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Chapter Highlights
This section summary provides the reader with a concise, yet 

comprehensive overview of the main concepts, frameworks, and findings 
discussed in the section on computational thinking and STEM education, 
highlighting its significance, key components, and implications for teaching, 
learning, and future research.

•	 21st Century Skills – The importance of acquiring 21st century 
skills in today’s world

•	 The Emergence and Importance of Computational Thinking – The 
importance and emergence of computational thinking in acquiring 
21st century skills

•	 Definition and Components of Computational Thinking – 
Researchers’ explanations of computational thinking and the skills 
of decomposition, abstraction, algorithmic thinking, debugging, 
generalization, and evaluation

•	 Computational Thinking and STEM Education – The connection 
between computational thinking and STEM education

•	 Discussion and Conclusion – The integration of computational 
thinking and STEM education into teaching programs
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Introduction
The concept of STEM, consisting of mathematics, engineering, science, 

and technology disciplines is said to have emerged within the last twenty 
years due to its focus on 21st-century skills (CS) and its incorporation of 
various disciplines (Langdon et al., 2011). Therefore, STEM education, 
which facilitates the use of technology and supports the development of 
21st-CS through its interdisciplinary approach, is described as a teaching 
approach that combines engineering, mathematics, technology, and science 
to transform theory into practice (Meyrick, 2011).

One of the fundamental aims of STEM education is to prepare students with 
the 21st-CS required to contribute to the economy, foster competitiveness, 
and develop individuals who will benefit their countries (Morrison, 2006; 
Williams, 2011). Additionally, the aim is to facilitate learning through 
STEM education and provide a holistic approach through interdisciplinary 
connections (Smith & Karr-Kidwell, 2000). STEM education, which covers 
mathematics, engineering, technology and science, has attracted significant 
global interest thanks to its potential to develop real-world applications 
and enhance problem solving skills, as well as its interdisciplinary nature 
(Margot & Kettler, 2019). STEM education is crucial for achieving the United 
Nations’ Sustainable Development Targets and improving educational 
standards (Jamali et al., 2022). 

21st-Century Skills and Education
In the 21st century, referred to as the digital information age, the 

importance of developing high-level skills beyond academic knowledge 
is strongly emphasised (González-Pérez & Ramírez-Montoya, 2022). In 
this particular context, developing students’ skills in algorithmic thinking, 
abstraction, problem solving, evaluation, and analysis during primary, 
secondary, and high school is crucial for the development of critical skills 
in university education (González-Pérez & Ramírez-Montoya, 2022). In the 
21st-century, students are expected to be able to generate knowledge and 
apply it to new problem situations, rather than simply acquiring ready-made 
knowledge (Wagner, 2008). These characteristics expected of students in 
today’s society are referred to as 21st-CS. 

Today, 21st-CS are defined as problem solving, collaboration, critical 
thinking, communication, adaptability, technological literacy, financial 
literacy and global competencies (Partnership for 21st Century Skills [P21], 
2009). Meanwhile, Lai and Viering (2012) outlined 21st-CS as comprising 
critical thinking, motivation, creativity, collaboration and metacognitive 
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abilities. They presented the P21 framework alongside these skills, which 
are crucial for all 21st-century students, as shown in Figure 1 (P21, 2009).

 

Figure 1. 21st-CS within the P21 Framework

STEM disciplines focus on developing students’ communication, 
adaptability, problem solving, scientific thinking, self-regulation, innovation 
and creativity skills, thereby emphasising 21st-century learning outcomes 
(Bybee, 2010a). Students are expected to possess these skills and be able 
to apply their knowledge in different fields (Nargund-Joshi et al., 2013). 
Consequently, the structure of STEM education meets the objectives of 
contemporary teaching programmes (National Research Council [NRC], 
2014). In line with this, engineering, innovation, problem solving and 
computational thinking (CT) are seen as being at the forefront of what is 
expected of students today (Bybee, 2010b).

Figure 2. Google Trends search results for “CT” worldwide between 
2004 and 2025

CT, which involves problems solving, designing systems and attempting 
to understand behaviour using fundamental computer science concepts, is 
one of the 21st-CS (Wing, 2006). The importance of CT is emphasised in the 
current climate, and research on this concept is increasing. Figure 2 shows a 
graph obtained by searching for the term “CT” on Google Trends. Examining 
the figure shows that studies related to CT have gained momentum since 
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2006, with an increasing research trend in recent years. 
 
The Emergence and Importance of Computational 

Thinking
It can be stated that the primary researchers responsible for the 

emergence and significance of CT as a key concept are Seymour Papert 
and Jeannette Wing (Lodi & Martini, 2021). When CT is considered an 
ability that students should possess in addition to mathematics, writing, 
and reading (Wing, 2006), the idea of providing programming education 
to every student at the K-12 level dates back to Seymour Papert’s work at 
the Massachusetts Institute of Technology in the 1980s. 

Papert took the first steps towards what he termed procedural thinking 
with the aid of programming in his book Mindstorms: Children, 20 Computers, 
and Powerful Ideas (Papert, 1980). Therefore, it was expressed without a 
detailed definition by Seymour Papert (1980). Papert conducted research on 
how to use computer software to solve geometry problems. In this context, 
Papert (1980) stated that computers develop ways of accessing information 
and thinking, and contribute to the shaping of learning. 

Papert was the first researcher to introduce the concept of CT. Meanwhile, 
Wing is widely recognised as the first researcher to define the concept using 
a pedagogical approach, drawing on principles from computer science 
(Lodi & Martini, 2021). In 2006, Wing provided a clearer definition of CT, 
stating that it is “the process of using concepts from computer science to 
understand human behavior, solve problems, and design systems”. In this 
context, Wing (2006) emphasised that CT is a problem solving approach 
utilising computer science, and that it is a skill set not only for computer 
scientists, but for all individuals. 

Wing (2006) described these skills as iterative thinking, problem solving, 
decomposition, abstraction, debugging and correction, and reasoning. When 
describing these characteristics, Wing stated that CT is ‘a fundamental 
ability, not rote learning’, ‘a conceptualisation, not programming’, ‘an idea, 
not artificial’, ‘thinking like a human, not like a computer’, and ‘the ability to 
understand and solve scientific problems through mathematical thinking 
as an intellectual endeavour’.

CT involves abstraction, debugging and testing, as well as a problem 
solving approach based on interaction and collaboration with others 
(Brennan & Resnick, 2012). It is important for education systems to 
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combine students’ CT skills with technology to develop their problem 
solving and thinking abilities (Tsai et al., 2021). In today’s technological age, 
the International Society for Technology in Education (ISTE) has outlined 
various standards that should be instilled in students based on the need 
for continuous self-improvement. These standards are provided in Table 
1 (ISTE, 2016). Examination of the student standards established by ISTE 
reveals that students are described as digital citizens, competent learners, 
knowledge builders, computational thinkers, innovative designers, global 
collaborators, and creative communicators. Among these characteristics, 
CT occupies a particularly important position. Computational thinkers are 
defined as individuals who can use technology to understand and solve 
problems, develop solutions, and test them.

Table 1. ISTE Student Standards
 

Along with the standards expected to be instilled in students, ISTE (2018) 
has also defined certain standards for educators. These standards set by 
ISTE are presented in Table 2. When examining the educator standards, 
the characteristics of learner, leader, digital citizen, collaborator, designer, 
facilitator, and analyst come to the fore. It can be stated that educators 
possessing these characteristics will enable students to develop themselves 
in terms of the 21st-CS and CT skills they need to acquire. 
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Table 2. ISTE Educational Standards
 

When considering the student and educator standards established by 
ISTE, it is evident that CT processes come to the fore. The characteristics 
that CT processes should possess can be expressed as follows (Allsop, 2019):

•	 It is a cognitive process.
•	 It involves practices that trigger metacognitive thinking.
•	 It involves the application of knowledge processing thinking skills 

concepts and abilities.
•	 Students are expected to apply the concepts they have learned.
•	 It enables students who are sensitive to problems to develop effective 

solutions. 

What is Computational Thinking?
The definition of CT is debated by many researchers. While some 

researchers argue that there is no need for a precise definition (Hu, 2011), 
studies in the field of education indicate that a definition is necessary (Barr 
& Stephenson, 2011; Hemmendinger, 2010; ISTE, 2011). In this context, 
Some CT definitions are given in Table 3.
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Table 3. Definitions of CT

ISTE (2018) and the Computer Science Teacher Association [CSTA] (2017) 
have defined CT by highlighting the characteristics in their definitions. In 
making these definitions, they have also emphasised the five tendencies 
found in the characteristics of CT (CSTA, 2017; ISTE, 2021). These are: 

•	 Confidence (ability to cope with problems)
•	 Persistence (ability to solve complex problems)
•	 Tolerance (ability to cope with uncertainty)
•	 Ability to cope with open ended problems
•	 Work ability with a team and communicate in order to achieve a 
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specific goal

Fundamental Skills in Computational Thinking
Researchers emphasise various skills when considering the characteristics 

of CT. Figure 3 shows these skills.

 Figure 3. Fundemental Skills of CT

These skills are generally accepted to comprise the following components: 
pattern recognition, decomposition, algorithm creation, abstraction, 
generalisation and debugging. 

Decomposition
Breaking down complex problems into simpler parts for detailed 

examination and analysis (Wing, 2006). This process can be described as 
dividing a problem situation into simpler parts (Conery et al., 2011), or 
building down a problem situation into simpler parts with the intention of 
reassembling them (Maharani et al., 2019). Csizmadia et al. (2015) describe 
decomposition as the process of building down a whole into its parts 
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according to specific characteristics, and reflecting on those parts. When 
dividing a problem into sections, it is important to ensure that the sections 
can be solved independently and that the solutions can be combined to solve 
the entire problem (Liskov & Guttag, 2000). Examples of the decomposition 
step include preparing a simple electrical circuit (Gülbahar et al., 2020) and 
classifying a species (Barr & Stephenson, 2011). 

Pattern Recognition
It is the dimension in which similar or different situations are investigated 

in the event of a problem (Csizmadia et al., 2015). The identification, 
classification and analysis of objects according to their characteristics can 
be described as stages in the pattern discovery process (Liu et al., 2006). In 
other words, it is the process of dividing problem situations into sub problems 
and then creating solutions based on the differences and similarities between 
these sections (British Broadcasting Corporation [BBC], 2019).

Abstraction
Abstraction is described as the foundation of CT and stands out as its 

distinguishing feature from other forms of thinking (Grover & Pea, 2013). 
It forms the basis of CT (Wing, 2008). Therefore, it is a dimension in which 
the problem is simplified by disregarding some of its details (Csizmadia 
et al., 2015). In this context, Csizmadia and colleagues (2015) explained 
abstraction ability as the process of making a situation more understandable 
by reducing unnecessary details.

Abstraction is the ability to decide which details are important and which 
details will not be included in the process when solving a problem situation 
(Selby, 2015). Therefore, abstraction becomes critical in determining which 
details are important when the problem situation becomes more complex 
(Aho, 2012). Similarly, Wing (2008) also explains abstraction as the decision-
making process regarding which details we should emphasise and which 
details we can ignore throughout the process. 

Modelling can be described as an important aspect of abstract thinking. 
The process of defining variables and modelling equations or inequalities 
for these variables is an important stage in problem solving and can be 
considered an abstraction skill (Barr & Stephenson, 2011). Abstraction and 
decomposition are interrelated processes (Liskov & Guttag, 2000). 
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Algorithm Creation
Throughout the process, algorithms play a significant role in computer 

science as they are coherent wholes that produce results, with their 
operations being clearly, explicitly and effectively sequenced (Schneider 
et al., 2015). As a method created to solve a problem (Sedgewick & Wayne, 
2011), an algorithm refers to a set of logical, sequential operations performed 
to solve specific problems (Selby & Woollard, 2013). It can also be described 
as an abstraction of a system involving inputs, a series of steps and goal-
oriented outcomes (Wing, 2014). 

Once an algorithm has been developed, it can be used to solve similar 
problems; there is no need to create a new algorithm each time (Csizmadia et 
al., 2015). For instance, algorithms employed for fundamental mathematical 
operations can be applied to other problem solving scenarios (Csizmadia et 
al., 2015). In today’s technological age, it has become increasingly important 
to develop algorithmic thinking among middle school students. This is 
because, among CT skills, algorithmic thinking enables students to identify 
appropriate steps for problem situations, find solutions and design solution 
plans (Neira et al., 2021). 

Generalisation 
Generalisation is a skill that enables problems to be solved quickly by 

drawing on previous solutions and constructing solution patterns based 
on students’ prior experiences (Csizmadia et al., 2015). It can be described 
as a way of finding solutions to new problem situations based on problem 
situations that have been solved in the past (Csizmadia et al., 2015). Therefore, 
the skill of generalisation is a strategic skill with applicability, and mastering 
it is more challenging than mastering other skills (Selby, 2014).

Debugging
Determining whether there are errors in the solutions identified for 

resolving the problem situation can be described as testing, while identifying 
and correcting the identified errors can be described as debugging (Maharani 
et al., 2019). The debugging process constitutes an important dimension 
of the programming process because it requires a higher level of thinking 
skill than code writing ability (Liu et al., 2006). In this context, it is crucial 
to review the process of creating models for solving problem situations, 
identify errors and correct them when the solutions do not turn out as 
expected (Angeli et al., 2016). Therefore, CT skills such as debugging are 
effective in questioning the learning and teaching process and making 
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inferences about problem situations (Gonzales, 2013). 

Evaluation
It can be described as the process of determining which of the proposed 

solutions to problem situations is the best and explaining why the others 
are not as effective. It also aims to highlight the limitations of the solutions 
identified (Selby, 2014). Although debugging and evaluation dimensions 
are expressed as the final dimension among the components, they are 
dimensions that must be considered in relation to the steps taken at every 
stage of CT. That is, in problem solving situations, evaluations should be 
made at every stage and any errors should be debugged (Liu et al., 2006). 

Techniques Used in the Application of Computational 
Thinking

Various techniques can be applied to teach CT skills in the curriculum. By 
applying these techniques, CT can be transformed into a teaching method 
separate from computer science. Csizmadia and colleagues (2015) describe 
these techniques as reflecting, coding, designing, analyzing, and applying 
(Figure 4). 

Figure 4. Techniques for Teaching CT

Reflecting
It can be described as the ability to draw honest and fair conclusions in 

complex problem situations. It establishes general rules and evaluations 
for determining the most appropriate intuitive methods and criteria for 
identifying the problem situation within the scope of CT (Csizmadia et al., 
2015).
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Coding
Coding is a fundamental computer science skill used to evaluate solutions 

by adapting them to the current problem and achieving a result under 
the necessary conditions. This allows for a systematic approach involving 
debugging, predicting outcomes and making logical inferences (Csizmadia 
et al., 2015).

Designing
Designs created for problem situations aim to determine effective 

solutions to reach a resolution. These solutions require CT abilities, such 
as algorithm design, decomposition, and abstraction (Csizmadia et al., 2015).

Analysing
The aim is to find a solution to the problem by breaking it down into 

subcomponents, eliminating unnecessary details and identifying common 
and distinct points based on the relationships between components. This 
process involves making assessments and logical inferences to improve 
understanding of the situation (Csizmadia et al., 2015).

Applying
It refers to the use of inferences obtained from other problem solving 

situations to solve a problem. In this way, the characteristics of previously 
established connections, similarities and differences are utilised. This enables 
different inferences to be made (Csizmadia et al., 2015).

Computational Thinking and STEM 
Although CT originated in computer science, It’s a way of looking 

at things, that has spread to other fields, with specific components and 
dimensions (Wing, 2008). CT therefore plays a key role in developing skills 
such as problem solving, collaboration, communication, critical thinking, 
global competence, technological literacy and financial literacy (Nouri 
et al., 2020). Developing these skills is said to contribute to individuals 
becoming competent, confident and determined problem solvers across many 
disciplines, including mathematics, science and the humanities (Román-
González et al., 2018).

CT, recognised as interdisciplinary analytical thinking, is explained as 
follows: the way of solving a problem is explained by mathematical thinking; 
the way of designing and evaluating a large and complex system is explained 
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by engineering thinking; and the way of understanding computability, 
intelligence, and human behaviour is explained by scientific thinking (Wing, 
2008). CT enables the modelling of complex structures as well as the analysis 
of large data sets (Wing, 2008). Based on this, it can be stated that it is a 
skill that everyone working in many disciplines, such as mathematicians, 
computer scientists, and engineers, should possess (Wing, 2006). 

As emphasised by Wing (2006), CT skills—including abstraction, 
decomposition, modelling, error correction, logical reasoning, and 
mathematical and engineering-based thinking—suggest that STEM studies, 
encompassing science, engineering, mathematics, and technology disciplines, 
are highly interrelated. The NRC (2010) report lists CT as one of the cognitive 
characteristics that an individual should possess in modern society, and 
the 2011 report emphasises that CT is present in all STEM fields and that 
individuals need to recognise and learn its applications in different fields 
in order to develop their expertise in this area (NRC, 2011). Furthermore, 
research has demonstrated the universal applicability of CT across all 
disciplines (Barr & Stephenson, 2011; Conery et al., 2011; Wing, 2006).

In light of these developments and today’s advanced technological 
structures, it is inevitable that CT concepts and practices will be incorporated 
into STEM education. Therefore, integrating STEM and CT can greatly enhance 
people’s ability to cope with complex problems (Swaid, 2015). Various 
studies have examined STEM and CT skills (Jiang et al., 2022; Pewkam & 
Chamrat, 2022; Shang et al., 2023; Srisangngam & Dechsura, 2020; Qian, 
2019). These studies also emphasise that STEM and CT impart skills that 
facilitate daily life. 

According to Thomasian (2011), STEM education has two main purposes.

1.	 to encourage students graduating from university to pursue careers 
in STEM fields;

2.	 to develop the abilities of all students to create creative solutions 
in daily life using concepts from STEM fields. 

STEM education is recognised as an effective way of developing students’ 
problem solving abilities and overcoming the challenge of integrating subjects 
into the curriculum, while also creating opportunities (Margot & Kettler, 
2019). Additionally, STEM education is recognised as an effective means of 
developing higher-order thinking skills, establishing a professional identity 
and increasing motivation, while also improving academic achievement 
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(Li, 2020).

In the 21st century, CT skills have emerged as critical in the development of 
STEM fields (Law et al., 2021). CT is not merely about processing information; 
it is a way of thinking that is important in teaching STEM disciplines (Li 
et al., 2020). Therefore, integrating CT into STEM education has become 
important for developing students’ analytical skills in the problem solving 
process (Mintii, 2023). It is emphasised that this integration process is also 
important in educational processes such as STEAM, where STEM education 
is combined with art (Bell & Bell, 2018). 

Discussion
STEM education establishes strong links with 21st-CS and real-life 

situations (English, 2016). In this context, attention is drawn to 21st-CS 
in STEM education, and it is argued that 21st-CS should be imparted in 
all subjects and that STEM education can establish connections across 
all disciplines (English, 2016). To achieve this, it is necessary to cultivate 
individuals with 21st-CS such as problem solving, collaboration, creativity 
and communication, and education systems must be transformed accordingly 
(Faber et al., 2013; NRC, 2012). STEM education also plays an important 
role in supporting students’ creativity, developing their problem solving 
abilities, and nurturing productive individuals (Daugherty, 2009). 

According to ISTE (2023), CT is a type of literacy that involves problem 
decomposition, abstraction, pattern recognition and algorithmic properties, 
and is intended to develop individuals who can find solutions to contemporary 
problems. Furthermore, it presents the process as a systematic sequence of 
steps. However, CT is not about thinking like a computer; rather, it focuses on 
developing all the mental tools necessary for the effective use of computing 
in solving problems (Lu & Fletcher, 2009). Similarly, CT goes beyond human 
interaction with and use of computers and technology, encouraging the 
creation of new explanations, designs for tools, and creativity (Mishra & 
Yadav, 2013). 

Conclusion
Technological developments and modern living conditions are guiding 

students towards developing themselves in multiple ways. To achieve this, 
critical skills have come to the forefront. When these abilities are referred 
to as 21st-CS, CT is actively emphasized by researchers (Aho, 2012; Allsop, 
2019; Hu, 2011; Wing, 2006; Wing, 2014). 
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Wing (2011) defines CT as a thinking process That involves formulating 
problems and solutions in a way that can be effectively implemented by 
a computational unit, which is the key to success in this field. The skills 
expected to be acquired by students have been expressed in various ways 
based on the definition of CT (Angeli et al., 2016; Barr & Stephenson, 
2011; Wing, 2006; Wing, 2011). The following skills come to the fore: 
differentiation, abstraction, algorithmic thinking, pattern formation, 
debugging, generalisation and evaluation. 

Activities that bring together different disciplines and implement 
applications are becoming increasingly important in CT development. 
This situation highlights the importance of STEM education. STEM is an 
interdisciplinary, student-centred approach to education that uses scientific 
research methods to solve problems related to daily life (Bender, 2015). 

STEM education and interdisciplinary activities are critical for increasing 
students’ interest in various scientific fields and incorporating such education 
into the curriculum (Knezek et al., 2013). In this context, CT also plays a crucial 
role in enabling students to establish effective connections. Consequently, it 
is crucial that teaching programs include content that enables students to 
develop skills such as algorithmic thinking, decomposition, understanding 
abstraction, and generalization.
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