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Abstract

This research investigates the correlation between students' Computational Thinking Skills (CTS) and their performance on the Computational Thinking
Test (CTT) in the context of 21st-century education, aiming to align the Malaysian education system with global standards. Emphasizing creativity,
critical thinking, and problem-solving, the study, conducted with Form 3 (15 years old) students at a local public secondary school, reveals significant
correlations between CTT outcomes and CTS. Despite limitations, the findings underscore the importance of computational thinking skills in academic
success, advocating for educational shifts to cultivate these skills for students' meaningful contributions to Malaysia's global development.
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1.0 Introduction

The Malaysian education system has undergone significant transformations to align its curriculum with the rapid evolution of technology.
This adaptation is particularly critical in preparing students for the Malaysia 5.0 vision, where digital and physical spaces converge.
Fostering computational thinking (CT) skills from early education stages is crucial to successfully transition into this vision. Additionally,
initiatives in Science, Technology, Engineering, and Mathematics (STEM) are essential for preparing students for the demands of the
21st century (Fajrina, 2020).

Emphasizing CT and basic mathematics early on is integral to improving students' critical thinking skills. Enhanced critical thinking
motivates students to tackle problems effectively, improving their CT skills and increasing engagement in STEM fields (Yin., 2020). The
Malaysian Education Blueprint (MEB) 2013-2025 incorporated STEM and 21st-century education in the Standard Curriculum for
Secondary Schools (SCSS), but challenges remain in fully implementing high-order thinking skills (HOTS) and CT in classrooms.

The success of a nation is tied to the capabilities of its youth. Technology plays a pivotal role in shaping the future, but challenges
persist in transferring classroom-acquired knowledge, especially HOTS, to real-world situations (Howard, (2002). International
assessments, like PISA, indicate fluctuations in Malaysian students' mathematics performance (Wong, 2019). The shortage of
competent engineers and technicians underscores the need for a workforce equipped with problem-solving, creative thinking, and
innovative skills (Nordstrom, 2011;Tracey Pieterse, 2023).
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The study emphasizes that the job market of the 21st century demands workers proficient in problem-solving, creativity, and
teamwork. Computational thinking (CT) skills are crucial for generating a skilled workforce that aligns with STEM educational methods
and active learning approaches. However, challenges arise in understanding and incorporating CT into the curriculum, with some
misconceptions likening it to Information and Communications Technology (ICT) (Waterman,2019; Yang,2021).

Effectively integrating computational thinking requires a critical evaluation of both the competency in computational thinking and the
factors influencing the resulting outcomes. Recognizing students' CT skills is essential for organizing activities that facilitate efficient CT
application. This research aims to raise awareness among students and teachers about the dynamic nature of the Malaysian education
system. By adapting to changing educational landscapes, Malaysia aims to produce students who remain competitive across various
sectors.

The research further seeks to measure students' levels of computational thinking skills, addressing shortcomings in applying HOTS
and problem-solving skills in the Malaysian educational syllabus. The researcher aims to understand the relationship between
computational thinking and test performance, shedding light on potential errors made by students in CT tests. In essence, the study
contributes valuable insights into the ongoing improvement of the Malaysian education system, ensuring its ability to meet the challenges
of the contemporary world and produce individuals equipped with the necessary skills for success. Thus, the objectives of this study
are:

i) To investigate the level of computational thinking among students.
i) To investigate the relationship between computational thinking scale and computational thinking test scores among student
i) To explore the errors in computational thinking tests made by students.

2.0 Literature Review

In educational contexts, students undergoing computational thinking (CT) development benefit from examples and guidance. Webb and
Rosson (2013) stress the significance of scaffolded examples and simple workbooks for introducing CT concepts like problem-solving,
abstraction, and computational vocabulary. Despite these efforts, challenges persist, including a lack of foundational understanding and
the need for more student-centered education (Sadler, 2012).

The exploration of Computational Thinking (CT) in the following section underscores its importance in 21st-century education.
According to Wing (2006), CT is a thinking model involving problem-solving, systems creation, and understanding human behavior using
computer science principles. This thinking model finds applications in diverse disciplines, particularly in science and mathematics within
STEM education. However, a systematic review by Tang et al. (2020) reveals gaps in CT assessment, especially in informal and non-
STEM contexts. Zaharin et al. (2018) stress the role of CT skills in overcoming mental barriers.

The subsequent discussion highlights the positive impacts of Computational Thinking Skills (CTS) at both individual and societal
levels. Katai et al. (2021) argue that existing courses inadequately support students' CT development, necessitating efforts to implement
and acquire these skills. The importance of introducing computational thinking early to enhance cognitive skills is underscored by the
role of creativity in mathematics, as emphasized by Kim, Lee & Cho (1999) and Walia (2017).

Moreover, the study emphasizes the critical role of problem-solving and critical thinking in daily life and academic pursuits. Pambudi
(2018) emphasizes the need for math teachers to impart knowledge, enabling students to identify and apply mathematical concepts in
problem-solving contexts. Tau han (2019) underscores that strong math grades alone do not contribute to improved mathematical
reasoning, advocating for the integration of computational thinking skills early in the academic system to enhance cognitive abilities.
Sian Hoon (2020) reported that it is crucial to engage students in a classroom activity to develop their mathematical thinking skills.

In essence, computational thinking involves breaking down complex problems into smaller parts, employing algorithms, and
comprises components such as decomposition, pattern recognition, abstraction, and algorithmic thinking (Rey, 2020). There is a
significant overlap with mathematical thinking, which involves logical reasoning, problem-solving, and critical thinking using mathematical
concepts (Su, 2015). The shared components include logical reasoning, abstraction, algorithmic thinking, pattern recognition, and
problem decomposition. Overall, the skills developed in computational and mathematical thinking are transferable between the two
areas, emphasizing systematic problem-solving, logical reasoning, and abstraction.

3.0 Methodology

This study utilizes a non-experimental research design that employs a quantitative method and error analysis to determine the level of
computational thinking among form 3 students, as well as its relationship with the computational thinking test taken and the errors made
by the students in the CT test.

3.1 Sample
The respondents of this study are seventy-three Form 3 (15 years old) students from three classes. They were selected using purposive
sampling techniques for an exploration case study.

3.2 Research Instrument i
The researcher has adopted the questionnaire from Ozgen, Recep, & Yasar (2017), the Computational Thinking Scales (CTS). The
Computational Thinking Skills (CTS) were specifically designed to assess the extent of computational thinking abilities in students.. In
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this study, the questionnaire is used to measure the level of students' computational thinking and its correlation with their CT test scores.
The questionnaire contains 15 items including five items for critical thinking, six items for creativity, and four items for problem statement.
Students responded to a Likert-format scale with ten potential responses, ranging from 1 (Strongly Disagree) to 10 (Strongly Agree).

CT test: In this study, the instrument used was a pen and paper test consisting of 8 questions. These questions were adopted and
adapted from 3 different research studies. The researcher adopted three items from Tauhan, Hoon, & Sing (2019),four items from Akgul
& Kahveci (2016), and one item from Pambudi, Budayasa, & Lukito (2018). The eight items in the test were focused on critical thinking,
creativity, and problem-solving.

4.0 Findings
Table 1: Grades in Mathematics Test Form 3
Grade Frequency Percent (%)
A (85%-100%) 2 274
B (70%-84%) 1 15.07
C (60%-69%) 14 19.18
D (50%-59%) 8 10.96
E (40%-48%) 33 4521
F (0%-39%) 5 6.85
Total 73 100.0

Table 1 provides an overview of the grades obtained by Form 3 students in their most recent mathematics test. The predominant grade
among students was E, constituting 45.21% (n = 33), while the least frequently attained grade was A, accounting for only 2.74% (n = 2)
of respondents. The table reveals that more than 60% of students did not achieve creditable results, encompassing grade D (10.98%),
grade E (45.21%), and grade F (6.85%), totaling 46 students. The remaining distribution comprises 15.07% for grade B and 19.18% for
grade C.

Table 2. Mean Score of Items in Computational Thinking Scale for Critical Thinking

ltems Mean Std. Deviation
1 | am good at preparing regular plans regarding the solution of the complex problems 5.56 2176
2 Itis fun to try to solve the complex problems. 6.72 2.237
3 | am willing to learn challenging things. 7.08 2.109
4 | am proud of being able to think with a great precision. 7.64 2.191
5 | make use of a systematic method while comparing the options at my hand and while reachinga 7.00 1.912
decision.
Overall Critical Thinking 6.80 1.704

Table 2 presents the mean scores and standard deviations for items related to Critical Thinking in the Computational Thinking
Scale (CTS). The overall mean for Critical Thinking is 6.80 (SD = 1.704), indicating a favorable response from participants. Notable
items include the enjoyment of solving complex problems (Item 2), with a mean of 6.72, and the systematic method in decision-making
(Item 5), with @ mean of 7.00.

Table 3. Mean Score of Items in Computational Thinking Scale for Creativity

ltems Mean Std. Deviation
6 | like the people who are sure of most of their decisions. 7.51 2.144
7 | believe that | can solve most of the problems | face if | have sufficient amount of time and if | 7.83 211
show effort.
8 | have a belief that | can solve the problems possible to occur when | encounter with a new 6.92 2.034
situation.
9 | trust that | can apply the plan while making it to solve a problem of mine. 7.00 1.912
10 | trust my intuitions and feelings of “trueness” and “wrongness” when | approach the solution of 7.07 1.937
a problem
1 When | encounter with a problem, | stop before proceeding to another subject and think over 6.28 2192
that problem.
Overall Creativity 7.10 1.542

In Table 3, the mean scores for items related to Creativity in the CTS are detailed. The overall mean for Creativity is 7.10 (SD =
1.542), showcasing a positive inclination toward creative thinking. Notably, ltem 7, indicating belief in problem-solving with sufficient
time and effort, scored the highest mean of 7.83. Conversely, Item 11, reflecting a tendency to proceed to other problems without
dwelling on the current one, received the lowest mean of 6.28.

Table 4. Mean Score of Items in Computational Thinking Scale for Problem Solving

ltems Mean Std. Deviation
12 | have problems in the demonstration of the solution of a problem in my mind. 5.49 2.634
13 | cannot apply the solution ways | plan respectively and gradually. 5.85 2.095
14 | cannot produce so many options while thinking of the possible solution ways regarding a 5.51 2.360
problem.
15 | cannot develop my own ideas in the environment of cooperative learning. 6.11 2.315
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Overall Problem Solving 5.74 1.848

Table 4 highlights the mean scores and standard deviations for items related to Problem Solving in the CTS. The overall mean for
Problem Solving is 5.74 (SD = 1.848), indicating a comparatively lower level of agreement. ltem 15, expressing difficulties in developing
personal ideas in a cooperative learning environment, received the highest mean of 6.11, while Item 12, suggesting challenges in
demonstrating problem solutions mentally, scored the lowest mean of 5.49.

The overall mean for CTS is 6.55 (SD = 1.204), with Creativity having the highest mean of 7.10 (SD = 1.542) and Problem Solving
having the lowest mean of 5.74 (SD = 1.848). The highest individual item mean is attributed to Item 7, emphasizing confidence in
problem-solving with time and effort, while the lowest mean items are associated with Problem Solving (Items 12 and 14). These findings
suggest that participants exhibit higher levels of Critical Thinking and Creativity compared to Problem Solving in the context of
computational thinking.

Table 5: Components included in the Computational Thinking Test (CTT).
ltems Mark
1 The area of the below polygons equals 4-units square. 2

2 Ali is three times older than Ahmad. The sum of the two is 48. So, what are their ages? 3
3 In the below figure, there are some polygons and diagonals belonging to them (dotted lines). Find out what properties change as the number of 2
edges of a polygon increase. Write down all the changes you find.

AN

4 Write down problems the solutions of which follow the same arithmetic operations. Write as many problems as you can. First, decide on the 3
solution and then set up questions suitable for the solution.
Solution: 10- 5=

5 Mr. Amir had a square plot of land with a size of 21m x 8m. A year later this land was hit by a road widening project, so Mr. Amir sold a part of 3
this land in a corner with a right triangle shape with 6m and 8m sides with a price of RM30 per m2. The income from the sale of the land was
used by Mr. Amir to create a fence around his present land. The cost of making a fence of RM15 per meter while for the iron gate along the 4m,
the cost was RM300. How much money did Mr. Amir need?

6 Find the area of the isosceles right-angle triangle shown below. Please explain. 2
[*NOTE: without the aid of trigonometry or Pythagoras theorem]

24cm

7 Jaspreet's and Sharanpreet’s alarm clock rang at 7.30 a.m. For the remainder of the day, Jaspreet's alarm clock will ring every 45 minutes, and 3
Sharanpreet's alarm clock will ring every one hour. What will the time be when both the alarm clocks ring together again?
8 What is the next three numbers for: 3

10,40,90,61,52,63, __, __,
Total 21

Table 6 Students Performance in Computational Thinking Test
N Mean Std. Deviation
Computational Thinking Test (CTT) 73 8.21 2147

The analysis of students' performance on the Computational Thinking Test (CTT) is presented in Table 6. The mean score on the
CTT is 8.21 out of a maximum score of 21, with a standard deviation of 2.147. This equates to a percentage score of 39.09%,
suggesting that the overall performance is poor.

Table 7 Results of Pearson Correlation of Computational Thinking Scale (CTS) and Computational Thinking (CT) Test Score

CTS
Pearson CT Test Score Correlation Coefficient -251°
Sig. (2-tailed) 034

N 73

N 73

The correlation between students' Computational Thinking Scale (CTS) levels and CT test scores was examined using Pearson
correlation (Table 7). The analysis reveals a weak negative relationship (r = -0.251, p = 0.034) between students' CT test scores and
their computational thinking scale levels. Despite the weak correlation, the relationship is statistically significant (p < 0.05), leading to
the rejection of the null hypothesis. Consequently, it is concluded that a decrease in students' computational thinking test scores
significantly correlates with an increase in their levels of computational thinking scale.
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According to Akgul and Kahveci (2016), students can demonstrate their problem-solving abilities by utilizing this item to think
spatially, modify shapes, and think analogically. In addition to these skills, this task requires a high degree of intuitive thinking, which is
referred to as mathematically creative thinking. The results of looking at the first item in the CTT indicate that only 12 students answered
correctly. Most of the correct answers depicted a rectangular shape, while only one student drew a triangle. Other responses showed
students drawing various polygons in the provided answer space, some with different areas than the original question.

(b) ©

Fig. 1. (a),(b),(c) Samples of answer item 1 from the students
According to Akgul and Kahveci (2016), item 3 was used to assess mathematical creativity, and students were able to apply
geometrical intuition through activities that involved "seeing in space" and "having the capability of seeing the end from afar." The results

showed that 30 students answered incorrectly, with 17 students leaving the answer space empty. Some of the answers simply stated
the names of the polygons.
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6) (b)
Fig. 2. (a),(b) Samples of answer item 3 from the students

Akgul & Kahveci (2016) mentioned that students demonstrated their problem-solving, analytical, and analogical thinking skills in
solving item 4. However, 40 people (54.8%) provided incorrect responses. It was observed that many students who did not answer item
3 also left item 4 unanswered. The results of these items suggest that some students may have misunderstood the question, as they
listed down equations that resulted in 5, matching the given solution. Additionally, some students wrote statements of the solution instead

of a problem or question.
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(c)

Fig. 3. (a),(b) and (c) Samples of answer item 4 from the students

In item 8, only one student answered correctly. Most of the students were struggling to identify the pattern in the numbers, and some
of them left the answer space blank. This indicates a lack of pattern analysis skills, as mentioned in computational thinking.
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5.0 Discussion & Recommendation

The research findings suggest a significant association between students' scores on the Computational Thinking Test (CTT) and their
levels of the Computational Thinking Scale (CTS). Notably, the data from Table 1 reveal that students' mathematics knowledge is limited,
as evidenced by a high percentage of failures in their Form 3 mathematics test, which contributes to a weak negative correlation.

The investigation into the level of computational thinking skills among Form 3 students reveals a focus on creativity, critical thinking,
and problem-solving. Creativity has the highest mean, followed by critical thinking and problem-solving. The overall mean of students'
CTS is 6.55, with problem-solving exhibiting the lowest mean value. Further research is recommended to explore the impact of
Computational Thinking (CT) on problem-solving skills in mathematics, as the current findings suggest a need for additional studies to
address existing gaps. The importance of CT as a fundamental skill in mathematics education is emphasized, highlighting the necessity
of incorporating CT skills into instructional practices.

The second finding highlights the significant predictive role of CT test scores in students' levels of CTS. Surprisingly, a negative
relationship is observed, indicating that students with lower CT test scores exhibit higher levels of CTS which is like Doleck (2017)
findings. This unexpected correlation may be attributed to the nature of the CTS questionnaire, where students may not consider CT
problems when responding. Despite most students failing the CT test, their CTS levels are shown to be above moderate.

The exploration of errors in the computational thinking test reveals challenges faced by Form 3 students. Analysis of correct and
incorrect responses indicates difficulties in several items, highlighting the need for a detailed examination of students' CTS factor by
factor to understand variations and compare with the CT test.

Computational thinking exerts a profound influence on creativity, critical thinking, and problem-solving through its promotion of a
structured and systematic approach to intricate challenges. The principles of abstraction and algorithmic thinking within computational
thinking contribute significantly to creativity by encouraging individuals to deconstruct problems into manageable components, fostering
creative ideation and the development of innovative solutions. However, a notable observation is that many students face challenges in
questions 1, 3, and 4, indicative of struggles in creative thinking, where they encounter difficulty breaking down components and
recognizing underlying patterns. Moreover, computational thinking plays a pivotal role in enhancing critical thinking, emphasizing logical
reasoning and the evaluation of multiple solutions, facilitating informed decision-making. Question 6, for instance, tested students'
capacity for critical thinking, assessing their ability to solve problems without relying on Pythagoras' theorem and evaluate solutions
effectively. Furthermore, computational thinking equips individuals with problem-solving skills grounded in algorithm development and
pattern recognition, enabling efficient resolution of diverse problems, as evidenced in questions 2, 5, 7, and 8. The integration of
computational thinking into educational practices holds the promise of nurturing a generation of thinkers adept at navigating the
complexities of the modern world, armed with creativity, analytical rigor, and effective problem-solving strategies.

The limitation of this data is a purposive study and is not for a generalization information.

6.0 Conclusion & Recommendations

In conclusion, this study successfully achieved its research objectives by establishing a significant relationship between students' levels
of CTS and their performance on the CT test. The findings underscore the importance of addressing computational thinking in teaching
and learning processes to foster better outcomes for students in the future. Recommendations for future research include exploring
participants from different forms to investigate age-related knowledge increases. Additionally, researchers may consider examining other
components of students' CTS, such as algorithms and cooperativity, to gain a comprehensive understanding. The study suggests
investigating the relationship between CT skills and mathematics skills to enhance education at the secondary school level, particularly
in science and engineering courses.
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