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ABSTRACT

Programming is an essential skill in 21st-century education, yet students often experience difficulties in learning text-
based programming, which are closely associated with limited computational thinking (CT) skills. To address this issue,
this study adopts a design development research approach to develop laboratory worksheets for teaching text-based
programming guided by the Learning Model of Computational Thinking and the Programming in Seven Steps (PSS)
framework. The worksheets were designed to provide a structured and scaffolded learning experience that supports the
development of CT skills. The usability and user experience of the developed worksheets were evaluated using the
User Experience Questionnaire (UEQ) involving n = 28 students. The UEQ measures six dimensions: attractiveness,
clarity, efficiency, dependability, stimulation, and novelty. The findings indicate that students reported a highly positive
user experience across all dimensions. Overall, the results suggest that well-designed CT-based laboratory worksheets
can enhance usability and promote a more engaging learning experience in text-based programming. These findings
contribute to the development of effective instructional materials that support computational thinking in programming
education.
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Introduction

Programming is widely regarded as an essential form of twenty-first-century literacy that plays an important role in
supporting national technological development and competitiveness (Rosli et al., 2024). It constitutes a fundamental
component of innovation in information technology. Today, a wide range of technologies, including robotics, artificial
intelligence, virtual learning, cryptocurrency, the Internet of Things, and cloud computing, are largely driven by
programming languages. (Khangate et al., 2024; Ogegbo & Adebunmi, 2024).

The contemporary job market has been reshaped by the rapid growth of digital technology, with computing-related
fields such as software development, web and internet application development, artificial intelligence, and
cybersecurity playing a dominant role across diverse industries and sectors (Barbosa et al., 2024; Mikeld & Stephany,
2024; Ramos et al., 2025). Given the importance of this field, programming courses have been introduced as early as
the school level, where programming is embedded as a foundational component of modern curricula. Furthermore,
most universities and polytechnics have established programming as a core course in the early stages of study.

However, meeting this demand remains challenging because relatively few individuals are interested in pursuing a
profession in programming (Abdunabi et al., 2019). Although enrolment in Computer Science and Information
Technology programs is high, students’ programming proficiency often falls short of the current demands of the
computing industry (Cazalas et al., 2024; Dasuki & Quaye, 2016).

Programming is widely regarded as a challenging subject for students in universities, polytechnics, and colleges due
to several factors. In particular, students frequently struggle to comprehend the step-by-step execution of code (Mhashi

& Alakeel, 2013), to identify different types of variables, and to understand expressions, Boolean logic, loops, and
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abstractions (Singh, 2022; Weeda et al., 2024). They also encounter difficulties with fundamental syntax, such as the
correct use of semicolons, parentheses or brackets, and quotation marks (Qian & Lehman, 2017). Beyond these
technical challenges, numerous studies have shown that a lack of programming problem-solving skills is a primary
contributor to students’ difficulties in mastering the discipline (Figueiredo, 2017; Mhashi & Alakeel, 2013; Tuomi et
al., 2018).

Literature Review

Computational Thinking Skills

Programming problem-solving skills are closely associated with computational thinking, as they involve translating
real-world problems into step-by-step instructions that a computer can execute (Liu et al., 2024; Wu et al., 2024). It is
important to note that computational thinking does not imply “thinking like a computer”; rather, it refers to
understanding how computers carry out problem-solving processes (Garcia-Pefialvo & Mendes, 2018; Hemmendinger,
2010; Wing, 2008; Yadav et al., 2014). In general, computational thinking comprises five key elements of problem-
solving: decomposition, pattern recognition, abstraction, algorithmic thinking, and generalisation (Looi et al., 2018;
Mohamad Ali, 2019).

Unplugged activities are an instructional technique for improving computational thinking skills in schools that has
received increasing scholarly attention (Bell, 2019; Rodriguez et al., 2017; Thies & Vahrenhold, 2013). These activities
involve kinaesthetic and interactive learning experiences that introduce fundamental computational ideas without the
use of digital equipment or formal programming languages (Bell, 2019; Rodriguez et al., 2017). Although the lack of
real code may seem to limit their educational depth, empirical data suggests otherwise. Prior research has shown that
unplugged activities, such as binary representation, search algorithms, and network-based sorting activities, help
learners conceptualise abstract computational processes through structured hands-on tasks (Bell & Vahrenhold, 2018;
Curzon et al., 2014; Looi et al., 2018; Rodriguez et al., 2017). Furthermore, their teaching value goes beyond
introductory programming ideas. Unplugged activities, in general, serve as cognitive scaffolds for learners' problem-
solving abilities and logical reasoning, allowing computational thinking ideas to be transferred across multiple
disciplinary contexts (Curzon et al., 2014).

Although unplugged activities can enhance students' comprehension of computational thinking concepts, a critical
question persists: to what these activities facilitate a deeper grasp of programming and the capacity to write code? This
is due to the scarcity, or absence, of longitudinal research examining the possible effects of unplugged activities on the
cultivation of programming abilities. Moreover, some short-term researches have indicated that students struggle to
discern explicit links between unplugged activities and fundamental programming ideas (Henry & Dumas, 2018; Taub
et al., 2012). Unplugged activities fail to encompass the entirety of programming-related tasks, such as accurate code
writing, compiler utilisation, and debugging processes (Taub et al., 2012). Furthermore, unplugged activities have
demonstrated minimal positive impacts among secondary school students, as they predominantly utilise kinaesthetic
methods that tend to be more engaging for primary school learners (Feaster et al., 2011). Consequently, unplugged
activities must be meticulously crafted to align with students' cognitive levels, ensuring they transcend mere
amusement and yield significant learning effects.

In addition to unplugged activities, Programming Assistance Tools (PATs) are extensively used to help students build
computational thinking abilities (Chen et al., 2025; Koorsse et al., 2015; Yuana & Maryono, 2016). PATs are
application-based software designed to introduce programming principles and improve students' understanding
through guided and supportive learning experiences. These tools often offer a simplified Integrated Development
Environment (IDE), with drag-and-drop features that simplify technical tasks for inexperienced users (Shepherd et al.,
2018). There are numerous open-source PATs available, including Scratch, Alice, TouchDevelop, Beetle Blocks,
Kodu, Code.org, AgentSheets, and Blockly. Prior studies have found Scratch (Dohn, 2020; Garcia-Pefialvo & Mendes,
2018) and Alice (Csapd, 2019; Sivaraman et al., 2019) as successful platforms for teaching and learning programming
fundamentals at the school level.

Scratch and Alice are drag-and-drop programming environments that eliminate the need for students to write code or
deal with syntax problems (Garcia-Pefialvo & Mendes, 2018; Koorsse et al., 2015). While Programming Assistance
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Tools can enhance students' engagement and comprehension of programming principles, research indicates that
learners frequently struggle to apply these concepts to practical coding assignments (Henry & Dumas, 2018). This
limitation occurs because actual programming practice relies on text-based coding, that requires students to
comprehend and generate formal programming syntax, while PATs utilize an object-oriented, block-based technique
where commands are created by arranging visual blocks within a programming environment (Lye et al., 2014). As a
result, the representational gap between text-based programming and block-based environments may limit students'
capacity to internalise syntactic rules and to transmit conceptual understanding to real-world coding contexts.

Unplugged activities and Programming Assistance Tools, in particular, are helpful in promoting conceptual
knowledge; nevertheless, their direct impact to the acquisition of real programming writing abilities is unclear. As a
result, these approaches are better suited to developing computational thinking skills among primary and lower
secondary students (Mohamad Ali, 2019). Conversely, at the upper secondary and pre-university levels, teaching
methodologies should progressively prioritise the utilisation of authentic text-based programming languages to
adequately equip students for the cognitive and technical requirements of programming courses at the tertiary level
(Gonzalez et al., 2018; Yuen et al., 2019).

Consequently, it is evident that a structured instructional arrangement is required to facilitate the understanding of the
fundamental principles of text-based programming by higher education students and to facilitate the systematic
progression to more sophisticated problem-solving tasks. To meet this requirement, it is necessary to develop a set of
laboratory worksheets that are pedagogically informed and utilise scaffolded progression to facilitate incremental
learning and reduce cognitive strain. The capacity of these worksheets to cultivate robust conceptual understanding
and to encourage the sustained development of problem-solving skills in text-based programming contexts is further
enhanced by the integration of computational thinking elements.

Programming Language for Novice

Prior research indicates that selecting an appropriate programming paradigm and language is crucial in assisting novice
learners. Structured programming has been selected as the best strategy because it provides a clear and systematic
framework for program development (Hendrix et al., 2018; Mohamad Ali, 2019). This method allows students to
understand control flow, variables, and decision structures without being overwhelmed by the high cognitive demands
associated with sophisticated abstractions seen in object-oriented paradigms.

Although a structured paradigm can accommodate a variety of programming languages, empirical evidence indicates
that not all languages yield comparable pedagogical results. For example, students have been criticised for having to
comprehend concepts such as inheritance, encapsulation, classes, and objects before they can construct fundamental
programs in languages like Java (Dasuki & Quaye, 2016; Khoirom et al., 2020). This level of complexity frequently
introduces extraneous cognitive burden, resulting in learners concentrating more on syntactic and structural issues than
on core problem-solving principles. This challenge has also been linked to a decrease in learning motivation, recurrent
syntax errors, and increased confusion among novice students in numerous studies.

Conversely, Python has become the preferred option in educational institutions as a consequence of its user-friendly
data structures, concise syntax, and simplicity of learning (Ling et al., 2021). These features not only assist in the
reduction of syntax-related errors but also enable students to focus on the development of logical reasoning and
problem-solving processes rather than the struggle with intricate syntactic rules (Ateeq et al., 2014; Kadam & Oyelere,
2026). Consequently, the utilisation of Python in this investigation is consistent with the extant literature that
emphasises its efficacy in instructing structured programming to novice learners.

Conceptual Model

The conceptual model of this study, as illustrated in Figure 1 demonstrates the relationship between the study's
variables and the computational thinking skills model. The Python programming languages are essential for the
development of laboratory activities that are intended to cultivate computational thinking within this framework. The
laboratory worksheets will be structured based on the Model of Learning Computational Thinking (Palts & Pedaste,
2020) and the Programming in Seven Steps (PSS) Model (Eriimit et al., 2019). The Model of Learning Computational
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Thinking presents a thorough framework for recognising and cultivating essential computational thinking abilities,
whereas the PSS Model delivers a systematic, sequential approach to programming education. This work aims to
provide successful instructional tools by merging these two models, so facilitating the systematic and accessible
acquisition of computational thinking skills, notably through Python programming activities. These tools seek to
connect theoretical principles with practical applications, thereby improving students' problem-solving skills and
programming expertise.

Figure 1
Conceptual Model
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The laboratory worksheets included five elements of computational thinking skills: decomposition, pattern recognition,
abstraction, algorithm design, and program writing and evaluation. The computational thinking skills are classified
into three primary categories within the study's conceptual framework: conceptual knowledge, algorithmic thinking,
and evaluation. The selection of an appropriate programming language is crucial for developing computational thinking
skills, hence preventing excessive anxiety among students during the learning process. The project intends to establish
an environment that enables students to engage with computational thinking principles efficiently and confidently
through carefully developed laboratory worksheets, thereby enhancing their comprehension and practical application
of programming.

Model of Learning Computational Thinking

The Model for the Development of Computational Thinking Skills, as illustrated in Figure 2, consists of three primary
phases of computational thinking.

Figure 2
Model of Learning Computational Thinking (Palts & Pedaste, 2020)

Defining the Problem Analyzing the Solution
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There are three components: problem identification, problem resolution, and solution analysis. In the problem
identification phase, four skills are required: problem formulation, abstraction, problem reformulation, and
decomposition. The process of problem-solving initiates with the identification of the problem, which is known as
problem formulation. Following this, the ability to abstract is emphasised, which involves concentrating on the most
critical aspects while disregarding less significant elements. To transform a problem into one that has been previously
encountered or solved, problem reformulation can be implemented. Lastly, decomposition implies the identification
of the inputs, outputs, and processes necessary to address the problem, thereby dividing it into smaller components.

The second phase of the model involves problem solving. This phase focuses on four key problem-solving skills: data
collection and analysis, algorithm design, parallelization and iteration, and automation. The third phase is the analysis
of solutions, which includes the ability to generalise and extend the problem-solving process to broader circumstances.
Finally, testing and evaluation focus on analysing and assuring that the output accurately meets the problem's
requirements. This technique is continued iteratively until the final output matches the users' expectations.

Programming in Seven Steps (PSS) Model

The model was developed to serve as a systematic reference for educators aiming to instruct programming at the
secondary school level. The model was developed through a joint effort between the design team and the
design-evaluation team. The study's findings resulted in the development of seven essential stages of programming
training, designed to assist teachers in efficiently delivering programming education. The sequence comprises seven
steps: problem comprehension, algorithm design, implementation of the method into code, execution of tests, error
detection and correction (debugging), program execution, and evaluation of the final solution.

Integration of the Model of Learning Computational Thinking into Programming in Seven
Steps (PSS) Model

The Programming in Seven Steps (PSS) Model can be integrated into the Model of Learning Computational Thinking,
as both emphasise a systematic approach to problem solving. The procedural phase in PSS, which encompass solution
planning, algorithm formulation, code implementation, and the detection and correction of errors, directly cultivate
fundamental computational thinking constructs such as abstraction, algorithmic reasoning, and debugging (Brennan &
Resnick, 2012). Therefore, this integration has the potential to enhance students’ ability to apply computational
thinking in a practical manner through structured programming activities (Grover & Pea, 2013). Table 1 illustrates the
integration between the Programming in Seven Steps (PSS) Model and the Model of Learning Computational
Thinking.

Table 1
Integration Model Programming in Seven Steps and Model of Learning Computational Thinking
Model of Learning Model Programming in Integration Explanation
Computational Seven Step
Thinking
Define problem Step 1: The learning process begins with students identifying and
Understand the problem analysing the problem, employing decomposition and
abstraction techniques to break it down into manageable
components
Solving the problem Step 2: Planning the solution steps in a structured and systematic
Design Algorithm manner
Step 3: Write code based on the designed algorithm.
Coding
Step 5: Test the program results to ensure they meet requirements.
Run
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Model of Learning Model Programming in Integration Explanation

Computational Seven Step

Thinking
Step 5: Correcting errors identified within the program
Debugging
Step 6: Executing the program after the debugging process has been
Execute the program completed

Analysis of the solution  Step 7: Students evaluate the final outcome, assess its effectiveness,
Evaluate the solution and engage in generalisation

Overall, the PSS model can be regarded as a supplementary framework that provides a hands-on, action-based
approach to implementing the skills of the Computational Thinking Learning Model. By combining the two models,
students’ comprehension of programming concepts can be enhanced, while their computational thinking abilities are
further developed through learning experiences that are structured, reflective, and directly applicable.

Research Questions

The research questions of this research are:
1. How can laboratory worksheets for teaching text-based programming be developed based on the Learning
Model of Computational Thinking and the Programming in Seven Steps (PSS) framework?
2. What is the effect of employing the Python text-based programming language on the development of
computational thinking skills among Polytechnic students?

Python was selected due to its concise and easily interpretable syntax, its high level of code readability, and its
suitability as an introductory programming language capable of reducing students’ cognitive load (Vidal-Silva et al.,
2022). These attributes allow students to focus more effectively on reasoning processes, problem-solving, and the
cultivation of computational thinking, rather than being constrained by syntactic complexities inherent in programming
(Bai et al., 2021; Vidal-Silva et al., 2022).

To achieve the objectives of the study, a set of laboratory worksheets was developed by guided to the Model of
Learning Computational Thinking (Palts & Pedaste, 2020), the Programming in Seven Steps (PSS) Model (Eriimit et
al., 2019), as well as the proposed conceptual model. The approach adopted in these laboratory worksheets is based in
text-based programming and is specifically designed to cultivate students’ computational thinking skills through
systematically structured and progressively scaffolded Python programming activities.

Methods

The ADDIE model was selected for the design and development phase of this study because it is widely employed in
the creation of computer-based instructional materials. It comprises five key stages: analysis, design, development,
implementation, and evaluation (Arnab et al., 2022; Eriimit et al., 2019).

To evaluate the developed laboratory worksheets, a quantitative survey research design was employed. The evaluation
was conducted using the User Experience Questionnaire (UEQ) with n 28 students from a cohort of fifth-semester

students who had prior exposure to fundamental programming courses. This approach enabled the systematic
assessment of students’ perceptions of usability and user experience across multiple dimensions.

Results
Analysis

The initial stage of the ADDIE Model is the analysis phase. This step is essential as it establishes the underlying
structure for the entire instructional design process. The analysis step encompasses four critical components: needs
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analysis, identification of developmental objectives, comprehension of students' background characteristics, and the
selection of suitable instructional and delivery methodologies. An initially requires analysis must be performed to
guarantee that the developed laboratory worksheets and research instruments effectively meet the study's objectives
(Amat Yasin et al., 2021). Needs analysis is a methodological technique employed to discern discrepancies between
the existing state and the intended condition. Various methodological approaches can be implemented to perform a
requirements analysis, conditional upon the context and scope of the study (Abdul Mugsith, 2018). Two fundamental
methodologies were implemented: unstructured interviews and an extensive literature review utilising the Google
Scholar database.

An unstructured interview was performed with multiple lecturers instructing programming courses at the polytechnic.
The interview results indicated that numerous students encounter difficulties with problem-solving tasks in
programming. They frequently encounter challenges in devising the sequential procedures necessary for addressing
programming inquiries. This sequential process is, in fact, intricately connected to computational thinking abilities.

The subsequent method entailed performing a search and examining pertinent literature via the Google Scholar
database. Most prior research concentrated on computational thinking skills in relation to Programming Assistance
Tools (PAT) like Scratch and Alice. Conversely, a limited number of studies have explored the cultivation of
computational thinking skills inside text-based programming environments, including languages like Python and C++.

The laboratory worksheet and research instrument were designed to investigate the impact of utilising the Python
programming language on the development of computational thinking skills among polytechnic students. A laboratory
worksheet was developed specially for this study to help students achieve the desired learning objectives through
structured in-class activities. The intended users of the laboratory worksheet were first-semester students participating
in the Diploma in Medical Electronic Engineering and Diploma in Communication Engineering programs. These
students were chosen for their ability to advance in computing or engineering disciplines. The study sample comprised
students with restricted ability in text-based programming and computational thinking abilities. A screening test was
conducted before the trial to confirm compliance with this criterion.

The laboratory worksheet and research instruments were developed by integrating computational thinking skills as an
instructional and delivery strategy to encourage students to engage in step-by-step problem-solving processes. Students
were required to organise and plan each programming solution systematically prior to code implementation.

Design

The design phase focused on planning the content, instructional strategies, learning activities, and assessment
components of the laboratory worksheet and research instruments. In this study, the design of the laboratory worksheet
was informed by the Model of Learning Computational Thinking and the Programming in Seven Steps (PSS) Model.
The activities undertaken during this phase involved the design process and the analysis of concepts and learning
activities.

Five laboratory worksheets have been developed adopting the Model of Learning Computational Thinking and the
Programming in Seven Steps (PSS) Model. Each worksheet had six components of computational thinking integrated
inside the text-based programming problem-solving process: decomposition, pattern recognition, abstraction,
algorithmic thinking, program implementation, and program evaluation. The laboratory worksheets' content structure
was developed in accordance with the Fundamental Programming syllabus provided in Malaysian polytechnics. The
laboratory worksheets were developed using a scaffolded methodology in which learning activities progressed
systematically from decomposition, analysing problems into smaller elements, to program evaluation. This method
was adopted to enhance students' conceptual comprehension and to promote the incremental advancement of
computational thinking abilities (Lee et al., 2023; Wang et al., 2024). Furthermore, each educational task within the
laboratory worksheets included instructor-led interventions designed to augment understanding and elevate student
learning results (Mallillin, 2022; Qobilovna, 2023; Setyorini, 2020).

The main objective of the laboratory worksheets, as determined during the analysis phase, was to enhance students'
computational thinking abilities via text-based programming. The worksheets were organised progressively, starting
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with problem identification (decomposition, pattern recognition, and abstraction), advancing to problem-solving
(algorithm design), and concluding with solution analysis (program development and testing), as depicted in Figure 3.
This sequence was structured according to specified computational thinking skill models.

Figure 3
Laboratory Worksheet Sequence

Math Operation Task

!

If-else selection statement Task

Development

Guided by the study’s conceptual framework, a set of laboratory worksheets was developed using the Python
programming language. The worksheets were designed in alignment with key computational thinking skills. Table 2
provides a description of the activities incorporated into the developed laboratory worksheets.

Table 2
Laboratory Worksheet Activities

Laboratory Worksheet Activities

Laboratory Worksheet 1 Early exposure to problem-solving in programming is facilitated through the
application of computational thinking skills. During the learning activities under
lecturer-guided intervention, students are required to develop a program capable of
generating the output for the multiplication of three integer values.

Laboratory Worksheet 2 Using a computational thinking approach, students developed programs to solve a
spherical volume calculation problem with lecturer-led intervention.

Laboratory Worksheet 3 Using a computational thinking approach, students developed programs to solve a
surface area calculation problem involving a box, with lecturer-led intervention.

Laboratory Worksheet 4 Using a computational thinking approach, students developed programs to classify
user groups based on age categories, with lecturer-led intervention.

Laboratory Worksheet 5 Using a computational thinking approach, students developed programs to compute
the sum of two numbers and subsequently classify the result as accepted or rejected,
with lecturer-led intervention.

Laboratory Worksheet 6 Computational Thinking Test.

Six laboratory worksheets were developed based on the Model of Learning Computational Thinking and the
Programming in Seven Steps (PSS) Model. The worksheets were organised using a scaffolded structure, beginning
with problem decomposition, pattern recognition, abstraction, and algorithm design, followed by program
implementation and concluding with program testing. Each worksheet employed a consistent learning activity structure
aligned with computational thinking skills. Lecturer-led interventions were incorporated in laboratory worksheets 1 to
5 to support students in developing computational thinking skills through text-based programming. Laboratory
worksheet 6 functioned as the Computational Thinking Test.

Figures 3 to 11 show examples of the laboratory worksheets developed in accordance with the sequence of
computational thinking skills.
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Figure 3
Learning Questions in the Laboratory Worksheet

LEMBARAN KERJA MAKMAL
TUGASAN 1

Dengan menggunakan kaedah pemikiran komputasional
tuliskan aturcara untuk menyelesaikan masalah berikut:

Mendarabkan tiga nombor bulat

Figure 4
Decomposition Skill

1. Senaraikan komponen-komponen yang berkaitan dengan
permasalahan yang diberi.

Pelajar

Intervensi pensyarah

Figure 5
Pattern Recognition

PENGECAMAN CORAK

2. Berdasarkan pengetahuan sedia ada serta apa yang telah
dipelajari sebelum ini, apakah corak yang boleh digunakan
untuk menyelesaikan masalah ini. Penerangan boleh juga
dibuat dalam bentuk ayat.

Pelajar
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Figure 6
Input, Output and Process Component

3. Kategorikan komponen-komponen berkaitan  yang
disenaraikan dalam LERAIAN untuk permasalahan ini
kepada input, proses dan output. Komponen yang tidak
berkaitan boleh digugurkan.

Pelajar
Input

Proses

Output

Figure 7
Variable and Data Types
4. Tetapkan nama pembolehubah (rujuk ciri penamaan
pembolehubah) dan jenis data (int, float, char) untuk
semua komponen terlibat yang dikenalpasti.
Pelajar
Nama pembolehubah |Jenis data
Komponen
Input
Komponen
Qutput

Figure 8
Writing Processes in Programming Format

5. Tuliskan proses dalam format yang difahami oleh bahasa
pengaturcaraan.

Pelajar
Proses
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Figure 9
Algorithm

Figure 10
Programming Writing

Figure 11
Programming Evaluation

PEMIKIRAN ALGORITMA

6. Tuliskan algoritma atau penyelesian langkah demi langkah
untuk menyelesaikan masalah ini.

Pelajar

7. Drafkan aturcara yang lengkap berdasar format, arahan
dan sinteks bahasa pengaturcaraan sebenar
(C++/Python).

Pelajar

8. Berdasarkan draf, tuliskan dan uji aturcara di
compiler/interpreter sehingga berjaya. Tuliskan aturcara
yang berjaya di bawah.

Pelajar
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Evaluation

The evaluation was carried out in two phases: formative and summative evaluations. The formative phase occurred
during the development of the laboratory worksheets, aimed at detecting deficiencies and enhancing certain
components within the worksheets. Data was collected via a literature study, interviews, and expert comments. The
expert panel consisted of polytechnic instructors and university scholars with over five years of experience in
programming. The experts unanimously agreed on the form and quality of the developed laboratory worksheets. The
worksheets are well-structured and effectively facilitate the development of computational thinking skills in a
systematic manner.

The summative evaluation procedure was utilised to gather feedback from students during the design and development
of the laboratory worksheets. Upon the completion of the worksheets, a summative assessment was performed to
evaluate their usefulness as well as the level of user satisfaction during the preliminary study. A cohort of fifth-semester
students, who had previously completed the Introduction to Programming course, was chosen to engage in the usability
and user satisfaction evaluation. Before interacting with the laboratory worksheets, students received foundational
notes from the programming workshop. They were thereafter assigned five hours of lecture sessions to finalise the
prepared worksheets. Upon conclusion of the learning session, students were mandated to complete the User
Experience Questionnaire (UEQ).

The User Experience Questionnaire (UEQ) is an instrument developed to assess users’ experience with a product,
system, or service, including laboratory worksheets (Laugwitz et al., 2008). The UEQ employs a semantic differential
approach using pairs of opposing adjectives, such as difficult to understand/easy to understand, annoying/pleasant,
clear/confusing, and conservative/innovative. The questionnaire consists of 26 items organised into six dimensions:
attractiveness, clarity, efficiency, dependability, stimulation, and novelty. Each item is rated using a Likert-type scale
ranging from 1 to 7.

The reliability study employing Cronbach’s alpha produced a coefficient of 0.907 for the 26 items. A Cronbach’s alpha
value of 0.70 is typically deemed adequate for research, although values surpassing 0.80 signify robust dependability
(Nunnally, 1978). The coefficient derived from this usability and user satisfaction evaluation indicates that the
laboratory worksheets possess excellent internal consistency and are appropriate for the intended measurement in the
study (Hair et al., 2019). Table 3 presents the mean and standard deviation for each dimension.

Table 3

UEQ Score for Each Dimension (n = 28)
Dimension Mean (M) Standard Deviation Interpretation

(SD)
Attraction 6.8452 0.32371 Very positive
Clarity 6.9345 0.16567 Very clear and easy to understand
Efficiency 6.8214 0.31074 Effective and efficient
Reliability 6.5000 0.87315 Acceptable and reliable
Simulation 6.8304 0.30470 Give motivation and enthusiasm
Novelty 6.7857 0.35168 Creative and innovative
Discussion

The first objective of this study was to develop laboratory worksheets for teaching text-based programming based on
the Learning Model of Computational Thinking and the Programming in Seven Steps (PSS) framework. The design
of the laboratory worksheets emphasised several important instructional design elements intended to support novice
learners in developing computational thinking skills systematically through text-based programming activities.

One of the main design elements incorporated into the worksheets was scaffolded progression. The learning activities
were organised sequentially, beginning with problem decomposition and pattern recognition before progressing
towards abstraction, algorithm construction, code implementation, debugging, and program evaluation. This structured
arrangement was intended to reduce students’ cognitive burden while gradually strengthening their ability to solve
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programming problems systematically. Such a scaffolded approach is particularly important for novice learners, as
beginners often experience difficulties in connecting programming syntax with underlying logical reasoning and
problem-solving processes.

In addition, the laboratory worksheets integrated computational thinking components into every stage of the learning
activities. Students were required to identify inputs, outputs, processes, algorithms, and evaluation procedures before
implementing program code. This design encouraged students to engage actively in computational thinking practices
rather than focusing solely on syntax memorisation. Lecturer-guided interventions and structured prompting
techniques were also embedded within the worksheets to assist students in analysing problems step-by-step, reflecting
on their solutions, and improving debugging processes during programming activities. Furthermore, the worksheets
utilised authentic text-based programming tasks using Python to ensure that students were exposed to realistic coding
practices aligned with higher education learning requirements.

The usability evaluation results provide strong empirical support for the effectiveness of the developed worksheets.
The clarity dimension achieved the highest mean score (M = 6.93, SD = 0.17), signifying that the laboratory worksheets
were comprehensible and did not cause confusion during utilisation. The exceptional clarity demonstrates the efficacy
of the interface design and the methodical arrangement of the content, both of which are critical for usability and
seamless user interaction. Likewise, the attractiveness dimension exhibited a high mean score (M = 6.85, SD = 0.32),
indicating that the product effectively captivated people technically and emotionally, therefore enhancing total user
approval. The findings underscore that clarity and the appearance are essential in improving user experience and
promoting increased user engagement during the learning process (Zuriana et al., 2025).

The dimension of efficiency (M = 6.8214) and dependability (M = 6.5000) both reflected acceptable perceptions
concerning the effectiveness and reliability of the laboratory worksheets in use. The dependability measure had a
notably greater standard deviation (SD = 0.87315), indicating variability in user verdicts. This heterogeneity may be
ascribed to disparities in users' prior experience or familiarity with the worksheets. Nonetheless, the constantly elevated
mean score indicates that the worksheets are predominantly well-received and considered reliable by most users.

The stimulation (M = 6.8304) and novelty (M = 6.7857) dimensions also recorded high scores, reflecting the
worksheets’ ability to motivate learners and provide a creative and innovative learning experience. Effective
stimulation elements have the potential to enhance users’ active engagement, whereas the novelty aspect contributes
to a more appealing and less monotonous learning process (Alemneh et al., 2025).

Overall, the high usability and satisfaction score (M = 6.76, SD = 0.38) confirms that the developed laboratory
worksheets achieved Objective 1. The findings demonstrate that the integration of the Learning Model of
Computational Thinking and the PSS framework resulted in instructional materials that are clear, engaging, reliable,
and effective in supporting the development of computational thinking skills among Polytechnic students.

Conclusion

The design of the laboratory worksheets, based on computational thinking skills, provides a systematic and incremental
learning module that assists students in enhancing problem-solving capabilities, especially in text-based programming.
By adopting computational thinking approaches like decomposition, pattern identification, abstraction, algorithmic
thinking, coding, and evaluation. The worksheets serve as an instructional tool that efficiently merges academic
comprehension with practical application. In conclusion, the implementation of laboratory worksheets grounded in
computational thinking can significantly improve students' conceptual comprehension while systematically advancing
their computational thinking abilities. This work solves a research gap by offering organised learning resources
specialised for text-based programming. The worksheets reveal the potential to enhance teaching and learning
experiences, elevate programming education outcomes in higher education, and create opportunities for future research
to broaden the applications of computational thinking beyond many programming domains.
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