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computational thinking total scores, while preschool teachers achieved
significantly higher total scores in algorithmic thinking skills and
computational thinking. It was observed that the participants defined
computational thinking on the basis of 18 different thinking skills. The
explanations of the participants about the functions of computational
thinking skills were grouped under seven categories. When the principles
that should be considered in the teaching of computational thinking skills
were examined, it was seen that the need for utilizing scaffolds was stated
the most.

Introduction

Today, technology is considered as a new area of literacy rather than a set of tools that
can be used to achieve existing learning goals. In this respect, digital literacy, which means
using digital technologies correctly and effectively, is considered to be among the basic
characteristics that individuals should have in this age (Angeli, 2021; Bocconi et al., 2016; Sari
etal., 2022). Digital literacy can be thought of as a combination of many skills such as accessing
information, analyzing information, producing, and sharing new information through
technological tools and network devices (Park et al., 2020). The term computational thinking,
coined by Papert (1980) within this broad skill network, is acknowledged to be one of the most
important components of digital literacy.

It can be said that computational thinking is a problem-solving approach that uses technology
and thinking together (Korkmaz et al., 2017). According to Wing (2008), computational
thinking, which is a kind of analytical thinking, uses the same ways as mathematical thinking
in problem solving, as engineering when designing and evaluating a complex system, and as
scientific thinking in understanding concepts such as computability, intelligence, intellect, and
human behavior. Similarly, Curzon (2015) defines computational thinking as a basic skill that
targets problem solving and emphasizes the necessity of understanding what the problem is
before thinking about solutions while solving a problem from a certain point of view. According
to International Society for Technology in Education (ISTE, 2015), computational thinking
includes creativity, algorithmic thinking, critical thinking, problem solving, communication
and collaboration skills, and informatics people need to learn where, how and when to use
digital tools to solve problems as a requirement of the information age. ISTE (2015) further
states that the purpose of computational thinking in education is not to make students a leader
in computer science, but to ensure that students are able to apply their computational thinking
skills in other lessons as a habit. While the most important skill a person needs in problem
solving is intelligence, developing the ability to solve problems with the help of computers and
other digital tools has become one of the fundamental aspects of our daily life and work (Barr
et al., 2011). In brief, according to ISTE (2015), computational thinking expands a person's
problem-solving skills through computers and improves people's creativity and critical thinking
abilities. Students use computational thinking when using algorithms to solve a problem and
when solving problems with computation.

The process of computational thinking begins with data as input and with the search to derive
meaning and answers from it. The output is not just a response, but the process of reaching it.
It can be said that computational thinking draws the necessary route so that the process can be
repeated, and others can learn from it and use it in order to draw a map for understanding. The
drawing of this route includes four steps, which are decomposition that involves breaking the
problem down into smaller, more manageable parts, pattern recognition, where the similarities
and connections between different parts are identified by analyzing the data, abstraction,
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which involves identifying the information relevant to the problem and eliminating other
unnecessary details, and algorithmic thinking, which is a process development phase that
includes step by step solution to a problem so that the work can be repeated by humans or
computers. The first three steps of computational thinking, namely decomposition, pattern
recognition and abstraction, constantly feed the last step, algorithmic thinking (Hoyles & Noss,
2015; Rodriguez-Abitia et al., 2021; Shute et al., 2017). Understanding, testing, developing, or
designing an algorithm refers to algorithmic thinking (Denning & Tedre, 2021). Wing (2011)
defined the person with algorithmic thinking as an individual who is aware of different aspects
of calculations in various problem situations and can solve these problems by applying the tools
and techniques obtained from computer science.

In recent years, computational thinking, algorithm, and coding have attracted considerable
attention around the world. Many countries have included activities that develop computational
thinking skills in their education programs. These concepts have also attracted the attention of
the scientific world. These developments have also had repercussions in the Turkish education
system. In the vision document of Ministry of National Education-Turkey (MoNE) 2023 titled
“Happy Children, Strong Turkey”, teaching of algorithmic thinking in classrooms in a
computer-free environment has been given a special place since the basis of programming and
coding is algorithmic thinking skills. Within the framework of the 2023 education vision, it is
considered important that teachers are trained on game-based activities that support the
algorithmic skills of children and they are introduced the educational materials that can be used
in this regard. In this context, it is important that children acquire algorithmic thinking skills in
a computer-free environment before they start using digital technologies. In the light of these
developments all over the world, it has been emphasized that education on algorithmic thinking
should be started from an early age, and thus, courses on programming and coding have been
added to the curricula for different levels (Karabak & Giines, 2013; Perry, 2009). However, it
should be remembered that giving direct programming and coding education to children who
cannot think abstractly at a young age can be challenging and boring for children (Lahtinen et
al., 2005). Gomes and Mendes (2007), Usta and Korkmaz (2010) revealed that the main reason
for students’ failure in programming is not using correct teaching methods. In this respect,
gamified activities, especially non-computer game activities, in pre-school and primary school
years that develop algorithmic thinking skills which will form the basis of programming can be
more beneficial (Aydogdu, 2019). Thus, it is thought that the problem of children becoming
addicted to computer as a passive consumer and the behavior of avoiding the computer by
getting bored with the complex structure of programming may be prevented (Bell et al., 2009).

Many studies in the literature have found that activity-based practices without the use of
computers are more beneficial in the development of the coding skills of students (Csernoch et
al., 2015; Wohl et al., 2015). Atmatzidou and Demetriadis (2016) recommend game-based
activities in which robotic kits are used instead of computers in the acquisition of coding skills.
Figueiredo et al. (2021a) emphasized that algorithmic thinking should be able to think in
cooperation with all curriculum areas, with all kinds of pedagogical strategies, game-based, in
different situations and with different materials, even without any materials. In order to lay the
foundation of computational thinking skills and support them in a computer-free environment,
children should be supported in four basic skills, which are algorithmic tasks (for example,
activities supporting visual perception and puzzle activities), logic-reasoning activities (for
example, riddles, puzzles), the ability to follow directions (for example, mind games, strategy
games), and analytical activities (for example, activities that support attention and problem
solving skills) (Burton, 2010). It is thought that with these activities, children, for whom the
foundations of algorithmic thinking skills are laid, will approach the problem situations they
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encounter in all areas of life more accurately and professionally, and the basis of programming
will also be laid.

There is a consensus in the literature that computational thinking skills should be taught in early
grades (Barr & Stephenson, 2011; Grover & Pea, 2013; Guzdial, 2008; Qualls & Sherrell, 2010;
Yadav et al., 2017). Today, computational thinking skills are seen as a universal competence
that every child should have (Bower et al., 2017), and they can be developed, which is also
effective in adopting this view (loannou & Angeli, 2016; Hsu & Wang, 2018; Mezak & Papak,
2018; Tsalapatas et al., 2012). Within the framework of this requirement, the number of
international projects carried out at the basic education and preschool education level is
increasing day by day (Figueiredo et al., 2021b; Hoi¢-Bozi¢ et al., 2018; Mezak et al., 2021;).

However, the ways to integrate computational thinking skills into curricula, the current status
of the pedagogical competencies of teachers in teaching computational skills, and the way to
improving these competencies are discussed (Bower et al., 2017; Milkova, 2015). A current
topic that needs to be investigated is the ways to develop computational thinking skills and the
teaching of these skills in teacher education programs (Gretter & Yadav, 2016; Prieto-
Rodriguez & Berretta, 2014; Yadav, et al., 2014). Our literature review has shown that the
interventions to improve the computational thinking skills of teachers and prospective teachers
have led to an improvement in participants in terms of the characteristics measured within the
scope of the studies (Barr & Stephenson, 2011; Blum & Cortina, 2007; Bower, et al., 2017,
Jaipal-Jamani & Angeli, 2017; Mouza et al., 2017; Prieto-Rodriguez & Berretta, 2014; Qian, et
al., 2017; Yadav et al., 2014). This is promising for intervention research to be carried out on
the development of teachers' computational thinking competencies.

In this study, based on the needs and gaps stated in the literature, activity-based teaching
practices that support computational thinking skills were designed and implemented in order to
improve the computational thinking and teaching skills of basic education teachers. The aim
was to increase teachers' computational thinking skills and teaching competencies. The
following questions were addressed in this study:

¢ Do activity-based computational thinking educational practices significantly contribute
to teachers' computational thinking skills?

e How are the teachers' understandings of computational thinking skills?

e How are the teachers' understandings of the functions of computational thinking skills?

e How are the teachers' understandings of the principles of teaching computational
thinking skills?

e How are the expectations and evaluations of the developers and practitioners of the
activity-based computational thinking educational practices?

Method

Research Design

Based on the aim of the study, the case study design, one of the qualitative research
designs, was selected in order to examine the experiences of the stakeholders (teachers,
researchers, and trainers) in the process of computational thinking educational practices. Since
a single case and a single analysis unit were studied in the research, the holistic single case
design was adopted (Yin, 2014). Case study is an empirical research type that seeks answers to
questions that begin with how and why specific to a current situation examined and provides
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the researcher with the opportunity to collect in-depth data (Yin, 2014). The case to be chosen
as the research topic can be a person, student, administrator, program or class, school,
organization, group, or anything of interest (Rabson, 2017). The case in this research is the
activity-based computational thinking educational practices. The change that the participants
showed in terms of computational thinking within the computational thinking educational
practices and their understanding of computational thinking skills and teaching were examined
in depth. In addition, the observations and evaluations of the developers and practitioners of
computational thinking educational practices based on a total of 40 hours of training
experiences lasting ten days were also examined. During the research period, data were
obtained from three different sources using five data collection tools. According to Creswell
(2013), case study is a qualitative research approach in which the researcher investigates one
or more cases over some time with data collection tools (observations, interviews, audio-
visuals, documents, reports) including multiple sources, and defines cases and case-related
themes. In this research, the scope and effects of the activity-based computational thinking
educational practices, which constitute the limited case, were investigated on the basis of the
data obtained from multiple sources, and the case and the themes related to the case were
examined in depth. The research process is as follows.

Table 1. Research Process
Examining the Effectiveness of Practices
Examination of the data obtained from the Computational Thinking Skills Scale before and after the practice
Examining the Concepts Regarding the Phenomena Constituting the Aim of the Practices
An in-depth examination of participants' understanding of computational thinking skills and teaching

Evaluations Based on Observations and Experiences Regarding the Implementation Process
Examination of the observations and evaluations based on the experiences of the developers and practitioners

Participants

The participants were selected using the criterion sampling method, one of the purposive
sampling methods. Purposive sampling allows for the in-depth study of cases that are thought
to have the potential to yield rich data on answering the research problem (Patton, 2014). The
criterion sampling method is based on the idea of working with a group that meets all the
predetermined set of criteria. The criterion for selecting the participants to be included in this
study was to be a classroom teacher or a preschool teacher. The reason for this criterion is that
the activity based computational thinking educational practices were developed for students at
the basic education level. Other criteria were years of experience, city where the teacher works,
and the educational status. The teachers who responded to the call for teacher participants all
over Turkey were subjected to a selection process on the basis of the criteria specified above in
a way that would ensure the greatest variety and impact. The characteristics of the participants
are summarized in Table 2.
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Table 2. Participants

Number/Name Field Gender Years of City of Educational status
experience Tiirkiye

1. AY. CT Male 5 Agrt Masters with thesis
2. AK. CT Male 10 Ordu Masters with thesis
3. AE CT Male 11 Manisa Bachelor’s degree
4. A.C. CT Male 13 Manisa Bachelor’s degree
5. K.C. CT Male 15 Samsun Masters without thesis
6. M.O. CT Male 1 Bingol Bachelor’s degree
7. ON. CT Male 23 Eskisehir ~ Masters with thesis
8. R.D. CT Male 14 Afyon PhD
9. D.B. CT Female 2 Batman Bachelor’s degree
10. D.A. CT Female 1 Ordu Masters with thesis
11. E.G. CT Female 11 Kirsehir Bachelor’s degree
12. GY. CT Female 1 Corum Bachelor’s degree
13. G.A. CT Female 1 Mersin Bachelor’s degree
14. M.T. CT Female 1 Bingol Bachelor’s degree
15. P.G. CT Female 4 Mus Bachelor’s degree
16. R.K. CT Female 10 Ordu Masters with thesis
17. S.0. CT Female 11 Adiyaman  Masters with thesis
18. S.K. CT Female 13 Mersin PhD
19. Z.B. CT Female 1 Batman Bachelor’s degree
20. Z.N. CT Female 1 Bingol Bachelor’s degree
21. AA PT Female 22 Ordu Bachelor’s degree
22. AY. PT Female 7 Rize Bachelor’s degree
23. B.C. PT Female 1 Sanlurfa ~ Bachelor’s degree
24. B.O. PT Female 10 Rize Bachelor’s degree
25. B.T. PT Female 7 Sanlurfa ~ Bachelor’s degree
26. B.G. PT Female 5 Diyarbakir Bachelor’s degree
27. E.G. PT Female 9 Aydin Bachelor’s degree
28. F.Y. PT Female 2 Gaziantep  Bachelor’s degree
29. F.S. PT Female 2 Giresun Masters with thesis
30. F.Z. PT Female 17 Adana Masters with thesis
31. FA. PT Female 11 Istanbul Masters with thesis
32. F.O. PT Female 1 Zonguldak Masters with thesis
33. F.K. PT Female 12 Adiyaman  Bachelor’s degree
34. G.R. PT Female 12 Istanbul Bachelor’s degree
35. H.T. PT Female 1 Mugla Bachelor’s degree
36. HA. PT Female 13 Istanbul Bachelor’s degree
37. HK. PT Female 3 Diyarbakir Bachelor’s degree
38. N.T. PT Female 18 Istanbul Bachelor’s degree
39. S.C. PT Female 11 Istanbul Bachelor’s degree
40. Z.K. PT Female 8 Kocaeli Bachelor’s degree

Note: CT= Classroom teacher, PT=Preschool teacher

As seen in Table 2, a total of 40 teachers from all parts of Turkey participated in the study.
Eight participants are male. The participants have different levels of education. They have work
experience ranging from 1 to 24 years.

Data Collection Tools

Case study requires an in-depth questioning of how individuals see themselves based
on their experiences, their perceptions according to the context, their emotions and the
underlying reasons (Akar, 2016). In order to reveal perceptions and emotions, it is necessary to
use different data sources and various data collection tools. In the data collection process, five
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data collection tools that serve the aims of the research were used. Table 3 summarizes the data
collection tools used in the research.

Table 3. Data Collection Tools

Aim of the Tool Data Collection Tool Number of Participants
Examination of participants’ level of Computational Thinking Skills 40 teachers
computational thinking skills before and Scale

after the practice

An in-depth analysis of participants’ Opinion form 40 teachers

understanding of computational thinking
skills and teaching

An in-depth examination of the Opinion form 4 researchers
observations and inferences based on the
experience of computational thinking skills  Field notes 2 researchers

educational practices.
Opinion form 4 trainers

Computational Thinking Skills Scale

The scale was developed by Yagci (2018) and consists of 42 items under four factors.
It was used to measure the computational thinking skills of teachers in this research. The scale
consists of the factors of Problem Solving (PS), Collaborative Learning and Critical Thinking
(CL and CT), Diverse Thinking (DT), and Algorithmic Thinking (AT). The factor of Diverse
Thinking includes items to evaluate the ability to think outside of the box and use imagination.
The factor of Algorithmic Thinking includes items to evaluate the ability of individuals to solve
any problem they encounter step by step by analyzing the problem and thinking and designing
like a computer. The factor of Collaborative Learning and Critical Thinking includes items to
evaluate teamwork skills and the skill of having an inquisitive approach to ideas. The factor of
Problem Solving is the general characteristic of an individual's problem-solving skills. The
Cronbach’s alpha for the factors of the scale are as follows: .96 for PS, .94 for CL and CT, .94
for DT and .83 for AT. The Cronbach's Alpha for the whole scale was calculated as .97. Since
the validity and reliability studies of the scale were not conducted on teachers, the Cronbach's
alpha coefficients of the scale were recalculated within the scope of this study: .75 for PS, .72
for CL and CT, .76 for DT and .71 for AT. The items in the scale are scored on a five-point
Likert-type scale rated from (1) strongly disagree to (5) completely agree.

Teacher opinion form

The form consisting of open-ended questions aims to examine the teachers'
understanding of what computational thinking is, of its functions, and how the teaching process
should be carried out. The questions in the form allow teachers to define algorithmic thinking
skill at a conceptual level, to examine the functions of this thinking skill from a broad
perspective, and to express their understanding of how this skill should be performed in the
planning and implementation phases of the teaching process.

Trainer opinion form

The form consists of open-ended questions that allow teachers, who were trainers for
10 days for activity-based computational thinking educational practices, to share their
experiences, contributions to the participants, and their inferences about what needs to be done
in order to make the practices better.
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Researcher opinion form

The form consists of open-ended questions that allow researchers, who are the
developers of activity-based computational thinking educational practices and who make
observations and interviews during the implementation process, to share their conclusions about
the quality of the practices, their contributions to the participants, and what needs to be done to
make the practices better.

Researcher field notes

The notes include evaluations based on the observations of two researchers, who are
the developers of activity-based computational thinking educational practices, throughout the
program.

Data Analysis

Analysis of the Quantitative Data

Whether the quantitative data were normally distributed was tested calculating the
skewness and kurtosis coefficients. It was found that the data showed normal distribution. Thus,
the Wilcoxon signed rank test was performed.

Analysis of the Qualitative Data

The qualitative data obtained from four different data collection tools serving two
different aims were analyzed. The first aim was to examine the participant teachers'
understanding of computational thinking skills and teaching in depth. In this context, the data
obtained from the teacher opinion form was analyzed. The second aim was to analyze the
experiences and observations of researchers and trainers regarding the computational thinking
skills educational practices. Thus, the data obtained from the researcher field notes and trainer
and researcher opinion forms were analyzed. The analysis process described in detail below
was followed on both data sets.

Stage 1: Open coding. In the first stage of the analysis, open coding was performed on both
data sets. The entire data set was thoroughly read. The data sets were divided into two as
sentences or sentence groups and the research questions. In this process, 557 statements were
identified in the first data set and 85 statements were identified in the second data set. In the
open coding process, each expression was coded using the vivo code. Vivo codes are the codes
created using words expressed by the interviewees (Strauss & Corbin, 1997). They are the
words or phrases that best match the meaning of participants' statements. Choosing the names
of the codes from among the statements of participants prevents possible mistakes that may
arise from the researcher in the coding process. In this way, the influence of the researcher is
minimized. All the analysis in the research was carried out based on these codes. Following this
process, a total of 557 statements from 304 classroom and 153 preschool teachers in the first
data set were coded using vivo code. In the second dataset, a total of 85 expressions from
researchers and trainers were coded using vivo codes.

Stage 2: Classifying the dataset on the basis of the stages of the model. The process
performed at this stage is axis coding. Axis coding is the process of associating the themes with
the codes, and is the classification process of the data, which is broken down to the smallest
detail with open coding, under categories. The purpose of axis coding is to classify the similar
codes (Yildirnm & Simsek, 2011). At this stage, the coded belief statements were examined in
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detail by posing the question of “What is this statement about?”. In this process, the statements
were re-read and classified on the basis of the issues determined to be relevant. At this stage,
each of the coded expressions was classified according to the subject they are related to. The
themes and the codes under these themes are presented in Table 4.

Table 4. Distribution of codes after axis coding

Stages f %
First Data Set

What is computational thinking skill? 230 41.3
What are the functions of computational thinking skill? 182 32.7
How should computational thinking skills be taught? 145 26.0
Second Data Set

Expectations from activity-based computational thinking educational 37 43.5
practices

Evaluation of activity-based computational thinking educational practices 48 56.5

Stage 3: Classification of the data set under the factors. In order to answer the research
questions, the statements classified on the basis of the relevant topics were categorized based
on the perspectives they reflected. This stage, in which the continuous comparison analysis
method was used, is defined by Glaser (1965) as the comparison of the data with other data
coded under the same category. Analysis at this stage continued until the subcategories were
unchanged. At this stage of the analysis, the expressions were classified under clusters on the
basis of the points of view they reflect, using letters and without giving any names. The clusters
were constantly compared with each other, and the necessary merging and demerging were
performed. After reading the clusters several times, the classification process was completed,
and the categories were given a name using the word or phrases that were thought to best reflect
the classification sets in scope. This analysis revealed 18 subcategories in the first category, 14
in the second category, and 8 in the third category, specific to the first data set. In the second
data set, 4 subcategories were reached in the first category and 2 subcategories were revealed
in the second category.

Reliability and Ethics

Construct validity is a requirement in case studies. It requires defining the concepts
under investigation with correct criteria. For this, it is important to use triangulation in the
research process (Akar, 2016). In this research, methodological, data source and researcher
triangulation were ensured. Methodological triangulation is concerned with obtaining similar
or overlapping findings with different data collection techniques. Five different data collection
tools were used in the study. In the data analysis process, the analysis steps for each tool were
described in detail. As a part of data source triangulation, all stakeholders (teachers, trainers
and researchers) were included in the research. As for researcher triangulation, the research was
carried out by five faculty members. To ensure the reliability of the research, the number and
characteristics of the participants, how they were selected, the data collection tools, and analysis
techniques used in the research are expected to be explained in detail under the methodology
part of the research (Creswell & Miller, 2000). It is recommended to use detailed description
and sample selection strategies to fulfill the transferability requirement of the research
(Merriam, 2009). The method part of the research was organized taking these requirements into
account. The criterion sampling method was used in the study. In this way, the study was carried
out with a group from which rich data could be obtained to answer the research questions. The
participants are 40 teachers from all regions of Turkey, whose years of experience vary between
1-24 years. In addition, data was obtained from four trainers and the researchers. Transferability
is also related to the fulfillment of analytical generalization conditions (Akar, 2016). In this
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context, the limitations of the research should also be stated. Transferability also involves
making explanations about how research results can be transferred to people, units, places, or
events. In this study, detailed information was given under the title of limitations of the
research. To ensure the internal reliability of the research, opinions from different researchers
were sought. Literature review was carried out to develop data collection tools, and the tools
used for similar purposes in the literature were examined in terms of content and structure.
After the development of the data collection tools, the opinions of three experts were received.
In the study, research data were coded independently by two researchers to ensure intercoder
reliability. The codes of two researchers were compared, and it was observed that there was a
97% agreement between the coders. Necessary changes were made until full consensus was
reached.

Activity Based Computational Thinking Educational Practices

The main purpose of activity-based computational thinking educational practices is to
improve the computational thinking skills of classroom teachers and preschool teachers and the
competence for teaching these skills. For this reason, activity-based computational thinking
educational practices were structured on two main competences, which are computational
thinking skills and computational thinking teaching skills. The educational practices aim to
develop the computational thinking skill on the basis of the sub-components of the skill,
namely, decomposition, abstraction and pattern recognition. The sub-competence of
computational thinking teaching skill is pedagogical competence. Another important aspect of
the practices is that the practices aiming to develop sub-competences are also structured on the
basis of the thinking skills they aim to develop. These thinking skills are analytical thinking,
distinguishing, decision making, problem solving, spatial thinking, designing, transferring, and
creative thinking. Each practice within the scope of the research was developed based on the
core competences, sub-competences, and the relevant thinking skills. Activity-based
computational thinking educational practices are summarized in Table 5.

Table 5. Activity Based Computational Thinking Educational Practices

Core competence Sub-competence Relevant thinking skills
Computational thinking skill Decomposition Analytical thinking
(Analysis, classification, sequencing)
Abstraction Distinguishing
Decision making
Pattern recognition Problem solving
Spatial thinking
Computational thinking Pedagogical competence Designing
teaching skill Transferring

Creative thinking

Activity Based Computational Thinking Educational Practices is the product of the joint work
of two classroom teaching experts, a preschool education expert, one instructional technologies
expert, and one curriculum development expert. Prior to the design of the educational practices,
firstly, a literature review was conducted. The theoretical components of computational
thinking skills and the needs pointed out in the studies were identified. Then, games and
practices that can improve computational thinking skills at the basic education level were
examined. 20 different games and activities were included in the design of the practices, which
were developed based on the core competences, sub-competences, and the relevant thinking
skills, and attention was paid to the homogeneous distribution of the practices in the program.
The distribution of activity-based computational thinking educational practices based on sub-
competences and thinking skills is shown below.
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W Analytical Thinking M Problem Solving

W Decomposition M Pattern Recognition

B Decision Making Transferring

M Visual and Spatial Thinking M Discrimination

M Abstraction Pedagogical Competence

MW Designing M Creative Thinking

Figure 1. The Distribution of Activity-Based Computational Thinking Educational Practices
on The Basis of Sub-Competences and Thinking Skills

All of the 20 activities developed in accordance with the aim of the program are mainly
composed of games, drama and orff activities that ensure active participation. In each practice,
the focus was on the development of the computational skills by the teachers as well as how

the skill is taught. Table 6 shows the distribution of the subjects across educational practices.

Table 6. Activity-Based Computational Thinking Educational Practices across Subjects

Subject Class Thinking skill Sub-competence
hour
Patterns and algorithm 2 Analytical Decomposition
Thinking Pattern Recognition
Spatial Thinking
Projection on the basis of computational thinking 1 Analytical Decomposition
Thinking Pattern Recognition

Problem Solving
Spatial Thinking

Mind games that develop computational thinking 1

skills

Analytical
Thinking
Distinguishing
Decision Making
Problem Solving
Spatial Thinking

Decomposition
Abstraction
Pattern Recognition

Using mind games that develop computational 2
thinking skills as a teaching material

Analytical
Thinking
Distinguishing
Decision Making
Problem Solving
Spatial Thinking
Designing
Transferring
Creative
Thinking

Decomposition
Abstraction

Pattern Recognition
Pedagogical competence

Designing mind games that develop computational 2
thinking skills as a teaching material

Analytical
Thinking
Distinguishing
Decision Making

Decomposition
Abstraction

Pattern Recognition
Pedagogical competence
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Problem Solving
Spatial Thinking
Designing
Transferring
Creative
Thinking

Designing algorithmic models from alternative

materials

[EEN

Designing
Transferring
Creative
Thinking

Pedagogical competence

What I can do in my daily life with computational

thinking

Coding with pen and paper

Distinguishing
Decision Making
Analytical
Thinking

Spatial Thinking

Abstraction

Decomposition
Pattern Recognition

Music, movement, rhythm and algorithm

Analytical
Thinking
Distinguishing
Decision Making
Problem Solving

Decomposition
Abstraction
Pattern Recognition

Teaching algorithm with music, movement and

rhythm

Designing
Transferring
Creative
Thinking

Pedagogical competence

Designing
computational thinking

educational

games based on

Designing
Transferring
Creative
Thinking

Pedagogical competence

Using computational

thinking based mobile

applications as a teaching material

Analytical
Thinking
Distinguishing
Decision Making

Decomposition
Abstraction

Computational thinking based educational games

Analytical
Thinking
Distinguishing
Decision Making
Problem Solving
Spatial Thinking
Designing
Transferring
Creative
Thinking

Decomposition
Abstraction

Pattern Recognition
Pedagogical competence

Using coding educational robots as a teaching 2

material

Analytical
Thinking
Distinguishing
Decision Making
Problem Solving
Spatial Thinking
Designing
Transferring
Creative
Thinking

Decomposition
Abstraction

Pattern Recognition
Pedagogical competence

Findings

The Wilcoxon signed rank test results regarding the effect of activity-based
computational thinking educational practices on preschool teachers' computational thinking
skills are summarized in Table 7.
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Table 7. The Effect of Activity-Based Computational Thinking Educational Practices on
Preschool Teachers' Computational Thinking Skills (N=20)

Factors X SD Z P

Problem Solving Pre-test 84.55 7.09 -1.852 0.064
Post-test 86.75 7.79

Collaborative Learning /Critical Thinking  Pre-test 32.9 381 -0.327 0.743
Post-test 33.3 4.15

Diverse Thinking Pre-test 36.5 328 -1.773 0.076
Post-test 39.2 3.84

Algorithmic Thinking Pre-test 18.85 215 -3.535 0.000**
Post-test 22.0 2.32

Computational Thinking Total Score Pre-test 172.80 11.87 2.373 0.018*

Post-test 184.25 11.72

*p<0.05; **p<0.005

When Table 7 is examined, it is seen that as a result of the educational activities of the preschool
teachers, among the computational thinking skills, there is a statistically significant increase
only in algorithmic thinking skills (z=-3.535; p<0.005) and computational thinking skills total
score (z=2.373; p<0.005). It was found that there was no significant difference in problem
solving, cooperative learning/critical thinking and diverse thinking skills after the education. In
this context, it can be said that activity-based computational thinking education contributed
significantly to the algorithmic thinking skills and total computational thinking scores of the
preschool teachers. The Wilcoxon signed rank test results regarding the effect of activity-based
computational thinking educational practices on classroom teachers' computational thinking
skills are summarized in Table 8.

Table 8. The Effect of Activity-Based Computational Thinking Educational Practices on
Classroom Teachers' Computational Thinking Skills (N=20)
Factors X SD Z P
Problem Solving Pre-test 81.25 5.57 -3.605  0.000**
Post-test 91.5 8.33
Collaborative Learning /Critical Thinking  Pre-test 33.85 3.95 -1.169  0.242
Post-test 35.2 4.03

Diverse Thinking Pre-test 36.5 3.59 -2.172  0.030*
Post-test 38.95 4.35

Algorithmic Thinking Pre-test 19.4 2.28 -2.967  0.003**
Post-test 21.65 2.81

Computational Thinking Total Score Pre-test 171.00 11.24 3.333 0.001**

Post-test 187.30 14.95

*p<0.05; **p<0.005

When Table 8 is examined, it is seen that classroom teachers' problem solving (z=-3.605;
p<0.005), diverse thinking (z=-2.172; p<0.05), and algorithmic thinking skills (z=-2.967;
p<0.005) and total computational thinking scores (z=3.333; p<0.005) increased statistically
significantly. On the other hand, there was no significant difference in collaborative
learning/critical thinking skills after the education. In this context, it can be said that activity-
based computational thinking education contributed to classroom teachers’ problem solving,
diverse thinking, and algorithmic thinking skills, and computational thinking total scores. The
concept map for 230 statements reflecting the teachers' understanding of computational
thinking skill is presented in Figure 2.
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(Prohlem seolving (%22)

Diverse thinking (%8)

Decision making (%2)

Analytical thinking
(%37)

Creative thinking (%9)]

Critical thinking (%7)

(%63)

| Communication (%1) —(Compnnents of CTHSequencing {%2))

Innovative thinking j

—
Metacognitive skills | ——
Spatial thinking (%£3)

[Scientiﬁc thinking (%1 )j\,

(%1)

p
Reading comprehension]

(%1)
Evaluate |
Self-confidence |

L Adaptability (%1)

Reflective thinking
Apply

Figure 2. Definition of computational thinking skills

When the concept map for the 230 expressions reflecting teachers' understanding of
computational thinking skills is examined, it is seen that these concepts can be grouped under
18 different thinking skills. In other words, it is observed that teachers defined computational
thinking with 18 different thinking skills. Among these thinking skills, the most frequently
emphasized skills are analytical thinking, problem solving, creative thinking, multidimensional
thinking and critical thinking. These thinking skills are followed by metacognitive skills, spatial
thinking, sequencing and communication skills. Self-confidence, reflective thinking, evaluation
and application skills are among the skills that are rarely expressed. Accordingly, it can be said
that teachers defined computational thinking as analytical thinking, problem solving, creative
thinking, critical thinking and multidimensional thinking skills. The concept map for 182
expressions reflecting teachers' understanding of the functions of computational thinking is
presented in Figure 3.

Improving thinking
[ skills (%43)

.

Providing a solution
(%22)

Proving integration
with the world of future

Supporting social skills (%16)
and being intertwined Functions of CT)

with life (%15)

Improving learning
outcomes (%2)

e

Providing development
in emotional skills (%1)

-

Providing communal
development (%1)

Figure 3. Functions of Computational Thinking Skills

When the concept map for 182 expressions reflecting teachers' understanding of the functions
of computational thinking is examined, it is seen that the expressions were grouped under seven
different functions. In other words, it is seen that the teachers defined the functions of
computational thinking under seven main headings. The function with the highest rate is
improving thinking skills, which is followed by the function of providing solutions to problems.
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The teachers stated that computational thinking is the newest, shortest, easiest, fastest, most
valid, reliable, and economical way to solving all kinds of problems. Another prominent
function of computational thinking stated by the participants is the importance of computational
thinking in integrating into the world of the future. The relationship of computational thinking
with the 21st century skills and technology are among the points emphasized in this context.
Another function stated by the participants is that computational thinking is intertwined with
life. In this context, it is stated that the awareness and inspiration created by encountering
computational thinking in social and human life plays a role in involving the individual in daily
life more effectively. It has also been stated that computational thinking skills create an
improvement in teacher qualifications and in the social and emotional aspects of the individual.
The concept map for 145 expressions related to teachers' understanding of the principles of
teaching computational thinking is presented in Figure 4.

Active participation in
thinking processes
(%16)

Scaffolding (%25)

L

Concrete learning
activities (%4)

e
Step-by-step activities

(%14)

Collaborative working
(%11)

ra
To consider readiness

(%2)

Principles of CT )

Innovative teaching

. . (%4)
To consider maturation

status by age (%11)
Game-based activities

J /
kTarget alignment (%2)j\_,_ ~

(%11)

Figure 4. Participants’ Understanding of the Principles of Teaching Computational Thinking

When the concept map for 145 expressions related to teachers' understanding of the principles
of teaching computational thinking is examined, it is seen that the expressions can be grouped
under 11 principles. In other words, the teachers defined 11 principles for teaching
computational thinking. When the principles that should be considered in the teaching of
computational thinking skills are examined, it is seen that the teachers mostly pointed to the
importance of using scaffolding. In addition, the teachers stated that students’ active
participation in thinking processes should be ensured; students should work in cooperation;
game-based activities should be used, and innovative teaching practices should be included in
the program. The steps of the teaching process proposed by the teachers were categorized with
the analysis carried out on the instructional designs of computational thinking skills of the
participants who completed the educational practices. The 14-step teaching process indicated
by the teachers' statements is shown in Figure 5.
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Start with a problem
situation

Teach students how
to follow the steps

Ask students to
follow the steps

Discuss the problem

Create conventional
codes

Test the alternative
solutions

Plan the solution
process

Analyse each
solution in steps

Encourage students
to make revisions in
the steps of solution
process

Reach the ideal
solution

Allow students to
recognize the
gradual nature of the

Plan alternative
solutions

Support students'
self awareness

Make evaluations on
the stages

solution process

Figure 5. Teaching Steps of Computational Thinking according to the Participants

The teachers pointed out that the computational thinking teaching process should be carried out
by following the steps in Figure 5. Every step described here is directed by the teacher and
experienced with the students. The steps are as follows: Start with a problem situation, discuss
the problem situation, plan the solution process of the problem, carry out studies that allow
students to feel the gradual (consisting of a series of steps) nature of the solution process, plan
all alternative ways to solve the problem, analyze each solution in steps, create conventional
codes within the group on solution ways in order not to experience communication barriers in
the process, teach students how to perform the solution steps, ask students to follow the steps,
enable students to choose, experiment and evaluate alternative solutions, encourage students to
make necessary revisions in the steps of the solution process, share tools that will enable
students to develop self-awareness within the process they experience, enable students to make
evaluations on the basis of stages at the end of the process (make an evaluation on the process,
not the result, ensure that those who encounter erroneous results do not see the whole process
as faulty, determine where the error originates from with an analytical understanding), and
reach the ideal solution. The concept map for 83 statements of four researchers and four trainers,
determined based on the expectations and evaluations of the developers and practitioners of
computational thinking teaching practices, is presented in Figure 6.

Pedagogical

Social skills
competences

Level of Thinking Approaches

eAble to cooperate

eAble to establish
effective
communication

eHave high level of
thinking habits

*QOpen to learning
*Open to questioning
thinking habits

eAble to design CT
activities based on the
learning outcomes

*Able to develop non-
computer materials to
improve CT

Figure 6. Expectations of Developers and Practitioners of Computational Thinking Teaching
Practices
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Figure 6 presents the expectations of the developers and practitioners of computational thinking
teaching practices under four categories. These are expectations for social skills, thinking
levels, approaches, and pedagogical competencies. Expectations regarding social skills were
discussed under the headings of being able to cooperate and communicate effectively.
Expectations for level of thinking are having high-level thinking habits. Expectations for
approaches are being open to learning and being open to questioning thinking habits.
Expectations regarding pedagogical competencies are designing CT activities suitable for
learning outcomes and developing non-computer materials to develop computational thinking
skills. The evaluations of the developers and practitioners of computational thinking teaching
practices based on their observations and experiences during the implementation process are
presented in Figure 7.

Aspects that need

Strengths .
|mprovement
D Each activity achieves its aim. Practices should be discipline-specific .
The practices create a change in thinking More time should be allocated for the
habits. activities.

The practices have an interdisciplinary

Metacognitive skills should be focused on.
approach.

They create a high level of interaction.

They are suitable for the needs and
characteristics of the target population.

D The practices are fun.

Figure 7. Evaluation of the Practices

Figure 7 presents the evaluations of the developers and trainers under two categories as
strengths and aspects that need improvement. The fact that the practices achieve their aims,
create a change in the thinking habits of the participants, have an interdisciplinary approach,
and create a high level of interaction are among the strengths of the practices. The most
recurring aspect that needs to be improved in the program is the need to increase the time
allocated to the activities. In addition, it was stated that practices that develop the metacognitive
thinking skills of the participants should be included, and the activities should be discipline-
specific.

Discussion and Conclusion

This study aimed to carry out an in-depth evaluation of the activity-based computational
thinking teaching practices performed to improve the computational thinking and teaching
skills of basic education teachers. The findings of the research suggest that the educational
practices led to a statistically significant increase in the problem solving, diverse thinking and
algorithmic thinking skills of the classroom teachers, and in the algorithmic thinking skills of
the preschool teachers. It was found that the participants defined computational thinking with
18 different thinking skills. They stated that the most fundamental function of computational
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thinking skills is to improve students' thinking skills. The second most recurring function of
computational thinking is that it provides solutions to problems. Another prominent function
stated by the participants is the importance of computational thinking skills in integrating into
the world of the future. The relationship of computational thinking skills with the 21st century
skills and technology are among the points emphasized in this context. It has also been stated
that computational thinking skills lead to an improvement in teacher qualifications and in the
social and emotional aspects of the individual. When the principles that should be considered
in the teaching of computational thinking skills were examined, it was seen that according to
the teachers, scaffolding should be used most frequently. In addition, as a result of the analysis
carried out on the instructional designs of the participants for the teaching of algorithmic
thinking skills, a 14-step teaching path explained in detail in the findings section was described.
It is thought that this teaching path can be a guide for intervention studies to be carried out to
improve the teaching of computational thinking in the future. The analysis based on the
opinions of the stakeholders of the project shows that the practices carried out within the scope
of the project are an effective tool for the development of teachers' computational thinking and
teaching skills.

The study revealed that the participants defined computational thinking on the basis of 18
different thinking skills. Almost all of these thinking skills are 21st century skills. The literature
also supports this finding of the research. Computational thinking is considered to be a
fundamental component with a high potential to fulfil the requirements of the 21st century from
the individual (Angeli & Valanides, 2020; Yadav et al., 2014; Yadav et al., 2017). In this
respect, it can be said that this study brought the participants to a point of a common
understanding with the literature. It was seen that the participants explained computational
thinking mainly on the basis of analytical thinking, problem solving, critical thinking and
multidimensional thinking skills. When the literature is examined, it is seen that computational
thinking is defined as a high-level thinking skill (Yadav et al., 2014), in which problem-solving
skills are used intensively. Yadav et al. (2017) stated that pre-service teachers defined
computational thinking skills mainly on the basis of problem solving and logical thinking skills.
Supporting the research findings, ISTE (2015) also states that computational thinking includes
creativity, algorithmic thinking, critical thinking, problem solving, and communication and
cooperation skills. In this context, studies conducted to develop measurement tools show that
this skill has a statistically significant relationship with spatial thinking, reasoning and problem
solving, supporting our research findings (Roméan-Gonzélez et al., 2017). These explanations
reveal the high potential of computational thinking skills in developing higher-order thinking
skills. Computational thinking skill has a critical role in the development of other thinking
skills. Research findings suggest that other thinking skills can be developed with the teaching
of computational thinking skills, as highlighted in the literature.

The teaching of activity-based computational thinking contributed to classroom teachers'
problem solving, diverse thinking and algorithmic thinking skills and to the algorithmic
thinking skills of preschool teachers. This shows that activity-based computational thinking
educational practices can be used to improve teachers' computational thinking skills. The
qualitative data of the study also support this finding. The developers and practitioners of the
activities also stated that the activities achieved their goals. The practices were found to change
the thinking habits of the participants, create a high level of interaction, and be suitable for the
needs and characteristics of the participants. In fact, the literature shows that interventions with
different durations and characteristics aimed at improving the computational thinking skills of
teachers and prospective teachers caused an improvement in the participants within the scope
of the characteristics measured in the research (Barr & Stephenson, 2011; Blum & Cortina,
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2007; Bower, et al., 2017; Jaipal-Jamani & Angeli, 2017; Mouza et al., 2017; Pala & Mihgi-
Tiirker, 2020; Prieto-Rodriguez & Berretta, 2014; Qian et al., 2018; Yadav et al., 2014; Yadav
etal., 2017;).

It is known that how computational thinking can be developed in teacher education is a current
and much needed topic (Gretter & Yadav, 2016; Tang et al., 2020). There is evidence that
trainers seem to lack the necessary knowledge and skill to teach computational skills to
prospective teachers (Angeli & Valanides, 2020; Bonani et al., 2022; Yadav et al., 2011; Yadav
et al., 2014). In-service teacher education practices are not different at this point. Bonani et al.
(2022) state that teachers are generally not familiar with computational thinking teaching
practices. This research showed that teachers need computational thinking and teaching. The
interviews with the participants at the beginning of the activities and the field notes on joint
activities showed that teachers' perspectives on computational thinking and teaching are limited
and superficial. However, in order for students to acquire this important skill, teachers need to
have in-depth knowledge of teaching computational thinking (Hodhod et al., 2016). When the
literature is examined, it is seen that some program development studies have been carried out
on this subject (Angeli et al., 2016; Giiler, 2021). In this context, it is important to underline the
need to conduct teaching practice development studies, an example of which is this research.

One of the main purposes of the activities carried out within the scope of the project was to
improve the computational thinking teaching skills. In this context, the study aimed to develop
the understanding of teachers on what kind of principles should be taken into account in the
teaching of computational thinking skills. The teachers in the study stated that scaffolding
should be used most frequently in teaching computational thinking. It is also emphasized in the
literature that scaffolding is one of the most effective ways to teach high-level thinking skills
(Rosenshine & Meister, 1992). Futschek and Moschitz (2010) also explain the role of the
teacher in the process of teaching computational thinking on the basis of scaffolding. They
explain that in teaching computational thinking, it is necessary for the teacher to give
appropriate problem statements and ask appropriate questions in order for the students to think
of creating algorithms that lead to the solution of these problems. Guiding students with
questions in the process to a solution is undoubtedly an integral part of the scaffolding process.
Similarly, regarding how the teaching of computational thinking should be carried out, Mezak
et al. (2021) stated that the problem should be understood, how it can be solved should be
evaluated, the best strategies should be selected, and the problem should be divided into smaller
sub-problems and solved step by step.

Regarding the principles of teaching computational thinking, the participants also stated that
students’ active participation in the thinking processes should be ensured, students should work
cooperatively, game-based activities should be used, each step of activities should be explained,
and innovative teaching practices should be performed. Dogan (2020) also pointed to the
importance of using techniques such as active participation, learning by discovery, problem
solving, induction, brainstorming, concept mapping, game, discussion, and case study.
Highlighting the importance of active involvement of students in thinking processes, Mazak et
al. (2021) defined the roles of teachers in teaching computational thinking skills as guiding
students to understand, evaluate and recognize the problem and helping students take steps to
solve the problem, whether correct or not. As a matter of fact, it is seen in the literature that in
order to improve students' computational thinking skills, techniques such as learning scenarios
(Bonani etal., 2022; Mezak & Papak, 2018), game-based programming (Tsalapatas et al., 2012)
game mechanics (Hsu & Wang, 2018), multimedia (Milkova, 2015), and scaffolding (Angeli
& Valanides, 2020) are used.
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One of the outcomes of this research regarding the teaching of computational thinking is the
classification of the steps of teaching computational thinking. The steps of the teaching process
revealed based on the analysis of the computational thinking teaching designs requested from
the teachers can be tested and developed within the scope of intervention studies to be
conducted in the field. Although there are program and intervention studies on developing
computational thinking skills in the literature, studies on how to teach computational thinking
step by step are not common. It is stated in the literature that more studies should be conducted
on this subject and that this field is in its infancy (Yadav et al., 2014). It is noteworthy that this
teaching process was reached upon the detailed analysis of the instructional designs of the 40
teachers who participated in the project. It is believed that the 14-step teaching process that
leads students to the most ideal solution by starting with a problem situation is a step towards
eliminating the gap in the literature.

All the teachers trained in this study stated that computational thinking skills can be integrated
into all courses. The teachers even recommended that this education be structured in the form
of lesson-specific teaching practices in the future. Similar recommendations were made by Hill
et al. (2004), Yadav et al. (2014) and Mezak et al. (2021). Emphasizing the importance of
developing teachers' computational thinking in the context of the subject they teach, Hill et al.
(2004), stated that unless teachers' knowledge is developed in the context of the content they
will teach, their understanding in this context will be limited to an "abstract” understanding.
Brown et al. (1989) argued that teachers cannot incorporate the inactive information into
teaching practices as a result of this very situation. Therefore, while teaching computational
thinking, not only pedagogy (how to teach) but also content knowledge (such as mathematics
and literacy) and pedagogical content knowledge (for example, knowledge of mathematics for
teaching) should also be considered (Hill et al. 2004). Yadav et al. (2014) stated that future
studies should be based on the collaboration of trainers and computer scientists to develop
concrete examples of how computational thinking can be embedded in key content areas from
literacy and art to mathematics and science. In this context, the studies by Barr and Stephenson
(2011), Weintrop et al. (2016), and Barr et al. (2011) are noteworthy. In our study, the teachers,
who were convinced of the power of computational thinking to develop interdisciplinarity and
thinking skills, recommended that the next teaching practice should be carried out in a more
content-oriented approach, in a corresponding manner to what is recommended in the literature.

In this study, the focus was on developing computational thinking skills with activities other
than computers. At the end of the education, all the participants were able to design effective
teaching practices to develop computational thinking without using computers. The idea that
teaching of computational thinking can only be performed using computers is also criticized by
some experts in the field. Yadav et al. (2017) argued that computer is a context for the
development of computational thinking, but it is not the only way to develop this skill.
According to Mezak et al. (2021), computational thinking is not only about computer science
and programming. Hemmendinger (2010) stated that teaching computational thinking is about
teaching individuals how to use computational thinking to solve their problems and make
productive discoveries in their thinking processes like an economist, a physicist, or an artist.
Hemmendinger (2010) further emphasized that computational thinking is not thinking like a
computer expert. Mezak et al. (2021) maintained that children can easily learn computational
thinking by using examples from their daily lives, as it is the case in the activities developed
for this research. Bonani et al. (2022) also posit that non-computerized interventions encourage
computational thinking.

Based on the research findings, the following suggestions can be made:
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It can be recommended to improve the curricula of both teacher education and on-the-
job education programs to improve the computational thinking skills of basic education
teachers.

e Models on how teachers should teach their students computational thinking skills can
be developed and studies can be conducted to test their effectiveness.

e It can be suggested that the model put forward within the scope of this research should
be used to develop teachers' computational thinking skills.

e It can be suggested that more activity examples be developed to guide teachers in
teaching computational thinking skills in computer-free environments.

e This study, which was carried out with preschool teachers and classroom teachers, can
be taken as a model to be examined at different education levels.

e Courses on the development of algorithmic thinking skills can be included in teacher
training programs implemented in education faculties.
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