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ABSTRACT

The aim of this study is to examine the learning outcomes included in the middle school mathematics curriculum
within the context of computational thinking skills. For this purpose, a literature review was first conducted to
identify the indicators of computational thinking skills. Subsequently, the curriculum outcomes were analyzed in
relation to these indicators. The study employed document analysis as the research method, and content analysis
was utilized during the data analysis process. According to the findings, approximately 44% of the learning
outcomes in the curriculum were found to be associated with the dimension of ‘algorithm’, 28% with ‘pattern-
model extraction’, and 21% with ‘abstraction’. Additionally, the outcomes in the ‘numbers and operations’ learning
domain were predominantly related to 'algorithm’, while those in the domains of algebra, geometry, and
measurement were mostly aligned with ‘pattern-model extraction’. The outcomes in the ‘data processing’ domain
showed strong associations with the 'evaluation and debugging' dimension, whereas those in the ‘probability’
domain were primarily linked to 'abstraction’ and ‘pattern-model extraction’. When examined across different
grade levels, it was found that the outcomes at the 5th and 8th grade levels were predominantly related to
‘algorithm’, 'pattern-model extraction’, and ‘abstraction’, respectively. Meanwhile, the outcomes at the 6th and 7th
grade levels were mostly associated with ‘algorithmic thinking', ' pattern-model extraction’, and 'decomposition'.
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Computational thinking, middle school mathematics curriculum, document analysis.

Introduction

Computational thinking is one of the fundamental applications of computer science. Denning
(2009) states that the concept, referred to as ‘algorithmic thinking' in the 1950s and 1960s, was
defined during that period as a mental orientation towards formulating problems and specific
inputs through transforming them into outputs and seeking algorithms to perform such
transformations. Although Papert first introduced the term ‘computational thinking’ in 1996,
Wing (2006) defined it as a skill encompassing problem-solving, system design, and the
interpretation of human behavior through core principles of computer science. Over time, this
notion has evolved and developed with the increasing number of studies on computational
thinking. In this context, Denning (2009) emphasizes that the definition of computational
thinking today has been expanded to include thinking processes that involve multiple levels of
abstraction, the use of mathematics in developing algorithms, and the evaluation of how well a
solution scales across various types of problems.

The International Society for Technology in Education [ISTE], a global organization that
promotes and supports the use of technology in education, defines computational thinking not
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merely as acquiring and using knowledge in the context of computer science, but also as the
ability to transfer such thought structures to different disciplines and contexts (ISTE, 2016). In
line with this approach, computational thinking (CT) is now widely recognized as a competence
for computer scientists and a necessary and foundational skill for all individuals. Consequently,
educational research and practice have increasingly prioritized the cultivation of this skill.
Indeed, global organizations shaping curriculum development have underscored the
significance of fostering computational thinking in their reports and policy documents
(Computer Science Teachers Association [CSTA], 2020; ISTE, 2016; Organisation for Economic
Co-operation and Development [OECD], 2022). Accordingly, in many countries, computational
thinking is integrated into the content of various subjects or included as a separate course within
the curriculum (Niemela et al,, 2022). In Turkiye, this skill is addressed within the ‘Information
Technologies and Software’ course in conjunction with problem-solving competencies (Ministry
of National Education [MoNE], 2018a; 2018b).

Computational thinking is a multi-faceted construct encompassing various sub-skills. According
to the definition provided by ISTE and CSTA (2011), computational thinking is conceptualized
as a structured problem-solving process. Within this framework, computational thinking
includes the following features: “(i) formulating problems in a way that enables their resolution
using computers or other tools, (ii) organizing and analyzing data logically, (iii) representing data
through models and simulations, (iv) automating solutions using algorithmic thinking, (v)
identifying, analyzing, and implementing the most effective solutions by efficiently using
resources, and (vi) transferring and generalizing the developed solutions to other problems” (as
cited in Gllbahar et al., 2019, p. 2). In this context, Mannila et al. (2014) defined computational
thinking as “the use of computer science concepts and processes to formulate and solve
problems across different domains” (p. 1), positioning the concept within the problem-solving
process. Similarly, Patan (2016) described computational thinking as a process that includes
identifying problems that can be solved through technology integration, proposing algorithmic
solutions to those problems, implementing the most effective solution, and evaluating the
results. Moreover, the successful transfer of this process to similar situations is highlighted as
a crucial dimension of computational thinking. Various studies in the literature (Aho, 2012; Costa
et al,, 2017; Curzon, 2015; Wing, 2006, 2008) also regard computational thinking as a form of
problem-solving competence. In line with this view, Yadav et al. (2016) suggest that
computational thinking can support the development of students’ problem-solving skills.

Uzimci and Bay (2018), based on their review of the literature, identify the most commonly
encountered dimensions of computational thinking as: (i) decomposition, (i) pattern
recognition, (iii) abstraction, (iv) algorithm, and (v) testing/debugging. In their study,
decomposition refers to breaking down a complex or multi-faceted component into its parts,
while pattern recognition involves identifying recurring structures or regularities in data.
Abstraction focuses on essential characteristics needed to solve a problem while ignoring
irrelevant details. The algorithm dimension refers to outlining step-by-step procedures for
solving a problem or implementing a plan. The testing/debugging dimension is defined as
evaluating and verifying the developed program or algorithm. In this research, the structure
proposed by Uzimci and Bay (2018) was preferred for analyzing and incorporating
computational thinking skills into data analysis.

Wing (2008) defined computational thinking primarily as a form of analytical reasoning and
emphasized the core elements of computer science, describing it as a method encompassing
understanding, solving, and designing problems and adapting them to human behavior. In her
study, computational thinking is approached through fundamental concepts related to
computing and computer science, including problem representation, abstraction,
decomposition, simulation, validation, and prediction. These practices lie at the heart of learning
processes such as modeling, reasoning, and problem-solving, which are central to many
mathematical disciplines. Therefore, it can be asserted that computational thinking processes
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are deeply intertwined with mathematical competencies. Within these processes, students
engage in mathematical thinking skills such as analyzing data, making logical inferences,
developing algorithmic strategies, and interpreting results.

While mathematical thinking encompasses abstraction, modeling, problem-solving, and logical
reasoning, computational thinking approaches these processes using technological tools. In
this context, numerous studies have demonstrated that using computational thinking tools and
competencies in mathematics learning processes contributes to more meaningful learning
(Eisenberg, 2002; Guzdial, 1994; National Research Council [NRC], 20114, 2011b; Repenning et
al., 2010; Sengupta et al.,, 2013; Wilensky et al., 2014; Wilensky & Reisman, 2006). Furthermore,
it has been argued that mathematical knowledge and competencies also enhance the
development of computational thinking. In other words, utilizing mathematical skills in
technology-enhanced learning environments contributes to making mathematics instruction
more pedagogically effective and meaningful. Similarly, Weintrop et al. (2016) emphasized that
computational and mathematical domains support each other and should be integrated into
teaching practices. Therefore, it is believed that computational thinking skills should be imparted
not only within the context of information technologies and software courses but also through
mathematics lessons. In this context, Oluk (2017) states that when computational thinking is
integrated with curricula, it can contribute to students' mathematical thinking skills. Other
researchers (Kong, 2016; Wilson & Guzdial, 2010) also emphasize the importance of integrating
computational thinking into curricula. Based on this point, examining the mathematics
curriculum in the context of computational thinking skills becomes significant.

A review of the literature reveals that in a study by Uzimci (2022), the learning outcomes in the
mathematics curriculum for grades 1 through 4 were analyzed regarding their inclusion of
computational thinking dimensions. Given the spiral nature of the mathematics curriculum, the
potential relationships between learning outcomes at different grade levels and various
dimensions of computational thinking emerge as a topic worth exploring. Therefore, the present
study aims to examine the learning outcomes in the middle school mathematics curriculum in
terms of their alignment with computational thinking skills across different grade levels and
learning domains. Based on the considerations outlined thus far, it is believed that this research
is significant (English, 2018; Hickmott et al., 2018; Ndlovu et al., 2011) and that its findings will
contribute to the field.

Method

This study adopted a qualitative research approach, and document analysis was used as the
data collection method. Document analysis involves the examination of written materials—such
as official publications, program records, or reports—that contain information about the
phenomenon or phenomena under investigation (Patton, 2014; Yildinm & Simsek, 2021). Since
this study analyzed the middle school mathematics curriculum (grades 5-8) in terms of the
sub-dimensions of computational thinking skills, this method was deemed appropriate.

Research design process

The research consisted of two main phases: the preparation and the implementation stage.
During the preparation phase, studies examining the dimensions of computational thinking skills
were reviewed. Based on the literature analysis, theoretical and applied studies addressing
various dimensions of computational thinking were examined to gain a comprehensive
understanding of the concept. Accordingly, the sub-dimensions of computational thinking were
identified as follows: (i) decomposition, (ii) abstraction, (iii) pattern recognition/modeling, (iv)
algorithms, and (v) evaluation and debugging (Uzimcl & Bay, 2018, p. 9). Before conducting the
document analysis, expert opinions were sought from two faculty members specializing in
mathematics education, computer education and instructional technologies, to ensure that
these skills could be effectively applied within the context of document analysis. Based on their
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feedback, the implementation process was initiated. At this stage, it was decided—under expert
guidance—to develop specific indicators for each sub-dimension of computational thinking.

Documents

In this study, the data source consisted of the Mathematics Curriculum for Grades 1-8, issued
by the Board of Education of the Ministry of National Education (MoNE, 2018c), which has been
implemented across all grade levels since 2018. Specifically, the learning outcomes for grades
5 through 8 were analyzed. The relevant outcomes are presented in Table 1.

Table 1 Number of learning outcomes in each learning domain by grade level

Grade Level Learning Domain Number of Outcomes Percentage (%)
Numbers and Operations 33 58
Algebra 0 0
5 Geometry and Measurement 20 35
Data Processing 3 5
Probability 0 0
Total 56 100
Numbers and Operations 32 54
Algebra 3 5
6 Geometry and Measurement 19 32
Data Processing 5 8
Probability 0 0
Total 59 100
Numbers and Operations 25 52
Algebra 7 14
7 Geometry and Measurement 12 25
Data Processing 4 8
Probability 0 0
Total 48 100
Numbers and Operations 16 30
Algebra 13 25
8 Geometry and Measurement 16 30
Data Processing 2 3
Probability 5 9
Total 52 100
Overall Total 215

As shown in Table 1, it was observed that there were 56 outcomes in grade 5, 59 in grade 6, 48
ingrade 7,and 52 in grade 8. Regarding the learning domains, Numbers and Operations included
the highest number of outcomes at each grade level, followed by Geometry and Measurement.
The learning domains of Numbers and Operations, Geometry and Measurement, and Data
Processing appear at all grade levels; Algebra begins in grade 6, and Probability was included
only in grade 8.

Data collection and analysis

To associate computational thinking skills and their sub-dimensions with the learning outcomes
in the curriculum, the present study utilized the work of Uziimci and Bay (2018) along with
relevant literature (Aktas, 2022; Gilbahar et al., 2019; Uzimcu & Bay, 2021; Weiser, 1982). Based
on these sources, indicators corresponding to the sub-dimensions of computational thinking
were developed by the researchers. During this process, expert opinions were obtained from
two faculty members specializing in computer education and instructional technologies and one
lecturer. The finalized indicators are presented in Table 2.

Table 2 Indicators for the sub-dimensions of computational thinking skills

Dimension Indicator
D1. Listing different pieces of information about a topic or concept
Decomposition (D) D2. Classifying information about a topic, concept, or situation under different headings

D3. Creating sub-problems during the problem-solving process
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A1. Disregarding unnecessary information in an event, situation, or problem

A2. Identifying the relevant information needed to solve a problem

A3. Determining appropriate models or representations to be used in problem-solving
A4. Distinguishing characteristics of a specific topic or concept from those of others
A5. Identifying general principles that form patterns based on a given situation

A6. Identifying shared features from examples to define patterns and develop
generalizations

A7. Reaching generalizations based on specific examples

PR/M1. Creating models or patterns based on a given situation

Abstraction (A)

Pattern PR/M2. Developing rules or formulas by recognizing relationships among given

Recognition/Modeling  concepts

(PR/M) PR/M3. Arriving at a general solution that can be applied effectively to different
problems

ALT. The appropriate use of procedures for solving a problem
AL2. Applying logical testing and loops to solve a problem or achieve a desired outcome
AL3. Designing and implementing step-by-step methods to solve a problem
E/D1. Verifying the correctness of each step in the problem-solving process
E/D2. Conducting one of the following processes as a result of evaluating the actions
Evaluation and taken to solve a problem, event, or situation
Debugging (E/D) e Organizing the solution process to identify and correct errors
e Accepting the solution as it is
E/D3. Expressing an opinion about a rule, principle, operation, or concept

Algorithm (AL)

In this study, it was examined whether the learning outcomes belonging to different learning
domains within the curriculum included indicators related to the sub-dimensions of
computational thinking skills. For this purpose, the findings obtained through content analysis
were presented in tables with frequency values and interpreted based on percentage values.
Rounding was applied when presenting the percentage values. Some learning outcomes were
associated with more than one indicator during the data analysis process. Therefore, the total
number of learning outcomes from different learning domains differs from those linked to the
sub-dimensions of computational thinking skills. This data analysis process is exemplified
below, considering different grade levels.

Example Case for the Numbers and Operations Learning Domain: The process of examining the
learning outcomes in the Numbers and Operations learning domain in terms of indicators of
computational thinking skills is exemplified through the learning outcome presented in Figure 1.

M.5.1.2.6. Predicts the results of multiplication and division operations with natural numbers

Em phasr.'zr.'ng the im portance qf estimation, com pa risons are made between the prerfr.'cferf and actual
results to develop estimation skills.

Figure 1 Learning outcome related to the 5th-grade numbers and operations learning domain (MoNE,
2018c)

When the learning outcome in Figure 1 is examined, it is seen to include the processes of
‘applying logical testing to achieve a desired outcome,’ ‘evaluating the actions taken to solve a
problem,” and ‘expressing an opinion about an operation.” Therefore, this learning outcome is
considered to contain the AL2 indicator related to the ‘algorithm’ sub-dimension of
computational thinking skills, as well as the E/D2 and E/D3 indicators related to the ‘evaluation
and debugging’ sub-dimension.

Example Case for the Algebra Learning Domain: The process of examining the learning
outcomes in the Algebra learning domain in terms of indicators of computational thinking skills
is exemplified through the learning outcome presented in Figure 2.
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M.6.2.1.1. Writes an algebraic expression corresponding to a verbally described situation and composes a verbal
situation appropriate to a given algebraic expression.

a) It is stated that the letters used in algebraic expressions represent nivmbers and are called "variables.”
b) It is emphasized that expressions containing at least one variable and an operation are "algebraic expressions.”
c) The concepts of term, constant term, like terms, and coefficient are addressed.

Figure 2 Learning outcome related to the 6th-grade algebra learning domain (MoNE, 2018¢)

In the analysis process of the learning outcome presented in Figure 2, the student's
understanding of the relationships and distinctions between concepts, such as term, constant
term, and coefficient in algebraic expressions—and mentally classifying these concepts—was
associated with the indicator of ‘classifying information under different headings.” Within the
same learning outcome, constructing the meaning of algebraic expressions by integrating the
concepts of variable and operation (i.e., formulating) was linked to the indicator of ‘developing
rules or formulas by recognizing relationships among given concepts.’ Therefore, this learning
outcome was considered to include the D2 indicator pertaining to the ‘Decomposition’
dimension and the PR/M2 indicator related to the ‘Pattern Recognition/Modeling’ dimension.

Example Case for the Geometry and Measurement Learning Domain: The process of examining
the learning outcomes in the Geometry and Measurement learning domain in terms of
indicators of computational thinking skills is exemplified through the learning outcome
presented in Figure 3.

M.7.3.1.2. Identifies the corresponding, opposite, alternate interior and alternate exterior angles formed by
two parallel lines and their transversal and examines their properties; determines whether the angles

formed are congruent or supplementary; and solves related problems.

a) The relative positions of three lines tn the same plane are discussed.
b) Studies are also included to determine whether two lines are parallel, utilizing the condition of angle congruence formed
by a transversal intersecting the lines.

Figure 3 Learning outcome in the 7th-grade geometry and measurement learning domain (MoNE,
2018c)

When the learning outcome presented in Figure 3 is examined, it is observed that the student is
expected to understand the concepts of alternate interior, alternate exterior, and corresponding
angles in relation to one another. Therefore, this outcome is associated with the indicator of
‘classifying information about a topic under different headings.” Additionally, to identify
congruent and supplementary angles, the student must know the properties of these angle
types and be able to identify them in given situations. The ability to distinguish congruent and
supplementary angles from other types of angles is also essential. For this reason, the outcome
is linked to the indicators of ‘identifying the relevant information needed to solve a problem’ and
‘distinguishing characteristics of a specific concept from those of others.’ Finally, to determine
whether two lines are parallel, the student is expected to formulate the conditions for
parallelism. This process is associated with the indicator of ‘developing rules or formulas by
recognizing relationships among given concepts.” Accordingly, this learning outcome is
considered to include the D2 indicator related to the ‘Decomposition’ dimension, the A2 and A4
indicators related to the ‘Abstraction’ dimension, and the PR/M2 indicator related to the ‘Pattern
Recognition/Modeling’ dimension.

Example Case for the Data Processing Learning Domain: The process of examining the learning
outcomes in the Data Processing learning domain in terms of indicators of computational
thinking skills is exemplified through the learning outcome presented in Figure 4.
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M.7.4.1.2. Finds and interprets the mean, median, and mode of a data set.

Activities are included fo help determine which of these measures is more useful for a given data set.
Accordingly, information and communication technologies are utilized when necessary.

Figure 4 Learning outcome in the 7th-grade data processing learning domain (MoNE, 2018¢)

When the learning outcome presented in Figure 4 is examined, it is observed that students are
expected to understand the concepts of mean, median, and mode, and to be able to calculate
these values. Additionally, students are aimed to interpret which of these measures is more
useful in different situations. Therefore, this learning outcome is considered to include the
indicators of ‘the appropriate use of procedures for solving a problem (AL1) and ‘expressing an
opinion about a rule, principle, operation, or concept’ (E/D3).

Example Case for the Probability Learning Domain: The process of examining the learning
outcomes in the Probability learning domain in terms of indicators of computational thinking
skills is exemplified through the learning outcome presented in Figure 5.

M.8.5.1.3. Explains that in equally likely events, the probability of each outcome is equal and is
represented as 1/n.

a) In the learning outcome statement, n represents the mumber of possible ontcomes.
b) Activities are included to distinguish between equally likely and non-equally likely events.
c) It is emphasized that probability is a measure of the chance (likelihood) of an event occurring.

Figure 5 Learning outcome in the 8th-grade probability learning domain (MoNE, 2018c)

When the learning outcome presented in Figure 5 is examined, it is observed that it involves
guiding the student to arrive at the “1/n’ rule for determining the probability values of events with
equal chances. Therefore, this outcome entails a process of abstraction based on different
situations and the development of a generalization. For this reason, the outcome has been
associated with the following indicators: ‘identifying shared features from examples to define
patterns and develop generalizations’, ‘developing rules or formulas by recognizing relationships
among given concepts’ and ‘arriving at a general solution that can be applied effectively to
different problems.’ The learning outcome presented in Figure 4 was considered to involve the
indicator A6 under the dimension of Abstraction, and indicators PR/M2 and PR/M3 under the
dimension of Pattern Recognition/Modeling.

Validity and reliability

To ensure the validity and reliability of the data analysis process in this study, expert opinions
were obtained, and inter-coder reliability calculations were conducted (Miles & Huberman,
1994). The process of coding the learning outcomes in the curriculum according to the
indicators of the sub-dimensions of computational thinking skills was carried out independently
by each of the researchers. Subsequently, discussions were held to resolve discrepancies in the
coding, and consensus was reached. Based on these procedures, the average inter-coder
agreement coefficient calculated across different learning domains was found to be 0.89.
According to Miles and Huberman (1994), inter-coder reliability above 70% indicates high
reliability. Therefore, the obtained coefficient is considered to demonstrate the reliability of the
coding process. Additionally, to further support the validity and reliability of the study, detailed
examples of the coding processes conducted for learning outcomes across various learning
domains are provided in the data analysis section.
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Findings

In this section of this study, the findings obtained from the analysis of the learning outcomes in
the middle school mathematics curriculum in the context of computational thinking skills are
presented.

Findings obtained from the analysis of learning outcomes at different grade levels in
the context of CT skills

Within the scope of this study, the learning outcomes in the middle school mathematics
curriculum at different grade levels were analyzed in relation to computational thinking skills
and their sub-dimensions, using the indicators developed by the researchers (Table 2). The
findings obtained from this analysis are presented below.

Findings regarding the Presence of Computational Thinking Skill Indicators in Grade 5 Learning
Outcomes: The extent to which the Grade 5 learning outcomes, categorized by learning domains
in the curriculum, include indicators related to computational thinking skills is presented in Table
3.

Table 3 Findings regarding the inclusion of computational thinking skill indicators in grade 5 learning
outcomes

Sub-dimensions of Computational Thinking Skills (f)

Learning Domains D A PR/M AL E/D Total
Numbers and 2 9 9 14 6 33
Operations

Algebra - - - - - -
Geometry and 3 4 8 5 . 20
Measurement

Data Processing 3 - - 1 - 5
Probability - - - - - -
Total 38 13 17 20 7 56

When Table 3 is examined, it is observed that the Grade 5 learning outcomes most frequently
include indicators related to the algorithm sub-dimension of computational thinking skills. The
next most represented sub-dimensions are pattern recognition/modeling and abstraction,
respectively. Approximately 36% of the Grade 5 learning outcomes are associated with the
algorithm dimension, 30% with pattern recognition/modeling, and 23% with abstraction. When
the data in Table 3 are analyzed by learning domains, it can be stated that the outcomes in the
Numbers and Operations domain are most frequently associated with algorithm, those in the
Geometry and Measurement domain with pattern recognition/modeling, and those in the Data
Processing domain with decomposition.

Findings regarding the Presence of Computational Thinking Skill Indicators in Grade 6 Learning
Outcomes: The extent to which the Grade 6 learning outcomes, categorized by learning domains
in the curriculum, include indicators related to computational thinking skills is presented in Table
4.

Table 4 Findings regarding the inclusion of computational thinking skill indicators in grade 6 learning
outcomes

Sub-dimensions of Computational Thinking Skills (f)

Learning Domains D A PR/M AL E/D Total
Numbers and Operations 5 5 6 18 5 32
Algebra 1 1 2 1 0 3
Geometry and 7 7 10 7 9 19
Measurement

Data Processing 1 0 0 3 3 5
Probability 0 0 0 0 0 0
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Total 14 13 18 29 10 59

When the data in Table 4 are examined, it is seen that the Grade 6 learning outcomes most
frequently include indicators related to the algorithm sub-dimension of computational thinking
skills. The following sub-dimensions, in order of frequency, are pattern recognition/modeling,
decomposition, and abstraction. Approximately 49% of the Grade 6 learning outcomes are
associated with the algorithm dimension, 31% with pattern recognition/modeling, and 24% with
decomposition. When the data in Table 4 are considered in terms of different learning domains,
it can be stated that the outcomes in the Numbers and Operations domain are most frequently
associated with algorithm, those in the Algebra and Geometry and Measurement domains with
pattern recognition/modeling, and those in the Data Processing domain with algorithm and
evaluation and debugging.

Findings regarding the Presence of Computational Thinking Skill Indicators in Grade 7 Learning
Outcomes: The extent to which the Grade 7 learning outcomes, categorized by learning domains
in the curriculum, include indicators related to computational thinking skills is presented in Table
5.

Table 5 Findings regarding the inclusion of computational thinking skill indicators in grade 7 learning
outcomes

Sub-dimensions of Computational Thinking Skills (f)

Learning Domains D A PR/M AL E/D Total
Numbers and Operations 6 1 4 14 3 25
Algebra 1 2 3 3 0 7
Geometry and 3 3 6 5 1 19
Measurement

Data Processing 1 0 0 4 4 4
Probability 0 0 0 0 0 0
Total 11 6 13 26 8 48

When the data presented in Table 5 are examined, it is seen that the learning outcomes at the
7th-grade level most frequently include indicators related to the ‘algorithm’ sub-dimension of
computational thinking skills. The next most common dimensions are ‘pattern
recognition/modeling’ and ‘decomposition,” respectively. Approximately 54% of the 7th-grade
learning outcomes are associated with the algorithm dimension, 27% with pattern
recognition/modeling, and 23% with decomposition. When the data in Table 5 are analyzed
according to different learning domains, it can be stated that the learning outcomes in the
Numbers and Operations domain are most related to the algorithm dimension; those in the
Algebra domain are mostly related to both the algorithm and pattern recognition/modeling
dimensions; those in the Geometry and Measurement domains are primarily related to pattern
recognition/modeling and those in the Data Processing domain are mostly associated with the
algorithm and evaluation and debugging dimensions.

Findings regarding the Presence of Computational Thinking Skill Indicators in Grade 8 Learning
Outcomes: The extent to which the Grade 8 learning outcomes, categorized by learning domains
in the curriculum, include indicators related to computational thinking skills is presented in Table
6.

Table 6 Findings regarding the inclusion of computational thinking skill indicators in grade 7 learning
outcomes

Sub-dimensions of Computational Thinking Skills (f)

Learning Domains D A PR/M AL E/D Total
Numbers and Operations 1 3 3 10 4 16
Algebra 0 2 7 5 3 13
Geometry and 3 6 8 6 3 16

Measurement
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Data Processing 1 0 0 1 2 2
Probability 1 2 2 1 0 5
Total 6 13 20 23 12 52

When the data presented in Table 6 is examined, it is observed that the learning outcomes at
the 8th-grade level most frequently include indicators related to the ‘algorithm’ sub-dimension
of computational thinking skills. The next most common dimensions are ‘pattern
recognition/modeling’ and ‘abstraction,” respectively. Approximately 44% of the 8th-grade
learning outcomes are associated with the algorithm dimension, 38% with pattern
recognition/modeling, and 25% with the abstraction dimension. When the data in Table 6 is
analyzed according to different learning domains, it can be stated that the learning outcomes in
the Numbers and Operations domain are mostly related to the algorithm dimension; those in
the Algebra and Geometry and Measurement domains are primarily associated with the pattern
recognition/modeling dimension; those in the Data Processing domain are mostly linked to the
evaluation and debugging dimension; and those in the Probability domain are mainly connected
to the abstraction and pattern recognition/modeling dimensions.

General Findings Obtained from the Examination of Learning Outcomes in the Middle
School Mathematics Curriculum in the Context of Computational Thinking Skills

The general findings based on the curriculum examined within the scope of this study are
presented in Table 7.

Table 7 Findings regarding the inclusion of CT skill indicators in the learning outcomes of the middle
school mathematics curriculum

Sub-dimensions of Computational Thinking Skills (f)

Learning Domains D A PR/M AL E/D Total
Numbers and Operations 14 18 22 56 18 106
Algebra 2 5 12 9 3 23
Geometry and 16 20 24 23 7 67
Measurement

Data Processing 6 0 0 6 9 14
Probability 1 2 2 1 0 5
Total 39 45 60 95 37 215

When Table 7 is examined, it is observed that the learning outcomes in the Middle School
Mathematics Curriculum most frequently include indicators related to the ‘algorithm’ sub-
dimension of computational thinking skills. This is followed by the ‘pattern
recognition/modeling’ and ‘abstraction’ dimensions, respectively. Among the total of 215
learning outcomes in the curriculum, approximately 44% are associated with the algorithm
dimension, 28% with pattern recognition/modeling, and 21% with abstraction. On the other hand,
it was determined that approximately 18% of the outcomes are related to the ‘decomposition’
dimension, while 17% are linked to the ‘evaluation and debugging’ dimension. When the data in
Table 7 is analyzed by learning domain, it can be stated that the learning outcomes in the
Numbers and Operations domain are most related to the algorithm dimension; those in the
Algebra and Geometry and Measurement domains are primarily associated with pattern
recognition/modeling; those in the Data Processing domain are mostly related to the evaluation
and debugging dimension; and those in the Probability domain are mainly linked to the
abstraction and pattern recognition/modeling dimensions.

Discussion, conclusion, and recommendations

This study, which examined middle school mathematics learning outcomes through the lens of
computational thinking (CT), revealed the presence of five key sub-skills: (i) algorithm, (ii) pattern
recognition/modeling, (iii) abstraction, (iv) decomposition, and (v) evaluation/debugging skills.
Based on percentage distributions, approximately half of the outcomes are linked to algorithm,
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one in four to pattern recognition/modeling, one in five to abstraction, and the remaining
outcomes are associated with decomposition and evaluation/debugging. Therefore, it can be
said that the sub-dimensions of algorithm, pattern recognition/modeling, and abstraction are
predominantly represented in the curriculum, and that this relationship is considerably
significant. This situation can be regarded as an indicator that computational thinking skills are
closely linked to a large portion of students’ mathematical processes. Hence, the relationship
between computational thinking and mathematical thinking processes emerges as a significant
conclusion of this study. Indeed, numerous previous studies in the literature (Barcelos & Silveira,
2012; Barr & Stephenson, 2011; English, 2018; Gadanidis et al,, 2017, Sneider et al,, 2014;
Voskoglou & Buckley, 2012; Weintrop et al., 2016) have discussed various aspects of the
relationship between computational thinking skills and mathematical competencies. The
studies conducted by Lu and Fletcher (2009), and Wing (2008, 2011), reveal that computational
thinking processes substantially benefit from mathematical thinking, particularly in solving
complex problems. Similarly, Gonzalez et al. (2017) and Yadav et al. (2011) emphasize that
computational thinking is closely related to mathematical intelligence and problem-solving
ability, while Van Merriénboer (2013) argues that problem-solving lies at the intersection of
information processing and mathematical thinking, and constitutes a core component of
computational thinking (as cited in Temel, 2022). In addition to these findings, it is noteworthy
that the concept of mathematical literacy—currently one of the main goals of school
mathematics—has recently come to encompass computational thinking skills. In fact,
according to the most recent document published by the OECD (2022), which defines
mathematical literacy in its simplest form as the effective and efficient use of mathematics in
real-life situations, computational thinking is now recognized as one of the fundamental skills
that students should acquire. This development further underscores the close relationship and
growing significance of computational thinking within mathematics education today.

When the findings of this study are interpreted concerning the different sub-dimensions of
computational thinking, it can be concluded that a large portion of the learning outcomes in the
curriculum are predominantly associated with the algorithm dimension. This can be attributed
to the inherently algorithmic nature of mathematics and the structure of the learning outcomes
defined within the boundaries of school mathematics. However, the more significant point for
the purposes of this discussion is that the research findings underscore the pivotal role of the
algorithm dimension in mathematics education. Within the context of CT, the algorithm
dimension is typically described as ‘the step-by-step execution of a task using loops and logical
conditions.” In mathematical contexts, this refers to the sequential execution of procedures
designed through logical reasoning to solve problems. This dimension, often referred to as
algorithmic thinking by some scholars, has been defined by Ziatdinov and Musa (2012) as “the
sequencing of actions necessary to complete a required task through creative and logical
thinking” (as cited in Demir & Cevahir, 2020, p. 1612). According to Futschek (2006), algorithmic
thinking consists of: (i) analyzing a given problem, (ii) expressing a problem precisely, (iii)
developing strategies for solving the problem, (iv) constructing a correct algorithm using these
strategies, (v) thinking through all possible special and typical cases, and (vi) improving the
efficiency of an algorithm (as cited in Eriimit et al., 2018, p. 156). Although algorithmic thinking
is defined in various ways by different researchers, its strong connection to mathematical
processes stands out in all definitions. In this context, it is believed that this skill should occupy
a more prominent position as a distinct area of study within the mathematics education
literature. Moreover, there is a need for an increased number of studies, especially at the
theoretical level, on this topic. Following the algorithm dimension, the sub-dimensions of pattern
recognition/modeling and abstraction are also recognized as essential components of
mathematical thinking, and they are of undeniable importance in the mathematics learning
process.

When the findings of this study are considered across different grade levels, it is observed that
the associations between computational thinking (CT) skills and the learning outcomes in the
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curriculum do not show substantial variation. The algorithm and pattern recognition/modeling
sub-dimensions consistently appear in the highest frequencies in all cases. This observation
aligns with the overall findings of the study. However, in grades 6 and 7, the third most frequent
sub-dimension is decomposition instead of abstraction. Although this difference is not
particularly large, it can be attributed to the nature of the learning outcomes specified in the
curriculum for those grades.

The findings obtained from this study are believed to reveal, from a different perspective, the
close relationship between computational thinking skills and mathematics education. In this
regard, by focusing especially on the sub-dimensions of algorithm, pattern
recognition/modeling, and abstraction, greater emphasis can be placed on computational
thinking in learning environments, and more space can be allocated to activities and practices
that aim to develop these skills in students. Furher research should explore the relationship
between mathematical and computational thinking skills in greater theoretical detail, and further
studies should focus on designing and implementing computational thinking activities
applicable in mathematics learning environments.
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OZET

Bu arastirmanin amaci ortaokul matematik dersi ogretim programinda yer alan kazanimlarin, bilgi islemsel
dustinme becerisi baglaminda incelenmesidir. Bunun igin oncelikle alan yazin taramasi yapilarak bilgi islemsel
dislinme becerisinin gostergeleri olusturulmus, ardindan ilgili mifredatta yer alan kazanimlar s6z konusu
gostergelerle iliskili olarak incelenmistir. Dokiman analizi yonteminin kullanildigi arastirmanin veri analizi
slrecinde icerik analizi yonteminden vyararlanilmistir. Arastirmadan elde edilen sonuglara gore, dgretim
programinda yer alan kazanimlarin yaklasik %44'intn ‘algoritma’, %28'inin ‘Grinti-model ¢ikarma’, %21'inin ise
‘soyutlama’ boyutuyla iliskili olduklarr gorilmdstir. Sayilar ve islemler 6grenme alanindaki kazanimlarin 6zellikle
‘algoritma’, cebir ile geometri ve 6lgme 6grenme alanlarindaki kazanimlarin ‘ortinti-model olusturma’, veri isleme
ogrenme alanindaki kazanimlarin ‘degerlendirme-hata ayiklama', olasilik 6grenme alanindaki kazanimlarin ise
'soyutlama’ ve 'Oriinti-model olusturma’ boyutlariyla gugld bir iligki icinde olduklari gdzlenmistir. Farkli sinif
dizeyleri g6z 6nline alindidinda ise, 5. ve 8. sinif diizeyinde yer alan kazanimlarin sirasiyla ‘algoritma’, '6riintu-
model olusturma' ve 'soyutlama’, 6. ve 7. sinif diizeyinde yer alan kazanimlarin ise sirasiyla 'algoritma’, 'értintd-
model olusturma' ve 'parcalara ayirma’ boyutlari ile iliskili oldugu sonucuna ulasiimistir.

ANAHTAR KELIMELER

Bilgi islemsel distnme, ortaokul matematik 6gretim programi, dokiman analizi.
Giris

Bilgi islemsel distnme, bilgisayar biliminin temel uygulamalarindan biridir. Denning (2009)
1950'lerde ve 1960'larda ‘algoritmik dusunme’ olarak ifade edilen bu kavramin s6z konusu
yillarda ‘problemleri ve bazi girdileri bir ciktiya dondstirme yoluyla formile ederek bu
donusumleri gergeklestirecek algoritmalari aramaya yonelik zihinsel bir yonelim’ olarak
tanimlandigini ifade etmektedir. ilk kez 1996 yilinda Papert tarafindan kullanilan bilgi islemsel
dustnme kavrami ise 2006 yilinda Wing tarafindan, bilgisayar biliminin temelini olusturan
kavramlardan yararlanilarak problemleri gozmeyi, sistemleri tasarlamayi ve insan davranislarini
anlamayi iceren bir beceri olarak tanimlanmistir. Zaman igerisinde bilgi islemsel dusunme
dzerine yapilan calismalarin artmasiyla bu dusuncenin degiserek gelistigi gorulmektedir. Bu
baglamda Denning (2009) glinimUzde bilgi islemsel distinmenin taniminin birgok dizeyde
soyutlamayi iceren dustnme sureclerini, algoritmalar gelistirmek icin matematigin kullanimini
ve bir ¢ozUmdun farkli boyutlardaki problemlere ne kadar iyi olgeklendirildiginin incelenmesini
kapsayacak sekilde genisletildigini ifade etmektedir.

Uluslararasi duzeyde egitimde teknoloji kullanimini tesvik eden ve destekleyen bir kurulus olan
Uluslararasi Teknoloji Egitimi Dernegi (International Society for Technology in Education) [ISTE]
(2016), bilgi islemsel dlisiinme becerisini yalnizca bilgisayar bilimi baglaminda bilgi edinme ve
kullanma stureci olarak degil, ayni zamanda bu alandaki disinme yapilarini farkli ders alanlarina
ve baglamlara aktarabilme yetisi olarak tanimlamaktadir. Bu yaklasim dogrultusunda, bilgi
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islemsel dustinme (BID) becerisinin yalnizca bilgisayar bilimcilere 6zgu degil, tim bireyler igin
gerekli ve temel bir yetkinlik oldugu gunumUtzde genis kabul gormus; egitim surecinde bu
becerinin kazandiriimasina yonelik arastirma ve uygulamalara hiz verilmistir. Nitekim,
uluslararasl alanda oOgretim programlarina yon veren kuruluslarin yayinladiklari rapor ve
arastirmalarda da bilgi islemsel diisinme becerisinin kazandirilmasina o6zel bir vurgu yapildig
gortlmektedir (Computer Science Teachers Association [CSTA], 2020; Dinya Ekonomik
kalkinma ve Isbirligi Orglti (Organisation for Economic Co-operation and Development) [OECD],
2022; ISTE, 2016). Bu baglamda, diinya genelinde bircok Ulkede bilgi islemsel diistinme becerisi
farkli derslerin iceriklerine entegre edilmekte ya da bagimsiz bir ders olarak ogretim
programlarinda yer almaktadir (Niemeld vd., 2022). Ulkemizde ise bilgi islemsel distinme
becerisinin, ‘Bilisim Teknolojileri ve Yazilim’ dersi 6gretim programi kapsaminda problem ¢ozme
becerisi ile birlikte ele alindigi gorilmektedir (Milli EGitim Bakanh@i [MEB], 2018a; 2018b).

Bilgi islemsel dUstnme becerisi, icerisinde ¢esitli alt becerileri barindiran ¢ok yonlt bir yapiya
sahiptir. ISTE ve CSTA'nin (2011) tanimina gore, bu beceri bir problem ¢ozme slreci olarak
degerlendirilmektedir. S6z konusu tanimda bilgi islemsel distinme; “i) problemleri bilgisayar
veya baska aracglar yardimi ile ¢ozebilmek igin formullestirme, ii) mantikli bir sekilde verileri
dlizenleme ve ¢ozimleme, i) modeller, similasyonlar araciligi ile verileri sunma, iv) algoritmik
dislinme gercevesinde ¢ozimleri otomatiklestirme, v) kaynaklari etkin ve etkili bir sekilde
kullanarak en uygun ¢oztmd/leri tanimlama, gozimleme ve uygulama, v) bulunan ¢ozidmd farkli
problemlere transfer etme ve genellestirme” gibi 6zellikleri icermektedir (akt. Gilbahar vd., 2019,
s. 2). Bu baglamda Mannila vd. (2014), bilgi islemsel distnmeyi “farkli alanlardaki problemleri
formdillestirme ve ¢ozUm Uretme icin bilgisayar bilimindeki kavramlari ve suregleri kullanma”
(s.1) olarak tanimlayarak ilgili kavrami problem ¢o6zme sireci igerisinde degerlendirmistir.
Benzer sekilde Patan (2016), bilgi islemsel diisinmeyi; teknoloji entegrasyonu ile gozdilebilecek
sorunlar tanimlama, bu sorunlara algoritmik distinme yoluyla ¢ozim onerileri gelistirme, en
etkili gozUmu uygulama ve elde edilen sonuglari degerlendirme sureci olarak tanimlamaktadir.
Ayrica, bu surecin benzer durumlara basariyla aktarilabilmesi de bilgi islemsel disunmenin
onemli bir boyutu olarak vurgulanmaktadir. Alanyazinda farkli birgok arastirmada (Aho, 2012;
Costa vd., 2017; Curzon, 2015; Wing, 2006, 2008) bilgi islemsel dlisinme becerisinin bir gesit
problem ¢ozme becerisi olarak ele alindigi ve degerlendirildigi gorulmektedir. Benzer bir distince
ile Yadav vd. (2016) bilgi islemsel distinmenin ogrencilerin problem ¢6zme becerilerini
gelistirmelerine yardimci olacagini ifade etmektedir.

Uzimci ve Bay (2018) alanyazin incelemeleri sonucunda en sik karsilasilan bilgi islemsel
dislinme boyutlarinin; i) pargalara ayirma, ii) orintl bulma/tanimlama, iii) soyutlama, iv)
algoritma ve v) test etme/hata ayiklama oldugunu ifade etmektedirler. ilgili calismada parcalara
ayirma boyutu, karmasik ya da ¢oklu yapidan olusan bir bileseni pargalarina ayirma, orintu
bulma ise verilerdeki desenleri, oruntuleri ve tekrar eden duzenleri gozlemleme olarak
tanimlanmaktadir. Soyutlama; aranan ozellikleri bulmak icin gerekli olan 6zelliklere odaklanip,
diger durumlari goz ardi etmek olarak ifade edilirken, algoritma boyutu ise ¢ozulecek bir
problemde ya da uygulanacak bir planda islemlerin adim adim gosterilerek ¢ozime nasil
ulasilacaginin belirlenmesi olarak agiklanmaktadir. Degerlendirme ve hata ayiklama boyutu ise
hazirlanan programin ya da algoritmanin denenip degderlendirilmesi olarak tanimlanmaktadir. Bu
arastirma kapsaminda bilgi islemsel distnme becerisinin ele alinmasi ve veri analizine dahil
edilmesi sirecinde Uzimcu ve Bay (2018) tarafindan ortaya konulan yapinin kullaniimasi tercih
edilmistir.

Wing (2008), bilgi islemsel disinmeyi temelde bir tir analitik disince bicimi olarak
tanimlamakta ve bilgisayar biliminin temel bilesenlerine vurgu yaparak, problemi anlama,
¢cOzme, tasarlama ve insan davraniglarina uyarlama gibi surecleri iceren bir yontem olarak
degerlendirmektedir. ilgili calismada bilgi islemsel distinme; bilgi islem ve bilgisayar bilimine
iliskin temel kavramlar cergevesinde ele alinmakta olup, bu kavramlar arasinda problem
gosterimi, soyutlama, ayristirma, simulasyon, dogrulama ve tahmin gibi uygulamalar yer
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almaktadir. Soz konusu uygulamalar, birgok matematiksel disiplinde modelleme, akil yuritme
ve problem ¢ozme gibi 6grenme sureglerine temel teskil eden 6nemli becerilerin merkezindedir.
Dolayisiyla bilgi islemsel distinme sureclerinin matematiksel becerilerle i¢ ice gecmis bir yapiya
sahip oldugu soylenebilir. Bilgi islemsel dusinme sureclerinde ogrenciler, verileri analiz etme,
mantiksal ¢ikarim yapma, algoritmik stratejiler gelistirme ve sonuglari yorumlama gibi
matematiksel distinme becerilerini kullanmaktadirlar.

Matematiksel dustnme; soyutlama, modelleme, problem ¢dzme ve mantiksal akil yurdtme
becerilerini igerirken, bilgi islemsel disinmenin bu sureclere teknolojik araclar kullanarak
yaklastigl soylenebilir. Bu baglamda, yurdutulen bircok arastirma, bilgi islemsel dustnmeye
yonelik ara¢ ve becerilerin matematik ogrenme sureglerinde kullaniimasinin, 6grencilerin
matematigi daha anlamli 6grenmelerine katki sagladigini ortaya koymaktadir (Eisenberg, 2002;
Guzdial, 1994; National Research Council [NRC], 2011a, 2011b; Repenning vd., 2010; Sengupta
vd., 2013; Wilensky vd., 2014; Wilensky & Reisman, 2006). Ayni zamanda, matematiksel bilgi ve
becerilerin de bilgi islemsel diistinmenin gelisimine katki sundugu ifade edilmektedir. Bir baska
deyisle, teknoloji destekli 6grenme sureclerinde matematiksel becerilerin kullanimi, matematik
ogrenme sureclerinin  pedagojik acidan daha etkili ve anlamli hale gelmesine katki
sa@lamaktadir. Benzer sekilde Weintrop vd. (2016) galismalarinda bilgi islemsel ve matematiksel
calisma alanlarinin karsilikli olarak birbirini destekledigini, bu alanlarin 6gretim sureglerinde
birbiri ile entegre edilmesinin gerekli oldugunu vurgulamaktadir. Dolayisiyla bilgi islemsel
dustnme becerilerinin gunumuzde sadece bilisim teknolojileri ve yazilim dersi kapsaminda
degil, matematik dersi baglaminda da ogrencilere kazandinlmasinin yararli olacadi
dusindlmektedir. Bu baglamda Oluk (2017) bilgi islemsel distinmenin 6gretim programlariyla
iliskilendirildiginde 6grencilerin matematiksel disinme becerilerine katki saglayabilecedini ifade
etmektedir. Bununla birlikte farkli arastirmacilar (Kong, 2016; Wilson & Guzdial, 2010) bilgi
islemsel distnmenin ogretim programlarina entegresinin onemli oldugunu belirtmektedir. Bu
noktadan hareketle, matematik dersi 6gretim programinin bilgi islemsel dustinme becerisi
baglaminda incelenmesi bnem arz etmektedir.

Literattr incelendiginde Uzimceu (2022) tarafindan yapilan galismada, 1-4. sinif matematik dersi
ogretim programinda yer alan kazanimlarin bilgi islemsel dustinme boyutlarini icerme durumu
acisindan incelendigi gortlmektedir. Matematik dersi 6gretim programinin sarmal yapisi dikkate
alindiginda, farkli sinif dizeylerindeki kazanimlarla bilgi islemsel disinme becerisinin cesitli
boyutlari arasindaki olasti iliskiler arastiriimaya deger bir konu olarak one ¢ikmaktadir. Dolayisiyla
bu arastirma kapsaminda ortaokul matematik dersi 6gretim programinda yer alan kazanimlarin,
bilgi islemsel distinme becerisi baglaminda farkl sinif dizeyleri ve 6grenme alanlari agisindan
incelenmesi amaclanmistir. Buraya kadar ifade edilenlere bagh olarak bu arastirmanin onemli
oldugu (English, 2018; Hickmott vd., 2018; Ndlovu vd., 2011) ve arastirma sonuglarinin alana
katki saglayacagi dusunutlmektedir.

Yontem

Bu ¢alismada nitel arastirma yaklasimi benimsenmis ve veri toplama yontemi olarak dokiman
incelemesi kullaniimistir. Dokidman incelemesi, arastiriimasi hedeflenen olgu veya olgular
hakkinda bilgi iceren resmi yayinlar, program kayitlari veya raporlar gibi yazili materyallerin
analizini kapsamaktadir (Patton, 2014; Yildinm & Simsek, 2021). Bu arastirma kapsaminda
ortaokul matematik dersi 6gretim programi (5-8. siniflar), bilgi islemsel diisinme becerisinin alt
boyutlarina gore incelenmis oldugundan bu yontemin tercih edilmesi uygun gortdlmustar.

Aragtirmanin tasarim siireci

Arastirma, hazirlik ve uygulama asamalarindan olusmaktadir. Buna gore hazirlik strecinde bilgi
islemsel dustinme becerisinin boyutlarinin incelendigi ¢alismalar taranmistir. Alanyazinda
yapilan incelemeler sonucunda bilgi islemsel distinme becerisinin farkli boyutlarini ele alan
kuramsal ve uygulamali galismalar incelenerek, ilgili becerinin farkl boyutlarina iliskin genel bir
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resim elde edilmeye calisiimistir. Buna gore bilgi islemsel diistinme becerisinin alt boyutlari “)
parcalara ayirma, ii) soyutlama, iii) model ¢ikarma-tanima, iv) algoritmalar, v) dederlendirme ve
hata ayiklama” (Uzimcl & Bay, 2018, s. 9) olarak belirlenmistir. Dokiiman analizine gegmeden
once ilgili becerilerin dokuman analizinde kullanilabilmesine yonelik matematik egitimi ile
bilgisayar ve 6gretim teknolojileri egitimi alaninda uzman iki 6gretim Uyesinin uzman goruslerine
basvurulmus, elde edilen geri bildirimler dogrultusunda uygulama sdreci baslatiimistir. Bu
asamada uzman gorusleri dogrultusunda bilgi islemsel disinme becerilerinin gostergelerinin
olusturulmasina karar verilmistir.

incelenen dokiimanlar

Bu arastirmada veri kaynagi olarak; Milli EGitim Bakanligi Talim Terbiye Kurulu Baskanlgi
tarafindan 2018 yilindan itibaren tim sinif duzeylerinde okutulmasi kararlastirilan 1-8. sinif
Matematik Dersi Ogretim Programi (MEB, 2018c) kullaniimig ve 5-8. sinif diizeylerinde yer alan
kazanimlari incelenmistir. Bu baglamda ilgili kazanimlar Tablo 1'de verilmigtir.

Tablo 1 Farkli sinif diizeylerine gore 6grenme alanlarinda yer alan kazanim sayilari

Sinif Diizeyi Ogrenme Alani Kazanim Sayisi Yizde (%)

Sayilar ve islemler 33 58

Cebir 0 0

Geometri ve Olgme 20 35

S Veri Isleme 3 5
Olasilik 0 0

Toplam 56 100

Sayilar ve islemler 32 54
Cebir 3 5

Geometri ve Olgme 19 32
6 Veri Isleme 5 8
Olasilik 0 0

Toplam 59 100

Sayilar ve islemler 25 52

Cebir 7 14

Geometri ve Olgme 12 25
7 Veri Isleme 4 8
Olasilik 0 0

Toplam 48 100

Sayilar ve iglemler 16 30

Cebir 13 25

Geometri ve Olgcme 16 30
8 Veri isleme 2 3
Olasilik 5 9

Toplam 52 100

Toplam Kazanim Sayisi 215

Tablo 1 incelendiginde; 5. sinif dlzeyinde 56, 6. sinif diizeyinde 59, 7. sinif diizeyinde 48 ve 8.
sinif diizeyinde 52 kazanimin yer aldigi gérilmektedir. Ogrenme alanlarina bakildiginda; her sinif
duzeyinde en ¢ok ‘sayilar ve islemler, ardindan ise ‘geometri ve dlgme’ 6grenme alanina ait
kazanimlar yer almaktadir. Ayrica ‘sayilar ve islemler, ‘geometri ve olgme’, ile ‘veri isleme’
ogrenme alanlarinin her sinif diizeyinde, ‘cebir’ 6grenme alaninin 6. sinif dizeyinden itibaren,
olasilik 6grenme alaninin ise sadece 8. sinif duzeyinde ogretim programinda yer aldig
gortlmektedir.

Verilerin toplanmasi ve analizi

Arastirma kapsaminda, bilgi islemsel disinme becerisi ve alt boyutlarinin  ogretim
programindaki kazanimlarla iligkilendirilebilmesini saglamak amaciyla, Uzimcu ve Bay (2018)
calismasit ile birlikte ilgili alan yazindan (Aktas, 2022; Gulbahar vd., 2019; UzimcU & Bay, 2021,
Weiser, 1982) yararlaniimig; bu dogrultuda, bilgi islemsel distnmenin alt boyutlarina iligkin
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gostergeler arastirmacilar tarafindan olusturulmustur. ilgili sirecte bilgisayar ve ogretim
teknolojileri egitimi alaninda uzman iki o0gretim Uyesi ve bir 6gretim gorevlisinin gortslerine
basvurulmustur. Streg sonunda son hali verilen gostergeler Tablo 2'de yer almaktadir.

Tablo 2 Bilgi islemsel diisinme becerisinin farkl boyutlarina iliskin gostergeler

Boyut Gosterge
PAT1. Bir konu veya kavram hakkinda verilen farkli bilgilerin listelenmesi
Pargalara Ayirma  PA2. Bir konu, kavram veya durum hakkinda verilen bilgilerin farkli basliklar altinda
(PA) siniflandiriimasi
PA3. Problem ¢ozme stireclerinde alt problemlerin olusturulmasi
S1. Bir olayda, durumda veya problemde ihtiyag duyulmayan bilgilerin goz ardi edilmesi
S2. Bir problemin ¢ozdmu igin verilenler arasindan ihtiyag duyulanlarin belirlenmesi.
S3. Problem g6zme sureglerinde kullanilacak uygun model veya temsillerin belirlenmesi
S4. Bir konu veya kavrama iliskin ozelliklerin diger konu veya kavramlara iliskin 6zelliklerden
Soyutlama (S) ayirt edilebilmesi
S5. Verilen bir durumdan hareketle oriintileri olusturacak genel prensiplerin belirlenmesi
S6. Oriintilerin tanimlanmasi ve genellemelerin olusturabilmesi icin belirli drneklerden
hareketle ortak ozelliklerinin belirlenmesi
S7. Belirli 6rneklerden yola gikarak genellemelere ulasgiimasi
O-M1. Verilen bir duruma iliskin model veya oriintilerin olusturulmasi
O-M2. Verilen bir duruma iliskin mevcut kavramlar arasindaki iliskilerin fark edilmesi yoluyla

OrUntU—MQ‘del kural/formul olusturulmasi
Cikarma (0O-M) O-M3. Farkli problemler tzerinde etkili bir sekilde kullanilabilecek genel bir gozime
ulagiimasi

AT. Bir problemin ¢ozUmd igin prosedurlerin gerektigi sekilde kullaniimasi

A2. Bir problemin ¢6zUmi veya hedeflenen duruma ulagmak igin mantiksal sinama ve
Algoritma (A) dongdlerin kullaniimasi

A3. Bir problemi ¢oziime goturecek yollarin adim adim tasarlanmasi ve uygulanmasi

D-HA1. Bir problemin ¢ozUmu igin yurttilen her adimin dogrulugunun kontrol edilmesi

D-HA2. Bir problem, olay veya durumun ¢6zUimu igin yapilanlarin degerlendirilmesi
Degerlendirme ve  sonucunda asagidaki sureglerden birinin yurittlmesi
Hata Ayiklama e Hatalarin tanimlanmasi ve dizeltiimesine yonelik olarak ¢ozim strecinin dizenlenmesi
(D-HA) e COzUmMUN oldugu gibi kabul edilmesi

D-HA3. Bir kural, ilke, islem veya kavram hakkinda gorus bildiriimesi

Arastirmada, ogretim programinda yer alan farkli 6grenme alanlarina ait kazanimlarin, bilgi
islemsel disinme becerisinin alt boyutlarina iliskin gostergeleri icerip icermedigi incelenmistir.
Bu amagla, igerik analizi yontemi kullanilarak elde edilen bulgular frekans degerleriyle tablolar
halinde sunulmus ve yuzde degerleri Uzerinden yorumlanmistir. Yuzde degerlerinin
sunulmasinda yuvarlama yoluna gidilmistir. Veri analizi surecinde, bazi kazanimlar birden fazla
gostergeile iliskilendirilmistir. Bu nedenle, farkli 6grenme alanlarina ait (toplam) kazanim sayilari,
BID becerisinin alt boyutlariyla iliskilendirilen kazanimlarin toplam sayisindan farklilik
gostermektedir. S6z konusu veri analiz sureci farkli sinif dlizeyleri goz ontine alinarak asagida
orneklendirilmistir.

Sayilar ve islemler Orenme Alanina Yénelik Ornek Durum: Sayilar ve islemler grenme alaninda
yer alan kazanimlarin bilgi islemsel dusinme becerisinin gostergeleri acisindan incelenmesi
sureci Gorsel 1'de verilen kazanim Uzerinden orneklendirilmistir.

M.5.1.2.6. Dogal sayilarla garpma ve bdlme iglemlerinin sonuglarini tahmin eder.

Tahmin etmenin 6nemi vurgulanarak, tahmin becerilerinin gelismesi igin islem sonuglariyla tahminlerin
karsilagtinimasi yapilir.

Gorsel 1 5. sinif sayilar ve islemler 6grenme alanina iliskin kazanim (MEB, 2018c¢)

Gorsel 1'de yer alan kazanim incelendiginde ‘hedeflenen duruma ulasmak igin mantiksal
sinamalari kullanma’, problemin ¢ozimu igin yapilan islemlerin degerlendirilmesi’ ve ‘bir islem
hakkinda gorus bildiriimesi ‘sureclerini igerdigi gortlmektedir. Dolayisiyla bu kazanimin bilgi
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islemsel distinme becerisinin alt boyutu olan ‘algoritma’ ile ilgili olarak A2, ‘degerlendirme ve
hata ayiklama’ boyutu ile iligkili olarak ise D-HA2 ve D-HAS gostergelerini icerdigi kabul edilmistir.

Cebir Ogrenme Alanina Yénelik Ornek Durum: Cebir 6grenme alaninda yer alan kazanimlarin bilgi
islemsel disinme becerisinin gostergeleri acisindan incelenmesi sureci Gorsel 2'de verilen
kazanim uzerinden orneklendirilmistir.

M.6.2.1.1. Sozel olarak verilen bir duruma uygun cebirsel ifade ve verilen bir cebirsel ifadeye uygun sézel bir
durum yazar.

a) Cebirsel ifadelerde kullanilan harflerin sayilar temsil ettigi ve “degisken” olarak adlandirildig belirtilir.

b) En az bir degisken ve iglem igeren ifadelerin “cebirsel ifadeler” oldugu vurgulanir.

¢) Terim, sabit terim, benzer terim ve katsayi kavramlari ele alinir.

Gorsel 2 6. sinif cebir 6grenme alanina iliskin kazanim (MEB, 2018¢)

Gorsel 2'de yer alan kazanima yonelik analiz strecinde, 6grencinin cebirsel ifadelerde yer alan
terim, sabit terim ve katsayl gibi kavramlar arasindaki iliskileri ve farkliliklari anlayarak bu
kavramlari zihninde siniflandirmasi, ‘verilen bilgilerin farkl basliklar altinda siniflandiriimasi’
gostergesi ile iliskilendirilmistir. Ayni kazanim kapsaminda, cebirsel ifadelerin anlaminin
degisken ve islem kavramlariyla birlikte olusturulmasi (formile edilmesi) ise, ‘bir konuya ait
kavramlar arasindaki iliskinin fark edilerek kural/formdl olusturulmasi’ gostergesiyle
iliskilendirilmistir. Dolayisiyla bu kazanimin ‘pargalara ayirma’ boyutu ile ilgili olarak PA2 ve
‘oriinti-model olusturma’ boyutu ile ilgili olarak O-M2 gostergelerini igerdigi kabul edilmistir.

Geometri ve Olgme Ogrenme Alanina Yonelik Ornek Durum: Geometri ve Glgme 6grenme
alaninda yer alan kazanimlarin bilgi islemsel dustinme becerisinin gostergeleri acisindan
incelenmesi sureci Gorsel 3'te verilen kazanim tzerinden orneklendirilmistir.

M.7.3.1.2. iki paralel dogruyla bir keseninin olusturdugu yéndes, ters, ig ters, dis ters agilan belirleyerek &zellik-
lerini inceler; olugan agilarin eg veya bitanler olanlarini belirler; ilgili problemleri ¢dzer.

a) Ayni diizlemde olan ¢ dogrunun birbirine gére durumlari ele alinir.

b) ki dogrunun birbirine paralel olup olmadigina karar vermeye yoénelik ¢alismalara da yer verilir, Bunu
yaparken dogrularin ortak kesenle yaptig: agifarin es olma durumlarindan yararfaniabilir.

Gorsel 3 7. sinif geometri ve 6lgme 6drenme alaninda yer alan kazanim (MEB, 2018c)

Gorsel 3'te yer alan kazanim incelendiginde; 6grencinin i¢ ters, dis ters, yondes gibi kavramlar
birbiri ile iligkili olarak anlamlandirmasi durumunun s6z konusu oldugu gorulmektedir.
Dolayisiyla ilgili kazanimin ‘bir konu hakkinda verilen bilgilerin farkli baslklar altinda
siniflandinimasi’ gostergesi ile iliskili oldugu kabul edilmistir. Bununla birlikte es ve butunler
acllarin belirlenmesi igin 6grencinin s6z konusu kavramlarin ozelliklerini bilmesi ve verilen
durumlarda bu ozellikleri aramasi gerekmektedir. Ayni zamanda ogrencinin birbirine es ve
butunler acilari diger acilardan ayirt etmesi durumu da s6z konusudur. Bu nedenle ilgili kazanim
‘bir problemin ¢ozdmu igin verilenler arasindan ihtiya¢c duyulan verilerin belirlenmesi’ ile ‘bir
konuya ait ozelliklerin diger konularin ozelliklerinden ayirt edilebilmesi’ gostergeleri ile
iliskilendirilmistir. Son olarak iki dogrunun birbirine paralel olup olmadiginin belirlenmesi igin
ogrencinin paralel olma sartlarini belirlemesi (formiile etmesi) gerekmektedir. S6z konusu sireg
ise 'verilen bir duruma iliskin mevcut kavramlar arasindaki iliskilerin fark edilmesi yoluyla
kural/formul olusturulmasi’ gostergesi ile iliskilendirilmistir. Dolayisiyla bu kazanimin ‘pargalara
ayirma’ boyutu ile ilgili olarak PA2, ‘soyutlama’ boyutu ile ilgili olarak S2 ve S4, ‘Grinti-model
olusturma’ boyutu ile ilgili olarak 0-M2 gdstergelerini igerdigi kabul edilmistir.
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Veri isleme Ogrenme Alanina Yénelik Ornek Durum: Veri isleme 6grenme alaninda yer alan
kazanimlarin bilgi islemsel distnme becerisinin gostergeleri agisindan incelenmesi sureci
Gorsel 4'te verilen kazanim Uzerinden orneklendirilmistir.

M.7.4.1.2. Bir veri grubuna ait ortalama, ortanca ve tepe degeri bulur ve yorumlar.

Belli bir veri grubu igin bu degerlerden hangisinin daha kullanisir oldugunu anlamaya ydnelik ¢calismalara
yer verilir. Bu dogrultuda gerektiginde bilgi ve iletisim teknolojilerine yer verilir.

Gorsel 4 7. sinif veri isleme 6§renme alaninda yer alan kazanim (MEB, 2018c¢)

Gorsel 4'te yer alan kazanim incelendiginde; ogrencilerin ortalama, ortanca ve tepe deger
kavramlarini anlamalari ve bu degerleri hesaplayabilmelerinin hedeflendigi gorulmektedir.
Ayrica soz konusu kavramlara yonelik ogrencilerin farkli durumlarda hangisinin daha kullanisli
oldugunu yorumlamalar hedeflenmektedir. Dolayisiyla ilgili kazanim ‘bir problemin ¢ozimu igin
prosedurlerin gerektigi sekilde kullaniimasi’ (A1) ve ‘bir kural, kuram, ilke, islem veya kavram
hakkinda gorus bildirilmesi’ (D-HA3) gostergelerini igerdigi kabul edilmistir.

Olasilik Ogrenme Alanina Yonelik Ornek Durum: Olasilik 6grenme alaninda yer alan kazanimlarin
bilgi islemsel diistinme becerisinin gostergeleri acisindan incelenmesi streci Gorsel 5'te verilen
kazanim Uzerinden orneklendirilmistir.

M.8.5.1.3. Esit sansa sahip olan olaylarda her bir ¢iktinin olasilik degerinin esit oldugunu ve bu deerin 1/n
oldugunu agiklar.

a) Kazanim ifadesindeki n, olasi durum sayisini temsil etmektedir.

b) Esit sansa sahip olan ve olmayan olaylar: ayirt etmeye yénelik calismalara yer verilir.

¢) Olasiigin bir olayin olma sansina (olabilirliGine) iliskin bir éigtm oldugu vurgulanir.

Gorsel 5 8. sinif olasilik 6grenme alaninda yer alan kazanim (MEB, 2018c¢)

Gorsel 5'te yer alan kazanim incelendiginde; 6grencinin esit sansa sahip olan olaylarin olasilik
degerleriicin "1/n" kuralina ulasmasini icerdigi gorulmektedir. Dolayisiyla burada farkli durumlar
dzerinden bir soyutlamanin yapilmasi ve genellemeye ulasilmasi durumu s6z konusudur. Bu
nedenle ilgili kazanim ‘Ordntulerin tanimlanmasi ve genellemelerin olusturabilmesi igin belirli
orneklerden hareketle ortak ozelliklerinin belirlenmesi’, ‘bir konuya ait kavramlar arasindaki
iliskinin fark edilerek kural/formul olusturulmasi’ ve ‘farkli problemler Uzerinde etkili bir sekilde
kullanilabilecek genel bir goztme ulasiimasi’ gostergeleri ile iliskilendirilmistir. Gorsel 4'te verilen
kazanimin ‘soyutlama’ ile ilgili olarak S6 ve ‘Griinti-model olusturma’ ile ilgili olarak 0-M2 ile O-
M3 gostergelerini icerdigi kabul edilmistir.

Gegerlik ve giivenirlik

Bu arastirmada gerceklestirilen veri analizi strecinin gecerlik ve guvenirligini saglamak amaciyla
uzman gorlslerine basvurulmus ve kodlayicilar arasi glvenirlik hesaplamalari (Miles &
Huberman, 1994) yapilmistir. Ogretim programinda yer alan kazanimlarin BID becerisinin alt
boyutlarina iliskin gostergelere uygun bicimde kodlanmasi sUreci, arastirmacilarin her biri
tarafindan ayri olarak yapilmis, daha sonra farkli kodlamalara sahip iceriklere yonelik yurutulen
tartisma surecleri sonunda gorts birligine varilmistir. Buna gore farkli 6grenme alanlarina
yonelik hesaplanan kodlayicilar arasindaki tutarlihk katsayilari ortalama degeri 0.89 olarak
hesaplanmistir. Miles ve Huberman'a (1994) gore %70'in Gzerindeki kodlayicilar arasi glvenirlik
yuksek guvenirlige isaret etmektedir. Buna dayanarak elde edilen degerin kodlama surecinin
guvenirligini gosterdigi kabul edilmistir. Ayrica, galismanin gegerlik ve guvenirligini desteklemek
amaclyla, farkli 6grenme alanlarinda yer alan kazanimlara yonelik yurtttlen kodlama suregleri
veri analizi bolimunde ayrintili olarak orneklendirilmistir.
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Bulgular

Arastirmanin bu boliminde, ortaokul matematik dersi ogretim programinda yer alan
kazanimlarin bilgi islemsel dustnme becerisi baglaminda incelenmesi sonucunda ulasilan
bulgular sunulmustur.

Farkh sinif diizeylerine iliskin kazanimlarin BiD becerisi baglaminda incelenmesi
sonucunda elde edilen bulgular

Bu arastirma kapsaminda ortaokul matematik dersi 6gretim programinin farkli sinif dizeylerine
iliskin kazanimlari, bilgi islemsel distnme becerisine ve ilgili becerinin alt boyutlarina gore
arastirmacilar tarafindan olusturulan gostergelerle (Tablo 2) iligkili olarak incelenmis ve
asagidaki bulgular elde edilmistir.

5. Sinif Diizeyinde Yer Alan Kazanimlarin BiD Becerisine iligkin Gostergeleri igerme Durumuna
iliskin Elde Edilen Bulgular: 5. sinif diizeyinde yer alan kazanimlarin, 6gretim programinda yer
alan farkl 6grenme alanlarina gore, bilgi islemsel distinme becerisine iliskin gostergeleri icerme
durumu Tablo 3'te verilmektedir.

Tablo 3 5. sinif diizeyinde yer alan kazanimlarin BID géstergelerini igerme durumlarina yonelik elde
edilen bulgular

BID Becerisi Alt Boyutlari (f)

Ogrenme Alanlari PA S O-M A D-HA Toplam
Sayilar ve iglemler 2 9 9 14 6 33
Cebir - - - - - -
Geometri ve Olgme 3 4 8 5 1 20
Veri isleme 3 - - 1 - 5
Olasilik - - - - - -
Toplam 8 13 17 20 7 56

Tablo 3 incelendiginde 5. sinif duzeyinde yer alan kazanimlarin bilgi islemsel distnme
becerisinin alt boyutlarindan en c¢ok ‘algoritma’ boyutuna iliskin gostergeleri icerdikleri
gorulmektedir. Bundan sonra gelen boyutlar ise sirasiyla ‘oridnti-model c¢ikarma’ ve
‘soyutlama’dir. 5. sinif duizeyinde yer alan kazanimlarin yaklasik %36'sinin algoritma, %30°'unun
oruntd-model ¢ikarma, %23'Unun ise soyutlama boyutuyla iliskili olduklar goridlmektedir. Tablo
3'te yer alan veriler farkli 6grenme alanlarina gore ele alindiginda ise sayilar ve islemler 6grenme
alaninda yer alan kazanimlarin en ¢ok ‘algoritma’, geometri ve dlgme 6grenme alaninda yer alan
kazanimlarin en c¢ok ‘orlintl-model olusturma’, veri isleme odrenme alaninda yer alan
kazanimlarin ise en ¢ok ‘parcalara ayirma’ boyutuyla iliskili oldugu soylenebilir.

6. Sinif Diizeyinde Yer Alan Kazanimlarin BiD Becerisine iligkin Gostergeleri igerme Durumuna
iliskin Elde Edilen Bulgular: 6.sinif diizeyinde yer alan kazanimlarin, 6gretim programinda yer alan
farkli 6grenme alanlarina gore, bilgi islemsel dusinme becerisine iliskin gostergeleri icerme
durumu Tablo 4'te verilmektedir.

Tablo 4 6.sinif diizeyinde yer alan kazanimlarin BID gostergelerini igerme durumlarina yonelik elde edilen
bulgular
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BID Becerisi Alt Boyutlari (f)

Ogrenme Alanlari PA S O-M A D-HA Toplam
Sayilar ve islemler 5 5 6 18 5 32
Cebir 1 1 2 1 0 3
Geometri ve Olgme 7 7 10 7 2 19
Veri isleme 1 0 3 3 5
Olasilik 0 0 0 0 0 0
Toplam 14 13 18 29 10 59

Tablo 4'te yer alan veriler incelendiginde 6. sinif dlizeyinde yer alan kazanimlarin bilgi islemsel
dustinme becerisinin alt boyutlarindan en ¢ok ‘algoritma’ boyutuna iliskin gostergeleri icerdikleri
gorulmektedir. Bundan sonra gelen boyutlar ise sirasiyla ‘oriinti-model ¢ikarma’, ‘parcalara
ayirma’ ve ‘soyutlama’dir. 6. sinif dlizeyinde yer alan kazanimlarin yaklasik %49'unun algoritma,
%31'inin orintu-model ¢ikarma, %24'UnUn ise pargalara ayirma boyutuyla iligkili olduklari
gordlmektedir. Tablo 4'te yer alan veriler farkli 6grenme alanlarina gore ele alindiginda ise sayilar
ve islemler 6grenme alaninda yer alan kazanimlarin en ¢ok ‘algoritma’, cebir ile geometri ve
olcme ogrenme alanlarinda yer alan kazanimlarin en ¢ok ‘orintti-model ¢ikarma’, veri isleme
ogrenme alaninda yer alan kazanimlarin ise en ¢ok ‘algoritma’ ve ‘degerlendirme-hata ayiklama’
boyutlariyla iliskili oldugu soylenebilir.

7. Sinif Diizeyinde Yer Alan Kazanimlarin BiD Becerisine iligkin Gdstergeleri igerme Durumuna
iliskin Elde Edilen Bulgular: 7.sinif diizeyinde yer alan kazanimlarin, 6gretim programinda yer alan
farkli 6grenme alanlarina gore, bilgi islemsel disinme becerisine iliskin gostergeleri icerme
durumu Tablo 5'te verilmektedir.

Tablo 5 7. sinif diizeyinde yer alan kazanimlarin BID gdstergelerini icerme durumlarina yonelik elde
edilen bulgular

BID Becerisi Alt Boyutlar (1)

Ogrenme Alanlari PA S O-M A D-HA Toplam
Sayilar ve iglemler 6 1 4 14 3 25
Cebir 1 2 3 3 0 7
Geometri ve Olgme 3 3 6 5 1 12
Veri isleme 1 0 0 4 4 4
Olasilik 0 0 0 0 0 0
Toplam 11 6 13 26 8 48

Tablo 5'te yer alan veriler incelendiginde 7. sinif dlizeyinde yer alan kazanimlarin bilgi islemsel
dusunme becerisinin alt boyutlarindan en ¢ok ‘algoritma’ boyutuna iliskin gostergeleri icerdikleri
gorulmektedir. Bundan sonra gelen boyutlar ise sirasiyla ‘orinti-model gikarma’ ve ‘pargalara
ayirma’dir. 7. sinif duzeyinde yer alan kazanimlarin yaklasik %54'Unun algoritma, %27'sinin
oruntd-model ¢ikarma, %23'Unun ise parcgalara ayirma boyutuyla iliskili olduklar gorulmektedir.
Tablo 5'te yer alan veriler farkli 6grenme alanlarina gore ele alindiginda ise sayilar ve islemler
ogrenme alaninda yer alan kazanimlarin en ¢ok ‘algoritma’, cebir 6grenme alaninda yer alan
kazanimlarin en c¢ok ‘algoritma’ ile ‘Ortinti-model c¢ikarma’, geometri ve olcme 6drenme
alanlarinda yer alan kazanimlarin en gok ‘orinti-model ¢ikarma’, veri isleme 6grenme alaninda
yer alan kazanimlarin ise en ¢ok ‘algoritma’ ve ‘degerlendirme-hata ayiklama’ boyutlariyla iligkili
oldugu soylenebilir.

8. Sinif Diizeyinde Yer Alan Kazanimlarin BiD Becerisine iligkin Gostergeleri igerme Durumuna
iliskin Elde Edilen Bulgular: 8. sinif diizeyinde yer alan kazanimlarin, 6gretim programinda yer
alan farkli 6grenme alanlarina gore, bilgi islemsel disinme becerisine iliskin gostergeleri icerme
durumu Tablo 6'da verilmektedir.

Tablo 6 8. sinif diizeyinde yer alan kazanimlarin BID géstergelerini igerme durumlarina yonelik elde
edilen bulgular
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BID Becerisi Alt Boyutlari (f)

Ogrenme Alanlari PA S O-M A D-HA Toplam
Sayilar ve islemler 1 3 3 10 4 16
Cebir 0 2 7 5 3 13
Geometri ve Olgme 3 6 8 6 3 16
Veri isleme 1 0 0 1 2 2
Olasilik 1 2 2 1 0 5
Toplam 6 13 20 23 12 52

Tablo 6'da yer alan veriler incelendiginde 8. sinif dlizeyinde yer alan kazanimlarin bilgi islemsel
dustinme becerisinin alt boyutlarindan en ¢ok ‘algoritma’ boyutuna iliskin gostergeleri icerdikleri
gorulmektedir. Bundan sonra gelen boyutlar ise sirasiyla ‘orintli-model c¢ikarma’ ve
‘soyutlama’dir. 8. sinif dizeyinde yer alan kazanimlarin yaklasik %44'tnun algoritma, %38'inin
ortntu-model gikarma, %25'inin ise soyutlama boyutuyla iliskili oldugu gorilmektedir. Tablo 6'da
yer alan veriler farkli 6grenme alanlarina gore ele alindiginda ise sayilar ve islemler 6grenme
alaninda yer alan kazanimlarin en ¢ok ‘algoritma’, cebir ile geometri ve olgme oJrenme
alanlarinda yer alan kazanimlarin en ¢ok ‘Gruntid-model gikarma'’, veri isleme 6grenme alaninda
yer alan kazanimlarin en ¢ok ‘degerlendirme-hata ayiklama'’, olasilik 6grenme alaninda yer alan
kazanimlarin ise en ¢ok ‘soyutlama’ ve ‘Oruntd-model ¢ikarma' boyutlariyla iliskili oldugu
soylenebilir.

Ortaokul matematik dersi 6gretim programinda yer alan kazanimlarin BiD becerisi
baglaminda incelenmesi sonucunda elde edilen genel bulgular

Bu arastirma kapsaminda incelenen ogretim programina gore elde edilen genel bulgular Tablo
7'de verilmektedir.

Tablo 7 Ortaokul matematik dersi 6gretim programinda yer alan kazanimlarin BID gdstergelerini icerme
durumlarina yonelik elde edilen bulgular

BID Becerisi Alt Boyutlari (f)

Ogrenme Alanlari PA S O-M A D-HA Toplam
Sayilar ve islemler 14 18 22 56 18 106
Cebir 2 5 12 9 3 23
Geometri ve Olgme 16 20 24 23 7 67
Veri isleme 6 0 0 6 9 14
Olasilik 1 2 2 1 0 5
Toplam 39 45 60 95 37 215

Tablo 7 incelendiginde, Ortaokul Matematik Ogretim Programi'nda yer alan kazanimlarin, bilgi
islemsel disinme becerisinin alt boyutlarindan en ¢ok ‘algoritma’ boyutuna iliskin gostergeleri
icerdigi gordlmektedir. Bunu sirasiyla ‘orinti-model c¢ikarma’ ve ‘soyutlama’ boyutlarn
izlemektedir. Ogretim programinda yer alan toplam 215 kazanimin yaklasik %44'U algoritma,
%28'i oruntu-model ¢ikarma ve %21'i soyutlama boyutuyla iliskilidir. Diger yandan, kazanimlarin
yaklasik %18'inin ‘parcgalara ayirma’, %17'sinin ise ‘degerlendirme-hata ayiklama’ boyutlariyla
iliskili oldugu belirlenmistir. Tablo 7'de yer alan veriler farkli 6grenme alanlarina gore ele
alindiginda ise sayilar ve islemler 6grenme alaninda yer alan kazanimlarin en ¢ok ‘algoritma,
cebir ile geometri ve dlgme 6grenme alanlarinda yer alan kazanimlarin en ¢ok ‘Gruntd-model
olusturma’, veri isleme 6grenme alaninda yer alan kazanimlarin en ¢ok ‘degerlendirme-hata
ayiklama’, olasilik 6grenme alaninda yer alan kazanimlarin ise en ¢ok ‘soyutlama’ ve ‘ortintu-
model ¢cikarma’ boyutlariyla iliskili olduklari soylenebilir.

Tartisma, sonug ve oneriler

Ortaokul matematik 6gretim programinda yer alan kazanimlarin bilgi islemsel distnme becerisi
baglaminda incelendi@i bu arastirmadan elde edilen sonuglar, incelenen kazanimlarin sirasiyla i)
algoritma, ii) 6riinti- model olusturma, iii) soyutlama, iv) pargalara ayirma ve v) dederlendirme hata
aylklama becerilerini igerdigini gostermektedir. Arastirmanin veri analizi sureci sonucunda elde
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edilen yuzde degerleri goz ontine alindiginda, programda yer alan yaklasik iki kazanimdan birinin
‘algoritma’, dort kazanimdan birinin  ‘ordntd-model olusturma’, bes kazanimdan birinin
‘'soyutlama’, digerlerinin ise sirasiyla ‘pargalara ayirma’ ve ‘de@erlendirme-hata ayklama’
boyutlariyla iligkili oldugu gorulmuastur. Dolayisiyla incelenen 6gretim programinda sirasiyla,
‘algoritma’, ‘ortinti-model olusturma’ ve ‘soyutlama’ boyutunun agirlikli olarak yer aldigi ve so6z
konusu iliskinin azimsanmayacak derecede oldugu soylenebilir. Bu durum, bilgi islemsel
dusunme becerilerinin 6grencilerin matematiksel ¢calisma sureglerinin buyuk bir bolumu ile iligkili
oldugunun gostergesi olarak kabul edilebilir. Dolayisiyla bilgi islemsel disinme ve matematiksel
dustunme sureclerinin birbiri ile olan iliskisi bu arastirma sonucunda ulasilan 6nemli bir nokta
olarak degerlendirilebilir. Zira alan yazinda yuriatilmus olan farkl birgcok arastirmada da
(Barcelos & Silveira, 2012; Barr & Stephenson, 2017; English, 2018; Gadanidis vd., 2017; Sneider
vd., 2014; Voskoglou & Buckley, 2012; Weintrop vd., 2016) bilgi islemsel distinme becerileri ile
matematiksel beceriler arasindaki iligkilerin farkl yonlerinden bahsedilmektedir. Lu ve Fletscher
(2009) ile Wing'in (2008, 2011) ydrittigu farkli arastirmalar, bilgi islemsel dlisinme stireglerinin
ozellikle karmasik problemlerin  ¢ozimunde matematiksel disinmeden onemli oOlclde
yararlandigini ortaya koymaktadir. Benzer sekilde Gonzalez vd. (2017) ile Yadav vd. (2011) bilgi-
islemsel dustnmenin matematiksel zeka ve problem ¢ozme becerisi ile yakindan iligkili
oldugunu soylemekte, Van Merriénboer (2013) ise problem c¢6zmenin, bilgi isleme ve
matematiksel dustnmenin kesisiminde bulunan ve bilgi islemsel dusinme surecinin temel
0gesi olan 6nemli bir beceri oldugunu ifade etmektedir (akt. Temel, 2022). Tim bu arastirma
sonuglarinin yani sira gunumduzde okul matematiginin en onemli amaglarindan biri olan
matematik okuryazarligi kavraminin da son yillarda bilgi islemsel distinme becerisini kapsamina
aldigi gorilmektedir. Oyle ki, en basit haliyle matematigin gercek yasamda ihtiyac duyulan
durumlarda etkili ve verimli bir bigimde kullaniimasini ifade eden matematik okuryazarlig
kavrami igin, OECD tarafindan yayinlanan son dokimanda (OECD, 2022), ogrencilere
kazandirlmasi gereken temel matematiksel becerilerden birisinin bilgi islemsel dustnme
becerisi oldugu kabul edilmistir. Bu durum da gunumuzde bilgi islemsel dusinme becerisinin
matematik egitimi ile olan yakin iliskisi ve onemi hakkinda fikir vermektedir.

Bu arastirmadan elde edilen sonuglar, BID becerisinin farkli boyutlari goz onine alinarak
yorumlandiginda, 6gretim programinda yer alan kazanimlarin buyuk oranda algoritma boyutu ile
iliskili oldugu soylenebilir. Bu durum matematigin algoritmik yapisi ve okul matematigi sinirlari
icerisinde yer alan kazanimlarla iliskili olarak aciklanabilir. Bununla birlikte, burada yurttulen
tartisma acgisindan asil onemli olan nokta, arastirma bulgularinin algoritma boyutunun
matematik editiminde ne kadar Gnemli bir yere sahip oldugunu ortaya koymasidir. BID becerisi
kapsaminda ‘donguleri ve mantiksal sinamalari kullanarak yapilmasi gereken bir isin adim adim
yerine getirilmesi’ olarak ifade edilebilen algoritma boyutu, matematiksel ¢calisma surecleri soz
konusu oldugunda ‘bir problemin ¢ozimune yonelik olarak gerekli olan mantiksal disunme
suregleri kullanilarak tasarlanan matematiksel proseddurlerin adim adim yerine getirilmesi’ olarak
ifade edilebilir. Dolayislyla bazi arastirmacilar tarafindan ‘algoritmik distinme’ olarak ifade edilen
bu boyut, Ziatdinov ve Musa (2012) tarafindan “bireyin, yaratici ve mantiksal diistinerek, ihtiyac
duyulan isin gergeklestiriimesi icin gereken eylemlerin siralanmasi” olarak tanimlanmistir (akt.
Demir & Cevahir, 2020, s.1612). Futschek’e (2006) gore ise algoritmik distinme becerisi; “)
verilen problemleri analiz etme, ii) bir problemi tam olarak ifade etme, iii) verilen sorun igin strateji
Uretme, iv) stratejileri kullanarak verilen bir soruna dogru bir algoritma olusturma, v) olasi tim
0zel ve normal durumlarda diiginme ve vi) bir algoritmanin verimliligini arttirma”dir (akt. Eriimit
vd., 2018, s.156). Algoritmik dusinme farkli arastirmacilar tarafindan farkli bicimlerde
tanimlanmakla birlikte ttim tanimlamalarda dikkat ¢eken nokta ilgili sureclerin matematiksel
calisma sduregleri ile olan yakin iliskisidir. Bu baglamda ilgili becerinin matematik egitimi
alanyazininda ayri bir ¢alisma alani olarak daha fazla yere sahip olmasi ve konu ile ilgili olarak
ozellikle kuramsal boyutta yapilacak galismalarin sayisinin artiriimasi gerektigi distundlmektedir.
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hazirda matematiksel distnme becerileri arasinda yer alan onemli becerilerdir ve matematik
ogrenme suregleri agisindan tartisiimaz oneme sahiplerdir.

Bu arastirma sonucunda elde edilen bulgular farkli sinif diizeylerine gore ele alindiginda bilgi
islemsel dusinme becerisinin 0gretim programinda yer alan kazanimlarla agirlikli iliskilerinin gok
boyutlarinin yer aldigi gorilmektedir. Bu durum arastirmadan elde edilen genel sonuglarla
uyumludur. Bununla birlikte 6 ve 7. siniflarda Uguncu sirayi ‘soyutlama’ yerine ‘parcalara ayirma’
almaktadir. Sozu edilen farklilik ¢cok buyuk olmamakla birlikte 6gretim programinda yer alan
kazanimlarin icerikleri ile iligkili olarak agiklanabilir.

Bu arastirmadan elde edilen sonuclarin, bilgi islemsel disinme becerisinin matematik egitimi
ile olan yakin iligkisini farkl bir perspektifle ortaya koydugu dusunulmektedir. Bu kapsamda,
ozellikle “algoritma’, ‘ordntd-model olusturma’ ve ‘soyutlama’ boyutlarina odaklanarak bilgi
islemsel dusinme becerisinin 6grenme ortamlarinda daha fazla vurgulanmasi ve 6grencilerde
ilgili becerilerin gelistiriimesine yonelik etkinlik ve uygulamalara daha genis yer veriimesi
saglanabilir. Konuyla ilgili yurdtilecek farkli galismalarda, matematiksel ve bilgi islemsel
dusunme becerilerinin kuramsal zeminde daha detayl bir sekilde ¢alisiimasi ve matematik
ogrenme ortamlarinda uygulanabilecek bilgi islemsel disinme etkinlikleri Gzerine odaklanan
farkli arastirmalarin yapilmasi 6nerilmektedir.

Cikar ¢catigsmasi beyani

“Examination of the middle school mathematics curriculum in the context of computational
thinking skills” baslikli makalemizin herhangi bir kurum, kurulus, kisi ile mali ¢ikar gatismasi
yoktur. Yazarlar arasinda da herhangi bir ¢ikar catismasi bulunmamaktadir.
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