Sonuclari

Matematiksel elestirel diistinme boyutunun iki faktorlii yapisinin dogrulugunu test etmek
amaciyla, DFA uygulanmistir. Bu analizde, daha 6nceki bulgularin &rneklem iizerinde ne derece
dogrulandig1 incelenmis ve yapinin gegerliligi test edilmistir. DFA, AMOS programi araciligiyla
gergeklestirilmis olup, elde edilen model uygunluk gostergeleri Sekil 1'de gorsellestirilmistir. Sekil 1°de
goriildiigii iizere, Matematiksel Elestirel Diislinme boyutuna iligskin dogrulayici faktor analizi sonucunda
modelin iki faktorli yapist dogrulanmistir. “Merak” faktoriine iliskin maddelerin faktor yiikleri .86 ile
.90 arasinda degisirken, “Sistematiklik” faktoriine iliskin maddelerin faktor yiikleri .86 ile .89 arasinda
bulunmustur. Bu degerler, tiim maddelerin ilgili faktorlerini giliclii bigimde temsil ettigini
gostermektedir. Ayrica iki faktdr arasindaki korelasyon katsayisinin .77 olmasi, Merak ve Sistematiklik
boyutlarinin birbirleriyle yiiksek diizeyde iligkili oldugunu, ancak ayni yapiy1 6l¢mediklerini ortaya
koymaktadir. Sekil 1 incelendiginde, modelin uyum indeksleri sirasiyla > = 117.072, df = 64, p =.007,
v¥/df = 1.829, CFI = .99, GFI = .96, NFI = .98, AGFI = .94 ve RMSEA = .045 olarak hesaplanmustir.
Bu degerlerin degerlendirilmesine yonelik bilgiler Tablo 3’te ayrintili sekilde sunulmustur.

Tablo 10. Matematiksel Elestirel Diisiinme Boyutuna Ait Uyum Indeksleri

Bu ¢aligma

Uyum Indeksleri Zhou vd. kapsaminda ulagilan Kabul edlleb} lir Mukemmevl uyum _Sonug:
< uyum aralig1 aralig1 (Kline, 2019)
degerler

¥ /df 2.670 1.829 3-5 0-3 Miikemmel Uyum
RMSEA 0.072 .045 <.08 <.06 Miikemmel Uyum
NFI 0.923 .98 >.90 >.95 Miikemmel Uyum

CFI 0.950 .99 >.90 >.95 Miikemmel Uyum

GFI 0.931 .96 >.85 >.90 Miikemmel Uyum

AGFI 0.917 .94 >.85 >.90 Miikemmel Uyum

Tablo 3 incelendiginde, ¥*/df degerinin 3’iin altinda olmas1 modelin kabul edilebilir diizeyde
oldugunu gostermektedir. RMSEA degerinin .06'nin altinda (.037) olmasi, modelin hata oraninin diisiik
oldugunu ve yapinin milkemmel uyum sergiledigini gostermektedir. Diger uyum indekslerinden NFI,
CFI, GFI ve AGFI degerlerinin tiimii .95’in ya da .90’ iizerinde yer almakta olup, bu da modelin
yiiksek diizeyde yap1 gegerliligine sahip oldugunu ortaya koymaktadir.

Kline (2019) tarafindan 6nerilen uyum olgiitleri temel alindiginda, bu ¢aligmada elde edilen tiim
indekslerin miikemmel uyum diizeyinde oldugu goriilmektedir. Ayrica bu sonuglarin, 6l¢egin orijinalini
gelistiren Zhou vd.(2024)’nin ulastig1 yapisal modelle Ortiismesi, uyarlanan 6l¢ekteki faktor yapisinin
Ozgiin yapiya uygun bi¢imde korundugunu ve dogrulandigimi ortaya koymaktadir. Bu dogrultuda,
matematiksel elestirel diisiinme boyutuna iligkin iki faktorlii yapinin hem teorik zemine hem de ampirik
bulgulara dayali olarak tutarli bigimde siirdiiriildiigii ifade edilebilir.

Dogrulayici faktor analizi sonrasinda, Matematiksel Elestirel Diisiinme boyutuna ait yakinsak ve
raksak gecerlik degerleri incelenmistir. Bu kapsamda Merak ve Sistematiklik alt boyutlarina iligkin
Ortalama Agiklanan Varyans (AVE) degerleri sirasiyla .77 ve .76, Bilesik Giivenirlik (CR) degerleri ise
.95 ve .96 olarak hesaplanmistir. Bu degerlerin AVE > .50 ve CR > .70 olg¢iitlerini karsiladigi
goriilmektedir. Bu bulgu, her iki alt boyutun da yakinsak gecerlige sahip oldugunu ve maddelerin ait
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olduklan faktorii yeterli diizeyde temsil ettigini gostermektedir (Fornell & Larcker, 1981; Hair vd.,
2019). Iraksak gecerlik kapsaminda, Matematiksel Elestirel Diistinme boyutuna ait AVE degerlerinin
(.77 ve .76), bu boyutun diger boyutlarla olan korelasyon katsayilarinin karelerinden (r?) daha yiiksek
oldugu belirlenmistir [MED-MPC = (.743)> = .552; MED-MUB = (.766) = .587]. Bu sonug, Merak ve
Sistematiklik alt boyutlariin 6lgekte yer alan diger yapilardan istatistiksel olarak ayirt edilebilir
oldugunu gostermektedir. Dolayisiyla elde edilen AVE ve CR degerleri, Matematiksel Elestirel
Diisiinme boyutunun hem kuramsal tutarliligini hem de psikometrik saglamligimi desteklemektedir.
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Sekil 7. Matematiksel Elestirel Diisiinme Boyutuna Iliskin DFA Sonugclar
Matematiksel Yaratici Diisiinme Boyutu DFA Sonuclari

Matematiksel yaratici diigtinme oyutunun iki faktorlii yapisinin dogrulugunu test etmek amaciyla,
DFA uygulanmistir. Bu analizde, daha 6nceki bulgularin 6reklem {izerinde ne derece dogrulandigi
incelenmis ve yapinin gegerliligi test edilmistir. DFA, AMOS programi aracilifiyla gergeklestirilmis
olup, elde edilen model uygunluk gostergeleri Sekil 2'de gorsellestirilmistir. Sekil 2 incelendiginde,
modelin kabul edilebilir diizeyde bir uyum gosterdigini ve dlgme aracinin yap1 gecerliligini sagladigini
gostermektedir. Standardize edilmis faktor yiikleri incelendiginde, Esneklik boyutundaki maddelerin
yiiklerinin .48 ile .67 arasinda, Yenilik boyutundaki maddelerin yiiklerinin ise .50 ile .61 arasinda
degistigi goriilmektedir. Tiim maddelerin faktor yiiklerinin .40’ {izerinde olmasi, ilgili maddelerin
kendi boyutlarini yeterli diizeyde temsil ettigini gostermektedir. Ayrica iki faktor arasinda gozlenen
.85’lik korelasyon, boyutlarm birbirleriyle anlamli ve giiglii bir iliski icerisinde oldugunu ortaya
koymaktadir. Bu sonuglar genel olarak, modelin veriye iyi uyum sagladigim ve 6lgegin iki boyutlu
yapisinin dogrulandigini géstermektedir. Sekil 2 incelendiginde, modelin uyum indeksleri sirastyla y* =
97.354, df = 34, p =.000, ¢*/df = 2.863, CF1 = .93, GFI1 = .96, NFI = .91, AGFI = .93 ve RMSEA = .067
olarak hesaplanmistir. Bu degerlerin degerlendirilmesine yonelik bilgiler Tablo 4’te ayrintili sekilde
sunulmustur.

Tablo 11. Matematiksel Yaratic1 Diisiinme Boyutuna Ait Uyum Indeksleri
Uvum Bu ¢alisma
yum Zhou vd. kapsaminda
Indeksleri <
ulasilan degerler
X2/df 3.599 2.863 3-5 0-3 Miikemmel uyum

Kabul edilebilir Miikemmel uyum Sonug
uyum aralig1 aralig1 (Kline, 2019)
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RMSEA .057 .067 <.08 <.06 Miikemmel uyum
NFI 91 .90 >.90 >.95 Miikemmel uyum
CFI 95 .93 >.90 >.95 Kabul edilebilir

uyum
GFI 0.930 .96 >.85 >.90 Miikemmel uyum
AGFI 0.907 .93 >.85 >.90 Miikemmel uyum

Tablo 4 incelendiginde, ¥*/df degerinin 3’iin altinda olmas1 modelin kabul edilebilir diizeyde
oldugunu gostermektedir. RMSEA degerinin .07'nin altinda (.067) olmasi, modelin hata oraninin diisiik
oldugunu ve yapmin milkkemmel uyum sergiledigini gostermektedir. Diger uyum indekslerinden NFI
(.896), CFI (.929), GFI (.956) ve AGFI (.929) degerlerinin tamami kabul edilebilir diizeyde olup,
modelin iyi uyum gosterdigini ve yap1 gecerliliginin saglandigini ortaya koymaktadir.

Kline (2019) tarafindan 6nerilen uyum olgiitleri temel alindiginda, bu ¢aligmada elde edilen tiim
indekslerin mitkemmel uyum diizeyinde oldugu goriilmektedir. Ayrica bu sonuglarin, Slgegin orijinalini
gelistiren Zhou vd. (2024)’nin ulastig1 yapisal modelle ortlismesi, uyarlanan 6lgekteki faktor yapisinin
Ozgiin yapiya uygun bi¢imde korundugunu ve dogrulandigimi ortaya koymaktadir. Bu dogrultuda,
matematiksel yaratici diisiinme boyutuna iliskin iki faktorlii yapinin hem teorik zemine hem de ampirik
bulgulara dayali olarak tutarli bigimde siirdiiriildiigii ifade edilebilir.

Yakinsak gegerlik kapsaminda, Esneklik ve Yenilik alt boyutlarma iliskin AVE degerleri sirastyla
.34 ve .33, CR degerleri ise .72 ve .71 olarak hesaplanmistir. AVE degerleri .50 nin altinda olsa da, CR
degerlerinin .70’in {izerinde olmas1 yapinin kabul edilebilir diizeyde yakisak gegerlige sahip oldugunu
gostermektedir (Fornell & Larcker, 1981; Hair vd., 2019). Bu sonug, ilgili maddelerin fakttrle anlamlh
bicimde iligkili oldugunu ve yapinin i¢ tutarliliginin saglandigim gostermektedir. Iraksak gegerlik
analizinde, Matematiksel Yaratici Diigiinme boyutunun AVE degerinin (.58), diger boyutlarla olan
korelasyon katsayilarinin karelerinden daha ytiksek oldugu goriilmiistiir [MYD-MED = (.127)* = .016;
MYD-MUB = (.135)2 = .018]. Bu durum, Esneklik ve Yenilik alt boyutlarinin 6lcek icerisindeki diger
yapilardan ayirt edilebilir nitelikte oldugunu gostermektedir. Dolayisiyla elde edilen AVE ve CR
degerleri, Matematiksel Yaratici Diigiinme boyutunun kuramsal biitiinliiglinii desteklemekte ve 6lgegin
genel gecerlik yapisini gliglendirmektedir.
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Sekil 8. Matematiksel Yaratic1 Diisiinme Boyutuna iliskin DFA Sonuglar1
Matematiksel Problem Cézme Boyutu DFA Sonuclar

Matematiksel problem ¢ézme boyutunun iki faktdrlii yapisinin dogrulugunu test etmek amaciyla,
DFA uygulanmistir. Bu analizde, daha 6nceki bulgularin 6rmeklem {izerinde ne derece dogrulandigi
incelenmis ve yapinin gegerliligi test edilmistir. DFA, AMOS programi aracilifiyla gergeklestirilmis
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olup, elde edilen model uygunluk gostergeleri Sekil 3'te gorsellestirilmistir. Sekil 3 incelendiginde,
modelin milkemmel diizeyde bir uyum gosterdigi ve dlgme aracinin yapi gegerliligini giiclii bicimde
sagladig1 goriilmektedir. Standardize edilmis faktdr yiikleri incelendiginde, Muhakeme boyutundaki
maddelerin yiiklerinin .88 ile .92 arasinda, Yansitici boyutundaki maddelerin yiiklerinin ise .88 ile .91
arasinda degistigi belirlenmistir. Tiim maddelerin faktor yiiklerinin .40’1n oldukga tizerinde olmasi, ilgili
maddelerin kendi boyutlari yiiksek diizeyde temsil ettigini gostermektedir. Ayrica iki faktor arasinda
gbzlenen .77’lik korelasyon, boyutlarin birbirleriyle anlamli ve giiclii bir iliski igerisinde oldugunu
ortaya koymaktadir. Sekil 3 incelendiginde, modelin uyum indeksleri sirastyla ¥* = 65.613, df =34, p =
.01, y¥/df=1.526, CFI=.99, GF1=.97, NFI =.99, AGFI = .96 ve RMSEA = .036 olarak hesaplanmgtir.

Bu degerlerin degerlendirilmesine yonelik bilgiler Tablo 5’te ayrintili sekilde sunulmustur.

Tablo 12. Matematiksel Problem Cézme Boyutuna Ait Uyum Indeksleri

Bu ¢aligma

Uyum Indeksleri Zhou vd. kapsaminda ulasilan Kabul edlleb} lir Mukemmevl uyum .Sonug
< uyum aralig1 aralig1 (Kline, 2019)
degerler

X2/df 3.368 1.526 3-5 0-3 Miikemmel uyum
RMSEA 0.076 .036 <.08 <.06 Miikemmel uyum
NFI 0.928 .99 >.90 >.95 Miikemmel uyum

CFI 0.948 .99 >.90 >.95 Miikemmel uyum

GFI 0.929 97 >.85 >.90 Miikemmel uyum
AGFI 0.906 .96 >.85 >.90 Miikemmel uyum

Tablo 5 incelendiginde, ¥*/df degerinin 3’iin altinda olmas1 modelin kabul edilebilir diizeyde
oldugunu gostermektedir. RMSEA degerinin .06'nin altinda (.036) olmasi, modelin hata oraninin diisiik
oldugunu ve yapinin milkemmel uyum sergiledigini gostermektedir. Diger uyum indekslerinden NFI,
CFI, GFI ve AGFI degerlerinin tiimii .95 ve lizerinde yer almakta olup, bu da modelin yiiksek diizeyde
yap1 gegerliligine sahip oldugunu ortaya koymaktadir.

Kline (2019) tarafindan 6nerilen uyum olgiitleri temel alindiginda, bu ¢aligmada elde edilen tiim
indekslerin mitkemmel uyum diizeyinde oldugu goriilmektedir. Ayrica bu sonuglarin, dlgegin orijinalini
gelistiren Zhou vd.(2024)’nin ulastig1 yapisal modelle Ortiismesi, uyarlanan 6l¢ekteki faktor yapisinin
Ozgiin yapiya uygun bi¢imde korundugunu ve dogrulandigimi ortaya koymaktadir. Bu dogrultuda,
matematiksel problem ¢dzme boyutuna iliskin iki faktorlii yapimin hem teorik zemine hem de ampirik
bulgulara dayali olarak tutarli bigimde siirdiiriildiigii ifade edilebilir.

Yakinsak gecerlik analizinde, Muhakeme Becerileri ve Yansitic1 Beceriler alt boyutlarina ait
AVE degerleri sirasiyla .79 ve .80, CR degerleri ise her iki boyut i¢in .96 olarak hesaplanmistir. AVE >
.50 ve CR > .70 kosullarmin saglanmasi, maddelerin faktorleri yiiksek diizeyde temsil ettigini ve
yakinsak gegerligin saglandigin1 gostermektedir. Iraksak gegerlik agisindan, Matematiksel Problem
(C6zme boyutuna ait AVE degerinin (.80), bu boyutun diger boyutlarla olan korelasyon katsayilarinin
karelerinden daha yiiksek oldugu tespit edilmistir [6rnegin, MPC-MED = (.743)? = .552; MPC-MUB
= (.784)> = .614]. Bu bulgu, Muhakeme ve Yansitict bilesenlerin Ol¢ekteki diger yapilardan ayirt
edilebilir oldugunu gdstermekte; boylece dlgegin genel yap1 gegerligine giiclii destek saglamaktadir
(Fornell & Larcker, 1981; Hair vd., 2019).
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Sekil 9. Problem Cozme Boyutuna iliskin DFA Sonuglari
Matematiksel Ustbilissel Beceriler Boyutu DFA Sonuglar

Matematiksel {istbiligsel beceriler boyutunun ti¢ faktorlii yapisinin dogrulugunu test etmek
amaciyla, DFA uygulanmistir. Bu analizde, daha 6nceki bulgularn &rneklem iizerinde ne derece
dogrulandig1 incelenmis ve yapmin gegerliligi test edilmistir. DFA, AMOS programi aracilifiyla
gergeklestirilmis olup, elde edilen model uygunluk gostergeleri Sekil 4'te gorsellestirilmistir. Sekil 4
incelendiginde, modelin miitkemmel diizeyde bir uyum gosterdigi ve dlgme aracinin yap1 gegerliligini
giicli bicimde sagladigi goriilmektedir. Standardize edilmis faktor yiikleri incelendiginde, Bilgi
boyutundaki maddelerin yiiklerinin .81 ile .97 arasinda, Deneyim boyutundaki maddelerin yiiklerinin
.55 ile .57 arasinda, Izleme boyutundaki maddelerin yiiklerinin ise .55 ile .61 arasinda degistigi
belirlenmistir. Tiim maddelerin faktor yiiklerinin .40°1n oldukga iizerinde olmasi, ilgili maddelerin kendi
boyutlarin1 yeterli diizeyde temsil ettigini gostermektedir. Ayrica faktorler arasindaki .45 ile .57
arasindaki korelasyonlar, boyutlarm birbirleriyle anlamli ve orta diizeyde iliskili oldugunu ortaya
koymaktadir. Sekil 4 incelendiginde, modelin uyum indeksleri sirasiyla > = 49.55, df = 41, p = .168,
y*/df = 1.208, CFI = 1.00, GFI = .98, NFI = .99, AGFI = .96 ve RMSEA = .024 olarak hesaplanmustir.
Bu degerlerin degerlendirilmesine yonelik bilgiler Tablo 6’da ayrintili sekilde sunulmustur.

Tablo 13. Matematiksel Ustbilissel Beceriler Boyutuna Ait Uyum Indeksleri

Bu caligma o ..
Uyum Indeksleri Zhou vd. kapsamlfldasulasllan Kabul edlleb} lir Mukemmevl uyum .Sonug:
degerler uyum aralig1 aralig1 (Kline, 2019)
gerle

X%/df 3.003 1.208 3-5 0-3 Miikemmel uyum
RMSEA 0.071 0.024 <.08 <.06 Miikemmel uyum
NFI 0.905 .99 >.90 >.95 Miikemmel uyum

CFI 0.933 1.00 >.90 >.95 Miikemmel uyum

GFI 0.933 .98 >.85 >.90 Miikemmel uyum

AGFI 0.902 .96 >.85 >.90 Miikemmel uyum

Tablo 6 incelendiginde, y?/df degerinin 3’lin altinda olmasi modelin kabul edilebilir diizeyde
oldugunu gostermektedir. RMSEA degerinin .06'nin altinda (.024) olmasi, modelin hata oraninin diigiik
oldugunu ve yapinin milkemmel uyum sergiledigini gostermektedir. Diger uyum indekslerinden NFI,
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CFI, GFI ve AGFI degerlerinin tiimii .95 ve lizerinde yer almakta olup, bu da modelin yiiksek diizeyde
yapi gecerliligine sahip oldugunu ortaya koymaktadir.

Kline (2019) tarafindan 6nerilen uyum olgiitleri temel alindiginda, bu ¢aligmada elde edilen tiim
indekslerin mitkemmel uyum diizeyinde oldugu goriilmektedir. Ayrica bu sonuglarin, Slgegin orijinalini
gelistiren Zhou vd.(2024)’nin ulastig1 yapisal modelle Ortiismesi, uyarlanan 6lgekteki faktor yapisinin
Ozgiin yapiya uygun bi¢imde korundugunu ve dogrulandigimi ortaya koymaktadir. Bu dogrultuda,
matematiksel iistbiligsel beceriler boyutuna iliskin ii¢ faktorlii yapimnin hem teorik zemine hem de
ampirik bulgulara dayali olarak tutarli bigimde siirdiiriildiigii ifade edilebilir.

Yakinsak gecerlik kapsaminda, ii¢ alt boyuta ait AVE degerleri sirasiyla .76, .78 ve .77, CR
degerleri ise .93, .93 ve .93 olarak hesaplanmistir. Tiim degerlerin kabul edilebilir esiklerin {izerinde
olmasi (AVE > .50; CR > .70), her bir alt boyutun yakinsak gegerlige sahip oldugunu gostermektedir.
Iraksak gecerlik analizinde, Matematiksel Ustbilissel Beceriler boyutuna ait AVE degerlerinin (.77 ve
iizeri), diger boyutlarla olan korelasyon katsayilarinin karelerinden (6rnegin, MUB-MED = (.766)* =
.587; MUB-MPC = (.784)> = .614) daha yiiksek oldugu belirlenmistir. Bu durum, Ustbilissel Bilgi,
Deneyim ve Izleme alt boyutlarinin birbirinden ve diger yapilardan istatistiksel olarak ayirt edilebilir
oldugunu gostermektedir. Dolayisiyla elde edilen bulgular, Matematiksel Ustbilissel Beceriler
boyutunun hem yakinsak hem de iraksak gegerligi sagladigini ve 6lgegin genel psikometrik yapisini
giiclendirdigini ortaya koymaktadir.

Sekil 10. Matematiksel Ustbilissel Beceriler Boyutuna Iliskin DFA Sonugclar
Olgegin Tamamina Ait DFA Sonuglar

Caligmanin bu boliimiinde, daha onceki bulgularin 6rmeklem {izerinde ne derece dogrulandigi
incelenmis ve yapmin gegerliligi test edilmistir. DFA, AMOS ve JAMOVI programlari araciligtyla
gergeklestirilmis olup, elde edilen model uygunluk gostergeleri Sekil 5’te gorsellestirilmistir. Sekil 5
incelendiginde, modelin kabul edilebilir diizeyde bir uyum gosterdigi ve Olgme aracinin yapi
gegerliligini sagladig1 goriilmektedir.
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Standardize edilmis faktor yiikleri incelendiginde, Matematiksel Elestirel Diisiinme (Merak ve
Sistematiklik) boyutundaki maddelerin yiiklerinin .87 ile .88 arasinda; Matematiksel Yaratici Diisiinme
(Esneklik ve Yenilik) boyutundaki maddelerin yiiklerinin .51 ile .73 arasinda; Matematiksel Problem
(Cozme (Muhakeme Becerileri ve Yansitici Beceriler) boyutundaki maddelerin yiiklerinin .86 ile .89
arasinda; Matematiksel Ustbilissel Beceriler (Bilgi, Deneyim ve Izleme) boyutundaki maddelerin

yiiklerinin ise .87 ile .91 arasinda degistigi goriilmektedir. Tiim maddelerin faktor yiiklerinin .50’nin
iizerinde olmas, ilgili maddelerin kendi alt boyutlarini yeterli diizeyde temsil ettigini gdstermektedir.

Ikinci diizey diizeyde, dort alt boyutu temsil eden iist diizey faktér olan MUDDO’ ye ait
standardize edilmis yiiklerin .19 ile 1.01 arasinda degistigi goriilmektedir. Bu degerler, alt boyutlarin
genel yapiy1 anlamh bicimde yordadigimi gostermektedir. Ayrica alt boyutlar arasindaki korelasyon
katsayilarinin .21 ile .97 arasinda degistigi belirlenmistir. Bu degerlerin ¢ogunun .50’nin iizerinde
olmasi, boyutlarin birbiriyle iligkili fakat kavramsal olarak ayristigini; dolayisiyla 6lgegin yapi

gegerliligini destekledigini gostermektedir.

Modelin genel uyum indeksleri de bu sonuglar1 desteklemektedir. Analiz sonucunda elde edilen
uyum indeksleri ¥* = 1405.019, df = 930, y¥df = 1.511, CFI = .973, NFI = .925, GFI = .874, AGFI =
.860, ve RMSEA = .035 olarak bulunmustur. Bu degerler, CFI ve RMSEA ac¢isindan modelin
miikemmel uyum gosterdigini, ¥*/df oraninin 2’nin altinda olmasinin ise veriye yiiksek diizeyde uyum
saglandigimi ortaya koymaktadir. Bu degerlerin degerlendirilmesine yonelik bilgiler Tablo 11°de
ayrintili sekilde sunulmustur. Jamovi analizinde elde edilen sonuglar da bu bulgularla paralellik
gostermektedir. WLSMYV tahmin yontemiyle yapilan dogrulayici faktor analizinde elde edilen CFI =
998, TLI =.998, SRMR = .035 ve RMSEA = .022 degerleri, modelin ikinci bir 6rneklem {izerinde de
oldukga iyi uyum sagladigim gostermektedir.

Tablo 11. Matematiksel Ust Diizey Diisiinme Olgegine Ait Uyum indeksleri

Uyum Indeksleri Zhou vd. Bu ¢alisma Kabul edilebilir ~ Miikkemmel uyum Sonug
kapsaminda ulasilan uyum aralig1 aralig1 .
degerler (Kline, 2019)
X2/df 3.003 1.511 3-5 0-3 Miikemmel uyum
araligi
RMSEA 0.071 0.035 <.08 <.06 Miikemmel uyum
araligi
NFI 0.905 .93 >.90 >.95 Kabul edilebilir uyum
araligi
CFI 0.933 97 >.90 >95 Miikemmel uyum
araligi
GFI 0.933 .87 >.85 >.90 Kabul edilebilir uyum
araligi
AGFI 0.902 .86 >.85 >.90 Kabul edilebilir uyum
araligi

Tablo 11 incelendiginde, MUDDO’ye iliskin dogrulayici faktor analizi (DFA) sonucunda elde
edilen uyum indekslerinin genel olarak kabul edilebilir ve miitkemmel uyum araliklar igerisinde yer
aldig1 goriilmektedir. X?/df oraninmn 1.511 olmasi modelin milkemmel uyum gosterdigini ortaya
koymaktadir. RMSEA degeri (.035) de modelin iyi diizeyde bir uyuma sahip oldugunu
desteklemektedir. CFI (.97) degeri miikemmel uyumu yansitirken, NFI (.93), GFI (.87) ve AGFI (.86)
degerleri kabul edilebilir uyum diizeyinde yer almaktadir. Bu sonuglar, 6lgegin Tiirk¢e formunun
dogrulanan faktor yapisinin orijinal modele uygun ve veriye iyi uyum sagladigini géstermektedir.
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Sekil 11. Matematiksel Ust Diizey Diisiinme Olgegi’nin Birinci Diizey Dogrulayici Faktor
Analizi Modeli (MED: Matematiksel Elestirel Diisiinme, MYD: Matematiksel Yaratict Diigiinme,
MPC: Matematiksel Problem C6zme, MUB: Matematiksel Ustbilissel Beceriler, Sist.:Sistematiklik,
Esn.: Esneklik, Yen.: Yenilik, M. Bec.: Muhakeme Becerileri, Y.Bec: Yansitict Beceriler)

Caligmanin bu bdliimiinde, daha 6nceki bulgularin 6reklem {izerinde ne derece dogrulandigi
incelenmis ve yapimi gecerliligi ikinci diizey dogrulayici faktor analizi (2. Diizey DFA) ile test
edilmistir. Analiz, AMOS ve Jamovi programlari aracilifiyla gerceklestirilmis olup, elde edilen model
uygunluk gostergeleri Sekil 6’da sunulmustur. Sekil 6 incelendiginde, modelin ikinci diizey yapisinin
kabul edilebilir diizeyde bir uyum gosterdigi ve dlgme aracinin genel faktor diizeyinde yap1 gecerliligini
sagladig1 gortilmektedir.

Standardize edilmis faktor yiikleri incelendiginde, Matematiksel Elestirel Diisiinme (Merak ve
Sistematiklik) boyutundaki maddelerin yiiklerinin .88 ile .88 arasinda; Matematiksel Yaratici Diisiinme
(Esneklik ve Yenilik) boyutundaki maddelerin yiiklerinin .73 ile 1.16 arasinda; Matematiksel Problem
(Cozme (Muhakeme Becerileri ve Yansitici Beceriler) boyutundaki maddelerin yiiklerinin .86 ile .89
arasinda; Matematiksel Ustbilissel Beceriler (Bilgi, Deneyim ve Izleme) boyutundaki maddelerin
yiiklerinin ise .87 ile .91 arasinda degistigi goriilmektedir. Tiim maddelerin faktdr yiiklerinin .50’ nin
iizerinde olmas, ilgili maddelerin kendi alt boyutlarini yeterli diizeyde temsil ettigini gostermektedir.

Ikinci diizey DFA sonucunda, dért alt boyutu temsil eden iist diizey faktér olan MUDDOye ait
standardize edilmis yiiklerin .19 ile 1.01 arasinda degistigi belirlenmistir. Bu degerler, alt boyutlarin
genel yapiy1 anlamh bicimde yordadigimi gostermektedir. Ayrica alt boyutlar arasindaki korelasyon
katsayilarinin .19 ile .99 arasinda degistigi gdzlemlenmistir. Bu sonuglar, alt boyutlarin birbiriyle iliskili
ancak kavramsal olarak ayristigini; dolayisiyla Olgegin yap1 gecerliligini destekledigini ortaya

koymaktadir.

Modelin genel uyum indeksleri de bu sonuglar1 desteklemektedir. Analiz sonucunda elde edilen
uyum indeksleri x> = 1411.478, df =932, y¥/df = 1.514, CF1=.973, TLI = .971, NFI = .925, GFI = .873,
AGFI = .859, ve RMSEA = .035 olarak bulunmustur. Bu degerler, CFI, TLI ve RMSEA agisindan
modelin mitkkemmel uyum gdsterdigini; ¥?/df oraninin 2’nin altinda olmasinin ise modelin veriye yiiksek
diizeyde uyum sagladigim gostermektedir.

Jamovi analizinde elde edilen sonuglar da bu bulgularla paralellik gostermektedir. WLSMV
tahmin yontemiyle yapilan dogrulayici faktor analizinde elde edilen CFI = .998, TLI = .998, SRMR =
.035 ve RMSEA = .022 degerleri, modelin ikinci bir 6rneklem iizerinde de oldukga iyi uyum sagladigim
ortaya koymaktadir. Bu degerlerin degerlendirilmesine yonelik ayrintili bilgiler Tablo 12°de
sunulmustur.
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Tablo 12. Matematiksel Ust Diizey Diisiinme Olgegine Ait 2. Diizey DFA Uyum Indeksleri

Bu ¢aligma g ..
Uyum Indeksleri Zhou vd. kapsaminda ulasilan Kabul edlleb} lir Mukemmevl uyum .Sonug
< uyum aralig1 aralig1 (Kline, 2019)
degerler
X%/df 3.003 1.514 3-5 0-3 Miikemmel uyum
araligi
RMSEA 0.071 0.035 <.08 <.06 Miikemmel uyum
araligi
NFI 0.905 .93 >.90 >.95 Kabul edilebilir uyum
araligi
CFI 0.933 97 >.90 >95 Miikemmel uyum
araligi
GFI 0.933 .87 >.85 >.90 Kabul edilebilir uyum
araligi
AGFI 0.902 .86 >.85 >.90 Kabul edilebilir uyum
araligi

Tablo 12’de Matematiksel Ust Diizey Diisiinme Olgegi’ne iliskin ikinci diizey dogrulayici faktor
analizi (DFA) sonuclar1 verilmistir. Analiz bulgulari, modelin veriye oldukg¢a iyi uyum sagladigini
gostermektedir. X?/df oraninin 1.514 olmasi, modelin mitkkemmel uyum diizeyinde oldugunu ortaya
koymaktadir. RMSEA degerinin .035 olmasi da bu sonucu desteklemektedir. CFI (.97) degeri
milkemmel uyum diizeyinde yer alirken, NFI (.93), GFI (.87) ve AGFI (.86) degerleri kabul edilebilir
uyum araliklarindadir. Bu sonuglar, 6lgegin ikinci diizey faktor yapisinin istatistiksel olarak
dogrulandigim ve Matematiksel Ust Diizey Diisiinme becerilerinin biitiinciil bir yapida temsil edildigini
gostermektedir.

Sekil 12. Matematiksel Ust Diizey Diisiinme Olgegi’nin ikinci Diizey Dogrulayici Faktor
Analizi Modeli

Olciim Degismezligi Analizini Bulgular

Aragtirma iirecinin bu kisminda dlgegin cinsiyet degiskenine goére 6l¢lim degismezligi analizi
gerceklestirilmistir. Analiz, dogrulayici faktor analizine dayali olarak configural, metric, scalar ve strict
degismezlik diizeylerini test etmeye yoneliktir. Cinsiyet gruplar1 arasinda modelin ayni sekilde isleyip
islemedigini belirlemek icin olusturulan modellerin uyum indeksleri Tablo 13’te sunulmustur.
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Tablo 13. Cinsiyete Gére Coklu Grup DFA Analizinin Uyum indeks Sonuglari

Degismezlik . sd CFI RMSEA Ay? Asd Sig. ACFI
Tiirleri
Bigimsel D. 2481.72 1864 97 .028 - - - -
Metrik D. 2517.48 1900 97 .028 35.76 36 .00 .000
Skalar D. 2530.19 1908 97 .028 12.71 8 .00 .001
Hata D. 2604.91 1967 .96 .028 74.72 59 .00 .002

Tablo 13 incelendiginde, bicimsel modelin iyi diizeyde bir uyum gosterdigi goriilmektedir (CFI
= .97, RMSEA = .028). Ardindan gergeklestirilen metrik degismezlik modelinde, ACFI = .000 ve
Ay*(36) = 35.76, p < .001 degerleri, faktor yiiklerinin cinsiyet gruplarn arasinda anlamli bigimde
farklilasmadigin1 gostermektedir. Skalar degismezlik modelinde de benzer bigimde ACFI = .001 olarak
bulunmus ve uyum indekslerinde anlamli bir bozulma gézlenmemistir. Son olarak hata varyanslarinin
esitlendigi modelde ACFI=.002 degeri elde edilmistir. Bir modelden digerine gegiste ACFI degerlerinin
.010’un altinda kalmasi, dlgegin cinsiyet agisindan tam dl¢lim degismezligi sagladigim gostermektedir.
Bu nedenden dolay1 bu farkin kabul edilebilir sinirlar i¢inde kaldig1 goriilmiistiir. Bu bulgular, 6lgegin
cinsiyet degiskenine gore tam Sl¢lim degismezligi sagladigini, yani Slgegin hem erkek hem de kadin
gruplarinda ayni yapiy1 olgtiigiinii gostermektedir. Bagka bir ifadeyle, 6l¢ek puanlar gruplar arasinda
karsilastirilabilir niteliktedir.

Olcege Ait Giivenirlik Bulgular

Arastirma siirecinin bu kisminda Tiirk¢eye uyarlanan Matematiksel Ust Diizey Diisiinme Olgegi
ve bu 6l¢egin alt boyutlari igin gilivenirlik analizleri yapilmis ve elde edilen sonuglar raporlanmigtir. Bu
baglamda Cronbach’s alfa, Guttman’in A katsayisi, McDonald’s Omega ve Spearman-Brown giivenirlik
katsayilar1 ile AVE ve CR degerleri hesaplanmistir. Elde edilen sonuglar Tablo 14’te sunulmustur.

Tablo 144. Olgegin Alt Boyutlarina ve Tamamina Ait Giivenirlik Katsay1lart

Ana Boyut Alt Boyut Cronbach  Guttman’s Omega Spearman- AVE CR
alfa Brown

Matematiksel Elestirel Merak 95 .95 .95 .96 g7 95
Diisiinme Sistematiklik .96 95 95 .95 76 .96
Matematiksel Yaratici Esneklik .70 .70 .70 .67 34 72
Diisiinme Yenilik .70 .70 .70 72 33 71
Matematiksel Problem Muhakeme Becerileri .96 .96 .96 .96 79 .96
Cozme Yansitici beceriler .95 .95 .95 .95 .80 .96
Matematiksel Ustbilissel Ustbilssel Bilgi .93 93 93 .93 76 .93
Beceriler Ustbilgsel Deneyim 91 91 92 .90 g8 .93
Ustbilssel izleme .93 .93 .93 93 77 93
Matematiksel Ust Diizey Matematiksel Elestirel 97 .96 .96 .88 a7 .97

Diisiinme Olgegi Diisiinme
Matematiksel Yaratici .81 .81 .81 78 58 .96

Diisiinme
Matematiksel Problem .96 .96 .96 .96 .80 .98

Cozme

Matematiksel 95 95 95 .90 a7 .97

Ustbilissel Beceriler

Tablo 14'te goriildiigii tizere, 6lgegin tiim alt boyutlarinda ig tutarlilik katsayilar1 (Cronbach’s alfa,
Guttman’s Lambda, Omega ve Spearman-Brown) .70’in {izerinde ¢ikmig ve bu durum, dlgegin genel
olarak yiiksek diizeyde giivenirlige sahip oldugunu gostermektedir. Ozellikle “Matematiksel Elestirel
Diisiinme”, “Matematiksel Problem Cézme” ve “Matematiksel Ustbilissel Beceriler” boyutlarinda bu
katsayilar .90’1n lizerindedir. Ayrica, AVE degerlerinin ¢ogunlukla .50 nin {izerinde ve CR degerlerinin
tamaminin .70’in lizerinde olmasi, yapinin yeterli yap1 gecerligine ve yliksek bilesik giivenirlige sahip
oldugunu ortaya koymaktadir. Sadece Matematiksel Yaratict Diisiinme ana boyutunun alt boyutlarinda
AVE degerleri diisiik ¢gikmigtir. AVE degerlerinin .50’nin altinda olmasi durumunda, CR degerinin
.70’in lizerinde olmasi halinde yap1 gecgerliginin kabul edilebilir oldugu literatiirde
belirtilmektedir (Fornell & Larcker, 1981; Hair vd., 2019).Bu degerler, kabul edilebilir glivenilirlik
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diizeyine isaret etmekte olup, bu alt boyutlarin da 6lgme agisindan yeterli tutarliliga sahip oldugunu
gostermektedir (DeVellis, 2017).

Caligmanin bu agsamasinda, 6lgegin dort alt boyutu arasinda yer alan iligkiler Pearson korelasyon
analizi ile incelenmistir. Elde edilen korelasyon katsayilart ve anlamlilik diizeyleri Tablo 15°te
sunulmustur.

Tablo 15. MUDDO Olgegi I¢in Faktér Korelasyonlari

MED MYD MPC MUB
MED 1
MYD 178* 1
MPC 743%* 208* 1
MUB 765%* .245% T74%* 1

*p<.05, **p<.01 (MED: Matematiksel Elestirel Diiginme, MYD: Matematiksel Yansiticr Diisiinme, MPC:
Matematiksel Problem Cozme, MUB: Matematiksel Ustbilissel Beceriler)

Tablo 15 incelendiginde, 6zellikle MED ile MUB (r = .765, p < .01) ve MPC (r = .743, p < .01)
arasindaki korelasyonlar olduk¢a giiclii oldugu goriilmektedir. Bu durum, elestirel diiglinmenin hem
iistbiligsel farkindalikla hem de problem ¢oézme siiregleriyle yiiksek diizeyde iliskili oldugunu
gostermektedir. Bunun yan1 sira, MYD alt boyutunun diger degiskenlerle olan korelasyonlarinin gérece
daha diisiik diizeyde kaldig1 gézlemlenmistir. Ornegin, MYD’ nin MPC (r = .228, p <.05) ve MUB (r =
245, p < .05) ile iliskisi zayif diizeyde olsa da istatistiksel olarak anlamlidir. Bu sonuglar, MYD alt
boyutunun daha bagimsiz bir yapida oldugunu ve dlgekte yer alan diger kavramlarla daha zayif baglar
kurdugunu diisiindiirmektedir. Bunun yan1 sira MPC ile MUB arasindaki yiiksek korelasyon da dikkat
¢ekicidir (r = .774, p < .01). Bu bulgular, 6grencilerin matematiksel problem ¢ézme becerilerinin,
iistbiligsel yetkinlikleri ve iist diizey diislinme yeterlikleriyle yakindan iliskili oldugunu ortaya
koymaktadir. Genel olarak degerlendirildiginde 6l¢egin alt boyutlar1 arasindaki iliskiler i¢ tutarlilik
bakimindan giivenilirdir. Bu nedenle 6lgegin, lise Ogrencilerinin matematiksel {ist diizey diisiinme
becerilerini gegerli ve giivenilir sekilde dlgebilecegi sOylenebilir.

Tartisma

Bu galismada Tiirkgeye uyarlanan Matematiksel Ust Diizey Diisiinme Olgegi, dgrencilerin
matematiksel diiglinme becerilerini ¢ok boyutlu bigimde degerlendirme amaciyla yapilandirilmis
kuramsal bir lgme araci olarak dne ¢ikmaktadir. Olgegin dort temel boyutu; elestirel diisiinme, yaratic
diisiinme, problem ¢6zme ve istbiligsel beceriler, matematiksel diisiinmenin yalnizca islemsel degil;
analitik, yaratici ve Ozdiizenleyici yonlerini de kapsamaktadir. Bu yapi, matematiksel diisiinme
stireclerinin dogasma uygun dlgme araglarina duyulan gereksinimi vurgulayan onceki aragtirmalarla
ortigmektedir (Schoenfeld, 1992; English & Halford, 2012; Zhang vd., 2024). Nitekim mevcut
literatiirdeki Slgeklerin biiyiik bir kismi yalnizca belirli biligsel alanlara odaklanmakta; drnegin kimi
caligmalar yalnizca {istbiligsel becerileri (Gliner & Erbay, 2021; Kaplan & Duran, 2016), kimileri ise
yalnizca yaratici diigiinmeyi (Furnham vd., 2013; Kholid vd., 2024) ele almaktadir. Ancak biligsel
stireglerin dogas1 geregi bu beceriler cogu zaman etkilesim halinde ¢alismakta ve matematiksel baglam
icinde biitlinciil bigimde degerlendirilmesi gerekmektedir. Bu baglamda, bu ¢alismada kullanilan
Olgegin dort farkli zihinsel boyutu ayni anda ve birbirleriyle iliskili bigimde 6l¢ebilmesi, alanyazinda
onemli bir boslugu doldurmakta ve 6l¢me-degerlendirme acisindan 6zgiin bir katki sunmaktadir.

Bu baglamda, bu calismada kullanilan 6lgegin dort farkh biligsel siireci birlikte ele almasi,
literatiirdeki 6nemli bir boslugu doldurmaktadir. Altun (2024) tarafindan yiiriitiilen eylem arastirmasi
da, ozellikle Ogretmen adaylarinin iist diizey disiinme becerilerinin gelistirilmesinde biitiinciil
yaklagimlara olan ihtiyact vurgulamaktadir. Benzer sekilde, Aydin ve Oztiirk (2024) tarafindan
gergeklestirilen meta-analiz calismasi, iistbiligsel farkindalik egitimlerinin hem problem ¢6zme hem de
genel matematik basaris1 iizerinde anlamli ve giiclii etkiler yarattigini gostermektedir. Bu bulgular,
Matematiksel Ust Diizey Diisinme Olgegi’nin yalnizca tanilayici degil, aym zamanda o&gretimsel
miidahalelerin etkililigini degerlendirmede de kullanilabilecek bir ara¢ oldugunu gostermektedir.
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Ayrica OECD (2023) ve Incikabi ve arkadaslari (2016) gibi uluslararasi ve ulusal degerlendirme
raporlar1 da, dgrencilerin bilgiye erisiminden ziyade bilgiyi analiz edebilme, yapilandirabilme ve yeni
durumlara transfer edebilme becerilerine sahip olmasinin 6nemine isaret etmektedir. Bu 6l¢ekte yer alan
elestirel diigiinme, yaratici diisiinme ve listbiligsel bilesenler, tam da bu 21. yiizy1l becerilerini dogrudan
Olgmeye yonelik unsurlar icermektedir. Bu yoniiyle, dlgek ayn1 zamanda Tirkiye Yiizyili Maarif
Modeli'nde (MEB, 2024) vurgulanan ¢ok yonlii matematiksel diislinme ve iist diizey zihinsel
yeterliklerin kazandirilmasina yonelik hedeflerle de tutarlidir.

Sonug olarak, bu ¢alismada Tiirkceye uyarlanan Matematiksel Ust Diizey Diisiinme Olgegi, hem
kuramsal hem de istatistiksel agidan gii¢lii bir 6lgme araci olarak one ¢ikmakta; matematik egitimi
alaninda 6grencilerin yliksek diizey biligsel becerilerinin degerlendirilmesine yonelik nitelikli bir katki
sunmaktadir. Olgek, arastirmacilarm yani sira 6gretmenlerin ve program gelistiricilerin de 6grencilerin
diisiinme becerilerini ¢ok yonlii bicimde izleyebilmeleri agisindan 6nemli bir arag¢ niteligindedir.
Gelecek caligmalarda, bu 6lgegin farkli yas gruplarma, kiiltiirel baglamlara veya 6gretim diizeylerine
gore gecerlik analizlerinin yapilmasi, 6l¢egin kullanim alanini genisletebilir.

Sonug¢

Bu calismada, Zhou vd. (2024) tarafindan gelistirilen Matematiksel Ust Diizey Diisiinme
Olgegi’nin Tiirk 6rneklemindeki yapisinin gegerlik ve giivenirligi incelenmistir. Gegerlik ¢alismalarinda
acimlayici ve dogrulayic1 faktdr analizi, giivenirlik analizleri i¢in ise i¢ tutarlilik ve iki yar test
giivenirligi katsayilar1 hesaplanmis ve boyutlar aras1 korelasyonlar hesaplanmustir.

Olgegin Tiirkgeye uyarlanma siirecinde ilk olarak, 6zgiin formda yer alan 45 madde ii¢ bagimsiz
yabanci dil uzmani ve {i¢ matematik egitimcisi tarafindan Tiirk¢eye ¢evrilmis, ardindan bu geviriler
birlestirilerek ortak bir metin olusturulmustur. Daha sonra, bu metin farkli ii¢ yabanci dil egitimcisi
tarafindan geriye geviri (back-translation) ydntemiyle Ingilizceye gevrilmis ve kavramsal-anlamsal
esdegerliligi sagladigi Brislin (1970) yontemi dogrultusunda dogrulanmistir. Uzman goriislerine dayali
son diizenlemelerin ardindan olusturulan Tiirkce form, 30 lise 6grencisiyle pilot olarak uygulanmas,
Ogrencilerin anlama diizeyine gore kiiglik dilsel sadelestirmeler yapilmigtir. Nihai hali verilen o6lcek,
Ozgiin formdaki dort temel boyut ve dokuz alt boyut korunarak 5°1i Likert tipi seklinde
yapilandirilmistir.

Calismada yapilan DFA sonuclar1 agimlayici analizlerle belirlenen yapimin émeklem verileri
iizerinde dogrulandiginmi gdstermistir. Model uyum indeksleri ¥%/df, RMSEA, CFI, GFI, AGFI ve NFI
gibi temel gostergeler acisindan degerlendirildiginde, tiim alt boyutlara ait modellerin mitkemmel uyum
diizeyinde oldugu goriilmiistiir (Kline, 2019). Ozellikle RMSEA degerlerinin .06 nin altinda olmasi ve
CFI, GFI, NFI gibi degerlerin .95’e yakin veya tizerinde olmasi, 6l¢ekteki faktdr yapilarin ampirik olarak
dogrulandigimi gostermektedir. Ayrica, Olgegin cinsiyet degiskenine gore Ol¢iim degismezligini
belirlemek amaciyla gergeklestirilen analizler sonucunda, bi¢imsel, metrik, skalar ve hata degismezligi
modellerinin tiimii kabul edilebilir uyum gostermistir. ACFI degerlerinin tiim asamalarda .010’un
altinda kalmasi, 6l¢egin cinsiyet a¢isindan tam Sl¢iim degismezligi sagladigim ortaya koymaktadir. Bu
bulgu, Matematiksel Ust Diizey Diisiinme Olgegi’nin hem erkek hem de kadin gruplarinda ayni yapiy1
gegerli bicimde 6l¢tiigiinii ve dlgek puanlarinin cinsiyet gruplart arasinda karsilastirilabilir oldugunu
gostermektedir.

Olgegin giivenirlik analizleri sonucunda hem alt boyutlara hem de genel dlgege ait Cronbach’s a,
Guttman’s A, McDonald’s Omega ve Spearman-Brown katsayilariin cogunlukla .90 1n iizerinde oldugu
tespit edilmigtir. Bu durum, 6l¢egin i¢ tutarliliginin yiiksek oldugunu ve giivenilir dl¢iimler sundugunu
gostermektedir. “Matematiksel Yaratici Diislinme” alt boyutunda yer alan “Esneklik” ve “Yenilik”
bilesenlerine ait giivenirlik katsayilarinin .70 civarinda olmasi, bu alt boyutlarin da kabul edilebilir
diizeyde giivenilir oldugunu ortaya koymaktadir (DeVellis, 2017). Tiim bu bulgular bir arada
degerlendirildiginde, Matematiksel Ust Diizey Diisiinme Olgegi'nin Tiirkceye uyarlanmig formunun
hem gegerli hem de giivenilir bir 6lgme araci oldugu sdylenebilir. Olgek, lise Ogrencilerinin
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matematiksel diislinme becerilerini ¢ok boyutlu olarak degerlendirme konusunda arastirmacilar ve
uygulayicilar igin iglevsel bir yapt sunmaktadir.

Oneriler

Bu ¢aligma, Matematiksel Ust Diizey Diisiinme Olgegi’nin Tiirk¢eye uyarlanmasi ve gegerlik-
giivenirlik analizlerinin gergeklestirilmesi agisindan 6nemli katkilar sunmakla birlikte, bazi sinirhliklar
da igermektedir. {1k olarak, arastirma yalnizca lise diizeyindeki 6grencilerle yiiriitiilmiistiir. Bu durum,
Olgegin gecerlik ve gilivenirlik bulgularinin farkli yas gruplarina genellenebilirligini kisitlamaktadir.
Gelecek calismalarda, ortaokul, iiniversite ve yetiskin bireyler gibi farkli yas ve egitim gruplarina
uygulanarak yasa ve gelisim diizeyine gore karsilagtirmali analizler yapilmasi 6nerilmektedir.

Ikinci olarak, ¢alismada elde edilen veriler, 6z bildirim yoluyla toplanmustir. Katilimeilarin kendi
beyanlarina dayali olarak elde edilen verilerde sosyal begenirlik yanlilig1 gibi etkiler s6z konusu olabilir.
Bu nedenle, ilerleyen arastirmalarda, 6gretmen gozlemleri, {irlin dosyalar1 veya problem ¢ozme
stireclerine dayali performans degerlendirmeleri gibi c¢oklu veri kaynaklarimin kullaniimasi
onerilmektedir. Ugiincii olarak, bu calismada yalmizca psikometrik dzellikler iizerinde durulmus ve
Olcekte yer alan boyutlar ile 6grencilerin akademik bagarilar1 ya da diger biligsel/duyussal degiskenler
arasindaki iligkiler test edilmemistir. Gelecek aragtirmalarda, matematiksel {ist diizey diisiinme
becerilerinin akademik basari, matematik kaygisi, 6z diizenleme, problem ¢6zme yetkinligi, yaraticilik
ve elestirel diisiinme gibi degiskenlerle iligkisi incelenerek 6l¢iit gecerligi giiclendirilebilir. Son olarak,
Olgekte yer alan yapilarin kiiltiirel baglamla olan iligkisini degerlendirmek adina farkli sosyo-kiiltiirel
bolgelerde ¢apraz kiiltiirel karsilastirmalar yapilabilir. Bu tiir ¢aligmalar, 6l¢egin kiiltiirler aras1 gegerlik
diizeyini belirlemek agisindan 6nemli veriler saglayacaktir.

Beyan ve Ac¢iklamalar

1. Arastirmacilarin katki oram1 beyam: Bu ¢alisma iki yazar tarafindan ortak olarak yiiriitiilmiistiir.
Aragtirma tasarimi, veri toplama siireci, veri analizi, yazim ve 06lgek uyarlama siireci Yazar 1
tarafindan istlenilmistir. Literatlir taramasi, kuramsal ¢ergevenin olusturulmasi, bulgularin
yorumlanmast ve metnin akademik dil agisindan revize edilmesi ise Yazar 2 tarafindan
gerceklestirilmistir. Caligsmanin son kontrolii, bicimsel diizenlemeleri ve dergiye gonderim siireci
her iki yazarin ortak katkisiyla tamamlanmigtir. Her iki yazar da ¢aligmanin tiim agamalarini
gbzden gecirmis ve nihai onay1 vermistir.

2. Cikar catismasi: Herhangi bir ¢ikar ¢atismasi bulunmamaktadir.

3. Etik Raporu: Bu ¢aligmanin etik kurul onayi, Bayburt Universitesi Rektorliigii Etik Kurulu’nun
20.02.2025 tarihli, 43 sayili ve 2. oturum karar (Belge Dogrulama Kodu: BSFBL18BSC) ile,
arastirma Onerisinin etik ilkelere uygun oldugunun oy birligiyle kabul edilmesiyle saglanmistir.

4. Arastirmanin Modeli: Bu ¢alisma, lise 6grencilerinin matematiksel iist diizey diisiinme becerilerini
incelemek amactyla ytiriitiilen nicel bir tarama modeli olarak tasarlanan bir aragtirma makalesidir.
Tarama modelinde mevcut durum, 6nceden belirlenmis grup iizerinde oldugu gibi ve dogal
ortaminda tanimlanir ve analiz edilir (Karasar, 2000). Olcek uyarlama ve gegerlik-giivenirlik
asamalart bu model gercevesinde planlanmistir. Bu g¢aligmada, dlgegin dilsel ve kavramsal
esdegerligini saglamak iizere Brislin’in (1970) geri ceviri teknigi uygulanmis ve 30 6grenciyle
yapilan pilot uygulama sonucunda dilsel sadelestirmeler yapilmistir. Veri setinin faktor analizine
uygunlugu KMO ve Bartlett testleri ile, normallik basiklik-¢arpiklik degerleriyle sinanmis;
yapisal gecerlik icin SPSS’te agimlayict faktor analizi (temel bilesenler + direct oblimin) ve
Lisrel’de dogrulayici faktor analizi (y*/df, RMSEA, CFI, GFI, AGFI, NFI) gerceklestirilmistir.
Olgegin i¢ tutarliligi Cronbach’s o, Guttman’s A, McDonald’s Omega ve Spearman-Brown
katsayilar1; yapisal yeterliligi AVE ve CR degerleriyle; alt boyutlar aras1 uyum ise korelasyon
analiziyle degerlendirilmistir. Bu yontemsel g¢erceve, Olgegin gecerli ve giivenilir bir arag
oldugunu gostermektedir.
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