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Computational thinking is regarded as an essential skill for students in the 21st
century, and programming is one of the means to cultivate it. This study introduces
mind mapping into graphical programming to visualize the cognitive process of
computational thinking, aiming to enhance students’ computational thinking skills.
After a semester of teaching experiments, independent-sample t-tests and paired-
sample t-tests were conducted on the data, revealing significant improvements
in both computational thinking skills and self-efficacy among the students in the
experimental group. Further analysis of the data showed significant enhancements
in their algorithmic thinking and modeling, as well as pattern recognition and
evaluation sub-skills, while abstraction and decomposition sub-skills did not show
significant improvement. Additionally, the experimental group demonstrated
significant improvements to varying degrees in five dimensions of computational
thinking self-efficacy: creativity, algorithmic thinking, collaboration skills, critical
thinking, and problem-solving abilities.
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1 Introduction

The development of digital technology has created many new job opportunities while also
posing a certain impact on the traditional employment structure, requiring enterprises to have
more talents with digital technology and knowledge. As the digital society transforms the way
people work and live, it also sets new requirements for citizens’ digital literacy (Silva et al., 2021).
Consequently, in today’s era of rapid information technology development, understanding the
fundamental principles of computer science is no longer solely the domain of programmers and
computer scientists. Applying computer science to solve problems has become an essential skill
for everyone, which also embodies the essence of computational thinking (Yang and Lin, 2024).
Computational thinking is defined as a way of thinking that utilizes computer science concepts
to solve problems, design systems, and understand human behavior (Wing, 2006). It is a
fundamental skill essential for successful learners in the 21st century.

Against this backdrop, countries worldwide have recognized the importance of fostering
computational thinking and have introduced policies to advance its education. Scholars are
actively exploring strategies to enhance students’ computational thinking skills and have
proposed that programming is an ideal tool for nurturing computational thinking (Hsu
et al., 2018). This is because programming provides avenues for applying computational
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concepts and practices while also supporting the development of
cognitive abilities related to computational thinking (Basogain
Olabe et al., 2017). Research has found that visual programming can
significantly boost students’ computational thinking skills (Aksit
and Wiebe, 2020). However, for younger students, programming
poses certain challenges due to difficulties in comprehending
abstract and generalizing concepts, as well as the prerequisite
knowledge of basic concepts, syntax, and commands (Mladenovi¢
etal., 2021).

In response, scholars point out that learners’ prior knowledge is a
crucial factor influencing programming learning, as students often
lack a programming background and related knowledge, leading to
difficulties in grasping programming concepts and practical
operations (Demir, 2022). Establishing a systematic mindset to
comprehend programming concepts and principles is key to learning
programming (Cui and Ng, 2021). In programming, the process of
using computational thinking to solve problems is a systematic
thought process involving a series of cognitive steps such as analyzing
problems, decomposing them, extracting essences, selecting
algorithms, and implementing programming. Therefore, through
systematic thinking training, students’ computational thinking and
programming abilities can be effectively enhanced.

However, in current programming education, the teaching
organization often proceeds directly from problem identification and
understanding to code implementation, with the research focus on the
realization of projects/works/functions (e.g., Atmatzidou and
Demetriadis, 2016; Sullivan et al., 2017). There is a lack of developing
students’ process-oriented thinking in problem-solving, i.e., a lack of
a thinking training process. The existing teaching places emphasis on
the debugging phase of programming, with less emphasis on the most
essential thinking processes in computational thinking, such as
abstraction and decomposition. Furthermore, students’ thinking is
implicit in their programming works, making it difficult for teachers
to identify issues. As a result, some scholars suggest that when
teaching programming, in addition to using block-based
programming with graphical interfaces, it is also crucial to help
students articulate their programming logic to arrange appropriate
programming blocks (Barr and Stephenson, 2011). We need tools to
assist students in training their thinking, expressing their ideas, and
visualizing their implicit thinking.

Research has shown that visual representations of thinking can
help students express the relationships between complex ideas,
showcasing internal cognitive structures in a visual form, which aids
in recalling key components (Davies, 2011). Thus, organizing thoughts
and supplementing ideas through relevant graphics (e.g., flowcharts,
mind maps, graphic organizers) can significantly enhance students’
learning outcomes (Batdi, 2015; Shi et al., 2023; Stokhof et al., 20205
Zhao et al., 2022). Scholars have empirically confirmed that using
mind maps in teaching can positively impact students’ academic
performance, attitudes, conceptual learning, and critical thinking.
Similarly, in research related to computational thinking, the use of
mind maps has been proven to significantly improve primary school
students’ computational thinking skills. However, there is a lack of
empirical research on the impact of mind maps on middle school
students’ computational thinking skills and self-efficacy in graphical
programming. Therefore, this study aims to explore the effects of mind
maps on middle school students’ computational thinking skills and
self-efficacy in graphical programming.
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2 Literature review
2.1 Definition of computational thinking

Different scholars have defined computational thinking from
various perspectives. Papert was the first to propose the concept of
computational thinking, which he saw as a process of using
computational representations to articulate important ideas, making
them clearer and more explicit (Atmatzidou and Demetriadis, 2016).
Wing defined computational thinking as “a process of solving
problems, designing systems, and understanding human behavior by
drawing on the concepts fundamental to computer science” (Wing,
2006). Brennan et al. believed that computational thinking
three
computational practices, and computational perspectives (Brennan

encompasses dimensions:  computational  concepts,
and Resnick, 2012). Many other scholars have understood
computational thinking as a cognitive process that integrates multiple
thinking processes (Israel-Fishelson and Hershkovitz, 2022; Selby,
2013), including decomposition (breaking down problems into
smaller, manageable parts), abstraction (identifying and extracting
key information from real-world situations), algorithmic thinking
(solving problems through a series of steps and instructions), pattern
recognition (the ability to identify similarities in problems and
situations), and programming debugging (converting instructions
into computer programs, identifying errors, and debugging for
corrections). In this study, computational thinking is viewed as a
cognitive process, and thus, enhancing computational thinking can
be seen as training and nurturing this series of thinking processes.
Enhancing students’ computational thinking is not about turning
them into programmers, but empowering them to apply the thought
processes of computer science to solve problems. As such, in nurturing
computational thinking, it is crucial to train students’ minds and
equip them with a comprehensive set of thought processes. As
mentioned earlier, a prevailing issue in current computational
thinking education is the overemphasis on programming and
debugging, while neglecting other cognitive processes like
decomposition, abstraction, algorithmic thinking, and pattern
recognition. This one-sided approach hinders students from
developing a systematic computational thinking framework.
Furthermore, when students are coding, their thought processes are
implicitly embedded in their work, making it challenging for teachers
to pinpoint which specific aspect of the cognitive process is problematic
for individual students. Consequently, it becomes difficult to identify
students’ weaknesses across different dimensions. To address these
challenges, we must leverage tools that enhance students’ capabilities in
all dimensions of computational thinking and visualize these thought
processes. By doing so, not only can teachers better understand the
intricacies of each student’s cognitive journey, but they can also tailor
instruction to address specific weaknesses, thereby fostering a more
holistic and effective development of computational thinking skills.

2.2 Tools for cultivating computational
thinking

While there are numerous tools available for fostering

computational thinking, given the advantages of programming in this
regard, our focus lies primarily on programming-related tools.
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Programming learning tools focused on computational thinking
primarily encompass graphical programming (such as Scratch, APP
Inventor), text-based programming (such as Python, C), open-source
hardware programming (such as Arduino), gaming (such as Penguin
Go), and more. Additionally, mathematical teaching tools like
wxMaxima can be utilized to cultivate students’ problem-solving and
modeling abilities (Karjanto, 2021; Karjanto and Husain, 2021). Among
these, research on graphical programming holds an absolute advantage
(Tikva and Tambouris, 2021). This is due to the “low floor, high ceiling”
nature of graphical programming, which encapsulates code within
blocks, allowing students to create programs simply by dragging and
dropping these blocks. Consequently, graphical programming does not
require extensive knowledge of programming syntax rules, enabling
students to complete a project in mere minutes. This ease of use and
brevity make it highly accessible for students. By eliminating the need
for strict syntax and foundational programming prerequisites, students
can devote more energy to honing their thinking skills. This type of tool
is particularly well-suited for primary and secondary school students
looking to enhance their computational thinking abilities.

Existing research has demonstrated that utilizing graphical
programming tools can significantly enhance students’ computational
thinking skills. Graphical programming exerts a notable influence on
students’ computational concepts, practices, and perspectives.
Specifically, it has been shown to be highly effective in mastering
computational concepts such as sequence, loop, condition, and event
that are integral to computational thinking (Meerbaum-Salant et al.,
20105 Sevillano Garcia and Séez Lopez, 2016; Giordano and Maiorana,
2014). Furthermore, graphical programming significantly promotes
computational practices related to computational thinking, including
abstraction and debugging (Statter and Armoni, 2017; Webb and
Rosson, 2013). Tsai, C. Y. conducted a quasi-experimental study,
where the experimental group used graphical programming tools
while the control group received traditional instruction. The results
revealed that the experimental group had a better understanding of
programming concepts compared to the control group (Tsai, 2019).
Additionally, numerous studies have confirmed the positive impact of
graphical programming on computational thinking from perspectives
such as creative thinking, critical thinking, and problem-solving
abilities (Ma et al., 2021).

It can be seen that existing research on computational thinking
primarily unfolds from two perspectives. The first perspective explores
students’ learning outcomes in terms of creative thinking, critical
thinking, algorithmic thinking, and other dimensions. The second
perspective examines the learning outcomes of computational thinking
based on the three dimensions proposed by Brennan and others. In the
empirical research conducted so far, there has been little examination
of the cultivation effects of different tools from the angle of the
cognitive processes involved in computational thinking. Therefore, this
study analyzes the cultivation effects of various tools and strategies by
focusing on the cognitive processes associated with computational
thinking, such as abstraction, decomposition, algorithmic thinking,
pattern recognition, and programming debugging.

2.3 Mind mapping

Mind mapping is defined as “a visual, nonlinear representation of
ideas and their relationships” (Biktimirov and Nilson, 2003). It is a
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method invented by Buzan to concretize and visualize divergent
thinking, enabling the visualization and expression of the cognitive
structures within the brain (Buzan, 2006). Mind mapping employs
shapes, images, and keywords to represent the relationships between
conceptual ideas (Rostron, 2002). This approach aids in knowledge
retention, organization, nurturing creative thinking, and assisting
students in describing the relationships between complex ideas. When
students can express complex thought relationships graphically, they
are more likely to comprehend those relationships, further analyze
their components, and facilitate deeper learning. Thus, processing or
supplementing ideas through mind mapping can enhance students’
learning outcomes. Research indicates that taking notes using mind
mapping positively impacts students’ conceptual learning and their
attitudes towards courses (Al-Jarf, 2009).

Recent studies have shown that incorporating mind mapping into
graphical programming significantly improves students’ creative
thinking, critical thinking, and algorithmic thinking, thereby
enhancing computational thinking skills among primary school
students. Some research has also confirmed the impact of mind
mapping on the computational thinking of university students.
However, there is a lack of empirical studies investigating the role of
mind mapping in graphical programming among middle school
students, as well as its effects on computational thinking skills and
self-efficacy (Sari et al., 2021).

2.4 Self-efficacy

Bandura defines self-efficacy as an individuals belief in their
ability to master or accomplish a task, which influences the choices
they make, the effort they exert, and their perseverance in the face of
difficulties when completing tasks (Bandura and Wessels, 1997).
Research indicates that students with high self-efficacy perceive
difficulties as challenges that arise during task completion, thereby
affecting their level of effort in various contexts (Gandhi and Varma,
2010). Bandura emphasizes the existence and significance of domain-
specific self-efficacy. Consequently, analyzing programming self-
efficacy is crucial in fostering computational thinking through
graphical programming. Programming is a complex and challenging
process, and programming self-efficacy emerges as a pivotal variable
in the learning journey when tackling problems through
programming. Studies reveal that negative attitudes and low self-
efficacy in programming training can act as barriers to learning
(Hongwarittorrn and Krairit, 2010), whereas higher programming
self-efficacy ensures success in programming endeavors (Yagci, 2016).
Hence, in utilizing programming to cultivate computational thinking
among students, our primary focus should be on exploring strategies
to enhance their programming self-efficacy.

Studies have confirmed that the application of mind mapping
strategies in flipped classrooms significantly enhances academic
performance and self-efficacy among second-year university students
(Zheng et al., 2020). Helen Semilarski and colleagues utilized mind
maps and concept maps to support students in integrating
interdisciplinary learning, and their findings revealed that the
employment of such visualization strategies notably boosted students’
self-efficacy in the domains of life and earth sciences, as well as in the
utilization of models and systems (Semilarski et al., 2022). Based on
these findings, we hypothesize that the use of mind mapping strategies
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in the cultivation of computational thinking can elevate students’
programming self-efficacy. Currently, there is a lack of empirical
evidence demonstrating the impact of mind mapping on students’
self-efficacy specifically within the context of computational thinking
development. Therefore, in this study, we conduct an experiment to
investigate whether mind mapping can enhance students’ domain-
specific self-efficacy in the process of fostering computational thinking.

2.5 Research objectives and questions

This study primarily explores the impact of different strategies on
students’ computational thinking from the perspective of its cognitive
processes, including abstraction, decomposition, pattern recognition,
algorithmic thinking, programming debugging, and so forth.
Additionally, existing research has confirmed that the use of mind maps
in programming can enhance computational thinking skills among
primary school students and university students. However, there have
been few experimental studies examining the influence of mind maps
on middle school students’ computational thinking skills and their self-
efficacy in computational thinking. Therefore, this study aims to
investigate the impact of mind maps on middle school students’
computational thinking skills and self-efficacy in the context of graphical
programming. The following questions are posed to guide the research:

Question 1: Can mind mapping enhance middle school
students’ computational thinking skills from the perspective of its
cognitive processes (dimensions of abstraction, decomposition,
pattern recognition,

algorithmic thinking, and

programming debugging)?

Question 2: Can mind mapping improve middle school
students’ self-efficacy in computational thinking?

3 Method
3.1 Research hypotheses

Based on the above discussion, the following research hypotheses
are formulated for this study:

a When using mind mapping for programming learning, students’
computational thinking skills will show more significant
improvement, with effects observed across all dimensions of the
cognitive processes of computational thinking (including
abstraction, decomposition, pattern recognition, algorithmic
thinking, and programming debugging).

b When using mind mapping for programming learning,
students’ self-efficacy in computational thinking will
experience a more significant enhancement.

3.2 Experimental subject

This study was conducted in the spring of 2024 at an urbanized
junior high school. The participants were first-year junior high school
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students enrolled in the programming club during the semester, with
an average age of 13 years old. The study involved an experimental
group of 20 students and a control group of 17 students. None of the
students in either the experimental or control group had prior
exposure to graphical programming during their primary school years
or before.

Prior to the instructional experiment, a pre-test was administered
to both the experimental and control groups on March 21st, 2024,
using the Computational Thinking Skills and Self-Efficacy
Measurement Scale via an online survey platform. A total of 37
questionnaires were collected for both the computational thinking
skills and attitude sections, all of which were deemed valid, resulting
in a 100% response rate.

After the completion of twelve 1-h sessions, a post-test was
conducted on June 20th, 2024, using the same measurement scales.
Again, 37 questionnaires were collected from both groups for both
sections, all of which were considered valid, maintaining a 100%
response rate.

The collected data were statistically analyzed using SPSS 20.0
software. In the measurement scale for computational thinking
skills, the independent sample t-test revealed a p-value of 0.075,
indicating that there is no significant difference in computational
thinking skills between the experimental group and the control
group. Similarly, in the measurement scale for self-efficacy in
computational thinking, the independent sample ¢-test showed a
p-value of 0.094, suggesting that there is no significant difference in
self-efficacy in computational thinking between the experimental
group and the control group. Moreover, both the experimental and
control groups completed programming tasks in groups of two to
three students.

3.3 Learning content

As previously mentioned, this study conceptualizes computational
thinking as a cognitive process encompassing five dimensions:
decomposition, abstraction, algorithmic thinking, pattern recognition,
and programming debugging. Therefore, fostering computational
thinking necessitates a focus on these five components. The research
plan leverages mind mapping as a tool to aid students in understanding
and mastering the cognitive processes of computational thinking.

Students first gain an understanding of the project to be completed
in each activity. Subsequently, under the guidance of the teacher, they
engage in discussions to analyze the roles, variables, and contexts of
the project. The outcomes of this decomposition are then presented
using mind maps (as illustrated in Figures 1, 2). This step helps
students break down complex projects, thereby fostering their ability
to decompose problems, a key aspect of computational thinking.

Next, students articulate the functions and roles of the
decomposed parts based on the teacher’s demonstrations. This activity
aims to encourage students to abstract phenomena, stripping away
non-essential details to grasp the essence of the problem, thereby
nurturing their ability to abstract. Students are then prompted to
analyze which building blocks or modules should be used to
implement the different roles and functions. The process of recalling
and imagining suitable building blocks fosters algorithmic thinking
and pattern recognition skills. Finally, students work in groups to
write code and complete the project.
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FIGURE 1
Mind map illustrating the cognitive processes of computational thinking.
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By using mind maps to decompose tasks, students are guided to
think about problems step-by-step, abstract the essence of the
problem, match the problem with specific building blocks or modules,
and ultimately solve the problem. By unfolding the cognitive
processes of computational thinking through mind mapping, this
experimental approach aims to cultivate students’ computational
thinking abilities.

Furthermore, the 12 projects selected for the experiment were
designed by the researchers, taking into account the students’
proficiency levels. These projects encompass various program
structures and building blocks in graphical programming, including
“Big Fish Eats Little Fish,” “Guess Idioms from Pictures,” “Flappy Bird,”
“Fruit Crush,” “Whack-a-Mole,” “Tank Battle,” “Pole Climbing Race,”

“Racing Game,” “Monster Hunt
and “Airplane Battle”

» <

Dress-Up Game,

»
>

Jump Game,”

3.4 Experimental procedure

The experimental procedures are illustrated in Figure 3. Both the
experimental group and the control group were taught by the same
instructor, with sessions held once a week, each lasting for an hour,
over a total of 16 weeks. During the first 2 weeks, students were
introduced to the Scratch graphical programming interface and
building blocks, as well as the X-mind mind mapping software. In the
third week, pre-tests were conducted to assess students’ computational
thinking skills and self-efficacy.

From the fourth week to the fifteenth week, the teaching
experiments commenced. For the experimental group, the teaching
process entailed the following steps: the instructor demonstrated case
studies, then the instructor and students jointly analyzed and
decomposed these cases using mind maps, guiding students to
identify key logics and Scratch blocks. Students engaged in discussions
among themselves to refine their mind maps, and subsequently
collaborated to write the program based on the prompts from the
mind maps. Finally, they presented their work and summarized
their learning.

The teaching process for the control group was largely similar to
that of the experimental group, with the notable exception of the
absence of mind mapping. Specifically, the instructor demonstrated
case studies, and then the instructor and students analyzed the cases
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together. Students then collaborated to complete the cases, followed
by presentations and summaries.

3.5 Instrument

3.5.1 Computational thinking skills

To assess students’ computational thinking skills, we employed
The Bebras CT Challenge as our measurement tool. The Bebras CT
Challenge is an internationally renowned online competition designed
to promote computer science and computational thinking among
students aged 10 to 19, and it has proven to be highly effective (Boom
et al,, 2022; Dagiene and Jevsikova, 2012; Roman-Gonzilez et al.,
2017). This competition categorizes students into six age groups.
Given that the average age of the students in our experiment was 13,
we selected questions from the 12-14 age group. Each age group’s
questions are divided into three levels of difficulty: A-level, B-level,
and C-level, each targeting different sub-skills of computational
thinking. Specifically, A-level comprises 6 questions worth 2 points
each, assessing algorithmic thinking and modeling capabilities; B-level
includes 4 questions worth 4 points each, evaluating pattern
recognition and evaluation skills; and C-level consists of 2 questions
worth 6 points each, measuring abstraction and decomposition
abilities. We first translated the questions into Chinese and then had
two students read through them to analyze any potential linguistic
barriers in comprehension. It was found that the Chinese translations
did not pose any comprehension difficulties for the students.

3.5.2 Computational thinking self-efficacy

To measure students’ self-efficacy in computational thinking,
we utilized the Computational Thinking Scale adapted by Korkmaz
and Bai (2019). The original Computational Thinking Self-Efficacy
Scale developed by Korkmaz and colleagues has gained widespread
application globally. For this study, we employed the Chinese version
of the CTS, which has been extensively used in China and recognized
for its effectiveness in measuring self-efficacy in computational
thinking. The Computational Thinking Self-Efficacy Scale employs a
Likert five-point scale ranging from 1 = Strongly Disagree to
5 = Strongly Agree. It assesses five dimensions of computational
thinking: creativity, algorithmic thinking, collaboration ability, critical
thinking, and problem-solving ability, with a total of 22 items.
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FIGURE 2
Students using mind maps to train their thinking process.

4 Results

4.1 Analyzing the impact of mind mapping
on computational thinking skills

Regarding the first research question, we first conducted
independent sample t-tests on the pre-test and post-test data from the
experimental and control classes to determine whether there were any
differences in computational thinking skills between the two classes
before the teaching experiment began and whether there were any
differences after the teaching experiment was implemented. The
results are presented in Tables 1, 2. Subsequently, we performed paired
sample t-tests on the pre-test and post-test data of both the
experimental and control classes separately to verify the effectiveness
of the teaching experiment’s intervention. The results of these analyses
are shown in Tables 3, 4.

Before the experiment, through conducting an independent
sample t-test on the pre-test data, we can conclude (as shown in
Table 1) that the levels of computational thinking skills between the
experimental class and the control class were essentially the same, with
no significant difference (p =0.075 > 0.05). After a semester of
instruction, we performed paired sample t-tests on the pre-test and
post-test data of both groups. The data indicated (as shown in
Tables 3, 4) that within the experimental class, there was a significant
difference before and after the experiment (p < 0.001), indicating an
extremely significant improvement in computational thinking skills
as a result of the teaching experiment. Similarly, within the control
class, there was also a significant difference (p = 0.002), suggesting a
notable enhancement in computational thinking skills following the
teaching experiment, albeit to a lesser extent compared to the
experimental group.

When conducting an independent sample ¢-test on the post-test
data, the results (as shown in Table 2) indicated an extremely
significant difference (p < 0.001) between the experimental class and
the control class, suggesting that the experimental class outperformed
the control class in computational thinking skills. We further analyzed
the differences across the three dimensions of computational thinking
and found that the experimental group significantly surpassed the
control group in two dimensions: algorithmic thinking and modeling
capabilities (p = 0.046), as well as measurement, pattern recognition,
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and evaluation abilities (p = 0.004). However, there was no significant
difference in the dimension of abstraction and decomposition
(p =0.059).

4.2 Analyzing the impact of mind mapping
on self-efficacy in computational thinking

Addressing the second research question, we employed the
Computational Thinking Scale to conduct both independent sample
t-tests and paired sample t-tests to detect whether there were
significant differences between the experimental group and the
control group before and after the experiment. Prior to the
experiment, we conducted a pre-test on both the experimental and
control groups. The results of the independent sample ¢-test (as
shown in Table 5) indicated that the experimental group and the
control group were essentially the same in terms of self-efficacy in
computational thinking, with no significant difference (p = 0.094).
After the teaching experiment, paired sample ¢-tests were performed
separately on the experimental and control groups to analyze the
changes in both groups. The data revealed (as shown in Table 6) that
there was a significant difference in the experimental class before and
after the experiment (p <0.001), indicating a remarkable
enhancement in the attitudes toward computational thinking among
the experimental group through the teaching experiment. In
contrast, no significant difference was found in the control class
(p =0.092). Although the average score of self-efficacy in
computational thinking among the control group increased slightly
compared to the pre-test, this improvement did not reach statistical
significance (Table 7).

Further analysis was conducted to examine the differences
between the two groups across various dimensions. Based on the
results of the independent sample t-test (as shown in Table 8), it can
be observed that there was an extremely significant difference
(p < 0.001) between the experimental class and the control class after
the implementation of the teaching experiment. Specifically,
significant differences of varying degrees were found in five
dimensions: creativity, algorithmic thinking, collaboration ability,
critical thinking, and problem-solving.

5 Discussion

Programming serves as an ideal tool for enhancing students’
computational thinking, and through specific strategic support in this
process, students can attain a higher level of proficiency (Hooshyar,
2022; Rodriguez-Martinez et al., 2020; Zhang et al, 2023).
Furthermore, each step in the cognitive process of computational
thinking has a crucial impact on problem-solving abilities, making it
significant to leverage tools to advance students’ cognitive processes
related to computational thinking. Thus, it is necessary to explore
supportive strategies for fostering the cognitive processes of
computational thinking.

In this study, mind mapping was employed as a supportive
strategy and a cultivation tool for the cognitive processes of
computational thinking, to investigate its impact on computational
thinking skills and self-efficacy. After a 12-week experiment, post-test
data revealed that both the experimental group and the control group
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TABLE 1 Measurement of computational thinking skills in experimental
group and control group (Bebras) pre-test comparison (df = 35).

Experimental Control The
group group Bebras CT
(n =20) (n=17) challenge
M + SD M + SD EG 20 32550 | 12967 0.000
= = Total scores 3.997
Computational | 0.396 21.3+1.718 169+ 1.601 | 1.833 | 0.075 CG 17 24676 14963
thinking skills Algorithmic EG 20 9.60 0.450
(Bebras) thinking and
'3 8.24 0.481 2070 | 0.046
modeling CcG 17
capabilities
showed improvements in computational abilities, but the effect was
. . Pattern EG 20 13.40 0.727
more pronounced in the experimental group. The control group .
op . . . > iti 3.047 0.004
utilized graphical programming tools to cultivate students recoghition an cG | 88 0915
. S1. . . . luation skill
computational thinking, demonstrating that visual programming can cvaluation s
significantly enhance students’ computational thinking skills. This Abstraction and EG 20 1 690 0.788
finding corroborates existing research, reinforcing the positive decomposition G . 494 0572 | 1949 | 0059
influence of programming tools on computational thinking through abilities
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TABLE 2 Measurement of computational thinking skills in experimental
group and control group (Bebras) post-test comparison (df = 35).
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TABLE 3 Comparison of pre and post tests of the computational thinking
skills measurement scale in the experimental group (n = 20, df = 19).

Pre-test Post-test

M + SD M + SD
The Bebras 213+1.718 32.5+1.297 —6.577 0.000
CT challenge

TABLE 4 Comparison of pre and post tests of the computational thinking
skills measurement scale in the control group (n = 17, df = 16).

Post-test
M + SD M + SD

16.94 + 1.601 24.68 +1.496 —3.737 0.002

Pre-test

The Bebras
CT challenge

TABLE 5 Comparison of pre-test scores on the computational thinking
self-efficacy scale (CTS) between the experimental group and the control
group (df = 35).

EG CG
(n =20) (nh=17)
M + SD M + SD
CT self-
2.720 72.00+1.814 66.12+3.040 1.720 0.094
efficacy

TABLE 6 Comparison of post-test scores on the computational thinking
self-efficacy scale (CTS) between the experimental group and the control
(df = 35).

CT self-
efficacy
EG 20 | 8890 | 2.650
Total scores 4.932 0.000
CcG 17 | 7271 1.714
EG 20 1645 | 0.605
Creativity 2.807 | 0.008
CG 17 14.00 | 0.624
Algorithmic EG 20 1565 | 0.678
o 3337 | 0.002
thinking CcG 17 1212 0.826
Collaboration EG 20 26.00 0.827
, 4.079 | 0.000
ability CcG 17 2059 1.061
Critical EG 20 1560 | 0.705
o 2056 | 0.047
thinking CG 17 13.47 0.758
Problem- EG 20 1520 | 0.863 0.021
i 2415
solving CG 17 1253 | 0.637

TABLE 7 Comparison of pre-test and post-test scores on the
computational thinking self-efficacy scale (CTS) for the experimental
group (n = 20, df = 19).

Pre-test Post-test

M + SD M + SD
CT self- 72.0 + 1.814 88.9 +2.649 —6.577 0.000
efficacy
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TABLE 8 Comparison of pre-test and post-test scores on the
computational thinking self-efficacy scale (CTS) for the control group
(n =17, df = 16).

Pre-test Post-test

M+ SD M+ SD
CT self- 66.1 + 3.040 7271+ 1.714 —1.791 0.092
efficacy

data. Below is a discussion on the research questions based on the
study’s findings.

Research Question 1: Can mind mapping enhance middle school
students’ computational thinking skills from the perspective of the
cognitive processes of computational thinking (dimensions of
abstraction, decomposition, pattern recognition, algorithmic thinking,
and programming debugging)? The results indicate that the
experimental group supported by mind mapping exhibited more
significant improvements in computational thinking skills. Further
analysis reveals that, compared to the control group, students showed
notable differences in the dimensions of algorithms and modeling, as
well as pattern recognition and evaluation. However, there were no
significant  differences in the dimensions of abstraction
and decomposition.

As mentioned earlier, during the teaching process, students in
both the experimental and control groups were led by teachers to
analyze and decompose cases, with the teachers explanations
predominating. However, in the experimental group, after presenting
the decomposed results using mind maps, students continued to use
mind maps to analyze the specific steps for implementing each small
problem. This process was crucial for enhancing their algorithmic
modeling skills. Additionally, during this process, students also
associated the specific code blocks they used with previously learned
cases, serving as a form of recall and cognitive reinforcement,
ultimately improving their pattern recognition abilities. Upon further
analysis of the experimental process, it was observed that after
presenting cases, teachers led students to decompose the cases and
analyze the problems together. Therefore, no significant differences
were observed in the dimensions of decomposition and abstraction.
In the future, an attempt could be made to allow students to use mind
maps independently to decompose cases and analyze problems,
thereby fostering their abilities in decomposition and abstraction. The
experiment confirmed previous research findings (Basu et al., 2017;
Ismail et al., 2010) that mind mapping has a positive impact on the
computational thinking skills of university students and primary
school students. Simultaneously, this study extended this discovery to
middle school students.

Research Question 2: Can mind mapping enhance middle school
students’ self-efficacy in computational thinking? We have obtained a
positive answer to this question. The data indicated that the
experimental group showed significant improvements across all five
dimensions of computational thinking self-efficacy. This result aligns
with previous research (Malycha and Maier, 2017; Rahmidani, 2019),
suggesting that mind mapping positively impacts students’ creativity,
critical thinking, algorithmic thinking, problem-solving skills, and
collaboration abilities. In the context of this experiment, when students
used mind maps to analyze project-based tasks, they generated diverse
ideas and multiple solutions to the same problem. This process
effectively promoted their creative thinking, algorithmic thinking, and
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collaboration skills. Furthermore, the variety of approaches to solving
the same problem necessitated analysis, discussion, and selection
among students, which contributed to the development of their critical
thinking. In contrast, in the control group, individual ideas were
implicit within the programming modules, hindering students from
analyzing the differences between various methods. Consequently,
using mind maps to discuss algorithms and visualizing thinking
facilitated student communication and discussion, ultimately
enhancing their computational thinking self-efficacy.

This finding corroborates previous research, demonstrating that
mind mapping can significantly enhance students’ self-efficacy in
flipped classrooms and interdisciplinary teaching. The current study
extends these results by showing that mind mapping can also improve
students’ computational thinking self-efficacy in the context of
graphical programming. Furthermore, research indicates that low self-
efficacy is a significant barrier in programming learning, whereas
students with high self-efficacy tend to perform better in
programming. This explanation sheds light on why the experimental
group students demonstrated superior computational thinking skills
compared to the control group. By fostering a sense of accomplishment
and confidence through the use of mind maps, students in the
experimental group likely felt more empowered to tackle programming
challenges, leading to their improved performance.

6 Conclusion and limitations

This study explored the strategy of utilizing mind maps to enhance
middle school students’ computational thinking skills and self-efficacy
in graphical programming. By visualizing the cognitive processes of
computational thinking through mind maps, the teaching experiment
conducted over a semester revealed that this strategy significantly
improved students’ computational thinking skills, particularly in the
dimensions of algorithmic modeling and pattern recognition and
evaluation. Regarding computational thinking self-efficacy, students
demonstrated notable enhancements across five dimensions: creativity,
algorithmic thinking, critical thinking, collaboration skills, and problem-
solving abilities. This research holds significant theoretical and practical
implications. Theoretically, this study validates the role of mind mapping
as an instructional strategy in fostering computational thinking in
programming education. By experimentally verifying the positive impact
of mind mapping on computational thinking self-efficacy, it expands
upon previous research on mind mapping. Practically, this experiment
was conducted in an authentic teaching environment, making it feasible
for frontline teachers to adopt and implement the strategy in their own
classrooms. This finding offers a practical tool for educators to enhance
students’ computational thinking skills and self-efficacy, ultimately
leading to improved learning outcomes in programming education.

There are several limitations to this study that warrant
consideration. Firstly, the sample was drawn from urban schools in
western China, where students had no prior exposure to graphical
programming before middle school. Future research could expand to
economically developed provinces in central and eastern China to
increase the diversity of the sample. Secondly, the sample students were
voluntarily enrolled in the graphical programming club, indicating a
high likelihood of their interest in computer-related activities.
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Additionally, the majority of the participants were male, and the study
did not account for gender factors. Future research should broaden the
scope of participants and consider multiple factors such as interest and
gender. Thirdly, different forms of mind mapping, such as digital
creation versus hand-drawn, can influence student learning. However,
this study only utilized digital mind mapping. Further research could
explore the effects of various mind mapping methods on students’
learning outcomes. Lastly, the study found no significant difference in
the decomposition and abstraction dimensions of computational
thinking. Further investigation is needed to explore potential reasons
for this outcome and refine the experimental design. Addressing these
limitations in future research will contribute to a more comprehensive
understanding of the effectiveness of mind mapping in enhancing
computational thinking skills and self-efficacy among students.
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