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Computational thinking has been identified as a fundamental requirement Received 20 August 2025
within 21st-century education curricula. It encompasses systematic problem Revised 15 October 2025
analysis and the development of algorithmic solutions to address problems Accepted 21 October 2025
efficiently. Prior studies have predominantly focused on unplugged activities
and Programming Assistance Tools (PATs), such as Alice and Scratch, in the
development of computational thinking skills. However, empirical
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investigations examining the effectiveness of computational thinking within Programming Assistance
text-based programming environments remain limited. This study aims to Tools; Text-Based
develop a conceptual framework that integrates both theoretical and practical Programming; Structured
dimensions in the teaching of computational thinking, while also evaluating Programming

the effectiveness of two text-based programming languages: Python and C++
in enhancing these skills. The construction of this framework is grounded in
two key models: Model of Learning Computational Thinking, which
emphasizes cognitive development, and Programming in Seven Steps, which
focuses on structured programming strategies. As a result, an integrative
conceptual framework is proposed to support a more structured and reflective
teaching and learning process. This framework is expected to inform future
research and curriculum development initiatives related to the cultivation of
computational thinking skills, particularly within text-based programming
contexts.

1. Introduction

The rapid development of current technology has further increased the need for programming skills in many job
sectors such as cyber technology, software engineering, the Internet of Things (loT) industry, banking, administration
and so on (Eberhard et al., 2017; Ogegbo et al., 2024). Programming is now a fundamental part of the curriculum of
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many relevant programs at higher education institutions in order to satisfy this demand. The interest of students in
pursuing a specialisation in programming, however, remains restricted (Abdunabi et al., 2019). A considerable
number of students regard programming as a tough course that is challenging for them to grasp (Figueiredo & Garcia-
Pefialvo, 2018; Ibrahim, Nurul Farhana, & Zaidatun, 2018; Siti Rosminah & Ahmad Zamzuri, 2012).

Students have challenges in mastering programming courses due to their difficulties in identifying and
comprehending essential concepts, including variable types, expressions, Boolean logic, loops, and abstraction
(Grover & Jackiw, 2019; Grover, Qian & Lehman, 2017; Pea, & Cooper, 2016), a weak foundational understanding of
syntax elements such as semicolons, parentheses/brackets, and quotation marks (Qian & Lehman, 2017), lack of
proficiency in English (Mhashi & Alakeel, 2013), limited mathematical skills (Psycharis & Kallia, 2017), and other
related weaknesses. Nonetheless, other prior research has highlighted programming problem-solving skills as the
principal factor leading to students' inability to succeed in this field (Figueiredo & Garcia-Pefialvo, 2018; Mhashi &
Alakeel, 2013; Tuomi et al., 2018). Consequently, an ability to resolve programming-related problems is an essential
basic talent that must be developed prior to students engaging in advanced and practical programming (Florez et al.,
2017).

Problem-solving abilities in programming include a systematic approach that involves problem analysis, flowchart
construction, algorithm development, code writing, program testing, and error debugging (lbrahim et al., 2018).
Problem-solving skills in programming are similar to computational and logical thinking. This is because the mind tries
to turn real problems into a set of step-by-step directions that a computer can follow (So et al., 2020; Ahmad Zamzuri,
2019). Computational thinking does not entail thinking like a computer (Wing, 2008); rather, it involves
understanding how computers process and execute problem-solving tasks through logical and structured procedures
(Garcia-Penalvo & Mendes, 2018; Yadav, Mayfield, Zhou, & Hambrusch, 2014; Hemmendinger, 2010). Computational
thinking fundamentally consists of five essential approaches for problem-solving: decomposition, pattern
recognition, abstraction, algorithmic thinking and generalisation (Ahmad Zamzuri, 2019; Chee, Meng, Wu, Seow, &
Liu, 2018).

Computational and logical thinking skills are seen as essential competencies that should be imparted to students
from the school level onwards (Yadav et al., 2014). As a result, numerous countries have initiated the introduction of
computational thinking into the educational curriculum at the school level (Garvin, Killen, Plane, & Weintrop, 2019;
Tsai, Wang, & Hsu, 2019; Flérez et al., 2017) and Malaysia is no exception to this trend. Malaysia has officially
incorporated computational thinking into its national curriculum via initiatives such as MyDigitalMaker programme,
initiated in 2016, alongside comprehensive teacher training and professional learning communities organised by
MDEC in partnership with the Ministry of Education (MDEC, 2016;2022). Empirical studies conducted in Malaysia
support the beneficial effects of integrating computational thinking in primary and secondary education (Azmi et al.,
2024; Felicia et al., 2017; Ung et al., 2021).

A variety of computational thinking skill-building activities have been introduced at the school level, including
unplugged activities (Bell & Vahrenhold, 2018; Rodriguez, Rader, & Camp, 2016; Thies & Vahrenhold, 2013) and
Programming Assistance Tool (PAT) (Yuana & Maryono, 2016 ; Koorsse & Cilliers, 2015). Unplugged activities are
interactive, kinaesthetic learning exercises that let students investigate computing ideas without actually coding or
using computers (Bell & Vahrenhold, 2018; Rodriguez et al., 2016). Numerous previous studies have found that
unplugged activities have the potential to support school students in visualizing computing concepts through
kinesthetic-based tasks such as binary number modules, binary search, network sorting, and various others (Bell &
Vahrenhold, 2018; Chee et al., 2018; Curzon, McOwan, Plant, & Meagher, 2014; Feaster, Segars, Wahba, & Hallstrom,
2011a; Rodriguez, Kennicutt, Rader, & Camp, 2017; Thies & Vahrenhold, 2012; Thies & Vahrenhold, 2013). Also,
unplugged activities have been shown to help students comprehend programming ideas better (Curzon et al., 2014).
Similarly, the Programming Assistance Tool (PAT) is an application software designed to expose students to
programming concepts and strengthen their understanding of them (Yuana & Maryono, 2016; Koorsse & Cilliers,
2015). The Programming Assistance Tool (PAT) has a simplified Integrated Development Environment (IDE) with a
drag-and-drop tool to make it easier to use, especially for individuals who just started learning out (Shepherd et al.,
2018). Students can learn programming more easily with PAT since they don't have to worry about creating code or
making syntax mistakes (Garcia-Pefialvo & Mendes, 2018; Wen et al., 2023). There are various PAT software tools
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available as open-source resources; however, most previous studies recommend the use of Scratch (Dohn, 2019;
Marcelino, Pessoa, Vieira, Salvador; Nada Sharaf, Ahmed Ghada, Ahmed Adel, Abdennadher, & Berkling, 2019 &
Mendes, 2018) and Alice (Csapo Gabor, 2019; Sivaraman et al., 2019) as effective platforms for teaching and learning
programming concepts at the school level. Despite PAT's success in increasing students' interest and comprehension
of programming principles, research indicates that students still find it difficult to relate these ideas to creating actual
code (Henry & Dumas, 2018). This is because actual code writing is text-based and resembles computer language,
whereas PAT utilizes an object-based approach, where students use drag-and-drop command blocks within a
command window.

While unplugged activities and Programming Assistance Tools (PAT) effectively enhance conceptual comprehension,
their efficacy in facilitating the transfer of these concepts to practical programming abilities is ambiguous. Thus, these
methodologies are deemed more suitable for cultivating computational thinking skills in students at the elementary
and lower secondary levels, specifically those in Forms 1, 2, and 3 (Zhao et al., 2022; Juricic & Radosevic, 2019; Bell
& Vahrenhold, 2018). For upper secondary levels, such as Forms 4, 5, and 6, as well as pre-university programmes,
the focus should be directed more toward the use of actual programming languages, in order to better prepare
students for programming courses at the tertiary level ( Zhao et al., 2022; Gonzalez et al., 2018; Yuen et al., 2018).

In light of these uncertainties and issues, the utilisation of actual programming languages as a method for developing
computational thinking abilities offers a viable alternative. This method is especially important for students in pre-
university programs, including matriculation, foundation in science, and diploma courses, as well as those in the
upper secondary level. This urges the question of whether programming language is best suited for the purpose.
Previous research shows the choice of programming language may significantly impact student learning outcomes,
particularly among beginning learners. Although the main objective is to develop computational thinking skills,
choosing a suitable programming language becomes important when programming tasks are involved. The concern
comes from the fact that some computer languages can make learning them hard and stressful, which could make it
harder for students to reach their goal of improving their computational thinking skills.

This study aims to analyse the effect of programming language selection on the development of computational
thinking skills in novice students. This comparison focusses on Python and C++, both of which are high-level
programming languages commonly utilized for teaching structured programming to novices. To achieve this aim,
three particular goals have been established:

i to develop two sets of laboratory worksheets designed to foster computational thinking skills using two
text-based programming languages, Python and C++
ii. to develop an assessment instrument for measuring computational thinking skills in the context of text-
based programming
iii. to analyses the effects of using Python and C++ on the development of computational thinking skills among
novice learners.

2. Literature review
2.1. Computational thinking skills

Computational thinking skills are mental abilities that involve combining fundamental concepts and reasoning from
the field of computer science to solve problems in a variety of disciplines, not only programming or artificial
intelligence. Computational thinking skills are the process of formulating problems and solving them so that the
solution can be represented in a form that can be effectively carried out by computers or humans themselves (Wing,
2006). Computational thinking is a cognitive process that encompasses the development and application of diverse
knowledge and skills, including problem formulation, definition, analysis, abstraction, and logic, to devise solutions
that can be efficiently executed by information processing agents (Brennan & Resnick, 2012).

18



Computational thinking skills are the most important element in 21st-century skills (Khasyyatillah et al., 2024; Salleh
Hudin, 2023; Voogt et al., 2013). With the development of the Fourth Industrial Revolution and advancements in
digital technology, the necessity to teach computational thinking abilities in the students from as early as school level
and university preparation has become even more crucial. (Khasyyatillah et al., 2024; Lockwood & Mooney, 2017,
2018). This can assist in equipping students with computational thinking abilities, enabling them to maintain
competitiveness and relevance in a world increasingly governed by intelligent technology and automation.

Numerous studies have proposed models and theoretical frameworks for understanding computational thinking.
Among them, Brennan and Resnick (2012) developed a framework to examine and assess the development of
computational thinking among young designers, particularly using the visual programming environment, Scratch. In
their study, they highlighted three core dimensions of computational thinking: computational concepts,
computational practices, and computational perspectives. Seven computational ideas were identified and
implemented in Scratch-based activities, including sequence, loops, events, parallelism, conditionals, operators, and
data. To assess students' computational behaviours and perspectives, the researchers used interviews and
observations. In addition, three methods were utilised to evaluate the effectiveness of the suggested framework:
analyse student projects, interviews, and design situations. However, the study's findings indicate that the framework
is deficient in standardised assessment instruments and well-defined evaluation metrics, emphasising the need for
further research to increase its validity and usefulness in many educational contexts.

Kalelioglu et al. (2016) did a systematic review of available literature to try to come up with a complete framework
for computational thinking. A review of 125 papers from six databases and digital libraries led to creating the
theoretical framework. The selected articles were reviewed by three researchers, who examined several criteria
including the study objectives, target population, theoretical foundation, elements of computational thinking,
research methods, and scope of the studies. This study used a qualitative approach, with data analysed using
statistical methods. The studies highlighted four major components required for the application and assessment of
computational thinking: the cognitive component, which includes logical thinking, problem-solving abilities,
algorithmic thinking, modelling, and simulation. The technical component involves knowledge and skills in the use of
digital tools and programming languages. The pedagogical component refers to instructional approaches and the
design of learning environments that foster the development of computational thinking. Finally, the social and
affective component promotes motivation, social engagement, and attitudes towards technology. This paper gives
an entire theoretical framework with numerous aspects, which serves as an essential foundation for understanding
and developing computational thinking skills in current education. Furthermore, it provides a framework for
continuing development and expansion of research in accordance with current technological and pedagogical
advances (Kilig et al., 2020; Kong & Abelson, 2019; Palts & Pedate, 2020).

Subsequently, the study by Palts and Pedaste (2020) introduced A Model for Developing Computational Thinking
Skills. The model was developed based on a systematic review of 65 scholarly articles, retrieved through academic
search platforms including EBSCO Discovery Service and the ACM Digital Library. The researchers categorized the
selected articles into three main areas: frameworks, definitions, and dimensions of computational thinking. Based on
the findings from this systematic literature review, six clusters of computational thinking skill dimensions were
identified from six key articles, as presented in Table 1.
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Table 1. Six clusters of computational thinking skill dimensions

Wing, 2006 Barr et al., 2011 CSTA & ISTE, 2011 Brennan & Resnick, Moreno-Ledn et
2012 al., 2015
Defining | Problem Problem formulation | - Formulating - -
the | formulation Problem formulation problems
problem | Problem
formulation
Abstraction Abstraction Abstraction Abstraction Abstraction and Abstraction
modularizing
Problem Problem - - - -
reformulation reformulation
Decomposition Problem Problem Problem
decomposition decomposition decomposition
Solving the | Data collection and | - Data collection, Organizing and Reusing and remixing User interactivity,
problem | analysis data analysis, data | analyzing data data
representation, representation
simulation
Algorithmic design, | Automation Automation, Algorithmic Being incremental and | Parallelism, logical
parallelization and algorithms and thinking, iterati thinking,
iteration, procedures, automating synchronization,
automation parallelization solutions flow control
Analyzing | Generalization - - Generalization - -
the
solution
Testing and Systematic testing - Identifying, Testing and debugging | -
evaluation analyzing, and

implement solution

The findings from this literature review demonstrate that the definition of computational thinking skills across all six
articles is consistent, emphasizing a systematic, step-by-step process for solving problems.

The fundamental principles of computational thinking begin with problem identification and conclude with testing
and evaluation. This problem-solving approach is iterative and cyclical, progressing methodically and continuously
until a practical and accurate solution is achieved. These conclusions have led to the formulation of the Model for
Developing Computational Thinking Skills, as shown in Figure 1, which provides the conceptual foundation for

defining computational thinking in this study.

Figure 1. Conceptual foundation for defining computational thinking
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2.2. Text programming

Text-based programming refers to a programming approach that involves writing code to perform specific tasks. Each
program consists of a set of command terms known as keywords and lines of instructions for specific processes,
referred to as syntax. Most programming languages use English as the primary medium, making it easy for users to
understand; however, this language is not directly interpretable by computers. Therefore, a compiler or interpreter
is required to translate the written code into machine language so it can be executed by the computer.

Many text programming languages come from C language, like C++, C#, Java, Python, and more (Umezawa et al.,
2023). These languages have common keywords and syntax like C, so basic programming ideas can apply to all of
them. Text programming is widely used in many fields, including computing, software development, cybersecurity,
manufacturing, and others.

Bringing text-based programming to high school students, like those in grades 10, 11, 12, and pre-university, is seen
as a good way to give students key skills for their future studies and jobs (Gonzalez et al., 2018; Yuen, Reyes, & Zhang,
2018). This method helps students build problem-solving abilities and take advantage of the strengths of text-based
programming. Languages such as Python, Java, and C++ allow for the creation of complex applications in areas like
web development, data science, and artificial intelligence, among others.

An important question comes up when deciding which programming language is most effective in assisting students
to develop concepts in computers. Which side succeeds better: C or Python? It is well known that C is quite efficient
and allows for a low-level management of system resource (Arboleda et al., 2023; Fatima, 2023; Lion et al., 2022).
That is why teaching fundamental possibilities of programming, for example, data structures and memory allocations,
might include a C language (Arboleda et al., 2023; Fatima, 2023; Munawar & Naveed, 2022). Unfortunately, Cis quite
complex and might be a problem for newcomers, which can pose a barrier to their early days of learning (Munawar
& Naveed, 2022). Contrary to that, Python is acquired rather differently since the syntax is simpler and easier to learn
which indeed makes the experience better (Munawar & Naveed, 2022; Salayev, 2024). This implies that learners can
grasp programming's logical and structural concepts instead of getting lost in complicated visually appealing codes.
In this situation, it begs the question: Is it better to understand a program in greater detail, such as in the case of
learning C and being able to create new concepts or models, or to understand the concept that is sufficiently versatile
and therefore easy to learn, such as Python?

3. Discussion

3.1 Theoretical Framework
3.1.1 Model of Learning Computational Thinking

The theoretical framework guiding this study is derived from the Model of Learning Computational Thinking (Palts &
Pedaste, 2020) and the Programming in Seven Steps (PSS) Model (Eriimit et al., 2019). The Model for Developing
Computational Thinking Skills, depicted in Figure 1, identifies three core stages of computational thinking: problem
identification, problem-solving, and solution analysis.

The problem identification stage focuses on four important skills: The first one is problem formulation, abstraction,
problem reformulation, and decomposition. The process begins with problem formulation where the first objective
is to establish what the problem is. Then comes abstraction where the focus is made on the key aspects of the
problem and other information is ignored. Then, problem reformulation involves restating the problem in terms of
prior challenges that have been faced or solved. Last, decomposition entails identifying the elements of a problem,
which include its inputs, outputs, and processes and breaking the problem down into its individual parts.

The second phase of this model is the problem-solving phase and it consists of the following four problem-solving
skills: The data collection and analysis, algorithm design, parallelization and iteration, and automation. The third
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phase is solution analysis which consists of generalization which is the process of solving the problem of the solution
i.e. transferring this problem solving process to a broader approach and testing and evaluation which is evaluating
and ensuring that the output meets and is accurate to the requirements of the problem. This process is iterative and
is carried out to meet the needs and expectations of the user until the output is satisfactory.

3.1.2 Programming in Seven Steps (PSS) Model

The second theoretical framework referenced is the Programming in Seven Steps (PSS) Model (Erimit et al., 2019),
designed to provide a structured guide for teachers introducing programming in secondary schools. This model was
developed through a collaborative process involving a design team and a design evaluation team, ensuring its
robustness and practical applicability in educational settings. The study culminated in the identification of seven
systematic steps for teaching programming, aimed at simplifying and organizing the learning process for both
teachers and students. The seven steps include understanding the problem, designing the algorithm, coding the
algorithm, testing, identifying and correcting errors (debugging), running the program, and evaluating the solution.

3.1.3 Relationship between Model of Learning Computational Thinking and Programming in Seven Steps

The Programming in Seven Steps (PSS) model can be integrated into the Model of Learning Computational Thinking,
as both emphasize a systematic approach to problem-solving. The PSS model's processes, such as solution design,
algorithm building, coding, and debugging, directly assist the development of essential concepts and practices in
computational thinking, including abstraction, algorithmic reasoning, and error detection and correction (Brennan &
Resnick, 2012). This combination has the potential to enhance students' capacity to apply computational thinking
effectively through structured programming activities (Grover & Pea, 2013). Table 2 presents the integration
between the Programming in Seven Steps (PSS) model and the Model of Learning Computational Thinking.

Table 2 Integration between the Programming in Seven Steps (PSS) model and the Model of Learning
Computational Thinking

Model of Learning Model Programming in Integration Explanation
Computational Seven Step
Thinking

The learning process begins with
students identifying and analyzing the
problem, employing decomposition
and abstraction techniques to break it
down into manageable components

Step 1:

Define problem Understand the problem

Step 2: Planning the solution steps in a
Design Algoritm structured and systematic manner
Step 3: Write code based on the designed
Coding algorithm.
Step 4: Test the program results to ensure
R th t i ts.

Solving the problem un ey meet requirements
Step 5: . . - -

. Correcting errors identified within the
Debugging
program

Step 6: Executing the program after the

Execute the program

debugging process has been
completed

Analysis of the
solution

Step 7:
Evaluate the solution

Students evaluate the final outcome,
assess its effectiveness, and engage in
generalisation
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Overall, the PSS model can be considered as a complementary framework that provides a practical, action-oriented
approach to implementing the components indicated in the Model of Learning Computational Thinking. The
combination of these two methods has the potential to improve students' grasp of programming topics and boost
their computational thinking skills by providing a structured, reflective, and application-based learning environment.

3.2 Conceptual framework

The research framework of this study, as illustrated in Figure 2, demonstrates the relationship between the study's
variables and the computational thinking skills model. Within this framework, two dependent variables—the Python
and C++ programming languages—are integral to the development of laboratory worksheets and learning activities
designed to foster computational thinking. The laboratory worksheets and learning activities will be structured based
on the Model of Learning Computational Thinking (Palts & Pedaste, 2020) and the Programming in Seven Steps (PSS)
Model (Erimit et al., 2019). The Model of Learning Computational Thinking provides a comprehensive structure for
identifying and developing core computational thinking skills, while the PSS Model offers a detailed, step-by-step
methodology for programming instruction. By integrating these two models, the study seeks to create effective
educational resources that facilitate the acquisition of computational thinking skills in a systematic and accessible
manner, particularly through programming activities involving Python and C++. These resources aim to bridge
theoretical concepts with practical applications, ultimately enhancing students' problem-solving abilities and
programming proficiency.

Figure 2. Relationship between the study's variables and the computational thinking skills model
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The selection of Python and C++ as the programming languages for the laboratory worksheets is aimed at providing
students with a balanced experience in understanding and applying computational thinking skills. Python, with its
simple and user-friendly syntax, allows students to focus on fundamental aspects such as problem formulation and
algorithm design without being overwhelmed by complex technical requirements. This is particularly beneficial for
beginners who are just being introduced to programming, as it enables them to grasp foundational concepts more
quickly and effectively (Muhammad Ateeq et al., 2014; Nguyen, 2019).
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The laboratory worksheets will incorporate five components of computational thinking skills: decomposition, pattern
recognition, abstraction, algorithm design, and program writing and evaluation. These computational thinking skills
are categorized into three main sections within the study’s conceptual framework: conceptual knowledge,
algorithmic thinking, and evaluation. The selection of an appropriate programming language is crucial in developing
computational thinking skills to ensure that students do not experience undue anxiety during the learning process.
By using carefully designed laboratory worksheets, the study aims to create an environment where students can
engage with computational thinking concepts effectively and confidently, fostering both their understanding and
practical application of programming.

The laboratory worksheets and learning activities will be assessed through two methods: performance tests and self-
efficacy questionnaires. These methods are designed to provide a comprehensive evaluation of the effectiveness of
the materials in fostering students’ computational thinking skills, particularly in the context of text-based
programming. This dual evaluation approach enables an in-depth understanding of both the cognitive outcomes and
the students’ self-confidence in applying computational thinking concepts to programming tasks.

3.3 Implication

3.3.1. Implication for students

This study provides significant implications for the development of students’ skills and attitudes in the process of
learning text-based programming. Through programming Python and C++ language, students are able to understand
the differences in syntax structures and the logical thinking required in each language. This significantly benefits
students' computational thinking skills, especially in the domains of decomposition, pattern identification,
abstraction, and algorithmic thinking, which serve as the foundation for systematic problem-solving.

The activities scaffolded in a progressive manner provide students with opportunities to think critically and
reflectively about the problem-solving steps they employ. Through this approach, students not only acquire technical
programming skills but also develop an analytical and systematic way of thinking, which can be applied across various
fields of learning.

Furthermore, this laboratory-based approach promotes collaborative learning, in which students can share ideas and
problem-solving solutions with their colleagues. This setting helps students improve their motivation, curiosity, and
technical communication abilities in the context of computer programming. Overall, this study helps to develop
students' 21st-century skills by integrating computational thinking skills into text-based programming education.

3.3.2. Implication for teachers

This study provides practical suggestions for developing effective teaching practices based on computational
thinking. The developed laboratory worksheets can be used as a teaching model to assist teachers plan structured
laboratory activities that focus the development of higher-order thinking skills. This approach allows lecturers to not
only assess student achievement in terms of programming results, but also in terms of the thinking processes used
in solving problems.

Lecturers can evaluate students' abilities consistently and systematically with the use of the computational thinking
skills evaluation tool developed in this study. The tool may be used as a basis to improve current methods of
assessment to better meet the requirements of the computer science and information technology syllabuses, with
an important priority on the development of critical, logical, and creative thinking abilities.

Additionally, the results of this study assist in the professional development of teachers, particularly when it comes
to implementing instructional strategies based on computational thinking. Teachers can enhance their instruction,
adapt lab activities to students' skill levels, and encourage active, student-cantered learning with the use of explicit,
evidence-based guidelines and instruments.
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Overall, the implications of this study show that a computational thinking—based teaching approach using Python
and C++ can strengthen students’ ability to solve problems systematically and creatively. At the same time, it provides
valuable guidance for teachers to improve teaching design, assessment methods, and learning strategies in text-
based programming. These implications are expected to contribute to enhancing the quality of teaching and learning
in computer science education at higher education institutions.

4. Conclusion

Computational thinking is a critical cognitive skill that plays a significant role in enhancing the effectiveness of
programming education. It provides students with a structured framework for problem-solving, emphasizing logical
and sequential reasoning that is applicable to both programming tasks and real-life challenges. The mastery of
programming skills necessitates engagement in the computational thinking process as a prerequisite to writing code.
Additionally, the selection of an appropriate programming language is pivotal, as it can substantially influence the
development of students' computational thinking abilities. Accordingly, this study seeks to propose a conceptual
framework for cultivating computational thinking skills through text-based programming among TVET students,
aimed at preparing them for higher education in university settings.
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