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Abstract. With the rapid development of information technology, the importance 

of computer programming education is increasingly prominent. This study ex-

plores the application of Artificial Intelligence (AI) in computer programming 

education, analyzing its theoretical foundations, specific practices, challenges, 

and future directions. The study indicates that AI technology, through tools such 

as intelligent tutoring systems, automated assessment systems, and virtual labor-

atories, can provide personalized learning paths, real-time feedback, and safe 

practice environments, thereby improving students’ learning efficiency and 

teachers’ teaching effectiveness. However, the study also identifies challenges in 

technical implementation, teacher training, student acceptance, and resource 

costs. Case studies of platforms like the “Xiaoya Platform” at Central China Nor-

mal University and “Shuishan Online” at East China Normal University demon-

strate the effectiveness and feasibility of AI technology in actual teaching. Future 

research should focus on interdisciplinary studies, long-term effect evaluations, 

technological integration and innovation, optimization of personalized learning 

paths, and resource optimization and allocation. 

Keywords: Artificial Intelligence, Computer Programming Education, Tech-

nical Practice. 

1 Introduction 

As information technology rapidly advances, computer programming emerges as an 

essential skill in modern society, vital for fostering students' logical thinking and prob-

lem-solving abilities, and foundational for their career development (Jashari et al., 

2023) [1]. However, traditional programming education faces challenges such as une-

qual resource distribution, repetitive teaching methods, and struggles to meet individual 

needs, all of which stifle the spread and enhancement of programming skills (Erol et 

al., 2022) [2]; Morrison et al., 2020 [3]; Boom et al., 2022) [4]. 

Artificial Intelligence (AI), a pivotal force in the tech revolution, is reshaping edu-

cational methodologies by providing tools like intelligent tutoring systems that offer 

personalized assistance and learning suggestions (Sharma & Harkishan, 2022) [5]. AI's 

capabilities extend to automating code generation and assessment, significantly boost-

ing efficiency and helping students quickly enhance their programming skills (Duong  
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& Chen, 2024) [6], and tailoring educational content based on analysis of learning data 

(Su & Zhong, 2022) [7]. Despite its benefits, AI in education faces challenges such as 

potential quality and security issues in AI-generated code (Gupta et al., 2023) [8], the 

risk of neglecting fundamental programming knowledge (Dickey et al., 2024) [9], and 

the limitation on creative thinking due to reliance on established coding practices (Ver-

ganti et al., 2020) [10]. This study explores AI's role in programming education, its prac-

tical applications, challenges, and future directions. 

2 Theoretical Foundations in AI Computer Education 

Constructivist Learning Theory posits that learning is an active, constructive process, 

and AI is revolutionizing this approach by customizing education to the learner's pace 

and preferences (See Fig.1). In programming education, AI-driven personalized learn-

ing paths dynamically adjust content and tasks to suit individual progress and interests, 

enhancing engagement and skill development. Intelligent tutoring systems provide in-

stant feedback and specialized guidance, recognizing each student's unique error pat-

terns and skill levels. This individualized support enables gradual skill mastery while 

AI-enhanced virtual labs simulate real-world applications, deeply aligning with con-

structivist ideals by facilitating the practical application of theoretical knowledge. 

 

Fig. 1. AI Support for Constructivist Learning Theory 

Behaviorist Learning Theory focuses on modifying learning behaviors through ex-

ternal reinforcement, an area where AI greatly contributes by analyzing behavior to 

customize learning experiences. Intelligent systems adapt problem difficulty and types 

based on student responses, fostering progress through optimally challenging scenarios. 

Incorporating gamification and rewards, these systems enhance motivation and engage-

ment. Concurrently, Cognitive Load Theory emphasizes efficient cognitive resource 

management, with AI playing a crucial role by recommending tailored educational re-

sources and adjusting content to the learner’s capacity, thus preventing cognitive over-

load. These AI applications streamline the learning process, ensuring it is both manage-

able and tailored to individual cognitive limits and needs. 
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3 Specific Applications of AI in Programming Education 

3.1 Intelligent Tutoring Systems 

Intelligent tutoring systems are transforming programming education by providing per-

sonalized learning paths and real-time feedback, which enhance learning outcomes sig-

nificantly. Leveraging AI, these systems analyze student behaviors and data to offer 

customized recommendations that cater to individual learning needs—unlike tradi-

tional methods. For example, beginners might receive guidance on basic concepts and 

simple exercises, while advanced learners could tackle more complex projects. This 

targeted approach not only increases learning efficiency but also maintains students' 

motivation. Additionally, these systems utilize natural language processing and deep 

learning to offer immediate, precise feedback on coding errors, enhancing skill devel-

opment. Virtual labs and simulations replicate real-world scenarios, allowing students 

to actively improve their coding skills. With future integrations of virtual and aug-

mented reality expected, these learning environments promise to become even more 

immersive, further enhancing practical skills and problem-solving abilities. 

3.2 Automated Assessment Systems 

Automated assessment systems are revolutionizing programming education by lever-

aging AI to efficiently evaluate students' programming assignments and exams, thereby 

improving teaching quality and learning outcomes. These systems reduce teachers' 

grading workload, especially in large classes, by using predefined standards and algo-

rithms to assess work based on correctness, efficiency, and readability. This automation 

allows teachers to devote more time to instruction and mentoring. Crucially, the sys-

tems provide instant feedback, enabling students to quickly identify and correct errors 

in their code, which maintains motivation and boosts confidence. Unlike traditional 

methods that involve delayed feedback, automated systems provide real-time analysis, 

identifying syntax and logical errors and suggesting improvements. Moreover, these 

systems offer detailed data analysis, giving teachers insights into students’ progress and 

common challenges, allowing for tailored teaching strategies and supporting educa-

tional research. As AI evolves, these systems are expected to gain advanced features 

like natural language processing and deep learning, enhancing their ability to deliver 

intelligent and personalized assessments that improve students’ programming skills. 

3.3 Virtual Laboratories 

Virtual laboratories in programming education, powered by AI and virtual reality, sim-

ulate real-world environments, providing a safe and flexible space for students to prac-

tice programming. These labs prevent typical issues such as system crashes and data 

loss, allowing students to write, debug, and run code risk-free. They enhance learning 

by offering real-time monitoring and feedback, which boosts students' skills, confi-

dence, and engagement. Additionally, virtual labs offer unparalleled access flexibility, 

utilizing cloud computing and remote access technologies to allow students to engage 
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with programming tools and resources anytime, anywhere. This supports personalized 

learning experiences that adapt to individual schedules and learning paces, fostering 

self-directed learning and effective time management. With a wealth of materials and 

a range of tasks from simple algorithms to complex system development, these labs 

cater to various skill levels and interests. Looking ahead, the integration of augmented 

reality (AR) and mixed reality (MR) in these labs promises to create even more immer-

sive and interactive educational experiences. 

3.4 Case Studies 

Case Selection Criteria. In this section, we analyze two exemplary cases to explore 

the specific applications of Artificial Intelligence (AI) in computer programming edu-

cation. The selection of cases was primarily based on the following key criteria: Firstly, 

educational impact was a core consideration, focusing on platforms that demonstrate 

significant improvements in teaching quality and learning efficiency through the use of 

AI, supported by concrete data. Secondly, the cases had to showcase innovation and 

advancement in AI within programming education, including but not limited to intelli-

gent tutoring systems and automated assessment systems. Additionally, the breadth of 

implementation and sustainability were also criteria, favoring tools already adopted by 

multiple educational institutions and capable of ongoing updates, to demonstrate their 

adaptability and long-term viability. Based on these criteria, this study selected the 

“Xiaoya Platform” at Central China Normal University and “Shuishan Online” at East 

China Normal University as the main subjects of research. Since 2019, both platforms 

have been implemented in several universities across China, reaching over 200,000 stu-

dent users and achieving considerable educational impact. The platforms enhance the 

interactivity and personalized learning experiences in programming education by inte-

grating course knowledge graphs, intelligent question-and-answer systems, and person-

alized recommendation mechanisms. Their successful application not only illustrates 

the efficacy of AI in educational practice but also provides valuable insights and expe-

riences for further applications of AI in the educational field. Through an in-depth anal-

ysis of these cases, we can gain a comprehensive understanding of the actual effects 

and challenges of AI technology in educational settings, providing a solid foundation 

for future research and technological development. 

Xiaoya Platform. The "Xiaoya Platform" at Central China Normal University is an 

AI-driven SPOC platform that enhances teaching and learning through integrated 

course knowledge graphs, intelligent Q&A, and personalized recommendations. It cus-

tomizes learning paths with knowledge graph technology and machine learning, adjust-

ing content and difficulty based on individual student progress. The platform employs 

natural lan-guage processing and deep learning for real-time feedback on coding errors, 

includes a responsive Q&A system to boost motivation, and features virtual laborato-

ries that simulate realistic programming environments for practical skills development. 

Ad-ditionally, it utilizes comprehensive big data analysis to generate detailed evalua-

tion reports, identifying student weaknesses and optimizing teaching strategies. 

Shuishan Online. "Shuishan Online" at East China Normal University is a next-

generation AI-powered online learning platform that improves the educational process 
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from preparation to management. It personalizes learning experiences using knowledge 

graphs and dynamic content adjustments, and its advanced natural language processing 

and deep learning capabilities swiftly correct programming errors, enhancing student 

confidence. The platform's virtual labs provide a secure environment for practicing and 

refining programming skills anytime, anywhere. Shuishan Online's thorough analysis 

of learning data produces detailed reports that provide educational insights, helping ed-

ucators tailor their approaches to effectively meet diverse learner needs. 

4 Challenges of AI in Computer Programming Education 

4.1 Technical Implementation Difficulties 

Applying AI in computer programming education involves multiple challenges, partic-

ularly in data handling. AI systems require vast amounts of high-quality data, yet col-

lecting this data is complicated due to privacy issues, the need for diverse data to avoid 

biases, and the complexities of data preprocessing. Choosing the appropriate AI models 

is also critical; for example, natural language processing models are ideal for code gen-

eration and error detection, whereas machine learning models are more effective for 

personalizing learning paths. These selections must consider a balance between accu-

racy, computational demands, and resource usage. Moreover, AI systems need to pro-

vide real-time feedback and maintain high processing capabilities to adjust dynamically 

to students' needs, requiring robust computational support and system stability. Inte-

grating AI into existing educational platforms presents technical challenges in system 

compatibility and scalability. Additionally, user interface design is crucial for technol-

ogy adoption, necessitating simplicity and intuitiveness to ensure usability for both stu-

dents and teachers without adding to their cognitive load. As AI and programming ed-

ucation continue to evolve, regular updates and maintenance of AI systems are essen-

tial, demanding a technically proficient team that stays current with technological and 

educational developments. 

4.2 Teacher Training and Adaptation 

Integrating AI into computer programming education requires significant updates in 

teacher training and methodology adaptation. As AI technologies such as intelligent 

code completion and error detection rapidly evolve, teachers must continually update 

their knowledge of AI fundamentals to effectively utilize these tools. This necessitates 

a steep learning curve, particularly for those without a technical background, and re-

quires a shift away from traditional teaching methods towards AI-driven personalized 

teaching and detailed data analysis. However, effective teacher training encounters 

challenges like limited resources—time, funding, and specialized materials—and many 

educational institutions fall short in providing the necessary investment for systematic 

training tailored to diverse teaching needs. Additionally, teachers' psychological readi-

ness and attitudes towards AI, including concerns about job displacement or reduced 

teaching quality, significantly influence technology adoption. Overcoming these chal-

lenges with regular, personalized training, sufficient resource allocation, psychological 
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support, and hands-on experiences is crucial for enhancing teacher adaptability and 

promoting the widespread use of AI in programming education. 

4.3 Student Acceptance and Adaptability 

The introduction of AI technology in programming education presents various chal-

lenges for students, particularly with the complexity of AI-assisted tools that require 

significant effort to master and continual updates to stay current with advancements. 

While AI offers personalized learning experiences, student acceptance varies; some 

prefer traditional methods over AI-driven customization, necessitating strong self-di-

rected learning and time management skills. Psychological and emotional responses 

also significantly impact student receptivity to AI. Concerns about AI replacing human 

teachers and changing traditional dynamics can deter students from adopting these tech-

nologies, with trust issues regarding AI's reliability further exacerbating resistance and 

potentially hindering learning progress. Additionally, socioeconomic factors influence 

engagement with AI tools, as students from less affluent backgrounds may lack access 

to necessary resources. The level of institutional and community support plays a critical 

role in enhancing or impeding students' adaptability to AI technology in education. 

4.4 Resources and Costs 

Implementing AI technology in educational settings requires substantial investments in 

robust computing infrastructure and stable network environments, posing challenges 

for resource-limited schools. Essential upgrades include costly hardware like servers 

and network systems, and ongoing expenses such as licenses, subscriptions, and 

maintenance for AI-driven tools like programming applications and intelligent teaching 

systems. These financial demands are compounded by the need for continual software 

updates, often representing a significant strain, especially when educational funding is 

scarce. Effective AI integration also necessitates comprehensive teacher training, in-

volving costs for expert instructors, training materials, and organizing sessions, along 

with potential disruptions to regular teaching schedules. Additionally, maintaining AI 

systems requires constant technical support and periodic upgrades, possibly involving 

additional costs for hiring staff or outsourcing. Ensuring data security through advanced 

software and expert personnel further escalates the costs, highlighting the extensive 

resource investment needed for a secure and effective implementation of AI technology 

in education. 

5 Conclusion 

This study delves into the application of AI in computer programming education, ex-

ploring its theoretical basis, practical uses, and prevalent challenges. It demonstrates 

that AI-driven tools like intelligent tutoring systems, automated assessment systems, 

and virtual laboratories significantly improve educational outcomes by providing per-

sonalized learning experiences, instant feedback, and secure practice environments. 
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Highlighted case studies, including the “Xiaoya Platform” at Central China Normal 

University and “Shuishan Online” at East China Normal University, attest to AI's ef-

fectiveness in real-world educational settings. Despite its potential, the adoption of AI 

faces hurdles such as technical complexities, teacher training needs, student resistance, 

and financial constraints. Addressing these challenges calls for a holistic strategy in-

volving enhanced data protection, teacher training in AI, optimized student experi-

ences, strategic resource allocation, and robust evaluation mechanisms. Future research 

should focus on interdisciplinary applications, assessing long-term effects, and techno-

logical innovations to refine AI integration in education and ensure its sustainable im-

pact. 
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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