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Matematik Egitiminde Futschek Modeli Temelinde Algoritmik Diisiinme
Olgegi Gelistirilmesi

Makale Bilgisi 0z
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Algoritmik Dusiinme, kullanilarak madde toplam test korelasyonlari, Cronbach Alpha givenirlik, Sperman-
Algoritma, Brown Prophecy glvenirlik, bilesik givenirlik, test-tekrar test glvenirlik katsayisi
Problem C6zme, bulunmustur. Bunun yani sira hipotez testleri, kesfedici faktér analizi ve dogrulayic
Olgek Gelistirme, faktor analizi yapilmistir. Analizler ve uzman gorisleri sonucunda olgek 25 madde
Matematik Egitimi. indirilerek asil 6lgek olusturulmustur. Sonug olarak gelistirilen 6lgegin, 6grencilerin

problem ¢6zme sireci icerisinde yasadiklari zorluklari, karar verme asamalarindaki
tercihlerini, stratejileri etkili kullanip kullanmadiklarini, algoritmik yeterliliklerini ve

Arastirma Makalesi farkindahk duzeylerini 6lgmek icin kapsamli ve islevsel bir 6lgme araci olarak katki
saglayacagi soylenebilir.

Introduction

Problem solving is an important daily life skill that individuals use to manage their thinking and
decision-making processes when faced with problems. This process consists of several stages,
particularly due to its multidimensional and complex structure: understanding the problem, selecting
the necessary information from the data to find a solution, converting this information into
mathematical representations, and following the steps to reach a solution (Aktan et al., 2021). For this
reason, the problem-solving process emerges as a process that reveals how existing knowledge should
be organised, how solution strategies should be developed, how the decision-making mechanism should
operate, and which steps should be followed to reach a solution. In addition, in order for individuals to
be successful in the problem-solving process in both their academic and daily lives, they must possess
certain mathematical knowledge and problem-solving strategies that they can use on a daily basis and
know where and how to use this knowledge and these strategies (Okur, 2008). According to Can (2021),
placing the problem-solving process at the centre of mathematics and addressing this process in an
integrated manner with real life is an effective approach in mathematics education. In this regard, the
problem-solving process is evaluated as a process integrated with real life that includes not only the use
of mathematical knowledge but also multifaceted cognitive skills such as the ability to organise this
knowledge, develop appropriate strategies, and make decisions.

The problem-solving process enables individuals to reach a solution by using their strategy-building
and decision-making skills, while the systematic structure of this process and the verification of the
accuracy of the steps followed form the basis of the algorithmic thinking process. The necessity of this
process lies in analysing a problem, finding solution paths, implementing them, and then developing a
new solution in the next step (Yildiz et al., 2017). Therefore, problem-solving and algorithmic thinking
processes emerge as two important cognitive processes that support and complement each other.
When the literature is examined, there are definitions that reveal the similar relationship between these
processes. According to Berikan (2018), algorithmic thinking refers to an approach that involves specific
steps designed step by step and in detail for the purpose of solving a problem. Kocasarag (2023), on the
other hand, defines algorithmic thinking as a method of thinking that aims to reach the most accurate
solution by planning each step to be followed in the problem-solving process and considering the
outputs, efficiency, performance, advantages, and disadvantages of each step. Based on these
definitions, the algorithmic thinking process emerges as a systematic way of thinking that controls the
problem-solving process and verifies the accuracy of the steps followed within this process, the
effectiveness of different strategies that can be used, and the repeatability of the result achieved.

The problem-solving process can be said to develop through a regular and structured effort
influenced by factors such as the individual's cognitive, emotional and psychomotor abilities, the
teaching methods and techniques used, qualified teaching programmes, measurement and evaluation
practices, the use of appropriate materials, learning-teaching principles and a contemporary
understanding of education. Dewey addressed this effort process in terms of the individual's cognitive
skills in five stages: understanding the problem, formulating tentative hypotheses, collecting, organising
and explaining data, and reaching a conclusion. According to Dewey, an individual who wants to
complete these stages actively uses higher-level cognitive skills such as analysis, synthesis, and
generalisation in the problem-solving process (Baki, 2008). Polya (1997) evaluated the problem-solving
process in four stages: understanding the problem, making plans to reach a solution, implementing the
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plan, and looking back and checking. According to Montague et al. (2011), the problem-solving process
is defined as reading the problem, explaining it, visualising it (drawing a figure or diagram), making a
plan, predicting the answer, solving the problem, and checking the answer. Xin (2016) approaches the
problem-solving process as identifying the problem situation, creating an appropriate model
(figure/diagram/chart), organising data, expressing diagram information mathematically, finding the
unknown, and checking the solution. All these approaches reveal that the problem-solving process is a
systematic and sequential structure. In this respect, it can be said that problem-solving processes
overlap with the basic components of algorithmic thinking processes and that both processes involve
similar cognitive skills and strategies. Researchers also argue that the algorithmic thinking process
shares the same cognitive structures as the problem-solving process and that many different skills are
used in this process (Futschek & Moschitz, 2010; Ritter & Standl, 2023). When reviewing the literature, it
is observed that researchers classify the algorithmic thinking process according to different cognitive
skills in line with their own theoretical approaches.

Table
Algorithmic Thinking Processes in the Literature
Szanto (2002) Garner (2003) Futschek (2006)
1. Application and writing 1. Analyzing the problem 1. Analyzing the problem
2. Algorithm writing 2. Designing the algorithm 2. Defining the problem
3. Analogical thinking 3. Adapting the algorithm 3. Finding a solution strategy for
4. Ability to modify and adapt 4. Testing and reviewing the the problem
algorithms algorithm 4. Designing an algorithm
5. Algorithm production suitable for the problem
5. Considering all possible
scenarios for the problem
6. Improving the functionality of
the algorithm
Vasconcelos (2007) Syslo and Kwiatkowska (2008) Zsaké and Szlavi (2012)
1. Reading and understanding 1. Understanding the problem 1. Recognising and
the problem 2. Developing an algorithm to understanding algorithms
2. Selecting the concepts to be solve the problem 2. Applying algorithms
applied 3. Running the algorithm on a 3. Algorithm analysis
3. Explaining the problem computer 4. Preparing algorithms
4. Creating the solution method 5. Implementing algorithms
5. Testing the solution 6. Editing and modifying
algorithms
7. Designing complex algorithms
Brown (2015) Erimit et al. (2018) Ritter and Standl (2023)
1. Identifying the problem 1. Understanding the problem 1. Defining the problem
2. Developing algorithms 2. Creating a strategy 2. Abstraction and
appropriate to the problem 3. Comparing strategies decomposition
3. Evaluating the developed 4. Creating an algorithm 3. Designing the algorithm
algorithms 5. Coding the algorithm 4. Testing the algorithm
4. Developing new algorithms 6. Editing and developing the
algorithm
7. Preparing and coding new
algorithms

When examining the models presented in Table 1, it can be seen that they contain different
cognitive structures regarding how algorithmic thinking processes are structured by students in each
approach. Szanto (2002), Garner (2003), Vasconcelos (2007), Brown (2015), and Ritter and Standl (2023)
define the algorithmic thinking process as cognitive processes such as step-by-step problem solving,
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debugging, algorithm design, and implementation; it can be said that these processes largely overlap
with problem-solving processes in general. However, many of these algorithmic thinking processes focus
on specific sub-skills and address the holistic structure of the problem-solving process in a limited way.
At this point, the model of the algorithmic thinking process presented by Futschek (2006) is noteworthy
both for its systematic and logical approach to the process and for its comprehensive structure
regarding the student's problem-solving process. Futschek's six-step algorithmic thinking model
encompasses a comprehensive process that begins with analysing the problem and extends to creating,
implementing, evaluating, and considering alternative solutions for the algorithm. Thus, the problem-
solving process, together with algorithmic thinking, enables students to systematically structure the
solution steps for the problems they encounter, make conscious decisions about the solution, develop
different solution strategies, and analyse possible solution paths in a multidimensional way. In this
respect, it can be said that Futschek's model can make important contributions to the development of
algorithmic thinking processes.

In recent years, algorithmic thinking, a systematic approach to problem solving, has come to the fore
in teaching programmes. A review of the international literature shows that many countries have
integrated algorithmic thinking and problem-solving processes into their teaching programmes. For
example, in the United Kingdom, the curriculum introduced in 2014 made algorithm-based thinking
mandatory from primary school level onwards (Department for Education, 2013). Australia, on the other
hand, has integrated algorithmic thinking skills such as algorithm creation, pattern recognition, and
solution development into every grade level in its curriculum updated in 2015 (Australian Curriculum,
Assessment and Reporting Authority (ACARA), 2015). Similarly, in the K-12 Computer Science
Framework developed in the United States, algorithmic thinking processes are considered a
fundamental component of digital literacy and are recommended for implementation at all grade levels
(K-12 Computer Science Framework, 2016). In a report published by the Organisation for Economic Co-
Operation and Development (OECD) (2021), algorithmic thinking processes are highlighted as a
fundamental cognitive thinking approach integrated with problem-solving skills that should be
systematically included in teaching programmes. This international transformation has been reflected in
Turkey's curricula, and the Ministry of National Education's 2013 secondary school mathematics
curriculum emphasises the importance of the effective use of algorithms in conjunction with
information and communication technologies. According to the programme, when individuals
effectively use the software opportunities available to them, they can solve mathematical problems by
structuring their mathematical knowledge with algorithms (MoNE, 2013). In line with this, the
mathematics course curriculum published by the Ministry of National Education (MoNE) in 2024 aims to
enable students to effectively utilise algorithmic thinking in developing their reasoning, mathematical
problem-solving, and problem-solving skills by combining mathematical tools and technology, based on
the relationship between algorithmic thinking and mathematical thinking (MoNE, 2024). When
examining primary and secondary education programmes, in grades 3 and 4, the focus is on ‘from
operations to algebraic thinking’; in grade 5, the focus is on ‘operations and algebraic thinking’; in grades
6 and 7, the focus is on ‘operations, algebraic thinking, and changes’; in 8th grade, ‘algebraic thinking
and changes,” in 9th grade, ‘algorithms and computing,” and in 10th grade, ‘counting, algorithms, and
computing’ are systematically addressed. The programmes expect students to use algorithmic
approaches when solving mathematical problems and to be able to perform algebraic and functional
operations using an algorithmic language. It can be said that the curriculum developed here addresses
algorithmic thinking processes as a fundamental systematic approach to solving mathematical problems.
For this reason, it has become extremely important to develop appropriate methods and tools to instil
algorithmic thinking processes in students during the education and teaching processes.

When the scales and data collection tools developed on algorithmic thinking in the international
literature are examined, it is seen that various scales have been developed such as the ‘Computational
Thinking Scale’ by Tsai et al. (2020), the ‘Algorithm Literacy Scale’ by Dogruel et al. (2022), and the ‘The
Competent Computational Thinking Test’ by El-Hamamsy et al. (2025). In the national literature, scales
such as the ‘Perception Scale for Problem-Solving Skills for Middle School Students’ by Ekici and Balim
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(2013), the ‘Problem-Solving Skill Scale for Children’ by Oguz and Koksal (2015), Gilbahar and Aksoy
(2024) developed the ‘Perception Scale for Problem-Solving Skills for Primary School Students.” Upon
examining the relevant scales, it is observed that the majority of measurement tools developed in both
international and national literature focus on specific dimensions of problem-solving processes, and the
relationship with algorithmic thinking remains limited. For example, while some international scales
focus on algorithm creation or cognitive strategies, national scales tend to prioritise general perceptions
or behavioural tendencies related to problem solving. It is observed that existing scales have limitations
in terms of comprehensively evaluating sub-skills such as decision-making, debugging, and strategy
development, which are cognitive components of the problem-solving process and algorithmic thinking.
In this regard, the scale developed not only reveals students' algorithmic thinking processes but also
presents itself as a structured measurement tool that includes cognitive processes such as
understanding the problem, creating a solution path, developing strategies, identifying errors, making a
solution plan, and evaluating. In this respect, the developed scale is thought to offer a comprehensive
assessment framework that aligns with both theoretical models in the literature (e.g., Futschek, 2006)
and algorithmic thinking objectives in educational programmes. Furthermore, the developed scale aims
to provide an original and theoretical contribution to algorithmic thinking and problem-solving
processes in mathematics education. In particular, the Ministry of National Education's inclusion of
algorithms and algorithmic thinking in its mathematics teaching programme highlights the need for
systematic and valid measurement tools in this area. In this context, the aim of the research is to
develop a valid and reliable algorithmic thinking scale that can assess cognitive processes such as
understanding the problem encountered during the process of solving mathematical problems, creating
a solution path, developing strategies, identifying errors, making a solution plan, and evaluating.

Method

This research is a scale development study aiming to develop a valid and reliable measurement tool
to evaluate algorithmic thinking processes in mathematics education and to systematically measure its
role in problem solving processes.

Study Group

The sample of the study consists of 9th grade students who were determined in accordance with the
purpose in three different high schools (Anatolian high school, imam hatip high school, vocational high
school) in Kapakh district of Tekirdag province in the 2024 - 2025 academic year. In this context, a total
of 533 students (140 from Anatolian high school, 182 from imam hatip high school and 211 from
vocational high school) participated. Of the participating students, 312 were girls (58.5%) and 221 were
boys (41.5%). The mathematics teachers in the schools where the data would be collected were
contacted in order to make sure that the students had covered the theme of ‘Algorithm and Informatics’
in the current secondary mathematics curriculum and had acquired the basic acquisitions of algorithm
and algorithmic thinking processes. In this way, it was aimed to work with a sample group suitable for
measuring algorithmic thinking competences.

After excluding the students who gave the same answers to all items, the responses of 502 students
were evaluated. When considering the sample size, it is recommended that it should be at least five
times (Bryman & Cramer, 2001), ten times (Nunnally, 1978), or fifteen times (Gorsuch, 1983) the
number of items. Comrey and Lee (1992) consider a sample size of 100 people as poor, 200 people as
average, 300 people as good, 500 people as very good and 1000 people as excellent depending on the
number of people to whom the scale is applied. When the sample size of the study is analysed, it meets
the adequacy requirements recommended in scale development studies. Since a pool of 68 items was
created for the scale, the sample size of the study meets the adequacy criteria recommended in scale
development studies.

Twenty days after the first scale application, 52 students were selected from the same student group
by random sampling method and test-retest reliability analysis was performed. In the data collection
process, school numbers were used instead of student identity information. In this way, while the
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participant information was kept confidential, it was possible to reach the same individuals for re-
measurement. In test-retest reliability analyses, it is recommended that the sample size should be at
least 50 people (Terwee et al., 2007). Since the test-retest analysis was conducted with 52 students in
this study, it can be said that it meets the recommended sample size conditions.

Scale Development Process

The scale development process began by first drawing on Futschek's (2006) theoretical framework,
which highlights the similarities between algorithmic thinking and problem-solving processes. When
creating the item pool, items were written in accordance with the following steps in the model:

e Being able to clearly identify the data available for a given problem,

e Being able to find an effective solution strategy appropriate for the problem encountered,
e Being able to correctly analyse the data in a given problem,

e Being able to consider all possible paths to the solution of a given problem from all angles,
e  Being able to design the correct solution for the chosen solution strategy and solution path,
e |tis possible to evaluate the functionality of the algorithm designed for the solution.

Thus, the created item pool has been structured to ensure the theoretical integrity and content
validity of the scale by converting the process steps in Futschek's model into measurable expressions. In
line with this theoretical framework, researchers examined the literature on algorithmic thinking and
problem-solving processes, considering the algorithmic thinking process, the systematic application of
problem-solving steps, the use of different solution paths, strategy development, the correct analysis of
data, correct decision-making, and reaching a solution within a logical framework. A pool of 68 items
was created in accordance with the theoretical framework. These items were structured to cover
students' cognitive skills such as understanding the problem, creating a solution path, developing
strategies, identifying errors, making a solution plan, and evaluating. Since there may be items that do
not serve the purpose of the scale and can be removed from it (Baykul, 2010), care was taken to write
approximately three times the number of items expected to be used in the scale (Gultekin, 2017). The
scale was created to be compatible with a five-point Likert-type rating system (‘strongly disagree,’
‘disagree,” ‘undecided,” ‘agree,’ and ‘strongly agree’). Five-point Likert-type scales, which are widely
used in the social sciences, provide researchers with benefits in terms of both revealing meaningful
differences and suitability for statistical analysis (Joshi et al., 2015). In addition, since an additional
number of options may increase the response burden for secondary school students, a system that is
easier to apply and faster to respond to was preferred over a seven-point system.

Following the creation of the item pool, each item was evaluated according to criteria such as
whether it measured the desired behaviour, its grammatical clarity and errors, whether it was
scientifically sound, and its suitability for the target group. The items are reviewed by experts in the field
according to the structure of the scale, and necessary adjustments are made (Atilgan et al., 2013). In this
context, the item pool was reviewed by a language expert to ensure it was appropriate for the students'
level of understanding, and necessary adjustments were made. To ensure content validity, opinions
were sought from a total of ten experts, including four academics specialising in mathematics education
and six mathematics teachers. During this process, the experts were provided with guidelines explaining
the purpose of the scale, the target class level, and the theoretical framework to consider when
evaluating the scale items. Each expert was asked to evaluate the items according to the Lawshe (1975)
method as ‘appropriate,’ ‘needs revision,” or ‘should be removed.” The Lawshe method is a content
validity technique based on experts evaluating each item as ‘the item measures the intended construct,’
‘the item is related to the construct but unnecessary,” or ‘the item does not measure the intended
construct.” Based on the feedback from the experts, the CVR (Content Validity Ratio) values for each
item were determined using the Lawshe (1975) method. In addition, the CVI (Content Validity Index)
value was calculated to determine the content validity level of the scale based on the feedback from the
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experts. As a result of these analyses, 17 items with CVR values below acceptable limits were removed
from the scale based on expert opinions. Some items that were considered important in terms of
content despite their CVR values were revised through rewriting. The 51 items remaining in the scale
were reorganised to strengthen content validity. During this revision process, items that implicitly or
multidimensionally expressed the targeted behaviour were restructured, sentences containing
ambiguity were simplified, and conceptual overlap between items with similar content was reduced.

A pilot study allows the prepared item pool to be evaluated on a small group similar to the target
audience. The pilot study is very important for scale development in terms of the readability of the
prepared items, response time, and identification of areas that participants did not understand (Crocker
& Algina, 1986). After the expert review process, a pilot study was conducted with a group of 32 ninth-
grade students to determine their level of understanding, comprehensibility, interpretation of the items,
response times, and the linguistic appropriateness of the items. The sample size in the pilot study was
found to be within the recommended range of 25-40 participants for pilot studies in the literature
(DeVellis, 2006). Student feedback was analysed, and items with multiple meanings, conceptual
weaknesses, or behavioural overlaps were removed. Based on expert opinions and the evaluation of the
pilot study results, the number of items was reduced to 42, with 27 positive and 15 negative statements,
and the draft scale was finalised. In the feedback received, some students found the concept of
algorithms to be very confusing in certain items. Accordingly, the concept of algorithms in the items was
revised to align with problem-solving processes. Following the revisions, the items were reviewed again
by a language expert to ensure they were appropriate for the students' level of understanding, and
simplifications were made from a linguistic perspective.

The detailed analysis of the draft scale items was carried out by using the data collected from 533
students in three different high schools. The item reduction process of the scale was carried out
holistically with the data obtained from expert opinions, item-total correlations and factor analyses. In
the post-implementation analyses, items with low item-total test correlations were statistically
eliminated, but this process was not based solely on numerical thresholds. The importance of each item
in the theoretical framework, its place in the scale integrity, and the evaluations made by the experts
were considered together. Although some items showed statistically moderate correlation, they were
removed from the scale because they were not directly related to one of the basic components of the
algorithmic thinking process and were considered conceptually inadequate by the experts. As a result of
theoretical, statistical and expert-based evaluations, the actual scale consisting of 25 items was
developed.

Data Analysis

All data analyses carried out during the research were carried out with the guidance of an academic
expert in the field of scale development and statistics. For the content validity of the scale, expert
opinion was taken after each analysis and the next process was started. SPSS 27 and AMOS 24 programs
were used to analyse the data obtained from the application of the draft scale. The data obtained from
the students were transferred to SPSS and the positive items were scored from 1 to 5 starting from
‘strongly disagree’ and the negative items were reverse scored from 5 to 1 starting from ‘strongly
disagree’. While determining the items of the scale, the item-total test correlation of each item was
determined. To determine the reliability of the scale, Cronbach Alpha reliability coefficient, composite
reliability coefficient, Sperman-Brown Prophecy reliability coefficient were calculated and test-retest
reliability was analysed. Exploratory factor analysis was conducted for construct validity. Kaiser-Meyer-
Olkin (KMO) coefficient and Bartlett's test significance value were examined to determine whether the
scale was suitable for factor analysis. Confirmatory factor analysis was performed in AMOS programme
for construct validity. The AVE value of each factor was calculated using Fornell and Larcker criteria for
discriminant validity based on the data obtained from confirmatory factor analysis. In addition,
hypothesis tests of the scale were conducted with independent t-test, one-way analysis of variance
(ANOVA) and multiple regression analysis. As a result of the analyses, a 25-item scale of algorithmic
thinking in mathematics education was developed.
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Findings

In the study, the correlation between the scores given by each student to 42 items and the total
score obtained from all items was calculated for item analysis for the selection of scale items. Item
analysis is a process that reveals whether the items measure the desired feature or not by measuring
the reactions to the items in the scale. In this process, if the items do not show the expected success,
the reasons are investigated and making them suitable for the purpose is called item analysis (DeVellis,
2006). In the table below, information about item-total test correlation is given.

Table 2

Item Total Test Correlations of Algorithmic Thinking Scale in Mathematics Education
Items Item To_tal Items Item To_tal Items Item To.tal

Correlation Correlation Correlation

Iltem 1 0.522 Item 15 0.632 Item 29 0.674
Item 2 0.292 Item 16 0.683 Item 30 0.681
Iltem 3 0.466 Item 17 0.618 Item 31 0.310
Item 4 0.281 Item 18 0.612 Item 32 0.673
Iltem 5 0.576 Item 19 0.566 Item 33 0.618
Item 6 0.622 Iltem 20 0.273 Item 34 0.606
Item 7 0.286 Item 21 0.586 Item 35 0.344
Iltem 8 0.615 Item 22 0.358 Item 36 0.644
Iltem 9 0.618 Item 23 0.640 Item 37 0.668
Item 10 0.664 ltem 24 0.695 Item 38 0.143
Item 11 0.345 ltem 25 0.680 Item 39 0.353
Item 12 0.660 ltem 26 0.324 Item 40 0.394
Item 13 0.666 ltem 27 0.630 Iltem 41 0.325
Item 14 0.273 Iltem 28 0.404 Iltem 42 0.633

When Table 2 is examined, it is seen that the item-total test correlation coefficient of items 2, 4, 7,
14, 20. 38 is lower than 0.30. For the correlation coefficient, values less than 0.30 can be said to be at a
weak level, values between 0.30 - 0.70 can be said to be at a medium level and values greater than 0.70
can be said to be at a high level (Bluyukoztirk et al., 2013). For this reason, items 2, 4, 7, 14, 20 and 38
were removed from the scale.

Reliability is a basic feature that expresses the consistent and stable results of a measurement tool in
repeated applications under the same conditions. ‘Cronbach Alpha reliability coefficient’ is generally
used to determine the reliability of scales. Cronbach Alpha reliability coefficient can be calculated for
each item in the scale or an average reliability coefficient for all items in the scale can be calculated. The
Cronbach Alpha reliability coefficient obtained for the items in the scale shows the total reliability of the
scale and the calculated coefficient should be equal to or greater than 0.7 (George & Mallery, 2003). For
this reason, when Cronbach Alpha reliability coefficient was calculated for 42 items in the scale, it was
found that the value was 0.931. In addition, items 11, 22, 26, 31, 35, 39 and 41, which did not change
the Cronbach Alpha reliability coefficient although their item-total test correlation coefficients were
above 0.30. were removed from the scale. After the items were removed, Cronbach Alpha reliability
coefficient was determined as 0.958 and it was seen that items 28 and 40 increased the coefficient.
Therefore, these two items were also removed from the scale. Finally, the Cronbach Alpha reliability
coefficient of the scale was determined as 0.965. The correlation and Cronbach Alpha values of the
remaining items are given below.

1306



Dumlu & Turanh — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 54(3), 2024, 1299-1340

Table 3
Correlation and Cronbach Alpha Values for Items
Items Item Total Correlation Cronbach Alpha
Iltem 1 0.644 0.964
Item 3 0.540 0.964
Item 5 0.662 0.963
Item 6 0.719 0.963
Item 8 0.681 0.963
Item 9 0.703 0.963
Item 10 0.711 0.963
Item 12 0.746 0.963
Item 13 0.756 0.963
Item 15 0.718 0.963
Item 16 0.742 0.963
Item 17 0.666 0.963
Item 18 0.670 0.963
Item 19 0.630 0.964
Item 21 0.667 0.963
Item 23 0.695 0.963
Item 24 0.744 0.963
Iltem 25 0.732 0.963
Iltem 27 0.687 0.963
Iltem 29 0.728 0.963
Item 30 0.727 0.963
Iltem 32 0.737 0.963
Iltem 33 0.695 0.963
Iltem 34 0.664 0.963
Iltem 36 0.708 0.963
Iltem 37 0.733 0.963
Iltem 42 0.701 0.963

The remaining 27 items of the scale were subjected to factor analysis for the construct validity of the
scale. In order to determine whether the remaining items are suitable for exploratory factor analysis, it
should first be examined whether the sample size in the scale is sufficient. Kaiser-Meyer-Olkin (KMO)
coefficient should be calculated to test whether the sample size is sufficient. This coefficient is used to
determine the common variance ratio between variables. When a high KMO coefficient is obtained, it
can be said that there is a suitable data set for factor analysis. When the KMO test was performed with
the items of the scale, the KMO coefficient was determined as 0.970. Field (2000) stated that the value
of 0.50 should be the lower limit for the KMO test and the data below this limit cannot be factorised. It
can be stated that the value of the KMO coefficient is excellent as it approaches 1, and it is not suitable
for factor analysis (excellent at 0.90. very good at 0.80. mediocre at 0.70 and 0.60. bad at 0.50) as there
will be disorganisation in the correlation distribution as it decreases below 0.50 (Tavsancil, 2005). In
addition, Bartlett's test significance value was determined as (p< .001). Thus, it can be said that the
sample size is significant and the scale items are suitable for factor analysis.

In order to determine the factor structure of the scale, unrotated and rotated according to the
principal axes (varimax) principal component analyses were performed. As a result of the analyses, if the
load of an item in the scale on a factor is above 0.45 and the load of this item is 0.10 or more than the
load of other factors, that item can be included in the factor (Tavsancil, 2005). For this reason, if the load
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of an item in the scale on a factor is above 0.45 and the difference between the load of this item and the
load of other factors is 0.10 or more, the item is included in that factor.

Table 4
Factor Loadings of Scale Items as a Result of Rotated Principal Component Analysis

Rotated Factor Load Value

Items Factor 1 Factor 2 Factor 3
Iltem 1 0.656
Item 3 0.689
Iltem 5 0.474 0.591
Iltem 6 0.479 0.607
Iltem 8 0.667

Iltem 9 0.745

Item 10 0.668

Iltem 12 0.611

Iltem 13 0.584

Item 15 0.629

Item 16 0.661

Item 17 0.636

Iltem 18 0.744

Item 19 0.611

Item 21 0.482

Iltem 23 0.642 0.450
Item 24 0.699

Item 25 0.665

Iltem 27 0.698

Iltem 29 0.714

Item 30 0.698

Iltem 32 0.677

Item 33 0.618 0.529
Iltem 34 0.719

Iltem 36 0.671

Iltem 37 0.721 0.456

Iltem 42 0.648

Since the most important feature of Likert-type scales is unidimensionality, all items should reflect
the same characteristics. For this reason, in order to increase the variance explained by a single
dimension, item 33 (0.618 - 0.529 = 0.089), whose loadings were above 0.45 but the difference between
the factor loading and the loadings in the other factor was less than 0.10. and item 21 was removed
from the scale because it decreased the KMO coefficient. The remaining 25 items were factor analysed
again and the KMO coefficient was 0.970 and Bartlett's test significance value was 0.00. Scree plot
(Eigen value - Factor Graph) obtained from these 25 items is given below.
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Figure 1
Eigenvalue - Factor Graph
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When Figure 1 is analysed, it is seen that the rapid descent decreases after the fourth factor in the
graph where the eigenvalues on the vertical axis and the number of factors on the horizontal axis are
given. It is seen that the contribution of the factors to the variance decreases after the fourth point and
the remaining variances are close to each other. While the downward trend seen after the first point is
shown with dots in the degree of contribution to the variance, each interval between two dots is
considered as a factor (Cokluk et al., 2012). After items 21 and 33 were removed from the scale, the
results of the principal component analyses that were not rotated and rotated according to the principal
axes (varimax) are given below.

Table 5
Factor Loadings of the Scale Items as a Result of Unrotated Principal Component Analysis

Unrotated Factor Load Value

Items Factor 1 Factor 2 Factor 3
Iltem 13 0.778
Iltem 12 0.773
Iltem 24 0.772
Iltem 16 0.768
Iltem 37 0.765
Iltem 25 0.761
Iltem 32 0.759
Iltem 29 0.754
Item 30 0.753
Item 10 0.746
Iltem 15 0.740
Iltem 6 0.739
Iltem 9 0.738
Iltem 36 0.734
Iltem 42 0.724
Iltem 23 0.720
Iltem 8 0.713
Iltem 27 0.712
Item 18 0.701
Iltem 17 0.695
Iltem 34 0.694
Item 5 0.689
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Item 1 0.665
Item 19 0.657
Iltem 3 0.562 0.451

Table 6
Factor Loadings of Scale Items as a Result of Principal Component Analysis Rotated According to
Principal Axes

Unrotated Factor Load Value

Items Factor 1 Factor 2 Factor 3
Iltem 37 0.728

Item 29 0.726

Iltem 34 0.718

Item 24 0.705

Iltem 27 0.703

Item 30 0.703

Item 25 0.676

Iltem 32 0.675

Item 36 0.668

Iltem 42 0.663

ltem 23 0.656 0.464
Iltem 18 0.754

Iltem 9 0.718

Iltem 16 0.661

Iltem 17 0.658

Iltem 8 0.645

Item 19 0.640

Item 15 0.622

Iltem 10 0.613

Iltem 12 0.583

Iltem 13 0.562

Iltem 3 0.695
Iltem 1 0.667
Iltem 5 0.638
Item 6 0.628

When Table 5 is analysed, it is seen that the factor loadings of the scale items have values between
0.562 and 0.778 as a result of the unrotated principal components analysis and that they are
significantly gathered in factor 1. In addition, the total variance explained by factor 1 was determined as
52.714%. In scales including a single factor, the variance explained by 30% or more can be accepted as
sufficient (Bliylkoztirk, 2003). Each sub-factor in a scale is expected to explain at least 5% of the total
variance of the scale. In this case, when determining the number of factors in a scale, dimensions with
both an eigenvalue above 1 and a total variance explained by more than 5% are determined as sub-
dimensions (Secer, 2015).

When Table 6 is analysed, it is seen that the scale consists of three sub-dimensions as a result of the
principal components analysis rotated according to the principal axes. The contribution of these three
dimensions to the total variance after rotation is given in the table below.
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Rotated Variance Values

Percentage of Total

Factor Eigenvalue Variance Percentage Variance
Factor 1 6.591 26.363 26.363
Factor 2 5.808 23.231 49.594
Factor 3 3.383 13.533 63.127

When Table 7 is analysed, the contribution of the factors to the total variance was determined as
26.363% for factor 1, 23.231% for factor 2 and 13.533% for factor 3. In multi-factor scales, the variance
explained between 40% and 60% may be considered sufficient (Cokluk et al., 2012). According to the
table, the total contribution of these three factors to the variance was 63.127%. According to these
results, Table 8 shows the distribution of the 25 items in the algorithmic thinking scale in mathematics
education according to the factors.

Table 8

Distribution of Items Related to Algorithmic Thinking in Mathematics Education Scale According to

Factors

Algorithmic Thinking Scale in Mathematics Education

Strongly Disagree

Disagree

Undecided

Agree

Strongly agree

Factor 1
Planning and
Strategy
Development

| can use algorithms effectively in the problem
solving process.

| can successfully reach a solution by developing new
ways of solving problems.

| can identify the steps necessary to make the right
decisions when solving a problem.

| can develop and effectively apply alternative
strategies to solve a problem.

I am good at identifying solution steps in the
problem solving process.

It is simple for me to create a solution algorithm for
the way to solve a problem.

| can successfully manage the solution process by
visualizing the steps while solving problems.

| can clearly follow the solution steps in the problem
solving process.

When solving a problem, | can reach a solution by
applying an algorithm.

| can apply each step in a systematic and sequential
way when solving problems.

When | realize that the strategy | use in the problem
solving process does not work, | develop a different
strategy.

| can solve problems by breaking them down into
small pieces.
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| can determine the most effective solution by
evaluating all possible steps before solving a
problem.

Before | start solving the problem, | design every
step of the solution algorithm in my head.

Factor 2 | act according to a plan when solving a problem.
Systematic When | face a problem, | know what to do first to

Problem find a solution.

Solving | can effectively apply each step of the algorithms

when solving problems.

| can follow a systematic approach to solving
problems, carefully planning each step.

| can develop strategies by analyzing ways to solve

problems.
| proceed systematically until | find a solution to a
problem.
| can solve a problem by adopting a systematic
approach.

When solving a problem, understanding why a step
is done helps me to solve the problem.

| know why each step is important when creating a

Factor 3 solution to a problem.
Logical When applying the solution algorithm to a problem, |
Thinking know that if | make a mistake in any step, | have to

go back to the beginning.

| can achieve more effective results by making plans
in the problem solving process.

The results of the exploratory factor analysis obtained from the scale were tested with confirmatory
factor analysis. Confirmatory factor analysis (CFA) was conducted using AMOS 24 programme. Maximum
Likelihood (ML) method, which is the default algorithm of the programme, was preferred as the
estimation method. The ML method is widely used in social sciences to test construct validity because it
produces statistically accurate results in studies using large samples (Kline, 2015). In addition, Pearson
correlation matrix, which was created by the AMOS programme as assumed, was used as the correlation
matrix in confirmatory factor analysis. Pearson correlation matrix was used because the sample size
used in the study was sufficient (n = 502) and the data were close to normal distribution (Fabrigar et al.,
1999). As a result of the analysis, CMIN/DF (Chi-Square/DF), RMSEA (Root Mean Square Error of
Approximation), GFl (Goodness of Fit Index), AGFI (Adjusted Goodness of Fit Index), RMR (Root Mean
Square Residual), CFl (Comparative Fit Index) and NFI (Normed Fit Index) fit criteria were found.

CMIN/DF value is used to evaluate the fit between the model and the data from the observed
variables. The CMIN/DF value of the scale was found to be 2.795. If the CMIN/DF value takes a value
between 2 and 5, it can be said to be at an acceptable level (Kwon & Marzec, 2016). RMSEA value is
used to adjust the complexity of the model and sample size (Davcik, 2014). The RMSEA value of the
scale was found to be 0.060. RMSEA is considered very good if it is equal to or less than 0.05, good at
values between 0.05 and 0.08, mediocre at values between 0.08 and 0.1, and unacceptable if it is more
than 0.10 (Sarmento & Costa, 2019). GFl value is used to reveal the inconsistency between the observed
variable and the expected values under a statistical model. The GFI value of the scale was found to be
0.893. For the GFI value, values of 0.85 and above can be said to be at an acceptable level (Sirici et al.,
2021). The AGFI value is used to adjust the GFI value for the model's level of freedom according to the
number of observed variables. The AGFI value of the scale was found to be 0.871. It can be said that
values of 0.85 and above are acceptable for the AGFI value (Vieira, 2011). RMR value is calculated as the
square root of the mean errors. The RMR value of the scale was found to be 0.045. While the RMR value
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takes values between 0 and 1, when this value approaches 0. it indicates a good fit (Kline, 2011). CFI
value is an incremental fit index and is used to determine how well the model fits the data (Cangur &
Ercan, 2015). The CFl value of the scale was found to be 0.943. While the CFl value takes values between
0 and 1, the higher this value is, the better the model fit (Bati, Tetik, & Girpinar, 2010). NFl value is a
value determined by dividing the chi-square value in the model by the chi-square value of the
independent model. The NFI value of the scale was found to be 0.914. While the NFI value takes values
between 0 and 1, the higher this value is, the better the model fit (Byrne, 2016).

The data obtained from the confirmatory factor analysis showed that the algorithmic thinking scale
in mathematics education, which consists of three factors, was confirmed as a model. The path diagram
of the model is given below.

Figure 2
Path Diagram of Algorithmic Thinking Scale in Mathematics Education
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After confirmatory factor analysis, composite reliability (CR-Composite Reliability) coefficients were
calculated for each factor. This coefficient was 0.910 for Factor 1, 0.877 for Factor 2 and 0.752 for Factor
3. When the CR values found are 0.70 or more, it can be stated that it shows a good reliability (Hair et al.
2009).

T2

81

The discriminant validity between the factors established in the confirmatory factor analysis was
tested in accordance with the criteria proposed by Fornell and Larcker (1981). This criterion states that
the average variance explanation (AVE) value of each construct should be greater than the square of its
correlations with other factors. In addition, AVE value shows how much the variance of a factor is
explained by the items in that factor. In this context, the AVE values of each factor were calculated and
compared. When the values were analysed, AVE= 0.75 for planning and strategy development factor,
AVE= 0.72 for systematic problem solving factor and AVE= 0.62 for logical thinking factor. Since all of
these values are above 0.50 (Fornell & Larcker, 1981), it is seen that the factors are more successful in
explaining their own variables. In terms of discriminant validity, based on Fornell and Larcker criterion,

1313



Dumlu & Turanh — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 54(3), 2024, 1299-1340

the square root of the AVE value of each latent variable should be greater than the correlation
coefficients of this variable with other latent variables. As a result of the analysis, high correlation values
were observed between some factors (e.g. logical thinking and systematic problem solving: 0.90).
Although this situation can be considered as limited in terms of discriminant validity within the
framework of classical conditions, since planning and strategy development, strategic problem solving
and logical thinking are among the subcomponents of the algorithmic thinking process, both the expert
opinion and the theoretical framework of the research predict that these factors are distinct but related
structures. The high correlations between these factors reflect the processes that feed each other
theoretically and are considered significant in terms of the internal consistency of the scale.

In the study, independent t-test, one-way analysis of variance (ANOVA) and multiple regression
analyses were used in order to analyse the properties of the scale in more depth. While performing
these analyses, it was tried to be evaluated within the scope of known-group validity. Known-group
validity is a type of validity that contributes to construct validity and involves comparing the results by
applying to two different groups that are not similar to each other in terms of the feature to be
measured (Bolarinwa, 2015). The t-test, ANOVA and multiple regression analyses according to variables
such as gender and school type were conducted to test whether the scale revealed significant
differences between different groups. As a result of these analyses, not only the internal consistency but
also the external sensitivity and discriminative power of the scale were tried to be evaluated. As a result,
the hypothesis tests were planned to evaluate the construct validity of the scale not only at the factor
level but also its response to external variables. For the hypothesis tests of the scale, independent t-test
was applied to examine the difference in algorithmic thinking competence between genders. As a result
of the analysis, F value was found as 2.449 and p value as 0.118 and since p > 0.05, it is seen that the
variances are equal. According to the independent t-test results, there was no statistically significant
difference between genders in terms of algorithmic thinking competence (t(500)= -0.440. p= 0.660.
Mean Difference= -0.835). One-way analysis of variance (ANOVA) was performed between three
different schools to examine the difference in algorithmic thinking competence between schools.
According to the ANOVA results, statistically significant differences were found between the schools in
terms of algorithmic thinking competence (F= 14.450. p< .001). Multiple regression analysis was
performed for the effects of gender and school type on algorithmic thinking competence. It was seen
that the R Square value explaining the total effect of independent variables on the dependent variable
was 0.005 and the Adjusted R Square value was 0.001. This shows that gender and school type variables
explain only 0.5% of the variance of algorithmic thinking competence. When analysed according to the
ANOVA results, it can be said that the model is not significant in general (F= 1.259 and p= 0.285).
According to the coefficient table, it is understood that gender and school variables do not show a
statistically significant effect on algorithmic thinking competence (p> 0.05).

Twenty days after the first scale application, 52 students were selected from 502 students by
random sampling and the scale was applied again for test-retest reliability analysis. Test-retest reliability
analysis consists of analysing the measurements performed by researchers on the same group at
different times using the same scale (Segura-Orti & Martinez-Olmos, 2011). Pearson product-moment
correlation coefficient was used to analyse the relationship between item scores in order to see the
time-dependent change of two different data groups. As a result of the analyses, the test-retest
reliability coefficient was calculated as 0.826. In addition, Cronbach Alpha reliability coefficient was
calculated in the second scale application. As a result of the analysis, Cronbach Alpha reliability
coefficient was found to be 0.966.

Sperman-Brown Prophecy coefficient was calculated to predict how the reliability coefficient of the
scale would change due to the reduction of the number of items in the scale from 42 to 25. As a result of
the analysis, the Sperman-Brown Prophecy coefficient was found to be 0.938. If the Spearman-Brown
Prophecy coefficient is greater than 0.70. it can be said that the reliability of the scales is high (Secer,
2015).
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Discussion & Conclusion

In the study, a measurement tool was developed to determine algorithmic thinking processes in
mathematics education. In this context, the 42-item draft scale was applied to 533 students and as a
result of the analyses, a 25-item actual scale was formed.

As a result of the factor analysis applied to the 25 items in the scale, it was determined that the scale
was grouped under three factors. Factors were named as factor 1 ‘planning and strategy development’,
factor 2 ‘systematic problem solving’ and factor 3 ‘logical thinking’ in accordance with algorithmic
thinking processes. While it was determined that all of the items in the scale were gathered in a single
dimension, the total variance explained by factor 1 was 52.714%. In addition, it was determined that the
factor load values were between 0.562 and 0.778. In addition, the KMO coefficient for 25 items was
calculated as 0.970 and the Bartlett test significance value was calculated as 0.00. As a result of these
values, it can be said that the scale is suitable for factor analysis. Considering the fit values obtained
from confirmatory factor analysis, it is seen that the resulting three-dimensional scale is an acceptable
model in accordance with the theoretical framework. When the findings of both exploratory factor
analysis and confirmatory factor analysis are examined, it can be said that the construct validity of the
scale is high.

These three factors that emerged during the scale development process are not only statistically
significant but also largely consistent with theoretical definitions of algorithmic thinking and problem-
solving processes in the literature. In this context, the ‘planning and strategy development’ process,
which occupies an important place in the theoretical foundation of algorithmic thinking, emerges as one
of the fundamental processes underlying the individual's cognitive process for problem-solving and the
creation of solution pathways. In the development of algorithmic thinking processes, individuals' ability
to plan problems, generate solution paths, develop their own solution strategies, and use cognitive
processes such as problem solving and reasoning enables effective solution production in complex
problem situations (The International Society for Technology in Education (ISTE), 2015). Focusing on
developing appropriate strategies and making plans to solve the problems they encounter, and
systematically evaluating the steps of the process and making new arrangements if necessary, supports
metacognitive awareness of algorithmic thinking processes (Yadav et al., 2022). According to Brown
(2015), in the development of algorithmic thinking processes, cognitive skills that enable students to
approach problems in a systematic and planned manner, identify solutions, and apply appropriate
strategies come to the fore. In this context, it can be said that systematically supporting planning and
strategy development skills enables individuals to develop more effective approaches to problem-
solving, thereby facilitating the effective development of algorithmic thinking processes.

One of the fundamental structures of the algorithmic thinking process, the ‘systematic problem
solving’ approach, is an important component that enables individuals to address problems in a
systematic order and carry out the solution process in a logical sequence. The National Council of
Teachers of Mathematics (2000) defines systematic problem solving as a process that helps individuals
formulate mathematical concepts, establish connections between these concepts, follow a logical
sequence towards a solution, and reach a conclusion within a specific systematic framework.
Approaching the solution steps in a clear and systematic manner in the problem-solving process allows
individuals to follow the solution process within a structured framework, while eliminating the
uncertainties they will encounter during the solution and facilitating the correct application of the steps
(Bethune & Wood, 2013; Flores & Ganz, 2007; Hicks et al., 2011; Israel et al., 2015; Knight et al., 2012).
In addition, Clark (2016) emphasises that algorithmic thinking is not only a cognitive skill that needs to
be learned but also a pedagogical approach to systematic problem solving. In this context, the
systematic problem-solving approach emerges as a cognitive process in the structuring and
development of algorithmic thinking processes. Thus, it can be said that the algorithmic thinking process
is shaped by a systematic and planned problem-solving process rather than a random trial-and-error
method.
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Another fundamental component of the algorithmic thinking process is logical thinking, which
structures an individual's reasoning processes and enables them to make consistent inferences aimed at
problem solving. According to Futschek and Moschitz (2011), algorithmic thinking processes are
multifaceted cognitive processes that involve the combined use of abstraction, logical thinking, and
creative problem-solving skills. In this process, individuals use logical thinking to determine the steps
they will take in a specific order (Ross, 1998). Thus, it can be said that logical thinking is a fundamental
skill that helps the systematic progression of process steps in algorithmic thinking processes. Thus, the
algorithmic thinking process can be considered as the ability of individuals to define systematic solution
steps by using logical and creative thinking skills when faced with any problem (Ziatdinov & Musa, 2013).
In this context, logical thinking skills enable individuals to systematically plan the solution process,
sequence the steps within a logical framework, and ensure consistency in problem-solving inferences as
one of the fundamental components of the algorithmic thinking process.

Since the scale was analysed in terms of reliability, the Cronbach Alpha reliability coefficient of the
remaining 25 items was calculated as 0.962. When the composite reliability coefficients were analysed,
it was seen that they were within the desired ranges for the three factors. When the results of the test-
retest analysis of the scale were analysed, it was determined that the correlation between the two
scales was 0.826 and the Cronbach Alpha reliability coefficient was 0.966 with the data obtained from
the test-retest application. The fact that both the correlation and Cronbach Alpha reliability coefficient
were high shows that the students' responses to the scale did not change over time. Sperman-Brown
Prophecy coefficient was calculated in order to see the changes that the decrease in the items of the
scale would make on the reliability coefficient and the coefficient was found to be 0.938. When all the
results are analysed, it can be said that the reliability of the scale is high.

The developed scale can be used in studies aimed at understanding algorithmic thinking processes
such as planning, strategy development, systematic problem solving, and logical thinking in 9th grade
students while solving mathematical problems. Additionally, it is presented as a comprehensive and
functional assessment tool that aims to reveal students' cognitive skills, such as understanding the
problem, creating a solution path, developing strategies, identifying errors, making a solution plan, and
evaluating. It is believed that the scale will contribute to the development of educational approaches
that support algorithmic thinking processes and to the in-depth examination of these processes.

Suggestions

According to the results obtained from the purpose and findings of the study, the following
suggestions are listed for future studies.

1. The developed algorithmic thinking scale can be adapted to different age and grade levels.

2. The developed algorithmic thinking scale can be analysed for validity and reliability in different
cultural contexts.

3. With the results obtained from the developed algorithmic thinking scale, a new scale can be
designed to measure students' academic achievement and attitudes towards problem solving.

These studies will increase the generalisability of the developed scale by testing its validity and
reliability in different contexts. In the first suggestion, it is thought that by examining how the scale will
perform in different classes and age groups, it can offer innovations to educational programmes in
accordance with age and grade level. In the second proposal, it is thought that it will reveal how the
scale can be adapted to cultural contexts by examining the effect of different cultural structures on
algorithmic thinking processes through the scale. In the third suggestion, it is thought that a new scale
can be designed to evaluate students' problem solving skills, academic achievement and attitudes with
the data obtained from the scale and this scale can be used on different subjects. These studies will
contribute to understanding algorithmic thinking processes in a broader perspective and shaping
educational policies in this direction.

1316



Dumlu & Turanh — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 54(3), 2024, 1299-1340

Author Contribution Rate
The authors contributed equally to the study.
Ethical Statement

All the rules in the “Directive on Scientific Research and Publication Ethics of Higher Education
Institutions” have been followed and none of the “Actions Contrary to Scientific Research and
Publication Ethics” in the second part of the directive have been carried out. This study was approved by
the Research Ethics Committee of the Institute of Educational Sciences of Hacettepe University, during
the meeting held on 24.09.2024, with decision number E-51944218-050-00003773937.

Conflict Statement

The authors declare that there is no conflict of interest with any institution or person within the
scope of the study.

Acknowledgement / Funding Statement

This study was supported by the Scientific and Technological Research Council of Tiirkiye (TUBITAK),
Scientist Support Programs Presidency (BIDEB), under the 2211-National Graduate Scholarship Program.

1317



Dumlu & Turanh — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 54(3), 2024, 1299-1340

Turkge Suriimii

Giris

Problem ¢6zme sireci bireylerin karsilasilan problemler karsisinda diisinme ve karar verme siirecini
yonettikleri 6nemli bir glnlik hayat becerisidir. Bu sure¢ Ozellikle ¢ok boyutlu ve karmasik yapisiyla
problemi anlama, verilerden ¢6zim igin gerekli bilgileri se¢me, bu bilgiyi matematiksel temsillere
dondstirialme ve islem adimlarini takip ederek ¢éziime ulasma asamalarindan olusur (Aktan vd., 2021).
Bu sebeple problem ¢dzme siireci var olan bilginin nasil organize edilmesi, ¢6ziim stratejilerinin nasil
gelistirilmesi, karar verme mekanizmasinin nasil islemesi ve ¢6zim yolu i¢in hangi adimlarin takip
edilmesi gerektigini ortaya koyan bir sire¢ olarak karsimiza ciktigi gorilmektedir. Bunun yani sira
bireyler hem akademik hem de giinliik hayatlarinda problem ¢6zme siirecinde basari elde edebilmeleri
icin glinlik kullanabilecekleri belirli matematiksel bilgilere ve problem ¢ézme stratejilerine sahip olmal
ve bu bilgi ve stratejileri nerede ve nasil kullanacaklarini bilmelidir (Okur, 2008). Can’a (2021) gore
problem ¢dzme sirecinin matematigin merkezine konumlandiriimasi ve bu slrecin gercek yasamla
bitlnlesik bir sekilde ele alinmasi matematik 6gretiminde etkili bir yaklasim olarak ifade edilmektedir.
Bu dogrultuda, problem ¢oézme siireci matematiksel bilgiyi kullanmanin yani sira bu bilgiyi organize
edebilme, uygun stratejiler gelistirebilme ve karar verebilme gibi ¢cok yonli bilissel becerileri iceren
gercek yasamla bitlinlesmis bir stireg olarak degerlendirilmektedir.

Problem ¢6zme sireci, bireylerin strateji kurma ve karar verme becerilerini kullanarak ¢6ziime
ulasmalarini saglarken, bu siirecin adim adim sistematik bir yapila ifade edilmesi ve izlenen adimlarin
dogrulugunun kontrol edilmesi algoritmik diisiinme siirecinin temelini olusturmaktadir. Bir problemin
analiz edilerek bulunan ¢6ziim yollarinin uygulanmasi ve sonraki adimda yeni bir ¢dziimiin gelistirilmesi
bu surecin gerekliligidir (Yildiz vd., 2017). Dolayisiyla, problem ¢ézme ve algoritmik disiinme siregleri
birbirini destekleyen ve tamamlayan iki 6nemli bilissel slre¢ olarak karsimiza ¢ikmaktadir. Alanyazin
incelendiginde bu slregler arasindaki benzer iliskiyi ortaya koyan tanimlar mevcuttur. Berikan’a (2018)
gore algoritmik diisinme, bir problemin ¢6zme amaciyla adim adim ve detayh bir sekilde tasarlanan
belirli islem basamaklarini iceren bir yaklasimi ifade etmektedir. Kocasarag (2023) ise algoritmik
disinmeyi, bir problemin ¢6ziim siirecinde izlenecek her adimi planlayan her adimda elde edilecek
ciktilan, verimi, performansi, avantajlari ve dezavantajlari gz oniinde bulundurarak en dogru ¢oziime
ulasmayi hedefleyen bir dislince yontemi olarak tanimlamaktadir. Tanimlardan hareketle algoritmik
disinme sireci, problem c¢6zme sirecini denetleyen ve bu siire¢ icerisinde izlenen adimlarin
dogrulugunu, kullanilabilecek farkli stratejilerin etkinligini ve ulasilan sonucun tekrar edilebilirligini
kontrol eden bir sistematik diislinme bicimi olarak karsimiza ¢cikmaktadir.

Problem ¢dzme siireci, bireyin bilissel, duyussal ve psikomotor yeterlilikleri, kullanilan 6gretim
yontem ve teknikleri, nitelikli 6gretim programlari, 6lgme ve degerlendirme uygulamalari, uygun
materyal kullanimi, 6grenme-6gretme ilkeleri ve ¢agdas egitim anlayisi gibi etkenlerin etkisiyle diizenli
ve yapilandiriimis bir ¢abalama siireci ile gelistigi sdylenebilir. Dewey bu c¢abalama sirecini bireyin
bilissel becerileri agisindan problemi anlama, gegici hipotezleri formiile etme, veri toplama, organize
etme ve aciklama ve sonuca ulasma seklinde bes asamada ele almistir. Dewey’e gére bu asamalari
tamamlamak isteyen bir birey problem ¢dzme sirecinde analiz, sentez ve genelleme gibi Ust dizey
bilissel becerileri aktif bicimde kullanmaktadir (Baki, 2008). Polya (1997) problem ¢dzme siirecini sirali
olarak problemi anlamak, ¢6ziime ulastiracak planlar yapmak, plani uygulamak ve geriye dénip kontrol
etmek olarak dort asama da degerlendirmistir. Montague ve digerlerine (2011) gére problem ¢6zme
sureci sirali olarak problemi okuma, agiklama, gorsellestirme (sekil veya sema ¢izme), plan yapma, cevabi
tahmin etme, ¢6zim yapma ve cevabi kontrol etme olarak tanimlamistir. Xin (2016) problem ¢dzme
strecini ise problem durumunu tespit etme, uygun model (sekil/sema/diyagram) olusturma, verileri
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dizenleme, sema bilgilerini matematiksel olarak ifade etme, bilinmeyeni bulma ve ¢6ziimi kontrol etme
olarak ele almistir. Tum bu yaklasimlar, problem ¢dzme siirecinin sistematik ve sirali olarak organize
edilen bir yapi oldugunu ortaya koymaktadir. Bu yoniyle problem ¢dzme sireglerinin algoritmik
disinme sireglerinin temel bilesenleriyle ortistigl ve her iki siirecin de benzer biligsel beceriler ve
stratejileri icerdigi soylenebilir. Arastirmacilar da algoritmik dislinme siirecinin problem ¢ézme siireci ile
ayni bilissel yapilara sahip oldugunu ve bu siiregte birgok farkli becerinin kullanildigini 6ne siirmektedir
(Futschek & Moschitz, 2010; Ritter & Standl, 2023). Alanyazin incelendiginde, arastirmacilarin algoritmik

distinme slrecini kendi kuramsal vyaklasimlari dogrultusunda farkli bilissel becerilere gore
siniflandirdiklari gériilmektedir.
Tablo 1
Alanyazindaki Algoritmik Diisiinme Siiregleri
Szanto (2002) Garner (2003) Futschek (2006)

1. Uygulama ve yazma

2. Algoritma yazma

3. Analojik diisinme

4. Algoritmayi degistirme ve
uyarlayabilme

5. Algoritma Uretme

1. Problemi analiz etme

2. Algoritma tasarlama

3. Algoritmayi uyarlama

4. Algoritmay! test etme ve
gbzden gecirme

1. Problemi analiz etme

2. Problemi belirleme

3. Problem igin ¢6zlim stratejisi
bulma

4. Probleme uygun algoritma
tasarlama

5. Problemin olasi tiim
durumlarini diisiinme

6. Algoritmanin islevselligini
arttirma

Vasconcelos (2007)

Syslo ve Kwiatkowska (2008)

Zsako ve Szlavi (2012)

1. Problemi okuma ve anlama
2. Uygulanacak kavramlari
secme

3. Problemi agiklama

4. CozUm yontemini olusturma
5. Cozumu test etme

1. Problemi anlama

2. Problemin ¢éziimiine yonelik
algoritma gelistirme

3. Algoritmayi bilgisayar
ortaminda ¢alistirma

1. Algoritmayi tanima ve anlama
2. Algoritmayi uygulama

3. Algoritma analizi

4. Algoritma hazirlama

5. Algoritma gergeklestirme

6. Algoritma diizenleme ve
degistirme

7. Karmasik algoritma tasarlama

Brown (2015)

Erimit vd. (2018)

Ritter ve Standl (2023)

1. Problemi tanima

2. Probleme uygun algoritma
gelistirme

3. Gelistirilen algoritmalari
degerlendirme

4. Yeni algoritmalar gelistirme

1. Problemi anlama

2. Strateji olusturma

3. Stratejileri karsilastirma

4. Bir algoritma olusturma

5. Algoritmayi kodlama

6. Algoritmayi diizenleme ve
gelistirme

7. Yeni algoritmalar hazirlama
ve kodlama

1. Problemin tanimlanmasi
2. Soyutlama ve ayristirma
3. Algoritma tasarlama

4. Algoritmanin test edilmesi

Tablo 1’de sunulan modeller incelendiginde algoritmik distiinme sireclerinin her bir yaklasimda
ogrenciler tarafindan nasil yapilandirdigina dair farkh bilissel yapilar icerdigi goériilmektedir. Szanto
(2002), Garner (2003), Vasconcelos (2007), Brown (2015) ve Ritter ve Standl (2023) gibi arastirmacilar
algoritmik distinme sirecini adim adim ¢6zim Uretme, hata ayiklama, algoritma tasarlama ve uygulama
gibi bilissel slireclerle tanimlarken; bu siireclerin genel olarak problem ¢ézme siiregleriyle blyiik 6l¢lide
ortlistigla soylenebilir. Ancak bu algoritmik dislinme sireglerinin  bircogu belirli alt becerilere
odaklanmakta ve problem ¢ézme siirecinin bitincil yapisini sinirh bir sekilde ele almaktadir. Bu noktada
Futschek (2006) tarafindan sunulan algoritmik disiinme sirecine iliskin model hem sireci sistemli ve
mantiksal bir bitunlik icinde ele almasi hem de 6grencinin problem ¢6ziime sirecine yonelik kapsayici
yapisiyla dikkat cekmektedir. Futschek’in alti asamal algoritmik disinme modeli, problemi analiz

1319



Dumlu & Turanh — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 54(3), 2024, 1299-1340

etmeden baslayarak algoritmanin olusturulmasi, uygulanmasi, degerlendirilmesi ve alternatif ¢ézlimlerin
dislinilmesine kadar uzanan kapsamli bir sireci icermektedir. Boylelikle problem ¢ézme sireci
algoritmik dusiinmeyle birlikte 6grencilerin kargsilastiklari problemlere yonelik ¢6zim adimlarini
sistematik bicimde yapilandirmalarina, ¢6ziime iliskin bilingli kararlar almalarina, farkh ¢6ziim stratejileri
gelistirmelerine ve olasi ¢6zim yollarini gok boyutlu bicimde analiz etmelerine olanak tanir. Bu yonleriyle
Futschek’in modelinin algoritmik diislinme siireglerinin gelisimine énemli katkilar saglayabilecegi ifade
edilebilir.

Son yillarda 6gretim programlarinda problem ¢dézmeye yonelik sistematik bir yaklasim olan algoritmik
disinmenin 6n plana ¢iktigi gorilmektedir. Uluslararasi alanyazin incelendiginde birgok (lkenin
algoritmik diisiinme ile problem ¢ézme siireglerini dgretim programlarina entegre etmistir. Ornegin,
ingiltere’de 2014 yilinda yiriirliige giren &gretim programinda algoritma temelli diisiinmeyi ilkokul
diizeyinden itibaren zorunlu hale getirdigi gorilmektedir (Department for Education, 2013). Avustralya
ise 2015 yilinda giincelledigi 6gretim programi ile algoritma olusturma, oriinti tanima ve ¢6zim yollari
gelistirme gibi algoritmik diisinme becerilerin her sinif diizeyine entegre etmistir (ACARA, 2015). Benzer
olarak, Amerika Birlesik Devletleri’'nde gelistirilen K—12 Bilgisayar Bilimi Cergevesinde, algoritmik
distinme surecleri dijital okuryazarhgin temel bir bileseni olarak ele alinmakta ve tiim sinif diizeylerinde
uygulanmasini 6nerilmektedir (K-12 Computer Science Framework, 2016). OECD’nin (2021) yayimladigi
raporda ise algoritmik disinme siiregleri, problem ¢6zme becerileriyle bitlinlesmis temel bir bilissel
distinme yaklasimi olarak 6gretim programlarinda sistematik bir bicimde yer almasi vurgulanmaktadir.
Uluslararasi diizeyde yasanan bu donisiim, Tirkiye'deki 6gretim programlarina yansimis ve Milli Egitim
Bakanliginin 2013 yilinda yayimladigi ortadgretim matematik dersi 6gretim programinda algoritmalarin
bilgi ve iletisim teknolojileriyle beraber yerinde ve zamaninda etkili kullaniminin énemi vurgulanmistir.
Programa gore bireyin kendisine sunulan vyazim olanaklarini etkili bir sekilde kullandiginda
matematiksel bilgilerini algoritmalar ile vyapilandirarak matematiksel problemleri ¢6ziime
ulastirabilecekleri ifade edilmistir (MEB, 2013). Bu dogrultuda Milli Egitim Bakanligi (MEB) tarafindan
2024 yilinda yayimlanan matematik dersi 6gretim programinda ise algoritmik diisinmenin matematiksel
disinme ile iliskisinden yola ¢ikilarak akil yiiritme, matematiksel problem ¢d6zme, matematiksel arag ve
gerecleri teknoloji ile birlestirme ve problem ¢dzme becerilerinin gelistiriimesi konusunda 6grencilerin
algoritmik diisinmeden etkili bir sekilde yararlanabilmeleri amaglanmistir (MEB, 2024). ilkdgretim ve
ortadgretim programlari incelendiginde 3. ve 4. siniflarda “islemlerden cebirsel disinmeye”, 5.
Siniflarda “islemlerle cebirsel diisinme”, 6. ve 7. siniflarda “islemlerle cebirsel diisinme ve degisimler”,
8. siniflarda “cebirsel diisinme ve degisimler”, 9. siniflarda “algoritma ve bilisim”, 10. siniflarda “sayma,
algoritma ve bilisim” temalarinin sistematik bir bicimde ele alindigi gorilmektedir. Programlarda
ogrencilerin matematiksel problemleri ¢dzerken algoritmik yaklasimlar kullanmalari ve algoritmik bir
dille cebirsel ve fonksiyonel islemleri yapabilmeleri beklenmistir. Buradan hazirlanan 6gretim
programinin matematiksel problemleri ¢ézme konusunda algoritmik diisinme sireglerini temel
sistematik bir yaklasim olarak ele aldigi soylenebilir. Bu sebeple egitim ve 6gretim sireclerinde
ogrencilere algoritmik disiinme sireclerinin kazandirilabilmesi i¢in uygun ydntem ve araglarinda
gelistirilmesi oldukca 6nemli bir hale gelmistir.

Uluslararasi alanyazinda algoritmik dislinme (zerine gelistirilmis olcekler ve veri toplama araclan
incelendiginde Tsai ve digerleri (2020) tarafindan “Computational Thinking Scale”, Dogruel ve digerleri
(2022) tarafindan “Algorithm Literacy Scale”, EI-Hamamsy ve digerleri (2025) tarafindan “The Competent
Computational Thinking Test” gibi cesitli 6lgeklerin gelistirildigi gorilmektedir. Ulusal alanyazinda ise
Ekici ve Balim (2013) tarafindan “Ortaokul Ogrencileri icin Problem Cézme Becerilerine Yénelik Algi
Olgedi”, Oguz ve Koksal (2015) tarafindan “Cocuklar icin Problem Cézme Becerisi Olgedi” Giilbahar ve
Aksoy (2024) tarafindan “ilkégretim Ogrencileri icin Problem Cézme Becerilerine Yénelik Algi Olcedi” gibi
dlceklerin gelistirildigi gorilmektedir. ilgili lceklerin incelenmesi sonucunda, hem uluslararasi hem de
ulusal alanyazinda gelistirilen o6lgme araclarinin ¢ogunlukla problem ¢6zme sireglerinin belirli
boyutlarina odaklandigi ve algoritmik diisiinme ile ilgili iliskinin sinirli kaldigi gérilmektedir. Ornegin,
uluslararasi olceklerin bir kismi algoritma olusturma ya da bilissel stratejilere odaklanirken ulusal
Olceklerde daha ¢ok problem ¢6zmeye yonelik genel algilar ya da davranissal egilimleri 6n planda oldugu
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soylenebilir. Mevcut o6lgeklerin, problem ¢ézme siireciyle algoritmik distinmenin bilissel bilesenleri
arasinda yer alan karar verme, hata ayiklama ve strateji gelistirme gibi alt becerileri bitiincil bir
yaklasimla degerlendirme konusunda sinirliliklar tasidigi gériilmektedir. Bu dogrultuda, hazirlanan 6lgek
yalnizca 6grencilerin algoritmik diisinme siireglerini ortaya koymakla kalmayip ayni zamanda problemi
anlama, ¢6zim yolu olusturma, strateji gelistirme, hatalari fark etme, ¢6ziim plani yapma ve
degerlendirme gibi bilissel suregleri iceren yapilandirilmig bir 6lgme araci olarak karsimiza gikmaktadir.
Bu yonuyle gelistirilen 6lgek hem alanyazindaki kuramsal modellerle (6rnegin Futschek, 2006) hem de
egitim programlarindaki algoritmik diisinme hedefleriyle 6rtiisen kapsamli bir degerlendirme c¢ergevesi
sunabilecegi dusinulmektedir. Bununla beraber gelistirilen 6lgek, matematik egitiminde algoritmik
disinme ve problem ¢dzme sireglerine yonelik 6zglin ve kuramsal bir katki sunmayi hedeflemektedir.
Ozellikle Milli Egitim Bakanhg’nin matematik o6gretim programinda algoritmalara ve algoritmik
disinmeye yer vermesi bu alanda sistematik ve gecgerli 6l¢im araglarina duyulan ihtiyaci daha gorinir
kilmaktadir. Bu baglamda arastirmanin amaci, 6grencilerin matematiksel problemleri ¢ézerken siireg
icerisinde karsilastiklari problemi anlama, ¢6ziim yolu olusturma, strateji gelistirme, hatalari fark etme,
¢6zim plani yapma ve degerlendirme gibi bilissel siiregleri degerlendirebilecek gegerli ve glivenilir bir
algoritmik diisiinme 0lgegi gelistirmektir.

Yontem

Bu arastirma, matematik egitiminde algoritmik diisiinme sireglerini degerlendirmek ve problem
¢6zme sireglerindeki rollinii sistematik bir sekilde 6lgmek amaciyla gegerli ve giivenilir bir 6lgme araci
gelistirmeyi hedefleyen bir dlcek gelistirme ¢alismasidir.

Calisma Grubu

Arastirmanin 6rneklemi, 2024 — 2025 egitim-6gretim yilinda Tekirdag ilinin Kapakli ilgesinde yer alan
Ug farkl lisede (Anadolu lisesi, imam hatip lisesi, meslek lisesi) amaca uygun bir sekilde belirlenen 9. Sinif
ogrencilerinden olusmaktadir. Bu kapsamda, Anadolu lisesinden 140, imam hatip lisesinden 182 ve
meslek lisesinden 211 6grenci olmak lzere toplam 533 6grenci katilim saglamistir. Katilan 6grencilerin
312’sini kizlar (%58.5), 221’ini ise erkekler (%41.5) olusturmaktadir. Ogrencilerin giincel ortadgretim
matematik dersi 6gretim programinda yer alan “Algoritma ve Bilisim” temasini derslerinde islemis ve
algoritma ile algoritmik diisiinme sireglerinin temel kazanimlarini edinmis olduklarindan emin olmak
amaciyla verilerin toplanacagi okullardaki matematik 6gretmenleri ile iletisime halinde olunmustur. Bu
sayede algoritmik daslinme yeterliliklerinin Olglilmesine uygun bir 6rneklem grubuyla calisiimasi
hedeflenmistir.

Toplanan verilerden bitiin maddelere ayni cevaplar veren 6grenciler gikarildiginda 502 6grencinin
yanitlari degerlendirmeye alinmistir. Orneklem buyiikligi dikkate alindiginda madde sayisinin en az bes
(Bryman & Cramer, 2001), on (Nunnally, 1978) ya da on bes kati (Gorsuch, 1983) buyiikliginde olmasi
gerektigini ifade etmislerdir. Comrey ve Lee (1992) orneklem bilyukliGgint 100 kisiyi zayif, 200 kisiyi
orta, 300 kisiyi iyi, 500 kisiyi cok iyi ve 1000 kisiyi mikemmel olacak sekilde 6lgegin uygulandigi kisi
sayina bagh olarak ele almaktadir. Olcek icin 68 maddelik bir madde havuzu olusturuldugundan
arastirmanin 6rneklem buyukligu olcek gelistirme calismalarinda o6nerilen yeterlilik sartlarini
karsilamaktadir.

ilk 6lcek uygulamasindan yirmi giin sonra ayni dgrenci grubundan rastgele érnekleme yéntemiyle 52
ogrenci secilerek test-tekrar test glvenirligi analizi yapilmistir. Veri toplama siirecinde 6grenci kimlik
bilgileri yerine okul numaralari kullaniimistir. Bu sekilde katilimci bilgileri gizli tutulurken tekrar 6lgcim
yapilmasi amaciyla ayni bireylere ulasilmasi mimkiin olmustur. Test-tekrar test glivenirligi analizlerinde
orneklem buydklGganin en az 50 kisi olmasi dnerilmektedir (Terwee vd., 2007). Bu arastirmada test-
tekrar test analizi 52 6grenci ile yapilmasindan dolayi 6nerilen 6rneklem buyuklGga sartlarini sagladigi
soylenebilir.

Olgek Gelistirme Siireci

1321



Dumlu & Turanh — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 54(3), 2024, 1299-1340

Olgek gelistirme siirecine ilk olarak Futschek’in (2006) algoritmik diisinme ve problem ¢ézme
stirecleri arasindaki benzerlikleri ortaya koydugu kuramsal cerceve temel alinarak baslanmistir. Ozellikle
madde havuzu olusturulurken modeldeki su basamaklara uygun olacak sekilde maddeler yazilmaya
calisilmistir:

e Karsilasilan bir problemde eldeki verileri net bir sekilde belirleyebilme,

e Karsilagilan probleme uygun etkili bir ¢6ziim stratejisi bulabilme,

e Karsilasilan bir problemdeki verileri dogru bir sekilde analiz edebilme,

e Karsilasilan bir problemin ¢6ziimuine yonelik tiim olasi yollari her yoniiyle disiinebilme,
e Karar verilen ¢6zim stratejisine ve ¢6ziim yoluna yonelik dogru ¢6ziimii tasarlayabilme,
e (Cozume yonelik tasarlanan algoritmanin islevselligini degerlendirebilmedir.

Boylece olusturulan madde havuzu, Futschek’in modelinde yer alan siire¢ basamaklarini olgilebilir
ifadelere donistlrerek oOlcegin kuramsal bitlinlGglini ve igerik gecerliligini saglamaya yonelik olarak
yapilandinimistir. Bu kuramsal gergeve dogrultusunda arastirmacilar tarafindan algoritmik diisinme
sureci, problem ¢6zme basamaklarinin sistematik olarak uygulayabilme, farkli ¢6zim yollarini kullanma,
strateji gelistirme, verileri dogru bir sekilde analiz etme, dogru karar verme ve mantik cercevesinde
¢6ziime ulasma olarak ele alinarak algoritmik diisinme ve problem ¢dzme sireglerine iliskin alan yazin
incelenmistir. Kuramsal ¢cergeveye uygun olacak sekilde 68 maddelik bir madde havuzu olusturulmustur.
Bu maddeler 6grencilerin problemi anlama, ¢6ziim yolu olusturma, strateji gelistirme, hatalari fark etme,
¢6zim plani yapma ve degerlendirme gibi bilissel becerilerini kapsayacak sekilde yapilandiriimistir.
Olgegin amacina hizmet etmeyen ve 6lgekten cikarilabilecek maddeler olabileceginden (Baykul, 2010)
maddeler yazilirken 6lgekte kullanilmasi beklenilen madde sayisinin yaklasik ¢ kati kadar madde
yazilmasina dikkat edilmistir (Giltekin, 2017). Olgek, besli Likert tipi (“hi¢ katilmiyorum”, “katiimiyorum”,
“kararsizim”, “katiliyorum” ve “tamamen katiliyorum”) derecelendirme sistemine uygun olacak sekilde
olusturulmustur. Sosyal bilimlerde yaygin olarak kullanilan 5’li Likert tipi 6lgekler hem anlamli farkhiliklari
ortaya koyma hem de istatistiksel analizlere uygunluk yoniinden arastirmacilara fayda saglamaktadir
(Joshi vd., 2015). Bunun yani sira ortadgretim dizeyindeki 6grencilerde fazladan secenek sayisi
cevaplama yukinu arttirabileceginden yedili sistem yerine daha kolay uygulanabilir ve daha hizli
yanitlanabilir bir sistem tercih edilmistir.

Madde havuzunun olusturulmasinin ardindan her bir maddenin istenilen davranisi olglip 6lgmedigi,
dil bilgisi yoninden anlasilirhg ve hatalari, bilimsel agidan hata olup olmadigi, maddelerin uygulanacak
gruba uygunlugu gibi o6lcltlere gore maddeler degerlendirilmistir. Maddeler, Olcegin yapisina gore
alaninda uzman kisiler tarafindan kontrol edilerek gerekli diizenlemeler yapilir (Atilgan vd., 2013). Bu
kapsamda madde havuzu 6grencilerin anlama diizeyine uygun olacak sekilde bir dil uzmani tarafindan
incelenmis ve gerekli dizenlemeler yapilmistir. Kapsam gecerliligini saglamak icin matematik egitimi
alaninda uzman dort akademisyen ve alti matematik 6gretmeni olmak Gzere toplam on uzmandan goris
alinmistir. Bu slrecte uzmanlara, 6lcek maddelerini degerlendirirken géz 6niinde bulundurmalari igin
Olgegin amacini, hedeflenen sinif diizeyini ve kuramsal cerceveyi aciklayan yonerge sunulmustur. Her
uzmandan maddeleri Lawshe (1975) yontemine goére “uygun”, “duzeltiimeli” veya “cikartiimall”
biciminde degerlendirmeleri istenmistir. Lawshe yontemi her bir maddenin uzmanlar tarafindan “madde
hedeflenen yapiyor oélglyor”, “madde yapi ile iliskili ancak gereksiz” ya da “madde hedeflenen yapiyi
o6lgmez” seklinde degerlendirmesine dayanan bir kapsam gecerliligi teknigidir. Uzmanlardan gelen
donutler dogrultusunda Lawshe (1975) yontemi kullanilarak her maddenin CVR (Content Validity Ratio)
degerleri belirlenmistir. Bunun yani sira uzmanlardan donitlerden 6lgegin kapsam gecerlilik dizeyini
belirlemek icin CVI (Content Validity Index) degeri hesaplanmistir. Bu analizler sonucunda CVR degeri
kabul edilebilir sinirlarin altinda kalan 17 madde uzman gorisleri dogrultusunda oOlcekten gikariimistir.
CVR degerine ragmen icerik acisindan énemli gorilen bazi maddeler ise yazim yoluyla revize edilmeye
cahsiimistir. Olcekte kalan 51 madde yeniden diizenlenerek kapsam gecerligi giiclendirilmeye
cahsilmistir. Bu revizyon siirecinde, hedeflenen davranisi 6rtiik bicimde ya da ¢ok boyutlu yapida ifade
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eden maddeler yeniden yapilandiriimis, anlam belirsizligi iceren climleler sadelestirilmis ve benzer
icerikte olan maddeler arasinda kavramsal 6rtlisme azaltilmistir.

Pilot ¢alisma, hazirlanan madde havuzunun belirlenen hedef kitleye benzer kiiglik bir grup Gzerinde
degerlendiriimesine imkan saglar. Hazirlanan maddelerin okunabilirligi, cevaplama siresi, katihmcilarin
anlamadiklari yerlerin belirlenmesi agisindan pilot g¢alisma Olgek gelistirme icin olduk¢a onemlidir
(Crocker ve Algina, 1986). Uzman gérsleri siireglerinden sonra kalan 51 maddenin 6grenciler tarafindan
anlama dizeyini, anlagihrhgini, maddeleri yorumlayis bigimlerini, yanit verme surelerini ve maddelerin dil
bilgisine uygunlugunu ortaya koyabilmek amaciyla 9. Sinifta 6grenim goren 32 kisilik 6grenci grubuyla
pilot calismasi yapilmistir. Pilot calismadaki 6rneklem sayisi alan yazinda dnerilen 25 — 40 kisilik pilot
drneklem araligina uygun oldugu gériilmektedir (DeVellis, 2006). Ogrenci geri bildirimleri analiz edilerek
¢oklu anlam igeren, kavramsal olarak zayif kalan veya davranigsal olarak 6rtiisen maddeler gikariimistir.
Uzman gorusleri ve pilot ¢alisma sonuglarinin degerlendirilmesiyle 27 tanesi olumlu, 15 tanesi olumsuz
cimle igerek sekilde madde sayisi 42’ye indirilmis ve taslak Olgek hazir hale getirilmistir. Gelen geri
bildirimlerde 6grencilerden bazi maddelerde algoritma kavraminin ¢ok karisik olarak bulduklari
gorilmuistlr. Bu dogrultuda maddelerdeki algoritma kavrami problem ¢ézme sireglerine uygun olacak
sekilde duzenlenmistir. Yapilan diizeltmeler dogrultusunda maddeler 6grencilerin anlama dizeyine
uygun olacak sekilde dil uzmani tarafindan tekrardan incelenmis ve dil bilgisi agisindan sadelestirmeler
yapilmistir.

Taslak 6lgek maddelerinin detayli analizi Ug farkl lisede toplam 533 6grenciden toplanan verilerin
kullaniimasi ile gergeklestirilmistir. Olcegin madde azaltma siireci uzman goriisleri, madde-toplam
korelasyonlari ve faktor analizlerinden elde edilen veriler bitiincil olarak yiritilmustir. Uygulama
sonrasl yapilan analizlerde, madde toplam test korelasyonu diisiik olan maddeler istatistiksel olarak
elenmis ancak bu silirecte yalnizca sayisal esiklere bagh kalinmamistir. Her maddenin kuramsal
cercevedeki 6nemi, olgek bltlnligu icerisindeki yeri, uzmanlar tarafindan yapilan degerlendirmelerle
birlikte ele alinmistir. Bazi maddeler istatistiksel olarak orta diizeyde korelasyon géstermesine ragmen
algoritmik diisiinme sirecinin temel bilesenlerinden biriyle dogrudan iliskili olmamasi ve kavramsal
olarak uzmanlar tarafindan yetersiz goriilmesi sebebiyle 6lgekten c¢ikariimistir. Kuramsal, istatistiksel ve
uzman temelli degerlendirmeler sonucunda 25 maddelik asil 6lgek ortaya gikariimistir.

Verilerin Analizi

Arastirma sliresince gergeklestirilen tim veri analizleri olgek gelistirme ve istatistik alaninda uzman
bir akademisyenin rehberligi ile yiritilmustir. Olcegin kapsam gegerliligi icin her analizden sonra
uzman gorisi alinarak bir sonraki slirece gecilmistir. Taslak 6lgegin uygulanmasindan elde edilen veriler
analiz edilirken SPSS 27 ve AMOS 24 programlari kullaniimistir. Ogrencilerden elde edilen veriler SPSS’e
aktarilmis ve programda olumlu maddeler, “hi¢ katilmiyorum” seceneginden baslanilarak 1’den 5’e
dogru puanlanirken olumsuz maddeler “hi¢ katilmiyorum” seceneginden baslanilarak 5’ten 1’e dogru
ters puanlanmistir. Olcegin maddeleri belirlenirken her maddenin madde toplam test korelasyonu
belirlenmistir. Olcegin givenirliginin belirlenmesi icin Cronbach Alpha gilivenirlik katsayisi, bilesik
glvenirlik katsayisi, Sperman-Brown Prophecy givenirlik katsayisi hesaplanmis ve test-tekrar test
glvenirligi incelenmistir. Yapi gecerliligi icin kesfedici faktor analizi (Exploratory Factor Analysis)
yapilmistir. Burada 6lgegin faktor analizine uygun olup olmadiginin belirlenmesi igin Kaiser-Meyer-Olkin
(KMO) katsayisi ve Bartlett testi anlamlilik degerine bakilmistir. Yapi gecerliligi icin AMOS programinda
dogrulayici faktoér analizi (Confirmatory Factor Analysis) yapiimistir. Dogrulayicl faktér analizinden elde
edilen veriler Gzerinden ayirt edicilik gecerligi icin Fornell ve Larcker kriteri Gzerinden her bir faktoriin
AVE degeri hesaplanmistir. Ayrica bagimsiz t testi, tek yonli varyans analizi (ANOVA) ve coklu regresyon
analizi ile 6lgegin hipotez testleri yapilmistir. Analizlerin sonucunda 25 maddelik matematik egitiminde
algoritmik diisinme 0lcegi ortaya cikarilmistir.

Bulgular

Arastirmada 6lcek maddelerin secimine yonelik madde analizi icin her 6grencinin 42 maddeye verdigi
puanlar ile maddelerin tamamindan elde edilen toplam puan arasindaki korelasyon hesaplanmistir.
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Madde analizi, dlgekteki maddelere verilen tepkileri dlcerek maddelerin 6lgmek istenen 6zelligi dlglip
Olgmedigini ortaya koyan bir siiregtir. Bu siiregte, maddelerin beklenen basariyr géstermemesi halinde
nedenleri arastirilarak amaca uygun hale getiriimesine de madde analizi denir (DeVellis, 2006). Asagidaki
tabloda madde toplam test korelasyonuna ait bilgiler verilmistir.

Tablo 2
Matematik Egitiminde Algoritmik Diisinme Olcedine Ait Madde Toplam Test Korelasyonlari

Madde Toplam Madde Toplam Madde Toplam

Maddeler Maddeler Maddeler

Korelasyonu Korelasyonu Korelasyonu
Madde 1 0.522 Madde 15 0.632 Madde 29 0.674
Madde 2 0.292 Madde 16 0.683 Madde 30 0.681
Madde 3 0.466 Madde 17 0.618 Madde 31 0.310
Madde 4 0.281 Madde 18 0.612 Madde 32 0.673
Madde 5 0.576 Madde 19 0.566 Madde 33 0.618
Madde 6 0.622 Madde 20 0.273 Madde 34 0.606
Madde 7 0.286 Madde 21 0.586 Madde 35 0.344
Madde 8 0.615 Madde 22 0.358 Madde 36 0.644
Madde 9 0.618 Madde 23 0.640 Madde 37 0.668
Madde 10 0.664 Madde 24 0.695 Madde 38 0.143
Madde 11 0.345 Madde 25 0.680 Madde 39 0.353
Madde 12 0.660 Madde 26 0.324 Madde 40 0.394
Madde 13 0.666 Madde 27 0.630 Madde 41 0.325
Madde 14 0.273 Madde 28 0.404 Madde 42 0.633

Tablo 2 incelendiginde madde 2, 4, 7, 14, 20. 38’in madde toplam test korelasyon katsayisinin
0.30’dan dusuk oldugu gorilmektedir. Korelasyon katsayisi icin 0.30’dan disilik degerler zayif diizeyde,
0.30 — 0.70 arasindaki degerler orta diizeye ve 0.70’den biyilik degerler ise yliksek diizeyde oldugu
soylenebilir (Buyukozturk vd., 2013). Bu sebeple oOlcekten madde 2, 4, 7, 14, 20 ve 38 olgekten
cikarimistir.

Guvenirlik, bir 6lgme aracinin ayni kosullar altinda tekrarlanan uygulamalarinda tutarh ve kararli
sonuglar vermesini ifade eden temel bir 6zellik olarak karsimiza ¢ikmaktadir. Olgeklerin giivenirliginin
belirlenmesinde genel olarak “Cronbach Alpha givenirlik katsayisi” kullanilmaktadir. Cronbach Alpha
glvenirlik katsayisi olcekteki her bir madde icin hesaplanabildigi gibi 6lcekteki maddelerin tamamina ait
ortalama bir giivenirlik katsayisi da hesaplanabilir. Olcekteki maddeler icin elde edilen Cronbach Alpha
glvenirlik katsayisi dlcegin toplam glivenilirligini gosterir ve hesaplanan katsayinin 0.7’ye esit veya daha
fazla olmasi gerekmektedir (George & Mallery, 2003). Bu sebeple 6lgcekteki 42 madde icin Cronbach
Alpha givenirlik katsayisi hesaplandiginda degerin 0.931 oldugu gorilmustir. Bunun yani sira madde
toplam test korelasyon katsayilari 0.30'un Ustiinde olmasina ragmen Cronbach Alpha glvenirlik
katsayisini degistirmeyen madde 11, 22, 26, 31, 35, 39 ve 41 oOlcekten cikarilmistir. Maddeler
cikanldiktan sonra tekrardan Cronbach Alpha glivenirlik katsayisi 0.958 olarak belirlenmis ve
cikanldiginda madde 28 ve 40’in katsayiyi yilkselttigi gértilmistir. Bu ylizden bu iki madde de 6lgekten
cikanimistir. Son olarak 6lgegin Cronbach Alpha givenirlik katsayisi 0.965 olarak belirlenmistir. Asagida
kalan maddelerin korelasyon ve Cronbach Alpha degerleri verilmistir.
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Tablo 3
Maddeler i¢in Korelasyon ve Cronbach Alpha Degerleri
Maddeler Madde Toplam Korelasyonu Cronbach Alpha
Madde 1 0.644 0.964
Madde 3 0.540 0.964
Madde 5 0.662 0.963
Madde 6 0.719 0.963
Madde 8 0.681 0.963
Madde 9 0.703 0.963
Madde 10 0.711 0.963
Madde 12 0.746 0.963
Madde 13 0.756 0.963
Madde 15 0.718 0.963
Madde 16 0.742 0.963
Madde 17 0.666 0.963
Madde 18 0.670 0.963
Madde 19 0.630 0.964
Madde 21 0.667 0.963
Madde 23 0.695 0.963
Madde 24 0.744 0.963
Madde 25 0.732 0.963
Madde 27 0.687 0.963
Madde 29 0.728 0.963
Madde 30 0.727 0.963
Madde 32 0.737 0.963
Madde 33 0.695 0.963
Madde 34 0.664 0.963
Madde 36 0.708 0.963
Madde 37 0.733 0.963
Madde 42 0.701 0.963

Olcegin kalan 27 maddesi ile dlcegin yapi gegerliligi icin faktér analizi yapilmistir. Kalan maddelerin
kesfedici faktor analizine uygun olup olmadiginin tespiti icin 6ncelikle 6lgekteki 6rneklem biylklGglinin
yeterli olup olmadig incelenmelidir. Orneklem biyiikliginiin yeterli olup olmadigini test etmek icin
Kaiser-Meyer-Olkin (KMO) katsayisi hesaplanmalidir. Bu katsayi, degiskenler arasindaki ortak varyans
oranini belirlemek icin kullaniimaktadir. Yiksek bir KMO katsayisi ortaya ciktiginda faktor analizinin
yapilmasi icin uygun bir veri setine sahip olundugu sdylenebilir. Olcegin maddeleri ile KMO testi
yapildiginda KMO katsayisi 0.970 olarak belirlenmistir. Field (2000), KMO testi icin 0.50 degerinin alt sinir
olmasi gerektigini ve bu sinirin altindaki verilerin faktérlenemeyecegini ifade etmistir. KMO katsayisinin
degerinin 1’e yaklastikca mikemmel, 0.50’nin altinda indikce korelasyon dagiliminda daginiklik olacagi
icin faktor analizine uygun olmadig (0.90’larda mikemmel, 0.80’lerde ¢ok iyi, 0.70’lerde ve 0.60'larda
vasat, 0.50’lerde kotl) ifade edilebilir (Tavsancil, 2005). Bunun yani sira arastirmada Bartlett testi
anlamlilik degeri (p< .001) olarak belirlenmistir. Boylelikle 6rneklem biyikliginin anlamli ve olcek
maddelerinin faktor analizine uygun oldugu sdylenebilir.
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Olgegin faktor yapisini tespit etmek icin déndirilmemis ve asal eksenlere gére déndirilmiis
(varimax) temel bilesenler analizi yapilmistir. Yapilan analizler sonucunda 6lgekteki bir maddenin
faktordeki yuki 0.45’in Gstiinde ve bu maddenin diger faktorlerin ylkiinden 0.10 veya daha fazla olmasi
o maddeyi faktorde dahil edebilir (Tavsancil, 2005). Bu sebeple 6lgekteki bir maddenin bir faktordeki
yuki 0.45’in Ustiinde ve bu maddenin yikd ile diger faktorlerin yiki arasindaki fark 0.10 veya daha fazla
ise madde o faktore dahil edilmistir.

Tablo 4
Olcek Maddelerinin Déndiiriilmiis Temel Bilesenler Analizi Sonucundaki Faktoér Yiik Degerleri

Dondiiriilmis Faktor Yiik Degeri
Maddeler 3 £

Faktor 1 Faktor 2 Faktor 3

Madde 1 0.656
Madde 3 0.689
Madde 5 0.474 0.591
Madde 6 0.479 0.607
Madde 8 0.667

Madde 9 0.745

Madde 10 0.668

Madde 12 0.611

Madde 13 0.584

Madde 15 0.629

Madde 16 0.661

Madde 17 0.636

Madde 18 0.744

Madde 19 0.611

Madde 21 0.482

Madde 23 0.642 0.450
Madde 24 0.699

Madde 25 0.665

Madde 27 0.698

Madde 29 0.714

Madde 30 0.698

Madde 32 0.677

Madde 33 0.618 0.529
Madde 34 0.719

Madde 36 0.671

Madde 37 0.721 0.456

Madde 42 0.648

Likert tipi Olceklerde en onemli oOzelligi tek boyutluluk oldugundan maddelerin tamaminin ayni
ozellikleri yansitmasi gerekir. Bu sebeple tek boyutun acikladigi varyansin artmasi icin yik degerleri
0.45’in Ustlinde olmasina ragmen faktor yikinin diger faktordeki yikler arasindaki farki 0.10°dan dusik
olan madde 33 (0.618 — 0.529 = 0.089) ve KMO katsayisini diisirmesinden dolayi madde 21 olgcekten
cikanlmistir. Kalan 25 maddeye tekrardan faktor analizi uygulanmis olup KMO katsayisi 0.970 ve Bartlett
testi anlamlilik degeri 0.00 olarak belirlenmistir. Bu 25 maddeden elde edilen Scree plot (Oz deger —
Faktor Grafigi) asagida verilmistir.
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Sekil 1
Oz Deger — Faktér Grafigi
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Sekil 1 incelendiginde dikey eksende 6z degerlerin yatay eksende faktor sayisinin verildigi grafikte
hizli inisin dordiinci faktérden sonra azaldigi gorilmektedir. Dordinct noktadan itibaren faktoérlerin
varyansa yaptiklarn katkilarin azaldigi ve geri kalan varyanslarin birbirine yakin olduklari gérilmektedir.
Birinci noktadan sonra gorilen inis egilimi varyansa yapilan katki derecesinde noktalarla gosterilirken iki
nokta arasinda yer alan her aralik bir faktér olarak ele alinmaktadir (Cokluk vd., 2012). Olcekten madde
21 ve 33 cikarildiktan sonraki dondurilmemis ve asal eksenlere gére donduridlmis (varimax) temel
bilesenler analizi sonuglari asagida verilmistir.

Tablo 5
Olgek Maddelerinin Déndiiriilmemis Temel Bilesenler Analizi Sonucundaki Faktér Yiik Degerleri

Maddeler Dondiiriilmemis Faktor Yiik Degeri

Faktor 1 Faktor 2 Faktor 3
Madde 13 0.778
Madde 12 0.773
Madde 24 0.772
Madde 16 0.768
Madde 37 0.765
Madde 25 0.761
Madde 32 0.759
Madde 29 0.754
Madde 30 0.753
Madde 10 0.746
Madde 15 0.740
Madde 6 0.739
Madde 9 0.738
Madde 36 0.734
Madde 42 0.724
Madde 23 0.720
Madde 8 0.713
Madde 27 0.712
Madde 18 0.701
Madde 17 0.695
Madde 34 0.694
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Madde 5 0.689

Madde 1 0.665

Madde 19 0.657

Madde 3 0.562 0.451
Tablo 6

Olcek Maddelerinin Asal Eksenlere Gére Déndiiriilmiis Temel Bilesenler Analizi Sonucundaki Faktor Yiik
Degerleri

Dondiiriilmemis Faktor Yiik Degeri

Maddeler Faktor 1 Faktor 2 Faktor 3
Madde 37 0.728

Madde 29 0.726

Madde 34 0.718

Madde 24 0.705

Madde 27 0.703

Madde 30 0.703

Madde 25 0.676

Madde 32 0.675

Madde 36 0.668

Madde 42 0.663

Madde 23 0.656 Lo
Madde 18 0.754

Madde 9 0.718

Madde 16 0.661

Madde 17 0.658

Madde 8 0.645

Madde 19 0.640

Madde 15 0.622

Madde10 0.613

Madde 12 0.583

Madde 13 0.562

Madde 3 0.695
Madde 1 0.667
Madde 5 0.638
Madde 6 0.628

Tablo 5 incelendiginde dondirilmemis temel bilesenler analizi sonucunda 6lgcek maddelerinin faktor
yuk degerlerinin 0.562 ile 0.778 arasinda degerler aldigi ve faktor 1’de anlamli bir sekilde toplandigi
gorulmektedir. Bunun yani sira faktér 1'in agikladigi toplam varyans %52.714 olarak belirlenmistir. Tek
faktorl iceren oOlgeklerde agiklanan varyansin %30 ve daha fazla olmasi yeterli olarak kabul edilebilir
(Buyukoztiirk, 2003). Bir dlgekteki her bir alt faktériin 6lgegin toplam varyansinin en az %5’ini agiklamasi
beklenir. Bu durum bir Olcekteki faktor sayisini belirlerken hem 6z degeri 1’in Gizerinde olan hem de
acikladigl toplam varyans degeri %5’in Gzerinde olan boyutlar alt boyut olarak belirlemektedir (Seger,
2015).

Tablo 6 incelendiginde asal eksenlere gore dondirilmis temel bilesenler analizi sonucunda dlgegin
U¢ alt boyuttan olustugu gorilmektedir. Déndurildikten sonra bu (ic boyuta ait toplam varyansa
yaptiklari katki asagidaki tabloda verilmistir.
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Tablo 7
Déndiiriilmiis Varyans Degerleri

1299-1340

Faktor Oz Deger Varyans Yiizdesi

Toplam Varyans

Yizdesi
Faktor 1 6.591 26.363 26.363
Faktor 2 5.808 23.231 49.594
Faktor 3 3.383 13.533 63.127

Tablo 7 incelendiginde faktorlerin toplam varyansa yaptiklari katki faktor 1 igin %26.363, faktor 2 igin
%23.231 ve faktor 3 icin %13.533 olarak belirlenmistir. Cok faktor iceren 6lgeklerde agiklanan varyansin
%40 ile %60 arasinda olmasi yeterli olarak gorulebilir (Cokluk vd., 2012). Tabloya gore bu Ug faktorin
varyansa yaptiklari toplam katkinin %63.127 oldugu belirlenmistir. Bu sonuglara gore Tablo 8'de
matematik egitiminde algoritmik diisinme 6lgegindeki 25 maddenin faktorlere gére dagilimi verilmistir.

Tablo 8

Matematik Egitiminde Algoritmik Diisiinme Olgedine lliskin Maddelerin Faktérlere Gére Dagilimi

Hig
Katilmiyorum

Matematik Egitiminde Algoritmik Diisinme Olgegi

Katilmiyorum

Kararsizim
Katiliyorum

Tamamen

Katiliyorum

Problem ¢6zme surecinde algoritmalari etkili
bir sekilde kullanabilirim.

Problem c¢oOzerken vyeni ¢6zim vyollar
gelistirerek ¢6ziime basarili  bir sekilde
ulasabilirim.

Bir problemi c¢ozerken dogru kararlari
vermek icin gerekli adimlari belirleyebilirim.

Bir problemi ¢6zmek icin alternatif stratejiler
gelistirip etkili bir sekilde uygulayabilirim.

Problem ¢6zme siirecinde ¢6zim adimlarini
Faktor 1 belirlemekte iyiyimdir.

Bir problemin ¢6zim yolu igin bir ¢6zim
Planlamave  3jg0ritmasi olusturmak benim icin basittir.

Stra’Feji Problemleri cozerken adimlar
Gelistirme  g5rcellestirerek cézim sirecini basarili bir
sekilde yonetebilirim.

Problemi ¢6zme siirecinde ¢6zim adimlarini
net bir sekilde takip edebilirim.

Bir problemi c¢ozerken bir algoritmay
uygulayarak ¢6ziime ulasabilirim.

Problem c¢ozerken her adimi sistematik ve
siral bir sekilde uygulayabilirim.

Problem c¢6zme siirecinde kullandigim
stratejinin ise yaramadigini fark ettigimde
farkl bir strateji gelistiririm.

Problemleri  kiglik parcalara ayirarak
Faktor 2 ¢Ozebilirim.

Bir problemi ¢6zmeden oOnce olasi tim
adimlart degerlendirerek en etkili ¢6zim
yontemini belirleyebilirim.

Sistematik
Problem
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Cozme Problemi ¢6zmeye baslamadan 6nce ¢6ziim
algoritmasinin ~ her  adimini kafamda
tasarlarim.

Bir problemi ¢Ozerken bir plan
dogrultusunda hareket ederim.

Herhangi bir problemle karsilastigimda
¢6zime ulasmak igin dnce ne yapacagimi
bilirim.

Problemleri ¢ozerken algoritmalarin  her
adimini etkin bir sekilde uygulayabilirim.

Problemleri ¢ozerken her bir adimi dikkatlice
planlayarak  sistematik  bir  yaklasim
izleyebilirim.

Problemlerin ¢dzim yollarini analiz ederek
stratejiler gelistirebilirim.

Bir problemin ¢6zim yolunu bulana kadar
sistematik olarak ilerlerim.

Sistematik bir yaklasim benimseyerek bir
problemi ¢ozebilirim.

Problem ¢o6zerken hangi adimin neden
yapildigini anlamak problemi ¢6zmemde
yardimci olur.

Faktér 3 Bir probleme bir ¢6ziim yolu olustururken
her adimin neden 6énemli oldugunu bilirim.

M?n"tlksal Bir  problemde ¢6zim  algoritmasini
Dusinme  yyoylarken herhangi bir adimda hata
yaptigimda basa dénmem gerektigini bilirim.

Problemi ¢6zme siirecinde planlar yaparak
daha etkili sonuglar elde edebilirim.

Olcekten elde edilen kesfedici faktér analizinin sonuglari dogrulayici faktér analiziyle test edilmistir.
Dogrulayici faktor analizi (DFA) AMOS 24 programi kullanilarak gergeklestirilmistir. Tahmin yontemi
olarak programin varsayilan algoritmasi olan Maximum Likelihood (ML) yéntemi tercih edilmistir. ML
yontemi, buaylik orneklemlerin kullanildigi ¢alismalarda istatistik acisindan dogru sonuglar ortaya
koymasi sebebiyle sosyal bilimlerde vyapi gecerliginin test edilmesi amaciyla yaygin olarak
kullanilmaktadir (Kline, 2015). Ayrica dogrulayici faktér analizinde korelasyon matrisi olarak AMOS
programi tarafindan varsayillan bicimde olusturulan Pearson korelasyon matrisi kullanilmistir.
Arastirmada kullanilan 6rneklem biytklGginin yeterli diizeyde olmasi (n= 502) ve verilerin normal
dagihma yakin olmasi sebebiyle Pearson korelasyon matrisi kullaniimistir (Fabrigar vd., 1999). Analiz
sonucunda CMIN/DF (Chi-Square/DF), RMSEA (Root Mean Square Error of Approximation), GFI
(Goodness of Fit Index), AGFI (Adjusted Goodness of Fit Index), RMR (Root Mean Square Residual), CFI
(Comparative Fit Index) ve NFI (Normed Fit Index) uyum 6lcitleri bulunmustur.

CMIN/DF degeri model ile go6zlenen degiskenlerden gelen veriler arasindaki uyumunu
degerlendirmek icin kullanilir. Olgegin CMIN/DF degerinin 2.795 oldugu goriilmistiir. Bulunan CMIN/DF
degeri 2 ile 5 arasinda bir deger alirsa kabul edilebilir dizeyde oldugunu sdéylenebilir (Kwon & Marzec,
2016). RMSEA degeri modelin karmasikligini ve érneklem biyuklugini ayarlamak igin kullanilir (Davcik,
2014). Olcegin RMSEA degerinin 0.060 oldugu gérilmistir. RMSEA, 0.05 degerine esit veya daha az ise
cok iyi, 0.05 ile 0.08 arasindaki degerlerde iyi, 0.08 ile 0.1 arasindaki degerlerde vasat ve 0.10 degerinden
fazla ise kabul edilemez olarak degerlendirilir (Sarmento & Costa, 2019). GFl degeri gozlemlenen
degisken ile istatiksel bir model altinda beklenilen degerler arasindaki tutarsizligi ortaya koymak icin
kullanilir. Olgegin GFI degerinin 0.893 oldugu gériilmistiir. GFI degeri icin 0.85 ve (izerindeki degerlerin
kabul edilebilir dizeyde oldugu sdylenebilir (Strici vd., 2021). AGFI degeri gozlenen degisken sayisina
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gdre modelin serbestlik diizeyi icin GFI degerini diizenlemek icin kullanilir. Olgegin AGFI degerinin 0.871
oldugu gorulmistir. AGFI degeri icin 0.85 ve Uzerindeki degerlerin kabul edilebilir diizeyde oldugu
sOylenebilir (Vieira, 2011). RMR degeri ortalama hatalarin karekoki olarak karsimiza hesaplanmaktadir.
Olgegin RMR degerinin 0.045 oldugu goriilmiistir. RMR degeri 0 ile 1 arasinda degerler alirken bu
degerin 0’a yaklasmasi iyi bir uyumun oldugunu gosterir (Kline, 2011). CFI degeri artirnmh bir uyum
indeksi olup modelin veriye ne kadar uyum sagladigini belirlemek amaciyla kullanilir (Cangur & Ercan,
2015). Olgegin CFl degerinin 0.943 oldugu gérilmiistiir. CFI degeri O ile 1 arasinda degerler alirken bu
deger ne kadar ylksek olursa daha iyi bir model uyumunun oldugu séylenebilir (Bati vd., 2010). NFI
degeri modelde ki-kare degeri ile bagimsiz modelin ki-kare degerine bolinmesiyle belirlenen bir
degerdir. Olgegin NFI degerinin 0.914 oldugu goriilmistiir. NFI degeri Oile 1 arasinda degerler alirken bu
deger ne kadar yuksek olursa daha iyi bir model uyumunun oldugu soylenebilir (Byrne, 2016).

Dogrulayict faktor analizi sonucunda elde edilen verilerden g faktérden olusan matematik
egitiminde algoritmik disiinme 6l¢eginin bir model olarak dogrulandigl gérilmektedir. Asagida modele
ait path diyagrami verilmistir.

Sekil 2
Matematik Egitiminde Algoritmik Diisinme Olgedine iliskin Path Diyagrami
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Dogrulayici faktor analizinden sonra her faktor icin bilesik glivenirlik (CR-Composite Reliability)
katsayilari hesaplanmistir. Bu katsayi Faktor 1 icin 0.910. faktor 2 icin 0.877 ve faktor 3 icin 0.752 oldugu
gorilmastar. Bulunan CR degerleri 0.70 veya daha fazla oldugunda iyi bir glvenilirligi gosterdigi ifade
edilebilir (Hair vd., 2009).

a2

81

Dogrulayici faktor analizinde kurulan faktorler arasi ayirt edicilik gecerligi Fornell ve Larcker (1981)
tarafindan onerilen olgltler dogrultusunda test edilmistir. Bu Ol¢it her yapinin ortalama varyans
actklamasi (AVE) degerinin diger faktorlerle olan korelasyonlarinin karesinden biyik olmasi gerektigini
ifade eder. Ayrica AVE degeri, bir faktériin varyansinin o faktérdeki maddeler tarafindan ne kadar
aciklandigini gosterir. Bu baglamda, her bir faktériin AVE degeri hesaplanmis ve karsilastirmalari
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yapilmistir. Degerler incelendiginde planlama ve strateji gelistirme faktérd icin AVE= 0.75, sistematik
problem ¢6zme faktori i¢in AVE= 0.72 ve mantiksal diisiinme faktéri igin AVE= 0.62 olarak
hesaplanmistir. Bu degerlerin tamami 0.50'nin lzerinde oldugu icin (Fornell & Larcker, 1981), faktorlerin
kendilerine ait degiskenleri agiklamada daha basarili olduklari gorilmektedir. Ayirt edici gegerlik
acisindan Fornell ve Larcker kriteri esas alindiginda, her bir gizil degiskenin AVE degerinin karekdkiiniin,
bu degiskenin diger gizil degiskenlerle olan korelasyon katsayilarindan biiyiik olmasi gerekmektedir.
Yapilan analiz sonucunda, bazi faktérler (6rnegin, mantiksal disiinme ve sistematik problem ¢dézme:
0.90) arasinda yiksek korelasyon degerleri gorilmustlr. Bu durum klasik sartlar gcergevesinde ayirt edici
gecerlik yoniinden sinirli olarak degerlendirilebilse de planlama ve strateji gelistirme, stratejik problem
¢6zme ve mantiksal diisinme algoritmik diisinme slirecinin alt bilesenleri arasinda olmasindan dolayi
hem uzman gorisii hem de arastirmanin kuramsal gergevesi bu faktorlerin birbirinden ayrisan ancak
iliskili yapilar oldugunu 6ngormektedir. Bu faktorler arasindaki yiiksek korelasyonlar kuramsal olarak
birbirini besleyen stregleri yansitmakta olup 6lgegin i¢ tutarliigi agisindan anlamli kabul edilmistir.

Arastirmada olgegin ozelliklerini daha derinlemesine analiz edebilmek amaciyla bagimsiz t-testi, tek
yonlu varyans analizi (ANOVA) ve coklu regresyon analizlerine yer verilmistir. Bu analizlerin yapilirken
bilinen gruplara gore gecerlik (known-group validity) kapsaminda degerlendirilmeye calisiimistir. Bilinen
gruplara gore gecerlik yapi gegerligine katkida bulunan bir gecerlik tiri olup ol¢lilmek istenen 6zellik
acisindan birbirine benzemeyen iki farkli gruba uygulanarak sonuglarin karsilastirilmasini igerir
(Bolarinwa, 2015). Cinsiyet ve okul tlri gibi degiskenlere gore yapilan t-testi, ANOVA ve ¢oklu regresyon
analizleri 6lgegin farkh gruplar arasinda anlamh farklar ortaya koyup koymadigini test etmek amaciyla
yapilmistir. Bu analizler sonucunda 6lgegin yalnizca igsel tutarlihgr degil ayni zamanda dissal duyarliligi ve
ayirt edici glici de degerlendirilmeye calisiimistir. Sonug olarak yapilan hipotez testleri olgegin yapi
gecerligini yalnizca faktor dizeyinde degil ayni zamanda dis degiskenlere olan tepkisini degerlendirmeye
yonelik planlanmistir. Olgegin hipotez testleri icin cinsiyetler arasindaki algoritmik diisinme yeterliligi
farkini incelemek icin bagimsiz t-testi uygulanmistir. Analiz sonucunda F degeri 2.449 ve p degeri 0.118
olarak bulunmus olup p> 0.05 oldugundan varyanslarin esit oldugunu goriilmektedir. Bagimsiz t-testi
sonuglarina gore, cinsiyetler arasinda algoritmik diisinme yeterliligi agisindan istatistiksel olarak anlaml
bir fark bulunmamistir (t(500)= -0.440. p= 0.660. Mean Difference= -0.835). Okullar arasindaki algoritmik
distinme vyeterliligi farkini incelemek igin Ug farkli okul arasinda tek yonlU varyans analizi (ANOVA)
yapilmistir. ANOVA sonuglarina gore okullar arasinda algoritmik dusinme vyeterliligi agisindan
istatistiksel olarak anlamh farklar bulunmustur (F= 14.450. p< .001). Cinsiyet ve okul tlrlintn algoritmik
disinme vyeterliligi Gzerindeki etkileri icin ¢oklu regresyon analizi yapilmistir. Bagimsiz degiskenlerin
bagimh degisken lizerindeki toplam etkisini agiklayan R Square degerinin 0.005 oldugunu ve Adjusted R
Square degerinin 0.001 oldugunu gorilmustir. Bu durum cinsiyet ve okul tiri degiskenlerinin algoritmik
disinme yeterliliginin varyansinin sadece %0.5’ini agikladigini géstermektedir. ANOVA sonuglarina gore
incelendiginde modelin genel olarak anlamh olmadigini sdylenebilir (F= 1.259 ve p= 0.285). Katsayi
tablosuna gore cinsiyet ve okul degiskenlerinin algoritmik disiinme yeterliligi Gzerinde istatistiksel
olarak anlamli bir etki géstermedigi (p> 0.05) anlasiimaktadir.

ilk 6lcek uygulamasindan yirmi giin sonra 502 &grenci arasindan rastgele drnekleme ile 52 kisi
secilerek test-tekrar test givenirlik analizi icin yeniden o6lcek uygulamasi yapilmistir. Test-tekrar test
glvenirlik analizi arastirmacilarin ayni olgcegi kullanarak ayni grup Uzerinde farkli zamanlarda
gerceklestirdigi dlciimlerin analizinden olusur (Segura-Orti & Martinez-Olmos, 2011). iki farkh veri
grubunun zamana bagh degisimini gérebilmek icin madde puanlari arasindaki iliskinin incelenebilmesi
icin Pearson momentler carpimi korelasyon katsayisina bakilmistir. Yapilan analizler sonucunda test-
tekrar test glivenirlik katsayisi 0.826 olarak hesaplanmistir. Ayrica ikinci 6lcek uygulamasindaki Cronbach
Alpha guvenirlik katsayisini hesaplanmistir. Yapilan analiz sonucunda Cronbach Alpha givenirlik katsayisi
0.966 bulunmustur.

Olcekteki madde sayisinin 42’den 25’e diisiiriilmesi sebebiyle dlcegin giivenirlik katsayisinin nasil
degiseceginin tahmin edilebilmesi icin Sperman-Brown Prophecy katsayisi hesaplanmistir. Yapilan analiz
sonucunda Sperman-Brown Prophecy katsayisi 0.938 olarak bulunmustur. Eger Spearman-Brown
Prophecy katsayisi 0.70’den buyik ise 6lgceklerde guivenirligin yiksek oldugu séylenebilir (Secer, 2015).
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Tartigma ve Sonug

Arastirmada matematik egitiminde algoritmik diisiinme sireglerini belirlemek amaciyla bir dlgme
araci gelistirilmistir. Bu kapsamda, hazirlanan 42 maddelik taslak 6lgek 533 &grenciye uygulanmis ve
yapilan analizler sonucunda 25 maddelik asil 6lgek olusturulmustur.

Olgekte yer alan 25 maddeye uygulanan faktér analizi sonucunda 6lgegin (¢ faktér altinda toplandig
belirlenmistir. Faktorler algoritmik disiinme siireglerine uygun olacak sekilde faktér 1 “planlama ve
strateji gelistirme”, faktor 2 “sistematik problem ¢oézme” ve faktér 3 “mantiksal disiinme” olarak
isimlendirilmislerdir. Olcekteki maddelerin tamaminin tek boyutta toplandigi belirlenirken faktér 1'in
acikladigl toplam varyans %52.714 oldugu goriilmustir. Ayrica faktor yiik degerlerinin 0.562 ile 0.778
arasinda degerler aldig1 belirlenmistir. Bunun yani sira 25 madde i¢in KMO katsayisi 0.970 ve Bartlett
testi anlamlilik degeri 0.00 olarak hesaplanmistir. Bu degerler sonucunda 6lgegin faktér analizine uygun
oldugu sdylenebilir. Dogrulayici faktor analizinden elde edilen uyum degerlerine bakildiginda ortaya
¢ikan Ug boyutlu 6lgegin kuramsal gergeveye uygun kabul edilebilir bir model oldugu goriilmektedir. Hem
kesfedici faktor analizinin hem de dogrulayici faktor analizinin bulgular incelendiginde 6lgegin yapi
gecerliliginin ylksek oldugu soylenebilir.

Olgek gelistirme siirecinde ortaya ¢ikan bu ii¢ faktdr yalnizca istatistiksel olarak anlamli olmayip ayni
zamanda alanyazinda algoritmik dislinme ve problem ¢6zme sireglerine iliskin yapilan kuramsal
tanimlamalarla da biyik olglide ortiismektedir. Bu c¢ercevede, algoritmik disinmenin kuramsal
altyapisinda 6énemli bir yeri olan “planlama ve strateji gelistirme” sireci, bireyin problem ¢ézimine
yonelik bilissel sirecin ve ¢dziim yollarini olusturulmasina temel siireglerden birisi olarak karsimiza
¢itkmaktadir. Algoritmik dusiinme sureglerinin gelistiriimesinde bireylerin problemleri planlayabilmesi,
¢6zUm yollari Gretebilmesi, kendi ¢dziim stretejilerini gelistirebilmesi, problem ¢dézme ve akil ylritme
gibi bilissel stirecleri kullanabilmesi karmasik problem durumlarinda etkili ¢6ziim Gretimini miimkun kilar
(ISTE, 2015). Ogrencilerin karsilastiklari problemleri ¢cézmebilmek amaciyla uygun stratejiler gelistirmeye
odaklanmasi ve planlamalar yapmasi, islem adimlarini sistematik olarak degerlendirmeye ve gerekiyorsa
yeni dizenlemeler yapmaya yonlendirdigi icin algoritmik disinme slrecleri (izerine Ustbilissel
farkindaligi da destekler (Yadav vd., 2022). Brown’a (2015) goére algoritmik distinme sureglerinin
gelistirilmesinde, 6grencilerin sorunlara sistematik ve planli bir sekilde yaklasabilmesi, ¢6zim yollarini
belirleyebilmesi ve uygun stratejileri uygulayabilmesine yonelik bilissel beceriler 6n plana ¢ikmaktadir.
Bu baglamda, algoritmik disiinme siireclerinin etkin bir sekilde gelisebilmesi icin planlama ve strateji
gelistirme becerilerinin sistematik bicimde desteklenmesi, bireylerin problemleri ¢6zmede daha etkili
yaklasimlar gelistirmelerine olanak sagladigi sdylenebilir.

Algoritmik distinme sirecinin temel yapilarindan biri olan “sistematik problem ¢6zme” yaklasimi,
bireyin problemleri sistematik bir sirayla ele almasini ve ¢dzim sirecini mantiksal bir dizende
ylratmesini saglayan 6nemli bir bilesendir. National Council of Teachers of Mathematics (2000)
sistematik problem c¢6zmeyi, bireylerin matematiksel kavramlari formile etmesine, bu kavramlar
arasinda baglantilar kurmasina, ¢6ziime yonelik mantiksal bir sira takip etmesine ve islemleri belirli bir
sistematik cerceve icerisinde sonuca ulastirmasina yardimci olan bir sireg olarak ele almistir. Problem
¢6zme sirecinde ¢6zim adimlarina acik ve sistematik bicimde yaklasiimasi, bireylerin ¢6zim siirecinin
yapilandinimis bir cercevede izlenmesini saglarken ¢o6ziim sirasinda karsilasilacaklari belirsizlikleri
ortadan kaldirmalarini ve adimlarin dogru bir sekilde uygulamalarini kolaylastirmaktadir (Bethune &
Wood, 2013; Flores & Ganz, 2007; Hicks vd., 2011; Israel vd., 2015; Knight vd., 2012). Bunun yani sira
Clark (2016), algoritmik disiinmenin yalnizca 6grenilmesi gereken bilissel bir beceri olmadigini ayni
zamanda sistematik problem ¢ézmeye yonelik pedagojik bir yaklasim olarak ele alinmasi gerektigini
vurgulamistir. Bu baglamda, sistematik problem ¢6zme yaklasimi, algoritmik dislinme siireclerinin
yapilandirimasinda ve gelistirilmesinde bilissel bir siire¢ olarak karsimiza ¢ikmaktadir. Boylece algoritmik
disiinme sirecinin, rastlantisal deneme-yanilma yontemi yerine, sistemli ve planh bir problem ¢ézme
sureci ile sekillendigi sylenebilir.

Algoritmik dusinme sirecinin bir diger temel bileseni ise bireyin akil yiritme sireclerini
yapilandiran ve problem ¢ézmeye yonelik tutarli ¢cikarimlar yapmasini saglayan mantiksal disinmedir.
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Futschek ve Moschitz’e (2011) gére algoritmik disiinme siiregleri temelinde soyutlama, mantiksal
disiinme ve yaratici problem ¢ézme becerilerinin birlikte kullanildigi ¢cok yonla biligssel bir siirectir. Bu
surecte bireyler gercgeklestirecekleri adimlari mantiksal diisiinme yolu ile belirli bir siraya koymaktadir
(Ross, 1998). Boylelikle mantiksal diisinmenin algoritmik distinme sireglerinde islem adimlarinin
sistematik olarak ilerlemesine yardimci olan temel bir beceri oldugu sdylenebilir. Béylece algoritmik
disinme sireci, bireylerin herhangi bir problemle karsilastiklarinda mantiksal ve yaratici disiinme
becerilerini kullanarak sistematik ¢6ziim adimlarini tanimlama yetkinligi olarak ele alinabilir (Ziatdinov &
Musa, 2013). Bu baglamda, mantiksal diisinme becerisi, algoritmik diislinme sirecinin temel
bilesenlerinden birisi olarak bireyin ¢6ziim siirecini sistematik bicimde planlamasina, adimlari mantik
cercevesinde siralamasina ve problem ¢ézmeye yonelik ¢ikarimlarda tutarliligi saglamasina olanak saglar.

Olgegin giivenirlik yoniinden incelemesi yapildigindan kalan 25 maddenin Cronbach Alpha giivenirlik
katsayisi 0.962 olarak hesaplanmistir. Bilesik glivenirlik katsayilar incelendiginde (¢ faktor iginde
istenilen araliklarda oldugu gériilmistiir. Olgegin test tekrar test analizi sonuglari incelendiginde iki élgek
arasindaki korelasyonun 0.826 oldugu ve test tekrar test uygulamasindan elde edilen verilerle Cronbach
Alpha gilivenirlik katsayisinin 0.966 oldugu belirlenmistir. Hem korelasyonun hem de Cronbach Alpha
glvenirlik katsayisinin yiksek ¢cikmasi 6grencilerin dlgege verdikleri yanitlarin zamana gore degismedigini
gostermektedir. Olgegin maddelerindeki azalmanin giivenirlik katsayisina yonelik yapacagi degisiklikleri
gorebilmek icin Sperman-Brown Prophecy katsayisi hesaplanmis ve katsayl 0.938 olarak bulunmustur.
Butlin sonuglar incelendiginde 6lgegin glvenilirliginin yiksek oldugunu séylenebilir.

Gelistirilen 6lgek 9. Sinif 6grencilerinin matematiksel problemleri ¢ozerken 6grencilerin planlama,
strateji gelistirme, sistematik problem ¢6zme ve mantiksal diisinme gibi algoritmik disiinme siireglerini
anlamaya yonelik calismalarda kullanilabilir. Ayrica 6grencilerin sireg icerisinde problemi anlama, ¢6ziim
yolu olusturma, strateji gelistirme, hatalari fark etme, ¢6ziim plani yapma ve degerlendirme gibi bilissel
becerilerini ortaya koymayi amaclayan kapsamli ve islevsel bir lgme araci olarak sunulmaktadir. Olcegin
algoritmik diisiinme sireclerini destekleyen egitim yaklasimlarinin gelistiriimesinde ve bu siireglerin
derinlemesine incelenmesinde katkilar saglayacagi diisiinilmektedir.

Oneriler

Arastirmanin amaci ve bulgulan (zerinden cikarilan sonuglara gore ileride yapilabilecek olan
calismalara yonelik asagidaki 6neriler siralanmustir.

1. Gelistirilen algoritmik distinme 6lgegi farkli yas ve sinif diizeylerine uyarlanabilir.

2. Gelistirilen algoritmik disiinme o6lcegi farkli kilttrel baglamlarda ele alinarak gecerlik ve
glvenirlik analizi yapilabilir.

3. Gelistirilen algoritmik dusinme oOlgceginden elde edilecek sonuglarla 6grencilerin problem
¢6zme Uzerine akademik basarilari ve tutumlarini 6lgebilecek yeni bir lcek tasarlanabilir.

Bu arastirmalar, gelistirilen 6lgegin farkh baglamlarda gecerliligini ve glivenirligini test ederek olgegin
genellenebilirligini artiracaktir. ilk &neride 6lgegin farkli sinif ve yas gruplarinda nasil bir performans
gosterecegini inceleyerek egitim programlarina yasa ve sinif diizeyine uygun yenilikler sunabilecegi
diistinilmektedir. ikinci dneride dlcek tizerinden farkl kiiltiirel yapilarin algoritmik diisiinme siireclerine
olan etkisini inceleyerek olgegin kiltirel baglamlara nasil uyarlanabilecegini ortaya koyacagi
diistinilmektedir. Uglincii 6neride ise dlcekten elde edilecek verilerle 6grencilerin problem ¢dzme
becerilerini, akademik basarilarini ve tutumlarini degerlendirebilecek yeni bir 6lcek tasariminin
yapilabilecegi ve bu olcegin farkli konular Gzerinde kullanim alani bulabilecegi distiniimektedir. Bu
arastirmalar, algoritmik disiinme siireglerinin daha genis bir perspektifte anlasiimasina ve egitim
politikalarinin bu dogrultuda sekillendirilmesine katki sunacaktir.
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