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Abstract— The contemporary era of 21st century requires a workforce prepared not just with fundamental knowledge but also 

with versatile problem-solving skills. Computational thinking (CT) is gradually being incorporated into school curricula 

globally and it is also considered as a 21st century skill. Computational thinking is defined as a cognitive approach to problem 

solving that fosters creativity, critical thinking and reasoning ability in students. In mathematics education, traditional 

approaches often emphasize rote memorization and procedural execution. This paper discusses about for a transformative 

change in education towards skill-based learning. This shift towards skill-based learning is supported by the integration of 

computational thinking (CT) into the mathematics curriculum. The core components of Computational Thinking (CT), such 

as decomposition, pattern recognition, abstraction, and algorithm design, offers a comprehensive theoretical foundation or 

conceptual framework for students to deal with the mathematical problems in a systematic and creative manner. Computational 

Thinking (CT) is analytical thinking and includes actions like logically organizing and analyzing data. Also, it includes 

representing data with models and simulations, determining possible solutions, and transforming the generalized solutions to 

other problem situations. Comprehensive understanding, logical reasoning and novel problem-solving skills can be developed 

in students by promoting CT skills through mathematics education. In this paper theoretical foundations of integrating 

computational thinking into mathematics and effective pedagogical strategies for its implementation are explained. It also 

brings attention to potential benefits of CT integration for students in developing the skills required for success in both 

academic and professional life. This review aims to provide an overview of the existing literature on CT activities at different 

levels in mathematics education. Also, to articulate how it is integrated into the teaching and learning of Mathematics. Our 

findings reveal that CT-integrated mathematics curriculum enhances mathematical achievement, conceptual understanding, 

problem-solving ability, creativity, reasoning ability, and in-class engagement. The prominent strategies used for CT 

integration in mathematics are problem-based and project-based learning, unplugged activities without the use of any digital 

tool, which include hands-on, paper-and-pencil, or verbal exchanges to simulate pivotal programming concepts like algorithm 

design, problem solving, abstract thinking, and logical reasoning and along with plugged-in activities like, gaming block-based 

programming, coding, scratch-based activities were also used by the researchers. 

Keywords— Computational Thinking (CT), Skill-based learning, Mathematics Class 

I INTRODUCTION  . 

The modern landscape of education in the 21st century is undergoing a drastic transition, propelled by rapid 

advancements in technologies and the evolving demands of the workforce around the world. This shift in the 

educational landscape entails a reassessment of educational goals, shifting away from the traditional way of 

learning, which concentrates on rote memorization, to skill-based learning, to endow learners with versatile 

problem-solving skills. Computational Thinking (CT) has emerged as a crucial skill for this new era, is now 

viewed as a twenty-first-century skill that refers to a way of problem-solving (NEP, 2020; NCFSE, 2023). Wing's 

(2006) foundational work uplifted Computational thinking to a foundational analytical ability, aligning it with 

reading, writing, and arithmetic, and highlighting its global relevance across different disciplines. Review of 

literature shows that CT has also been explored and integrated with various disciplines like science (Aytekin & 

Topcu, 2024; Ogegbo & Ramnarain, 2022), mathematics (Acar & Dikkartin Övez, 2022; Çelik & Sevgi, 2025; 

Rodríguez-Martínez et al., 2020), STEM (Han, 2023; Mariana & Kristanto, 2023), etc. 

Contemporaneously, there is a growing demand for skill-based learning (SBL) as an educational paradigm because 

it is not a way of mere knowledge transmission, but it leads to the acquisition of practical, directly applicable 

competencies. The synergistic integration of CT and SBL is a critical response to the indispensable future 

readiness due to its ability to apply theoretical knowledge in practical scenarios. SBL focuses on the acquisition 

of knowledge through practice and its application, and CT is defined as a foundational way of solving problems. 

CT, therefore, fulfills the need of students to acquire problem-solving skills. Also, the CT integrated curriculum 

enhances student’ active engagement, which helps in developing skills vital for their future employability. A 

curriculum that is both skill-based and CT-integrated is not solely an educational advancement but a societal 
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necessity for fostering competent and adaptable individuals who will be capable of fulfilling the dynamic needs 

of the future workforce. 

In mathematics teaching and learning, traditional approaches often emphasize procedural execution and rote 

memorization. Studies related to Computational thinking shows that CT- integrated learning is applied at different 

levels, such as primary (Aytekin & Topcu, 2024; Brackmann et al., 2017; Fiş Erümit, 2024), elementary (Bartolini 

Bussi & Baccaglini-Frank, 2015; Hu & Wang, 2024; Piedade & Dorotea, 2023), middle (Acar & Dikkartin Övez, 

2022; Çelik & Sevgi, 2025; Delal & Oner, 2020; Pan et al., 2024), and secondary (Yilmaz & İzmirli, 2023), etc. 

Moreover, integration of CT has revealed that it has a positive correlation with mathematical thinking (Wu & 

Yang, 2022), critical thinking (Mariana & Kristanto, 2023; Wu & Yang, 2022), creativity (Mariana & Kristanto, 

2023; Wu & Yang, 2022), problem-solving (Fauzi et al., 2024), mathematical understanding (Kaup et al., 2023), 

achievement in mathematics (Acar & Dikkartin Övez, 2022), self-efficacy (Pan et al., 2024), in-class engagement 

and above all it enriches the students' CT skills along the various dimensions of CT. 

A majority of the studies have used sophisticated pedagogical interventions involving the use of plugged activities 

(Acar & Dikkartin Övez, 2022; Büscher, 2025; Çelik & Sevgi, 2025; Harlow et al., 2015; Pan et al., 2024; Piedade 

& Dorotea, 2023; Rodríguez-Martínez et al., 2020; Subramaniam et al., 2022) such as robotics, programming like 

scratch-based, block-based programming, etc., with a few studies having their focus on simple and accessible 

interventions without the involvement of a technology-enriched classroom setup. The unplugged activities were 

also reported to enhance the students' creative problem-solving skills and enrich their mathematical understanding 

(Aytekin & Topcu, 2024). Over and above, the studies are largely conducted in a foreign context, with very sparse 

studies in the Indian context (Iyer, 2019), clearly indicating the knowledge gap. Thus, the proposed review 

highlights this knowledge gap. 

 The objective of this review paper is: 

1 To present an account of the significance of Skill-Based Learning (SBL). . 
2 To describe Computational Thinking (CT) and its significance in mathematics . 
3 To explore the theoretical foundations of integrating Computational Thinking (CT) in skill-based 

mathematics classrooms. 

. 

4 To discuss the effective pedagogical strategies for the implementation of CT-integrated mathematics lessons 

in school education 

. 

5 To discuss the challenges in implementing CT-integrated activities in the mathematics classroom in the 

context of developing South Asian Countries. 

. 

II. METHODOLOGY 

A Systematic review technique was used. A systematic review specifies the specific research objectives followed 
by a search and collection of relevant literature pertinent to the objectives using keywords. The key words used 
in this review were‘computational thinking*’, ‘algorithmic thinking*’, ‘procedural thinking*’, ‘skill-based 
learning*’, ‘skill-based education*’, ‘competency-based education*’, ‘mathematics*’, ‘maths*’, ‘mathematics 
education*’ ‘problem-solving instruction*’, ‘critical thinking*’, ‘individualized math*’ and also some of the 
research articles were selected using the intersection of the above keywords like ("computational thinking" OR 
"algorithmic thinking") AND (math* OR "mathematics education") AND ("skill-based learning" OR 
"competency-based education") from different databases like ERIC, Google Scholar, SCOPUS, Web of Science, 
PsycInfo. Among the available literature, articles that were not aligned with the paper’s objectives were excluded 
after reading the title and the abstract of the study. The National Education Policy 2020 document (NEP 2020) 
and National Curriculum Framework for School Education (NCFSE 2023) were also consulted were additionally 
included to clarify the objectives of the review. 

III. REVIEW FINDINGS 

A Skill-Based Learning and  its Significance in  Mathematics  . 

Skill-based learning (SBL), also known as skill-based training or education, is a pedagogical approach that 

emphasizes the development of directly applicable, practical skills for specific professions or tasks (Bhasme, 

2024). This approach is fundamentally defined as "the acquisition of knowledge through practice and application". 

It emphasizes active engagement and hands-on experience, guiding students towards mastery in their chosen fields 

and enabling them to apply in a real-world context (Williams, 2024). 

The SBL approach is in strong contrast to the traditional approach of knowledge-based learning, which has 

historically been the dominant way of learning in academic settings. Traditional approaches mainly focus on the 

dissemination of information, often through discussions and lectures. It emphasizes comprehension instead of the 
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practical application of that information (Williams, 2024). In this traditional method, students are often trained to 

memorize the learning content without acquiring the knowledge, tools, and skills required for real-world jobs or 

tasks. SBL, conversely, shifts the focus of education to practical activities, exercises, operational experience, and 

the observable implementation of ideas (Raj, 2024). It shifts away from passive reception of knowledge to active 

engagement and observable skill development. 

Skill-based learning is distinguished by various key characteristics that foster its effectiveness in preparing 

students for real-world challenges. (Bhasme, 2024). It provides a hands-on learning experience and a practical 

orientation to real-life situations. SBL intrinsically promotes active participation in learning activities, motivating 

students to gain hands-on experience by applying their skills. This approach promotes learners to master their 

skills (Williams, 2024; Raj, 2024).  SBL aligns with the demands of the present-day vocational sphere. It prepares 

learners for the evolving vocational sphere by focusing on skills that enhance their employability (Bhasme, 2024; 

Raj, 2024; Williams, 2024). By focusing on skill-building, SBL facilitates active learning and deep engagement, 

which helps students build a lasting understanding compared to passive learning methods by retaining information 

more effectively (Williams, 2024; Cronin, 2025). Along with academic skills, it promotes holistic development, 

encompassing pre-academic skills, cognitive abilities, and overall outcomes in areas such as social-emotional 

growth, language, and literacy (Bhasme, 2024). SBL fosters problem-solving skills and critical thinking. SBL 

fosters essential 21st-century skills, including creativity, critical thinking, collaboration, communication, 

resilience, and adaptability (Bhasme, 2024). As learners attain practical proficiencies and apply their knowledge, 

their self-efficacy and confidence are boosted. SBL also develops habits of continuous improvement and learning, 

preparing students for a continuously evolving professional sphere (Bhasme, 2024; Raj, 2024).   

B. Computational Thinking and its Significance in Mathematics 

Computational thinking (CT) is now considered an essential 21st-century skill (Haseski et al., 2018; Weintrop et 

al., 2021) and is being integrated into curricula of schools worldwide. Although there is still no clear agreement 

on its precise definition, the concept of computational thinking has been associated with computer science for 

decades. In the 1950s and 1960s, it was known as “algorithmic thinking,” which means a mindset to formulate 

conversion problems of some input to an output and then looking for algorithms to perform the conversions. 

Today, the term has been amplified to include thinking with many abstraction levels, to use mathematics to 

develop algorithms, and to evaluate how well a solution adapts across different sizes of problems (Denning, 2009). 

Computational thinking (CT) is defined as a way of problem-solving (Cansu & Cansu, 2019). Computational 

thinking (CT) at its core is a process of problem-solving that relies on the concepts from computer science 

(Sheldon, 2017). Wing (2006) describes CT as a way of problem-solving, systems designing, and analyzing 

human behavior by utilizing the concepts of computer science. In the context of education, it represents an array 

of problem-solving strategies that involve describing problems and their solutions in a way that an information 

processing agent, such as a computer, could effectively execute (Team, 2024). 

1) Core Components of Computational Thinking 

The Review of a vast literature on Computational thinking identified that CT has four core components, namely 

Decomposition, Pattern Recognition, Abstraction and Algorithmic Thinking (Barcelos et al., 2018; Cansu & 

Cansu, 2019; Hansen & Hadjerrouit, 2021; Mendrofa, 2024; Sheldon, 2017; Team, 2024) which are defined as 

follows: 

a) Decomposition: Breaking down of complex problems into simplified, easy to understand, and more 

manageable segments is defined as Decomposition. This skill of Decomposition helps students to simplify 

complex problems, enabling them to access problems more easily (Rahmawati et al., 2024).Mathematical 

problems related to place value and addition through expansion in denotes the examples of decomposition. When 

mathematics learners break a number into its thousands, hundreds, tens, and ones like decomposing 4897 as 

4000+800+90+7, and also in addition, they solve questions like 31+14 by breaking it into (31+10) + 4, which 

strengthens their mental calculation power (Sheldon, 2017). It is also useful for understanding the problems like 

regrouping in subtraction and dissection of complex geometric figures (Barcelos et al., 2018). 

b) Pattern Recognition: The competence to identify trends, patterns, similarities, or recurrent frameworks 

within the data or problems is defined as pattern recognition. It helps to generalize problem-solving processes, 

and also to formulate solutions. In mathematics, pattern recognition plays a vital role for understanding patterns 

in data like trends in graph, sequence patterns Fibonacci sequences in which each term is the sum of previous two 

terms. It also helps in identifying symmetry in shapes like mirror line or rotational symmetry and algebraic patterns 

like (a+b)2 = a2 + b2 + 2ab hold true for all numbers (Sheldon, 2017).  
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c) Abstraction: Abstraction is a process that involves removing unnecessary details to arrive at a 

recognizable solution or to demonstrate an intricate system with a easily understandable representation or 

simplified model (Sheldon, 2017). This critical skill of abstraction guides students to decide about the relevance 

of information, what is necessary and what can be removed, which enables them to focus on the necessary details 

or components of a problem (Barcelos et al., 2018). Counting of numbers in mathematics illustrates abstraction, 

for example when students are able to understand and explain that 32 tables are equal to 32 books in quantity, 

irrespective of its physical characteristics or attributes like its shape and size (Hansen & Hadjerrouit, 2021).  

d) Algorithmic Thinking: It includes following or creating a clear series of steps to achieve a specific goal, 

resulting in dependable and predictable outcomes (Sheldon, 2017). Algorithmic thinking requires learners to solve 

the problem not just for an answer, but for a replicable procedure to reach that answer or complete a task. Plotting 

ordered pairs on a coordinate plane to imitate an artwork (Checovich & Licht, 2022), using standardized 

procedures for arithmetic operations (Team, 2024), or using a structured series of steps to solve a given problem 

(Hansen & Hadjerrouit, 2021) are some of the examples of algorithmic thinking in mathematics. 

Apart from these four core components, CT has other components such as logic, parallel thinking, recursive 

thinking, and debugging (Kotsopoulos et al., 2017; Rahmawati et al., 2024). Table I presents the core 

computational thiking concepts and their application as follows 

TABLE I. CORE COMPUTATIONAL THINKING COMPONENTS AND MATHEMATICAL APPLICATIONS 

CT 

Component 

Definition (CT Context) Mathematical Application/Example 

Decomposition

Breaking down of complex problems into simplified, 

easy to understand and more manageable segments 

(Cummins, 2023; Sheldon, 2017). 

 

Decomposition of numbers in place value determination in the 

mathematical problems, 235=200+30+5. Regrouping of numbers 

in addition and subtraction. Dissection of complex geometric 

shapes. 

Pattern 

Recognition 

The competence to identify trends, patterns, 

similarities or recurrent frameworks within the data 

or problems (Cummins, 2023; Sheldon, 2017). 

Understanding the patterns of statistical data, trends in graph 

Fibonacci sequences. Identification of symmetry in shapes and 

algebraic patterns. 

Abstraction 

Removal of the unnecessary details to to get the 

required solution or to establish a system with 

simplified model. (Cummins, 2023; Sheldon, 2017). 

Counting of numbers, for example understanding 43 pens are 

equal to 43 pencils irrespective of its shape and size. Portraying 

of real-life situations through models or symbols. 

Algorithmic 

Thinking 

It is the process of establishing a step-by-step solution

of of any problem. (Cummins, 2023; Sheldon, 2017). 

Developing a step-by-step solution of the mathematical problem, 

Data analysis procedure design, Developing standard procedures 

for arithmetic operations, like long division. Plotting ordered 

pairs on a coordinate plane to create a particular shape. 

 

2) Benefits of Integrating CT for Enhanced Mathematical Skill Development and Student Engagement 

There is strong empirical evidence supporting the benefits of CT integration. Researches reveal that integrating 

CT improves many areas, including critical thinking, problem-solving, and logical reasoning (Cummins, 2023). 

Along with these cognitive benefits, CT integration has been found to enhance noncognitive skills such as student 

engagement (Checovich & Licht, 2022), collaboration, creativity, confidence, and motivation (Hunsaker, 2022). 

These merits of CT facilitate students to be more skilled and handle the challenges of the modern world which is 

technocentric (Shute et al., 2017).   

The Computational Thinking (CT) integrated teaching in mathematics classrooms results in variety of merits, such 

as enhancing students' mathematical skill, intensified engagement of students (Checovich & Licht, 2022) and 

more extensive conceptual understanding (Kaup et al., 2023). CT integration in mathematics fosters crucial skills 

such as decomposition, pattern recognition, abstraction, and algorithm design, which are necessary for developing 

abstract and analytical thinking abilities (Mendrofa, 2024). It also cultivates the critical thinking skills (Saidin et 

al., 2021), problem-solving skills (Anwar et al., 2024), and the reasoning ability (Ferreira et al., 2023) of the 

students. It facilitates students to manage complex problems creatively and systematically, facilitating them to 

break down problems into manageable parts, identify patterns, and develop step-by-step solutions (Saidin et al., 

2021). CT skills are meticulously linked to mathematical thinking (Anwar et al., 2024). Engaging with 

mathematical concepts through CT activities in an active way helps students to memorize facts more effectively 

and establish a comprehensive understanding, going beyond the shallow learning (Cronin, 2025). CT integrated 
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teaching learning enables students to think abstractly, develop conceptual connections, and express their ideas in 

a more competent way while solving the problem (Dahshan & Galanti, 2024). Integrating CT into mathematics 

reshape the focus of mathematics learning towards reasoning and sense-making, and these are key factors that 

lead to strong students’ engagement (Checovich & Licht, 2022). By linking real life experiences of studentss with 

mathematical problems, their knowledge acquisition becomes more meaningful and relevant (Checovich & Licht, 

2022). A positive correlation is found between students' success in mathematics and their CT skills after the review 

of various studies (Suparman et al., 2025). Also, pedagogical approaches of Computational thinking, like game-

based learning contributes to students’ engagement (Saidin et al., 2021). 

C. Theoretical Frameworks Supporting CT Integration 

The theoretical frameworks lay the epistemic and pedagogical groundwork necessary for promoting the 
development of practical skills and comprehensive understanding. Theories of education, especially 
constructivism and problem-based learning supports the integration of computational thinking in skill-based 
mathematics classrooms in an effective way. Table II  presents a summary of the key theoretical bases supporting 
this integration. 

TABLE II. THEORETICAL FRAMEWORKS FOR CT INTEGRATION 

Theoretical 

Frameworks 

Key Features How it Embeds CT Benefits of Skill-Based Learning 

 

Constructivism

 

Individuals learn and construct 

knowledge through their own 

understanding. Here active, and

student-centered learning is 

more emphasized 

 

Students are involved in hand-on 

exploration. It enables students to 

actively examine, test and deal with 

computational problems. It also involves

coding, debugging, developing algorithm

and refinement of solutions. 

 

It promotes participation, interaction,

communication and this helps to 

develop creativity, critical thinking, 

and collaboration in students. 

 

 

Problem-

Based 

Learning 

(PBL) 

Students are assigned an open-

ended problem with ill-defined 

task and work collectively t 

arrive at meaningful outcomes. 

It helps learners to break large, critical 

problems into smaller components 

(decomposition) and then create a 

systemized, step-by-step solutions for the

problem (algorithmic thinking). 

Fosters collaboration, ability to think 

critically and self-reflection. 
 

Project-Based 

Learning 

(PjBL) 

In this, students work on a 

project for a given period of 

time to solve the problems or 

questions based on real world 

scenario 

It offers a real- world context to students

for the application of CT components 

such as decomposition, abstraction, and 

algorithmic thinking to achieve the final 

goal. 

It promotes creativity, collaboration 

and self-direction, along with 

considering social and ethical 

challenges. 

 

 

Collaborative 

Learning: 

 

Learners share their ideas, 

discuss different strategies and 

coordinate with each other to 

solve problems. 

Brainstorming about the ideas and testing

of strategies in small groups for solving 

problems. Students coordinate for data 

organization and provide relevant 

feedback to achieve solution for the 

computational problems. 

Develops a comprehensive 

understanding, and versatile 

problem-solving skills in students. It 

also fosters communication and 

collaboration. 

 

1) Constructivism: 

According to this learning theory instead of passively receiving information, students actively construct 

knowledge and understanding through their own experiences and new knowledge is created through previously 

acquired knowledge and along with this, it promotes active and student-centered learning (Nino, 2023; Olusegun, 

2015). It helps learners to enhance their competence or expertise, going beyond the superficial memorization, and 

to build the basis for interpreting the content (Angraini et al., 2024). It also promotes social interaction and 

collaboration, which provides a learning environment for the students to share, to discuss, and work together to 

solve problems. The above characteristics of constructivism boost the development of CT skills in students. 

Development of practical computational skills depends upon the hands-on experience. Besides this constructivism 

also fosters critical thinking, which is crucial for understanding the underlying principle of computing. 

Constructivism promotes critical thinking by motivating students to ask questions, analyze situations, and 

formulate their own learning experiences. In constructivism, teachers are the guides or facilitators, instead of 

simply disseminating knowledge their role is to guide students to explore more and solve problem (Angraini et 

al., 2024). The focus of constructivism on active knowledge construction, critical thinking, and social interaction 

(Nino, 2023) aligns directly with the hands-on experience and iterative nature of computational thinking (CT). 

Debugging and iterative refinement skills of computational thinking (Angraini et al., 2024) at its core are 
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constructivist approaches, as students build and refine their understanding through active engagement and 

immediate feedback. 

2) Problem-Based Learning (PBL): 

The Problem-Based Learning (PBL) is the learning approach that supports students to inculcate a comprehensive 

understanding of the concept which in turn fosters critical thinking in students. It engages students with real-world 

problems rather than abstract tasks (Cronin, 2025). In this approach students analyses concepts deeply and try to 

find various possible solutions of the problem and then reflect on their outcomes (Staff, 2022). Computational 

Thinking (CT) is a process problem solving and Problem based learning provides a favourable environment for 

applying CT skills such as decomposition, pattern recognition, and algorithmic thinking (Barcelos et al., 2018) 

which results in not only fostering the engagement but also enhancing collaboration or teamwork, communication 

or effective interaction, and real-world application of knowledge (Team, 2024). CT processes like decomposition, 

abstraction, and algorithmic design are involved in the complex, real world challenges, so the students develop 

these skills naturally by working of complex problems (Cronin, 2025; Sheldon, 2017). Students develop not only 

cognitive skills but also necessary soft skills by applying CT principles directly to real problems (Suparman et al., 

2025). This enhances both motivation and learning outcomes of students by meaningful application of 

mathematical concepts rather than focusing only on theory intensive exercises (Team, 2024). Researches show 

that PBL provides robust support for the growth of CT skills. In a meta-analysis it was found that both digital 

(plugged) and non-digital (unplugged) PBL activities substantially enhance problem-solving, where it was found 

that digital activities have more substantial impact.  

3) Project-Based Learning: 

Project-based learning is closely linked with the Problem-based learning, and is based on the Papert’s theory of 

Constructionism, which shows that when students create something concrete and easy to share, they grasp 

concepts most effectively. In this approach learners not only solve the problem but also which forms the basis of 

their learning experience. This approach is applied by the Bootstrap program, where students design a video game 

using algebra and turn the abstract ideas into tangible and significant outcomes (Navarro & de Sousa, 2023).   

4) Collaborative Learning: 

Designing CT integrated activities provides an environment that fosters collaborative learning, where learners 

share their ideas, discuss different strategies and coordinate with each other to solve problems. In this process not 

only the problem-solving skills of students is enhanced but also it develops interpersonal communication and 

collaboration among students. These abilities are in high demand in the professional settings of the modern world. 

Most of the unplugged activities are designed based on the collaborative learning approach. For example, games 

like TrueBall enhances logical thinking and communication skills and games like ShapeGame foster teamwork 

and self-reflection (Cummins, 2023; European Union, 2025). Similarly, 3D models which are also an example of 

collaborative projects empower students to actively apply CT concepts with the help of specific software while 

working in a group. 

D. Synergistic Integration: Interrelationship Between Computational Thinking and Skill-Based Learning 

in  Mathematics Classroom 

Computational thinking (CT) develops universal problem-solving abilities in students that explicitly support skill-

based learning (SBL), and skill-based learning provides a real-world context for the application of CT principles, 

which justifies that CT provides fundamental ground for skill development and skill-based learning is the 

application of CT in the real-world scenario. CT boosts higher-order thinking skills, which makes the acquisition 

of practical hands-on skills more systematic. Along with this SBL provides real world context, that makes learning 

of CT principles or skills more relevant and meaningful. 

The core components of CT which are decomposition, pattern recognition, abstraction, and algorithmic thinking 

(Williams, 2024) align with the principles of Skills-Based Learning (SBL), such as hands-on practice, problem-

solving, active participation, and real-world application (Bhasme, 2024). CT is all about solving problem, while 

SBL is all about acquiring skills and applying these skills and these characteristics of SBL provides suitable 

environment for CT to flourish (Raj, 2024; Cronin, 2025; Sheldon, 2017). 

The modern era of globalization, rapid advancement in the technology, and demand for shifting workplace 

requires an education system that must develop practical and job-ready skills in students along with theory 

learning. Skill- based learning straightforwardly fulfills this need by embedding learning in real world applications 

and also it prepares students for the modern-day challenges of the workplace (Bhasme, 2024). 
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The non-traditional pathways of skill learning are gaining more importance due to increased cost of higher 

education and learning of various skills. Now due current demand for skilled workforce many educational 

institutes are focusing on SBL to prepare graduate students for job market (Williams, 2024). Not only the technical 

skills but the skills such as communication, collaboration, teamwork, ability to adapt are also required for the job 

and SBL provides a strong framework such as project-based learning for the development of these soft skills along 

with the required technical skills (Raj, 2024). 

E. Pedagogical  Approaches and Practical Implementation Iin Mathematics Classroom 

Integration of Computational Thinking (CT) effectively into skill-based mathematics classroom requires 

coordinated set of approaches for teaching that include various learning styles. There are mainly two strategies 

for integrating CT into mathematics classroom: 1) Plugged activities, 2) Unplugged activities. These strategies 

are often integrated within the problem-based or project-based learning approaches. Plugged activities are those 

that use digital tools such as computer programming languages, educational robotics or virtual labs to engage 

students for application of CT skills in participatory, engaging and tech-enabled environments. Unplugged 

activities are those that do not use computers or digital technology, these are the screen free tasks, such as games, 

puzzles, and manipulatives. These activities support students to grasp CT concepts in a real, observable way. 

Plugged Activities: Leveraging Technology (e.g., Scratch, Simulations, Data Analysis) 1) 
Computers and various other digital tools are used in the plugged activities to establish a deeper understanding of 

the mathematical concepts for meaningful leaning (Mohmad & Maat, 2024). Here, technology is not only the 

prerequisite, it acts as a booster for learning CT in mathematics. 

a) Programming Environments: For the introduction of CT skills in math Block-based languages such as 

Scratch is mostly used (Nordby et al., 2024). In game-based, collaborative, and project-based learning, students 

are engaged in creating programs to solve problems (Mohmad & Maat, 2024). For example, MATLAB could be 

used by the higher education students for calculating geometric properties and scratch could be used by the 

elementary students to model mathematical relationships dynamically (Gadanidis et al., 2017). 

b) Simulations: Simulations can help learners to explore abstract mathematical ideas. Computer simulations 

including simulations with Augmented Reality makes the learning more meaningful by the manipulation of 

variables and observation of outcomes (Mohmad & Maat, 2024). For examples, use of pendulum simulations to 

study mathematical relationships, also modeling of population growth or decay, where learners gather and analyze 

data to recognize recurring patterns (Waterman et al., n.d.). 

c) Data Analysis and Visualization: With the help of software tools students can works with real-world 

datasets and can learn the statistical concepts like mean, median, mode, variance and standard deviation (Mohmad 

& Maat, 2024). Software tools can make charts and graphs, which help learners to visualize and communicate 

findings in an effective way, and these tools help to link the theory of mathematics in practical situations (Team, 

2022). 

Plugged activities should not overshadow the underlying concepts while allowing complex problem-solving, 

immediate feedback, and visual exploration and it further leads to the expansion of CT applications. In Plugged 

activities the technology should systematically support the learning, not dominate it (Liu, 2023).  

2) Unplugged Activities for Foundational CT Skills 

Unplugged activities are those activities that do not require computers or digital tools (Kotsopoulos et al., 2017). 

These are the important activities because they help to reduce the common challenges in learning CT like necessity 

to learn a programming language or technological access, and it makes the CT accessible for young learners or 

beginners (Mohmad & Maat, 2024). These are the hands-on activities which involve the physical engagement of 

students with the abstract concepts of mathematics, it promotes the collaborative tasks or teamwork while learning 

(Kotsopoulos et al., 2017). 

3) Examples of unplugged CT activities in mathematics include: 

a) Algorithmic thinking: In algorithmic thinking step-by step instructions are followed by the students. For 

example, an exercise of “random walk” can be designed in which dice can be used to determine direction and 

steps, which in turn helps students to understand the structure of algorithms (Mohmad & Maat, 2024). 

b

ex

Game-based approaches: Various game-based approaches are used in for developing the CT skills, for 

ample game like creating a cipher wheel to teach skills like algorithmic thinking (Team, 2022). 

) 

c) Concrete teaching aids: Various physical teaching aids and activities are used to develop CT skills like 

decomposition or pattern recognition (Mohmad & Maat, 2024). 
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The unplugged activities that enhance CT shows that computational thinking is not only about coding or 

programming, it is about inculcating the thinking process. Through unplugged activities fundamental CT skills 

can be introduced at an initial level or early stages of schooling, providing students the cognitive skills to handle 

more difficult tasks at the later stage digitally. It helps to overcome certain technological barriers of CT and allows 

less digitally equipped schools and less technologically expert teachers to introduce CT concepts in an effective 

way (Arslantaş, 2024; Kotsopoulos et al., 2017). 

After the review of a wide range of literature related to CT it is found that a lot of researches are based on 

sophisticated, technology-based interventions like robotics and block-based programming (Acar & Dikkartin 

Övez, 2022; Büscher, 2025; Çelik & Sevgi, 2025; Harlow et al., 2015; Pan et al., 2024; Piedade & Dorotea, 2023; 

Rodríguez-Martínez et al., 2020; Subramaniam et al., 2022), with fewer studies exploring simple, low-tech 

approaches. Review of the literature reveals that unplugged activities also fosters creative problem-solving and 

enriches mathematical understanding (Aytekin & Topcu, 2024). A lot of the studies related to computational 

thinking have been done outside India with only one project (Iyer, 2019) in India which focuses on the computer 

science, which highlights a knowledge gap in India. Table III presents the pedagogical strategies for integration 

of computational thinking in mathematics. 

TABLE III. PEDAGOGICAL STRATEGIES FOR INTEGRATING CT IN MATHEMATICS 

Strategy 

Type 

Key Features Strengths Weaknesses Benefits for CT & Math 

Progra-

mming 

It includes designing 

game-based, collaborative 

and project-based learning 

by the use of programming 

languages such as Scratch, 

Python, MATLAB) to 

solve the mathematical 

problems. 

 

 

 

 

 

 

 

It fosters skill-based

 

 

 

 

 

 

 

It is completely technology  

Enhances the understanding of 

mathematical concepts and 

deepens the learning 

experiences. Makes students 

familiar with the programming 

languages and computational 

practices  

Simulations Using computer- based 

simulations, like AR 

explain the concepts and 

experiment with variables 

to monitor effects. 

 

learning and helps to

acquire various skills,

offers instantaneous

feedback, and enables

personalized learning and

reflective thinking

 

 

 

dependent and requires 

tech-competent teachers, 

also is more focused on the 

use of digital tools like 

computers.  

 

 

 

 

 

 

 

 

 

 

Facilitates the understanding of 

abstract math concepts by 

offering hands-on and real-world 

experiences. 

Supports examining the 

relationships between 

mathematical ideas, patterns and 

functions. 

Data 

Analysis 

Use of various software to 

learn statistical concepts 

and analyze the given data 

to identify the trends in 

datasets and generating 

visual representation. 

 

 

 

 

Integrates the mathematical 

concepts with real-world 

situations. Cultivates statistical 

understanding and data 

interpretation skills in students 

Unplugged 

Activities 

Activities that do not 

involve the use of 

computers, fundamental 

and convenient to use. 

These activities are 

collaborative in nature and 

involves physical 

activities. It also helps to 

remove technological 

barriers.  

 Requires minimum

resources for its

implemtation User

friendly and convenient

to use. It promotes

fundamental concepts,

reasoning ability and

collaboration among

students. 

Feedback is not instant. It is 

not able to promote all the 

core components of CT as 

compared to plugged CT 

activities. 

 

 

 

 

 

 

 

 

Helps to develop fundamental 

CT concepts without the 

requirement of knowledge of 

programming languages. 

Removes the technological 

barriers and builds the essential 

cognitive skills. 

F. Challenges and Considerations for Effective Implementation 

Integration of Computational thinking (CT) into skill-based mathematics classrooms leads to several benefits for 

students, but along with this there are various challenges that needs to be addressed while implementing CT to 

make its implementation successful. The major challenges are teacher competence, design of curriculum, 

technological barriers, student engagement, and assessment strategies. 
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1) Teacher Readiness and Professional Development 

One of the most important challenge in the CT implementation in classrooms is the lack of teachers’ knowledge 

about CT. Most of the teachers have basic understanding of CT and they often confuse it with the other concepts 

Mohmad & Maat, 2024; Saidin et al., 2021). Even the designed curricula can fail, without strong pedagogical 

content knowledge in CT (Fatimah et al., 2025; Liu, 2023). This barrier can be only removed by giving proper 

training to teachers about the concepts of CT and ways to integrate it effectively in mathematics classroom. 

Effective professional development of teachers should be content-oriented, participatory, engaging, cooperative 

and team-based (Liu, 2023; Yadav et al., 2017).  

2) Curriculum Design and Adaptation 

The curriculum of CT integration into mathematics should be planned carefully which confirm continuous and 

recurring opportunities for problem-solving across different grade levels (Sheldon, 2017).  Rather than integrating 

CT tools within meaningful mathematical activities, its use in isolation is also a common challenge. Review of 

the literatures demonstrates that many researches focus on designing CT activities that focus on geometry, and 

the other domains are left unresearched (Fatimah et al., 2025; Nordby et al., 2024). 

Curriculum should be designed in such a way that it should link CT components effortlessly to mathematical 

practices. It should enable students to understand the reason (“why”) behind the implementation (“how”) (Raj, 

2024). The actual integration of CT in mathematics lessons takes place when it is a part of solving mathematical 

problems True integration means designing lessons where CT is part of solving math problems, not an external 

attachment (Dahshan & Galanti, 2024). Frameworks like PISA 2022 recommends the necessity for designing 

curriculum that should integrate CT across different mathematical domains, not only geometry and it also focus 

on blending CT with mathematical thinking (Suters & Suters, 2020; Rahmawati et al., 2024). 

3) Technological Barriers and Infrastructure 

Technological and infrastructural barriers are also a foundational challenge in CT integration. Inadequate 

availability of computers, lack of internet connections, limited awareness of programming tools can obstruct 

implementation of CT (Kotsopoulos et al., 2017; Fatimah et al., 2025). Technology is necessary for learning CT 

but too much stress on digital tools may lead to the deprioratization of CT concepts (Anwar et al., 2024). 

Combination of substantial and robust pedagogical strategies with a good infrastructure is necessary for effective 

implementation, recognizing that unplugged activities are vital for cultivating fundamental CT understanding 

(Liu, 2023; Kotsopoulos et al., 2017). 

4) Student Motivation and Engagement 

There are evidences from the various studies that CT fosters students’ engagement, but there are many studies 

showing that many learners still lack required competence and struggle for acquiring proficiency. Students have 

superficial understanding of the CT concepts due to which the show less interest and are less motivated (Falk, 

2022; Suparman et al., 2025). To overcome these challenges, appropriate teaching strategies should be adopted 

which should promote discussion, self-assessment and reflective habits in students. With the help of these teaching 

strategies, teachers can boost students’ confidence and increase their motivation for self-regulated learning by 

enabling them to see how CT contributes to effective problem-solving (Checovich & Licht, 2022; Raj, 2024; 

Williams, 2024). 

5) Assessment and Evaluation 

Assessment of CT skills is also one the biggest challenges, old and traditional methods of evaluation like quizzes 

and exams are not sufficient to assess the CT skills like decomposition, pattern recognition, abstraction or 

algorithmic thinking. High-quality and impactful assessment of CT skills calls for monitoring problem solving 

steps, assessing projects and including feedback from peers (Angeli & Giannakos, 2020). Portfolio - based 

assessment is also a potentially successful approach for CT assessment, it can showcase project samples, student 

reflections and peer feedback. Rubrics can be designed to assess the different components or aspects of CT such 

as problem decomposition, pattern recognition, abstraction and algorithmic proficiency (Mariana & Kristanto, 

2023; Tang et al., 2020). To develop these assessment frameworks, collaboration between teachers, researchers, 

and policymakers if required for the high-quality, comprehensive and impactful evaluation of students’ growth.  

IV. CONCLUSION AND FUTURE DIRECTIONS 

Computational thinking (CT) supports learners in acquiring with wide-ranging problem-solving capacity that align 

closely with skill-based learning (SBL), and skill-based learning (SBL) offers a real-world context for applying 
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CT, which illustrates that CT provides the fundamental framework for skill development and SBL is the 

application of CT in real world context. The empirical evidence supporting the benefits of CT integration is strong. 

Researches show that learning CT improves many cognitive skills, including problem-solving, logical reasoning, 

critical thinking, and creativity (Cummins, 2023). Along with the cognitive skills, CT integration also enhances 

noncognitive skills such as student engagement (Checovich & Licht, 2022), motivation, collaboration, confidence, 

and creativity (Hunsaker, 2022). These benefits help learners to build competence or to enhance skills for handling 

the constraints of a technology-driven world and to transform their identity from consumers to creators.  (Shute 

et al., 2017).   

Review of the literature has reflected that in majority of the studies sophisticated pedagogical interventions have 

been used, involving the use of plugged activities (Acar & Dikkartin Övez, 2022; Büscher, 2025; Çelik & Sevgi, 

2025; Harlow et al., 2015; Pan et al., 2024; Piedade & Dorotea, 2023; Rodríguez-Martínez et al., 2020; 

Subramaniam et al., 2022) such as robotics, programming like block-based programming, etc., also a few studies 

had their focus on accessible and simple interventions without the involvement of technology or an enriched 

classroom setup. The unplugged activities were also observed to boost the students' creative problem-solving 

skills, and further strengthening their mathematical understanding (Aytekin & Topcu, 2024). Further, the studies 

are largely conducted in a foreign context, with very sparse studies in the Indian context (Iyer, 2019), clearly 

indicating the knowledge gap.  

The major reasons behind this gap are the lack of adequate teacher training, curriculum design, resource 

limitations, and students’ attitudes, which are significant challenges in the implementation of CT-integrated 

teaching and learning, but they can be overcome. By redefining professional development, designing flexible 

curricula, ensuring fair access to resources, encouraging innovation, and developing real assessment frameworks, 

schools can create a learning environment where students are not just consumers of technology but also its creative 

builders. The future of education and development of our students and society is influenced by our aptitude to 

adopt this new integrated approach of mathematics learning and this can be done by realigning our education 

system with this integrated approach for supporting holistic, lifelong learning. This process of adoption may be 

complicated, but the aim to achieve an education system that supports every student to attain then highest potential 

is within our reach.  
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