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Abstract: Artificial intelligence (AI) is transforming computer programming education by introducing new 

methods for instruction, assessment, feedback, and personalized learning. This article reviews recent trends in the 

application of AI to programming education, focusing on AI-powered coding assistants, intelligent tutoring 

systems, automated assessment tools, adaptive learning platforms, code-generation models, and personalized 

feedback systems. The study evidence indicates that AI tools can improve access to immediate feedback, support 

debugging and code comprehension, increase student engagement, and enable more individualized learning 

experiences. They can also assist instructors by automating routine assessment tasks, identifying common 

misconceptions, and supporting the preparation of instructional materials. Nevertheless, the integration of AI raises 

important concerns regarding excessive dependence on automated solutions, inaccurate code generation, 

plagiarism, academic integrity, algorithmic bias, data privacy, and unequal access to advanced technologies. The 

article concludes that AI should be implemented as a complementary educational resource rather than a 

replacement for instructors or independent programming practice. Effective adoption requires appropriate 

pedagogical frameworks, transparent assessment policies, AI literacy, and continuous evaluation to ensure that 

these technologies strengthen computational thinking, creativity, and problem-solving skills. 

Keywords: Artificial intelligence; programming education; generative AI; coding assistants; intelligent tutoring 

systems; automated assessment; personalized learning. 

1. Introduction 

     Artificial Intelligence (AI) is an emerging technology with a transformative impact on education that 

is changing the way people learn, teach and assess. With the help of machine learning, natural language 

processing, intelligent tutoring systems and generative AI, learning environments have become 

personalized, interactive and adaptive spaces, catering to the needs of each student [1]. These 

technologies also hold unique importance in computer programming education because students may 

require immediate feedback, customization and hands-on assistance to grasp programming concepts, 

identify syntax errors, and develop problem solving skills [2]. All these issues can be addressed by the 

help of AI platforms like providing examples of code, explaining complex algorithms, finding errors, 

and recommending learning activities based on individual student's performance etc. [3]. 

 With the advancement of automated code-assessment tools, adaptive learning platforms, 

conversational assistants, intelligent tutors, and generative coding tools, the use of AI in programming 

education has been rapidly growing [4]. These applications can be used to assist teachers in automating 

repetitive assessment tasks, reveal students' common difficulties, and help students find alternative 

solutions and get instant feedback [5]. However, the increasing use of AI also raises worries about 

ethical implications, over-reliance on AI tools, poor code generation, privacy issues, and a decline in 
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self-reliant computational thinking [6] . Thus, it is essential to adopt suitable pedagogical approaches 

that ensure active learning, creativity, critical thinking, and an actual programming skill set is 

maintained when integrating AI. 

     A systematic review and meta-analysis of the study outcomes of AI tools like ChatGPT 3.5 and 

GitHub Copilot on learning outcomes in computer programming courses in [7] have been conducted. 

A total of 35 controlled studies were included in the analysis from 2020-2024. The results showed that 

using AI-powered learning tools had a significant positive impact on student learning outcomes 

compared to traditional learning methods. We then reviewed the landscape of computing education 

research to identify the use of generative AI tools in computing education [8]. The current literature was 

categorized based on the topics in computing, educational contexts, and AI tools used. It also assessed 

the benefits and constraints of using generative AI in computing education using the indicators of 

performance from previous studies.  

     In [9], the authors described several aspects of AI literacy education in primary schools, including AI 

learning theories, pedagogical practices, learning materials, evaluation methods, educational outcomes 

and issues with implementation. The researchers employed a systematic mapping-review approach to 

search for empirical studies regarding primary school education and selected 25 studies for detailed 

analysis, using the Scopus and Web of Science databases. The authors [10] explored generative AI's 

impact on learning philosophically, using the extended cognition learning perspective. The study also 

examined the possibility they stimulate active learning or passive consumers of content produced by 

machines and thereby influence the acquisition of basic cognitive abilities. It reported that generative 

AI might reduce students' mental effort when it replaces them instead of building upon and expanding 

their reasoning skills.  

     This study provides an up-to-date and comprehensive review of the recent advances of AI in 

computer programming education. It identifies and categorizes AI tools and applications into coding 

assistants, intelligent tutoring systems, automated assessment tools, adaptive learning platforms, code-

generation models, and personalized feedback systems, and assesses their impact on the programming 

skills, engagement, computational thinking, problem-solving, and academic performance of students. 

The study also explores the impact on teachers' practice and workloads, and critically considers issues 

surrounding inaccurate code generation, over-reliance on AI, plagiarism, academic integrity, data 

privacy, algorithmic bias and access inequity. The article presents a technopedagogical and ethical lens 

on the role of AI in programming education, along with practical implications for educators and 

institutions, and directions for future research on the responsible and effective use of AI in 

programming education. 

2. Methodology 

     This study was performed by literature-review method and was organized by a structured method 

in the recent application of artificial intelligence in computer programming education. The literature 

search was conducted in the period 2024-2026 and the keywords were used to find relevant publications 

from different databases such as Scopus, Web of Science, IEEE Xplore, ScienceDirect, SpringerLink and 

Google Scholar, including combinations of the following: “artificial intelligence,” “programming 

education,” “computer programming”, “coding assistants,” “generative AI”, “intelligent tutoring 

systems”, “automated code assessment”, “adaptive learning”, and “personalized feedback”. The 

following criteria were used for the inclusion of the articles and papers: Being published in peer-

reviewed journals and conference papers in English; The direct presentation of the use of AI in 

programming instruction, learning outcomes, assessment, feedback, and/or student engagement. 

Records that had been duplicated, articles that were not peer-reviewed, research articles that were not 

related to programming education, papers that did not have access to the full article and articles on 

general educational AI but not explicitly programming were excluded. The studies were categorized 

according to the types of AI technology, educational uses, target learners, research methods, learning 

outcome measured, benefits and challenges reported after title, abstract and full-text screening. The 

results were then thematised and compared, so as to highlight the main trends, common results, 

limitations of the research, ethical issues and future aspirations. 
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3. AI Technologies and Applications in Programming Education 

     The application of AI in computer programming education is increasingly prevalent and with the 

introduction of new techniques for teaching, testing, and personalized learning support. Teaching 

students to program is a difficult process, because they should learn the abstract concepts, develop 

logical thinking, find errors in the program and apply theory to a practical problem [11]. AI-powered 

tools can aid in these efforts, offering real-time feedback, automating repetitive tasks, and tailoring 

educational material to students' proficiency and advancement as depicted in Figure 1. 

 
Figure 1.  AI technology 

 

     The most significant use-cases in this regard are AI-powered coding assistants, intelligent tutoring 

systems, automated assessment systems, adaptive learning platforms, code-generation models, and 

personalized feedback systems. Such technologies can assist the teacher in the development of learning 

resources, the evaluation of assignments, the identification of learning gaps and in the focus on 

interventions [12]. In the meantime they provide students with real-time feedback, explore other 

options, and program using customisable and interactive learning experiences. Table 1 shows the list of 

AI Technologies and Applications in Programming Education. 

 

Table 1. AI Technologies and Applications in Programming Education [13-18]. 

AI technology Main applications Support for programming 

instruction 

Support for student learning 

AI-powered 

coding assistants 

Code completion, syntax 

correction, debugging 

support, code explanation, 

and solution 

recommendations. 

Assist instructors in preparing 

demonstrations, programming 

exercises, and alternative 

solutions while reducing the 

time spent addressing routine 

coding errors. 

Provide immediate assistance 

during coding activities, helping 

students identify mistakes, 

understand unfamiliar syntax, 

and explore different problem-

solving approaches. 

Intelligent 

tutoring systems 

Interactive guidance, step-

by-step problem solving, 

hints, explanations, and 

monitoring of learner 

progress. 

Enable instructors to provide 

scalable and individualized 

academic support, particularly 

in large programming classes. 

Guide students through difficult 

concepts at their own pace and 

provide targeted hints without 

immediately revealing complete 

solutions. 

Automated 

assessment tools 

Automatic code evaluation, 

test-case execution, error 

detection, plagiarism 

checking, and performance 

scoring. 

Reduce the workload 

associated with grading 

programming assignments 

and support consistent, 

objective, and rapid 

assessment. 

Give students timely feedback on 

code correctness, efficiency, 

structure, and compliance with 

assignment requirements. 

Adaptive 

learning 

platforms 

Personalized learning paths, 

difficulty adjustment, 

content recommendation, 

and competency tracking. 

Help instructors identify 

knowledge gaps and organize 

learning materials according to 

students' abilities and 

progress. 

Present exercises at an 

appropriate level of difficulty and 

allow students to progress 

according to their individual 

learning needs. 

AI Technology

AI-powered 
coding 

assistants

Intelligent 
tutoring 
systems

Automated 
assessment 

tools

Adaptive 
learning 

platforms

Code-
generation 

models

Personalized 
feedback 
systems
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Code-generation 

models 

Generation of programs, 

algorithms, functions, 

documentation, test cases, 

and code translations 

between programming 

languages. 

Support the creation of 

instructional examples and 

demonstrate multiple 

approaches to solving the 

same programming problem. 

Help students examine code 

structures, compare alternative 

solutions, and transform 

conceptual descriptions into 

executable programs. 

Personalized 

feedback systems 

Individualized comments, 

misconception detection, 

error explanations, 

performance analysis, and 

improvement 

recommendations. 

Provide instructors with 

detailed information about 

common errors and individual 

learning difficulties, enabling 

targeted intervention. 

Deliver specific and actionable 

feedback that helps students 

understand why an error occurred 

and how their code can be 

improved. 

     The use of AI technologies has a significant potential to enhance the effectiveness, accessibility, and 

personalisation of computer programming education. These tools can alleviate teachers' daily 

workload, as well as offer students timely support during their learning process when it comes to code 

generation, debugging, assessment, tutoring and individual feedback [19]. Their integration also may 

be able to provide more flexible learning spaces that are responsive to the differences in what students 

know, how they are doing, and how they learn. 

     However, the role of AI in education is determined by its responsible and pedagogically sound use. 

Overuse of AI-generated solutions can diminish students' independent thinking, creativity and 

problem-solving skills [20]. Therefore, teachers need to create learning activities that ask students to 

explain, assess, change and test AI-generated code. AI can play an important role in creating competent, 

critical, and adaptive programmers as an additional learning tool and not as a substitute for human 

teaching and practice [21]. 

4. Effects of AI on Programming Teaching and Learning 

     AI tools can offer real-time support to students while they are writing code, debugging, and testing, 

improving their programming abilities. AI Coding Assistant tools can detect code issues, clarify coding 

principles, provide examples, suggest alternative solutions, and help students before they even seek 

guidance from their teachers [22]. This fast feedback can assist learners to identify errors and change 

their understanding of programming structures, algorithms and software-development practices. 

However, the advantages of this come with the condition that the students review and test the 

suggestions generated by the AI before copying them, as directly copying would not give students the 

opportunity to develop their skills [23]. 

     AI can also enhance the motivation and engagement of students by creating more interactive, 

personalized, and accessible programming activities. Errors occur repeatedly for beginners and 

concepts are sometimes not understood [24]. AI tutoring systems can provide personalized 

explanations, suggestions, and problems tailored to the student's comprehension, ensuring they learn 

at a suitable pace. This type of support could boost confidence and motivate ongoing involvement in 

programming courses [25]. However, over-reliance on AI generated answers could lead to lower 

persistence, productive struggle, engagement in class, and learning from failure and experimentation 

[26]. 

    The impact of AI on computational thinking, problem-solving skills, and academic achievement is 

subtler and more complex. AI can assist students to break down programming problems, compare 

algorithms, analyse the efficiency of the code, and explore different ways of doing a task. These 

functions are present and may contribute to logical thinking and enhance the performance of 

assignments when they are scaffolded [27]. On the other hand, relying on AI to provide full solutions 

before letting students solve problems on their own could harm their ability to abstract, think 

algorithmically, be creative, and critically assess a problem. Better grades in such conditions can be 

attributed to the use of artificial intelligence rather than an actual increase in knowledge and 

programming skills of students [28]. 
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     Teachers can use AI to help them prepare for their lessons, create coding exercises, write illustrative 

examples, and give initial comments on student work [29]. Automated assessment systems may be used 

to assess syntax, functionality, code quality, and test results and save time for repetitive assessment 

tasks [30].  This allows teachers to focus more on mentoring, conceptual problem and advanced problem 

solving activities. However, original approaches, context or subtle misunderstandings could be 

overlooked when the assessment is automated [31]. But teachers may need to think again about how to 

assess student thinking processes, and make sure that human judgment will always be the last word in 

teaching and assessment, especially when it comes to materials created by AI – and the fruits of 

assessment. 

5. Educational Benefits, Challenges, and Ethical Concerns 

     AI can be a powerful tool in computer programming education, offering opportunities to improve 

teaching and learning. AI coding assistants, intelligent tutoring systems, automated assessment tools, 

and personalized learning platforms can provide immediate feedback, identify coding errors, provide 

relevant examples, and customize learning experiences to individual needs [32]. Figure 2 depictes  

dimensions' of educational benefits.  

 

 
Figure 2.  Dimensions' of Educational benefits.  

 

    The above mentioned functions can enhance students' program skills, motivation, engagement, 

problem solving skills and academic achievement. The effectiveness of these technologies in the context 

of education lies in how they are integrated into the curriculum, and whether students remain actively 

engaged in reasoning, coding, testing, and debugging processes. Table 2 thus compares the main 

educational advantages of AI and the technical, pedagogical and ethical issues it raises. 

 

Dimensions' of 
Educational 
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Motivation
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engagement

Problem-
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Academic  
performance

Code 
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Instructor's 
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Table 2. Educational benefits, challenges, ethical concerns, and recommended safeguards for AI-

assisted programming education [33-37]. 

Dimension Educational benefits Challenges and ethical 

concerns 

Recommended measures 

Programming 

skills 

Provides code examples, syntax 

correction, debugging 

assistance, and immediate 

explanations that can accelerate 

skill development. 

Students may copy generated 

code without understanding its 

structure, logic, or execution. 

Require students to explain, 

modify, test, and document 

AI-generated code. 

Motivation Reduces frustration by offering 

immediate assistance and 

helping students overcome 

coding difficulties. 

Easy access to complete 

solutions may weaken 

persistence and willingness to 

learn from errors. 

Use AI for guided hints 

rather than complete 

solutions, particularly for 

beginners. 

Student 

engagement 

Supports interactive, 

personalized, and self-paced 

programming activities. 

Frequent AI use may reduce 

meaningful interaction with 

instructors and classmates. 

Combine AI-assisted 

activities with collaborative 

programming, discussion, 

and instructor feedback. 

Problem-solving 

ability 

Helps students compare 

alternative algorithms, explore 

solutions, and understand 

complex programming 

problems. 

Excessive dependence may 

weaken independent 

reasoning, computational 

thinking, and creativity. 

Ask students to develop an 

initial solution before 

consulting AI and compare 

both approaches. 

Academic 

performance 

Provides individualized 

support, rapid feedback, and 

additional practice that may 

improve learning outcomes. 

Improved grades may reflect 

AI assistance rather than 

students' actual knowledge and 

abilities. 

Use supervised assessments, 

oral examinations, practical 

demonstrations, and process-

based evaluation. 

Code accuracy 

and reliability 

Assists in detecting syntax 

errors, recommending 

corrections, and improving 

code structure. 

AI can generate inaccurate, 

insecure, inefficient, outdated, 

or fabricated code. 

Require code testing, 

validation, security checks, 

and verification against 

reliable documentation. 

Plagiarism Can help students learn proper 

code structure and develop 

alternative solutions. 

Direct submission of generated 

code may constitute plagiarism 

or unauthorized assistance. 

Establish clear citation rules 

and require disclosure of 

how AI was used. 

Academic 

integrity 

Encourages discussion about 

responsible technology use and 

professional programming 

practices. 

Undisclosed AI assistance can 

undermine assessment fairness 

and the credibility of academic 

qualifications. 

Develop institutional policies 

defining acceptable and 

unacceptable uses of AI. 

Data privacy Personalized systems can 

analyze learning patterns and 

provide targeted educational 

support. 

Student information, source 

code, and institutional data 

may be collected, stored, or 

exposed without adequate 

consent. 

Use approved platforms, 

minimize data sharing, 

obtain informed consent, and 

comply with privacy 

regulations. 

Instructor's role Reduces repetitive grading and 

allows instructors to focus on 

advanced guidance and student 

support. 

Excessive automation may 

reduce human judgment and 

overlook individual learning 

difficulties. 

Treat AI as a supporting tool 

while preserving instructor 

responsibility and final 

decision-making. 

 

     AI can be a powerful enabler for the education sector, aiding in programming education, student 

learning, feedback generation, and skill development. However, overreliance on the use of AI could 

undermine independent problem solving skills, computational thinking, creativity, and critical 

evaluation of code. Other issues of inaccuracy in code generation, plagiarism, academic integrity, data 

privacy, algorithmic bias and unequal access also need to be dealt with carefully [38]. Schools could 

therefore have clear guidelines on appropriate AI utilization, encourage disclosure, safeguard student 

information, and promote equal access to approved technologies. Most importantly, AI can be used as 
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a complement to instructors' input, independent programming practice, human judgment and reliable 

assessment, not a replacement. 

6. Future Directions and Conclusion 

     Artificial intelligence (AI) is likely to be increasingly used in programming education, particularly in 

more transparent, personalized, and interactive ways. Explainable AI can make it possible for students 

to comprehend the rationale behind a specific solution, correction, or suggestion, instead of providing 

code as an unexplainable answer. AI-based curricula can further tailor instruction, programming 

exercises, and difficulty levels based on prior knowledge, progress, and repeated mistakes of the 

learners. Also, using virtual reality, augmented reality or smart simulations would enable students to 

experience abstract programming concepts in an immersive environment, with the ability to interact 

with the algorithms in real-world situations. Such advances will likely foster collaborative 

programming between humans and AI, with students serving as the decision makers, verifiers, and 

problem definers while also using AI as a reasoning partner. 

     The results from this article suggest that AI can enhance programming education by providing 

instant feedback, customization, automated evaluation, and coding and debugging help. Above-

mention can enhance student motivation and engagement, program performance, and access to 

education support. But the educational impact of AI is dependent upon how it is used. Over-reliance 

on solutions produced by the computer can reduce computational thinking, independent problem 

solving, creativity, and critical evaluation of code. Errors in or vulnerabilities of code, issues of 

plagiarism and academic honesty, privacy concerns, algorithmic bias, and unequal access are all 

concerns that have arisen with the use of AI that illustrate that AI cannot replace teachers, formal 

learning programs, or assessment methods. 

     Teachers plan activities that ask students to explain, adapt, test and challenge the code generated by 

AI instead of copying it from a source. Institutions should ensure approved tools, training of instructors, 

equal access, good academic-integrity policies, and effective data-protection procedures. Long-term and 

comparative research is needed to see the impact of various AI assistants on actual programming skills 

in educational contexts and across different levels. Policymakers could set up flexible governance 

structures that foster innovation and yet are transparent, easily accessible, accountable and learner safe.  
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