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Abstract:  Our day-to-day life is impacted by advancement of technology and computer industry. In the digital 

world, people must learn computational thinking (CT) techniques. Studies already conducted have 

demonstrated that teaching programming encourages students to develop their cognitive abilities, and that the 

development of CT is impacted differently by different learning paradigms. This study proposed a problem-

based learning (PBL) model that can be used to teach programming and computational thinking. 

 

Index Terms – Computational Thinking, Programming, Problem Based Learning, Teaching 

Methodology, Python. 

1. INTRODUCTION 

As the demand for computers and technology grows in every industry, so does the demand for software 

programmers. With the increasing demand for skilled programmers, it is necessary to meet the current needs 

of the worldwide market. The task of a programmer is to solve a problem by creating a solution and writing it 

down in a way that a computer can use to solve the problem. According to Kadar et al. (2021) a programmer 

must first understand a problem before applying problem-solving techniques to resolve the issue and then 

explain the solution so that the computer can follow the instructions. 

 

In programming loops and selection statements are the most important constructs and most learners find it 
challenging because the control flow becomes more complex when there are several conditions (Bers et al., 

2014) in a given problem. Loops and selection statements are both part of the control flow that determines 

which sets of instructions will be executed under which circumstances. Loops define how many times a set of 

instructions will be repeated in the same order. Selection statements determine which instructions will be 

executed under specific conditions. A selection statement can be used in a loop to determine when the iteration 

should end. These programming constructs can be clear if one has computational thinking abilities. 
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2. Literature Review 

 

Computational thinking is a universal skill. It is considered as one of the twenty-first-century competence areas 

by the United Nations Educational, Scientific and Cultural Organization (Law et al., 2018) and that should be 

incorporated into every student's computer programming educational curriculum (OECD, 2020).Wing (2017) 

defines computation thinking as “the thought processes involved in formulating a problem and expressing its 

solution(s) in such a way that a computer-human or machine can effectively carry out”. 

 

Computational thinking is a structured and proven strategy for identifying problems and solving them.  It has 

four components: 

1. Decomposition: Breaking down a complex problem into smaller, more manageable parts (Rodríguez del Rey 

et al., 2020). A learner can use this to make an unsolvable problem much more manageable. 

2. Pattern recognition: Process of identifying similarities within situations or problems (Dong et al., 2019). It 

is used frequently by programmers to find the most efficient solutions to issues, and it is critical in domains 

such as artificial intelligence. 

3. Abstraction: To focus on the most crucial information of the problem while discarding unnecessary detail 

(Rodríguez del Rey et al., 2020). Allows students to concentrate on the essential task without focusing on 

unnecessary details. 

4. Algorithms: To create a step-by-step solution to a problem (Shute et al., 2017), or the rules to follow to solve 

it. 

When the above-mentioned components are combined, it creates a powerful tool for students to use in computer 

science because it makes students creative, critical thinkers, and problem-solvers (Aranda and Ferguson, 2022) 

by allowing them to produce a variety of unique ideas and then assess them to enhance them. Computational 

thinking abilities are essential for students to learn programming because it helps them to think logically, in a 

systematic manner, and use computational tools to analyze a problem and visualize a solution quickly (Kong 

and Abelson, 2019). 

 

The teachers can improve the skills of the students by applying the problem-based learning method. Problem 

Based Learning (PBL) model is a student-centered educational technique that encourages active learning by 

allowing students to actively develop knowledge. It transfers the focus of instruction away from the teacher 

and can help students develop higher-order thinking and computational thinking skills (Pipitgool et al., 2019). 

Here the teacher can use the fill-in-the-snippet method and trace the code, to encourage students to participate 

actively in class, and it also helps students learn how to build logic. PBL fosters 21st-century abilities such as 

self-direction, teamwork, creativity, and innovation by allowing students to engage in authentic learning 

experiences (Chis et al., 2018). According to Looi and Seyal (2014), the PBL approach promotes programming 

learning while also strengthening students analytical and problem-solving abilities. 

 

The pedagogical strategy and skills stated above will motivate students because they are problem-solving 

practical approaches that provide conceptual learning and an authentic framework for students to gain 

knowledge and apply it in real life. 
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Fig.1: issues identified by us and mapped to the four pillars 

 

Figure 1 shows the rubrics used to assess students' computational thinking through programming. The rubric 

is created by me based on a few standard programming issues encountered by students. These issues are 

collected from a wide range of existing literature and my personal experiences as a student and teacher. A lot 

of research has been done on students failing with the first stages of learning to program. It was discovered that 

students struggle with writing, reading, and developing simple programming code (Derus and Ali, 2012) for 

the following reasons – The difficulties confronted in knowing and remembering the syntax while writing a 

program (Altun and Özmen, 2014). sometimes the students only focus on memorizing the syntax and fail to 

grasp how to build logic. Students are unsure about memory allocation and updating the value of variables in 

loops, functions, and arrays (Derus and Ali, 2012). The teaching strategies employed were ineffective. The 

emphasis in the classroom was on content rather than context or application. When students do not understand 

a topic or cannot complete assignments due to a lack of motivation (Ahoniemi et al., 2007). They must be 

encouraged by peers or teachers to spend additional time learning. Most students lack this ability, which can 

only be acquired via practice and hands-on experience.  

 

The issues during the early stages of learning are attributed to a lack of retention of knowledge and talents in 

problem-solving skills and logical thinking (Bosse and Gerosa, 2017; Savage and Piwek, 2019; Cheah, 2019). 

Detecting the causes that keep the code from working correctly (Gok and Kwon, 2020). Debugging errors in 

program codes are challenging for students, making them lose interest. 

 

3. Context 

This study aims to show how students learn and develop computational thinking through python 

programming.  This study involves 38 Grade 6 Students who follow IB (International Baccalaureate) 

Curriculum, all these students are ten or eleven years old.  Their programming skills will be measured in two 

phases. In phase 1 a test will be conducted to test their programming skills where they have not applied 

computational thinking skills, this phase will be called as pre-test. In phase 2 a test will be conducted to test 

their programming skills where they will apply computational thinking skills to solve the problems, this phase 

will be called as post-test. 

Our key learnings in the intervention are to use pre-activation exercises with real-time and technical examples 

to show the application of the topic being taught to the students who have no prior experience in computational 

thinking. According to Kirwan et al., (2022), learning computational thinking is fostered through a 

combination of guided discovery and instruction rather than solely explicit teaching. We agree with the above 

statement as it was evident that guided discovery with problem based instructions was quite effective in 

fostering students’ understanding. 
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4. Result Analysis 

 

The evaluation was conducted to assess students' computational thinking skills, which covered programs on 

loops where they had to apply computational thinking skills. The students scored well in the post test 

assessment, they made a few syntactical errors such as forgetting to place a semicolon (;), quote marks (" "), 

and entering keywords in a case sensitive format. 

 

 

 
Fig. 2: Average of pre-test and post-test result analysis 

 

Figure 2 shows result analysis of pre-test and post-test that compares the scores of the students. Most of the 

students were able to apply decomposition, pattern recognition, and algorithm. Abstraction, on the other hand, 

has not developed much. This research could be improved in the future by focusing on developing the students' 

abstraction level. 

 

Recommendations for teachers to use and teach computational thinking skills in their subjects. Computational 

thinking skills can be used by language teachers in instruction and homework on areas like short stories and 

comprehension. They can use the four pillars in numerous ways such as portraying the theme in a plot diagram 

using abstraction. Apply algorithm to place a jumbled story in the correct order, see patterns in different 

sentence forms and grammar rules using pattern recognition, and utilize higher-order thinking to conclude the 

comprehension (Grover, 2018). Pattern recognition can be used by social teachers to analyse data and find 

patterns and trends in wars and other past events, they can even use primary source data to investigate voting 

patterns across the country (Angevine, 2018). Algorithms can also be used by music teachers to teach 

intervals, frequencies, rhythm, and song writing (Angevine, 2018). Similarly, teachers of maths, dance, arts, 

and engineering can also use computational thinking skills in their classes.  

. 

5. Conclusion 

 

Computational thinking is an effective problem-solving strategy that is generally applicable across all high 

school and university curricula and is becoming increasingly significant in the twenty-first century. 

Integrating computational thinking into traditional core and vocational subject areas can help students 

establish critical cross-curricular linkages. It can also improve their academic performance and build essential 

skills for solving problems in the vast range of professions they will engage in near future. Many countries, 

governments, and institutions are incorporating computational thinking into their curricula as the popularity 

and significance of the subject grows. Teachers should be aware of this and should create an impact by 

teaching students computational thinking skills as a foundational skill, just like reading, writing, and 

arithmetic (Nouri et al., 2019). Computational thinking has applications outside of computer science, 

intersecting with abilities utilized in other STEM areas like arts, social sciences, and humanities. It urges us 

to go beyond the screen and keyboard to harness the power of computing. It may also help to enhance 

computer science education equity. Teachers should encourage computer science integration with other 

subject areas and expose more students to its possibilities by focusing on the problem-solving skills at its core. 

Not only that, but computational thinking allows all the students to investigate the limitations and 
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opportunities of technology as it develops and think critically about its effect on society (Angevine et al., 

2017). Therefore, students and teachers should be encouraged to become as familiar as possible with 

computational skills and competencies in their personal and professional lives. 
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