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Abstract This paper explores the evolving nature of computational thinking (CT) within
educational contexts. It examines CT not merely as a set of skills for computer science but as
a cross-disciplinary cognitive approach that supports problem-solving, creativity, and
analytical thinking. Drawing on cognitive, constructivist, and socio-cultural learning theories,
the paper proposes a theoretical framework for integrating CT across subject areas in formal
education. It further discusses implications for pedagogy, curriculum, teacher education, and
educational policy. This theoretical study argues that CT is fundamental for modern education
and provides a need for embedding CT in everyday classroom practices to prepare students for

21st-century challenges.
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COMPUTATIONAL THINKING

It is becoming more and more obvious that in today's high-tech and rapidly evolving world,
students must be able to think critically and solve complicated, ill-defined problems in order to
truly thrive in the setting in which they will eventually be expected to live and work. Teaching
computational thinking (CT) is one way to impart these abilities. CT is especially helpful in
the computer age because it focuses on assisting students in "developing and employing
strategies for understanding and solving problems in ways that leverage the power of
technological methods to develop and test solutions" in addition to teaching critical thinking.
Critical thinking and problem-solving skills are essentially outlined by the CT framework,
which has acquired a lot of popularity as a practical and helpful approach to thinking about

teaching these skills in formal educational contexts (Hunsaker, 2020).

Everyone not only computer scientists would be eager to acquire and apply the mindset and

skill set that computational thinking represents (Yadav et al., 2018). Everyone needs to be
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capable of applying computational thinking in their field life. In addition to reading, writing,
and arithmetic computational thinking should be a part of every child’s analytical ability.
Computational thinking extends the capabilities and limits of computation processes, whether
they are performed by machines or humans. The intimate component of this image is that
computation and computers help to propagate computational thinking just like the printing
press promoted the spread of the three Rs. Computational thinking solves problems and
comprehends human behaviour using the fundamental ideas of computer science. Recursive
thinking is a part of computational thinking that also applies heuristic reasoning to solve

problems.

The ability to count is the foundation of human computational thinking. It follows logically to
arithmetic computation and abstract levels of symbol-based thinking, which often start with
algebra. Computer science includes the study of symbols, abstract cognition, counting, and
basic maths. Computational thinking is the cornerstone of modern science. Computational
cognition is hardwired into both modern computer systems and the human brain. Teachers that
take a Computational Thinking approach will be able to teach all students the fundamentals of

computing more effectively(Henderson et al., 2007).

The term "Computational Thinking" was first used to refer to a collection of computational
concepts that people use to design computer hardware, software, and computations to represent
their work (Papert, 1980). The concept of using structured thinking or algorithmic thinking to
produce the right output for a given input is known as Computational Thinking (CT), a term
that has been in use since the 1950s (Denning, 2009). Within computer science, computational
thinking has a long history. "Algorithmic thinking" was a term used in the 1950s and 1960s to
describe a mental orientation towards formulating problems such as conversions of one input
to another and searching for algorithms to carry out the conversions. Today, the term has been
broadened to encompass using multiple levels of abstraction when thinking, using mathematics
to create algorithms, and assessing how well a solution scales across various problem sizes.
John von Neumann wrote extensively about the potential of computers as a method of

conducting science in the 1940s.

Ken Wilson, the 1975 winner of the Nobel Prize in Physics, promoted the notion that simulation
and computation provided a new method for conducting scientific research. Wilson won the
Nobel Prize for his innovations in developing computational models, the simulations of which

led to radically new insights into how phase changes in materials occur. Early in the 1980s,
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Wilson joined forces with other eminent researchers from a variety of fields to argue that
computation could solve big scientific problems and that the government could hasten the
process by funding a network of supercomputing facilities. They argued that, in addition to the
two traditional legs of theory and experiment, computation had emerged as a third leg of
science. In their discussions, the phrase "computational thinking" was frequently used. In their
discussions, the phrase "computational thinking" was frequently used. The idea that
computation and computational thinking are necessary for the advancement of science was
supported by this. The other sciences view computational science not as a concept that derives
from computer science, but rather as a concept that derives from science itself. This approach

to science is thought to be characterised by computational thinking (Denning, 2009).

Alan Perils, the first winner of the prestigious A. M. Turing Award from the
Association for Computing Machinery, had pushed for the inclusion of computer programming
as part of liberal education for all students prior to Wing's ground-breaking call for CT (Perils,
1962, as cited in Guzdial, 2008). Ten years later, Donald Knuth, another esteemed computer
scientist, proposed that training a computer to perform tasks can help people understand them
more clearly (Knuth, 1974). The same is true of his research on procedural thinking. According
to Bull et al., (2020), the writings of Perils, Knuth, and Papert perfectly captured the spirit of
CT and correctly highlighted the connection between computer science ideas and human

cognition (Ezeamuzie & Leung2022).
Computational Thinking

By the middle of the 21 century computational thinking will be a fundamental skill used by
everyone in the world. By fundamental, it means as fundamental as reading, writing, and
arithmetic. Computation would be the third pillar of the scientific method in the science and
engineering field after theory and experimentation (Wing & Stanzione 2016). Even though
computational thinking (CT) was designed to be a fundamental talent that everyone should
possess to supplement reading, writing, and math. Everybody can benefit from computational
thinking a fundamental problem-solving ability based on computer science (Wing 2006).
Computational thinking can be defined by different scientists in different ways and they are

listed below.

Computational thinking encompasses using fundamental computer science concepts of
problem solving, building structures and comprehending human behavior (Wing, 2008).

Sullivan and Hefferman (2016) define computational thinking as the process of solving
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problems through problem solving techniques like algorithm development, heuristic
development, organization planning and search, abstraction which involves coming up with
new representations of problems and design which involves building models and simulations.
According to Yadev et al., (2018), computer scientists adopt certain mental habits or ways of
thinking, which they classified as computational thinking and these mental habits could be
useful for scientific and or mathematical research. According to Cuny et al, (2010),
computational thinking is the act of articulating issues and their solutions so that the latter are
represented in a way that an information processing agent can execute them efficiently. As per
Selby and Woollard’s (2013) assertion, computational thinking can be defined as a cognitive
process or thought process that encompasses various cognitive abilities such as thinking in
abstractions, thinking algorithmically, thinking in terms of decomposition, thinking in terms of
evaluations and thinking in generalisations. Computational thinking is defined as the capacity
to identify features of real-world scenarios that offer themselves to the computational
formulation as well as to evaluate and create algorithmic solutions to such problems so that the
solutions can be operationalised with a computer (Fraillon et al., 2019). According to Berland
and Wilensky (2015), computational thinking is the term used to describe the capacity to think
using the computer as a tool. Computational thinking is a cognitive process that represents the
following abilities such as thinking algorithmically, thinking in terms of abstractions, thinking
in terms of evaluations, thinking in terms of decompositions and thinking in generalisation. In
other words, computational thinking defined as a targeted method of problem solving that
involves the application of abstraction, decomposition, algorithmic design, evaluation and

generalisation in thought process (Selby & Woollard, 2013).

Computational thinking is the mental processes involved in structuring problems, such that
computational steps and algorithms can be used to represent their solutions (Aho, 2012).

Computational thinking is a cognitive process that reflects the following abilities:

e the ability to think in abstractions

the ability to think in terms of decomposition

the ability to think algorithmically

the ability to think in terms of evaluations

the ability to think in generalizations (Selby & Woollard 2013).

Computational thinking is a problem-solving process that includes:
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e Formulating problems in a way that enables us to use a computer and other tools to help

solve them
e Logically organizing and analyzing data
e Representing data through abstractions, such as models and simulations
e Automating solutions through algorithmic thinking (a series of ordered steps)

e Identifying, analyzing, and implementing possible solutions with the goal of achieving

the most efficient and effective combination of steps and resources.

e (Generalizing and transferring this problem-solving process to a wide variety of

problems” (Barr et al., 2011).

Therefore, computational thinking has been defined in a variety of ways, from a set of computer
science principles and thought processes that help formulate problems and their solutions to
understand the natural and artificial world around us (Mannila et al., 2014) and its relationship
to the application of the high degree of abstraction and algorithmic approach to problem solving

(Garca-Pealvo et al., 2016).

Need and Significance of the Study

Modern learners must navigate complex, technology-rich environments that require more than
domain-specific knowledge. CT offers a means to foster deep understanding, adaptability, and
collaboration. Despite its growing popularity, CT remains inconsistently implemented due to a
lack of clear frameworks and pedagogical strategies. This study is significant because it
presents a structured approach to understanding and applying CT across disciplines. It also
emphasizes equity, advocating for inclusive CT practices that empower all students. The
theoretical framework proposed herein contributes to a coherent vision of CT that supports

educational innovation and lifelong learning.
Research Questions

What are the theoretical foundations that support the inclusion of computational thinking in

education?

How can CT be conceptualized as a cross-curricular and interdisciplinary competency?
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What dimensions should a theoretical framework for CT integration encompass?

What implications does CT have for teacher preparation, curriculum development, and

educational policy?
Methodology

This theoretical paper utilizes a qualitative, conceptual analysis methodology. It draws on
interdisciplinary literature from educational psychology, computer science education, cognitive
theory, and curriculum studies. The paper synthesizes theoretical perspectives and empirical
findings to develop an integrative model for CT. The sources were selected for their academic
rigor, contribution to foundational understanding, and relevance to educational reform. This
method allows for the generation of conceptual clarity and facilitates the proposal of a

theoretical framework.

Theoretical Foundations of Computational Thinking

Constructivist and Constructionist Perspectives Piaget's constructivism posits that learners
actively construct knowledge through interaction with their environment. Papert extended
this into constructionism, suggesting that learning is most effective when individuals create
tangible artifacts, such as computer programs or simulations. Tools like Scratch and LEGO
Mindstorms exemplify this approach, enabling learners to build understanding through

experimentation and reflection.

Cognitive Load Theory Sweller’s Cognitive Load Theory (1988) emphasizes the importance
of managing mental effort during learning. CT tasks can involve high intrinsic load due to their
complexity. Instructional design must, therefore, scaffold tasks to optimize cognitive

processing, enabling learners to engage with challenging material without overload.

Vygotskian Socio-Cultural Theory According to Vygotsky, learning is mediated through
social interaction and cultural tools. Programming languages, simulations, and visual coding
platforms serve as mediational tools for CT. Collaboration and guided learning facilitate CT

skill development, especially when students work within their Zone of Proximal Development.

Transfer of Learning Theories of transfer (Bransford & Schwartz, 1999) stress that skills

must be adaptable across contexts. CT’s abstract and procedural nature makes it a strong
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candidate for far transfer. When students learn to apply CT across subjects, they develop

flexible problem-solving abilities that transcend disciplinary boundaries.

Framework for Computational Thinking as a Pedagogical Device

A conceptual framework is a logical collection of ideas that stems from a goal. The main
objective of creating a conceptual framework for CT as a teaching tool is to identify
components that could provide a structured framework for teaching students to use CT to
address a variety of situations. Using CT as a teaching tool has two main goals: it can be used
to increase the potential of CT and facilitate learning within and between disciplines. As a
result, students will be able to acquire the abilities needed to handle both present and future

challenges.

Based on Wing’s definition the Computational Thinking process can be segmented into three

stages.

1. Problem formulation (abstraction): Problem formulation is the process of verbally
attempting to conceptualise a problem. Abstraction is a prerequisite for teaching computer
science fundamentals, problem solving, computational tools and techniques, and problem
types. Analyse the patterns in the problem, divide it into smaller issues, and then decide

which of them can be resolved computationally (Chande, 2015).

2. Solution expression (automation): In order for the computer to execute the solution, it must
be stated in a clear and concise manner. Programming on computers makes this phrase
possible. Students should be able to determine the extent to which an issue can be solved

with computational methods or resources. Utilise or alter a computational tool or procedure.

3. Implementation and assessment (analyses). The way the computer implements the solution
illustrates the immediate results of thinking for oneself. The evaluation of solutions is aided
by visualisation. Analyse the problem whether it fits with the computational tools and
approaches available. (Distraction). Students must to be able to map out the approaches to
be taken and the issue to be resolved. Acknowledge the limitations and potential of

computational methods and technologies (Basawapatna & Escherle, 2017).
Computational Thinking Steps

The three steps are to use computational thinking to make predictions related to the problem

and their solution
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1. Problem Specification: It begins analysing the problem, outlining it in detail, and defining
the requirements for the solution. It is referred to as problem decomposition, a
computational thinking approach to a solution often begins by breaking complex problems
down into simpler or more manageable sub-problems, frequently using deductive or
probabilistic reasoning. Additionally, abstraction and pattern recognition may be used in

this.

2. Algorithmic Expression: After the problem specification, identify a precise set of steps, or
algorithm, that addresses the issue by using the appropriate data representations. The
transfer of a specific problem to a larger class of related problems requires this inductive
thinking process. Another name for this step is algorithmic thinking. It can be further
divided into declarative and imperative approaches to algorithmic solutions, such as

procedural and modular approaches.

3. Implementation & evaluation of the solution: Finally formulate the actual response and
methodically assess it to ascertain its accuracy and effectiveness. This step also entails
determining whether the solution can be automated or expanded to address different types

of problems.
Structure of Computational Thinking Construct

Computational thinking is a construct consisting of two strands, namely Conceptualizing
problems and operationalising solutions and these strands are divided into three and two aspects
respectively. It involves recognizing real-world situations suitable for computational
formulation and developing algorithmic solutions for computer operation, thereby enhancing

the cognitive abilities of individuals.
Strand 1: Conceptualizing problems

Conceptualizing problems involves understanding and comprehending digital systems before
formulating solutions. This involves three components: knowledge of and understanding
digital systems, formulation and analysis of problems, and gathering and representation of

relevant data.

Knowing about and understanding digital systems involves observing how its constituent parts
interact, which is fundamental to computational thinking. This understanding helps individuals
better grasp both the physical and digital worlds, which can help solve difficulties. Formulating

and analyzing problems requires breaking down problems into smaller, more manageable
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sections and specifying their features. Establishing a conceptual framework helps connect the
characteristics of and solutions to previously encountered and new difficulties. Examples of
problem formulation and analysis include dividing a challenging endeavor into smaller
components, creating a standalone task that can be used multiple times, and investigating the
relationship between the entire and the task. Collecting and representing relevant data is
essential for making informed decisions about solving problems in systems. Understanding the
features of data and the mechanisms available for collecting, organizing, and representing it is
the foundation for successful data collection and representation. This could involve designing
a complex system or simulating one to generate data that can reveal patterns or behaviours that

are otherwise unclear when examined from an abstract system level.
Strand 2: Operationalizing solutions

Operationalizing solutions involves the iterative planning, execution, testing, and evaluation of
algorithmic solutions for computer-based system responses. It involves understanding user
demands and how they interact with the technology. The strand consists of two components:
developing and assessing remedies and creating interfaces, programs, and algorithms. Planning
solutions involves defining system parameters, functional specifications, and assessing the
effectiveness of computational artifacts like algorithms, code, and user interface designs. The
development of algorithms, programs, and interfaces emphasizes logical thinking and code
automation, without requiring students to learn specific coding languages. The interface is

created at the interface point between users and the system (Fraillon et al., 2019).
A Multidimensional Framework for CT Integration
The proposed framework includes five dimensions:

Cognitive Dimension: Emphasizes the mental processes underpinning CT, including

abstraction, generalization, and iterative thinking.

Pedagogical Dimension: Involves teaching strategies such as project-based learning, design

thinking, and flipped classrooms.

Disciplinary Dimension: Highlights how CT intersects with disciplinary epistemologies—how

knowledge is generated and validated within each subject.

Technological Dimension: Focuses on the use of educational technologies, from basic coding

platforms to Al-powered learning tools.
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Socio-Emotional Dimension: Encourages resilience, collaboration, and a growth mindset,

which are essential for CT development.
The Key Concepts of Computational Thinking

A few fundamental concepts of computational thinking are necessary for the Problem
Specification phase, which is the initial stage in the computational solution process.
Computational thinking includes certain fundamental ideas that are applicable to all subjects
and domains, even though it isn't a formal approach for reasoning. They make up a rigorous
and logical approach to reasoning or thinking through any challenge in any field. The main

ideas, which comprise generalisation, abstraction, pattern recognition, and decomposition

Problem Decomposition: Decomposition plays a crucial role in computational challenges when
it comes to reducing job complexity by breaking it down into smaller components that may be
handled independently (Atmatzidou & Demetriadis, 2016). Problem decomposition, or
breaking an issue up into smaller parts, is an essential component of any computational thinking
job. Long before the concept of computational thinking emerged, issue decomposition was
recognised as a general problem solving approach(Anderson, 2015). Decomposition is the
process of breaking down a complex problem into smaller, manageable parts. This can be done
by breaking down a complex task into simpler sub-tasks or a complex system into smaller sub-
components. For instance, when writing a large paper, it is often divided into smaller sections

for individual attention.

Pattern recognition: Pattern identification is an additional crucial cognitive activity in
computational thinking. The ability to deduce rules from observations and apply them to
situations that have never been observed is a prerequisite for pattern recognition (Posner &
Keele, 1968). In order to convert rules deduced from observations into instructions that may
be utilised to solve issues, pattern recognition is essential for solving computational puzzles.
While pattern recognition is often seen as separate since it reduces the elements of a scenario
that repeat or recur in specific ways, it is crucial to highlight that pattern recognition is strongly
tied to abstraction as a method of discarding unimportant features. The concept of pattern
recognition involves identifying commonalities, trends, or regularities in a situation or dataset.

These potentially discernible patterns aid in forecasting or direct problem solving.
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Abstraction: Abstraction, or the ability to ignore unimportant details in favour of pertinent
knowledge, is another aspect of computational thinking. According to Wing, the foundation of
computational thinking is abstraction. From a psychological standpoint, abstraction is a method
of thinking that leads to structured reasoning (Shivhare & Kumar, 2016). Abstractions in
computational problems let individuals focus on the crucial, pertinent, and significant aspects
of the problem and its solution (Thalheim, 2009). As was previously said, abstraction is the
principle of removing the unnecessary elements. As a result, it enables us to order the

information about the system that is being studied.

Algorithmic thinking: Algorithmic thinking is the fourth category of computational thinking in
this study. An algorithm is a well defined process, or "recipe," that specifies how inputs are
arranged to achieve a particular goal. (Cormen et al., 2014; Sipser, 2013). Cognitive
psychology provides the foundation for algorithmic thinking in the form of scripts that instruct
individuals on appropriate behaviour in social or behavioural circumstances (Schank &
Abelson, 1977). Computational problem solving is centred on algorithmic reasoning.
Computational problem solving can be used to transform data into information and ultimately

knowledge.

Generalisation: Generalisation makes it possible to find traits shared by models that appear to
be unrelated, which enables us to modify a solution from one domain to another. Classifying
certain animals as vertebrates and others as invertebrates is an example of how generalisation
can be used to organise concepts or parts. The ability to generalise patterns and trends into
rules, as well as to recognise the overarching principles that support the patterns found.
Consequently, these guidelines can directly influence the ultimate method that will be

employed in the subsequent phase of building the computational solution.

Logical thinking: One of the most crucial aspects of computational thinking is undoubtedly
logical reasoning. Although computational thinking uses the term "logic" to describe the
deduction or extrapolation of new knowledge or data from known information, it should not be
mistaken with the logical calculation of a computer. Curzon, Black et al. (2009) assert that

reasonable conclusions should be formed, not only reached by accident, but by reason.

Therefore, computational problem solving entails determining a suitable context or
representation for the data and applying that representation in an algorithmic, sequential
process that, assuming the problem is well-defined, solves the problem. According to Fraillon

et al. (2019), the contextualization of data can be viewed as an initial approximation of
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information, and the solution converts the data to information and subsequently actionable

knowledge. Applications of Computational Thinking

Computer technology has significantly impacted various fields of study, extending the power
of human thought to solve problems. Computational thinking is a method of problem-solving,
system design, and human behaviour analysis by using Computing-based concepts (Wing,
2006). Analytical thinking includes computational thinking. It is similar to mathematical
thinking in the broad strategies we might use to solve a problem. It is similar to engineering
thinking in the broad strokes of how we might go about designing and assessing a big,
complicated system that functions within the confines of the real world. The general
approaches we might take to understanding computability, intelligence, the mind, and human
behaviour are shared with scientific thinking. Understanding of problem solving by computers
and digital tools and communicating it with others for computer-supported solutions is
essential. Students already learn computational thinking skills in various disciplines, but it is
crucial to ensure they learn the complete set of skills to maximize their combined power.
“Computational thinking is influencing research in nearly all disciplines, both in the sciences

and the humanities” (Bundy, 2007).

Computational thinking is revolutionizing statistics by automating Bayesian methods and using
probabilistic graphical models. This allows for the identification of patterns and anomalies in
diverse datasets like astronomical maps, magnetic resonance imaging scans, and credit card

purchases.

Computational thinking is transforming biology, First, the shotgun sequencing algorithm made
it possible for us to sequence the human genome more quickly. Secondly, we have been able
to express dynamic phenomena in nature, such as the cell cycle and protein folding, using

abstractions ( Fisher & Henzinger, 2007).

The area of computational microeconomics is emerging as a result of computational thinking's
transformation of economics. Its applications range from online auctions and reputation
services to selecting the best donors for n-way kidney exchanges and advertising

placement(Abraham et al. 2007).

The ability to replicate a whole aeroplane or space mission is essential to aerospace. The
geoscientists have the audacity to attempt to replicate the entire Earth, including its surface,
interior, and sun. Through computational techniques like data mining and data federation,

digital libraries of books, collections, and artefacts offer chances in the humanities and arts to

PAGE NO: 411



LIBERTE JOURNAL (ISSN:0024-2020) VOLUME 13 ISSUE 12 2025

uncover new trends, patterns, and connections in our comprehension and appreciation of

humanity. Education for young children will include computational thinking on a regular basis.

In other fields, computational thinking is still at the stage of simple computational thinking:
spending days’ worth of machine cycles to solve problems. Many sciences and engineering
disciplines rely on enormous computer simulations of mathematical models of physical

processes found in nature.

Computational thinking involves formulating problems and their solutions to be
effectively carried out by an information-processing agent. It overlaps with logical and systems
thinking, including algorithmic and parallel thinking. This process involves other thought
processes like compositional reasoning, pattern matching, procedural thinking, and recursive
thinking. Despite cultural, economic, political, and social barriers, computational thinking is
crucial for designing and analyzing problems and their solutions, particularly in countries

without a centrally controlled education system.
Benefits of Computational Thinking in Education

Computational thinking enables you to bend computation to your needs. It is becoming the new

literacy of the 21 century. Computational thinking for everyone means being able to:
e Understand which aspects of a problem are amenable to computation,
e Evaluate the match between computational tools and techniques and a problem,
e Understand the limitations and power of computational tools and techniques,
e Apply or adapt a computational tool or technique to a new use,
e Recognize an opportunity to use computation in a new way, and

e Apply computational strategies such divide and conquer in any domain.

Computational thinking is a problem-solving process that involves formulating problems using
computers and tools, organizing and analyzing data, representing data through abstractions,
automating solutions through algorithmic thinking, identifying and implementing possible

solutions, and generalizing this process to various problems. The key concepts are

Enhancement of problem solving skill
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Students learn to analyze problems by systematically incorporating CT in Education

Essential dimensions of CT include confidence in dealing with complexity, persistence in
working with difficult problems, tolerance for ambiguity, open-ended problem-solving, and
communication and collaboration to achieve common goals or solutions Aho, (2012).
Computational thinking is a fundamental skill for everyone, not just for computer scientists. To
reading, writing, and arithmetic, we should add computational thinking to every child’s
analytical ability (Wing 2006). Computational thinking is the thought process involved in
formulating problems, so their solutions can be represented as computational steps and
algorithms. An important part of this process is finding appropriate models of computation with
which to formulate the problem and derive its solutions. The basic feature of computational
thinking is abstraction of reality in such a way that the neglected details in the model make it

executable by a machine.

Conclusion: Computational Thinking offers a promising framework for preparing learners to
thrive in a complex, digitally mediated world. Its cross-disciplinary nature, alignment with
constructivist pedagogies, and potential for cognitive and socio-emotional growth make it
essential for contemporary education. This paper presents a robust theoretical model that
educational stakeholders can adapt to transform curriculum, teaching practices, and policy.
Future research may build on this foundation to empirically test the effectiveness of CT

frameworks and explore longitudinal outcomes.
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