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CT has recently sparked a lot of research in a variety of disciplines. Many 

researchers have attempted to define CT and published articles on the subject 

and its model. The developed models show a dependency of dimensions. As a 

result, a review of 14 computational thinking models has been completed for 

this article. The goal is to combine the many elements and therefore contribute 

to a common understanding of words. The authors identified the most often 

used terms in CT definitions and scope, culminating it in the CT dimensions 

category. The results of this study may be beneficial not only in the 

investigation of CT research subjects and the identification of CT in the 

literature but also in present and future attempts to apply CT in diverse settings 

and aims. 
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Introduction 

In response to the rapidly evolving digital age in which we live, schools are placing a renewed 

emphasis on preparing students to engage successfully in a 21st-century society dominated by 

digital technology. Computational Thinking (CT) is an emerging concept in the Industrial 

Revolution 4.0 (IR4.0) and has been introduced to school curriculum across the world as a 

necessary ability, equivalent to reading and writing (Aranda & Ferguson, 2018). Academic 

scholars and technology researchers have recently advocated for the integration of CT abilities 

into formal education settings. This interest has led to the development of new curriculum and 

technologies that allow students to engage in computational thinking in the classroom. 

(Weintrop, Holbert, Horn, & Wilensky, 2016).  

 

CT is a thought process that is used to formulate a problem and identify a solution so that the 

answer may be translated into a form that an information processing agent can successfully 

implement (Selby, 2015; Wing, 2011). However, the majority of the research has described CT 

as being related to computer science education and how it should be integrated into computer 

science education (Lee et al., 2011). Many research has been conducted to determine what 

skills require CT and what tools and approaches may be utilized to assist students in computer 

science education (Berland & Lee, 2011). 

 

Nevertheless, CT has primarily grown out of the computer science education community and 

has been implemented in broad applicability (Weintrop, Holbert, Horn, & Wilensky, 2016). 

The implementation should emphasize its potential benefits as a support tool to foster student 

motivation and abilities in problem-solving (Kazimoglu, Kiernan, Bacon & MacKinnon, 

2012). Due to the multiple benefits, CT offers to provide at all educational levels, for teaching 

and learning processes across various disciplines, the notion of CT is gaining greater 

acceptance. Many studies have linked computational thinking to a fantastic tool for 

enhancing students' interest in Science, Technology, and Engineering (STEM) courses at all 

levels of education. 

 

The National Research Council (2010) underlined the need of teaching CT to students as early 

as possible, as well as aiding them in understanding how to use these critical abilities. CT's 

increasing prevalence and potential are apparent since it pervades nearly every subject, 

including science and the humanities (Mohamed Zaki, Wong & Yaakob, 2019). Thus, the 

purpose of this article is to highlight the existing frameworks, or models, of CT and its 

dimensions that have been adopted in diverse educational contexts as a valuable reference for 

present and future attempts to apply CT in various settings and purposes.  

 

Computational Thinking (CT) 

Computational Thinking (CT) is defined in a variety of ways in the literature, but it all stems 

from a phrase coined by Papert (1996) and popularised by Wing (2006) in a landmark work. It 

has gained a lot of momentum in recent years. Although there is no agreed-upon definition of 

computational thinking (Voogt, Fisser, Good, Mishra, & Yadav, 2015), it builds on the thought 

processes involved in formulating problems and expressing their solution(s) in a way that a 

computer-human or machine – can effectively carry out (Voogt, Fisser, Good, Mishra, & 

Yadav, 2015; Wing, 2011). 
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Computational thinking can be characterized as the process of breaking down a complex 

problem into numerous smaller problems that we can solve. According to Wing (2006), it is a 

process that involves using core computer science ideas to solve problems, build systems, and 

understand human behavior. It is also chosen as a thinking process, and it is used to outline a 

problem and discover a solution so that the answer may be translated into a form that an 

information processing agent can execute successfully (Selby, 2015; Wing, 2011). The 

International Society for Technology in Education (ISTE) and the Computer Science Teachers 

Association (CSTA) (2011) defined CT as a problem-solving process involving the use of a 

computer and other equipment that includes (but is not restricted to) the skills of logically 

managing and analyzing data; representing data through abstractions such as models and 

simulations; and implementing solution through algorithmic thinking (a series of ordered 

steps); identifying, analyzing, implementing viable solutions to obtain the most efficient and 

effective combination of actions and resources; generalizing and translating this problem-

solving practice. 

 

Barr and Stephenson (2011), in their research, stated that CT is a method of addressing issues 

that can be accomplished using a computer. CT is a problem-solving approach that may be 

automated and used in a variety of disciplines. This was supported by Google (2016) which 

expound CT as the capacity to confidently cope with complexity and open-ended issues as a 

part of a problem-solving process that incorporates a variety of qualities, such as logically 

arranging and analyzing data and generating solutions using a sequence of organized stages (or 

algorithms). According to Chao (2016), CT entails a visual problem-solving environment that 

allows for the development of programming abilities while also providing technical help for 

solving computational problems. In Malaysia, CT is defined as a problem-solving method that 

is carried out either by humans or machines, or both and is based on a fundamental idea in 

computer science (Romainor, Abdul Talib & Abd Hakim, 2018). Malaysia's Ministry of 

Education (MOE) has partnered with CT is a problem-solving method that involves applying 

logic to the nature of the problem, gathering data, and following a consistent procedure to get 

the desired outcome. As a result, CT is a collection of cognitive abilities and a method for 

creating and solving problems, with or without the use of a technical instrument, and presented 

in an understandable manner. 

 

Computational Thinking (CT) in Various Learning Field 

As students learn to think in new ways, computational thinking has the potential to significantly 

improve their problem-solving skills and talents. Students should learn computational thinking 

early and often, with an emphasis on comprehending computational processes and abilities for 

abstracting and expressing information rather than programming or computer science (Lu and 

Fletcher, 2009). In addition, Hemmendinger (2010) highlights that the purpose of teaching 

computational thinking is to help educate students on how to think like a business person, a 

technologist, or an artist, and to fully comprehend how to use computation to resolve issues, 

generate, and discover new questions that can be constructively explored, rather than to teach 

everyone to think like a computer programmer. 

 

Therefore, CT can be referred to as a method for generalizing and transferring the problem-

solving process to a wide range of situations, such as confidence in dealing with uncertainty, 

the capacity to interact with open-ended problems, and the ability to communicate and 

collaborate with others to achieve a common goal or solution (Barr, Harrison, and Conery, 
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2011; Shute, Sun & Clarke, 2017). Computational thinking has an impact on how students 

approach and solve issues when it is used across multiple topic areas. Computational thinking 

aids the success of problem-solving by giving a variety of approaches to issues (McClelland & 

Instructional, 2018). 

 

Although it is assumed that computing, science, and mathematics are the most prominent 

domains for computational thinking, it can be found in any curriculum. This is owing to the 

recognition that computational thinking is merely a problem-solving skill applicable to many 

disciplines, and that it may be taught as part of a subject area or as a separate skill (Czerkawski, 

2016). According to Barr, Harrison, and Conery (2011), incorporating computational thinking 

into the curriculum across subject areas, allows the students to learn these essential skills in a 

non-traditional manner, allowing them to internalize them and make it normal for them to relate 

the knowledge across subject matter and apply skills in different contexts. 

 

Deschryver and Yadav (2015) go even further, arguing that “new literacies and computational 

thinking are needed to encourage creative thinking” across disciplines to bridge the gap 

between traditionally creative content areas (music, art, and literature) and scientific fields 

(math, science, engineering). Foundational abilities may be created through integrating 

learning activities utilizing jointly defined literacies and the inclusion of computational 

thinking skills to assist scaffold learning and encourage creative thinking among learners, 

avoiding limited interpretations and methods of learning (McClelland & Instructional, 2018). 

Computational Thinking (CT) abilities should be included in formal education, according to 

education academics and computer scientists (McClelland & Instructional, 2018). This 

excitement has led to the development of new curriculum and technologies that allow the 

students to participate in the implementation of computational thinking in the classroom 

(Weintrop, Holbert, Horn, & Wilensky, 2016). Incorporating CT in the teaching and learning 

process will: 

 

i. help students better to find new solutions to problems that seem impossible to 

solve  

ii. help the teachers to improve the teaching and learning activity  

iii. enrich the teaching process and the student's exploration of the subject  

iv. enhance the students' confidence, especially for dealing with the unclear, 

complex, or open/wide (open-ended) problems  

(Weintrop, Holbert, Horn, & Wilensky, 2016) 

 

This integration is divided into two approaches, namely, the transfer of skills CT to students 

(Basawapatna, Koh, Repenning, Webb, & Marshall, 2011; Chang, 2011) and the synthesize of 

CT in teaching (Angeli et al., 2016; Sengupta, Dickes & Farris, 2018). Therefore, in order to 

produce the intended outcome of CT, the students must be exposed and allowed to master the 

CT skills through a variety of methods applied in various subjects. Hence, these can be done 

by including CT in the curriculum and it is effectively reached the students. One of the best 

approaches to integrate CT into the instructional process in various learning fields is by using 

the Game-Based Learning (GBL) tools (Werneburg, Manske, & Hoppe, 2018). 
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Review of Models 

There have been a few models and frameworks related to the computational thinking model in 

education. To shed a little light on the models/frameworks and their components, this article 

describes the summary of the review done on the dimensions and its definition that forms each 

model/framework. The primary concept of the review is to take textual information and 

analyze, simplify, and summarise it based on pre-determined or emergent topics. 

 

This article describes the findings of reviewing relevant literature for fourteen (14) models 

related to CT in education. A literature review model by Kitchenham (2004), was adapted as 

the guideline to do this review. It was chosen because it allows the researcher authors to 

analyze and interpret all published evidence relevant to a particular research question, subject 

matter, or object of interest, and it does not consider the impact of the review procedures or 

specify the mechanisms needed to conduct a meta-analysis in depth. The guideline covers the 

three steps of a systematic review: planning, conducting, and reporting on the review. 

 

For this purpose, the electronic databases of Scopus, Science Direct, EBSCOhost, ERIC, and 

Web of Science were searched for literature and articles regarding computational thinking 

models. The articles selected were from the areas of Science, Technology, and Mathematics 

(STEM).  The keywords such as "computational thinking," "definition," "model," "review," 

"STEM," "Mathematics," and "dimensions" were used to search the electronic database 

indexes. In addition, for the database search, other combinations of these keywords were used, 

as well as the “AND” and “OR” commands. For the review, articles that were within the scope 

of the systematic scanning criteria were chosen. The authors concentrated mostly on the 

relevant research papers written by the model developer. The authors consulted other works of 

literature that described the models for those models where no formal criteria were provided. 

The authors reviewed articles that emphasize the model from the year 2006-2020. The authors 

only reviewed articles that are available in English. When reviewing the publications, the 

authors chose the following criteria of interest (where relevant) to provide an overview of 

models and their dimensions.:  

 

• Definition of Computational Thinking (CT)  

• Dimensions involved  

• Subject: Computers Science or STEM  

 

The articles and models that don’t fit into the following criteria of the reviews were excluded: 

i) Articles published in a peer-reviewed journal  

ii) Written in the English language 

iii) Accessible in full 

iv) Studies focused on computational thinking and using any educational technology 

approaches such as mobile technologies or online classrooms 

 

The findings of this study are significant because they give evidence of the strengths and 

drawbacks of various models, as well as an additional foundation for discussions in the 

literature. Furthermore, it is anticipated that the outcomes of this study will lead to actual 

recommendations for promoting computational thinking. The review procedure is depicted in 

Figure 1. 
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Figure 1: The Review Process of CT Models 

 

Findings and Discussion 

In this review, we analyze scholarly articles on the models and frameworks of computational 

thinking. By doing so, we investigated the definition of CT by the researchers, model design, 

dimensions, and the constructs of the models. This section discusses the findings regarding the 

summary of the CT model review. Table 1 describes the summary of the review done on 14 

models of computational thinking from all domains. 

 

In analyzing the 14 models found in the literature review, it appeared that they are often based 

on each other. Therefore, it is easier to categorize them based on the definition and dimensions 

of CT used in each article. The results of the review analysis of the models show a dependency 

of CT the dimensions between the models from the Wing (2006), National Research Council 

(NRC) (2010), Barr and Stephenson (2011), CSTA and ISTE (2011), Brennan and Resnick 

(2012), Kazimoglu, Kiernan, Bacon, & MacKinnon (2012), Selby and Woollard (2013), 

Csizmadia, Curzon, Dorling, Humphreys, Ng, Selby, & Woollard (2015), Anderson (2016), 

Atmatzidou & Demetriadis (2016), Kalelioglu, Gulbahar, & Kukul (2016), Shunte, Sun & 

Clarke (2017), Dong, Cateté, Jocius, Lytle, Barnes, Albert, Joshi, Robinson, & Andrews 

(2019), and Palts & Pedaste (2020). 

 

Based on the comparison, the common CT dimensions are abstraction, decomposition, 

debugging/evaluation, algorithms, and generalization. The following is the general description 

of the CT dimensions derived from the models.   

 

i. Abstraction is the process of making an item more understandable by removing 

superfluous information and lowering the number of variables, resulting in simpler 

solutions. It is the ability to determine what information on a person, thing, or item 

should be kept and what should be ignored (Wing, 2006). 
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ii. Decomposition is a technique for dismantling issues and breaking them down into 

smaller, more manageable components. “Divide and Conquer” is another name for 

this strategy. It is the ability to break down a difficult problem into smaller, easier-

to-understand, and solve components (NRC, 2010). 

iii. Algorithms formation is the process of putting together a set of steps that may be 

followed to solve all of the difficulties that make up the original problem. It is the 

ability to create a step-by-step series of operations/actions to solve an issue (Selby & 

Woollard, 2015). 

iv. Debugging/Evaluation is a method of analyzing (and identifying) processes and 

outputs in terms of efficiency and resource usage. It is the ability to recognize, 

eliminate, and correct mistakes (Selby & Woollard, 2015). 

v. Generalization is the act of extending stated solutions or algorithms to a variety of 

problem situations, even when the variables are different. It's the ability to construct 

a solution in broad terms that may be applied to a variety of issues (Selby & Woollard, 

2015). 

 

This study also managed to categorize the dimension terms from all the reviewed models 

according to their function. Figure 2 describes the categories of the terms. 

 

 
Figure 2: Categories of the CT Dimensions. 

 

Conclusion 

The findings of this review are still in the early stages of development, and the researchers are 

still looking for additional CT models and frameworks in many areas. Furthermore, no clear 

difference exists between the dimensions and constructions. CT, according to the experts, may 

be utilized in a variety of areas, not only computer science. Students will learn to apply and 

integrate their abilities inside the diverse subject matter, to broaden their thinking beyond the 

apparent solution, irrespective of the subject, by incorporating CT in a range of disciplines. The 

integration of CT in teaching and learning process will help the teachers to improve the 

teaching and learning activity and enrich the teaching process and the students' exploration of 

the subject. Students will become better in findings new solutions to problem and enhance their 

confidence, especially for dealing with the unclear, complex or open / wide (open-ended) 

problems.  Hence, these can be done by including CT in the curriculum and it is effectively 

reached the students. One of the best approach to integrate CT in the teaching and learning 

process is by using the Game Based Learning (GBL) tools. 
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Table 1: Summary of  CT Model review 

Authors Year Definition of Computational Thinking 
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Wing 2006 Way of solving problems, designing systems, and 

understanding human behavior by drawing on the 

concepts of computer science. 

                       

NRC 2010 A broad range of mental tools and concepts from 

computer science that help people solve problems, 

design systems, understand human behavior, and 
engage computers to assist in automating a wide 

range of intellectual processes 

                       

Barr & 

Stephenson 

2011 An approach to solving problems in a way that 

can be implemented with a computer. 

                       

ISTE & 

CSTA 

2011 A problem-solving process that includes (but is 

not limited to) six concepts for describing CT: 

formulating problems, organizing and analyzing 
data, abstractions, automation through algorithmic 

thinking, evaluation for efficiency and 

correctness, and generalizing. 

                       

Brennan & 

Resnick 

2012 Three key dimensions: computational concepts 

(the concepts designers employ as they program), 

computational practices (the practices designers 

develop as the program), and computational 
perspectives (the perspectives designers form 

about the world around them and themselves). 

                       

Kazimoglu, 
Kiernan, 

Bacon, & 

MacKinnon 

2012 Solving problems with logical thinking through 
using various computational models 
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Authors Year Definition of Computational Thinking 
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Selby & 

Woollard  

2013 CT as a cognitive or thought process that reflects 

the ability to think in abstractions, to think in 

terms of decomposition, to think algorithmically,  
to think in terms of evaluations, and  

to think in generalizations 

                       

Csizmadia, 
Curzon, 

Dorling, 

Humphreys, 

Ng, Selby, 

& Woollard 

2015 Process of recognizing aspects of computation in 
the world that surrounds us and applying tools 

and techniques from computing to understand and 

reason about natural, social and artificial systems 

and processes. 

                       

Anderson 2016 Geared towards developing solutions for open-

ended problems following a series of formalized 
steps 

                       

Atmatzidou 

& 
Demetriadis 

2016 Promotes new ways of thinking to students across 

all science disciplines. T 

                       

Kalelioglu, 

Gulbahar, 
& Kukul 

2016 Complex higher-order thinking, skills may require 

to use of the power of human cognitive ability and 
embrace the support of machines to think and 

solve problems. 

                       

Shute, Sun 

& Clarke  

2017 the conceptual foundation required to solve 

problems effectively and efficiently (i.e., 
algorithmically, with or without the assistance of 

computers) with solutions that are reusable in 

different contexts 
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Authors Year Definition of Computational Thinking 
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Dong, 

Cateté, 

Jocius, 
Lytle, 

Barnes, 

Albert, 
Joshi, 

Robinson, 

& Andrews 

2019 A thinking process, not bounded by content area 

or tools, to help people solve problems in a 

systematic and generalizable way 
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