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Abstract— This research full paper describes the exploration 

of ChatGPT-supported programming among undergraduate 

students. Generative artificial intelligence (AI) can provide 

efficient and personalized intelligent services and technical 

support for education. As a typical generative AI language model, 

the application of ChatGPT in programming has gained 

widespread attention in the industry. However, limited research 

has provided empirical evidence on how learners utilize ChatGPT 

in learning to program. In this study, we have dived into the 

programming process of 36 college students by analyzing their 

programming behaviors and knowledge inquiry questions at a 

fine-grained level. The assessment of student’s final projects, 

computer screen recordings (2160 minutes in total), and ChatGPT 

log data were collected. The study results show that learners first 

used ChatGPT as a useful resource to guide their learning process. 

They tended to copy codes or error messages to ChatGPT for its 

feedback and directly copy the code or solutions given by 

ChatGPT. Secondly, learners’ knowledge inquiry with ChatGPT 

was mainly at the superficial- and medium-level. Lastly, the 

interview revealed the pros and cons of using ChatGPT in learning 

to program. The study puts forward suggestions on how to utilize 

ChatGPT to assist college students in programming education, 

intending to provide insights for improving learning outcomes and 

efficiency.   

Keywords—Generative AI, programming education, learning 

behavior, learning analysis, undergraduate students 

I. INTRODUCTION 

In recent years, with the rapid development of information 
technology, generative artificial intelligence (AI) technology 
has been widely used in various fields. The launch of the 
generative AI tool ChatGPT (Chat Generative Pre-trained 
Transformer) has aroused heated discussions in the field of 
education. As an intelligent dialogue system based on a large 
language model, ChatGPT can assist in learning and teaching 
through input, interaction, and the generation of natural 
language texts [1-3]. 

These AI advancements have greatly impacted 
programming education in particular. Learning to program at the 

university level poses considerable challenges, encompassing 
the intricacies of coding, debugging, and computational 
thinking. It is difficult for college-level learners to debug errors 
in their code, so they often need support and guidance 
throughout the process [4]. With its adept code generation and 
problem-solving capabilities, ChatGPT offers a powerful 
support system to assist students in navigating the complexities 
of programming concepts and completing various programming 
tasks [5]. Seamlessly integrated into programming 
environments, ChatGPT boosts developers’ productivity in 
programming [6]. 

However, how ChatGPT reshapes student learning 
behaviors and cognitive approaches in programming courses has 
not yet been fully explored. An in-depth analysis of learners’ 
programming processes can help educators and learners adopt 
more effective teaching and learning strategies and approaches 
[7]. Therefore, by employing comprehensive frameworks and 
learning analytics methods to analyze programming behaviors 
and knowledge inquiry questions, this study delves into the 
nuanced ways learners interact with ChatGPT. The following 
research questions (RQs) were addressed: 

RQ1. What are the behavioral patterns of college students in 
ChatGPT-assisted programming? 

RQ2. What is the quality of learners’ inquiry questions in 
ChatGPT-assisted programming? 

RQ3. What are the pros and cons of ChatGPT-assisted 
programming? 

The study offers valuable insights into the dynamics of 
learning programming in an AI-augmented environment and 
ChatGPT’s potential for enhancing learning outcomes. The 
findings enrich our understanding of generative AI’s role in 
education, particularly programming education, paving the way 
for more effective teaching and learning strategies under this 
trend. 



II. LITERATURE REVIEW 

A. Generative AI in Programming Education 

Generative AI heralds a paradigm shift in the application of 
AI systems in education, surpassing the conventional tasks of 
classification, clustering, or prediction performed by traditional 
machine learning models [8]. By training on vast datasets, 
generative AI systems can generate new data outputs such as 
text, images, audio, or computer code, resembling human 
creative expression. This paradigm holds significant 
implications for the creation, delivery, and personalization of 
educational content. For instance, with appropriate prompts, 
generative AI models could create high-quality instructional 
content tailored to specific disciplines or learning objectives, 
significantly reducing the time teachers need to spend on 
preparation activities [8]. Furthermore, generative AI could 
offer truly adaptive instructional content and personalized 
learning experiences based on student’s learning patterns, 
knowledge gaps, and preferences identified through machine 
analysis of their demographic and learning data. 

Traditional programming tools typically comprise a software 
development environment, a programming language, libraries, 
and other related components. These tools often demand 
learners to possess specific prior programming knowledge. For 
example, the Python IDE is designed exclusively for the Python 
language and requires learners to master its basic concepts and 
operations. Although cross-platform integrated development 
environments (IDE) like Flutter or Microsoft Visual Studio 
support multiple languages, learners still need to be familiar with 
specific syntax and concepts to operate within these 
environments. Based on a large language model, ChatGPT can 
communicate with users, understand their needs, and provide 
corresponding responses through natural language processing 
[9]. Compared to traditional programming tools, ChatGPT can 
be utilized by learners with limited prior programming 
experience. 

Researchers have highlighted various advantages that 
ChatGPT offers over other programming tools, such as its ease 
of access and prompt responses [10]. Additionally, it supports 
multiple languages and provides clear explanations and 
programming examples to enhance learners’ cognitive 
understanding [11]. Moreover, it facilitates querying and 
searching, offers advanced subject resources, and promotes 
personalized learning [12]. With AI tools like ChatGPT 
primarily aiding in code explanations and debugging, students 
can effectively enhance their programming skills, computational 
thinking, programming self-efficacy, and learning motivation 
through practice. 

However, the application of ChatGPT in programming 
education also presents limitations, including unstructured 
learning, excessive reliance on assistive tools or environments, 
and limited support for data structures and algorithms [6]. 
Researchers have also noted that current generative AI tools face 
challenges in complex reasoning and processing visual 
information [13]. Meanwhile, ethical concerns related to 
ChatGPT, such as bias, discrimination, privacy, security, 
technology abuse, transparency, and social impact, are 
emphasized in this field [14]. 

B. Analysis of Programming Learning Process 

While learning performance typically remains the primary 
focus in programming education, the evaluation of 
programming processes using a variety of learning analytics 
methods has also garnered increasing attention [15]. Evaluating 
learning processes can elucidate the essence of enhancing 
learners’ programming quality through practice [16]. Research 
emphasizes that formative and summative evaluations 
complement each other, offering a comprehensive insight into 
programming learning and aiding educators in better 
understanding potential factors that influence the programming 
process [17]. Thus, the evaluation of programming education 
should not only focus on outcomes but also pay attention to 
learners’ performance in the learning process and employ a 
range of analytical methods to assess students’ programming 
abilities. 

Previous empirical studies have employed various analysis 
methods to illustrate different aspects of the programming 
learning process. Wu et al. categorized research on 
programming process analysis into three main categories: 
research on cognitive models of the programming process, 
research on programming environments and supporting 
resources, and research on programming education to enhance 
learners’ abilities [7]. Turkle et al. observed that in the process 
of programming learning, “tinkers” typically develop solutions 
gradually through iterative debugging and code modification in 
small increments, while “planners” tend to design a more 
comprehensive solution before coding and make larger edits to 
the code each time [18]. Sun et al. utilized clickstream analysis, 
lag sequence analysis, and quantitative content analysis to 
examine the behaviors, discourses, and cognitive levels of 
students in pair programming [19]. They suggested that students 
exhibited different characteristics in terms of social interaction, 
cognitive engagement, and final programming performance [19]. 
The aforementioned studies demonstrate that employing various 
learning analytics to analyze students’ programming learning 
processes is beneficial in illustrating different aspects of learning 
outcomes. 

III. METHODS 

A. Context and Participants 

The study was conducted in an Object-Oriented 
Programming course at a typical university in southeastern 
China during the Spring semester of 2023. A total of 36 
sophomores majoring in Educational Technologies participated 
in this study. The course comprised five sessions. The learning 
objectives include understanding fundamental programming 
concepts such as variables, loops, and functions, and gaining 
proficiency in the Python language. Additionally, this course 
aims to help students develop skills in using AI for specific tasks 
like generating code, debugging, providing feedback, etc. 

PyCharm served as the IDE for Python in this study. We 
deployed the open-source project ChatGPT Next Web 
(NextChat), utilizing the open API provided by OpenAI to 
access the GPT-3.5-turbo model in the form of an independent 
website with full functionality. On NextChat platform, students 
can initiate thematic conversations with ChatGPT by typing 
their questions in the main window. 



The course was designed in five instructional sessions, each 
lasting 80 minutes. During the first four sessions, the instructor 
taught basic concepts of Python programming, including the 
introduction of Python (e.g., IDLE, input(), eval(), print()), data 
structure (e.g., int, float, set, list, dictionary), control structure 
(e.g., if, for, while), functions, and methods (e.g., Recursion, 
Lambda). The instructor introduced the usage of NextChat and 
demonstrated it in PyCharm. In the last session, students 
individually completed a programming project “Radar Chart” 
within 100 minutes in PyCharm. 

B. Data Collection 

Participants’ performance on the final project, the behavioral 
data collected as students learned to program using ChatGPT, 
and their interactions with ChatGPT were all gathered in this 
study. The assessment of students’ final projects was based on 
quality criteria, including the correctness of the code, the 
completeness of the functionality, and the clarity and 
effectiveness of the visualization. Participants’ interactions and 
inquiries with ChatGPT were recorded through the platform’s 
logs. Additionally, students’ programming behaviors were 
captured by computer screen recordings (without audio) during 
the Radar Map Task in the last course session. 

The final session was chosen to collect behavioral data for 
two reasons. First, the participants completed a programming 
project from start to finish in this session, allowing us to 
comprehensively understand how the students incorporated 
ChatGPT into their problem-solving process and better 
demonstrate their programming skills. Second, the students 
became more familiar with the use of ChatGPT through their 
experiences in previous sessions, leading to increased 
engagement in the last session. We collected 60 minutes of 
recordings per participant, resulting in a total of 2160 minutes of 
recordings across all participants. In addition, to answer the last 
research question, we gathered data from students through semi-
structured interviews.  

C. Data Analysis 

We used clickstream analysis to analyze the recordings and 
determine students’ programming behaviors. Two researchers 
utilized an iterative coding process based on a validated coding 
framework by Sun et al. [19]. They first watched the recordings 
to establish the initial coding of programming behaviors and 
reached an agreement on the initial coding framework (as shown 
in Table I) through discussions. Then, the two researchers 
independently coded segments every 10 seconds in a recording 
(about 30 minutes), according to the coding framework. The 
coding results showed an inter-coder reliability of 0.80, 
indicating that the coding scheme was clear and consistent. 
Finally, the researchers used the coding scheme to analyze the 
remainder of the recordings of the programming process. 

Upon completion of coding, descriptive statistics were 
employed to analyze patterns in learners’ behaviors when 
learning to program with the assistance of ChatGPT. This study 
also adopted the Lagged Sequence Analysis (LsA) method to 
explore transitions across programming learning behaviors. R 
Studio and the LagSeq package were used to conduct LsA.  

 

 

 

TABLE I.  CODING FRAMEWORK FOR PROGRAMMING LEARNING 

BEHAVIORS 

Category Code Behavior Description of Behavior 

Resources 

UT 
Understanding 

Task 

Viewing programming task 
details through the task 

window 

RAM 

Referring to 

Additional 

Materials 

Referring to resources 

provided by the instructor 

 

 

Code 

Editing 

CP 
Coding in 

Python 

Writing code in PyCharm 

software 

DP 
Debugging in 

Python 

Debugging code in PyCharm 

software 

UPC 
Understanding 

Python Codes 

 Understanding code by 

moving the mouse back and 

forth over the codes 

CRC 
Checking 

Radar Chart 

Examining output radar chart 

in PyCharm software  

RCM 

Reading 

Console 

Message 

Reading error messages in the 

PyCharm console 

ChatGPT- 

Assisted 

Coding 

ANQ 
Asking New 

Questions 

Asking new questions in 

ChatGPT independently 

PCM 

Pasting 

Console 

Message 

Pasting error message from 

console in ChatGPT  

PPC 
Pasting 

Python Codes 

Pasting Python code in the 

ChatGPT 

RF 
Reading 

Feedback 

Reading feedback in the 

ChatGPT  

CPC 
Copy and 

Paste Codes 

Copying code from the 

ChatGPT and pasting to 

PyCharm 

Others 
FC 

Failure in 

ChatGPT 

Being unable to get real-time 

feedback due to a technical 

failure of the platform (server, 

network, etc.)  

IO Idle Operation No operational behavior 

 

For students’ interactions with ChatGPT, we adapted an 
established framework for open coding of knowledge inquiry by 
Ouyang and Dai [20]. We analyzed the quality of learners’ initial 
questions (Knowledge Inquiry) and their subsequent questions 
about the ChatGPT feedback (Feedback Inquiry) at three levels: 
shallow, medium, and deep. Data from each participant were 
organized in an Excel sheet. The questions asked by the 
participants were identified and divided into units in 
chronological order, resulting in a total of 446 coding units that 
were coded.  

Then, two researchers manually coded the questions based 
on the coding framework in Table II to determine the final codes. 
Comparing the consistency between the two researchers, we 
achieved an inter-coder reliability of 0.83. Finally, all the data 
were transformed into the format required for cognitive network 
analysis to visualize learners’ knowledge inquiry activities in 
ChatGPT [21] and analyzed using the online cognitive network 
analysis tool named webENA. 

Final, a thematic content analysis was conducted by two 
researchers to identify common themes across the interview data, 
aiming to find common perceptions of ChatGPT’s pros and cons. 

 



TABLE II.  CODING FRAMEWORK FOR KNOWLEDGE INQUIRY 

QUESTIONS 

Dimension Category Code Description  

Knowledge 

inquiry (KI) 

 
 

Irrelevant 

Knowledge 
Exploration 

IKI 

A participant explores 

information unrelated to the 
discussion topics. 

Superficial-

level 

knowledge 
inquiry 

SKI 

A participant explores 

information related to the 

discussion topics without 

explicitly stating his/her own 
ideas, arguments, or 

perspectives. 

Medium-

level 
knowledge 

inquiry 

MKI 

A participant presents his/her 

own ideas, arguments, or 

perspectives without a detailed 
explanation or supporting 

resources, statistics, or personal 

experience. 

Deep-level 

knowledge 

inquiry  

DKI 

A participant explicitly 

elaborates his/her own ideas, 
arguments, or perspectives with 

a detailed explanation or 

supporting resources, statistics, 

or personal experience. 

Inquiry 

Content 
(IC) 

Superficial-

level 

Inquiry 

Content 

SIC 

A participant simply presents 
(dis)agreement, asks questions, 

or seeks clarification without 

explicitly stating his/her own 

ideas, arguments, or 

perspectives. 

Medium-
level 

Inquiry 

Content 

MIC 

A participant extends another 

participant’s ideas, arguments, 

or perspectives with a detailed 

explanation or supporting 

information, resources, 
statistics, or personal 

experience. 

Deep-level 

Inquiry 

Content 

DIC 

A participant extends, contends, 

and deepens the ideas, 

arguments, or perspectives 
proposed by other participants 

with detailed explanations or 

supporting information, 

resources, statistics, or personal 

experience. 

IV. RESULTS 

A. Descriptive Analysis of Programming Behaviors  

A total of 3985 behaviors were generated by 36 students, and 
the frequency and distribution of each behavior are shown in 
Table III. In general, Code Editing and ChatGPT-assisted 
Coding are the most frequent behaviors, although other 
behaviors like Failure in ChatGPT and Idle Operation also occur 
frequently. Resources were the least frequent category of 
behaviors.  

Among the Code Editing behaviors, the one with the highest 
frequency is Coding in Python (CP), followed by Understanding 
Python Codes (UPC) and Reading Console Messages (RF). This 
indicates that learners are constantly understanding and writing 
code during the programming process and seeking help by 
interacting with ChatGPT. Among the behaviors of ChatGPT-
Assisted Programming, besides Reading Feedback (RF), the 
behaviors that occur more frequently are Asking New Questions 
(ANQ) and Pasting Console Messages (PCM).  

 

TABLE III.  FREQUENCY OF PROGRAMMING LEARNING BEHAVIORS 

Category Code Frequency Percentage 

Resources 

(8.76%) 

UT 91 2.28% 

RAM 258 6.47% 

Code Editing 

(62.76%) 

CP 1569 39.37% 

DP 240 6.02% 

UPC 498 12.50% 

CRC 79 1.98% 

RCM 115 2.89% 

ChatGPT-assisted 
Coding 

(19.67%) 

ANQ 146 3.66% 

PCM 115 2.89% 

PPC 62 1.56% 

RF 403 10.11% 

CPC 58 1.46% 

Others 

(8.81%) 

FC 338 8.48% 

IO 13 0.33% 

 

B. Results of Lagged Sequence Analysis 

The network visualization of the LsA results is shown in Fig. 
1. The node size represent coding behaviors with their respective 
frequencies. Yule’s Q is used to indicate the strength of 
transition associations, ranging from -1 to +1, where 0 means no 
association. The direction of behavior transitions is determined 
by the presence of an arrow pointing from one node to another. 
Fig. 1 displays some significant behavioral transition sequences 
as follows:  

a) Sequence 1: Copy and Paste Codes -> Debugging in 

Python -> Reading Console Message (CPC -> DP:Yule’s 

Q=0.96; DP -> RCM: Yule’s Q = 0.94) 

Learners often copy and paste code from ChatGPT, then test 
the code through debugging, and finally read the messages in the 
output console window to understand its effectiveness. 

b) Sequence 2: Pasting Python Codes -> Pasting 

Console Message (Yule’s Q = 0.85) 

Learners tend to copy Python code and error messages from 
the console to ChatGPT to get help quickly, especially when 
they cannot understand or modify the code or when they 
encounter error messages they cannot fix.  

c) Sequence 3: Reading Feedback -> Copy and Paste 

Codes (Yule’s Q = 0.85) 

Learners spend time reading the feedback given by 
ChatGPT, including code samples and copying them into 
PyCharm software for testing.  

d) Sequence 4: Pasting Console Message -> Failure in 

ChatGPT (Yule’s Q = 0.79) 

Learners may encounter some technical problems when 
using ChatGPT to resolve error messages in their programs. 



 

Fig. 1. Network Visualization of the Lagged Sequence Analysis. 

C. Analysis of Learners’ Knowledge Inquiry in 

ChatGPT 

As shown in Fig. 2, learners mainly establish connections 
between superficial and medium-level knowledge inquiry 
(SKI/MKI) and connections between superficial-level 
knowledge inquiry and superficial-level inquiry content 
(SKI/SIC). While the connections to deep-level knowledge 
inquiry (DKI) and deep-level inquiry content (DIC) are 
relatively weak. 

 

Fig. 2. Cognitive Networks of Learners’ Knowledge Inquiry Activities.  

D. Student-percieved Pros and Cons of ChatGPT 

According to Table IV, among the various advantages 
highlighted by students, several key points emerged. First of all, 
ChatGPT made reference to “extensive programming 
knowledge” 35 times, encompassing providing coding solutions 
as well as helping with coding duties such as writing, 

understanding, and analyzing code, 35 times. Second, there were 
26 mentions of the “contextualized and varied responses” that 
ChatGPT offered, which included contextualized comments and 
a variety of focused responses. Students claim that ChatGPT 
outperforms conventional search engines like Bing or Baidu by 
supplying not just rapid programming solutions but also taking 
into account prior inquiries and presenting several solutions to a 
particular issue. Thirdly, there were fifteen mentions of 
“accurate and efficient feedback” that resulted from combining 
extensive resources and cutting down on search time. Compared 
to well-known programming websites like CSDN or GitHub, a 
student found ChatGPT to be more beneficial. Fourthly, 
“human-like interaction” was mentioned four times. A student 
perceived ChatGPT as a chatbot with a high degree of 
humanization. On the other hand, a student pointed out an 
exceptional aspect of ChatGPT that sets it apart from other tools: 
its willingness to acknowledge incorrect answers, apologize, and 
accept suggestions for correction. 

The second aspect highlighted the disadvantages of 
ChatGPT. First, 17 mentions were made of problems with 
erroneous codes resulting from outdated Python libraries, 
inadequate code compatibility, and inadequate decomposition of 
huge projects. A student stated, for instance, that it is impossible 
to expect ChatGPT to provide perfect and comprehensive code 
for a significant programming project. Second, the topic of 
“limited input and output” came up 10 times. This includes 
limiting the kinds of data that may be entered and generated 
(mostly text responses), not fully comprehending “human 
language”, misinterpreting long-form conversational exchanges, 
and imposing strict guidelines on the kind of questions that can 
be asked (e.g., prompts). As a student pointed out, “forming 
questions in ChatGPT can be difficult because you need to ask 
logical, clear questions to get the desired response.” 

TABLE IV.  THEMES OF CHATGPT’S PROS AND CONS EXTRACTED FROM 

STUDENT SEMI-INTERVIEWS 

Themes Sub-themes N 

Pros of 

ChatGPT 

Expansive programming knowledge 35 

Contextualized and varied response 26 

Accurate and efficient feedback 15 

Human-like interaction 4 

Cons of 

ChatGPT 

Inaccurate codes 17 

Limited input and output 10 

Technical problems 9 

 

V. DISCUSSIONS AND IMPLICATIONS 

A. ChatGPT-assisted Programming Learning 

The results of the programming behavior analysis show that 
learners tend to copy and paste code from ChatGPT and verify 
the correctness of the codes by debugging and reading error 
messages. This finding echoes Chen et al.’s conclusion that 
learners view ChatGPT as a useful programming learning 
resource and rely on it to guide their learning process [22]. 
Learners preferred to copy and paste Python codes and error 
messages from the console window directly into ChatGPT for 

 

 



support and solutions. This shows that learners have some trust 
in ChatGPT. 

In addition, learners spent a lot of time reading the feedback 
given by ChatGPT and copying it into the IDE to test its 
effectiveness. It is worth noting that there may be some issues 
with this approach, such as the accuracy of the feedback [6]. 
Therefore, learners should pay attention to the following aspects 
when using ChatGPT for programming learning. In the early 
stage of programming, learners can make full use of ChatGPT 
to deepen their understanding of programming problems and 
generate ideas for solutions. As learning progresses, learners 
should gradually write and edit code by themselves to improve 
programming ability and proficiency. Finally, it is necessary to 
avoid learners being overdependent on ChatGPT. Educators 
should monitor and correct learners’ irrelevant behaviors and 
provide scaffolding for correctly using ChatGPT to assist 
learning and problem-solving. 

B. Problems and Suggestions in ChatGPT-assisted 

Programming Learning 

 First, copying and pasting codes or error messages to 
ChatGPT may prevent learners from developing abilities in 
problem-solving and proficient programming. The powerful 
computational capability of ChatGPT may be used as a 
convenient substitute for student thinking and lead to 
“overreliance on technology” among students [23]. When 
learners just copy and paste codes without thinking, they may 
not be able to understand the logic and functionality of the code 
to make the necessary modifications or debugging [5]. Therefore, 
to use ChatGPT more effectively when learning programming, 
students must learn to (1) carefully read and understand the logic 
and operation of the code; (2) think beyond ChatGPT’s answers 
and solve problems independently; (3) actively modify and 
debug code to gain a deeper understanding of its functionality; 
and (4) ask ChatGPT specific questions with detailed 
descriptions of the problem and contextual information to get 
more accurate solutions. 

Furthermore, learners may encounter technical problems 
when using ChatGPT to assist in programming education. 
ChatGPT may not always provide accurate or complete answers, 
indicating that there is still room for improvement in the stability 
of the ChatGPT platform [6]. ChatGPT suffers from the 
hallucination problem common to NLP technologies, which 
needs to be improved by the developers of large language 
models through continuous iterations [24]. 

Students should leverage their knowledge to think about 
problems and create their code. They can also make use of a 
variety of learning resources to make up for the lack of 
knowledge, such as books and tutorials provided by the 
instructor [25]. At the same time, they can actively communicate 
with their peers or instructors to get timely support [19]. When 
using ChatGPT to assist programming education, learners 
should focus on the quality of their inquiries and stimulate 
ChatGPT to provide in-depth answers by posing challenging and 
open-ended questions [13]. They can also try to follow up with 
ChatGPT for more detailed explanations of the knowledge. 
Learners can enhance the quality and accuracy of ChatGPT 
responses by using prompts that clearly state their questions, 
needs, or desired responses [26].  

C. Teaching strategies for ChatGPT-assisted Program 

Learning 

The thematic analysis of student-perceived pros and cons of 
ChatGPT reveals that while the tool offers significant benefits, 
such as extensive programming knowledge, quick solutions, and 
engaging, human-like interactions, it also presents notable 
challenges. Students often highlighted ChatGPT's efficiency and 
the breadth of contextualized feedback, which enhanced their 
ability to tackle coding tasks. However, there is a concerning 
tendency for students to rely on copying and pasting code 
without fully understanding the underlying logic, which can 
hinder the development of deeper problem-solving skills and 
programming proficiency. Additionally, issues like outdated 
libraries, incomplete solutions, and the difficulties in crafting 
precise inquiries underscore the risks associated with 
overdependence on ChatGPT. 

In addition, it is crucial to develop teaching strategies that 
harness the strengths of ChatGPT while mitigating its 
limitations. Educators should encourage active learning by 
guiding students to use ChatGPT as a supplementary tool rather 
than as a primary source. Assignments should emphasize the 
importance of understanding code logic and promote the 
practice of writing and debugging code independently before 
consulting ChatGPT. 

Scaffolded inquiry exercises can be introduced, gradually 
increasing in complexity to help students develop the skill of 
crafting precise and logical questions for ChatGPT. This 
approach will enhance their ability to engage with the tool 
meaningfully and understand its responses within the 
appropriate context. Moreover, educators should promote 
critical evaluation by teaching students to assess the accuracy 
and relevance of ChatGPT's outputs. Comparing ChatGPT's 
suggestions with traditional resources or peer-reviewed 
documentation can foster a more analytical approach to learning. 

To reduce overreliance on ChatGPT, integrating peer 
collaboration into the learning process is essential. Collaborative 
activities where students work together to solve problems before 
turning to ChatGPT can enhance understanding and provide 
diverse perspectives on programming challenges. Furthermore, 
regular monitoring of how students use ChatGPT, coupled with 
timely feedback, can help prevent over-dependence on the tool. 
Educators should offer guidance on the effective use of 
ChatGPT as part of a broader learning strategy, ensuring that it 
complements rather than replaces the critical thinking and 
problem-solving skills essential for programming success. By 
implementing these strategies, educators can help students 
maximize the benefits of ChatGPT while also fostering the 
development of the necessary skills for long-term success in 
programming. 

VI. CONCLUSIONS 

In this study, 36 sophomore students from a normal 
university learned to program with the assistance of ChatGPT. 
Their learning process for the programming tasks was collected 
through video recordings of class sessions, ChatGPT logs, and 
student interviews. Different learning analytics methods were 
used to analyze learners’ programming learning behaviors and 
knowledge inquiry. Through iterative coding, a coded list of 



programming behaviors and knowledge inquiry was developed, 
which was used to analyze the patterns of learners’ 
programming behaviors and the quality of knowledge inquiry. 
A thematic content analysis on interview data was conducted 
and revealed the pros and cons of using ChatGPT in learning to 
program. Based on the findings, this study provides experience 
and insights on how to better utilize ChatGPT to improve 
programming performance and promote the development of 
higher-order thinking skills. However, there are some 
shortcomings in this study, such as the small sample size and the 
homogeneity of participants in terms of age and major. Future 
research will further explore and address these limitations to 
better leverage the power of generative AI to support students’ 
programming learning. 
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