
  

 

Abstract—Computational thinking (CT) is one of the skills or 

processes needed in computer science. However, these skills can 

also be integrated into any field in education. The objective of 

this literature review is to study the benefits and challenges of 

computational thinking (CT) in education. This literature 

review is analyses 55 references obtained from various sources, 

based on predefined keywords. The references were then 

analysed using NVivo software to code them according to 

several main points. Based on the literature review, there are 

many benefits of computational thinking in education, 

including increasing critical and analytical thinking among 

students, cultivating CT skills in STEM education among 

students, improving pedagogy and curriculum, and fostering 

CT skills through game-based learning (GBL). However, there 

are some challenges facing the implementation of 

computational thinking in the field of education. These include 

teachers’ understanding of computational CT, lack of 

confidence, lack of the skills required to implement CT, and 

students’ acceptance of CT. In order to overcome these 

challenges, there are two important aspects to consider: 

ensuring teachers’ level of knowledge and level of readiness 

about CT is high. It is hoped that this literature review will be 

able to provide educators with an understanding of the extent to 

which CT is able to shape education to be more creative and 

meaningful. 

 
Index Terms—Computational thinking, benefits, education, 

CT.    

 

I. INTRODUCTION 

Teaching and learning are becoming increasingly 

challenging in line with the development of education in the 

twenty-first century. In the era of information and modern 

technology, education needs to be aligned with current needs. 

Thus, various terms have been introduced into the world of 

education. One of them is Computational Thinking (CT). 

CT is a fundamental skill that needs to be mastered from 

early education to higher education in order to effectively 

solve problems in the world of digital technology. CT also 

provides an opportunity for individuals to develop their 

knowledge and skills to succeed in life [1]. 

The term CT was first introduced by Seymour Papert in 

1980, in his book entitled Mindstorms: Children, Computers, 

Powerful Ideas and An Exploration in the Space of 

Mathematics Educations [2]. [3] defines CT as an approach 
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to problem solving, designing systems, understanding human 

behaviour, and illustrating basic computer science concepts. 

CT is then redefined as a thought process used to formulate a 

problem and to find a solution that can be translated into a 

form that can be effectively implemented by the 

information-processing agent [4], [5]. Using CT skills, 

learners can also solve cognitive problems using a variety of 

methods [6]. It also involves the preparation and analysis of 

data, finding solutions by using algorithms and solving 

problems [7]. 

CT is well known as a tool for problem-solving process 

that requires dividing problems into smaller components, 

extracting important and relevant ideas, and recognizing 

patterns to enable proper solution planning to avoid 

duplication and less-relevant actions to improve the 

effectiveness of the problem-solving process [8].  Using CT, 

learners can also build and devise solutions to a problem and 

to present the right solution [9]. In this way, it enables 

individuals to solve complex problems more effectively [3] 

and therefore, is important to be applied by students to 

improve the quality of their learning [10], [11]. 

There are several strategies for solving problems in CT 

approach that includes: decomposition, pattern recognition, 

generalization, idea extraction (abstraction) and algorithm 

thinking [12]. These processes enable individuals to solve 

complex problems by solving small problems according to 

specific functions. [13] and [14] explain that in CT skills, one 

can solve problems effectively by dividing it into smaller 

components. Pattern recognition involves the process of 

identifying and applying frequency to data or problems. The 

process of generalization uses identified equations to make 

predictions or solve more general problems [12]. However, 

the abstraction process is used to determine patterns, to 

generalize specific objects, and to identify similarities in a set 

of objects [4]. Algorithms, meanwhile, play an important role 

in solving computer science problems, especially repetitive 

problems. Algorithms can be regarded as strategic thinking 

or step-by-step processing that involves structuring 

directions for solving a problem, achieving a goal or carrying 

out a task [4]. 

In twenty-first century learning, problem solving skills are 

critically needed. CT skills can help students think 

analytically and critically [15]. Therefore, in order for 

students to master CT skills, these skills need to be taught and 

practiced early in school [9]. Many studies have been 

conducted on CT by many researchers, but there are still few 

studies on the benefits and challenges of CT. Therefore, this 

study aims to identify the advantages and challenges of 

acquiring CT skills. It is also hoped that this study will 
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provide awareness for teachers and students about CT skills 

in future. 

 

II. USE OF ICT IN EDUCATION  

Computational thinking (CT) is a process or skill that is 

fundamental to the field of computer science, but can be 

applied to other fields such as mathematics, physics, 

chemistry, sociology and everyday life [9], [16].  Apart from 

that it is also important to note that teachers are also required 

to obtain the CT skills in order for them to use the skills 

effectively in their teaching and learning activities  and to 

guide students to solve problems and express themselves well 

[17].  Teachers‘ knowledge of CT impacts the way it is 

integrated into teaching and learning in the classroom [18].  

Through continuous professional development, teachers can 

apply more appropriate approaches and pedagogy to 

developing students‘ CT skills, based on their needs [19]. 

It is also proven that CT skills can be applied in all 

disciplines, including STEM education [20], [21]. [20] states 

that CT includes strategies for analysing problems and 

designing solutions to be used in all disciplines, especially 

STEM, for conceptual learning and problem-solving. A key 

approach to supporting STEM education is to incorporate CT 

elements into STEM topics. 

Various courses are offered to gain a deeper understanding 

of science. Introduction to applied computer science, 

computer science, programming, biology, chemistry, algebra 

and engineering are among the identified courses for 

introducing CT elements. In addition, courses in genetics, 

language programming and computer science research have 

been selected to experiment with the application of CT. 

Various programmes are being implemented at school and 

university level to enable students to gain proficiency in CT 

skills [22].  

 

III. METHODOLOGY 

The writing of this literature review has focused on 

research that has been carried out in computational thinking 

(CT) in education. Various databases have been used to find 

information related to this topic, such as Google Scholar, 

Mendeley, Sci Direct and LearnTechLib. Some of the 

keywords used to find information include ―computational 

thinking (CT):  benefits and challenges in education‖. The 

literature selected is limited to studies in Malay and English 

because these languages can be understood by the 

researchers. The selected studies date from 2015 until today. 

Many studies were found; however, only 55 studies were 

selected, focusing on studies looking at the benefits and 

challenges of applying computational thinking in education. 

Based on the selected studies, the next step was to collect the 

main points based on the keywords, using NVivo. The 

findings from the coding in each article were compiled and 

formulated into this paper. 

The following research questions will be addressed in this 

literature review:  

1) What are the benefits of applying computational thinking 

in education? 

2) What are the challenges of applying computational 

thinking in education?  

The research questions were designed to determine the 

focus of writing, to stay on the right track, and to make the 

writing more relevant. The focus of the first question is on the 

benefits of applying computational thinking in education for 

students and teachers. For the second question, the focus is 

on the challenges that students and teachers face in 

implementing computational thinking in education.  
 

TABLE I: SUMMARY OF THE STUDIES SELECTED 

Experimental 

design 

Location Research 

focus 

Area 

Qualitative (8) 

Quantitative (13) 

Quasi 

experimental (4) 

Concept paper 

(30) 

USA (25) 

UK (2)  

Malaysia (6) 

China (2) 

Turkey (3) 

New Zealand (2) 

Canada (1) 

Sweden (1) 

Cyprus (1) 

Brazil (2) 

Indonesia (1) 

Greece (1) 

Spain (1) 

Ireland (1) 

Australia (2) 

Italy (1)  

Brazil (1) 

Estonia (1) 

Switzerland (1) 

 

 

Educators 

(21) 

Students 

(34) 

 

Application of 

computational 

thinking in 

education (52) 

Computational 

thinking and 

STEM (2) 

Computational 

thinking and 

mathematics (1) 

 

IV. FINDINGS THE BENEFITS OF APPLYING CT IN EDUCATION 

CT has greatly benefited students in technological learning 

in the twenty-first century. In this study, we identify these 

benefits as increased critical and analytical thinking, 

cultivation of CT in STEM education (Science, Technology, 

Engineering, and Mathematics), improving pedagogy and 

curriculum towards CT, and fostering CT skills through 

game-based learning (GBL). The following sections describe 

these benefits in more detail. 

A. Increased Critical and Analytical Thinking among 

Students  

In twenty-first century learning, problem-solving skills 

and abilities are critically needed. CT skills can help students 

think analytically and critically [23]. This aspect of CT 

enables individuals to focus on structured solutions. At 

present, CT skills engage with computer science and 

programming skills to enable students to show their abilities 

[14]. Critical teaching and learning of CT skills by 

developing scaffolded activities will motivate both boys and 

girls [24].  According to [25] and [26], CT is important to 

support new and advanced technology in the world. The 

highest level of CT is the process of abstraction. The adaption 

process helps to establish patterns, generalise to specific 

objects, and identify the same important features of a set of 

objects [4]. Through abstraction, students identify and see 

clearly the main problem or situation, even though there are 

complex or irrelevant details. A study conducted by [2] found 

that integrating CT into teaching and learning increases 

students‘ analytical skills and achievements in CT areas, and 
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tallies with academic achievement in general. Students can 

prepare themselves for the digital economy by learning CT 

and coding languages as a good foundation [27]. 

CT focuses on developing cognitive process in class [5]. 

Meanwhile, according to [28], human behaviour can 

influence and create strategies towards individual attitudes in 

learning. [29] also state that using CT skills intensifies the 

understanding needed to create connections with others 

around the individual in the world of technology. In addition, 

[30] suggest that previous learning experience related to the 

social, emotional, and cognitive development of students will 

reflect learning behaviour. Based on the above views, it can 

be stated that students are not only tool users but also tool 

builders. According to CT skills can build automated and 

productive solutions to solve problems by developing 

students‘ own ways of thinking [31] and [32]. The learning 

styles of the present generation achieved their goal through 

the integration of information and communication 

technology (ICT) [33]. 

B. Cultivating Skills in STEM Education among Students  

A key approach to supporting STEM education is to 

cultivate CT elements in teaching and learning [21]. 

According to [34], developing problem solving and logical 

thinking skills in STEM activities helps students to learn CT 

skills. Computer science help students to explore CT skills 

that can then be used for problem solving in all disciplines 

[35]. The teaching of CT skills in computer science and 

STEM can support students to identify and solve problems in 

higher education as a whole [36]. [1]  state that hands-on 

activities and experiences and prior knowledge help to create 

students‘ awareness to easily understand CT skills by 

effective problem-solving. For the purposes of hands-on 

learning for CT, mobile application development can be used. 

In the research of [37], STEM is relevant in clarifying the 

meaning of CT and facilitating educational practice. [30] 

finds a correlative relationship between CT and the 

mathematics and science domains. It is clear that integrating 

STEM skills into CT learning has a positive impact on 

student achievement by driving new innovation skills. 

C. Improving Pedagogy and Curriculum Towards CT 

For teachers, the taxonomy aims to provide a clear set of 

concrete practices to guide classroom teaching and 

curriculum development. It helps teachers understand how 

they can use computational thinking practices in their 

classrooms and supports them in developing the quality of 

their lessons. This taxonomy serves as a way to improve 

existing pedagogy and curriculum with more advanced 

computational thinking practices in the twenty-first century 

[38]. Therefore, teachers should be prepared to follow these 

developments to achieve better educational goals, and 

research results show that science teachers have the essential 

level of knowledge [39]. This is because teachers are one of 

the key leaders responsible for the teaching and learning 

process [40]. In creating effective teachers, the faculty of 

education should be able to build and produce professional 

teachers in their respective fields, including science. 

Therefore, existing science teachers are expected to possess 

computational thinking skills: not only computational 

thinking skills through the use of technology such as 

computers, but also those involving cognitive processes in 

solving complex problems [41], [42]. 

[43] state that the unplugged method of CT could develop 

elementary teachers‘ understanding of how these ideas 

connect and fit into their classrooms. Another study by of [43] 

developed a CT toolkit (abstraction, decomposition, patterns, 

and debugging) for teachers to scaffold and use in elementary 

classrooms to expose students to CT skills. In addition, to 

attract teachers to adapting technology and computing, many 

schools include these skills in their curriculum for the early 

stages, so that teachers integrate computer science into other 

subjects [44]. In this regard, the new curriculum can address 

technology to develop CT education. 

D. Fostering CT Skills through Game-Based Learning 

(GBL) 

Game-based learning (GBL) to improve CT has been 

designed as a pedagogical framework for students in 

education [38]. Digital games have proven attractive and 

engaging for all groups of people, who are able to learn 

through gameplay. AgentSheets, designed by Alexander 

Repenning, improves algorithm design skills and creation of 

logical rules, and teaches the concept of automation [45]. 

Alice and Kodu are visual programming environments, 

which both focus on 3D programming [46], [47]. GBL like 

AgentSheets, Alice and Kodu focused on fostering basic 

programming concepts in an intuitive and playful way to 

improve CT skills. 

Robot programming has also been regarded as a form of 

game-based learning [48]. In addition, Scratch is a successful 

application to teach programming to K-12 students and foster 

CT skills [10], [29]. [49]. TAPASPlay leverages an 

interaction style based on tangible objects and virtual reality 

(VR) by achieving the objective of fostering CT skills 

through GBL. VR expands the playfulness of the system and 

builds an attractive and collaborative learning environment. 

According to [31], modern students can develop their own 

way of thinking when they realize that computers can 

produce automated and effective solutions to problems. The 

integration of information and communication technologies 

is believed to fit the learning styles of the current generation 

[33].  

The latest literature shows a growing interest in CT [35], 

and describes the importance of CT among students and 

teachers in education. According to [50], CT skills can be 

vastly are developed through collaborative and game-based 

learning like TAPASPlay, which provides a playful 

environment.  

 

V. CHALLENGES OF USING CT IN EDUCATION  

While there are many benefits of computational thinking in 

education, there are also some challenges faced in 

implementing computational thinking in teaching and 

learning. 

A. Teachers’ Understanding of CT  

One main challenge is teacher‘s understanding of the 

concept of computational thinking. Lack of understanding of 
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this concept has led to a lot of problems faced by teachers, 

such as the infrastructure needing to be provided, time 

constraints to implement computational thinking skills in 

teaching and learning activities, lack of teaching materials 

and assessment strategies, and low levels of knowledge and 

computer use. This is linked to the fact that many teachers do 

not attend any training related to computational thinking [51]. 

The findings of a survey of 159 respondents indicate that 

83.6% had never attended any training related to 

computational thinking, 54% were uncertain of the concept 

of computational thinking, and 31.4% did not know about the 

concept of computational thinking. 

In addition, this lack of knowledge related to the concept 

of CT has often led teachers to assume that computational 

thinking is a skill related to technology and is not applicable 

to other subjects. This statement is less in line with the studies 

conducted by [5] and [37], which show that computational 

thinking is not just about using computers, but is instead 

related to the cognitive process of solving a problem, and 

with CT skills, people can understand the problem they are 

facing and develop a reasonable solution. Low levels of 

knowledge will also have an impact on teachers‘ individual 

capabilities [52].   

Furthermore, a lack of understanding of the concept of 

computational thinking is also faced by primary school 

teachers. The findings of the study conducted by [12] show 

that very few respondents were able to provide a complete 

definition of computational thinking. [53] also found that 

trainee teachers often misunderstand the concept of 

computational thinking, believing that it is a skill that 

involves technologies such as PowerPoint, Powtoon, video, 

or internet. Only a small number of trainee teachers could 

correctly articulate the concept of computational thinking 

skills as skills used in the thinking process to solve problems 

using logical, systematic, structured and creative thinking. 

B. Teachers’ Lack of Confidence in Using CT   

There are also teachers who lack confidence in 

implementing computer skills in teaching and learning. 

Teachers lack confidence in the teaching of computational 

thinking because of their low pedagogical knowledge, and 

they need ongoing professional training to help them prepare 

for all aspects of teaching CT [19]. These problems are 

challenges that need to be overcome to ensure that students 

are able to master computational thinking skills. 

High levels of confidence will impact teachers‘ teaching 

and learning as they will result in greater commitment and 

job satisfaction [54], [55]. Therefore, teachers need to have 

high confidence in implementing the concept of 

computational thinking, and teachers need to be provided 

with sufficient teaching resources to enhance students‘ 

learning outcomes. The provision of teachers who are 

capable of teaching computational thinking is generally the 

main challenge faced in integrating computational thinking 

into education [11], [56].  This is because most teachers are 

not given formal instruction and training to implement these 

skills in teaching and learning. 

C. Teachers’ Lack Skills to Implement CT  

For teachers who are already teaching STEM subjects in 

school, they should have no problems when implementing 

computational thinking in teaching and learning. However, 

they may still not understand how these skills are used in the 

classroom [43]. According to [57], teachers who teach 

computer science find it difficult to integrate algorithmic 

thinking into teaching and learning processes. A study 

conducted by [58] found that attitudes toward science, 

mathematics and technological competencies influence the 

implementation of computational thinking. 

Teachers should have strong pedagogical skills and be 

formally exposed to computational thinking. Most teachers 

do not yet recognize computational thinking as a fundamental 

concept in the new digital technology curriculum because 

they are less exposed to computational thinking in the early 

stages of their studies [19]. [35]. They need to be given 

special training in order to master the concepts and skills of 

computational thinking, regardless of their specialty and 

academic achievement before being placed in schools. 

In addition, there are also teachers who are less skilled in 

using new technologies, because they are time-consuming 

and difficult to learn [7]. By implementing computational 

thinking, teachers not only need to learn how to use 

computers but also provide a learning environment for 

students to experience and learn about computational 

thinking [59]. This is one of the challenges that teachers face, 

as they not only need to know the content of the pedagogy but 

also how to integrate new technological skills and implement 

computational thinking in teaching and learning processes. 

D. Students’ Acceptance towards CT  

Students‘ acceptance of computational thinking is also a 

challenge in education because many aspects need to be 

considered, such as thinking ability, education level, gender, 

and discipline [24]. With these skills, students can 

understand the difficulty level of a problem and learn how to 

solve it, while teachers can see how well the student solves 

the problem. If teachers are able to implement this concept in 

the teaching and learning process, students will be able to 

apply their knowledge to real situations [24]. However, if 

teachers are not able to implement CT in the teaching and 

learning process, students will not have the opportunity to 

learn this concept. 

 

VI. DISCUSSION 

In order to ensure that teachers have a solid understanding 

of the concept of computational thinking, in addition to 

attending training and workshops, they need to be given 

strong skills from the beginning. The levels of teachers' 

understanding and skills are interrelated, because without 

understanding the concept of computational thinking, 

teachers will not be able to implement problem-solving skills 

in teaching and learning. It is important to provide 

professional development opportunities related to the 

curriculum needs of teachers in their respective fields. 

These opportunities can show teachers how to integrate the 

concept of computational thinking into their existing 

teaching plans, or to develop and introduce any teaching 

pedagogy that will enable them to be confident in the 

environment of computational thinking skills. This challenge 
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needs to be overcome because it will affect the learning level 

of the students. These computational skills can also help 

students solve problems in a variety of ways, and can be used 

in all subjects and in their lives. Fig. 2 summarizes the 

findings.  
 

 
Fig. 1. Summary of the benefits and challenges of applying computational 

thinking in education. 

 

VII. CONCLUSION 

In conclusion, based on the literature review of the 30 

selected articles, there are many benefits of applying 

computational thinking in education. CT can not only 

increase critical and analytical thinking among students, but 

it can also cultivate CT skills among students in STEM 

education. The benefits of applying computational thinking 

also improve pedagogy and curriculum towards CT, and CT 

skills can be fostered through game-based learning. The 

application of computational thinking not only enables us to 

shape our field of education in a positive way, but also 

enables students to be more competitive and capable of 

solving various problems. Moreover, it has the potential to 

make educators more creative in educating the younger 

generation. However, there are many challenges in the 

implementation of computational thinking in the field of 

education, such as low levels of knowledge and skills in the 

implementation of computational thinking and lack of 

exposure to this concept. Research also shows that that 

students‘ acceptance towards CT is one of the challenges that 

our educators need to face in implementing CT. Although 

there are many challenges, these are not expected to be a 

barrier to implementing computational thinking in various 

fields of education, not only in STEM subjects, as various 

initiatives have been undertaken to enable the 

implementation of computational thinking in education, 

including ensuring that teachers have a high level of 

knowledge and readiness in relation to computational 

thinking. 
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