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Abstract: In the digital age, the importance of programming education has become
increasingly prominent. Due to the open nature of programming languages, many tools
and systems designed to support programming education in the past have been limited
in their ability to effectively assist in the learning process. However, the emergence of
generative Al, exemplified by ChatGPT, has demonstrated remarkable natural
language processing capabilities and a vast repository of knowledge, overcome
previous limitations and offering unprecedented potential for advancing programming
education. ChatGPT has shown near-teacher-level proficiency in providing content,
debugging, refining, evaluating, implementing, and even creating programs. This
signifies that we are on the cusp of an era where programming can be learned through
interaction with advanced Al. However, there is still a lack of substantial research on
evaluating the benefits of integrating ChatGPT into programming education. Therefore,
this paper aims to illustrate, through practical examples, how the introduction of
ChatGPT can impact programming education, the potential challenges it may present,
and how we can prepare to embrace this new era of learning programming through Al.
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1. Introduction

In recent years, as the world continues to digitalize, the use of digital technology has become
a norm, and understanding how digital technology works has almost become a universal
activity. Programming is the foundation of digitalization, and countries around the world
recognize the importance of programming education in preparing students for the future,
integrating it into K-12 curricula. Programming education is becoming increasingly significant
in K-12 education (Hu, 2024). High school is considered a crucial stage for developing
programming skills; however, there are still several issues in high school programming
education that need to be addressed (Sun et al.,, 2024). More specifically, unlike other
subjects, students can use various programming languages to accomplish the same tasks.
Each programming language has its own syntax and environment, and accommodating these
diverse requirements demands a significant amount of effort with only minimal benefits.
Additionally, programming practice is open-ended, even when using a single programming
language, different structures can be used to achieve the same task. Traditional learning
systems and tools, which are pre-built with specific learning aids, are almost incapable of
handling this issue. As a result, the current burden of programming education still falls on
professional teachers, and the lack of human resources for programming teachers in most
high schools limits the development of programming education (Sharma & Harkishan, 2022).
Providing learning tools to assist high school students in learning programming has become
an important issue.



In this regard, "ChatGPT" offers knowledge and interaction akin to that of human experts
(OpenAl, 2024). It has demonstrated its capability to act as a teacher or tutor in fields such as
medicine, biology, language, physics, computer science, and more, including understanding,
verifying, evaluating, and explaining various programming languages, as well as offering
suggestions for improving programming designs. This powerful Al technology has the potential
to break through previous limitations and bring transformative changes to the field of
programming education (Cooper, 2023). However, more practical examples and evidence are
needed to illustrate ChatGPT's revolution in programming learning. Therefore, this paper
explores the benefits, challenges, and strategies of using ChatGPT in programming education
through the integration of this Al tool into programming learning.

2. Related Works

Programming is a discipline that requires both skill and experience, requiring that students
explore various problem-solving methods and apply their knowledge to develop applications
that meet specific goals. Students must not only become familiar with programming syntax
and organize this syntax to code, but they must also rely on experience to troubleshoot issues
within their programs. Consequently, students often encounter difficulties and require multiple
forms of support during the learning process (Hu, 2024). Without the help of a teacher,
students may struggle to identify the true cause of errors, leading them to become stuck in a
cycle where they are unable to progress. Previous research suggests that learners should
receive continuous guidance throughout the programming process to avoid these pitfalls
(McDonald, 2018). Real-time error checking and feedback during coding can significantly
enhance learning outcomes. Conversely, if students do not receive timely guidance to resolve
issues, they are likely to face increasing challenges in their learning (Sun & Hsu, 2019). While
online assessment and feedback systems can examine the correctness of code and provide
instant feedback, they may only partially mitigate this problem. Such systems can lead
students to rely on trial-and-error methods, focusing on brute-force coding to solve tasks rather
than understanding and applying more effective syntax structures, which ultimately limits the
learning of novices (Daradoumis et al., 2019). As a result, teacher-led instruction remains the
primary approach in programming education.

However, beyond the shortage of programming teachers, these educators often face the
challenge of providing guidance to dozens of students within a limited amount of time,
presenting significant obstacles in programming education (Woo & Falloon, 2023). ChatGPT,
based on the Generative Pre-trained Transformer (GPT) model and Large Language Models
(LLMs), offers a groundbreaking solution to the limitations of programming learning support
tools. Unlike human languages, programming languages possess clear and finite structures
and semantics, which ChatGPT can nearly fully comprehend, accurately generate, correct,
execute, and evaluate without additional configuration, offering comprehensive support for
learning programming languages (OpenAl, 2024). In this vein, ChatGPT, with its rich content
knowledge and versatile methods, has demonstrated unprecedented potential in helping high
school students learn programming knowledge and enhance their programming skills (Yilmaz
& Yilmaz, 2023). Therefore, this study aims to design and implement the integration of
ChatGPT into programming classrooms to explore the benefits and challenges of using
ChatGPT in programming education.

3. ChatGPT-Enhanced Programming Learning Activities

Integrating ChatGPT into programming course offers significant enhancements. One of the
key tasks for educators is to create assessments that accurately gauge student understanding.
Given the open-ended nature of programming, students may sometimes arrive at the correct
solution while harboring misconceptions or alternative understandings of concepts. This can
lead to situations where students know the correct answer but don’t fully grasp why it is correct,
allowing misconceptions to persist. In programming courses, it's also crucial to regularly



assess whether students have these misconceptions. ChatGPT can efficiently support this
process by helping to design and refine assessments. For instance, instead of traditional test
guestions, we can use ChatGPT to create more sophisticated distractors—incorrect options
in multiple-choice questions—that are tailored to expose specific misconceptions students
might have (Figure 1). This allows for a more precise identification of areas where students
need further instruction, ultimately leading to more effective learning outcomes. Additionally,
ChatGPT can generate personalized feedback for students based on their specific mistakes
(Figure 2), guiding them through the reasoning process to correct their misunderstandings.
This individualized support can be particularly beneficial in large classes where direct teacher
feedback for every student may not be feasible. By leveraging ChatGPT, educators can create
a more interactive and responsive learning environment that adapts to the needs of each
student (Figure 3).
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Figure 1. Generating formative assessments that can identify misconceptions
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Figure 5. Collaborating with ChatGPT to annotate code for better understanding.

ChatGPT simultaneously possesses outstanding evidence-based and innovative
capabilities, providing guided discussions, external resources, and a variety of appropriate
support, such as debugging (Figure 4) and paraphrasing explanations (Figure 5). Through this
process, students can refine their answers or solutions by incorporating the improvement
suggestions provided by ChatGPT.



4. Experiment Design and Data Collection

To address our research question, this study was conducted with 76 second-year students
from three classes at a high school in northern Taiwan. Prior to participating in the experiment,
all students had received instruction in basic programming concepts from the same teacher.
At the end of the experiment, we invited the students to participate in interviews. The aim was
to understand their perceptions of using ChatGPT in the process of learning programming
languages and to gather insights into their specific experiences. The interview questions
included, How do you feel about using ChatGPT in class compared to previous (or expected)
experiences? What do you think are the advantages/disadvantages of learning with ChatGPT?
Would you like to continue using ChatGPT to learn programming? Why or why not?.

5. Discussion

As the aforementioned, to gain a more comprehensive understanding of the impact of using
ChatGPT in programming education, we integrated ChatGPT into a high school programming
course and subsequently surveyed students about their experiences and perceptions of
learning programming languages with ChatGPT. The findings revealed that directly
implementing ChatGPT in an educational setting may still present some challenges. For
instance, ChatGPT might diminish the learning experience of some students due to the
following reasons:

Communication Barriers: When questions are vaguely phrased, ChatGPT may not fully
address students' inquiries. This can lead students to spend considerable time explaining their
guestions rather than focusing on problem-solving. As a result, not only does it fail to assist
them in resolving the issue at hand, but it also creates new challenges. For example, students
reported that "It's not as simple as | thought; you need to be very precise with your questions
to get the answers you want," "l found using ChatGPT in class less convenient than expected,;
I had to repeatedly clarify my requests to get a response,” and "l feel that using ChatGPT
didn't really help answer my questions."

Self-Efficacy and Attribution: Since ChatGPT often provides precise solutions and code,
learners may start attributing their success to artificial intelligence, which could weaken their
self-efficacy in terms of personal achievement (Gutwill, 2018). As some students mentioned,
"Although it’s convenient to get direct answers, | miss out on the process of thinking and
organizing my thoughts, so | don’t necessarily learn from the problems," and "I believe that
effective learning in programming still requires personal understanding and hands-on coding."

Unbalancing Knowledge Interaction: While ChatGPT can offer rich and accurate
knowledge and guidance, if it fails to appropriately gauge the learner's level and adjust its
responses accordingly, it may unintentionally disrupt this balance. For instance, it may provide
overly simple content when advanced challenges are sought or offer more complex
explanations when a student is already feeling anxious. Students provided feedback such as
"The answers to the same question are always the same," "It cannot respond in a simple and
understandable way," and "Some of the knowledge in its answers is beyond what I've learned,
so | don’t really understand it."

6. Conclusion

Based on our findings, it is crucial to understand that integrating ChatGPT into programming
education is not simply a straightforward enhancement of the learning process. To effectively
harness the potential of these tools, educators must carefully consider their possible
implications, capitalizing on ChatGPT’s strengths while mitigating potential drawbacks. In light
of this, we propose several recommendations for the future implementation of programming
education: Ensuring Teacher Competency in Integrating ChatGPT: While teachers possess
expertise in programming knowledge and pedagogy, integrating ChatGPT into programming
education also requires them to guide students in effectively using the tool. Therefore,



teachers should first assess their familiarity with ChatGPT to seamlessly incorporate it into
their lessons. Ensuring Students’ Critical Thinking and Learning Progress: Without confirming
that students have sufficient knowledge and critical thinking skills, the benefits of using
ChatGPT for learning programming cannot be fully guaranteed. When students use ChatGPT
for programming, it is important to ensure that they comprehend the interactive modes,
content, and potential unexpected outcomes associated with ChatGPT, and to prevent them
from merely mimicking responses. Teachers should design reflective or critical activities to
encourage students to evaluate and critique ChatGPT’s responses, thereby fostering critical
thinking and genuinely enhancing their knowledge acquisition.
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