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Abstract. This study aims is to examine the studies on computational thinking in the
field of science education descriptive analysis with a holistic approach. Primary studies
were determined according to compliance with inclusion and exclusion criteria
through document review and national and international database review. The studies
included in the scope of the research were evaluated according to the keywords they
used, type of publication, year, the language of publication, research methods, sample
characteristics, the subject area, and applications covered, and the characteristics of
data collection tools used. Findings from 32 primary studies were analyzed under 9
sub-titles. Keywords, which have an important place in the findings, were visualized
with word cloud in accordance with the nature of the data. Findings from 32 primary
studies were analyzed under 9 sub-titles. Keywords, which have an important place in
the findings, were visualized with word cloud in accordance with the nature of the
data. According to the determination in the related literature review, researches to
develop computational thinking focus on Computer Education and Instructional
Technologies, and mathematics. The findings of this research reveal that it is a
necessity to use science fields, which are very suitable for developing computational
thinking, and to make the necessary changes in the curriculum.
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1. INTRODUCTION

The basic elements of computational thinking are effective in helping learners reach
their goals at the end of the education process and develop thinking systems to make
sense of disciplines such as mathematics, science, and language (Grover & Pea, 2013). An
individual with computational thinking skills does not focus on solving the problem,
rather, he/she tries to analyze it, collect data about it, and divide it into sub-steps. The
aim is not to solve the problem but to understand how to solve the problem and similar
problems while determining the steps that make up computational thinking
(Vaidyanathan, 2016).

The Science Curriculum, developed on the basis of the General Objectives and Basic
Principles of Turkish National Education specified in the second article of the Basic Law
of National Education, includes "ensuring that students acquire mathematical
competencies" as one of the objectives. Mathematical competence is defined in the
science curriculum as follows: “To develop and use mathematical thinking style to solve
a series of problems encountered in daily life” (MEB, 2018). Considering the concept of
mathematical competence specified in the curriculum, it refers to computational
thinking, which is a basic skill not only for computer users but for everyone.

In 2020, the General Directorate of Teacher Training of the Ministry of National
Education prepared a resource on the theoretical foundations of computational thinking.
The resource emphasizes that computational thinking does not only consist of
technological and digital skills but is a whole consisting of the processes performed by
each individual in the process of accessing information (Giilbahar et al., 2020).

Computational thinking is the thought processes involved in formulating problems
without the need for programming skills (Clark, 2015; Denning, 2017). Improving
computational thinking skills contribute to the development of 21st-century skills such
as problem-solving, logical reasoning, and analytical thinking(Hunt & Riley, 2014). The
most important reason for the emergence of STEM education, which is one of the most
important paradigms in today's world, is the necessity of providing higher-order
thinking skills called 21st-century skills for individuals who will be a part of the era of
Globalization, Industry 4.0, and Education 4.0. To keep up with global developments,
importance should be attached to "Industry 4.0" technologies, which include
technologies such as robots, simulation, system integration, cyber security, and
augmented reality (Kizilay, Yamak & Kavak, 2019). To ensure that these skills are
acquired and used by students, it is important to provide rich learning experiences, as
well as to employ interdisciplinary approaches to teaching science concepts (Canbazoglu
Bilici, Kiipeli & Guzey, 2021). Indeed, for the science course, an approach should be
adopted, making it possible to raise individuals who can access the information they
need or gain knowledge as a result of experience and who have problem-solving skills
(AAAS, 1990; MEB, 2018; NRC, 2000). The development and internalization of
computational thinking skills in a computer-free environment can be supported by
science learning, through learning processes compatible with the nature of learners.

527 Sakarya University Journal of Education



Gulbin KIYICI, Havva YAMAK
. ______________________________________________________________________________________________________________________________________________|

In the literature, many studies are investigating the relationship between science
education and computational thinking. The results of a study introducing a learning
content that includes biological evolution learning coupled with computational thinking
found that there was an increase in students' biological evolution knowledge and
computational thinking skills, and the increase was significant with medium to large
effect sizes (Christensen, 2020). Given the benefits of incorporating computational
thinking into disciplines such as physics, the effectiveness of the systematic design and
implementation of a computational thinking-based science learning setting has been
investigated. Experimental studies have shown that individuals in the experimental
group achieve better learning outcomes in science and computational thinking, and
create more accurate conceptual and computational models (Basu, 2016; Weese, 2013).
In the literature, many studies on computational thinking using STEM, modeling, coding,
robotics, and flipped learning methods have reported not only positive but also negative
or positive-negative relationships between computational thinking and learning. (Aksit,
2018; Basu, 2016; Lei et al., 2020; Ortiz, 2018; Strawhacker, 2020; Weese, 2013)

This situation, which applies to many fields, has revealed the need for meta-analysis
studies due to the need for statistical synthesis and generalization of research on a
subject (Glass, 1976; Lipsey & Wilson, 2001). A meta-analysis study was planned to
provide an overall picture of research on computational thinking in science education
and to test the variables governing the relationship between science education and
computational thinking.

In the literature, where the stages of the meta-analysis process are expressed differently
(APA, 2020; Rosenthal & DiMatteo, 2012; Sanchez-Meca & Marin-Martinez, 2010), the
stages of literature review and coding of data of primary research draw attention.

Purpose

This study aimed to descriptively analyze the national and international studies focused
on computational thinking in science education and thus to contribute to the
development of the relevant field. Primary studies were surveyed considering keywords,
publication type, publication language, research methods, sample characteristics, subject
areas, and practice-related issues.

To determine the studies to be included in the meta-analysis, Higher Education
Institution thesis catalog, Ulakbim, ProQuest Digital Dissertations, Proquest
EBSCOHOST, ERIC, ScienceDirect, Web of Science, Taylor&Franchis Online, Scopus, and
JSTOR databases were screened according to the inclusion and exclusion criteria. This
study is expected to give an idea about which variables should be taken into account or
controlled to the researchers working to integrate computational thinking skills into
science education, as well as to help to identify the gaps in the relevant literature.

Research Problem

Which keywords, languages and types, research methods, patterns, and models were
used, and which subject areas and practices were covered in research on computational
thinking skills in science education?
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2. METHOD

Meta-analysis is a statistical method that provides a holistic approach to research in a
specific field and helps predict the effect size of research in the population (Arthur,
Bennett, and Huffcett 2011; Ellis 2010). On the other hand, the field of statistics is
divided into two in terms of its subjects: descriptive statistics and inferential statistics
(Ytcel 2013). This study includes the stages of "literature review," "coding the data of
primary research," and "descriptive analysis of data" of the meta-analysis method, which
is one of the quantitative research methods. Primary research is used for studies
included in this meta-analysis according to inclusion and exclusion criteria.

Data collection

Ethics committee approval for this study was obtained from Gazi University
Measurement and Evaluation Ethics Sub-Study Group, dated 01.12.2020 and numbered
12. Scientific articles, master's theses, and doctoral theses on computational thinking in
science education are the primary research, namely the data source, of this study.

While scanning the sources in the Turkish language in the literature review process, the
keywords "science education,” "science teaching," "science learning," "STEM,"
"computational thinking", "machine thinking", and "informational thinking" (their
equivalents in Turkish) were used. For sources in the English language, the keywords

"science education”, "science teaching", "science learning”, "STEM" and "computational
thinking" were used. The resulting studies were then taken into account according to the
following inclusion and exclusion criteria:

Inclusion Criteria
1. Including practices or variables related to science education,

2. Being published between 2006 and 2020 (since Jeannette Wing's 2006 paper
named "Computational Thinking" (Wing 2006) is accepted as the leading
publication on the subject),

3. Including computational thinking skills as the dependent variable,

4. Master's and doctoral theses (published or unpublished), papers published in
academic (peer-reviewed) journals, congress and symposium papers,

5. Experimental or quasi-experimental studies,
6. Studies containing the necessary data to calculate the effect size,
7. Being published in Turkish or English language,
Exclusion Criteria
1. Articles published in non-peer-reviewed journals,

2. If an author published the same data both in his/her thesis and in an article, the
author's thesis was excluded

529 Sakarya University Journal of Education



Giilbin KIYICI, Havva YAMAK

3. Studies that do not report the effect size or statistical data necessary to calculate
the effect size,

4. Studies that do not meet the inclusion criteria.

The database scanning process carried out in line with the criteria is shown in Figure-1.
Out of the total 112 studies identified as a result of keyword search, 59 were excluded
because they were qualitative research, and four were excluded because they reported
qualitative computational thinking data (although they used the mixed-methods
research design). Furthermore, out of the remaining 49 studies, four were excluded
because they were meta-analysis studies, one because it was a scale development study,
five because they were thesis-article studies, and five because they did not report the
statistical data necessary to calculate the effect size.
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Figure 1. Database scanning process

Coding Method

The data collection tool of a meta-analysis study is the coding page (Ustiin, 2012). At the
beginning of this research, the coding page was designed by examining the studies
focused on computational thinking in science education. Using the coding page revised
in line with the feedback from the field experts, the primary research data for
descriptive statistics were prepared.

Data Analysis

The primary research data were examined in terms of the variables specified in the
coding page and were then analyzed descriptively. Descriptive analysis aims to use
numbers and graphics to summarize and condense large volumes of data, in other
words, to reduce the volume of data and increase its usability (Giirsakal & Oguzlar,
2015).

3. FINDINGS

The studies included in this meta-analysis were examined according to their keywords,
publication type, publication year, publication language, research methods, sample
characteristics, subject areas, practices, and the characteristics of the scale used.
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Keywords Used in the Research on Computational Thinking in Science Education

The keywords used in the primary studies examined within the scope of the research are
visualized with word clouds in Figure-2 and Figure-3. Words with higher frequencies are
indicated in bigger font sizes in the word cloud. Expectedly, the keywords of the studies
carried out in different fields varied.

In Turkish studies, the keywords "informational thinking" (f=3) and "machine thinking"
(f=2) as the Turkish equivalent of "computational thinking", as well as "scientific process
skill" (f=1), "scientific success" (f=1)were used, and other keywords were used in only
one study per each.
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Figure 2. Keywords of Turkish research

Similar to the Turkish studies, the keywords of the English papers examined within this
study also varied. The most frequent keywords in English papers were computational
thinking (f=18), STEM (f=05), science education (f=4), and Assessment, Robotics Science
learning Self-efficacy (f=3). Out of the remaining English keywords, five were used in
two studies and 67 in only one study.
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Figure 3. Keywords of English research
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Publication Types of the Research on Computational Thinking in Science
Education

When the national and international studies on computational thinking in science
education carried out between 2006 and 2021 (May) were examined, it was found out
that 69% of them were articles in peer-reviewed academic journals, 16% doctoral
theses, 6% master's theses, and 9% congress papers.

Table 1

Publication Type in Computational Thinking Research in Science Education

Frequency %
Publication Type
Journal article 22 69
Master Thesis 2 6
Ph.D. Thesis 5 16
Congress Notice 3 9

Years of the Research on Computational Thinking in Science Education

The primary research included in this study was reviewed in terms of the practice year,
the year when the paper was proposed for publication and the year of publication. 41%
of the studies did not report any information about the practice year, while 47% did not
include any data on the year when the paper was proposed for publication. Also, as can
be inferred from Table 2, 85% of the studies were published after 2018.

Table 2

Year in Computational Thinking Research in Science Education

Year proposed for

Year of application publication Published Year

Frequency % Frequency % Frequency %
Unspecified 13 41 15 47 0 0
2021 0 0 0 0 3 9
2020 1 3 8 25 12 38
2019 5 16 4 13 4 13
2018 4 13 1 3 8 25
2017 3 9 1 3 3 9
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2016 3 9 3 9 0 0
2015 2 6 15 0 2 6
2014 1 3 0 0 0 0

Language and Country of the Research on Computational Thinking in Science
Education

Table 3 shows that 16% and 84% of the studies were published in Turkish and English,
respectively. Also, as can be inferred from Table 3, of the studies, 34% carried out
practices in Turkey, 38% in the USA, 6% in Indonesia, 6% in Greece, 3% in Malaysia, 3%
in China, 3% in Canada, and 3% in Spain.

Table 3

Published Language and Country of Application in Computational Thinking Research in
Science Education

Frequency %
Publication Language
Turkish 5 16
The English 27 84
Country of application
Unspecified 1 3
Turkey 11 34
USA 12 38
Indonesia 2 6
Greece 2 6
Malaysia 1 3
Chinese 1 3
Canada 1 3
Spain 1 3

Methods Used in the Research on Computational Thinking in Science Education:

Under this heading, it was also investigated whether and what percentage of the studies
conducted a pilot study. As a result, it was seen that 41% of the studies conducted a pilot
study while 59% did not (Table 4). On the other hand, considering the research method
used in the papers, 38% used the quantitative research method, while 63% used the
mixed-methods design (but collected the data on computational thinking using
quantitative methods). In addition, it can be inferred from Table 4 that 56% of the
studies used the quasi-experimental design, 19% the weak experimental design, and 6%
the experimental design.
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Table 4

Method in Computational Thinking Research in Science Education

Has a pilot study been conducted in the research? Frequency %
Yes 13 41
No 19 59
Research Method

Quantitative Method 12 38
Mixed-Method 20 63
The Pattern of the Research

Unspecified 1 3
Real Experimental Pattern 2 6
Semi-Experimental Pattern 18 56
Weak Experimental Pattern 6 19
Non-Experimental Pattern 5 16
Research Model

Unspecified 0 0
Pretest/posttest model with experimental-control group 12 38
The Post-test model with experimental-control group 1 3
Single group pretest/posttest model 11 34
Single group posttest model 3 9
Relational screening model 5 16

Samples Used in the Research on Computational Thinking in Science Education

Samples of the primary research were evaluated in terms of sampling method, school
level, demographic characteristics, and school types. 9% of the studies do not report any
data on their sampling methods. As can be inferred from

Table 5, a majority of the studies (47%) used convenience sampling, 16% purposive
sampling, and 19% simple random sampling. 53% enrolled 5th to 8th graders as their
sample, 22% 9th to 12th graders, and 16% undergraduate students.

Table 5 demonstrates the relevant frequency values. Also, 72% were carried out in
urban areas, 16% in rural areas and 9% do not report any information about the
demographic characteristics of their sample.

Table 5

Sampling of Computational Thinking Research in Science Education

Sampling Method Frequency %
Unspecified 3 9
Simple Random Sampling 6 19
Stratified Random Sampling 0 0
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Cluster Random Sampling 1 3
Two-stage Random Sampling 1 3
Systematic Non-Random Sampling 1 3
Convenient Non-Random Sampling 15 47
Purposeful Non-Random Sampling 5 16
Sample Group (School Level)

Unspecified 0 0
1-4. Class 0 0
5-8. Class 17 53
9-12. Class 7 22
License 5 16
Graduate 0 0
Teachers 2 6
Mixed 1 3
Sample Demographic Structure

Unspecified 3 9
Urban 23 72
Rural 5 16
Mixed 1 3
School Type

Unspecified 3 9
Private school 2 6
State school 22 69
Summer school 3 9
Mixed 2 6

Finally, considering the characteristics of the samples, 69% of the studies were carried
out in public schools and 6% in private schools. On the other hand, 9% do not report any
information about the school type.

Subject Areas of the Research on Computational Thinking in Science Education

Table 6shows that of the studies on computational thinking in science education, 47%
were carried out in relation to STEM, 16% in relation to science courses, and 16% in
relation to physics courses. On the other hand, only 3% of the studies on computational
thinking were carried out in relation to chemistry courses, which is a noteworthy
finding.

Table 6

The Subject Area of Computational Thinking Research in Science Education

Subject Area of Practice in Research Frequency %
Unspecified 2 6

STEM 15 47
Science 5 16
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Physical 5 16
Biology 3 9
Chemical 1 3
Astronomy 1 3

Practices Used in the Research on Computational Thinking in Science Education:
Duration of Practice

Since it is important in an experimental or quasi-experimental study how often practice
is performed and how long it takes, it is also important how detailed the duration is
given. According to Table 7, where the findings related to the practices are presented,
34% of the studies specified durations of practice as minutes, 28% as weeks, and 38%
do not report any information about the duration of practice. Of those which specified
durations of practice as weeks, 19% stated that their practices took 1 to 3 weeks, 27% 4
to 7 weeks, and 13% more than 12 weeks.

The person carrying out the practice

According to Table 7, the practice was carried out by the teacher in 53% of the studies
and by the researcher in 22% of the studies. On the other hand, 25% of the studies do
not report any information about the person who carried out the practice.

The instrument used for the practice

In 56% of the studies, computers were used for the practice, coding in 53%, robotics in
28%, algorithms in 6%, and the flipped learning method in 3%.

Table 7

Findings on Application in Computational Thinking Research in Science Education

Frequency %
Implementation Time unit
Unspecified 12 38
Those who specify the application time in 11 34
Those who specify the application period as 9 28
Implementation Period (Week)
Unspecified 12 38
1-3 6 19
4-7 8 25
8-11 2 6
12 and above 4 13
Who is the practitioner?
Unspecified 8 25
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Experiment Control Investigator 7 22
Experiment Control Teacher 17 53
Computer Used?

Unspecified 6 19
Yee 18 56
No 8 25
Is Coding Used?

Unspecified 6 19
Yeah 17 53
No 9 28
Is Robotics Used?

Unspecified 6 19
Yeah 9 28
No 17 53
Is algorithm used?

Unspecified 6 19
Yeah 2 6
No 24 75
Is the Flipped Class Application Used?

Unspecified 6 19
Yeah 1 3
No 25 78
Applied process

Activity Enhanced 8 25
Information and Communication Technologies 8 25
STEM apps used 5 16
Method comparison made 3 9
No action was taken 8 25

Table 7 shows that activities to improve computational thinking skills were developed in
25% of the studies. 25% of the studies carried out practices that aimed to develop
computational thinking skills using information and communication technologies, while
16% used practices that aimed to develop computational thinking skills with STEM
practices. On the other hand, 9% of the studies compared methods of the two groups.

Scales Used in the Research on Computational Thinking in Science Education

According to Tablo 8, half of the studies used Likert-type scales, and 25% used
achievement tests. On the other hand, 6% of the studies do not report any information
about the scale used. On the other hand, 6% of the studies do not report any information
about the scale used. The scarcity of studies using the "Q sort"(Block 1964; Evelina and
Nadia 2014) data collection procedure (open-ended questions), which is recommended
in the literature to be used for the measurement of personality traits, is also striking.
Regarding the developers of the scale used, the scale was developed by the researcher in
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47% of the studies, and the researcher used a previously developed scale in 47% of the
studies. On the other hand, 3% of the studies do not report any information about the
developer of the scale.

Tablo 8

Scale in Computational Thinking Research in Science Education

Frequency %
Type of Scale used
Unspecified 2 6
Achievement test 8 25
Likert Type 16 50
Rubric 2 6
Q Sort (Open-Ended Questions) 3 9
Osgood's Semantic Discrimination Scale 1 3
Developer of the Scale
Unspecified 1 3
Pre-existing scale 15 47
Developed by the researcher 15 47
Adapted scale 1 3

4. CONCLUSION, DISCUSSION, AND RECOMMENDATIONS

This study aimed to descriptively analyze the studies on computational thinking in the
field of science education with a holistic approach. Primary research identified in
national and international databases through document review were evaluated
according to keywords, publication type, publication year, publication language,
research methods, sample characteristics, subject area and practices, and characteristics
of data collection tools. Findings from 32 primary studies were analyzed under nine sub-
headings.

As regards the year when the studies were conducted, 75% of the studies were
conducted after 2018, and 38% of all the studies were conducted in 2020 (Table 2). In
the literature review phase, it was found that computational thinking skills were mostly
studied in relation to computer and instructional technologies and mathematics. It was
also observed that the number of studies on computational thinking in science education

Volume : 11 o Issue : 3 « December 2021 538



Meta-Analysis of Computational Thinking Studies in Science Education: Descriptive Statistics

gradually increased after Wing (2006), which is accepted as the pioneering research in
this field. “Computational thinking” studied in this study refers to thinking like a
computer scientist, which includes much more than being able to program a computer
(Wing, 2006). At the core of computational thinking is the mental execution of the
programmed, along with programming (Bocconi et al, 2016). In this respect,
considering that computational thinking is a thinking process and problem-solving is a
part of this process, it should not be ignored that science-related subjects can contribute
to computational thinking skills.

The fact that although 16% of all primary studies were published in Turkish, 34% of
them were conducted in Turkey reveals that studies on the development of
computational thinking skills in science education are given importance in our country.

If a study is not planned in accordance with all the features of the experimental design,
internal and external validity problems may arise, as a result of which findings may
become controversial (Yilmaz & Tuncer, 2020). This risk can be eliminated by
conducting a pilot study before the intended study. However, it is seen that 51% of the
studies examined within the scope of this research did not carry out a pilot study. To
make permanent and correct contributions to the literature, pilot studies should be
conducted in research.

Once a researcher has identified a research problem related to a topic of interest, he/she
must decide on the method to solve this problem. This method should be suitable for the
characteristics of the researcher, the purpose of the research, and the nature of the
problem (Creswell & Creswell, 2018). When primary studies are examined in this
context, it is seen that 37% of them used the quantitative method. However, considering
the fact that mixed-methods research, in which qualitative data and quantitative data
support each other, provides more quality data, the importance of this ratio is better
understood. Determining a sample suitable for the research method and research
problem is important to reach the correct results because the wrong sample selection
causes the results to lose their validity. The fact that only 19% of the studies included in
this meta-analysis determined their samples using the simple random sampling method
may raise concerns about the validity of findings of research on computational thinking
in science education. On the other hand, another threat to the validity of the results is
that 53% of the studies enrolled 5th to 8th graders as their samples. Computational
thinking is included as a unit in the science curriculum of the fifth and sixth grades
published in 2018 (MEB, 2018). It should be noted that computational thinking does not
refer to a thinking process related to only mathematics or computer science. Therefore,
computational thinking should be included as an objective, not as a subject or unit, in the
curricula of all pre-school, primary school, and middle school courses.

Planning future research at other educational levels can eliminate this threat. The same
threat is also true for the demographic characteristics of the samples. 72% of the
primary studies were conducted in urban areas. Therefore, it is not possible to
generalize their results.
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Considering the subject areas of the studies, mostly STEM applications, physics, and
science subjects were preferred in the studies. On the other hand, chemistry, biology,
and astronomy also include topics suitable for the development of computational
thinking skills. Considering that the interests and learning styles of learners differ, it is
necessary to benefit from practices in every field.

There is no rule for the duration of practice in an experimental study, but the duration
must be long enough to cause a permanent change in the dependent variable, and it
must be ensured that there are no other factors that can manipulate the dependent
variable. The meta-analysis studies conducted in the literature have revealed that high,
medium and large effect sizes are achieved regardless of the duration of the
experimental practice, but if the duration exceeds a certain level, there is a decrease in
the effect size (Balemen, 2016; Dagyar and Demirel, 2015; Ural, 2014). Therefore, a pilot
study should be conducted to determine the optimum time for the practice, and the
duration should be specified in detail in the research report.

It was found that studies on developing computational thinking in science education
mostly used computers, coding, robotics, and flipped learning methods (Cakir & Yaman,
2018; Jaipal-Jamani & Angeli, 2017; Usengll & Bahceci, 2020). Today, it is seen that
materials that support the development of computational thinking skills are frequently
used in flipped learning practices (Cakir & Yaman, 2018; Cukurbasi & Kiyici, 2018;
Hamutoglu, 2021; @Zﬁdogru, 2018; Usengiil, 2019). However, it should not be forgotten
that computational thinking skills also include algorithmic thinking. Only 6% of the
studies used algorithm activities. Research aimed at developing computational thinking
skills should also involve algorithm and coding activities and practices that do not
require computers. Considering the scales used in primary studies, it was seen that they
were developed in relation to the practice carried out in the study. Failure to use a
reliable and generalizable scale also risks the reliability and validity of research results.

Future research on the development of computational thinking skills in science
education should take into account all the sub-branches of the field, determine the
optimum duration for the practice through pilot studies, and determine the research
method-pattern-model according to the research problem.
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1. GIRIS

Ogrenen bireylerin egitim siireci sonunda hedefe ulasmalar1 bununla birlikte matematik,
fen ve dil gibi konular1 anlamlandirabilecek diistinme sistemleri olusturmalarinda
hesaplamali diisiinmenin temel 6geleri etkili olmaktadir (Grover ve Pea, 2013). Birey
hesaplamali diisiinme becerisine sahipse, problemi ¢6zmeye degil onu analiz edip, veri
toplaylp alt basamaklarina ayirmaya odaklanir. Amag¢ problemi ¢6zmek degil
hesaplamali diistinmeyi olusturan basamaklari belirlerken s6z konusu problemi ve
benzerlerinin nasil ¢oziilecegini anlamaktir (Vaidyanathan, 2016).

Milli Egitim Temel Kanununun 2. maddesinde yer alan Tiirk Milli Egitimi'nin Genel
Amaglar1 ve Temel ilkeleri esas alinarak hazirlanan Fen Bilimleri Ogretim Programinda
O0grenenlere matematiksel yetkinliklerin kazandirilmasi, hedefler arasinda ifade
edilmektedir. Matematiksel yetkinligin fen bilimleri 68retim programinda yer alan
tanimi “glinliik hayatta karsilasilan bir dizi problemi ¢6zmek i¢in matematiksel diisiinme
tarzim1 gelistirme ve uygulama” seklindedir (MEB, 2018). Programda yer bulan
matematiksel yetkinlik kavrami incelenirse, sadece bilgisayarcilar i¢in degil herkes icin
gecerli temel bir beceri olan hesaplamali diistinmeyle iliskisi gortlecektir.

Milli Egitim Bakanligi Ogretmen Yetistirme Genel Midiirliigii'niin 2020 yilinda
Hesaplamali disiinmenin kuramsal temellerine iliskin kaynak hazirlamistir.
Hesaplamali diistinme ayrintili incelendiginde sadece teknoloji ve dijital becerilerden
olusmadigy, her bireyin bilgiye ulasma stirecinde gerceklestirdigi siireclerden olusan bir
biitiin oldugu vurgulanmistir (Giilbahar vd., 2020).

Hesaplamali diisiinme, programlama becerilerine ihtiyac duymadan problemlerle
ugrasarak, onlarin formiile edilmesinde yer alan diisiince siirecleridir (Clark 2015;
Denning, 2017). Hesaplamali diislinmeyi gelistirmek, yirmi birinci yiizyil becerilerinden
olan problem ¢6zme, mantiksal akil yiiriitme ve analitik diisiinme becerilerinin
gelisimine de katki saglayacaktir (Hunt ve Riley, 2014). Yiz yilimiz da diinyadaki en
onemli paradigmalardan birisi olan STEM egitiminin ortaya ¢ikma sebeplerinin en
onemlisi, Kiiresellesme, Endiistri 4.0 ve Egitim 4.0 ¢caginda gorev alabilecek bireylere 21.
yy. becerileri olarak adlandirilan iist diizey diisiinme becerilerinin kazandirilmasi
gercegidir. Kiiresel degisime ayak uydurabilmek icin robotlar, simiilasyon, sistem
entegrasyonu, siber giivenlik, artirllmis gerceklik gibi teknolojileri iceren “endiistri 4.0”
teknolojilerine 6nem verilmesi gerekliligi géozden kacirilmamalidir (Kizilay, Yamak ve
Kavak, 2019). Bu becerilerin kazandirilmasi ve 6grenciler tarafindan anlamlandirilmasi
icin 6grenme deneyimleri saglamak; bunun yaninda disiplinler arasi yaklasimlarla fen
kavramlarinin 6gretimine yonelik siire¢lerin ise kosulmasi 6nemli bir ihtiyactir
(Canbazoglu Bilici, Kiipeli ve Guzey, 2021). Ciinkii fen bilimleri dersi icin ihtiyag
duydugu bilgiye ulasabilen ya da bilgileri deneyimler sonucun da kazanan ve problem
¢6zme becerisine sahip bireyler yetistirmeyi miimkiin kilan bir yaklasim
benimsenmelidir (AAAS, 1990; MEB, 2018; NRC, 2000). Ogrenenlerin dogasiyla uyumlu
O0grenme siirecleriyle, bilgisayarsiz ortamda hesaplamali diisiinme becerisinin
gelistirilmesi ve i¢sellestirilmesi fen 6grenme siireciyle desteklenebilir.
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Alan yazinda fen egitimi ile hesaplamali diistinmenin iliskisinin arastirildigi bircok
calisma goriilmektedir. Biyolojik evrim ve hesaplamali diisiinmenin dogasini dikkate
alan icerik tasarlanan bir arastirmanin sonuglari, evrim bilgisi ve hesaplamali diisiinme
bilgisinde artis olup, bu degisimin orta - biiyiik etki biyiikliikleri ile 6nemli diizeyde
oldugunu gostermektedir (Christensen, 2020). Hesaplamali diistinmenin fizik gibi
disiplinlere dahil edilmesinin yararlarinin goériildiigii, hesaplamali diisiinme tabanl bir
fen 6grenme ortaminin sistematik tasarimi ve uygulamasi yapilan deney grubundaki
bireylerin daha yiiksek bilim ve hesaplamali diisiinme 6grenme kazanimlar1 gosterdigi,
daha dogru kavramsal ve hesaplama modelleri olusturduklarinin tespit edildigi deneysel
arastirmalarla ortaya konmustur (Basu, 2016; Weese, 2013). Alan yazinda Hesaplamali
diistinmeye iliskin arastirmalarda STEM, modelleme, kodlama, robotik ve ters yiiz sinif
yontemi uygulamalarinin oldugu bir¢ok arastirma, sadece hesaplamali diisiinme ve
o0grenmeye iliskin tamamen olumlu iligkiler degil olumsuz yada olumlu-olumsuz
iligkileri birlikte barindiran arastirmalar da goriilmektedir(Aksit, 2018; Basu, 2016; Lei
vd., 2020; Ortiz, 2018; Strawhacker, 2020; Weese, 2013)

Bircok alanda s6z konusu olan bu durum bir konu tiizerine yapilmis arastirmalarin
istatistiksel olarak sentezlenmesi ve genellenebilme ihtiyacindan dolayr meta-analizi
ortaya ¢ikarmistir (Glass, 1976; Lipsey ve Wilson, 2001). Fen Egitimin de hesaplamal
diisinme arastirmalarina yonelik genel bir sonuc¢ elde etmek ve bu iliskiyi yoneten
degiskenleri test etmek icin bir meta-analiz calismasi planlanmistir.

Meta-analiz siirecinin asamalarinin farkl sekilde ifade edildigi alan yazinda (APA, 2020;
Rosenthal ve DiMatteo, 2012; Sanchez-Meca ve Marin-Martinez, 2010), literatir
taramasit ve birincil arastirmalarin verilerinin kodlanmasi1 asamasina dikkat
cekilmektedir.

Amacg

Bu calismada ulusal ve uluslararasi alan yazinda fen egitiminde hesaplamali diisiinme
odaginda yapilan arastirmalari biitiinciil bir yaklasimla betimsel olarak incelenmesi ve
bu alanda yapilan arastirmalarinin gelistirilmesi amacglanmistir. Birincil arastirmalar
anahtar Kkelimeler, yayin tiirii, yayin dili, arastirma yontemleri, 6rneklem o6zellikleri,
konu alani ve uygulamayla ilgili konular bakimindan incelenmistir.

Arastirmaya dahil edilecek ¢alismalar1 belirlemek iizere dahil etme kriterleri ve dislama
kriterleri dogrultusunda Yiiksek Ogretim Kurumu tez katalogu, Ulakbim, ProQuest
Digital Dissertations, Proquest EBSCOHOST, ERIC, ScienceDirect, Web of Science,
Taylor&Franchis Online, Scopus ve JSTOR veri tabanlarinda tarama yapilmistir. Bu
calismanin fen egitimi alaninda hesaplamali diisiinme becerisini gelistirmeye yonelik
calisan arastirmacilara hangi degiskenlerin dikkate alinmasi tada kontrol edilmesi
gerektigiyle ilgili fikir verirken alan yazindaki eksikliklerin anlasilmasina da yardimi
olacag diisiiniilmektedir.
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Problem

Fen egitiminde hesaplamali diisiinme becerisine yonelik arastirmalar hangi anahtar
kelimeleri kullanarak, hangi dilde ve tlirde; hangi arastirma yontemi, deseni ve modeline
gore, hangi konu alani ve uygulamalar1 kapsayacak sekilde yapilmistir?

2. YONTEM

Meta-analiz, bir alandaki arastirmalara biitiinciil olarak yaklasmak ve arastirmalarin
evrendeki etki biiylikligiinii tahmin etmeyi saglayan istatistiksel bir yontemdir (Arthur,
Bennett ve Huffcett, 2011; Ellis, 2010). Diger taraftan istatistik alan1 betimsel (tasviri)
istatistik ve cikarimsal istatistik olmak iizere, konular1 bakimindan ikiye ayrilir (Yicel,
2013). Bu ¢alisma nicel arastirma yontemlerinden biri olan meta-analiz yonteminin alan
yazin taramasi ve birincil arastirmalarin verilerinin kodlanmasi asamasindan sonra
verilerin betimsel olarak incelenmesini icermektedir. Birincil arastirma, dahil edilme ve
hari¢ tutulma kriterlerine gére bu meta-analiz calismasina dahil edilen arastirmalar icin
kullanilmaktadir.

Veri toplama

Bu c¢alisma igin etik kurul izni 01.12.2020 tarih ve 12 sayili Gazi Universitesi Olgme ve
Degerlendirme Etik Alt Calisma Grubu'ndan alinmistir. Fen egitiminde hesaplamal
diistinmeyi konu edinen yapilmis bilimsel makale, yliksek lisans tezleri ve doktora
tezleri bu calismanin birincil aragtirmalari yani veri kaynagidir.

Alan yazin tarama strecinde tiirkge kaynaklari tararken “fen egitimi, 6gretimi ve fen
o0grenme”, “STEM” ve “hesaplamali diisiinme”, “bilgisayarca diistinme”, “bilgi islemsel
diisiinme” ve “komputasyonel diisinme”; ingilizce kaynaklar tararken ise “science
education, science teaching, science learning, STEM ve computational thinking” ifadeleri
anahtar kelime olarak Kkullanilmistir. Ardindan belirtilen anahtar Kkelimeler
dogrultusunda gerceklestirilen calismalar asagida belirtilen kriterler dikkat edilerek
arastirmaya dahil edilmistir.

Dahil Edilme Kriterleri
1. Fen egitimine iliskin uygulama veya degiskenler icermesi,

2. 2006 yilinda Jeannette Wing'in “Computational Thinking” isimli makalesinin
konuya iliskin 6ncii yayin olarak kabul edilmesinden dolay1 (Wing, 2006); 2006-
2020 yillar arasinda yayinlanmis olmasi,

3. Hesaplamali diisiinme becerisinin bagiml degisken olmasi,

4. Yiiksek lisans ve doktora tezleriyle (yayinlanmis yada yayinlanmamis), akademik
(hakemli) dergilerdeki makaleler, kongre ve sempozyum bildirileri,

o

Deneysel ya da yar1 deneysel calismalar,

o

Etki biiytikliiklerini hesaplayabilmek icin gerekli verinin bulundugu ¢alismalar,
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7. Tirkee veya Ingilizce dillerinde yayilanmis calismalar,

Harig¢ Tutulma Kriterleri
1. Hakemli olmayan dergilerde yayimlanan makaleler,

2. Aym yazarin tezinde ortaya koydugu verileri yayinladigi makaleye ulasilmissa,
tez calismasi

3. Etki biuiytkligi degerini veya hesaplanmasini saglayacak istatistiksel veriyi
rapor etmeyen calismalar,

4. Dahil edilme kriterlerini sahip olmayan ¢alismalar,
arastirma kapsami disinda tutulmustur.

Kriterler dogrultusunda gerceklesen veri tabani tarama siireci Sekil-1 de gosterilmistir.
Anahtar Kkelimelerin aranmasiyla tespit edilen 112 arastirmadan 59 tanesi nitel
arastirma olmasi, dort tanesi karma ydnteme sahip olmasina ragmen hesaplamali
diisinme verisinin nitel olmasindan dolayr arastirma kapsami disinda kalmistir. Ayrica
kalan 49 arastirmadan dort tanesi meta-analiz ¢alismasi olmasi, bir tanesi olcek
gelistirme calismasi olmasi, bes tanesi tez-makale calismasi ve bes tanesi de etki
biiyiikliigii hesaplamaya yarayacak istatistiksel verinin rapor edilmemesinden dolay1
arastirma kapsami disinda tutulmustur.

Callsmaya dahil
edilen aragtirma

mayane’

N\t \§mm

iz
Meta” A “?nce\eme olger %e‘

N te\ ga\\ﬁ“" "o \,er\s\
sisternat ik

\ale o\
Tet- “‘3 \ivert
gak\s“‘“‘ yeter

Sekil 1. Veri tabani tarama stireci

Kodlama yontemi

Bir meta-analiz ¢alismasinin veri toplama araci, kodlama sayfasidir (Ustiin, 2012). Bu
calismaya baslarken kodlama sayfasi fen egitiminde hesaplamali diisiinmeye iliskin
arastirmalar incelenerek hazirlanmistir. Alan uzmanlarinin gorisleri dogrultusunda
degisiklikler yapilarak son sekli verilen kodlama sayfasiyla betimsel istatistik icin
birincil arastirma verileri hazirlanmistir.

Veri analizi

Birincil arastirmalar verileri kodlama sayfasinda yer alan degiskenler yo6ntinden
incelenmis ve betimsel olarak analiz edilmistir. Betimsel analiz, biiylik hacimli verileri
sayisal ve grafiksel yontemleri kullanarak ozetleme ve yogunlastirilmasi, baska bir
ifadeyle verinin hacminin azaltilarak kullanilabilirligini artirmay1 amaclar (Giirsakal ve
Oguzlar, 2015).
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3. BULGULAR

Arastirma da elde edilen bulgular, kullandiklar1 anahtar kelimeler, yayin tiiri, yil, yayin
dili, arastirma yontemleri, 6rneklem 6zellikleri, kapsadigi konu alan1 ve uygulamalar ve
kullanilan 6l¢egin 6zelliklerine gore asagidaki basliklar altinda incelenmistir.

Fen Egitiminde Hesaplamali Diisiinme Arastirmalarinda Kullanilan Anahtar
kelimeler

Arastirma kapsaminda incelenen birincil arastirmalarda kullanilan anahtar kelimeler
Sekil-2 ve Sekil-3 de kelime bulutu ile gorsellestirilmistir. Kelime bulutunda tekrarlanma
sayisi fazla olan kelimeler daha biiyiik punto ile yer almaktadir. Farklh alanlarda
gerceklestirilen hesaplamali diisiinme ¢alismalarinin dogasi geregi anahtar kelimelerin
cesitlilik gosterdigi ortaya cikmistur.

Tirkce olarak yayinlanan arastirmalarin “Computational Thinking” ifadesinin Tiirkce
karsilig1 olarak kullanilan bilgi islemsel diisinme (f=3), bilgisayarca diisinme (f=2),
ifadelerinin yani sira bilimsel siire¢ becerileri (f=1), fen basarisi (f=1) ve diger anahtar
kelimelerin yalnizca birer arastirmada kullanildig1 goriilmiistiir.

Kodlama Robotlk ve kodlama ile

Blok temelli
Bilimsel siirec becerili

== Problem’ gozme becemsn El aratici disanme Prohle

ames-AkademikBasar! keilams

Basit malzemelerle stem.

kBa;anE|e§t"‘9|/varat“:| du§unm Probleme dayali 6grenme
E

=BG s_;.l”‘”’”“ Idugunmew

Or:aokul ogrem::len B:Iglsayarca dusunme becerisi Bllgl |§Iemsel diisiin
Kodlamz

Sekil 2. Tlrkge arastirmalarin anahtar kelimeleri

Bu arastirma kapsaminda incelenen birincil arastirmalardan ingilizce olarak
sunulanlarinda da Tiirkce c¢alismalarda oldugu gibi anahtar kelimeler bakimindan
cesitlilik dikkat cekmektedir. Ingilizce anahtar kelimelerin kullanim sikliklar
computational thinking (f=18), STEM (f=05), science education (f=4), ve Assessment,
Robotics Science learning Self-efficacy (f=3) olarak belirlenmistir. Geriye kalan Ingilizce
anahtar kelimelerden bes tanesi ikiser arastirmada, 67 tanesi tanesi ise yalnizca birer
arastirmada kullanilmistir.
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Sekil 3. ingilizce aragtirmalarin anahtar kelimeleri

Fen Egitiminde Hesaplamal1 Diisiinme Arastirmalarinda Yayin Tiiri

2006 -2021 (Mayis ay1) yillar arasinda fen egitimi alaninda ulusal ve uluslararasi alan
yazinda hesaplamali diisiinmeye iliskin yapilan arastirmalar incelendiginde; %69 unun
hakemli akademik dergilerde makale, %16’sinin doktora tezi, % 6’sinin ytlksek lisans
tezi ve %’'9’unun kongre bildirisi oldugu gorilmiistiir.

Tablo 1
Fen Egitiminde Hesaplamali Diistinme Arastirmalarinda Yayin Tiirti

Frekans %
Yayin Tiru
Dergi makalesi 22 69
Yiiksek Lisans Tezi 2 6
Doktora Tezi 5 16
Kongre Bildirisi 3 9

Fen Egitiminde Hesaplamal1 Diisiinme Arastirmalarinda Yil

Bu calismaya dahil edilen birincil arastirmalar uygulamanin yapildig1 yil, yayin icgin
onerildigi yi1l ve yayinlandig1 yi1l bakimindan incelenmistir. Uygulamanin yapildig1 yil
belirtmemis arastirmalarin %41, yayin icin 6nerildigi yil belirtilmemis arastirmalarin ise
%47 oraninda olmasi dikkat cekicidir. Tablo 2 incelendiginde ise arastirmalarin
%385’inin 2018 yilindan sonra yayinlanmis oldugu goriilmektedir.
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Tablo 2

Fen Egitiminde Hesaplamali Diistinme Arastirmalarinda Yil

Uygulamanin yapildigi  Yayin icin 6nerildigi

il il Yayinlandig Yil

Frekans % Frekans % Frekans %

Belirtilmemis 13 41 15 47 0 0
2021 0 0 0 0 3 9
2020 1 3 8 25 12 38
2019 5 16 4 13 4 13
2018 4 13 1 3 8 25
2017 3 9 1 3 3 9
2016 3 9 3 9 0 0
2015 2 6 15 0 2 6
2014 1 3 0 0 0 0

Fen Egitiminde Hesaplamali Diisiinme Arastirmalarinda Yaymm Dili ve
Uygulamanin yapildig illke

Tablo 3 incelendiginde birincil arastirmalarin %16’simin Tiirkce, %84 tiniin Ingilizce
olarak yayinlandig1 gorilmektedir. Tablo 3 incelendigi zaman birincil arastirmalardan
%34’ linlin uygulamalarinin Tirkiye’de, % 38’inin uygulamalarinin da ABD’de yapildigi,
geri kalanlarinsa Endenozya da %6, Yunanistan da %6, Malezya da %3, Cin de %3,
Kanada da %3 ve Ispanya da %3 gergeklestirildigi goriilmektedir.

Tablo 3

Fen Egitiminde Hesaplamali Diisiinme Arastirmalarinda Yayin Dili ve Uygulamanin
Yapildigi Ulke

f %
Yayin Dili
Tiirkce 5 16
ingilizce 27 84
Uygulamanin yapildigi lilke
Belirtilmemis 1 3
Turkiye 11 34
ABD 12 38
Endenozya 2 6
Yunanistan 2 6
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Fen Egitiminde Hesaplamali1 Diisiinme Arastirmalarin da Yéntem

Birincil arastirmalarda bulunan yontem bashgi altindaki “arastirmada pilot ¢alisma
yapilma” durumu da incelenmistir. Arastirmalarin %41’inde pilot calisma yapildig;,
%59’un da ise pilot ¢alisma yapilmadig1 gortlmiistir (Tablo 4). Arastirma yontemi
acisindan incelendiginde ise birincil arastirmalarin %38'nin Nicel, %63’liniin ise karma
yonteme gore planlandigi ancak hesaplamali diisiinmeye iliskin verisinin nicel
yontemlerle toplandigi oldugu tespit edilmistir. Tablo 4’te arastirma deseni yari
deneysel olan arastirmalarin %56, zayif deneysel olanlarin %19 ve deneysel olanlarin
%6 oraninda oldugu gorilmektedir.

Tablo 4

Fen Egitiminde Hesaplamali Diisiinme Arastirmalarinda Yontem

Arastirmada pilot ¢alisma yapilmis mi1? f yluzde
Evet 13 41
Hayir 19 59
Arastirmanin Yontemi

Nicel Yontem 12 38
Karma Yontem 20 63
Arastrmanin Deseni

Belirtilmemis 1 3
Gercgek Deneysel Desen 2 6
Yar1 Deneysel Desen 18 56
Zayif Deneysel Desen 6 19
Deneysel Olmayan Desen 5 16
Arastirma Modeli

Belirtilmemis 0 0
Deney-kontrol gruplu 6n test/ son test modeli 12 38
Deney-kontrol gruplu son test modeli 1 3
Tek grup 6n test/son test modeli 11 34
Tek grup son test modeli 3 9
lliskisel tarama modeli 5 16

Fen Egitiminde Hesaplamali Diisiinme Arastirmalarin da Orneklem

Birincil arastirmalarin 6rneklemleri 6rnekleme yontemi, okul seviyesi, demografik yapi
ve okul tiri bakimindan degerlendirilmistir. Ornekleme yoéntemini belirtmeyen
arastirmalarin oranm1 %9’dur. Arastirmalarin cogunlugunun (%47) kullanish rastgele
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olmayan oOrnekleme ve %16’sinin amagh rastgele olmayan oOrnekleme yontemiyle
orneklem belirlediginin yani sira %19unun basit rastgele Ornekleme yontemini
kullandig1

Tablo 5 de goriilmektedir.

Orneklem grubunun okul seviyesi 5-8. Simf olan aragtirmalarin %53, 9-12. Simf
olanlarin %22 ve lisans diizeyindeki 6grenciler olan arastirmalarin %16 olarak tespit
edilmistir. ilgili frekans degerleri de

Tablo 5 de sunulmustur. %72 oraninda kentsel ve %16 oraninda kirsal bolgede yapilan
birincil aragtirmalarin %9’unun 6rneklem demografisi hakkinda bilgi vermedigi de
tespit edilmistir.

Tablo 5
Fen Egitiminde Hesaplamali Diisiinme Arastirmalarin da Orneklem

f %
Ornekleme Yontemi
Belirtilmemis 3 9
Basit Rastgele Ornekleme 6 19
Tabakal Rastgele Ornekleme 0 0
Kiime Rastgele Ornekleme 1 3
iki agamal1 Rastgele Ornekleme 1 3
Sistematik Rastgele Olmayan Ornekleme 1 3
Kullanish Rastgele Olmayan Ornekleme 15 47
Amach Rastgele Olmayan Ornekleme 5 16
Orneklem Grubu(Okul Seviyesi)
Belirtilmemis 0 0
1-4. Simif 0 0
5-8. Simif 17 53
9-12. Simf 7 22
Lisans 5 16
Lisans Ustii 0 0
Ogretmenler 2 6
Karma 1 3
Orneklem Demografik Yapisi
Belirtilmemis 3 9
Kentsel 23 72
Kirsal 5 16
Karma 1 3
Okul Tiirt
Belirtilmemis 3 9
Ozel Okul 2 6
Devlet Okulu 22 69
Yaz Okulu 3 9
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Karma 2 6

Orneklem o6zellikleri bakimindan arastirmalar incelendiginde, %69’unun érneklemini
devlet okullarinda, %6’sinin 6zel okullarda 6grenim goren 6grencilerle gerceklestirildigi
ortaya cikmistir. Arastirmalarin %9’un da ise okul tiirii belirtilmemistir.

Fen Egitiminde Hesaplamal1 Diisiinme Arastirmalarin da Konu Alani

Tablo 6 incelendiginde fen egitiminde hesaplamali diistinme ile ilgili arastirmalarin
%47’sinin STEM, %16 fen bilgisi, %16 Fizik alanina iliskin derslerde gercgeklestirildigi
gorilmektedir. Kimya alanindaki konularda hesaplamali diisiinme arastirmalarinin %3
gibi diisiik bir oranda olmasi da 6énemli bir bulgudur.

Tablo 6

Fen Egitiminde Hesaplamali Diistiinme Arastirmalarin da Konu Alani
Arastirmadaki Uygulamanin Konu Alani Frekans %
Belirtilmemis 2 6
STEM 15 47
Fen Bilgisi 5 16
Fizik 5 16
Biyoloji 3 9
Kimya 1 3
Astronomi 1 3

Fen Egitiminde Hesaplamali Diisiinme Arastirmalarinda Uygulamayla ilgili
konular

Uygulama Siiresi

Deneysel ya da yari deneysel bir arastirmada uygulamanin hangi siklikta ve uzunlukta
yapildig1 6nemli oldugundan siiresinin ne kadar ayrintili verildigi de 6nem tasimaktadir.
Uygulamayla ilgili bulgularin sunuldugu Tablo 7’de uygulama siiresini dakika olarak
belirtenlerin %34, hafta olarak belirtenlerin %28 oraninda oldugu ve siire
bildirmeyenlerin oraninin %38 oldugu gorilmektedir. Uygulama stiresini hafta olarak
belirtmis olanlarin %19’un da 1-3 hafta, %27’sin de 4-7 hafta, %13’ilin de ise 12 haftadan
daha uzun stire uygulama yapildigi belirlenmistir.

Uygulamay: yapan kisi

Birincil arastirmalarin %53’iinde uygulamayr hem deney hem de kontrol grubun da
O6gretmenin, %22’sinde ise arastirmacinin yaptigi ve %25’inde ise uygulamay1 yapan kisi
bilgilerinin belirtilmedigi Tablo 7 de goriilmektedir.

Uygulamada kullanilan arag¢
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Arastirma kapsamina dahil edilen ¢alismalarin uygulamalarinin %56’sinda bilgisayar
kullanildigl, arastirmalarin tamaminin %53’linde kodlama, %28’inde robotik, %6’sinda
algoritma ve yine arastirmalarin tamamini %3’linde ters ylz siif uygulamasinin
yapildig1 belirlenmistir.

Tablo 7
Fen Egitiminde Hesaplamali Diisiinme Arastirmalarinda Uygulamayla ilgili bulgular
Frekans % de
Uygulama Siiresi birimi
Belirtilmemis 12 38
Uygulama siiresi dakika olarak belirtenler 11 34
Uygulama siiresini hafta olarak belirtenler 9 28
Uygulama Siiresi (Hafta)
Belirtilmemis 12 38
1-3 6 19
4-7 8 25
8-11 2 6
12 ve Uizeri 4 13
Uygulayic1 kim?
Belirtilmemis 8 25
Deney Kontrol Arastirmaci 7 22
Deney Kontrol Ogretmen 17 53
Bilgisayar Kullanilmis mi1?
Belirtilmemis 6 19
Evet 18 56
Hayir 8 25
Kodlama Kullanilmis m1?
Belirtilmemis 6 19
Evet 17 53
Hayir 9 28
Robotik Kullanilmis mi?
Belirtilmemis 6 19
Evet 9 28
Hayir 17 53
Algoritma Kullanilmig m1?
Belirtilmemis 6 19
Evet 2 6
Hayir 24 75
Ters-Yiiz Simif Uygulamasi Kullanilmig mi1?
Belirtilmemis 6 19
Evet 1 3
Hayir 25 78
Uygulanan islem
Etkinlik Gelistirilmis 8 25
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Bilgi ve iletisim teknolojileri kullanilmigs 8 25
STEM uygulamalari kullanilmis 5 16
Yontem karsilastirmasi yapilmis 3 9

Islem uygulanmamis 8 25

Tablo 7 de gorildigi iizere birincil arastirmalarin %25’inde hesaplamali diistinmeyi
gelistirmeye yonelik etkinlik gelistirilmistir. Bilgi ve iletisim teknolojilerini kullanarak
hesaplamali dusiinmeyi gelistirmeyi hedefleyen uygulama orami %25, STEM
uygulamalariyla hesaplamali diisiinmeyi gelistirmeyi hedefleyen uygulama orani
%16’dir. Uygulamada iki grup arasinda yontem karsilastirmasi yapan arastirmalarin
oranininsa %9 oldugu gorilmektedir.

Fen Egitiminde Hesaplamah Diisiinme Arastirmalarin da Olgek

Fen egitiminde hesaplamali diistinme arastirmalarinin tam yarisinda Likert tipi dlgek,
%Z25’inde ise basar testi kullanildigi, %6’sinda ise kullanilan 6l¢egin belirtilmedigi

Tablo 8 de goriilmektedir. Alan yazinda kisilik 6zelliklerinin 6l¢ciilmesinde kullanilmasi
tavsiye edilen Q sort (acik uglu soru) (Block, 1964; Evelina ve Nadia, 2014)
uygulamasinin azligr da dikkat cekicidir. Birincil arastirmalar da kullanilan 6lgegin
gelistirilen olgek ve yine %47’sinde dnceden var olan 6lgek kullanildigi, %3’lin de ise
kullanilan 6l¢cegin kim tarafindan gelistirildiginin belirtilmedigi goriilmiistiir.

Tablo 8
Fen Egitiminde Hesaplamal Diisiinme Arastirmalarinda Olgek

f %
Kullanilan Olgegin tiirii:
Belirtilmemis 2 6
Basari Testi 8 25
Likert Tipi 16 50
Dereceli puanlama anahtari 2 6
Q Sort (A¢ikUclu Sorular) 3 9
Osgood’un Anlamsal Ayrim Olcegi 1 3
Olgegin Gelistiricisi:
Belirtilmemis 1 3
Onceden var olan élgek 15 47
Arastirmaci tarafindan gelistirilen 15 47
Uyarlanmis dlcek 1 3
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4.SONUC, TARTISMA VE ONERILER

Bu calisma fen egitimi alaninda hesaplamali diistinme iizerine yapilmis calismalari
biitiinciil bir yaklasimla betimsel olarak incelemektir. Dokiiman incelemesi yoluyla
ulusal ve uluslararasi veri tabanlari incelenerek dahil edilme ve hari¢ tutulma
kriterlerine uygun oldugu belirlenen birincil arastirmalar, anahtar kelimeler, yayin tiiri,
y1l, yayin dili, arastirma yontemleri, 6rneklem 6zellikleri, konu alan1 ve uygulamalar ve
veri toplama araclarinin 6zelliklerine gore degerlendirilmistir. 32 birincil arastirmadan
elde edilen bulgular dokuz alt baslikta incelenmistir.

Fen egitiminde hesaplamali diisiinme arastirmalar1 yil bazinda incelendigi %75’ inin
2018 yilindan sonra hatta %38’inin 2020 yilinda yayinlanmistir (Tablo 2). Alan yazin
incelemesi asamasinda hesaplamali diisiinme becerisinin ¢ogunlukla bilgisayar ve
ogretim teknolojileriyle ilgili alanlarla ve matematikle iliskilendirildigi gériilmiistiir. Fen
bilimleri egitiminde hesaplamali diisinme ¢alismalarinin bu arastirma icin baslangi¢
kabul edilen Wing (2006)’dan sonraki yillarda giderek atis gosterdigi de goriilmiistir.
Bu arastirmada Tiirkece karsilig1 olarak hesaplamali diistinme kullanilan “computational
thinking” bir bilgisayar bilimcisi gibi diisiinmeyi ifade eder ki bu ifade bilgisayarda
programlama yapabilmekten ¢ok fazlasini barindirmaktadir (Wing, 2006). Hesaplamali
diisinmenin 6ziinde programlamayla birlikte programladiklarini zihinsel olarak
ylriitebilmek yer alir (Bocconi vd., 2016). Bu dogrultuda hesaplamali diisiinme
becerisinin bir diisiinme siireci oldugu ve problem ¢6zmenin de bu stirecin bir pargasi
oldugu diisiiniildiiginde fen bilimleriyle ilgili konularinda onu gelistirmeye hizmet
edebilecegi goz ardi edilmemelidir.

Birincil arastirmalarin tamaminin %16’sinin Tirk¢e yayinlanmis olmasina Kkarsin
%34’lnlin Tiirkiye de yapilmis olmasi, iilkemizde fen egitiminde hesaplamali
diisinmenin gelistirilmesine yonelik calismalara 6nem verildigi ortaya ¢ikmaktadir.

Eger arastirma deneysel desenin tiim 6zelliklerine uygun planlanmazsa i¢ ve dis gecerlik
sorunu yasanabilir ve bunun sonucunda bulgular tartismali hale gelebilir (Yilmaz ve
Tuncer, 2020). Bu risk uygulama 6ncesinde pilot calisma yaparak ortadan kaldirilabilir.
Ancak bu arastirma kapsaminda incelen ¢alismalarin %51’inde pilot ¢calisma yapilmadigi
goriilmektedir. Alan yazina arastirma konusu ile kalici ve dogru katkilar saglamak icin
arastirmalar da pilot calisma yapilmaldir.

Bir arastirmaci ilgi alanindaki bir konuya iliskin ¢oziilmesi gereken bir problemi
belirledikten sonra bu problemin ¢éziimiine yonelik bir yontem se¢melidir. Bu yontem
arastirmacinin 6zelliklerine, arastirmanin amacina ve ¢6ziim aranan problemin dogasina
uygun olmalidir (Creswell ve Creswell, 2018). Bu baglamda birincil arastirmalar
incelendiginde %37’sinin nicel yonteme uygun gerceklestirildigi goriilmektedir. Ancak
nitel verilerle nicel verilerin birbirini destekledigi karma y6ntem arastirmalarinin daha
cok ve nitelikli bilgi saglayacag: diisiiniildiiglinde bu oranin 6nemi de gorilmektedir.
Arastirma yontemi ve problemine uygun bir 6rneklem belirlenmesi dogru sonuglara
ulasmak icin 6nemlidir ¢linkii yanlis 6rneklem secimi sonuglarin gecerliligini yitirmesine
neden olur. Bu arastirmaya dahil edilen ¢alismalarin sadece %19’unun basit rastgele
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ornekleme yontemiyle 6rneklem belirmis olmasi fen egitiminde hesaplamali diisiinme
arastirmalarinin bulgularinin gecerliligiyle ilgili kaygi olusturabilir. Diger taraftan
orneklem okul seviyesinin %53 oranin da 5-8. sinif seviyesinde olmasi sonuglarin
gecerliligi acisindan baska bir tehdittir. Hesaplamali diistinme 2018 yilinda yayinlanan
fen bilimleri dersi 6gretim programin da besinci ve altinci siniflar da bir iinite olarak yer
almaktadir (MEB, 2018). Hesaplamali diistinmenin “hesaplama” fiilinden olusmadigi ve
sadece matematik yada bilgisayar bilimine iliskin bir diisiinme siireci olmadig1 dikkate
alinmali. Bu baglamda okul 6ncesi, ilkokul ve ortaokulun tiim derslerinin 6gretim
programlarin da bir konu ya da iinite olarak degil bir hedef olarak yer almasi bir
ihtiyactir.

Yapilacak yeni arastirmalarda diger egitim basamaklarinda da arastirmalar planlanmasi
bu tehtidi ortadan kaldiracaktir. Ayni durum 6rneklemin demografik yapisiyla ilgili de
s6z konusudur. Birincil arastirmalarin %72’ si kentsel bolgelerde gerceklestirilmistir.
Dolayisiyla sonuclarinin genellenebilirligi miimkiin degildir.

Bulgulara konu alani agisindan bakildiginda, dahil etme ve hari¢ tutma kriterlerine gore
belirlenmis arastirmalar da c¢ogunlukla STEM uygulamalari, fizik ve fen bilimleri
konular1 tercih edilmistir. Ancak kimya, biyoloji ve astronomi alanlar1 da hesaplamali
diisiinme becerisinin gelistirilmesine uygun konular icermektedir. Ogrenen bireylerin
ilgi alanlar1 ve 6grenme stillerinin farklilik gésterdigini dikkate alindigin da her alanda
uygulamalarin ise kosulmasi gerekmektedir.

Bir deneysel calismada uygulamanin siiresini belirlemeye yonelik kesin bir kural yoktur
ancak siire bagimh degiskende kalic1 degisim saglamaya yetecek kadar uzun olmali
ancak; bagimh degiskeni manipiile edebilecek baska faktorlerin etkin olmadigindan
emin olunmali. Alan yazinda yapilan meta analiz ¢alismalarin da deneysel uygulama
yapilmasinin stiresi ne diizeyde olursa olursun arastirmanin etki diizeyinin yiiksek- orta
ve genis diizeyde oldugu ancak stire belirli bir diizeyin tistiine ¢ikarsa etki biiyiikligiinde
diisiis oldugu goriilmiistiir (Balemen, 2016; Dagyar ve Demirel, 2015; Ural, 2014). Bu
ylizden pilot ¢calisma yardimiyla uygulama icin optimum stlirenin belirlenmesi ve siirenin
ayrintili bir sekilde arastirma raporunda belirtilmesi gerekmektedir.

Hesaplamali diisiinmeyi gelistirmeye yonelik arastirmalarda c¢ogunlukla bilgisayar,
kodlama, robotik ve ters yiiz sinif yontemi uygulamalarinin kullanildigr goériilmiistiir
(Cakir ve Yaman 2018; Jaipal-Jamani ve Angeli 2017; Usengiil ve Bahceci 2020).
Ginimiizde ters-yiiz smif uygulamalarin da hesaplamali diisiinme kapsamindaki
becerilerin  gelistirilmesine destek olacak materyallerin siklikla kullanildig
goriilmektedir (Cakir ve Yaman, 2018; Cukurbasi ve Kiyici, 2018; Hamutoglu, 2021;
Oziidogru, 2018; Usengiil, 2019). Ancak hesaplamali diisiinme becerisinin kapsaminda
algoritmik diistinmenin de bulundugunu unutmamak gerekmektedir. Algoritma
etkinliklerinin kullanildigr uygulama orani %6’dir. Hesaplamali diisiinme becerisini
gelistirmenin hedeflendigi arastirmalarda algoritma ve kodlama etkinlikleri, bilgisayar
kullanmadan da gerceklestirilen uygulamalar planlanmalidir. Birincil arastirmalarda
kullanilan 6lgeklere bakildiginda yapilan uygulamaya iliskin olarak gelistirildigi
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gorilmistiir. Guvenilirligi genellenebilir bir 6lcek kullanilmamas1 arastirmalarin
sonuglarinin giivenilirligini ve gecerliligini de tehlikeye atma ktadir.

Fen egitimi alanina hesaplamali diisiinmeyi gelistirmeye yonelik, alanin tim alt
dallarinin dikkate alindigi, optimum siirenin pilot calismayla belirlendigi, arastirma
yontem-desen-modelinin probleme uygun belirlendigi arastirmalar planlanmali.

Kaynaklar
AAAS (1990). American Association for the Advancement of Science. Science for All
Americans: Education for a changing future.
http://www.project2061.org/publications/sfaa/online/sfaatoc.htm adresinden
erisilmigtir.

Aksit, 0. (2018). Enhancing Science Learning through Computational Thinking and
Modeling in Middle School Classrooms: A Mixed Methods Study. North Carolina State
University.

APA. (2020). Publication Manual of The American Psychological Association 7th.
Washington DC.

Arthur, ], Bennett, W. ve Huffcutt, A. 1. (2001). Conducting meta-analysis using SAS.
Psychology Press.

Balemen, N. (2016). Proje tabanli 6grenme yaklasiminin fen egitimindeki etkililigi: meta
analiz calismasi. (Yayimlanmamis Doktora Tezi) Gazi Universitesi, Egitim Bilimleri
Enstitilisii Ankara.

Basu, S. (2016). Fostering synergistic learning of computational thinking and middle
school science in computer-based intelligent learning environments. (Unpublished
Dissertation) Vanderbilt University.

Block, J. (1964). The Q-sort method in personality assessment and psychiatric
research. The Journal of Nervous and Mental Disease, 136(6), 604-605.

Bocconi, S., Chioccariello, A., Dettori, G., Ferrari, A. ve Engelhardt, K. (2016). Developing
computational thinking in compulsory education-Implications for policy and
practice (No. JRC104188). Joint Research Centre (Seville site).

Cakir, E. ve Yaman, S. (2018). Ters Yiiz Simf Modelinin Ogrencilerin Fen Bagaris1 ve
Bilgisayarca Diisiinme Becerileri Uzerine Etkisi. Gazi University Journal of Gazi
Educational Faculty (GUJGEF), 38(1), 75-99.

Canbazoglu Bilici, S., Kiipeli, M. A, & Guzey, S. S. (2021). Inspired by nature: an
engineering design-based biomimicry activity. Science Activities, 58(2), 77-88.

Christensen, D. M. (2020). Learning Biological Evolution Through Computational
Thinking (Doctoral dissertation) Temple University.

541 Sakarya University Journal of Education



Gulbin KIYICI, Havva YAMAK

Clark, D. (2015). Computational and algorithmic thinking, 2011-2015. Canberra,
Australia: Australian Mathematics Trust.

Creswell, ]. W. ve ]. D. Creswell. (2018). Research Design Qualitative, Quantitative, and
Mixed Methods Approaches. Los Angles/London/ New Delhi/Singapore/Washington
DC/ Melbourne: SAGE.

Cukurbasi, B. ve Kiyici, M. (2018). Ogretmen adaylarinin elektronik portfolyoya yénelik
gorislerinin incelenmesi: Weebly ornegi. [nénii Universitesi Egitim Fakiiltesi
Dergisi, 19(1), 1-14.

Dagyar, M. ve Demirel, M. (2015). Effects of problem-based learning on academic
achievement: A meta-analysis study. Egitim ve Bilim, 40(181), 139-174.

Denning, P. ]. (2017). Computational thinking in science. American Scientist, 105(1), 13-
17.

Ellis, P. D. (2010). The Essential Guide to Effect Sizes. Cambridge University Press.

Evelina, B. C. ve Nadia, B. C. (2014). The Q-sort technique used in identifying the level of
methodological skills of the prospective teachers. Procedia-Social and Behavioral
Sciences, 128, 60-65.

Glass, G. V. (1976). Primary, secondary, and meta-analysis of research. Educational
researcher, 5(10), 3-8.

Giilbahar, Y., Cakiroglu, U., Kalelioglu, F., Delen, I, Yildiz, B. ve Sayin, Z. (2020). Bilgi
Islemsel Diisiinme Becerisinin Disiplinlerarast Yaklagim ile Ogretimi. S. Akbiyik ve V. H.
Kaya (Ed.). Ankara: MEB OYGM.

Giirsakal, N. ve Oguzlar, A. (2015). No Title. Dora Yayincilik.

Hamutoglu, N. B. (2021). A Road Map for the COVID-19 Pandemic Process to Ensure
Quality of Assurance Active Learning Strategies in Online Learning Environments:
How to Plan, Implement, Evaluate, and Improve Learning Activities. In Handbook of

Research on Emerging Pedagogies for the Future of Education: Trauma-Informed, Care,
and Pandemic Pedagogy (ss. 101-126). IGI Global.

Riley, D. D., & Hunt, K. A. (2014). Computational thinking for the modern problem solver.
CRC press.

Jaipal-Jamani, K. ve Angeli, C. (2017). Effect of robotics on elementary preservice
teachers’ self-efficacy, science learning, and computational thinking. Journal of Science
Education and Technology, 26(2), 175-192.

Kizilay, E., Yamak, H. ve Kavak, N. (2019). Motivation Scale for STEM Fields. Journal of
Computer and Education Research, 7(14), 540-557.

Lei, H,, Chiu, M. M,, Li, F.,, Wang, X. ve Geng, Y. ]. (2020). Computational thinking and
academic achievement: A meta-analysis among students. Children and Youth Services
Review, 118, 105439.

Lipsey, M. W. ve Wilson, D. (2001). Practical Meta Analysis Overview. Applied Social
Research Methods Series.

Cilt: 11  Say1: 3 « Aralik 2021 542



Fen Egitiminde Hesaplamali Diisiinme Calismalarinin Meta-Analizi: Betimsel Istatistikler

MEB. (2018). Fen Bilimleri Dersi Qg“retim Programi (llkokul ve Ortaokul 3, 4, 5, 6, 7 ve 8.
Siniflar). Ankara.

NRC. (2000). National Research Council. Inquiry and the National Science Education
Standards: A Guide for Teaching and Learning. Washington: DC: The National
Academies Press.

Ortiz, C. ]. (2018). An Experimental Comparison of Student Motivation Between Two
Computational Thinking-based Stem Activities: Vex-based Automation and Robotics and
a Quadcopter Activity (Doctoral dissertation) Utah State University.

Oziidogru, M. (2018). The effect of flipped learning on pre-service teachers’ achievement
and perceptions related to classroom environment. (Unpublished Dissertation)
Middle East Technical University.

Rosenthal, R. ve DiMatteo, M. R. (2001). Meta-analysis: Recent developments in
quantitative methods for literature reviews. Annual review of psychology, 52(1), 59-
82.

Sanchez-Meca, ]. ve Marin-Martinez, F. (2010). Meta-analysis in psychological
research. International Journal of Psychological Research, 3(1), 150-162.

Strawhacker, A. L. (2020). Biodesign Education in Early Childhood: A Design-Research
Study of the Tangible Crispee Technology and Learning Intervention (Doctoral
dissertation) Tufts University.

Ural, G. (2014). [Ikéjretimde Fen ve Teknoloji Ogretimi Uzerine Tiirkiye’de Yapilan
Arastirmalarin Meta Analizi (Yayimlanmamis Doktora Tezi) Ege Universitesi, Sosyal
Bilimler Enstitiisii, [zmir.

Usengiil, L. ve Bahceci, F. (2020). The Effect of Lego Wedo 2.0 Education on Academic
Achievement and Attitudes and Computational Thinking Skills of Learners toward
Science. World Journal of Education, 10(4), 83-93.

Usengiil, L. (2019). Lego Wedo 2.0 egitiminin 6grenenlerin fen bilimlerine yonelik
akademik basar1 ve tutumlar1 ile bilgi islemsel diisiinme becerilerine etkisi
(Yaymlanmamus yiiksek lisans tezi). Firat Universitesi, Elazig.

Ustiin, U. (2012). To what extent is problem-based learning effective as compared to
traditional teaching in science education? A meta-analysis study. (Unpublished
Dissertation) Middle East Technical University.

Weese, ]. L. (2017). Bringing computational thinking to K-12 and higher education.
(Unpublished Dissertation) Kansas State University.

Wing, ]. M. (2006). Computational thinking. Communications of the ACM, 49(3), 33-35.

Yilmaz, O. ve Tuncer, M. (2020). Deneysel bir arastirmada pilot ¢calismanin énemi: dale’in

yasanti konisine goére oOgretimin akademik basariya etkisi. Electronic Journal of
Education Sciences, 9(17), 89-96.

543 Sakarya University Journal of Education



Giilbin KIYICI, Havva YAMAK

Bu calisma icin etik kurul izni 01.12.2020 tarih ve 12 sayili Gazi Universitesi Olgme ve

Degerlendirme Etik Alt Calisma Grubu'ndan alinmistir.

Arastirmacilarin Makaleye Katki Orani Beyani:
1. yazar katki orani: %50
2. yazar katki orani: %50

Cikar Catismasi Beyani:
Yok.

Finansal Destek veya Tesekkiir Beyani
Bu calisma i¢in herhangi bir kurumdan finansal destek alinmamistir.

Cilt: 11  Say1: 3 « Aralik 2021 544




	6-gülbin kıyıcı-en.pdf (p.1-19)
	6-gülbin kıyıcı-tr.pdf (p.20-38)

