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  Abstract 

In China, Computer Science Education (CSE) is undergoing reform to meet the 

demands of the artificial intelligence era. This reform involves integrating compu-

tational thinking (CT) with pedagogy and computer science technology. This 

study, using quantitative methodologies, investigates the effectiveness of Project-

Based Learning (PBL) in enhancing Computational Thinking (CT) within Com-

puter Science Education (CSE). PBL, which emphasizes learning through experi-

ence and fosters the concurrent development of knowledge and skills, aligns well 

with CT's objectives. The research began with gathering data on current teaching 

paradigms and developing Problem-Based Learning (PBL) strategies. A Problem-

Based Learning (PBL) teaching model, based on literature, was then developed 

and evaluated through a quasi-experimental design, with ongoing refinement dur-

ing its implementation. The data was statistically analyzed using SPSS software, 

and the findings validate the PBL teaching model as significantly enhancing criti-

cal thinking (CT) among students. Consequently, this research establishes Prob-

lem-Based Learning (PBL) as a potent tool in fortifying Critical Thinking (CT) in 

Computer Science Education (CSE) in China. It also contributes to the educational 

reforms aimed at aligning education with the era of artificial intelligence. 
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1. Background of the Study  

Computer Science education, synthesizing pedagogy and technology, emerged in the United States before migrating to 

China in the 20th century. Over nearly nine decades, Chinese universities have adopted Computer Science education, 

with over 140 institutions now offering related majors. However, a significant proportion of these programs are relatively 

new, indicating the field's emergent nature in China, characterized by continuous evolution. 

As the era of Artificial Intelligence (AI) dawns, computational thinking is gaining prominence as an essential 
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component of education (Association for Computing Machinery, 2021). Globally, 52 countries have incorporated com-

putational thinking into their elementary education curricula. A plethora of pedagogical frameworks focused on compu-

tational thinking has been devised for both primary and tertiary education. China's Ministry of Education has issued 

directives that integrate programming with hands-on, interdisciplinary learning, while concurrently striving to develop 

educators proficient in computational thinking instruction. The educators' expertise is imperative in refining the quality 

of national computational thinking education. Consequently, augmenting computational thinking proficiency in Computer 

Science education is vital. However, undergraduates, often products of traditional educational paradigms, tend to display 

a deficiency in computational thinking, thus facing difficulties adapting to the AI era's demands (Ge, 2022). 

PBL, a pedagogical methodology, posits that learning should be instructor-centered, and experiential, and facilitate 

knowledge acquisition and skills development. Numerous studies corroborate PBL's effectiveness in nurturing students' 

advanced cognitive abilities. Computational thinking, which emphasizes cognitive processes, problem-solving, and ap-

plying information technology for solution development, aligns with PBL objectives. Therefore, educational approaches 

grounded in PBL can be potent in bolstering students' computational thinking. 

This research examines the development of computational thinking in Computer Science undergraduates at Chinese 

tertiary institutions, focusing on second-year students at Zhengzhou University of Culture and Technology Industry, He-

nan Province, China. The study involves designing and implementing a three-week PBL activity to evaluate its efficacy 

in cultivating computational thinking. 

(1) Computer Science Education in China  

Computer Science Education is an emerging interdisciplinary field merging pedagogy with computer science. Its in-

ception in the 20th century in the United States paved the way for its introduction to China in the 1930s, where it was 

initially termed “electrified education.” This discipline in China is divisible into three historical epochs: pre-liberation 

(1936-1949), the nascent People's Republic of China (1949-1978), and the reform era (1978-2008). 

In the pre-liberation phase, the 1936-established Film Education Committee anchored the discipline by creating 81 

mobile film education units equipped with projectors and generators. Post-1949, the Ministry of Cultures Bureau of Pop-

ular Science established the Electrification Education Department, fostering the domain's growth. The reform period, 

commencing in 1978 saw the inauguration of the China Central E-learning Education Center, mandated to create e-learn-

ing materials, conduct application research, and provide training, heralding a new era for Computer Science Education in 

China. 

In the 21st century, we witnessed public institutions, including the Central Audio-Visual Education Center, advancing 

Computer Science Education. The Ministry of Education played a pivotal role by creating specialized entities like the 

Computer Science Education Project Advisory Committee and issuing various policies and standards to bolster govern-

ance and research within the field. The China Association for Educational Technology (CAET), founded in 1991, warrants 

special mention for its prodigious contributions to research and international collaboration, in addition to publishing 

scholarly works and sponsoring academic journals (Hu & Wang, 2022). 

The phenomenal progress of Computer Science Education in China is attributable to robust support from educational 

authorities, and synergistic cooperation among administrative bodies, and public institutions. Additionally, to ensure eq-

uitable access, the Chinese government has instituted targeted policies for underprivileged regions, with local agencies 

tasked with policy execution. These agencies actively garner resources for Information and Communication Technology 

(ICT) infrastructure, educator development, and innovative projects to enhance education quality. 

In summary, Computer Science Education, although rooted in the United States, has flourished exponentially in China 

due to concerted government and societal efforts. Tailored policies aim to foster the sustained, balanced nationwide prop-

agation of this education. 

(2) Computer Science Education in Chinese Universities 

Computer Science Education, with a venerable lineage of 87 years in Chinese academia, was initiated as an E-learning 

major in 1936, primarily targeting tertiary education. In 1983, China's E-learning Education Work Conference stressed 

the importance of cultivating a substantial pool of e-learning professionals. Following television's arrival and computer 

classroom integration, South China Normal University and East China Normal University inaugurated the first E-learning 

undergraduate programs in China in 1948, reflecting technological advancement and governmental endorsement. Be-

tween 1986 and 1990, multiple universities sequentially introduced four-year E-learning undergraduate programs (Hu, Li, 

& Liu, 2021). 

The 1990s saw traditional E-learning education transform into modern computer science education, concomitant with 

the advent of multimedia technology and the global Internet. Concurrently, information technology education in primary 

and secondary schools started flourishing in China. The increasing demand for educators proficient in computer technol-

ogy and pedagogical theory influenced universities like Beijing Normal University and East China Normal University to 
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admit their first postgraduate students in computer science education. In 1993, the Academic Degrees Committee of the 

State Council approved a doctoral program in computer science education at Beijing Normal University, marking the first 

admission of doctoral candidates in the discipline. Simultaneously, China's Ministry of Education recognized computer 

science pedagogy as a pedagogical sub-discipline. 

2. Problem Statement  

Coinciding with the proliferation of computer technology, individuals are compelled to recalibrate their behavioral and 

cognitive frameworks to keep pace with technological evolution. Professor Zhou Yizhen, a renowned figure in computa-

tional thinking, asserts that it is an essential acumen for flourishing in the information age and plays a pivotal role in 

human development, particularly during the rapid evolution of information technology.  

Computer Science education is an interdisciplinary field amalgamating pedagogy, psychology, and computer science, 

among others, and is imbued with complex content. This complexity is magnified by the swift emergence of information 

technologies like big data, cloud computing, the Internet of Things, and artificial intelligence. Traditional pedagogical 

approaches prove inadequate for nurturing computational thinking, often resulting in diminished student engagement and 

subpar learning outcomes. For instance, in the context of Graphic Programming, an archetypal course in Computer Sci-

ence Education, students often wrestle with concept comprehension, consequently resorting to mechanical software op-

eration bereft of innovation. PBL has ascended as a groundbreaking educational paradigm in Western higher education, 

particularly during the shift from elitism to mass education, and is acclaimed as a landmark innovation in contemporary 

pedagogical reforms. Currently, scholars worldwide have formulated diverse instructional models based on computational 

thinking, such as problem-based, task-driven, and gamified approaches, and substantiated their efficacy in cultivating 

computational thinking.  

PBL, recognized for fostering higher-order thinking, has drawn international academic attention and has been utilized 

to develop computational thinking among Computer Science education majors. However, existing literature is nascent, 

often offering superficial insights. Comprehensive instructional models and project cases tailored for Computer Science 

education majors are scant. Therefore, the development of project-based instructional models is of paramount importance 

for cultivating adept professionals in Computer Science education. 

3. Literature Review 

3.1 Literature Review for Population 

In China, Computer Science Education is an undergraduate program under the supervision of the education department, 

typically lasting four years. Graduates earn a Bachelor's degree in either education or science (Ministry of Education, 

People's Republic of China, 2018). The program aims to cultivate individuals who demonstrate political acumen, human-

istic values, global awareness, innovative thinking, and practical expertise in computer science education. Such individ-

uals should possess an understanding of fundamental theories, methodologies, and technologies in this field. They are 

expected to exhibit proficiency in creating digital learning environments and resources, and skill in implementing infor-

mation-based teaching processes. Additionally, they should be capable of leading and nurturing the advancement of edu-

cational informatization, thereby fostering interdisciplinary talents. The program mainly focuses on training educators 

and professionals adept in computer science education, information technology management, and e-learning for primary 

and secondary schools, as well as educational training institutions in China (Hu, 2019). In 2002, Computer Science Edu-

cation programs at Beijing Normal University and South China Normal University were recognized as the first national 

key disciplines. During the same year, over 140 universities offered majors in computer science education, with 41 insti-

tutions authorized to confer master's degrees and 17 authorized for doctoral degrees. This has contributed to the evolution 

of China's computer science education into a multifaceted talent development ecosystem that includes associate, bache-

lor's, master's, doctoral, and post-doctoral programs. 

4. Purpose of the Present Study 

This study aims to evaluate the impact of teaching programs in computer science education that are developed using 

the PBL model on the enhancement of computational thinking abilities among computer science education majors in 

Chinese universities (Hu, Kong, & Chen, 2021). It seeks to ascertain the effectiveness of project-based teaching models 

in fostering computational thinking abilities among university students. Furthermore, this research endeavors to contribute 

towards the optimization of the teaching methodology in computer science education within Chinese higher educational 

institutions, with an emphasis on cultivating students' thinking skills. 
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5. Significance of the Study  

Presently, Computer Science education in China faces numerous pedagogical challenges, making the development and 

implementation of a PBL model pivotal both theoretically and practically. 

(1) Theoretical Significance: 

This research aims to enhance computational thinking among students in Chinese universities' Computer Science pro-

grams, using graphical programming as a focal point. It undertakes the design and implementation of a pedagogical ex-

periment rooted in PBL. It evaluates shifts in students problem-solving, algorithmic thinking, critical thinking, creative 

thinking, and collaborative learning abilities, using a computational thinking scale. This study contributes to the academic 

literature in Computer Science education and provides theoretical frameworks for improving pedagogical approaches. 

(2) Practical Significance: 

Amidst China's vigorous efforts to reform higher education pedagogy, the PBL model developed in this study holds 

substantial practical value across various disciplines. Its design, methodologies, content, and implementation strategies 

have a direct bearing on enhancing students' cognitive abilities. Moreover, this research serves as a resource for educators 

in designing, implementing, and evaluating instructional activities and strategies. Furthermore, the establishment of a 

scale-based evaluative method for computational thinking in this study is critically important in appraising the develop-

ment of computational thinking. Thus, this research holds practical relevance by offering insights and guidelines for 

devising and implementing instructional models in Computer Science education aimed at nurturing computational think-

ing. 

6. Research Questions 

Through an extensive literature review and analysis of the development and practice of teaching models, the PBL 

model, and research on the computational thinking of computer science education majors in universities both domestically 

and internationally, it has been discerned that the teaching model for computer science education in Chinese universities 

is predominantly in the theoretical exploration stage, with a mature teaching model yet to be established. Moreover, 

empirical research indicates that students majoring in computer science education tend to exhibit pronounced deficiencies 

in innovative capacities, problem-solving skills, cooperative thinking, critical thinking, and algorithmic thinking. 

Hence, the core research question of this study is: Can the development and implementation of a PBL teaching model 

for computer science education majors in Chinese universities augment students' computational thinking? 

 

Figure 1. Method. 

7. Population and Sampling  

The present study recruited a total of 400 participants who were enrolled in the Computer Science Education program 

at the College of Culture and Science and Technology Industry, Henan Vocational College of Art, located in Zhengzhou, 

Henan Province, China. The sample was divided into two groups: an experimental group (n = 200) and a control group 

(n = 200). 

8. Data Collection  

I will employ the Questionnaire Star Online Survey Platform to craft an online questionnaire, which will subsequently 

be disseminated to respondents via an array of communication channels, including WeChat, Short Message Service (SMS), 

QQ, Weibo, and electronic mail. the Questionnaire Star Online Survey Platform will also be utilized to scrutinize the 

outcomes of the survey and to procure the data accumulated therein. In an effort to expedite subsequent analyses utilizing 

the Statistical Package for the Social Sciences (SPSS), the platform is equipped to autonomously generate graphical rep-

resentations of the data. It is pertinent to note that the Questionnaire Star Online Survey Platform furnishes a secure digital 

milieu that is safeguarded via password protection and adheres to stringent academic survey protocols, rendering it an 

PBL Teaching Model Computational Thinking 
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invaluable resource for scholarly inquiries. 

9. Instrument 

9.1 Instrument 1 (Perceived Devaluation Discrimination Scale) 

This study utilized the Computational Thinking Scales (CTS) developed by Korkmaz et al., which are grounded in the 

International Society for Technology in Education (ISTE) framework. The CTS is tailored for college and middle school 

students and comprises five dimensions: creativity, algorithmic thinking, collaboration, critical thinking, and problem-

solving, with 29 items. A comprehensive questionnaire based on this scale, developed by Mustafa, encompassed 42 items 

and validated the scale's efficacy with 785 students. The Chinese version of the CTS, meticulously translated by Gu 

Xiaoqing and localized by Bai Xuemei, proved to be a robust instrument for assessing computational thinking among 

Chinese middle school students (Wang, Luo, Luo, Lin, & Ren, 2022). 

9.2 Instrument 2 

Instituted in Lithuania in 2003, the Bebras International Competition aims to foster a fascination for computer science 

among students worldwide, serving as a potential model for future Program for International Student Assessment (PISA) 

evaluations. As an effective instrument to augment problem-solving skills and assess computational thinking, the Bebras 

Challenge offers various task sets tailored to different grade levels. These tasks, developed annually, necessitate the ap-

plication of computational thinking to solve practical problems and may assess foundational concepts in computer science 

education. In this study, Bebras competition questions commensurate with the difficulty levels of Chinese college students 

were employed in pre-test and post-test assessments. Each assessment included 15 items across three difficulty tiers (easy, 

medium, and difficult) and was scored out of a maximum of 135 points with no penalties for incorrect answers within a 

60-minute timeframe. 

10. Design 

This study employed a questionnaire administered at two distinct time points to gauge the computational thinking 

proficiency of students in experimental and control groups. Utilizing a Likert scale, responses were categorized as “al-

ways,” “often,” “sometimes,” “rarely,” and “never,” and assigned numerical values for analysis. Descriptive statistics 

were used to analyze variations in scores pre- and post-intervention. A paired-sample t-test was conducted to ascertain 

statistically significant differences in the mean scores of student responses pre- and post-experiment. 
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