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Abstract — This study aims to focus on the basic components of computational thinking (CT) and to investigate its
relationship with competencies/skills in the 21st century and establish new relationships in the context of developing
computational thinking in the educational environments. Based on this approach, in the first stage, definitions of
computing, computational theory, computational science and engineering (CSE), and mathematical sciences are
given, emphasizing the place and importance of CT in the literature, and their relationships between CT are
investigated. In the second stage, the difficulties encountered in the development of computational thinking are
mentioned and explanations are made about the development of CT. In this context, the approaches proposed for the
development of CT through pedagogical and technological pedagogical content knowledge are explained with
discussions and examples are given. With this study, the conceptual framework of the development of CT and its
relations with 21st-century competencies are established.
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l. INTRODUCTION

In the 21st century, when we face the benefits and challenges of globalization and a knowledge-based
economy, scientific and technological innovations are becoming increasingly important. Today, where science
and technology are developing rapidly, the need for qualified individuals with the skills required by the 21st
century is increasing day by day. For this reason, students in high-tech information societies need to develop

their skills in the fields of science, technology, engineering, and computational mathematics.

The importance of CT has been increasing in recent years as digital technologies have become an essential
component of human activities in the twenty-first century. For example, national security, economy, and public
health are significantly affected by developments in digital technologies. This situation causes governments
around the world to include computer science education in their priority policies [1]. Although there is no
consensus on its definition, CT has basic elements that are widely accepted in various definitions, such as
abstractions, model generalizations, systematic processing of information, symbol systems and representations,

and algorithmic concepts of control flow [2].

Although it is not a new concept, the concept of CT was first described in education by Wing (2006).
Accordingly, CT involves solving problems, designing systems, and understanding human behavior using
fundamental concepts for computer science. CT requires a variety of compelling thinking skills, such as
abstraction, decomposition, iterative thinking, problem simplification and transformation, error proofing, and
intuitive reasoning, which are not limited to software problems but are necessary to solve universal, complex

problems. Therefore, CT represents a universal skill set that should be learned by everyone from different
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disciplines, not just computer scientists [1].Therefore, computational thinking is seen as a skill set that every
student and adult should develop. CT is associated with several other 21st century competencies based on
problem-solving, critical thinking, productivity, and creativity ([3], [4]).

This study aims to examine the relationship of CT with competencies in the 21st century by focusing on its
basic components and to determine the conceptual framework of the development process of CT by
investigating its place in curricula and practice in educational environments. For this purpose, in the first stage,
the definitions of computation, computational theory, computational science and engineering (CSE), and
mathematical sciences are given, emphasizing the place and importance of CT in the literature, and their
relationships with CT are investigated. In the second stage, the difficulties encountered in the development of
computational thinking are mentioned and explanations are made about the development of CT. In this context,
proposed approaches for the development of CT through pedagogical and technological pedagogical content
knowledge are explained with discussions and examples are given. Then, researches, based on the given
resources, are conducted on the development of CT in compulsory education and its relationship with digital
competence. With this study, the conceptual framework of the development of CT and its relations with 21st-
century competencies are established. The model regarding the conceptual framework and stages of this study is
shown in Figure 1 and Figure 2. (MS: Mathematical Sciences).
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Fig. 1. Disciplinary fields that contributed to the development of ct and their relations with ct.
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Fig. 2. The conceptual framework and stages of the study.
A. Theory of Computing and Computational Thinking (CT)

While making use of concepts that are fundamental to computational thinking, computing, and computer
science, it also includes applications such as problem representation, abstraction, decomposition, modeling,
testing, and estimation [5]. These applications are at the center of modeling, reasoning, and problem-solving in
many scientific and mathematical disciplines [6]. Brennan and Resnick (2012) developed a three-dimensional

framework for the analysis of CT. The first dimension is the “computational concepts”, which are the basic

Copyright © 2021 JIRES, All right reserved
281



International Journal of Innovation and Research in Educational Sciences
\\ IJ I RE S Volume 8, Issue 5, ISSN (Online) : 2349-5219
\ Source of Knowledge

elements that people use when programmings, such as order, loops, parallelism, events, conditional concepts,

operators, and data. The second dimension contains “computational practice” processes, which include concepts
such as abstraction and modularization, reuse, remixing, testing, and debugging. The last dimension is relevant
with “computational perspectives”, CT and problem solving, and the views people form about themselves and
the environment in which they live. Computing is a process defined by a computational model, and CT is the
thought processes involved in formulating problems where solutions can be represented as computational steps
and algorithms. Theory of computation, on the other hand, is a branch of computer science that examines
whether a problem can be solved with a certain algorithm and computational model, or how quickly and
efficiently it will be solved if it is. It has three branches: Complexity Theory, Computability Theory, and
Automata Theory [7]. Complexity theory generally deals with decision problems. Decision problems are about
being able to answer yes or no to a question. Asking if any number is prime is this type of problem. The reason
for examining these types of problems is that any problem can be reduced to a decision problem and thus a
solution can be reached. Computability theory examines how much resources are needed to run an algorithm on
a problem. This theory investigates how much the running time and memory requirements of the algorithm will
increase if the size of the input is increased. The complexity of algorithms is usually measured with time.

Automata theory, on the other hand, examines the definitions and properties of different computational models.

According to Maheshwari and Smid (2019), the theory of computing has been and continues to be one of the
fundamental areas of applied mathematics. This theory explores the fundamental capabilities and limitations of
computational models. A computational model is a mathematical abstraction of a computational system. The
most important model of sequential computation studied in computer science is the Turing machine [8] first
proposed by Alan Turing (1936). Mathematical abstractions, called computational models, are key to computing
and CT. Pascal's and Leibnitz's mechanical calculating machines, Napier's logarithms, Babbage's differentiation,
Newman's Colossus, and Turing's crypto analysis for Bombe at Bletchley Park are just a few examples of the
computational tools fundamental in the evolution of digital technologies to support mathematical developments

9.

Wing (2006) argues that CT should be added to every child's analytical skill as a vital component of science,
technology, engineering, and mathematics (STEM) learning. Dede, Mishra, and Voogt (2013) aimed to advance
the discussion on computational thinking by focusing on the basic components of CT, its relationship with 21st-
century competencies, and its place in curricula in the EDUsummIT (2013) report. With this report, various
professional organizations and think tanks in the USA, UK, and the Netherlands are calling for greater attention
to CT in their curriculum. Computation informs politicians in a wide variety of fields such as climate change,
public health, and the environment [10].

B. Computational Science and Engineering (CSE)

According to CSE Report (2017) and Rude, Willcox, Mclnnes, and Sterck (2018), computational science and
engineering (CSE) is a multidisciplinary field located at the intersection of the core disciplines of mathematics
and statistics, science and engineering, and computer science. In this area, the focus is on the integration of the
knowledge and methodologies of the disciplinary fields given in the definition of CSE and the development of
new ideas at their interfaces. Therefore, CSE is a field itself, different from any of the core disciplines. CSE is a

disciplinary field of research into the development and use of computational methods to enable scientific
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discovery to support innovation in engineering and technology and decision-making in socially important
application areas. The role of CSE in the 21st century continues to increase significantly. Going beyond its role
in mathematics and physical sciences, CSE drives scientific and technological progress through theory and
experimentation and continues its advancement into broad areas including life sciences, medicine, social
sciences, business, finance, and government policy ([11], [12]). The combination of CSE's relationship with the
basic disciplines of mathematics and statistics, science and engineering, and computer science reveals a new

field whose character is different from its original components [12].

According to Riide et al. (2018), the CSE community is universal and has different aspects. The CSE Core
Researchers and Developers group of the CSE community is focused on developing new methods and
algorithms such as CSE algorithms, software designs, analysis, development, and testing. This group deals with
generally applicable methods or methods developed for a particular field of application. There are two
subgroups in the CSE Core Researchers and Developers group. One subgroup focuses on broadly applicable
methods and algorithms, and the other focuses on methods and algorithms motivated by a particular field of
application. The reason for this distinction is to enable to reveal of differences in desired outcomes for different
types of CSE training programs. The CSE Domain Scientists and Engineers group concentrates their work
primarily in their science or engineering fields and makes extensive use of CSE methods in research or
development. It is widely recognized that CSE will play a critical role in the future of scientific discovery and

engineering design.
C. Mathematical Sciences (MS)

Mathematical sciences aim to understand the world by reasoning and calculating abstract structures.
Mathematical sciences reveal the deep relationships between these abstract structures and make them
understood, so they make inferences about the world from the data by using abstract structures and abstract
reasoning [13]. At the same time, mathematical sciences act as a natural channel through which concepts, tools,
and applications can be carried from field to field. One aspect of the mathematical sciences is to reconnect with
related fields in an iterative process to construct abstract structures through the modeling process and make

predictions about the world by reasoning on these structures [13].

Mathematical sciences construct a rich and complex ecosystem in which any field contributes to another field
and a solution to a problem in one field can emerge from ideas produced in another field. For this reason, the
expanding links among many fields of science, engineering, medicine, and business make the mathematical
sciences more important. Mathematical sciences are becoming an increasingly integral part and essential
component of a growing range of research areas in many fields [13]. These studies involve the broadest
integration of mathematics, statistics, and computation and the interaction of these fields with potential
applications. All these researches are crucial to economic growth, national competitiveness, and national
security, and this fact raises the importance of mathematical sciences in informing both the nature and scale of
finance [13].

Researchers are driven to understand the world and find its underlying order and structure. This leads to
concepts with deep connections. Some of these connections develop naturally, as much of science and
engineering is now based on computation and simulation, where the mathematical sciences are natural

languages ([13], [14]). The simulation-based science and engineering process is mathematical and requires
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advances in the mathematical structures that make modeling possible. Such mathematical structures help in
algorithm development, computational fundamental problems, model validation, uncertainty measurement,
analysis, and optimization. For scientists and engineers interested in computation and computational theory,
advances in these areas are crucial. The ubiquity of computational simulations built on concepts and tools in the
mathematical sciences and the exponential increases in the amount of data available to many businesses have
become two key drivers of the mathematical sciences [13]. The internet, which has made this huge amount of
data available, has magnified the effect of these driving forces. Many areas of science, engineering, and industry
are today concerned with constructing and evaluating mathematical models, exploring them computationally,
and analyzing a large number of observed and calculated data. All of these researches are mathematical. It is
stated that the boundaries in mathematical sciences have begun to be lifted due to the expansion of mathematical
sciences and the transition of ideas between sub-fields. As their fields of research become deeply mathematical,
many researchers in the natural sciences, social sciences, life sciences, computer science, and engineering are
forced to work both in their field and in the mathematical sciences. Mathematical science provides a context for
communication and exploration in many other disciplines. Accordingly, the solutions to new problems
encountered in technology and various fields of science cannot be solved without associating them with
mathematics [14].

Mathematical sciences have an important feature that overlaps with many other disciplines such as science,
engineering, and medicine, and increasingly with business fields such as finance and marketing ([13], [14]). In
cases where mathematical sciences and their interfaces overlap, there is a mutual interpenetration of research
and researchers where two or more disciplines can be combined. This situation necessitates researchers who are
connected with mathematical sciences to interact extensively and have a deep understanding of one or more of
the overlapping disciplines. Much of modern science and engineering is “mathematical” to a significant degree,
with no dividing lines separating the interface fields of the mathematical sciences. For example, people with
doctorates in mathematics such as Herbert Hauptman, John Pople, John Nash, and Walter Gilbert have won
Nobel prizes in chemistry or economics, and this becomes more common as the field available for mathematical
representations increases. With the advancement of mathematical sciences, it is seen that the number of
interfaces has increased over time and therefore the mathematical sciences have expanded. In this context, one
side of mathematical sciences points to academic science and engineering, while the other side points to social
science fields [13].

Mathematics helps to standardize developments in a field for use by scientists in that field [14]. Abstract
mathematicians follow natural research paths in the development of new concepts and new theories and are
often affected by problems. Concepts and theories developed by abstract mathematicians are needed in many
other disciplines in the world of science. For example, integral geometry has led to the development of X-ray
tomography; arithmetic structures on prime numbers have led to generating codes for secure data transfer on the
Internet; Infinite-dimensional representations of groups have led to the creation of highly connected efficient
networks in telecommunications [14].

D. Computation and Computational Thinking

In recent years, the spread of computation has transformed the mathematical sciences and application areas.

Contrary to theoretical and experimental science, computational science contributes more to science than ever
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before. Because computational science offers the virtual laboratory where science is applied to the service of
science [15]. The computational model synthesizes domain-specific knowledge by using programming
structures from computer science, method, and theory from mathematical sciences. Computational science, on
the other hand, is used in making and testing engineering designs. This is because computational science allows
for high-precision calculations and is predictable. Virtual wind tunnels used in aircraft design and circuit

simulation environments used by chip manufacturers are examples [15].

The methods and techniques of computational science have been extended to conceptual models.
Computational models have been developed for social and societal systems and other areas that are not
generally the subject of mathematical analysis. The ubiquity of computation brings new questions and
challenges. Therefore, this situation also transforms the mathematical sciences. Computational science and
many applications and basic research involving computation depend on the transformation in mathematical

sciences [15].

Associated with fundamental computational models in computer science, there are several well-known
algorithm designs and problem-solving techniques that can be used to solve common problems that arise in the
data processing. But as computer systems become more complex and apply computer science abstractions to
new problem areas, it seems that there are not always suitable models for developing solutions. In this case, CT
becomes a research activity that involves inventing suitable new computational models [16]. Priami (2007)
states that “the basic feature of computational thinking is an abstraction of reality in such a way that the
neglected details in the model make it executable by a machine”, which indicates the importance of CT in the

creation of computational models.

CT can be defined as “a brain-based activity that enables solving problems, better understanding of situations
and better expression of values through systematic abstraction, decomposition, algorithmic design,

generalization and evaluation” [17].

International Society for Technology in Education [ISTE] (2015), defines CT as a strong problem-solving
approach that combines technology and thought, and a combination of creativity, algorithmic thinking, critical
thinking, problem-solving, and collaboration. According to Barcelos Munoz, Villerroel, Merino, and Silveira
(2018), CT is a problem-solving approach that represents the problem as an information process according to the

computational method and seeks an algorithmic solution.

CT is a new problem-solving method. It uses general computer techniques such as logic, algorithm,
discretization, patterns, abstraction, and evaluation. All these techniques help to solve a complex problem [4].
CT allows to stretch the calculation to one's needs and is becoming the new literacy of the 21st century.

Therefore, a structured pedagogical framework is required to facilitate effective learning of CT [18].
E. Principles of Computing and Computational Thinking

Computing is a broad concept that includes a variety of tasks, concepts, and techniques, while CT is a
comprehensive set of approaches and skills with applications in various disciplines [18]. CT shares elements
with various other types of thinking, such as algorithmic thinking, engineering thinking, design thinking, and
mathematical thinking, and therefore draws on the rich heritage of related frameworks as it expands thinking

skills [19]. The dimensions of CT, which are common in different fields of scientific thinking, are classified as

Copyright © 2021 JIRES, All right reserved
285



International Journal of Innovation and Research in Educational Sciences
\\ IJ I RE S Volume 8, Issue 5, ISSN (Online) : 2349-5219
\ Source of Knowledge

abstraction, problem-solving, automation, innovation, and analysis [18]. The principles of computing are

computation, communication, coordination, recollection, automation, evaluation, and design [20]. According to
Settle and Perkovic (2010), these principles form the basis for recognizing, organizing, categorizing CT
samples, and establishing a framework for CT in areas other than computer science. Brennan and Resnick
(2012) suggest that computational concepts (arrays, loops, parallelism, events, conditional expressions,
operators, and data) are often common in programming interactive media and most common in Scratch
programming languages. Stating that computational concepts are not sufficient to explain CT, Brennan, and
Resnick (2012) emphasize that computational applications should be made. Computing practices focus on how
students learn rather than what they learn. Applications are made by students in this process; incremental and
iterative, testing and debugging, reusing and remixing, abstraction and modularisation. According to Brennan
and Resnick (2012), expressing, connecting and questioning skills are important in practice. These skills are
defined as a computational perspective and the application is structured as interactive media design with
Scratch. Scratch programming helps students better understand themselves and their relationships with others
and the technological world. Therefore, students are given opportunities to design or construct what they have
learned.

Chiasson (2019) investigated the complex relationship between learning areas and the CT process with
methods based on a qualitative approach. In the research carried out based on theoretical concepts, how students
apply the CT process in robotic learning was analyzed and the contribution of the learning field and its features
to the CT learning process was evaluated. The findings showed that innovative learning spaces incorporating
new technologies could potentially contribute to CT. Students managed the learning process by making use of
the concepts found in the CT model. Approaches to creating multifunctional, comfortable, diversified, and
interesting environments in teaching form the basis of 21st-century learning. This study revealed the need for
research to bridge the gap between new school models and the needs of society and the school system [21].
Chiasson (2019) stated that his study can be considered as a small-scale exemplary study on what can be done
for the effective implementation of teaching based on CT competencies. In the study, it was suggested that
teachers help students perceive and investigate problems through feedback to test students' decisions and solve
their problems. In such student-centered learning environments, students have the opportunity to conceptualize,
construct, experience, verify and share their knowledge through feedback (Freiman et al, 2016; cited in [18]).

1. COMPUTATIONAL THINKING: A PEDAGOGICAL PERSPECTIVE
A. Framework for Computational Thinking as a Pedagogical Device ve Pedagogical Models

A pedagogical device is defined as a set of rules or procedures by which knowledge is transformed into
classroom conversation, curriculum, and online communication [9]. Bernstein (1990) defined the three main
areas of the pedagogical device as “the field of production”, “reconceptualization” and “reproduction”. These
fields are hierarchically related, so the reconceptualization of knowledge cannot occur without the original
production and reproduction of knowledge [9]. Reconceptualization is defined as a process that removes text,
signs, or meaning from its original context to fit it into a different context [22].

Knowledge production is a reconceptualization as a result of CS. Reconceptualization gives students the
ability to find easy solutions to problems using computers about CT and computational techniques [18]. Despite

the relevance of CT to CS, scientists emphasize the importance of teaching CT in disciplines other than CS at e-
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-very stage of teaching [23].

According to Chande (2015), the source goal in creating the conceptual framework of CT as a pedagogical
device is to consider the components of CT that can provide a systematic direction for applying CT to different
problems and gaining CT skills. The aim of including CT as a pedagogical device is to find ways and methods
to facilitate learning in all disciplines. Thus, students can be provided with the skills to solve current and future
problems. Making the terminology of CS professionals more widely understandable and inclusive is important
in imparting CT knowledge and skills. For this, it is necessary to help teachers find ways to integrate their CT
knowledge and skills with their existing knowledge and practices, present ideas and materials in contexts that
teachers are comfortable with, and communicate with educators using a common language or terminology in the

educational environment [18].

According to Lu and Fletcher (2009), proficiency in basic language arts helps to be successful in basic
mathematics and to communicate effectively, and CT proficiency helps to process information and tasks
systematically and efficiently. However, there are pedagogical difficulties in learning CT [24]. Deciding
whether it is necessary to separate programming and basic computer science teaching seems to be the most
important challenge. “What is the role of programming in CT, how much programming is required to be taught
for CT proficiency?” types of questions should be answered. Also, before students learn a programming
language for the first time, a CT foundation should be established. Accordingly, the teaching of CT should focus
on the creation of vocabulary and symbols that can be used to explain computation and abstraction, to provide

demonstrations of applications and processes around mental models [24].

Pontelli, Brown, Cook, Sanchez, and Nava (2016) explained the purpose of their project, which is based on
the fundamental role of computation in all traditional sciences, as instilling CT principles in traditional scientific
disciplines, creating new opportunities for scientific discovery and promoting STEM learning. The project
aimed to develop a collaborative model between New Mexico State University [NMSU], K-12 schools, and
local district schools and to move research into the wider scientific field. For this, K-12 teachers and NMSU
faculty members who are outside the CS discipline and have communication and leadership skills were worked
with. Pontelli et al. (2016) stated that they could thus develop new educational modules and activities in the
curriculum through an innovative collaboration model, and suggested introducing CT as a device to achieve
these results. It has been stated that the project will contribute significantly to the development of critical
thinking and problem-solving skills of K-12 students, and to enrich the knowledge and skills of middle school
and high school STEM teachers in the long run, and will play a role in eliminating the shortage of skilled

computing specialists in the USA.

Malyn-Smith and Lee (2012) defined three programs that develop CT skills among students in secondary and
post-secondary programs and how the results of the occupational analysis are used in the evaluation of these
programs. The framework for this analysis is designed to guide the development of STEM learning. The results
of the study showed that K-12 students, equipped with high-quality and effective STEM learning, developed
basic CT skills.

A different pedagogical model proposed for the development of CT based on social constructivism theory
includes four pedagogical experiences [25]. These are (1) unplugged, (2) tinkering, (3) making, and (4)
remixing, respectively. Unplugged experiences focus on activities that are implemented without using
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computers. Tinkering experiences involve subdividing given tasks and making changes to existing objects. The
focuses of the tinkering phase are application, simulation, and problem-solving. Making experiences involve
doing activities used to construct new objects. During the making phase, students have the opportunity to solve
problems, make plans, make choices, communicate, reflect and make connections between concepts. This phase
usually includes practices such as making, prototyping, and testing. Students reveal their learning potential
while making and sharing what they make (Dougherty, 2012, cited in [25]). Remixing experiences refers to the
use of objects or components of objects for other objects or other purposes. Objects can be digital, tangible, and
conceptual. The remixing experience offers students the opportunity to take responsibility for the use and use of
digital technologies, to make critical approaches to sampling, computational thinking, and to participate in
discussions about the results (Coltor, 2016, cited in [25]). These opportunities are effective in creating digital
citizenship [25].

Tsortanidou, Daradoumis, and Barbera (2019) proposed a pedagogical model that aims to combine creativity
with new media literacy skills in CT and low-tech and information-rich learning environments. The model will
help students gain creativity, problem-solving, and cooperation skills in primary and secondary school settings.
In the model, it is stated that teaching students to think like a computer scientist, economist, physicist or artist
can be gained through media arts and CT applications. Imagination is expressed as the interface between these
applications in the model. In the model, creative teaching methods, unplugged approaches, and low-tech
prototyping methods are used to develop students’ creativity, CT, collaboration, and media literacy skills.
According to Tsortanidou et al. (2019), the model is connected and realized through three macro and five micro-
moments. These were determined as non-technological, sociocultural, creative, multimodal, and media. Micro-
moments guide specific methods that develop relevant skills and provide natural ways to apply macro-moments.
In the model, imagination and questioning are combined through joint design, which highlights the importance
of design thinking. In this process, Dewey’s ideas on coordinating joint research and imagination processes are
used (Steen, 2013, cited in [26]). Dewey states that collaborative design and a collaborative design thought
process combine inquiry from the outer world to the inner world and imagination as a trajectory from the inner
world to the outer world. From this point of view, it is understood that collaborative design is a reflective
process in which something new is produced. On the other hand, it is stated that CT has an important place in
increasing creativity as the computer allows the creation of new forms of expression (The College Board, 2012,
cited in [26]). The common denominator between design thinking and CT is problem solving and students
should solve problems as designers [27]. Problem-solving in CT can be designed in many different ways, from
solving practical problems to solving theoretical or conceptual problems [28]. In the model proposed by
Tsortanidou et al. (2019), the design thinking process consists of five stages. These stages are; understanding
and observing, synthesizing, Ideating, prototyping, and testing. Since intuitive knowledge generates powerful
ideas and includes imagination/creativity, learners internalize the world through imagination and externalize it
through questioning [26]. Table I includes the thinking process stages and features of the pedagogical model
proposed by Tsortanidou et al. (2019). The dimension of associating the process with CT was interpreted in the

context of the conceptual framework of CT and added to Table 1 by the authors.

Table 1. Methodologically defined design thinking process and associating the process with CT.

Stages and Features Associating the stages with the CT

Understanding and observing: It includes understanding the Students identify sources of errors in a functional model by breaking
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Stages and Features

Associating the stages with the CT

context of the problem and the difficulties, feelings, and

thoughts of others.

them down into smaller parts to gain a deeper understanding of the parts.

Therefore, this stage is related to the decomposition dimension of CT.

Synthesizing: It includes making the final definition of the
problem and generating and sharing different ideas to find the

Students solve the problem by analyzing the source of the problem in
items, and it will be easier to identify similar errors. Therefore, this stage

source of the problem correctly. is related to the pattern recognition dimension of CT.

Students can find possible explanations and solutions through social
Ideating: It involves combining students' ideas for problem- interaction and feedback from peers and teacher advice and exclude
solving and their imaginations with meaningful insights. irrelevant weak explanations and solutions by focusing on important

details. Therefore, this stage is related to the abstraction dimension of CT.

Prototyping: It includes the conceptualization of possible Itisrelated to the algorithm dimension of CT, as students construct and

sources of problems and creative solutions that are translated | implement certain steps or rules of similar logic in the problem and reach

into real-world solutions through drawing. a solution.

Testing: It includes testing the accuracy and viability of the
imagined solution. The goal at this stage is to identify the
exact solution and develop a theory that explains the solution. | It includes checking the functionality and applicability of the model.
Issues such as why the model is not functional, i.e. the Therefore, this stage is related to the evaluation dimension of CT.
sources of the problem, how the solution is found, and why

the non-functional model works backward are clarified.

(Source: [26], [29]).
According to Phillips (2009), the essence of CT is to combine these resources to think about data and ideas
and solve problems. According to Phillips (2009), teachers have some duties to perform during the

implementation of CT in the classroom:

They should encourage their students to move beyond using technological tools in their CT and knowledge

construction processes.

They should encourage their students to activate their thought processes to use abstraction and multiple
computer science concepts to construct new knowledge.

They should be able to ask their students different questions about problem-solving and the use of
technology in their classrooms, and they should encourage students to ask a lot of questions and construct
strategies to solve them. The type of thinking needed by individuals in society is related to the production
processes used to solve problems. Knowing how to apply technology to find and use knowledge in solving
problems is the first step to improve the process. “How difficult is the problem? How to solve the problem?
Which of the CT strategies can be used?” These are some of the questions that teachers should ask their
students. In this context, CT provides opportunities and facilitates new ways to solve problems creatively

by emphasizing creating knowledge rather than using knowledge [30].

They should increase their knowledge of ICT (information communication technologies) and help students

learn to use ICT to help them understand and solve problems in different disciplines.
They should help students learn the basic concepts and information about CS.

They should use computing terms in everyday activities.

Phillips’ (2009) definition of CT and his views on the applicability of CT in the classroom give an idea about
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how CT should be used as a pedagogical device. It is also important to know the differences that distinguish CT

from other learning strategies for an understanding of CT. These differences provide important clues about the
necessity of integration of CT into compulsory education. According to Phillips (2009), these differences are

listed as follows:

e Ittakes students beyond technology literacy.

e It creates problem solvers instead of software technicians.

e It emphasizes constructing knowledge rather than using knowledge.
e It offers endless possibilities for solving problems creatively.

e Develops problem-solving techniques already taught.

An exemplary study supporting Philips’ (2009) definition and views on CT is the online experimental study
by Hadad, Shamir-Inbal, Blau, and Leykin (2020) investigating pedagogical strategies in coding and robotics
education. Hadad et al. (2020) examined the development of students’ CT skills and the contribution of online
courses to the professional development of teachers in the context of coding and robotics. In the study, an online
program was applied to increase students’ creativity, cooperation, problem-solving and self-expression skills,
motivation, and self-confidence. At the end of the one-year practice, it was concluded that the teachers
participating in the study showed a development from the teacher-centered teaching process to the student-
centered teaching process in their lessons, the difficulties encountered in teaching CT were significantly
reduced, the teachers were able to manage their independent learning and teaching processes and provide more
guidance to their students. Teachers encouraged their students to learn individually, and by supporting them in
this regard, they were able to use different pedagogical approaches together in the teaching process. In this
context, the pedagogical strategies teachers use in the teaching process were creating learning experiences,
debugging, collaborative learning, gamification, explanation with examples, peer teaching, and teacher lecture
strategies. The teachers who participated in the study stated that such an application provided significant
benefits in their professional development. According to Hadad et al. (2020), the creation of learning
environments in which the student is active takes responsibility for their learning, and can conduct the
independent learning process is effective in the development of CT skills. In this process, it is emphasized that it

is important for teachers to guide a way that facilitates and helps students discover and construct knowledge.

According to Tikva and Tambouris (2021), CT creates an ideal environment for the development of 21st-
century skills through programming. This interest increases the number of studies, but various difficulties arise
in the educational applications of CT. In studies in the literature on CT and CT fields, it is seen following issues
have not been sufficiently researched yet [31], “Which tools support which learning strategies in educational
applications and development of CT, which learning strategies enable the acquisition of CT, what are the factors
affecting the development of CT, and how students’ CT levels affect capacity building”. For this reason, Tikva
and Tambouris (2021) developed a systematic conceptual model by mapping the CT curriculum to overcome
these difficulties and improve CT. This model emerged from the synthesis of 101 studies and the identification
of CT fields. The CT fields of the model are Knowledge Base, Learning Strategies, Evaluation, Tools, Factors,
and Capacity Building. The developed model examines the relationship between CT fields. It was emphasized

that the model could help the understanding of CT and form the basis for future research studies.
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In addition to the models proposed for the conceptualization of CT as a pedagogical device, non-computer

applications for the development of CT are also of great importance. Aranda and Ferguson (2018) stated that the
use of “unplugged activities” was effective in the conceptual development of CT. Because CT uses the basic
concepts of computer science. These concepts are generally related to the problems that students encounter in
their daily lives. Therefore, it was stated that students can learn these concepts with “unplugged (not computer-
mediated) activities” without using a computer (Sie & Yan, 2017, as cited by [32]). Sie and Yan (2017) stated
that it is not necessary to have a computer for students to learn computer concepts and develop their technology
competencies [33]. “Unplugged activities” are activities that teach coding concepts without using a computer.
With these activities, students can use paper, pencil, various tools, and their bodies [34]. Unplugged
Programming (UP) refers to learning CT and computer science concepts without using computing devices [35].
With unplugged activities, students not only simulate their learning processes, but also find opportunities to
explore the basic ideas of computer science and do coding with these activities [36]. Unplugged activities
require students to learn CT and how to define a problem, identify important details for problem-solving, and

use logical reasoning to create and evaluate a problem-solving process [37].

Unplugged activities were initially carried out with “hands-on activities” developed by CS teachers and
students without a computer with a pedagogical approach. The most important reason for CS teachers and
students to develop this idea was the thought that computers are learned using programming, but this is not
motivating enough by every student, sometimes the computer can be a distraction in learning and this creates an
obstacle to learning. Thus, it has been shown that computer concepts can be learned without using a computer
[35]. These activities, designed for primary school children, have become widespread in educational
environments, where students of all ages can successfully use them formally and informally (Earp, 2016, cited
in [35]).

Studies have shown that UP can facilitate the learning of CT concepts ([29], [38]). AlAmer et al. (2015)
stated that they used UP in teaching CS concepts and that these concepts started to be used more by the
participants at the end of the study. Brackmann et al. (2017) conducted a 5-week practice on an experimental
group to develop CT skills using UP with a quasi-experimental method. When the CT skill test scores
performed a few years later were analyzed, it was seen that the experimental group had a statistically significant
difference in terms of overall effect compared to the control group [29]. Studies with the application of UP
activities revealed mostly positive results in learning CT concepts, but some studies did not reveal any
remarkable results (Campos, Cavalheiro, Foss, Pernas, Piana, Aguiar, Du Bois, & Reiser, 2014, cited by [29]).
Although it has been shown that unplugged activities can provide CT's content knowledge gains, there are some
criticisms about UP [35]. One of them is AlAlmer et al.’s (2015) comments that criticize the Unplugged
program for focusing more on macro aspects (e.g. binary numbers, designing algorithms) than micro aspects of
CS (e.g. local and global variables, conditional statements). Bers (2018), on the other hand, criticized UP, which
is framed with CT as a problem-solving process, stating that it does not allow a tool that will enable students to
express their creative ideas created by an external creation [35]. In this context, more studies are needed to
reveal the reasons for these situations.

Students can use tablets and computers to code in the digital world. However, it is noteworthy that the use of

UP programs, which are thought to have potential, together with other ways such as coding, will help to learn
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CT [35]. Brackmann et al. (2017) state that as a result of their experimental studies without using a computer

and using a computer, the students who participate in the activities without using a computer significantly
improve their CT skills compared to the students who do not attend these courses, and that the activities without
using a computer are effective in gaining these skills. On the other hand, more research is needed to determine
the effects of computer-free activities on the acquisition of CT skills on younger students who will encounter CT
for the first time [39]. In addition, according to Hsu, Chang, and Hung (2018), since the cognitive capacities of
students differ according to their ages, this situation should be taken into account in determining the method,

content, and learning strategies to be used in CT teaching.
B. Developing Computational thinking in Compulsory Education and Major Trends in CT Integration

In recent years, CT-related concepts (e.g. coding, programming, algorithmic thinking) have received
increasing attention in the field of education and this has led to various initiatives in academia, gray literature,
and many public and private institutions [40]. Despite this widespread interest, there are unresolved problems
and various challenges in the successful integration of CT into compulsory education [40]. Phillips’ (2009)
definition of CT and his views on the applicability of CT in the classroom give an idea about how CT should be

used as a pedagogical device.

The basic questions that need to be considered for the successful and effective integration of CT education

into compulsory education can be listed as follows [40].
1. How can CT be described as a key skill of the 21st century for students?

2. What is the relationship between the basic features of CT and programming/coding in compulsory
education?

3. How should teachers be trained to effectively integrate CT into teaching practices?
4. Should CT be considered within a particular subject or as a subject in curricula?

5. What does evaluation mean in CT?

6. What is required to develop CT in compulsory education?

According to JRC (2016), CT is seen as a way for students to develop their problem-solving skills. Webb et
al. (2016) argue that CS to be included in the curriculum is an ideal way for students to develop CT, which they
can later apply broadly as a problem-solving strategy (cited in [40]). While the Informatics Curriculum in
Austria sees the understanding of informatics as a way to achieve problem-solving, the French study group
emphasizes that students should be active digital citizens who can lead digital transformation rather than being
subject to digital transformation. The Australian curriculum states that it is important for students to learn how
to use and develop digital technologies to fully participate in the digital world. In this context, it is thought that
the introduction of CT will be effective in filling the gap between the curriculum and the current needs of

students and society in general [40].

Countries that develop their studies on basic questions (Austria, Czech Republic, Denmark, Finland, France,
Greece, Hungary, Italy, Lithuania, Poland, Portugal, Turkey) aim to develop students’ logical thinking skills and
problem-solving skills [40]. Lithuania aims to improve students’ ability to organize and analyze data, while

Finland aims to strengthen students’ motivation to improve their math reading skills. The Finnish curriculum

Copyright © 2021 JIRES, All right reserved
292



International Journal of Innovation and Research in Educational Sciences
\\ IJ I RE S Volume 8, Issue 5, ISSN (Online) : 2349-5219
\ Source of Knowledge

supports competencies such as CT, learning to learn, cultural competence, ICT competence, and

entrepreneurship. Finland, France, Lithuania, Poland, Portugal, Switzerland, and Turkey especially focus on the
development of coding and programming skills in their curriculum. The Czech Republic, Finland, Poland, and
the Netherlands see the development of CT skills as a way for students to prepare for life in the digital world. In
addition, the inclusion of CT in compulsory education is shown as the necessity for school education to follow
social developments. In this context, two trends emerge in the rationale for the inclusion of CT in education.
First, it is important to develop CT skills to enable children and young people to think multi-dimensionally,
express themselves through the media, solve real-world problems and analyze everyday problems from a
different perspective. The second is the promotion of CT to meet the current need in Information and
Communication Technologies to accelerate the economic growth of countries and to meet future employment
[40].

Most of the articles in the literature mention the general benefits of CT as a thinking skill and the necessity of
developing new skills needed by the employment market. JCR (2016) emphasizes the need to develop digital
skills for employability in its report. European Commission member states recommend that more investment be
made in the acquisition of digital skills in education, including coding and CS. Studies on employability and the
acquisition of digital skills are also carried out in countries outside of Europe. For example, the Australian
curriculum states the need for students to learn how to use and develop digital technologies to fully participate
in the digital world [40].

It is emphasized that the main purpose of promoting CT in Europe and many non-European countries is to
develop 21st-century skills in students. Accordingly, many countries in Europe have included or are planning to
include CT-related concepts in compulsory education as part of their curricula. Countries are divided into three
clusters according to the approaches they adopt to include CT and CS in compulsory education [40]. The first
cluster includes countries that have begun to review and revise their curricula in the last few years. In the
process, such countries have increased the teaching of CT and related concepts in compulsory education at the
national level, regardless of whether it poses a social challenge or is suitable for employment market needs. The
program often emphasizes and prioritizes the importance of CT concepts and skills related to improving
students' coding and programming abilities. In addition, teacher education programs have been focused on
supporting the integration of CT and CS into the curriculum. The second cluster includes countries that have not
yet included CT in compulsory education but are preparing to do so soon. The third cluster includes countries
that rely on long-standing traditions in CS education in Europe, especially in high schools. The trend among

these countries is to expand CS education to all levels of education. CT plays a central role in this trend [40].

C. Opinions on the Integration of Computational thinking into Compulsory Education Curriculum

and Teacher Competency

Today, digital technologies play an important role in fulfilling basic tasks in daily life. For this reason,
individuals need to receive the necessary training, have sufficient knowledge and skills, and develop problem-
solving skills to critically understand the technological systems they use ([3], [4]). Wing (2006) states that
society needs individuals who know what they can and cannot do with computers, and individuals can become
effective authors or creators of computational tools. Wing (2006) defined CT as the process of formulating and
solving problems using a computer and stated that CT will help K-12 students learn to think abstractly,
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algorithmically, and logically, and solve complex and poorly structured problems. Angeli et al. (2016) proposed

a CT framework based on a holistic design approach consisting of the dimensions of computational thinking
such as abstraction, generalization, decomposition, algorithmic thinking, and debugging. They stated that with
this framework, they aimed to introduce young students to CT processes and to become competent in learning
more theoretical and practical subjects of CS in the following years. It is stated that the framework is
conceptualized to allow teachers the opportunity to adapt and customize it as they see fit for their classrooms
and students. Van Merriénboer and Kirschner (2007) define a holistic design approach in the curriculum as
“trying to deal with complexity and without overlooking the separate elements and the interconnections between
these elements” (as cited in [41]). The holistic desigh promotes segmentation and fragmentation, the breaking up
of a whole into small, distinct, and often discrete parts. On the other hand, the holistic design approach focuses
on complex and authentic learning tasks without overlooking the individual elements that make up the complex
whole, thus aiming to eliminate segmentation and fragmentation. Therefore, when this approach is applied
correctly by the teacher, students can learn CT in the problem-solving process [41]. A curriculum designed
around real-life problems should be considered as a way to bring CT to a situation in students' lives and to
engage them [41].

Asia Pacific Region countries such as Korea, Taiwan, Hong Kong, and China have started their national
curriculum reforms by realizing the importance of CT education in K-12 education due to their strength in the
ICT industry [1]. For example, although nationwide CT education in Korea is in its early stages, there is
evidence from some research supporting the effectiveness of learning coding skills and related CT skills. CT
education in Korea has been conducted in the areas of (a) innovative pedagogical approaches specific to CT, (b)
developing evaluation tools to measure students” CT knowledge, skills, and attitudes, (¢) expanding computing,
training educators, and coding, (d) ) training teachers’ CT skills and their perception of the effectiveness of
coding education. The curriculum for CT education in Taiwan introduced in 2019 aims to (a) develop CT skills,
(b) build literacy in using information technologies for collaboration and communication, (c) promote
appropriate attitude in using information technologies (Ministry of Education, Taiwan, 2016, cited in [1]). In
Hong Kong, CT is mainly developed through coding education. With the rapid technological development, CT
is recognized as a fundamental problem-solving skill in Hong Kong society. Results of a study conducted at a
local primary school in Hong Kong from 2012 to 2014 showed that CT had a positive effect on teaching
mathematics and general subjects. However, it was stated in the same study that the lack of teacher education
and practical difficulties on curriculum issues in CT applications in formal education should be considered
(Wong et al, 2016, cited in [1]).

It is important for teachers to be prepared for new pedagogical approaches and to understand how ICT and
pedagogy relate and interact to facilitate the development of these competencies to equip both themselves and
their students with 21st-century competencies [40]. However, truly integrating CT into existing curricula
presents significant challenges, especially for teachers ([31], [42]). According to Peng, McNess, Thomas, Wu,
Zhang, Li, and Tian (2014), the introduction of new ideas and concepts with the new curriculum has revealed
the problem of the lack of competent teachers who can implement this curriculum. With the start of the
implementation of these programs, teachers stated that they encountered various difficulties while teaching CT
and CS subjects [2] and that they had to develop new learning resources and use new technologies, but they did

not have much confidence in this issue (Curzon et al, 2009, cited in [42]). Teachers state that they were not ade-
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-quately supported in various subjects, especially in the lack of resources and teaching CT skills [43].

The issue of how to integrate computational thinking into the curriculum has not yet been fully clarified.
Moreover, the problem of preparing a curriculum in which the design of a curriculum based on a general CT
framework, and the technological pedagogical content knowledge explained in detail necessary for teachers to
master this curriculum, are among the challenges that need to be resolved ([31], [41]). On the other hand, the
participation of teachers in the curriculum renewal process is important. Because this participation is a tool of
professional development (Vitikka, n.d., cited in [40]). This will enable teachers to gradually participate in the
renewal process, understand the main ideas and not perceive curriculum change as a top-down process with

guidelines and regulations imposing [40].

The fact that teachers have a sufficient infrastructure to implement any curriculum determines the quality of
teaching. Shulman (1986) emphasizes that a teacher should be competent in various fields of knowledge such as
how he teaches, how he reflects his field knowledge to teaching, the ability to know and use teaching strategies,
and student and program knowledge. Shulman (1986) defines the knowledge and abilities that teachers should
have as pedagogical content knowledge (PCK). PCK is “the blending of content knowledge and pedagogical
knowledge for teaching purposes, which includes organizing, presenting, and adapting specific topics or
problems for students of different interests and abilities” [44]. For the last two decades, education researchers
have expanded the concept of teachers' pedagogical content knowledge to technological pedagogical content
knowledge (TPCK) by adding technology knowledge [41]. TPCK, proposed by Angeli and Valanides (2005,
2009), is conceptualized with the contribution of five different knowledge bases: content knowledge,
pedagogical knowledge, learners' knowledge, educational context knowledge, and technology knowledge (as
cited by [41]).

Mishra and Koehler (2006) argue that the TPCK framework should successfully integrate technology into the
curriculum, and technology and pedagogy should be combined with content creatively and holistically. By
focusing on ways of thinking, which they call interdisciplinary skills, Mishra, Koehler, and Henriksen (2011)
state that the TPCK framework will expand learning in the 21st century and that such a focus will develop

creativity in students.

It is important to know the thoughts of teachers about the development of computational thinking. Because
the teacher's point of view, knowledge, and ability determine the quality of teaching. The workshop conducted
by Bower et al. (2017) on the development of CT skills investigated whether teachers have pedagogical
competence in the development of CT and related issues. To the question “Which technologies can be used to
develop students’ computational thinking skills?”, it has been observed that the majority of teachers think that
technological devices can support the development of CT, and they answered “computer and digital devices
should be used” in this process. Digital devices, systems, and networks encourage computational approaches to
solve problems [2]. Before the workshop, while the teachers answered the question of “what prevents you from
being confident in developing your students' computational thinking skills?”” as "lack of knowledge and inability
to understand computational thinking", at the end of the study, they stated that their feelings of inadequacy in
teaching concepts decreased, but the lack of resources to support teaching was an important problem for them.
In addition, the teachers stated that they wanted to know how to integrate CT into the curriculum in the face of

the intensity of the curriculum and how to make the time given for teaching the subject and gaining skills
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sufficient. Teachers explained the factors that would make their students feel confident in developing their CT

skills. Accordingly, the teachers stated that they needed more time to learn, that it would be appropriate to
provide more resources and support to access the relevant technologies, and that it would be beneficial to
present more examples, activities, and ideas on how CT should be taught. In addition, they stated that their self-
confidence could increase by preparing environments that allow them to exchange ideas with their colleagues
and to enable them to communicate with experts in the field. After the workshop, it was stated that the teachers
developed an awareness of the sub-components of CT such as decomposition, pattern recognition, algorithm
design and abstraction, and a more detailed understanding of CT. At the end of the study, it was seen that
teachers generally focus on student-centered learning approaches towards the types of pedagogy that they can
use to develop CT. While the pre-workshop teachers were not aware of the field-specific technologies that could
be used to teach CT, the majority of the post-workshop teachers stated that they could use software such as
Scratch Junior, Python, and significantly increased their self-confidence in teaching CT [42]. In summary, the
results of the study showed that teachers were able to develop the basic ideas of CT content, pedagogy, and
technology in a relatively short time and developed significantly better self-efficacy towards related concepts
and practices.

According to Bower et al. (2017), widespread criticism is made against teachers that they cannot adequately
respond to a new discipline and teaching demands arising from the changing technological workforce and social
needs. However, they stated that this criticism did not coincide with the results of their study and that teachers
might be quite capable, and that the main problem was to provide them with well-designed professional learning
opportunities and resources. The study conducted by Ketelhut, Mills, Hestness, Cabreral, Planel, and McGinnis
(2020) to see the integration of CT into the curriculum and classroom application of primary school teachers for
their professional development, and to determine how teachers’ views change in the experimental process, can
be considered as an example that supports Bower et al. (2017) views. According to Ketelhut et al. (2020),
students’ acquisition of CT skills at an early age is related to their teachers’ completion of their development on
this subject. Ketelhut et al. (2020) stated that at the end of the study, teachers developed their knowledge,
beliefs, and attitudes about the integration of CT into the lesson in a positive way and that they adapted what
they learned to the curriculum in the best way by using it in the design of the lesson. In this context, if the
teacher is to provide opportunities for his students to gain CT skills, the teacher needs to be able to adapt CT to
the curriculum and know-how to apply it in the classroom, and teachers’ professional development should be
ensured.

In the study conducted by Kong, Lai, and Sun (2020) on the development of primary school teachers’ CT
skills, the proposed program focuses on subject knowledge and pedagogy and offers an effective teacher
training development model with active practices. Evaluation of CT skills in the experimental study was based
on objective tests and self-evaluations. As a result of the application, it was observed that there were
improvements in the knowledge of teachers about CT concepts and applications, subject content information,
technological and technological pedagogical content knowledge. According to Kong et al. (2020), the effect of
effective teacher training programs in the development of CT has been experimentally proven with this study. In
this context, it is important to organize teacher training courses or in-service courses to improve teachers’
technological and pedagogical content knowledge. Attention getter of the study by Kong et al. (2020) is that the

schools where the participating teachers work have an infrastructure in which the relationship between
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programming and CT can be established better than other schools. In other words, it was the fact that the

teachers who participated in the teacher training program prepared for the development of programming and CT
skills had a certain level of knowledge in the field of computer science (CS). However, in the process, it was
observed that there were significant improvements in the development of CT among teachers who were not
knowledgeable in CS. On the other hand, to see whether it is possible to generalize the results of the study, it is
emphasized that the study should be conducted in schools that do not have the appropriate infrastructure in the
development of CT.

Reichert, Couto Barone, and Kist (2020) analyzed a group of K-12 mathematics teachers’ achievements in the
CT teaching process and their views on the use of CT in mathematics teaching with a qualitative approach.
According to this, it was seen that the teachers had deficiencies in the association between mathematical
subjects at the beginning, but upon the completion of the training, it was seen that the teachers developed
various methods in mathematics teaching and they had positive views on how to apply, learn and teach CT. In
the study, CT applications were made with unplugged activities, presentation of basic robotic concepts with
Scratch programming, and block-based programming using ArduBlock. In the study, which examines the
perceptions and pedagogical approaches of teachers in the integration of CT into the mathematics lesson, how
teachers integrate CT into their classrooms, their contribution to the teaching process, their attitudes towards
CT, and possible changes from traditional teaching to constructivist teaching were investigated. It was observed
that the teachers who participated in the application generally associated CT with problem-solving and made
correct definitions. According to Reichert et al. (2020), CT concepts should be included in education programs
and disseminated with the support of the media along with developing technology. With such supportive
strategies, in-service training to be organized by educational institutions and the state should contribute to the
professional development of teachers. Because teachers think that they are supported by such practices and they

have confidence in themselves [45].

Gleasman and Kim (2020) state that block-based programming is applicable in teaching mathematical
concepts, positive results are obtained in the development of pre-service teachers, and it is important to include a
structure consisting of CT, programming, and mathematics teaching in teacher training curricula and to see the
results with the applications made. According to Finsterbach Kaup (2020), the technology developing with the
digital age has revealed the idea of using digital manipulative tools such as robots in mathematics education.
Since digital manipulatives include computational skills, their use in problem-solving approaches helps students
develop their CT skills. Working with a robot as a digital manipulative in mathematics teaching allows students
to develop a deeper mathematical understanding by contributing to their reasoning, problem-solving,
generalization, and estimation skills [46]. On the other hand, according to Lee et al. (2011), teachers do not have
the opportunity to access the necessary materials and technology to develop their CT skills as a part of their
professional development (as cited in [47]). According to Finsterbach Kaup (2020), professional development
courses given to teachers from time to time are not sufficient. In addition, there is a need to establish
professional development practice communities with continuous support and resource sharing.

D. Digital Competence and its Relationship with CT

Digital competence is defined as “the ability to understand and use the information presented in various

formats from different sources through a computer” (Knobel & Lankshear, 2008, cited in [48]). The definition
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of digital competence, which is shown by the Council of the European Parliament as one of the eight basic

competencies that citizens must have to adapt to the changing world conditions, has been made as follows.
“Digital competence involves the confident and critical use of information society technologies for work,
leisure, and communication. Digital competence is grounded by basic skills in information and communication,
i.e. the use of computers to retrieve, evaluate, store, produce, present and exchange information, and to
communicate and participate in collaborative networks via the Internet.” [49]. According to this definition,
digital competence, as a combination of knowledge, skills, and attitudes, requires deep knowledge and
understanding of the nature, role, and possibilities of information technologies, not only in business but also in
interpersonal and social life [49].

Digital competencies require extensive skills to master and apply technologies in the context of problem-
solving, which is closely related to CT, beyond being familiar with specific technologies [50]. CT aims to
develop students' potential in solving poorly structured problems by enabling them to perform a set of
computational applications based on computational logic [50]. CT is associated with a range of thinking skills
such as computer problem solving, algorithmic design development, and mathematical thinking [19]. England
has included CT and coding in their curriculum in primary and secondary schools [40]. England claims that “A
high-quality computing education equips students to use computational thinking and creativity to understand
and change the world”. England’s pioneering is not just directed towards computation, but also in the

conceptualization of CT, which is strongly promoted in its agenda for compulsory education [40].

Many countries in Europe have planned to include CT in compulsory education [40]. For example, in the
Czech Republic, “Developing computational thinking among students” has been identified as one of the priority
objectives in the Digital Education Strategy document. Therefore, CT is seen as a key to the acquisition of
digital competencies that all students need to understand their future lives, professional careers, and the world
[40]. In Scandinavian European countries, the concept of “digital bildung” is used to express what it means to be
literate in contemporary culture. In the Norwegian national curriculum, digital competence is defined as a
complex competence that reveals simple ICT skills (using software to search, transform and control

information) and more complex skills such as the use of digital tools and media [51].

Information communication technology applications such as Web 2.0 tools, multi-user virtual environments
and augmented reality contribute to the development of 21st-century competencies (Dede, 2010a, cited in [51]).
For example, Web 2.0 technology enables users to create and share content in new ways. The digital camera and
different software tools make it easier to show and mirror students” work. Immersive interfaces such as multi-
user virtual environments and augmented realities offer two powerful opportunities to learn 21st-century
competencies (Dede, 2010a, cited in [51]). First, it enhances digital competence and the ability to access
distance and time-dispersed sources of information and the psychosocial community. Second, it develops the

ability to create activities that are not possible in the real world.

According to Dede (2010b), digital competence should not be regarded as a separate skill set but should be
placed within and among other 21st century competencies and basic subjects (as cited in [51]). Bennet and
Maton (2010) state that due to the widespread use of technology in society, schools and universities generally
assume that students have digital competence, but there are great differences in students’ use of technology and

thus technology skills, and this situation becomes clearer day by day (as cited in [51]).
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Most frameworks describing twenty-first-century competencies state that new evaluation frameworks are
needed to evaluate 21st-century competencies. It is stated that performance evaluation strategies are necessary to
understand how students progress in mastering 21st-century competencies [51]. Voogt et al. (2013) emphasize
that the standards to be established for digital competence should not lead to fixed tests and evaluations and
should be flexible depending on the speed of technological and cultural change. It is also stated that it is
important to see the use of technology in real life (Lankshear & Knobel, 2006, cited in [51]), and to understand
such processes, it is necessary to look at the different contexts in which technology literacy is applied and made
sense, and how new technologies change the nature and processes of meaning-making. This is especially
important in relating how children and young adults use digital technologies [51]. It is necessary to follow the
studies of countries dealing with the development of new evaluation frameworks and the development of
evaluation tools for the evaluation of 21st-century competencies. Because these studies can be a guide for

countries that want to strengthen their evaluation studies on a national basis (Dede, 2010b, cited in [51]).
E. The Twenty-First-Century Learning Environment and its Importance in the Development of CT

The environment formed by the interaction of space, time, infrastructure, equipment, and psycho-social
factors in the learning process and affecting this process is called the learning environment (Acat, 2005, cited in
[52]). Learning environments are environments where individuals use existing resources for a purpose to explain
the events in the environment and develop solutions to the problems encountered (Wilson, 1996, as cited in
[52]). The term “learning environment” refers to the place and space - it could be a school, a classroom, a
library. Much of 21st-century learning takes place in physical settings like this. But in today’s interconnected
and technology-driven world, a learning environment can be virtual, online, and distant; It doesn’t have to be

any space.

CT has become a trendy word that promises to educate the new generation of children with a much deeper
understanding of our digital world, and the educational environment is changing fast and we are now at a tipping
point [40]. Moreover, the increasing interest in 21st-century skills has focused attention on the importance of
smart learning environments in developing students’ digital competencies. The State Educational Technology
Directors Association [SETDA] (n.d.) defines 21st-century learning environments as classrooms with computer
hardware, software, electronic whiteboards, and rich digital and online curricular resources. When entering such
an environment, it is noticed that interactive learning, higher-level thinking skills, and student engagement are
pervasive. Through the programs offered in such environments, students are provided with the opportunity to
access and collaborate with the relevant content they need most and often cannot access. To create 21st-century
learning environments, it is necessary to make collaborative planning, investment in core components for
technology, and give importance to intensive professional development and training of teachers. In this context,
elements such as not only how to use technology in the training of teachers, but also how to integrate technology
into the curriculum, determining the content of the curriculum, providing rich digital content, and CT support
are the key elements that need to be considered in the process of transforming schools [53]. CT needs to be
included in formal education to give all children equal opportunities and to provide them with the CT skills they
need. This will only deliver results if policymakers set out their vision and carefully define, plan and monitor
their concrete implementation steps [40]. While experts emphasize that it is important to introduce children to

CT concepts in the early stages of school, they state that more studies should be done on what is the most
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appropriate age [40]. However, the current general assumption is that it is appropriate to develop CT-related

skills from an early age. Therefore, new comprehensive approaches are needed to cope with the complexity of
cognitive processes related to CT [40]. On the other hand, the organizers of learning environments are teachers.
Ensuring the continuous professional development of teachers will enable the development of learning
environments and the analysis of teaching and learning processes in the best way [46]. In this process, it is
necessary to determine new tools and criteria for how teachers can evaluate their CT skills. The inclusion of CT
in their curriculum creates a strong demand for continuing professional development (CPD) for teachers who do
not have sufficient knowledge of this concept. It is of paramount importance that teachers and school staff
should be provided with training opportunities that strongly focus on CT pedagogy and hands-on learning which

can be easily transferred to the classroom [40].
F. Opinions on Evaluation of CT

Papert (1980) emphasizes in his studies that computer culture can shape children’s thinking and that they can
learn by programming the computer and coming into contact with strong ideas. This idea encourages studies on
the transfer of cognitive skills from programming activities to other fields, so the idea that cognitive skills such
as problem-solving skills can be transferred is seen as a necessity to include CT in the compulsory curriculum
[40]. Evaluation of CT concepts and applications is important to see the development of CT. Multiple evaluation
mechanisms, including qualitative data, are needed for the evaluation of CT skills. Evidence of CT-related
behaviors was observed by researchers and CT was evaluated using various methods [50]. Moon et al. (2020)
proposed a model to facilitate and develop the acquisition of CT skills using the Open Educational Resource
(OER) as one of the ways to support personalized learning. However, the researchers stated that current OER
designs and applications are limited in improving students’ CT skills and that design-based research is needed to
adapt OERs to improve CT. It has been emphasized that it is important to know how to reduce the increased
cognitive load of students and how to coordinate practices in instructional design [50]. Hosseini (2017)
evaluated students’ programming behaviors using the evidence-centered design (ECD) framework in the
development of CT, and classified students’ main observable behaviors regarding programming skills as

previous programming experience, intrinsic motivation levels, and math and science skills (as cited by [50].

Another example of using multiple evaluation mechanisms is The Computational Thinking Pattern Analysis
(CTPA) framework. This framework has produced early indicators of transfer from game design to
computational science [40]. The basic assumption of the CTPA framework is that students can develop games
using CT patterns and apply the same patterns in other areas. This framework breaks down complex programs,
showing ways to measure these patterns in student-created products, and provides evidence of skill transfer
across fields.

Brennan and Resnick (2012) offer three main approaches for assessing the development of CT. These

approaches can be listed as follows:

e Analyzing students' project work and generating visual representations of the programming used or not used

in each project,
o Discussion of generated products,

o Design scenarios - given a set of three projects with low-medium-high complexity levels; explaining the pu-
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-rpose of the selected project, describing how it can be extended, fixing a bug, and remixing the project by

adding a feature.

Many strategies suggest assessing CT by analyzing the artifacts (e.g. games or models) that students develop.
It is stated that troubleshooting scenarios can be considered as an effective way to assess students' fluency in
computer programming and computer-based problem solving [40]. Various tools are being developed to support
educators’ evaluation of students in programming and evaluate the development of CT [40]. One of them is Dr.
Scratch, a tool that performs automatic analysis of Scratch programs and detects the presence or absence of
certain key statements in students’ work, such as conditional statements. Wilson, Hainey, and Connolly (2012)
developed a coding scheme consisting of design categories for programming concepts, code organization, and
usability to evaluate students’ CT skills while using the Scratch program. Wiggins, Grafsgaard, Boyer, Wiebe,
and Lester (2017) mostly used JavaTutor, a special computing platform that takes into account the cognitive and
affective states of students. On the other hand, while it is stated by Gal-Ezer, Peyton-Jones, Lepeltak, Urschitz,
and Voogt that current evaluation methods and tools cover some aspects of CT, it is emphasized that the

progress in the evaluation of CT is not at the desired level, therefore more research is needed [40].
I11. DISCUSSION

In today’s world where scientific and technological developments are developing rapidly, it becomes
important to raise individuals with the skills required by the 21st century. Because the security, health, and
economic policies of nations are significantly affected by the developments in digital technologies. Especially
developed and developing countries regulate their current and future employment policies according to

technological developments [1].

With the development of Computer Science, the interest in computational thinking, which was previously
thought to be completely related to ICT, but which was redefined by each discipline in line with its own needs,
and therefore accepted as a much more comprehensive and problem-solving method than computer science, has
increased. With the understanding of CT, it becomes easier to solve problems, design systems, and understand
human behavior [3]. From this point of view, CT is a skill that must be acquired by everyone, being one of the
21st-century competencies ([1], [3], [4], [54]).

Increasing interest in CT has led to various studies. This study focused on the core components of CT and its
relationship with other competencies and digital competence in the 21st century, the importance of integrating it
into compulsory education and the challenges faced in this process, the proposed pedagogical approaches, and
related issues based on teacher training, computation-computational theory, mathematical sciences, the
expansion of mathematical sciences over time, the relationship of computer science with CT, various reports
([11], [13], [24], [15], [55], [56]), and studies (ex. [1], [3], [4], [16], [57], [58], [59]) are included, and original
results are obtained, and conceptual frameworks are determined. In this context, the results obtained are given as

items, and evaluations are made.

A. Evaluation of Results from Computation, Computational Theory, CSE, and Mathematical

Sciences’ Relationship to CT

While CT uses the basic concepts of computation and computer science [3], it is also at the core of modeling,

reasoning, and problem-solving in many mathematical disciplines ([5], [6]). The steps of the computation,
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which is a process defined by the computational model, are used in the generation of the solution algorithms of
the problems in CT. Mathematical abstractions called computational models are at the core of computation and
CT ([7], [16]). Considering that the theory of computation allows research based on determining whether a
problem in computer science can be solved with certain algorithms and computational models, how long it can
be solved if it is solved, and how many resources are needed ([60], [7]), it turns out that computation and
computational thinking cannot be considered separately from each other. Because CT has been defined based on
abstraction, decomposition, and error analysis necessary for solving complex problems, designing systems, and
understanding human behavior by using the basic concepts of computer science ([1], [3], [4]). In addition, the
fact that the theory of computation is one of the main areas of applied mathematics [7] clearly shows the
relationship between computation and computational thinking. The application of mathematical knowledge to
other fields to solve real and complex world problems is the field of applied mathematics. Computational
thinking also uses computational and computer science concepts to solve complex problems and incorporates a
range of skills such as mathematical modeling, reasoning, and problem-solving. It is understood that
computational theory and computational thinking are related to each other in the context of finding solutions to
real-world problems, common concepts used and the path followed. Computing informs societies and
policymakers in a wide variety of fields such as climate change, public health, and the environment [10].
Computational thinking is also defined as a comprehensive problem-solving skill. For this reason, solution
algorithms and computational models required for solving real-life problems faced by societies can be created
using CT dimensions. The existence of computational tools and computational models (ex. Turing machine,
Pascal's and Leibnitz's mechanical calculating machines, Napier's logarithms) that enable digital technologies to
reach today's developments support the statements given above.

The importance of CSE has increased significantly in the new century, as CSE is a discipline in which
research is conducted on the development and use of computational methods to enable scientific discovery to
support innovation in engineering and technology and decision-making in socially important applications areas.
While the developments in this field direct the theoretical and empirical scientific and technological
developments, they have an impact on the planning of government policies in every field that concerns the
society ([11], [12].). The relationship of CSE with the fields of mathematics and statistics, computer science and
science, and engineering has led to the emergence of CSE as a unique new field. The effort of the CSE
community to produce effective solutions to complex real-world problems, either theoretically or empirically,
supports the definition of computational thinking in this context. The fact that CSE is a unique new field,
combining mathematical sciences, computer sciences, science, and engineering sciences, is related to the use of
concepts in these fields. Therefore, the underlying relationship of the CSE community with computational

thinking is visible.

Studies in the field of mathematical sciences, which use the interactive integration of mathematics, statistics,
and computation, show themselves in many fields such as biology, medicine, social sciences, business, climate,
and finance. The reason for this is that the world of science encounters new problems every day in many fields
and the solutions to these problems cannot be done without associating them with mathematics [14]. Many areas
of CSE, where mathematical sciences are natural languages, are based on computation and simulation. The
science and engineering process based on simulation is mathematical and is based on mathematical modeling.

Mathematical sciences transition between fields called basic and applied mathematics, statistics, operations
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research, and theoretical computer science, and therefore the boundaries between the fields of mathematical

sciences are not drawn [13]. The fact that an idea in any field affects another and helps to produce different
ideas has caused the mathematical sciences to expand over time to reveal different fields [14]. On the other
hand, the spread of computation in recent years has transformed mathematical sciences and application areas.
Accordingly, computational science provides more and more services to science by enabling a virtual laboratory
where science is applied [15]. Computational science allows calculations that require high precision, and the
results can be predicted by simulation. To do this, a computational model takes programming structures from
computer science and methods and theories from mathematical sciences. Thus, computational science
synthesizes its unique knowledge from these two fields and uses it in generating and testing engineering designs
[15].

In summary, the following evaluation can be made. Computational sciences use computational and
computational theories to synthesize and test information from mathematical and computer sciences in
generating and testing science and engineering (CSE) designs. The designs are generated by taking
programming structures (algorithms) from computer sciences and using mathematical models developed with
mathematical structures from mathematical sciences. Meanwhile, the designs are tested with mathematical
simulations and the results are predicted. Mathematical sciences, computer sciences, and computational sciences
make various contributions to each other in the generation process from the formation of a design idea to the
design and testing the results and determining the prediction. Therefore, it is understood that an idea in one field
helps to develop and put into practice another idea in another field ([11], [15]) and this reveals the relationship
between these fields.

B. Evaluation of Results Arising from the Relationship between Computing Principles and CT

Principles

CT involves defining, understanding, and solving problems, reasoning at multiple levels of abstraction,
understanding and applying automation, and analyzing the appropriateness of abstractions [18]. CT is thus a
comprehensive set of approaches and skills with applications in various disciplines. CT expands skills related to
different thinking areas such as algorithmic thinking, engineering thinking, design thinking, and mathematical
thinking, so it shares common skills with these thinking areas. These skills are defined as abstraction, problem-
solving, analysis, innovation, and automation [18]. The computing principles of computation, communication,
coordination, recollection, automation, evaluation, and design [20] make important contributions to the
generation, understanding, organization, and categorization of CT in science fields other than computer science
[61]. On the other hand, Brennan and Resnick (2012) state that computational concepts are not sufficient to
explain CT, so computational applications should be conducted. Because computational applications focus on
how students learn rather than what they learn. Students use skills such as testing, debugging, abstracting, and
modularizing their designs while practicing. Moreover, students have the opportunity to see the real-life
reflections of their products, to establish connections, to question, to introduce their products, and to express
themselves. The model proposed by Brennan and Resnick (2012) is important in terms of showing how
computing and CT principles work together and contribute. Similarly, Chiasson (2019) proposed a model that
shows how students use theoretical concepts in the CT process and how this process contributes to students. It is
thought that the models proposed by Brennan and Resnick (2012) and Chiasson (2019) will guide experimental
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and theoretical research for the development of CT in education.
C. Evaluation of CT as a Pedagogical Device

According to the results from studies and reports (ex. [18], [24], [40], [41], [42]) conducted in recent years, it
is understood that the development of CT in compulsory education depends on the provision of teacher
competence, the revision of curricula, the creation of effective and adequate pedagogical frameworks, the
identification and resolution of the difficulties encountered in practice. CT skill is becoming the new literacy of
the 21st century. Therefore, structured pedagogical frameworks are needed to acquire this skill [18]. To
facilitate the development of computational thinking, CT was defined as a pedagogical device and formed as the
fields of “production”, “reconceptualization” and “reproduction” ([9], [22], [62]). It is important to focus on the
“reconceptualization” dimension of CT as a pedagogical device because it is in this dimension that knowledge
creation takes place [18]. To assist in the development of CT, many researchers ([9], [18], [26], [25], [64], [65],
[63]) have developed various pedagogical models. The common feature of the developed models is that they
focus on finding methods that will facilitate the learning of CT in all disciplines. These models predict that
students will acquire skills to solve real-life problems. Researchers suggest that a computing-based model that
promotes STEM learning can be developed in innovative and collaborative teaching environments [65] and that
CT skills can be assessed by establishing an appropriate program design and analysis framework [64], however,

they state that the realization of all this depends on the introduction of CT.

According to Philips (2009), CT enables the creation of knowledge rather than using it, thus creating
opportunities for creative solving of problems and facilitating the discovery of new ways. The model suggested
by Chande (2015) and the positive results with the application of the model support Philips (2009) definition of
CT. In a model that includes four pedagogical experiences based on constructivism [25], it is stated that
students’ learning potentials are revealed while working and sharing what they do, and this situation will

contribute to the creation of digital citizenship.

The difference of the model [26], in which creative teaching methods, unplugged approaches, and low-tech
prototyping methods are used, from other models, is that it emphasizes the importance of imagination in design.
In the model, it is stated that creativity can be developed with low-tech and information-rich learning
environments based on CT. In this context, the importance of developing students' problem-solving skills and

approaching the solutions of problems like designers is emphasized.

One of the applications that are thought to be beneficial in learning the basic concepts of CT is “unplugged
activities” without using a computer. In cases where computers can be distracting from time to time or are not
motivating enough, it is recommended to perform various activities without using computers to learn the basic
concepts of CT ([29], [35], Campos et al, 2014, cited in [29]). However, using “unplugged activities” alone in
the development of CT is not enough. It is recommended that such activities be used mostly in the initial stage
and in combination with different pedagogical devices in learning CT concepts [35] and that more research

should be conducted on younger students who will encounter CT for the first time [39].

As a result, based on the idea that “computers are not necessary” in learning CT, UP activities, which have
been revealed by studies that contribute to the teaching of computer science concepts by using devices other

than computers, should not be considered as the only way to learn CT. It should be used in conjunction with
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different machines, devices, and pedagogical devices, computational or not. It is thought that this association

and the alternate structuring of studies in this context will contribute to the development of CT.

In this study, pedagogical models developed for the development of CT as a pedagogical device are
introduced by emphasizing their remarkable features. However, for the solution of basic problems such as how
to integrate CT into the curriculum in compulsory education, from which age group it is appropriate to start CT
education, how to evaluate skills, how to do teacher training, and what difficulties may be encountered in
practice, these problems should be discussed and further research should be conducted ([24], [40], [65]). Since
the importance of integrating CT into education and the role of CT in education have been recognized by the
world's societies in just recent years, it is seen that research on this subject is limited. Therefore, it is clear that
more research is needed to see the effects of CT in practice and to identify the deficiencies. It can be suggested
to use these models in experimental studies to be suitable for the study. However, it is considered that knowing
its dimensions, proposed models, and frameworks as a pedagogical device for the development of CT alone is
not enough. As it is known, the quality of teaching is determined by the teacher’s knowledge of knowing the
student, knowledge of the curriculum and teaching methods, technology knowledge, beliefs, attitudes,
perspective on teaching, in short, pedagogical and technological pedagogical content knowledge ([44], [66]).
For this reason, it can be said that no matter how good a model is, if the teacher’s perspective and knowledge are
not sufficient, the desired efficiency cannot be obtained from that model. For this reason, teachers' perspective
on CT, which is a comprehensive problem-solving method accepted as one of the basic skills of the 21st
century, uses computer science concepts and techniques and requires basic skills such as problem-solving,
creativity, and critical thinking, gains importance in this context. Philips (2009) made various suggestions to
teachers regarding the development of CT and in-class practices. According to Philips (2009), the essence of CT
is to think about data and ideas and to combine these resources to solve problems. In the process of creating
knowledge for the development of CT, teachers should encourage their students to use the dimensions of CT
such as abstraction, problem-solving, computer concepts, and new technologies, and to know how to apply

technology to reach and use information [30].

In the JRC (2016) report, it is stated that despite the widespread interest in CT in academic circles, societies,
and government policies, there are various problems in integrating CT into compulsory education [40]. There
are unsolved issues and challenges, especially on how to integrate CT into curricula, how to create learning
environments equipped with digital technologies in the new century [21], and how to do CT training of teachers.
In high-tech information societies, students need to develop their skills in science, technology, engineering, and
computational mathematics. For this reason, countries that have included CT in their curriculum give
importance to the teaching of CT and related concepts, regardless of whether CT teaching poses a social
challenge or the employment conditions are appropriate. In addition, teacher training programs are also
emphasized to support the integration of CT and CS into the curriculum in these countries. Countries focused on
the development of students’ CT skills (Asia Pacific Region and European Union countries) primarily plan to
use innovative pedagogical approaches specific to CT in their curriculum, to develop assessment tools to
measure students” CT knowledge, skills, attitudes and perceptions, and especially to train their teachers on this
subject. It is seen that they continue their progress in these subjects by using innovative approaches. In addition,
these countries use communication and cooperation approaches in their studies. It is stated that studies

conducted in these countries in this context [1] contribute to the development of CT. On the other hand, studies
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show that teachers face various difficulties in the development of CT ([2], [31], [41], [42], [43], [67]).
Moreover, the results of international studies have revealed that teaching strategies for the development of 21st-
century competencies are often not adequately implemented [51]. However, limited studies show that with
innovative pedagogical approaches to be applied and continuous professional development, the difficulties faced
by teachers will be eliminated and positive results can be obtained ([42], [45], [46], [68], [69], [70]). The issues
encountered in the development of CT and the provision of teacher proficiency and solution suggestions are
listed below according to the results obtained from the researches.

e The use of real-life problems in CT applications helps the development of CT due to its contribution to the
problem-solving process. Therefore, a curriculum designed around real-life problems should be prepared
[41].

e A holistic design approach should be taken as a basis in the curriculum (Van Merriénboer & Kirschner,
2007, cited in [41]).

e The lack of teachers to implement CT should be eliminated and practical difficulties encountered in

curriculum implementation should be eliminated ([67], Wong et al, 2016, cited in [1]).

e Teachers should be informed about CT, ICT, and pedagogical approaches, and studies should be conducted
to understand how these three are related [40]. A structure consisting of CT, programming and mathematics

teaching should be in the curriculum [68].

e Wong et al. (2016) stated that due to the complex nature of CT, teachers have difficulties in understanding
and explaining this concept, so it is important to eliminate this deficiency in teacher education (cited in [1]).
CT should be integrated into curricula in a way that teachers can understand and apply ([31], [42]).

e Studies should be conducted on teachers’ beliefs that they can understand and apply CT (Curzon et al,
2009, cited in [42]). Teachers listed the factors affecting their self-confidence and beliefs. (a) not having
enough time to learn, (b) having difficulty in accessing relevant technological resources and needing more
support in case of accessing them, (c) needing to meet and maintain communication with colleagues and

field experts, (d) providing more examples, activities, and ideas for teaching CT [42].

e Teachers should be informed about the innovative processes and pedagogical approaches for the
development of CT simultaneously with the developments, they should be made to feel included in the
process, and their continuous professional development should be ensured [40].

e Unplugged activities should be used alternately and together with different pedagogical devices [35].

Although there are various difficulties in the development of CT, there are studies that offer various
suggestions for the development of CT skills. The applications of information communication technologies such
as Web 2.0 tools, multi-user virtual environments, and augmented reality, and the use of digital cameras and
different software tools contribute to the development of CT skills (Dede, 2010a, 2010b, cited in [51]). To
ensure teacher competence in the development of CT, studies ([2], [41], [42], [71], [72]) with positive results are
conducted by the researchers, and models are suggested. It is thought that the issue of teacher competency in the

development of CT can be solved by considering the results of these studies and applying the models.

D. Evaluation of the Results from the Relationship of Digital Competence and New Century Learning
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Environments with CT

One of the five components of digital competence, defined as the ability to understand and use the
information presented in various formats from different sources via computers (Knobel & Lankshear, 2008,
cited in [48]), is problem-solving [73]. In this context, it can be said that the development of students’ ability to
use their digital competencies depends on the development of problem-solving skills, which are closely related
to CT skills. In addition, CT is closely related to thinking skills such as computer problem solving, algorithmic
design development, and mathematical thinking [19]. It can be concluded that the definitions of digital
competence and CT support each other, and therefore an improvement in CT will lead to the development of
digital competence, and an improvement in digital competence will lead to the development of CT. This result is
supported by the fact that many European Union and Asia Pacific countries, which have set the development of
CT as one of their primary objectives and have included CT in their curriculum, are united in the fact that CT is
a key skill for students' digital competence acquisition [40]. Implementation of information communication
technologies such as Web 2.0 tools, multi-user virtual environments and augmented reality offers various
opportunities for the development of digital competence. Tools such as digital cameras and different software

tools make it easier to show and reflect students’ work (Dede, 2010a, cited in [51]).

Results from international studies show that teaching strategies for 21st-century competencies are often not
well implemented in real educational practices and there are various difficulties. Problems such as the lack of
integration of twenty-first-century competencies into curriculum and assessment, inadequate teacher
preparation, and the lack of systematic consideration of the strategies necessary to adopt innovative teaching
practices on a large scale can be counted among the reasons for this situation (ex. [51]). Some suggestions have
been made by researchers to overcome these difficulties (Dede 2010b, cited in [51]). Presenting models and
frameworks in which subject areas are associated with 21st-century skills, addressing 21st-century skills
together, considering the potential of informal education environments in the development of these skills,
creating new assessment frameworks, and recognizing the importance of countries and cultures in the
development of these skills are among the main suggestions offered. In addition, standards and assessments for
digital competence should be flexible depending on the speed of technological and cultural change, and the use
of technology should be made in the context of real life. Because this is how children and young people use
digital technologies to associate 21st-century skills (Lankshear & Knobel, 2006, cited in [51], [51]).

Today’s technological developments provide the opportunity for learning environments to be virtual, online,
and distant. It may be thought that there is no need for a physical space in learning environments, but 21st-
century learning is generally done in physical environments. For this reason, the reorganization of teaching
environments is of great importance in the development of CT. Because it does not seem possible by the
definition of CT to carry out studies based on CT in traditional learning environments. CT will not accept
traditional classroom settings and the passive learner. SETDA (n. d.) defined new century learning environments
as classrooms where students’ higher-order thinking skills are developed, student participation is ensured
through student-centered approaches, and computers, electronic whiteboards, and rich digital and online
resources are available. Chiasson (2019) conducted a small-scale study of the image of learning environments
and school models that include new technologies. Chiasson’s (2019) study provides important information about

how new century learning environments should be. With this study, Chiasson (2019) showed that new learning
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and teaching approaches and learning environments equipped with new technologies in which students are

active, create, verify and share their knowledge contribute to students’ CT skills. It can be said in the context of
studies that it is necessary to conduct similar studies and evaluate their results comparatively, to organize
schools by the requirements of the age in this new century, and to put new student-centered pedagogical
approaches into practice.

E. Evaluation of the Conclusions Drawn from the Opinions Regarding the Evaluation of CT

Evaluation of CT applications is important in terms of seeing the development of CT. Multiple assessment
mechanisms are needed to see the extent to which CT gains are achieved. Researchers have suggested various
assessment approaches in this regard ([40], [60], [74], [75]). Many assessment strategies suggest student-
centered approaches and state that it would be appropriate to make an assessment based on games and models
created by students. On the other hand, it is emphasized that the progress in the evaluation of CT is not at the

desired level, so more research is needed [40].

As a conclusion of this study, which is based on the literature review, it is understood that the development of
CT in compulsory education depends on the generation of effective and adequate pedagogical frameworks, the
identification and elimination of difficulties in implementation, and its adoption as a government policy. To
understand CT, it is necessary to focus primarily on computing concepts, computational theory, computer
science concepts, and the mathematical sciences that form the basis of computer science by its definition.
Because it can be said that the development of CT can be realized by knowing the dynamics that form the basis
of CT and adopting a new understanding in an integrated way. With the understanding of CT, the second main
point to focus on is how to integrate CT into compulsory education. In this context, it is important to answer
basic questions. For example, while it is generally accepted that it would be appropriate to introduce students to
CT from an early age, experts recommend that more research be conducted on this subject [40]. The questions,
such as “What age group is CT suitable for students? How will teachers who do not know enough about this
concept apply CT, which pedagogical approaches will be used, and how? How will the learning environments
required by the twenty-first century be generated? How will technology teaching and digital competence be
provided? How will politicians do the work necessary to develop 21st-century competencies and provide current

and future employment?” need to be answered.

The main conclusions and recommendations to be drawn from all the explanations made so far can be

expressed as follows:

e When the studies on CT, in general, are examined in the literature, it is seen that the common
recommendations are generally to introduce CT, to gain CT skills, to include CT in teacher training

programs and compulsory education, and to conduct more studies on its implementation.

e CT should be included in compulsory education to provide students with CT skills and to provide equal
opportunities for all students. However, for this, politicians should consider this issue in their education
policies, plan the process and monitor the process by taking into account all the parties and components of
the issue [40]. In this process, the results of the studies and the opinions of the researchers on subjects such
as the handling of CT skills together with other 21st century skills, the age group students will start with,
the integration of CT into the curriculum, and the implementation of continuing professional development
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(CPD) programs for teachers should be taken into account and should be applied mindfully.

o Different definitions of CT in different disciplines have led to different interpretations of this approach [76].
In this context, multiple CT models emphasize different aspects and dimensions of CT according to the
disciplines it is defined in [76]. In recent years, with the demand to integrate CT into education, different
experimental studies in different disciplines have started to be seen. Various models are proposed and
studies are carried out to develop CT skills, especially in teacher training programs. However, it seems that
these models, approaches, and practices are not explanatory enough to help students develop their CT skills
[76]. It is thought that there are several reasons why applied studies in the fields of science, mathematics,
engineering, and technology, which are thought to be closely related to CT, are not sufficient. Integration of
CT into education and designing courses based on appropriate curricula, the inclusion of CT in teacher
training programs, and the necessity of arranging the training of teachers on this subject through in-service

training are among these reasons.

e Two of the important factors in the effectiveness of the teaching process are teachers’ pedagogical content
knowledge and their beliefs in learning-teaching. Clarke and Hollingsworth (2002) suggested that teachers'
beliefs and knowledge are linked to their practices. In this context, new applications to be made with the
inclusion of CT in teaching will increase the quality of teaching and contribute to the professional

development of teachers by giving them opportunities to use new methods and strategies.
V1. CONCLUSION

The importance of CT has been increased in the 21st century with the development of digital technologies.
Although there is no clear definition in the literature, it can be said that CT is an extended problem-solving
method that combines human thought and technology. On the other hand, CT is more than a problem-solving
method; and it is one of the 21st-century essential skills that every individual should acquire. Various reports
written in many countries, especially in Europe and Asia, recommend developing problem-solving skills and
21st-century skills. Recognizing the importance of CT has led to the development and change of education
policies. Many countries have changed and are changing their curricula to teach CT concepts and develop CT
skills. At the same time, this situation has attracted more researchers’ attention, and in this context, researchers
have proposed various models. However, there are not enough studies in the literature on the outcomes of these
models in practice. Various difficulties have been identified, especially in the practical applications of CT, and
no definite way, method, and understanding could have been determined on how to solve these challenges. The
issue of integrating CT into teacher education and curricula and measuring and evaluating it is still under
discussion. In addition, the importance of 21st-century learning environments where digital competence in
teaching CT concepts will be given was also emphasized. In some studies, the success and motivation of
students in learning CT concepts have been observed to increase in learning environments organized as required
by the 21st-century.

Even though there are some problems, including teacher training, development of CT, the regulation of
curricula, and the determination of measurement and evaluation methods, it is clear that CT is a skill that needs
to be gained in the 21st-century. There is a need for further studies on the acquisition of CT concepts and the

development of CT skills regarding models and theoretical infrastructure in this context.
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