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Abstract: This paper explores in depth the cultivation path of computational thinking ability for primary and secondary
school students. At the theoretical level, it systematically sorts out and analyzes the definition and connotation of
computational thinking. Clear computational thinking refers to the use of fundamental concepts in computer science,
covering key elements such as decomposition, abstraction, modeling, algorithm design, evaluation, and optimization, to
engage in thinking activities related to human problem-solving, system design, and behavioral understanding. In terms of
exploring the cultivation path, comprehensive and specific strategies have been proposed from multiple dimensions such as
curriculum design, teaching method innovation, and faculty team building. In terms of curriculum design, the article
particularly emphasizes the importance of courses and the integration of disciplines. In terms of innovative teaching
methods, the project-based learning teaching approach was explained in detail. In terms of teacher team building, a detailed
construction plan for teacher training has been proposed, and through multidimensional research methods and rich practical
cases, some achievements with certain theoretical and practical value have been achieved.
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1. Introduction

Computational thinking is an important and gradually gaining widespread attention as a way of thinking. It is not just
limited to the field of computer science, but a series of cognitive activities!!l. For example, using basic concepts of
computer science to solve problems, design systems, and understand human behavior. Computational thinking emphasizes
the decomposition of complex problems into manageable sub problems through abstraction and modeling, design of
algorithms and steps, evaluation and optimization of solutions, in order to discover the essence and laws of the problem
and solve it accordingly. This way of thinking not only plays a core role in computer programming, software development,
and other fields, but also has a wide range of applications in many disciplines such as mathematics, physics, engineering,
economics, and practical life.

This article aims to deeply explore the effective paths for cultivating computational thinking abilities among primary
and secondary school students. Through a systematic analysis of the current educational situation, students' characteristics,
and problems in teaching practice, combined with educational theories and practical experiences, it proposes targeted and
highly operational strategies for cultivating computational thinking abilities, with the goal of effectively enhancing the

computational thinking abilities of primary and secondary school students.
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2. Definition and Connotation of Computational Thinking

2.1 Definition and Explanation

The concept of computational thinking has attracted extensive attention and in-depth discussion in the fields of
education and academia since its introduction. Professor Zhou Yizhen, the director of the Computer Science Department at
Carnegie Mellon University in the United States, first proposed the concept of computational thinking in the authoritative
American computer journal "Communications of the ACM" in March 2006. It is defined as "a series of thinking activities
covering the breadth of computer science, such as problem-solving, system design, and understanding human behavior,
which utilize the basic concepts of computer science"?l. This definition laid a solid foundation for the research on
computational thinking and enabled people to start viewing the application and value of computational thinking in different
fields from a broader perspective.

Professor Zhou Yizhen further explained that computational thinking is a thinking process that simplifies, embeds,
transforms, and simulates problems through various methods, breaking down a seemingly complex problem into a clear
and easily solvable one. For example, when solving complex mathematical problems, the reduction method can be used to
simplify the complex problem into several simple sub-problems, and solve the sub-problems one by one to achieve the
solution of the original problem; when designing a computer system, through the methods of transformation and simulation,
the actual requirements are converted into models that the computer can understand and process, thereby constructing a
system that meets the requirements. This way of thinking emphasizes starting from the perspective of computer science,
using its unique concepts and methods to solve various problems, not only limited to the traditional field of computer
programming, but also widely applied in problem-solving, system design, and understanding human behavior, etc.

2.2 In-depth Analysis of the Connotation

The connotation of computational thinking is rich and diverse, covering multiple key elements. These elements are
interrelated and together form the core content of computational thinking.

Decomposition is one of the important connotations of computational thinking. Decomposition refers to dividing a
large and complex problem into several sub-problems that are easier to handlel’). When dealing with the development of
large-scale management information system software projects, it can be decomposed into several sub-problems such as
user interface and interaction design, core functional module implementation, database design, etc. Each sub-problem can
be further divided. For example, the implementation of the core functional module can be divided into the writing of
specific function functions, the design of interfaces between modules, and database access, etc. Through this top-down and
gradually decomposing problem from the macroscopic to the microscopic approach, complex problems are gradually
refined, thereby reducing the difficulty of problem-solving. Then, independently analyze and solve each sub-problem, and
finally achieve the effective solution of the entire complex problem.

Abstraction is another key element of computational thinking. It requires people to filter out unnecessary details when
thinking about problems, quickly extracting the essential features and key elements of the problem, thereby forming a
concise and accurate understanding of the problem!. For example, when designing a graphics drawing program, one can
focus on the basic shapes and positional relationships of the graphics, which are the essential features of the graphics,
while temporarily ignoring the specific details and non-key information such as the color and thickness of the lines. This
way, when solving problems, one can avoid being disturbed by the complicated details, thus focusing more on the core
content and ultimately improving the efficiency and accuracy of problem-solving.

Modeling is one of the core components of computational thinking. It involves constructing models that can describe
problems and their solutions by using mathematical and logical methods on an abstract basis®. When studying physical
phenomena, such as the laws of object motion, a mathematical model can be established to describe the relationships
between physical quantities such as the position, velocity, and acceleration of the object using formulas and equations.
Through the analysis and solution of the model, one can deeply understand the essence of the problem, predict its
development trend, and provide effective guidance for solving the problem.

Algorithm design is an important manifestation of computational thinking. It refers to a series of clear and orderly
operational steps designed for a specific problem[®. When writing sorting programs, different algorithms can be designed,
such as bubble sort, quick sort, etc. The bubble sort algorithm gradually "bubbles" the largest (or smallest) element to the
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end of the array by repeatedly comparing adjacent elements and swapping positions; the quick sort algorithm adopts the
divide-and-conquer approach, dividing the array into two parts, and recursively sorting each part to ultimately achieve the
ordered arrangement of the entire array. Reasonable algorithm design can improve the efficiency and quality of
problem-solving and is a key link of computational thinking in practical applications.

3. Analysis of the Problems and Causes of Computational Thinking Skills among Primary and
Secondary School Students

3.1 Existing Problems

At present, there are many deficiencies in the computational thinking abilities of primary and secondary school
students. Firstly, the computational thinking skills of students need to be improved. Although students perform relatively
well in the decomposition dimension, their scores in the abstract, modeling, algorithm design, evaluation and optimization
dimensions are all at a medium-low level, indicating that there are obvious shortcomings in the development of these key
abilities!’]. When solving mathematical problems, students can break down the problem into known conditions and solution
steps, but they have difficulties in abstracting the essential features of the problem, establishing mathematical models, and
designing efficient algorithms, resulting in low problem-solving efficiency.

Secondly, students lack the ability to apply computational thinking. In class, although many students have learned and
mastered some concepts and methods of computational thinking, they have difficulty applying these knowledge to solve
practical problems in real life and study. When facing daily problems, such as scheduling study time and personal shopping
budget, students rarely use the methods of computational thinking, such as breaking down problems and designing
algorithms, to formulate reasonable solutions. This clearly indicates that there is a significant gap between students' ability
to convert theoretical knowledge into practical application skills. The awareness and ability to combine computational
thinking with actual situations need to be strengthened.

Furthermore, the weak awareness of computational thinking among students is also a significant issue. Some students
have a poor understanding of the concept and importance of computational thinking, and do not have a deep
comprehension of its role in the problem-solving process. They fail to fully grasp it during their learning®. During the
learning process, students place more emphasis on memorizing knowledge and mastering test-taking skills, while
neglecting the training of their thinking abilities. In classroom teaching, when teachers ask students to solve problems
using computational thinking, some students appear at a loss and unable to start, which fully reflects that students have not
yet developed the awareness and habit of actively applying computational thinking to solve problems.

3.2 Analysis of Reasons

The reasons for the insufficient computational thinking ability of primary and secondary school students are diverse,
mainly including factors such as curriculum design, teaching methods and teaching staff.

In terms of curriculum design, currently, the curriculum system of primary and secondary schools has relatively few
courses specifically focused on the cultivation of computational thinking, and lacks systematicness and coherencell.
Although the information technology courses do cover some elements of computational thinking, in actual teaching, they
often focus on the training of computer operation skills rather than providing in-depth cultivation of computational
thinking. Mathematics, science and other subjects contain rich elements of computational thinking, but due to the
limitations of course goals and teaching priorities, these resources have not been fully explored and utilized, resulting in
the lack of effective carriers for the cultivation of computational thinking in curriculum implementation. Moreover, the
integration of courses among different disciplines is insufficient, and there are no cross-disciplinary courses for the
cultivation of computational thinking, making it difficult for students to combine the knowledge and methods of different
disciplines and apply computational thinking to solve complex problems.

In terms of teaching methods, traditional teaching approaches are still predominant in primary and secondary school
classrooms. This teaching method, which focuses on imparting knowledge and neglects the students' central role, is unable
to effectively cultivate students' computational thinking abilities!'”). During the teaching process, teachers often directly
provide solutions to problems, while students merely passively accept and imitate, lacking opportunities for independent
thinking and exploration. Such teaching methods are not conducive to fostering students' innovative thinking and practical
skills, nor do they help stimulate their interest and initiative in learning. Moreover, the lack of practical activities and
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project-based learning in the teaching process means that students rarely have the chance to apply the computational
thinking knowledge they have learned to real-world problems, resulting in their application abilities not being effectively
exercised and improved.

The cultivation of students' computational thinking ability is also an important factor related to the teaching staff. On
one hand, some teachers themselves do not have a deep understanding and mastery of computational thinking, lack
relevant teaching experience and skills, and thus find it difficult to effectively incorporate the cultivation of computational
thinking into their teaching!''l. On the other hand, there is relatively little training for computational thinking teaching, and
teachers lack opportunities for learning and improvement, making it difficult for them to master and adopt advanced
teaching methods and strategies, and unable to meet the actual needs of cultivating students' computational thinking ability.

4. Exploration of Training Paths

4.1 Establish specialized courses

4.1.1 Course objective setting

The formulation of course objectives should closely align with the cognitive development patterns of students and the
core essence of computational thinking. For students in the lower grades of primary school (grades 1-3), their cognition
mainly transitions from intuitive image thinking to abstract logical thinking. This type of thinking prefers to learn through
specific objects and activities, and is full of curiosity about the world. The course objectives for this stage should focus on
stimulating students' interest in computational thinking and guiding them to initially understand the basic concepts and
methods of computational thinking. For example, through simple and interesting games and activities, students can
understand what problem decomposition is, such as breaking down a jigsaw puzzle game into steps like finding the puzzle
pieces and attempting to assemble them; initially experiencing abstract concepts, such as abstracting the basic features of
shapes from different-shaped objects; and learning some simple pattern recognition, such as identifying the arrangement
patterns of shapes. Through the implementation of these activities, students' observation skills and initial logical thinking
abilities are exercised, laying a foundation for future learning.

The students' ability to understand some complex concepts and relationships through abstract logical thinking has
already developed to a certain extent in the upper grades of primary school (grades 4-6). The curriculum objectives at this
stage should be further deepened to cultivate students' ability to solve simple practical problems using computational
thinking['?l. At this stage, students can learn how to use the decomposition method to break down complex problems in
mathematics or life into several sub-problems, and find solutions for each sub-problem; they can extract key information
from practical problems and master more complex abstract skills to establish simple mathematical models or logical
models; they can learn to design simple algorithms, such as implementing functions like sorting sequences and text
processing through writing simple programs; and cultivate students' awareness of making preliminary evaluations and
reflections on problem-solving strategies, being able to identify their own shortcomings during the problem-solving
process and attempt to improve them.

At the junior high school stage, students' thinking abilities further improve, and they begin to possess strong abstract
thinking and logical reasoning skills!'¥). The course objectives should focus on the cultivation of students' comprehensive
application abilities and innovative thinking. Students need to deeply study algorithm design, master the principles of
common algorithms, be able to flexibly choose algorithms for different problems, and be able to optimize and improve
algorithms; learn to use computational thinking for system design, such as designing small management information
systems and simple website architectures; cultivate students' critical thinking and innovative abilities, encourage them to
question existing solutions and propose improvement suggestions, try to think from different perspectives, and propose
innovative solutions; at the same time, guide students to apply computational thinking in the study of other subjects,
achieve the integration of knowledge in different disciplines, and improve students' ability to solve complex problems.

4.1.2 Course Content Design

The design of the course content should be comprehensive and systematic, covering key areas such as
programming fundamentals, algorithm design, and data analysis, in order to establish a complete system for cultivating

computational thinking.
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The important cornerstone for cultivating computational thinking - programming foundation. In the primary school
stage, graphical programming tools such as Scratch can be introduced. It features an intuitive graphical interface and
simple, understandable instruction modules, enabling students to easily get started. They can drag and combine instruction
modules to write programs and achieve various interesting functions, such as animation creation and game developmentl'4l.
The Scratch graphical programming is vivid and appealing, in line with the cognitive characteristics of primary school
students, reducing the programming barrier and stimulating students' interest in learning, allowing them to initially
understand the basic concepts and processes of programming in a relaxed and enjoyable atmosphere. As the learning
progresses, in the junior high school stage, it can gradually transition to code programming, such as the Python language.
The Python language is concise and clear, has powerful functions, and has rich libraries and modules, which can meet the
programming needs of different fields. When students learn Python programming, they not only need to master the basic
grammar and data types, but also need to learn to use functions for modular programming to improve the readability,
reusability, and maintainability of the code.

One of the core elements of computational thinking is algorithm design. The course content should include basic
concepts of algorithms, the design and implementation of common algorithms, optimization and analysis of algorithms,
etc.[P]. In the primary school stage, through simple examples such as finding the largest number among three numbers,
calculating the greatest common divisor and least common multiple of two numbers, students can understand the concept
and function of algorithms and learn to describe the steps of algorithms in natural language. In the junior high school stage,
students will delve deeper into the principles and implementation of common algorithms, such as sorting algorithms
(bubble sort, quick sort, insertion sort, etc.) and search algorithms (sequential search, binary search, etc.). Students need to
understand the basic ideas and implementation steps of each sorting algorithm and be able to analyze the time complexity
and space complexity of the algorithm. Taking bubble sort as an example, students should understand that it is a process of
repeatedly comparing adjacent elements and exchanging positions to gradually "bubble" the largest (or smallest) element to
the end of the array. Through the actual programming implementation of these algorithms, students can deepen their
understanding and mastery of algorithms, and improve their logical thinking ability and programming skills.

In the digital age, data analysis is an indispensable ability and an important part of cultivating computational
thinking['®]. In the design of course content, it should include data collection, organization, analysis, and visualization. At
the primary school level, students can use simple charts (such as bar charts and pie charts) to learn to collect and organize
data through simple survey activities such as statistics on students' interests, heights, and weights in the class. At the junior
high school level, they will further learn methods and tools for data analysis, such as using Excel for data processing and
analysis, learning to use functions and data pivot tables for data calculation and statistical analysis; learning the basic
concepts and methods of data analysis, such as the central tendency of data (mean, median, mode), and the dispersion
degree (variance, standard deviation); through the analysis of housing price trends in a certain area and the distribution of
students' academic performance and other practical cases, students can master the process and methods of data analysis, be
able to extract valuable information, and make reasonable decisions.

4.2 Project-Based Learning

In project-based learning, project design is a crucial aspect that directly affects students' learning outcomes and the
cultivation of their computational thinking skills. Project design should be carried out based on the principles of being
close to life, being challenging, and having a certain degree of openness!!”l,

Projects closely related to daily life enable students to truly understand the practical significance of learning, and also
stimulate their interest and enthusiasm in studying. For example, the "Campus Water Conservation Plan" project allows
students to conduct on-site investigations of campus water facilities, calculate water usage, analyze the causes of water
waste, and propose specific water conservation measures!'®]. During this process, students apply the decomposition strategy
in computational thinking, breaking down the water conservation issue into multiple sub-problems, such as understanding
the current water usage situation, analyzing the causes of waste, and formulating water conservation measures, etc. By
solving these sub-problems, they ultimately achieve the goal of campus water conservation. Such projects closely related to
life enable students to apply the knowledge they have learned in real life, improve their ability to solve practical problems,
and at the same time enhance their environmental awareness and social responsibility.

74



Challenging projects can stimulate students' curiosity and exploratory spirit, enabling them to fully utilize their
thinking abilities and try new methods and strategies. For instance, the "Intelligent Robot Competition Project" requires
students to design and build an intelligent robot capable of completing specific tasks, such as robot football competitions or
robot treasure hunts!!®). During the project implementation, students need to apply programming knowledge, electronic
circuit knowledge, and mechanical design knowledge to solve problems related to the robot's motion control, sensor
application, and algorithm optimization. These tasks have a certain degree of difficulty and challenge, and students need to
continuously think, try, and innovate in order to cultivate their innovative thinking and practical hands-on skills. At the
same time, challenging projects can also help students develop their ability to withstand setbacks and solve problems.
Through continuous efforts and attempts, students can ultimately overcome difficulties when encountering problems in the
project, enhancing their self-confidence and sense of achievement.

Open-ended projects can provide students with a broad space for thinking, encouraging them to consider problems
from different perspectives and propose diverse solutions. This is an open educational approach. For example, in the
"Future City Planning Project", students can design the layout, transportation system, energy supply, etc. of the future city
based on their imagination and understanding™’l. In this project, there are no fixed answers or standards. Students can fully
exert their creativity and imagination and propose various novel ideas and solutions. Open-ended projects can also
cultivate students' critical thinking and teamwork skills. During discussions and exchanges, students need to analyze and
evaluate different solutions, express their own opinions and suggestions, and jointly improve the project plan through
teamwork, thereby enhancing the quality and feasibility of the project.

4.3 Staff Team Building

Teacher training is extremely crucial and necessary, and it holds significant importance for enhancing the quality of
cultivating students' computational thinking skills in primary and secondary schools. The training content should cover
theoretical knowledge of computational thinking, enabling teachers to deeply understand the connotation, core elements,
and significance of computational thinking. Through systematic learning, teachers can accurately grasp the differences
between computational thinking and traditional thinking methods, as well as the important role of computational thinking
in students' learning and future development??!l. For example, organizing teachers to attend special lectures on
"Computational Thinking Theory", inviting experts and scholars to elaborate on the concept, development history, and
application fields of computational thinking, so that teachers can comprehensively and thoroughly understand
computational thinking, integrate it, and apply it in practice.

In teacher training, programming skills training is also an important part. In today's era of continuous development of
information technology, programming has become an important means to cultivate students' computational thinking.
Teachers need to master certain programming skills in order to better guide students in programming learning and cultivate
their computational thinking abilities. The training can be targeted at teachers of different levels, providing courses ranging
from basic programming knowledge to advanced programming applications. For teachers with weak programming
foundation, they can first receive introductory training in programming languages such as Python and Scratch, allowing
them to master basic programming syntax, data types, control structures, etc., while learning simple program design. For
teachers with certain programming foundation, advanced programming courses such as algorithm design, data structures,
and artificial intelligence programming can be offered to improve their programming skills and application abilities.
Through the development and practice of actual projects, teachers can integrate programming knowledge with teaching
practice, thereby better guiding students' programming learning.

Teaching method training is also indispensable. Teachers need to master advanced teaching methods that can
stimulate students' interest in learning and improve teaching effectiveness. Training can be conducted through case
analysis, simulation teaching, etc., allowing teachers to understand the implementation steps, precautions, and evaluation
methods of these teaching methods. Taking project-based learning as an example, some successful project-based learning
cases can be selected during the training, such as "Campus Culture Construction Project" and "Environmental Protection
Theme Project", to analyze the design ideas, implementation processes, and students' learning outcomes of these projects.
Teachers can learn how to design projects, how to organize students to carry out project practices, how to guide students to
solve problems using computational thinking, and how to evaluate project outcomes, etc. At the same time, the training can
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also set up simulation teaching sections, allowing teachers to conduct simulated teaching of project-based learning in
groups, observe and evaluate each other, and improve teaching ability in practice.

The training methods should be diverse to meet the learning needs of different teachers. Online training has the
advantages of convenience and flexibility. The learning content and time can be chosen by the teachers themselves. An
online learning platform can be set up to provide rich training course resources, including video lectures, online documents,
interactive discussion areas, etc. By watching video lectures, teachers can learn theoretical knowledge while also acquiring
computational thinking and programming skills; by consulting the relevant information in online documents, they can
deepen their understanding of the knowledge points; in the interactive discussion area, they can exchange learning
experiences and teaching methods with other teachers and solve problems encountered in the learning process. Offline
training can provide face-to-face communication and practical opportunities, enhancing the effectiveness of the training.
Concentrated training can be organized, inviting experts and outstanding teachers from the front line to give on-site
lectures and guidance. During the training, practical operation sections can be set up, allowing teachers to apply the
knowledge they have learned to practice through actual programming, teaching design, and other activities, improving their
teaching ability. At the same time, teachers can also be organized for field trips to visit the teaching practices of other
schools on computational thinking, learning advanced teaching experiences and teaching models.

5. Conclusion and Outlook

This article conducts an in-depth exploration of the cultivation paths for computational thinking skills among primary

and secondary school students. Through multi-dimensional research methods and a wealth of practical cases, it has
achieved a series of significant theoretical and practical achievements.
Looking to the future, the cultivation of computational thinking skills among primary and secondary school students will
remain a continuously evolving research field. With the rapid development of information technology and the continuous
emergence of new technologies, the connotation and application scenarios of computational thinking will also continue to
expand and deepen. Future research should closely follow technological trends, promptly update and improve the content
and methods of computational thinking cultivation, integrate emerging technologies into teaching practice, and cultivate
students' computational thinking abilities to adapt to the development of future society. At the same time,
cross-disciplinary research should be strengthened to further explore the integration models and methods of computational
thinking with other disciplines, promoting the all-round development of students. Additionally, international exchanges
and cooperation should be enhanced to draw on advanced computational thinking education experiences from abroad,
combined with the actual situation of our country's education, to promote the continuous improvement of the cultivation
level of computational thinking skills for primary and secondary school students in our country.
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