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Abstract

ChatGPT, an Al-based chatbot with automatic code generation abilities, has shown

its promise in improving the quality of programming education by providing learners
with opportunities to better understand the principles of programming. However, lim-
ited empirical studies have explored the impact of ChatGPT on learners’ programming
processes. This study employed a quasi-experimental design to explore the possible
impact of ChatGPT-facilitated programming mode on college students’ programming
behaviors, performances, and perceptions. 82 college students were randomly divided
into two classes. One class employed ChatGPT-facilitated programming (CFP) practice

Rd 538, 311201 Hangzhou, China and the other class utilized self-directed programming (SDP) mode. Mixed methods

were utilized to collect multidimensional data. Data analysis uncovered some intrigu-
ing results. Firstly, students in the CFP mode had more frequent behaviors of debug-
ging and receiving error messages, as well as pasting console messages on the website
and reading feedback. At the same time, students in the CFP mode had more fre-
quent behaviors of copying and pasting codes from ChatGPT and debugging, as well
as pasting codes to ChatGPT and reading feedback from ChatGPT. Secondly, CFP
practice would improve college students’' programming performance, while the results
indicated that there was no statistically significant difference between the students

in CFP mode and the SDP mode. Thirdly, student interviews revealed three highly
concerned themes from students’ user experience about ChatGPT: the services offered
by ChatGPT, the stages of ChatGPT usage, and experience with ChatGPT. Finally, col-
lege students’ perceptions toward ChatGPT significantly changed after CFP practice,
including its perceived usefulness, perceived ease of use, and intention to use. Based
on these findings, the study proposes implications for future instructional design

and the development of Al-powered tools like ChatGPT.
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Introduction

Programming education has become increasingly important in the current higher edu-
cation system because it could promote college students’ computational thinking skills,
which are vital in various working situations (Jancheski, 2017; Stehle & Peters-Burton,
2019). However, the endeavor to harness the advantages of programming is not devoid
of obstacles. Extensive research has determined that students actively engaged in pro-
gramming education may encounter a range of challenges (Looi et al., 2018; Sun et al,,
2021a). The challenges that were faced included a deficiency in pertinent technical skills
and obstacles hindering the ability to access crucial resources (Bau et al., 2017; Tom,
2015). The challenges that college students face in their programming learning can have
a negative impact on their overall educational experience. In this regard, it seems neces-
sary to offer comprehensive support to college students in their programming learning
process (Lu et al., 2017; Sun et al., 2021d).

The use of certain technological enablers, for instance, interactive coding platforms,
integrated development environments (IDEs), and online coding communities, has a
substantial impact on the level of programming performance and behavior. They may
lead to promoting the acquisition of programming skills, facilitating their practical appli-
cation, and catering to the personalized preferences of programming learners (Cheva-
lier et al., 2020; Ghatrifi et al., 2023; Nurbekova et al., 2020). An exemplary illustration
of programming education can be found in the utilization of ChatGPT. The impact of
ChatGPT on learning has been remarkable, as it has brought about a revolutionary wave
of technological advancements that have greatly facilitated the teaching and learning
processes (Firaina & Sulisworo, 2023; Lo, 2023). ChatGPT may be a resource for deter-
mining performance, learning, and discussing numerous programming-related topics.
ChatGPT can formulate, clarify, and illustrate code samples in response to students’
inquiries. It has the potential to serve as an exhibition platform for various programming
solutions, explanations of various methodologies, and illustrative approaches (Chen
et al., 2023; Yilmaz & Yilmaz, 2023a). ChatGPT can generate a customized learning tra-
jectory based on the learner’s existing proficiency and desired objectives in program-
ming learning. ChatGPT can provide recommendations for online courses, tutorials,
books, and many other resources to enable ongoing personal and professional develop-
ment (Jalil et al., 2023; Surameery & Shakor, 2023; Tian et al., 2023). ChatGPT exhibits
exceptional characteristics, including the capability to produce text that faithfully rep-
licates authentic human dialogue when given inputs. This feature is very different from
traditional teacher-led instruction, and it makes people think about how it could be
used and incorporated into programming education (Firaina & Sulisworo, 2023; Javaid
et al., 2023). Further significant factors exist that necessitate scrutiny. Notably, conven-
tional teaching methods do not significantly impact the accessibility of vital information;
rather, it is ChatGPT’s sophisticated algorithmic architecture and computational prow-
ess that ensure its availability. In addition, it’s important to acknowledge that there may
be some inaccuracies in the error detection system of ChatGPT, which could potentially
impact students’ motivation and capacity to utilize the feedback provided.

What learning mode is more effective and preferred by college students for pro-
gramming learning remains uncertain. This uncertainty is partly attributed to pro-
gramming learning studies to date have been based on the comparison between the



Sun et al. Int J Educ Technol High Educ (2024) 21:14 Page 3 of 22

most commonly used technological sources and devices and traditional learning
forms. As an illustrative instance, researchers have juxtaposed and contrasted various
programming methodologies. Sun et al. (2021a), for instance, attempted to harmo-
nize text-based programming techniques with isomorphic block-based techniques.
With instructor-led delivery, Sun et al. (2021b) sought to reconcile learner-oriented,
unplugged programming. Sun et al. (2021d) facilitated the lectures on novice pro-
gramming instruments and the transition from Logo to Scratch. To address these
obstacles, teachers have implemented innovative pedagogical approaches, including
game-based learning, offline instruction, and project-centric programming, which
are commonly used in informal learning environments. The primary aim of these
methodologies is to convert traditional instructor-led programming instruction into
interactive, learner-focused programming activities (Brackmann et al., 2017; Hosseini
et al., 2019; Nurbekova et al., 2020).

For this study, we utilized Davis’ (1989) technology acceptance model (TAM) as a
theoretical framework to investigate students’ acceptance of ChatGPT in program-
ming education. Researchers have used Davis’ (1989) technology acceptance model as
a framework to look into how students interact with Al-based learning technologies
(Xie et al., 2023) by looking at the currently published academic literature. Research-
ers extensively employ the TAM framework in studies focused on the domain of pro-
gramming learning. Studies conducted by Cheng (2019) and Thongkoo et al. (2020)
have provided evidence that supports the claim that the TAM is a valid predictive
model for technological adoption in programming learning. In today’s modern era,
the widespread use of computing technology has made it an essential tool for stu-
dents. It has become so prevalent that it is now considered indispensable, enabling
students to take charge of their learning and strive toward long-term objectives such
as skill enhancement (Peng et al., 2023). Developed by Davis (1989), TAM aims to
shed light on the factors that influence user behavior in adopting new technologies
(Xie et al., 2023). According to the TAM, users’ perceptions of a technology’s use-
fulness and ease of use play a vital role in determining their adoption and regular
usage of it (Davis, 1989). In addition, the attitudes and behavioral intentions of users
play a crucial role in determining their willingness to adopt technology in the learn-
ing process (Yang & Tsai, 2008; Yi et al., 2016). Perceived ease of use is a concept
that revolves around how users assess the simplicity or complexity of a technological
device or system based on their impressions and expectations (Davis, 1989). When
considering the value of a particular technology, it is important to take into account
an individual’s assessment of how it will enhance their work efficiency (Xie et al.,
2023). When a new piece of technology is perceived as user-friendly, the chances of
people embracing it are significantly higher. Nevertheless, individuals tend to become
less inclined to utilize technology when they encounter challenges in acquiring the
necessary skills to operate it (Teo et al., 2008).

It will be worth exploring the effectiveness of ChatGPT in programming learning. In
this regard, this study aimed to explore the impact of ChatGPT-facilitated programming
on college students’ programming behaviors, performance, and perception by compar-
ing two kinds of learning modes: ChatGPT-facilitated programming (CFP) mode and
traditional self-directed programming (SDP) mode. There were four research questions:
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RQ1: What are the differences in the programming behaviors of students engaged in
CFP mode compared with those in SDP mode?

RQ2: What are the differences in the programming performances of students
engaged in CFP compared with those in SDP mode?

RQ3: How do college students describe their user experiences with ChatGPT in CFP
mode?

RQ4: How do college students’ perceptions of ChatGPT change following their expe-
rience with CFP mode?

The results of this study offer significant insights that can inform policy-making
regarding the most effective approaches to expand and support programming education
at the college and university levels. Despite being conducted within the specific context
of China, our research findings and consequences hold significance for scholars, poli-
cymakers, and practitioners worldwide. Countries, regardless of their level of develop-
ment, can recognize and rectify possible deficiencies in programming education through
careful consideration of the data presented in our research. The advent of Al tools such
as ChatGPT introduces novel complexities to programming instruction. Our research
makes a significant and innovative contribution to this urgent matter at an international
level. The ramifications transcend academic settings and universities, encompassing the
approaches and policies of governments across the globe. In conclusion, the findings of
this inquiry substantially advance our comprehension of the perspectives held by aspir-
ing teachers worldwide regarding the application of ChatGPT in computer program-
ming instruction.

Literature review

Advancing programming education with Al-technologies

Technology-enhanced programming learning has been gaining momentum in recent
years with the advance of Al technologies. This literature review examines the new
trends in the programming and learning fields that have emerged in the age of Al One of
the significant trends in programming education is the integration of Al-powered tools
such as chatbots, intelligent tutoring systems, and automated programming assessment
software. These tools offer students personalized instruction and immediate feedback to
help them progress at their own pace and improve their programming skills. For exam-
ple, Skalka et al. (2021) proposed a conceptual framework that combines micro-learn-
ing and automatic evaluation of source code to give students immediate feedback and
involve them in software development in a virtual learning environment. This framework
was shown to significantly improve the results of students in advanced programming
courses. In the Programming 1 course, Malik et al. (2022) introduced a chatbot that was
specifically engineered to highlight problem-solving strategies, common programming
errors, syntax, and semantics, with the ultimate goal of assisting inexperienced learn-
ers in simultaneously mastering a variety of competencies. The students perceived the
chatbot’s methodology as advantageous in the above-mentioned points. Klasnja-Milievi
et al. (2016) also designed an Intelligent Tutoring System called Programming-Tutor that
uses Al to provide an immersive learning experience for online programming courses
in the Pacific. This ITS is expected to help students learn programming more easily and
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efficiently in an online mode and provide valuable formative assessment while enhanc-
ing student learning.

Furthermore, the application of data analytics, machine learning, and natural language
processing technologies in programming education has gained popularity. These inno-
vations can help analyze programming-related data, extract valuable insights into learn-
ers’ programming skills, and pinpoint areas where improvement is needed to enable
effective feedback and instruction. For instance, Khan et al. (2019) developed a model
to predict the performance of introductory programming students based on their early
semester grades. The researchers used WEKA to compare eleven different machine-
learning approaches and found that the Decision Tree algorithm did the best in terms of
recognizing instances, being accurate on the F-measure, and finding true positives. This
model is expected to enable students to forecast their probable final grades, empower-
ing them to modify their study approaches for better academic results. In a similar vein,
Sivasakthi et al. (2017) developed a predictive data mining model that utilized classifi-
cation algorithms to predict the performance of first-year Computer Application bach-
elor’s degree students in introductory programming. The research ascertained the most
efficient classification algorithm and demonstrated the accuracy of each algorithm in
use. In addition, Shen et al. (2023) proposed a student profile model that includes code
information and other student characteristics as input to a deep neural network for per-
formance prediction and found that a four-layer deep neural network using all available
dimensions of student profiles achieved the best performance.

Despite these promising trends, challenges remain in effectively integrating Al tech-
nologies into the learning process. These challenges include ethical considerations such
as privacy, security, and bias, and tensions between the use of AI-powered tools and the
human aspect of programming involving creativity and problem-solving skills (Gervasi
et al,, 2021; Mousavinasab et al., 2021; Wang et al., 2023). Recent advancements in large-
scale language modeling and Al such as interactive text generators capable of respond-
ing to user prompts (Yilmaz & Yilmaz, 2023c), have not been adequately explored or
recognized in programming education. This leaves a gap in implementing state-of-the-
art technologies in programming education pedagogy.

Integrating ChatGPT in the programming filed

Its unique features distinguish ChatGPT from conventional programming utilities. Sura-
meery and Shakor (2023) and Yilmaz and Yilmaz (2023c) emphasize that ChatGPT, as
an Al language model, enhances its usability for individuals without prior program-
ming knowledge by engaging in conversational language with users. Ray et al. (2014)
commonly portray conventional programming resources, such as programming envi-
ronments, programming languages, libraries, and associated components, as requiring
programming expertise and often focusing on a single language. A Python integrated
development environment purposefully developed for Python requires users to possess
a foundational understanding of this programming language. In contrast, multi-platform
integrated development environments such as Flutter or Microsoft Visual Studio sup-
port multiple programming languages. In light of this, ChatGPT employs machine learn-
ing and natural language processing technologies to accurately interpret and respond to
user inputs expressed in colloquial language. In contrast to conventional programming



Sun et al. Int J Educ Technol High Educ (2024) 21:14 Page 6 of 22

languages, which adhere to particular syntax and principles, ChatGPT is designed to
comprehend user inquiries and provide appropriate responses, as explained by OpenAl
(2023). According to Jalil et al. (2023), ChatGPT presents a novel programming peda-
gogical approach that is suitable for a diverse range of individuals, including teachers
and students.

However, there are conflicting views on the effectiveness of ChatGPT in programming
education. On one hand, Yilmaz and Yilmaz (2023b) highlight the various advantages
that ChatGPT offers over other programming tools, such as utilizing natural language,
providing easy access, offering quick response times, facilitating personalized learning,
supporting multiple languages, offering clear explanations and programming exam-
ples, allowing for inquiries and searches, and providing resources for advanced topics.
According to Yilmaz and Yilmaz (2023a), ChatGPT distinguishes itself from other pro-
gramming tools through its utilization of colloquial language, user-friendly interfaces,
support for multiple languages, comprehensive search capabilities, provision of lucid
explanations accompanied by practical illustrations, facilitation of personalized learning
experiences, and engagement with complex subject matters. Yilmaz and Yilmaz (2023c)
conducted a study that found that the utilization of generative Al tools, including Chat-
GPT, could potentially enhance students’ morale, programming confidence, and aptitude
for computational reasoning. Additionally, Chen et al. (2023) argue that ChatGPT’s inte-
gration into programming instruction can significantly improve students’ programming
skills through the provision of code explanations and problem-solving assistance. Jalil
et al. (2023) demonstrate that learners’ efficacy improves when implementing ChatGPT
in software testing instruction. Scientific literature frequently addresses the potential of
ChatGPT to assist programmers with support and problem resolution (Surameery &
Shakor, 2023; Tian et al., 2023). A multiplicity of scholars, including Lo (2023), Qureshi
(2023), and Tlili et al. (2023), have underscored the manifold advantages of ChatGPT.
The benefits encompass constant accessibility from any location, promptness, and preci-
sion in response, and an interface that is easy for users to navigate.

Although ChatGPT offers numerous advantages in the realm of programming edu-
cation, it is not without its limitations. The limitations emphasized by Yilmaz and
Yilmaz (2023a) include disorganized learning, excessive reliance on external tools and
environments as a result of the lack of integrated applications, limited support for data
structures and algorithms, and inadequate graphical user interface assistance. In their
study, Rahman and Watanobe (2023) highlight the following drawbacks of ChatGPT in
programming education: a lack of capability in reasoning through simple logic, poten-
tial biases, difficulties in complex logical reasoning, and an inability to process visual
information. Moreover, they emphasize the intricate and multifaceted nature of ethical
considerations associated with ChatGPT, including but not limited to bias, discrimi-
nation, privacy, security, technology misuse, accountability, transparency, and societal
repercussions.

Given the numerous variables that may influence the efficacy of ChatGPT in program-
ming instruction, it is imperative to conduct a comprehensive, multifaceted investigation
into ChatGPT’s function in programming. This will yield fruitful research outcomes,
analytical ramifications, and actionable suggestions. However, researchers have con-
ducted the majority of the extant research on the use of ChatGPT in programming



Sun et al. Int J Educ Technol High Educ (2024) 21:14 Page 7 of 22

education outside the formal programming curriculum. The lack of a controlled com-
parison or quasi-experimental design in previous studies complicates researchers’ ability
to make definitive claims regarding the effectiveness of the method in assisting individu-
als with coding learning. Additionally, there has been minimal involvement by students
in both the practice and reflection of ChatGPT in programming learning. As a result,
there is a gap in knowledge and practical application of the impact of ChatGPT on pro-
gramming education.

Research methodology
Research context, participants, and instructional procedures
As an integral component of a mandatory “Python Programming” course, we con-
ducted the research specifically tailored for Educational Technology majors enrolled at
a Chinese university during the spring term of 2020. We employed a quasi-experimen-
tal design to compare the programming behaviors, performances, and perspectives of
learners between the control condition (self-directed programming, SDP) and the exper-
imental condition (ChatGPT-assisted programming, CFP) mode. The CFP experimen-
tal class consisted of 43 individuals (19 females and 13 males), as opposed to the SDP
control class of 39 individuals (16 females and 15 males). With prior knowledge of C
programming, the first author of this study, who also instructed both groups, shared this
expertise. After obtaining written consent from the review committee, the researchers
collected and interacted with data, ensuring no ethical violations occurred. The same
instructor oversaw both classes and employed identical instructional strategies, course
materials, and guidelines. The sole distinction lay in the integration of ChatGPT into
the experimental setup. The instructor, with the assistance and direction of the research
team, organized the course into three phases and five eighty-minute learning sessions.
There were 39 learners (female=16; male=15) in the control SDP class and 43
learners (female=19; male=13) in the experimental CFP class. The students with C
programming experience were instructed by the same teacher (the first author of this
paper), and both classes were not informed of the different treatments. The review com-
mittee’s written agreement was obtained to interact with and collect data for research
purposes without ethical issues. Classes were taught by the same instructor (the fourth
author), who maintained the same teaching style under two conditions, offered the same
instructional materials to learners, and used the same teaching guidance for each class,
except for the use of ChatGPT in the experiment condition. With guidance and sup-
port from the research team, the instructor divided the course into three phases and five
instructional sessions (each session lasted 80 min). In Phase I and Phase II, the instruc-
tor taught the first four sessions’ contents, including the basic concepts of Python pro-
gramming, 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), func-
tions, and methods (e.g., Recursion, Lambda). In Phase III, the instructor taught the last
session’s content, which was about a comprehensive programming project (radar chart).
The design of the instructional sessions referred to the book titled Python Program-
ming (ICOURSE, 2023). During Phase I and Phase II, both classes received instructor’
lecturing with oral presentations and Python demonstrations in first place, followed by
self-directed practices with the programming tasks demonstrated before. In Phase III,
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students were required to complete a radar chart task within 100 min. Students in the
SDP mode solved problems according to their knowledge (e.g., refer to additional mate-
rials). While in the CFP mode, the ChatGPT Next platform, which was deployed by the
first author, was adopted as a major tool to facilitate students’ problem-solving process
(see Fig. 1). On this platform, gpt-3.5-turbo was chosen as the model, and students can
initiate various thematic conversations with ChatGPT by typing their questions in the
main window and getting feedback from ChatGPT.

Data collection and analysis approaches

Four methods were used to collect and analyze the data for this study. We docu-
mented the programming behaviors of the students by monitoring platform logs and
recording computer screen videos (excluding audio). For research facilitation, we
selected video recordings of the data obtained during the final class session (specifi-
cally, the radar chart task), which averaged 40 min per learner, resulting in a total
of 3280 min. We selected the final session for data collection for two primary rea-
sons: first, it focused on a comprehensive programming task that provided a holistic
view of how ChatGPT integrated into resolving programming challenges and dem-
onstrating programming performance; and second, informal observation revealed
that students in the experimental group had developed performance in utilizing
ChatGPT and were more actively involved in this session. By utilizing clickstream
analysis (Filva et al., 2019) on this data, we were able to discern the programming
behaviors of the students. We conducted the video analysis using a recurrent cod-
ing procedure that adhered to a previously approved coding framework (Sun et al.,
2021a, b, ¢, d). Following an initial individual evaluation of the screen-captured vid-
eos by two coders who were well-versed in video analysis, they identified preliminary
codes representing programming behaviors. Subsequently, the coders collaboratively
discussed these codes to arrive at a final coding arrangement, as detailed in Table 1.

HIEAHIR (o
ChatGPT Next 10 %34%
Build your own Al assistant.
® 0% 0 KRR - § -
EET 88 fs el $fMpythont)fF EiAE?
ABHSH
BER A, 9L FEe—1 i A N
BREARE Read feedback from ChatGPT:
HBEIEA
ChatGPTHRYS SIS D
¥y & » ® 8 &
Ctrl + Enter 3%, /REHSD, - REDS
e ®© @ wowx { Type in question to ChatGPT |

Start new conversation

Fig. 1 ChatGPT-facilitated programming platform used in CFP mode
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Table 1 Coding framework for programming behaviors

Code Description

Understanding task (UT) A student transferred to the task window to understand the program-
ming projects

Coding in Python (CP) A student wrote codes with the Python language in the system

Debugging in Python (DP) A student debugged in PyCharm

Understanding Python codes (UPC) A student attempted to understand the code with the mouse moving
back and forth on the code

Checking Radar Chart (CRC) A student checked the radar chart output in PyCharm

Reading console message (RCM) A student read error messages in output console in PyCharm

Asking new questions (ANQ) A student asked new questions in ChatGPT/browser

Pasting console message (PCM) A student pasted error messages from output console window in
ChatGPT/browser

Pasting Python codes (PPC) A student pasted Python codes to ChatGPT/browser

Reading feedback (RF) A student read feedback in ChatGPT/browser

Copy and paste codes (CPQ) A student copy and paste codes from ChatGPT/browser

Referring to additional materials (RAM) A student referred to additional materials from instructors

Failure in ChatGPT (FC) ChatGPT failed to give feedback due to technical problems (e.g., cannot
connect to the server, get stuck)

Idle operation (I0) A student had no operation

Based on this coding framework, each coder autonomously recorded the data in
chronological order, annotating learner behaviors every 10 s and validating the results
with one another. Additionally, we employed lag-sequential analysis (LsA) to assess
the behavioral patterns of the learners, using the video coding outcomes as a foun-
dation (Faraone & Dorfman, 1987). Evaluating the frequency of transitions between
two behaviors and network representations displayed in two instructional modes
was entailed. We chose Yule’s Q to represent the extent of transitional associations
because it has descriptive value and can account for base numbers of contributions
(ranging from — 1 to+ 1, with zero indicating no association). This study used a net-
work visualization technique previously developed (Chen et al., 2017) to illustrate the
outcomes of LsA in networks. Nodes represent behavior codes along with their cor-
responding frequencies, while edges denote transitional Yule’s Q values. An arrow
pointing in the opposite direction of the node denotes the direction of the transition.

Secondly, we evaluated the students’ programming performance by assessing their
programming assignments. The programming task involved developing a radar chart,
with an advanced requirement being the creation of a Holland radar chart and a sim-
plified radar chart serving as the primary requirements. The first author assessed the
scores on a scale of one hundred using a rubric that included aspects such as code
correctness, programming project aesthetics, and functional integrity. A T-test was
employed to compare the academic performance of students enrolled in the two
courses.

Thirdly, we conducted semi-structured post-class interviews with students, spe-
cifically focusing on their experiences using ChatGPT to practice programming (the
interview instrument can be found in Appendix A). We followed a rigorous procedure
of thematic analysis to examine the interview data (Cohen et al., 2013). The method-
ology consisted of the subsequent steps: (1) getting interview transcripts ready for
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analysis; (2) having two separate coders assign codes to different parts of the data; (3)
recording the coded segments so that they can be analyzed later; (4) talking about and
comparing parts of the data that have the same codes; (5) aligning and improving the
codes to make themes that make sense; and (6) checking the validity and reliability
of the themes that were made. Transcripts containing statements such as “I appre-
ciated the human-like explanations ChatGPT provided whenever I made a syntax
error; it facilitated my learning pace” and coded segments including “ChatGPT pro-
vided human-like explanations; it facilitated my learning pace; identify and correct
code errors” serve as an example of this procedure in our research. The codes were
subsequently integrated and refined into the theme “experience with ChatGPT” To
offer additional elucidation, the themes refer to the discernible patterns or concepts
that permeate the data and are substantial in delineating a phenomenon while also
being relevant to the research inquiry. A theme related to "experience with ChatGPT"
may manifest in our research, as student responses inquire about the pros and cons
of ChatGPT. Moreover, codes serve as the identifiers assigned to specific data points
to concisely represent or summarize the data. For example, situations in which stu-
dents refer to "extensive programming knowledge" and "various and contextualized
responses” could be interpreted as "ChatGPT experience." Moreover, we refer to the
data segments that have been assigned unique identifiers as "coded segments." In our
research, a coded segment may consist of a participant reminiscing about personal
experiences while extracting a sentence or paragraph from the interview transcript.

Fourthly, at the beginning and end of the sessions, we distributed questionnaires to
determine the students’ perceptions of ChatGPT in the CFP mode. We employed a
modified version of the survey instrument created by Venkatesh and Davis (2000) as well
as Sanchez and Hueros (2010) for this investigation. Two distinct sections comprised
the survey. The primary objective of the initial segment was to gather data from partici-
pants concerning their demographic attributes, prior encounters, and anticipations con-
cerning ChatGPT. The following segment comprised questions rated on a seven-point
Likert scale, where a rating of one indicated strong disagreement and a rating of seven
indicated strong agreement. The investigations revolved around four core domains: per-
ceived usefulness, perceived ease of use, intention to use, and attitude. For additional
information, please consult Appendix B. An independent T-test and descriptive analysis
were used to ascertain the outcomes based on the gathered data.

Results

Impact of CFP on college students’ programming behaviors

Regarding RQ1 (What are the differences in the programming behavior of students
engaged in CFP mode compared with those in SDP mode?), we gathered data on stu-
dents’ behaviors during the programming process, and we employed lag-sequential
analysis to identify any differences in the behavioral patterns between the two groups.
Learners’ behavioral patterns exhibited both similarities and discrepancies between
the two learning modes. Firstly, in terms of frequency analysis, coding in Python (CP)
was the most frequent behavior observed in both classes, followed by either under-
standing Python code (UPC) or reading feedback (RF). In the SDP mode, the most fre-
quent behaviors were coding in Python (CP; frequency=5290), reading feedback (RF;
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in Python, UPC Understanding Python codes, CRC Checking Radar Chart, RCM Reading console message, ANQ
Asking new questions, PCM Pasting console message, PPC Pasting Python codes, RF Reading feedback, CPC
Copy and paste codes, RAM Referring to additional materials, FC Failure in ChatGPT, /O Idle operation

frequency =2443), and understanding Python code (UPC; frequency=1760). Compara-
tively, learners in the SDP mode engaged in reading feedback behaviors more frequently
than those in the CFP mode (RF; frequency=1439) (see Fig. 2). In the CFP mode, the
most frequent behaviors were coding in Python (CP; frequency =5604), understanding
Python code (UPC; frequency=1779), and reading feedback (RF; frequency=1439).
Conversely, learners in the CFP mode had a higher frequency of code debugging behav-
iors (DP; frequency =857) compared to the SDP mode (DP; frequency =423) (see Fig. 3).

Secondly, regarding sequence analysis, there were 37 and 44 significant programming
learning sequences in the SDP and CFP modes, respectively, with numerous links among
the different codes. Generally, students in the SDP mode: (1) were more likely to debug
Python codes (DP) and receive error messages (RCM) (DP — RCM, Yule’s Q=0.97),
or check radar charts (CRC) (DP — CRC, Yule’s Q=0.87); (2) often pasted error mes-
sages (PCM) and asked new questions (ANQ) from the output console in the browser to
look for solutions (RF) (PCM — REF, Yule’s Q=0.88; ANQ — RF, Yule’s Q=0.87); and
(3) preferred to copy and paste codes directly from the browser into their current codes
(CPC) and debug to test the correctness of the borrowed codes (DP) (CPC — DP, Yule’s
Q=0.85).

As for students in the CFP mode (see Table 2), they (1) frequently copied and pasted
codes from ChatGPT (CPC), debugged to test their correctness (DP) (CPC — DP, Yule’s
Q=0.95), and then read error messages in the output console window (DP — RCM,
Yule’s Q=0.93); (2) preferred to directly copy and paste Python codes (PPC) and error
messages from the output console window to ChatGPT (PCM) (PPC — PCM, Yule’s
Q=0.86); (3) spent significant time reading feedback in ChatGPT (RF) and copying
codes from ChatGPT (CPC) (RF — CPC, Yule’s Q=0.85); and (4) encountered technical
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Table 2 LsA transition frequency of programming behaviors of learners in two learning modes

SDP CFP

Transition Yule’s Q Transition Yule’s Q
DP — RCM 0.97 CPC — DP 0.95
PCM — RF 0.88 DP — RCM 0.93

DP — CRC 0.87 PPC — PCM 0.86
ANQ — RF 0.87 RF — CPC 0.85
CPC — DP 0.85 PCM — FC 0.79

Table 3 Independent T-test of college students’programming performance in SDP and CFP modes

Modes n M SD t p
SDP 39 78.36 17.59 —1.28 0.204
CFP 43 84.11 19.45

problems (FC) while pasting error messages to ChatGPT (PCM) (FC — PCM, Yule’s
Q=0.79). These differences suggest that students in each class employ distinct learning
strategies depending on the context and available resources.

Impact of CFP on college students’ programming performances

To address RQ2 (What are the differences in the programming performances of stu-
dents engaged in CFP mode compared with those in SDP mode?), we examined stu-
dents’ programming performance by analyzing their final programming projects, and
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we presented the results of a T-test that compared the post-test scores between the two
groups of learners (see Table 3). After the intervention, learners in the CFP mode had a
higher average score (M =84.11, SD =19.45) than learners in the SDP mode (M ="78.36,
SD=17.59). A T-test indicated that no statistically significant difference was found
between the two classes (¢ (77) =1.28, p=0.204).

College students’ user experience about utilizing ChatGPT in CFP practice

With regards to RQ3 (How do college students describe their user experiences with
ChatGPT in CFP mode?), we gathered data from students through semi-structured
interviews and utilized thematic analysis to explore different themes (Table 4). The ser-
vices offered by ChatGPT, stages of ChatGPT usage, and experience with ChatGPT were
the three main themes that emerged from the thematic analysis of learners’ interview
data. The first theme explored the services offered by ChatGPT that are most commonly
utilized by the students. Thirty students out of a total of forty-three in the CPF group
referred to ChatGPT’s utilization for programming-related services as advantageous,
including error checking, code learning, code writing, code modification, and code
interpretation. Wang’s remark clarifies that ChatGPT is an invaluable resource for learn-
ing and gaining insights into programming concepts and a versatile tool for addressing
coding inquiries. In a similar vein, twenty students described how they utilized Chat-
GPT to perform domain-general tasks, such as browsing for information, synthesizing
data, obtaining answers to general inquiries, and identifying unfamiliar concepts.

The second theme highlights the utilization of ChatGPT by students across vari-
ous stages of the programming process. Among these stages, coding (mentioned by
40 students), debugging (mentioned by 37 students), and acquiring unfamiliar knowl-
edge (mentioned by 25 students) emerged as the top three. Additionally, the students
mentioned the importance of decomposing problems (mentioned by 14 students) and

Table 4 Results’ of students’ user experience on utilizing ChatGPT in CFP practice

Themes Number of
students

Services offered by ChatGPT

Programming-specific service 40
Domain-general service 19
Stages of ChatGPT-using
Designing projects 10
Decomposing problems 14
Acquiring unfamiliar knowledges 25
Coding 40
Debugging 37
Experience with ChatGPT
Expansive programming knowledge 35
Contextualized and varied response 26
Accurate and efficient feedback 15
Human-like interaction 4
Inaccurate codes 17
Limited input and output 10

Technical problems 9

Page 13 of 22
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designing projects (mentioned by 10 students) in their interactions with ChatGPT.
Yu stated, “Our group used this tool to generate ideas. Afterward, we chose a favorite
theme, and ChatGPT helped us expand on it” Meanwhile, Chen highlighted that “Chat-
GPT’s most advantageous feature in programming is its targeted debugging feedback.
Copying and pasting error messages into ChatGPT, it helps identify problematic areas in
our code”

Among the various experiences of ChatGPT among CPF students, several key points
emerged. First of all, the “extensive programming knowledge” from ChatGPT, which
includes offering coding solutions and facilitating coding tasks like writing, compre-
hending, and analyzing code, was mentioned by 35 students. Secondly, the “contextu-
alized and varied responses” provided by ChatGPT, including contextualized feedback
and diverse, targeted answers, were mentioned by 26 students. According to students,
ChatGPT surpasses traditional search engines like Bing or Baidu by providing not only
quick programming solutions but also considering previous queries and offering mul-
tiple answers to a given problem. Thirdly, “accurate and efficient feedback” generated
from integrating vast resources and saving search time was mentioned by 15 students.
Fang found ChatGPT more helpful than popular programming websites like CSDN or
GitHub. In contrast to fruitless searches on forums, Fang could input source code or
issues into ChatGPT and receive specific and tailored responses, saving significant time.
Fourthly, “human-like interaction” was mentioned by 4 students. Yang perceived Chat-
GPT as a chatbot with a high degree of humanization, stating, “ChatGPT seems to have
a human-like understanding of my natural language” On the other hand, Xue 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.

However, students also reported several issues, firstly, inaccurate codes arising from
un-updated Python libraries, insufficient code compatibility, and inadequate decompo-
sition of large projects were mentioned by 17 students. For example, Wang expressed,
“Expecting ChatGPT to generate complete and flawless code for a large programming
project is unrealistic” Secondly, “limited input and output” aspects were raised by 10
students. This includes constraints on input and output data types (e.g., mainly text
responses), insufficient understanding of “human language’, inaccurate comprehen-
sion of lengthy conversational information, and demanding requirements for question-
ing techniques (e.g., prompts). Yang noted, “Formulating questions in ChatGPT can be
challenging as it requires logical and clear queries for the desired feedback” Thirdly,
technical problems such as instability, slow response times, incomplete feedback (with
portions of the question unanswered), and limited comprehension of the Chinese lan-

guage were mentioned by 9 students.

College students’ perceptions towards ChatGPT in CFP practice

Concerning research question 4 (How do college students’ perceptions of ChatGPT
change following their experience with CFP mode?), we collected student responses via
surveys and analyzed the data using T-tests to investigate the students’ perspectives on
ChatGPT. Using the T-test, this study identified some variations in the perception scores
of CFP learners. The mean scores of the students on the pre-test and post-test for the

factors comprising four sub-dimensions—“perceived usefulness, perceived ease of use,
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Table 5 Statistic results of CFP students'scores on the four dimensions in the pre- and post-test

Perceived usefulness Perceived ease of use Intention to use Attitude
Pre-test 449 (147) 4.17 (1.09) 460 (1.48) 2.25(0.81)
Post-test 498 (1.08) 4.75 (1.06) 5.22(0.96) 1.88 (0.57)
t — 234 — 2.84** —3.07* 2.79
Cohen’sd 0.46 0.55 0.65 0.56

"p<0.05;"p<0.01

intention to use, and attitude”—are presented in Table 5. The T-test results indicate that
the post-test perceptions of CFP students regarding "perceived usefulness" (t=— 2.34,
p=0.027<0.05), "perceived ease of use" (t=— 2.84, p=0.009<0.01), and "intention
to use" (t=— 3.07, p=0.005<0.01) were significantly higher than the pre-test percep-
tions of these variables. However, the statistical analysis did not find a significant dif-
ference between the pretest and posttest scores of CFP students in "Attitude" (t=2.79,
p=0.100>0.05).

After the T-test analysis of grade differences, we calculated the effect sizes to assess
the significance of the disparities between the pre-test and post-test scores. Researchers
often quantify the effect size using Cohen’s d value (Cohen, 1988) in the T-test. A d value
of 0.2 indicates a small effect size, d=0.5 indicates a medium effect size and d =0.8 indi-
cates a large effect size. The findings from Table 4 indicate that the students’ evaluations
of ChatGPT had a moderate impact on "perceived usefulness” (0.46 >0.40), "perceived
ease of use" (0.55>0.50), and "intention to use" (0.65>0.50).

According to our analysis, the “perceived usefulness, perceived ease of use, and inten-
tion to use” of ChatGPT among college students improved significantly after some time
of usage. This finding suggests that students perceived ChatGPT as more practical, user-
friendly, and inclined to utilize it again. Conversely, these enhancements failed to yield
a favorable influence on their “attitude towards utilization” This implies that while stu-
dents were receptive to utilizing ChatGPT for practical purposes, the perceived benefits
did not result in favorable emotional responses or supersede preexisting inclinations.
This highlights a discrepancy between utilitarian and affective considerations. Further
investigation is necessary to determine the other factors that influence students’ atti-
tudes, in addition to the perception of utility.

Discussions

The primary objective of this research was to investigate the impact of ChatGPT on
programming learning among college students. In this study, a comparison was made
between two learning modes in terms of their impact on college students’ program-
ming learning. The two modes under investigation were instruction with traditional
self-directed programming and instruction with ChatGPT-facilitated programming. The
objective of this research was to examine and evaluate the disparities in programming
performance and programming habits among college students in two distinct learning
modalities. Additionally, the study sought to explore the perceptions of these individuals
toward ChatGPT programming learning.
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Firstly, the results showed that students in each class employed distinct learning strat-
egies depending on the context and available resources. In terms of frequency analysis,
coding in Python was the most frequent behavior observed in both classes, followed by
either understanding Python code or reading feedback. However, ChatGPT enabled stu-
dents to paste their original codes or complete error messages, allowing them to receive
personalized feedback more easily. This personalized feedback was found to facilitate
their programming learning (Sun et al.,, 2021c). As highlighted by Chen et al. (2023),
the improvement in programming learning performance through the use of ChatGPT
mostly stems from the provision of code explanations and debugging assistance. In addi-
tion to this, Yilmaz and Yilmaz (2023a) noted the features of ChatGPT that facilitate
personalized learning, provide clear explanations and programming examples, enable
inquiries and searches, and offer resources on advanced topics. Due to Python’s popular-
ity, it is clear that hands-on experience and participation in coding activities are crucial
to learning the language. By analyzing how college students in a ChatGPT-enabled cod-
ing course approach learning, we may better understand how Al can supplement and
improve education rather than replace established methods (Wang et al., 2023). Teachers
and college students can apply the findings of our research to modify their pedagogical
approaches to maximize the utility of tools such as ChatGPT. Still, our study started an
important conversation about how to use these Al-powered tools ethically and respon-
sibly. This gives us a chance to look into the best ways to help people learn while still
maintaining academic integrity. A concern that emerged during our investigation was
the possibility that students might employ ChatGPT or comparable resources inappro-
priately and cite information from their work. Scholars such as Igbal et al. (2022) have
emphasized the need for transparent communication and explicit protocols regarding
the implementation of Al assistance to enhance the learning experience while upholding
rigorous academic criteria.

Furthermore, the results of this research indicated that there was no statistically signif-
icant distinction between students engaged in the CFP mode and those engaged in the
SDP mode. This suggests that the rudimentary implementation of ChatGPT as a facili-
tator in the programming course does not appear to yield a considerable improvement
in student programming performance in comparison to the traditional instructional
approach. Contrary to the findings of Yilmaz & Yilmaz et al. (2023a), which suggest that
programming instruction aided by ChatGPT and similar tools can enhance students’
programming abilities through code explanations and diagnostic assistance, this study’s
results contradict their findings. In contrast, this study, like Qureshi’s (2023), discovered
that students who utilized ChatGPT achieved higher scores in programming. However,
ChatGPT’s code contained errors and contradictions, hindering students from achiev-
ing perfect scores in both investigations. The unique contextual elements intrinsic to
the study and its results could potentially explain the divergence between the present
research findings and those of previous investigations. Other potential influences that
could affect the results include the magnitude of the sample, the expertise level of the
participants, the quality of instruction, or the specific evaluation methods employed. The
results of this study indicate that the utilization of ChatGPT in isolation does not yield
a substantial benefit in comparison to conventional self-directed approaches to learn-
ing programming. However, proponents argue that the use of Al in schools does not
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guarantee improved academic performance; instead, it underscores the significance of
careful preparation and execution. This research may provide academicians and teachers
with insights into the most effective ways to implement Al in the classroom. ChatGPT-
facilitated study and self-directed study are two examples that illustrate the significance
of comparing and contrasting various teaching approaches. This may assist teachers in
assessing novel pedagogical approaches grounded in robust empirical evidence. Thor-
oughly evaluate the specific context and objectives of the course when integrating Al
technology into the classroom.

Thirdly, the thematic analysis of interview data from learners revealed three main
themes: the services offered by ChatGPT, the stages of ChatGPT usage, and experience
with ChatGPT. The services offered by ChatGPT include programming-specific services
and domain-general services. The stages of ChatGPT usage include designing projects,
decomposing problems, acquiring unfamiliar knowledge, coding, and debugging. The
advantages of using ChatGPT include having extensive programming knowledge, con-
textualized and varied responses, and accurate and efficient feedback. Other studies
have also advocated for the advantages of ChatGPT, such as providing rapid and accu-
rate responses, availability at any time and location, ease of access, utilizing natural lan-
guage, facilitating personalized learning, supporting multiple languages, offering clear
explanations and programming examples, as well as providing resources for advanced
topics. Besides, the study identified several disadvantages of using ChatGPT, including
inaccurate codes, limited input and output, and technical problems. Other studies have
also identified additional disadvantages, such as causing occupational anxiety, provid-
ing inadequate information, lacking a real programming environment, and potentially
increasing laziness among programmers (Yilmaz & Yilmaz, 2023a).

CFP students held favorable views regarding the implementation of ChatGPT. More
precisely, we observed significant improvements in the perceived usefulness, perceived
ease of use, and intention to use. The effect size of the observed enhancements was
moderate, indicating that there was a noticeable influence. Although the findings fail to
demonstrate a statistically significant improvement in their inclination towards utilizing
ChatGPT, To summarize, the implementation of the intervention led to enhanced atti-
tudes and intentions towards the utilization of ChatGPT. Nevertheless, this did not yield
a substantial influence on the perception of utilizing ChatGPT. According to the find-
ings, it is evident that students’ perceptions of the technology or intervention’s efficacy,
usability, and propensity to employ it have all improved considerably since its implemen-
tation. Nevertheless, their viewpoint regarding the criticality of technology utilization
remained essentially unchanged. The outcomes of this research corroborate the findings
of Elkhodr et al. (2023), which indicated that students held a positive view of ChatGPT,
regarding it as a beneficial and enjoyable educational resource. A significant proportion
of students demonstrated a predilection to employ these artificial intelligence methods
in future occurrences. Moreover, the study revealed that students who utilized ChatGPT
exhibited improved performance with regard to functionality, user flow, and compre-
hension of the material, as opposed to those who exclusively relied on traditional search
engines. Furthermore, the findings of this research corroborate those of Limna et al.
(2023), which reported that the perception of ChatGPT’s implementation in educational
settings is predominantly positive among both instructors and learners. On the basis
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of the results obtained, it is possible to deduce that the intervention produced positive
outcomes with respect to the students’ attitudes and intentions towards the technology.
However, the impact of the intervention on their attitudes was negligible. The propen-
sity of the students to adopt technology can be attributed to the benefits they perceive
as well as the technology’s user-friendly characteristics. However, the lack of a signifi-
cant change in perspective indicates that there may still be reservations or contradic-
tory views among individuals concerning the execution of this endeavor. In general, the
results indicate that college students perceive ChatGPT as advantageous and intuitive
and are inclined to integrate it into their forthcoming academic and vocational pursuits.
This study highlights the importance of comprehending the potential advantages and
disadvantages of integrating Al language models into programming education, as well as
the potential impact of these technologies on the perspectives and attitudes of individu-
als, including teachers and learners, towards technology.

Implications

Considering the research findings, this study proposes pedagogical and developmental
suggestions for the future integration and implementation of ChatGPT. To begin with,
teachers ought to maintain an awareness of the potential merits and demerits associ-
ated with the incorporation of ChatGPT or other Al language models into their com-
puter programming courses from an instructional standpoint. While ChatGPT can
provide benefits like personalized feedback and contextualized responses, it can also
lead to inaccuracies and inconsistencies in code (Chen et al., 2023). Therefore, instruc-
tors should plan and implement Al-based educational resources and systems carefully
and thoughtfully. For instance, instructors could enhance the material’s understanding
among students by providing clear explanations and programming examples of utilizing
ChatGPT. A "prompt" establishes the context for a task or corpus of text that the lan-
guage model completes following Al technology. Constructing an appropriate prompt
is crucial as the model strives to generate text that aligns with the context established by
the initial prompt (Liu et al., 2023; Reynolds & McDonell, 2021).

In addition, during the ChatGPT-facilitated programming process, instructors need
to integrate effective strategies for utilizing ChatGPT, and they should also monitor
students closely for instances of academic dishonesty, such as plagiarism when using
ChatGPT or other web resources. On the development level, the accuracy and consist-
ency of the model’s generated code are the top priorities. As highlighted by this research
study and previous studies (Jalil et al., 2023; Yilmaz & Yilmaz, 2023b), inaccuracies in
the code generated by ChatGPT limit its effectiveness and may lead to instances of aca-
demic dishonesty such as plagiarism. By improving the accuracy and consistency of the
code generated, ChatGPT can become a more reliable and valuable tool for program-
ming learning. Additionally, developers can also consider integrating a framework for
heuristic guidance in ChatGPT that is modeled after Socrates’ method of question-
ing. Rather than providing direct answers to programming problems, this framework
should guide students toward solving problems by asking sequential and probing ques-
tions. By encouraging students to think creatively and critically, the heuristic guidance
framework can help enhance their problem-solving skills. Additionally, this framework
has the potential to provide students with a more personalized learning experience by
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streamlining the process of comprehending programming fundamentals and their prac-

tical implementation.

Conclusion, limitations, and future directions

ChatGPT is an advanced Al language model that possesses the potential to assist in
computer programming endeavors by providing guidance, answering inquiries, and
generating code snippets. This quasi-experimental research compared college students’
programming performances and behaviors between self-directed programming and
ChatGPT-facilitated programming modes, investigated students’ experiences and per-
ceptions of utilizing ChatGPT during programming and revealed critical discrepancies
between the two learning modes. Integrating and implementing generative Al tools,
such as ChatGPT, in programming curricula is certainly possible. Nevertheless, it is crit-
ical to recognize the limitations that are inherent in the scope of this study. First, the
findings may have limited generalizability due to using a specific version of ChatGPT;
future studies should compare results across multiple versions or models. Second, the
current study aimed to examine how students utilize ChatGPT as a tool for program-
ming education in authentic learning contexts; however, considering the significance of
instructional prompts and similar learning tools, future research endeavors will delve
into instructional strategy design, particularly concerning prompt use strategies. Thirdly,
the fact that the duration of the research was limited to five weeks emphasizes the need
for longitudinal investigations that span longer periods to gauge students’ perspectives
on ChatGPT utilization.

The incorporation of ChatGPT into programming instruction significantly enhances
students’ programming studies, as indicated by the findings of the present study. Despite
recognizing various constraints in this investigation, it is necessary to conduct further
scholarly inquiry to build upon these discoveries and explore the full potential of Al lan-
guage models in enhancing programming instruction. Therefore, it is justifiable to assert
that ChatGPT and analogous Al tools have the capacity to function as powerful tools for
teachers and students alike, augmenting the pedagogical experience in programming.

Appendix A
Interview protocol
Do you like using ChatGPT and why?
What services does ChatGPT offer you?
What do you think about using ChatGPT in this course so far?
At what stages of program design do you usually use ChatGPT?
How do you use ChatGPT during the problem-solving process in programming?
What do you think is good about ChatGPT?
What are the biggest problems you’ve encountered with ChatGPT?

Appendix B
Survey for the perception of ChatGPT
Name.

Sex.
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How well are you currently using ChatGPT?

Perceived usefulness

ChatGPT helps me to learn programming more efficiently.

ChatGPT improves my programming performance.

ChatGPT makes my learning more effective.

ChatGPT makes it easier to learn programming.

Overall, ChatGPT is advantageous for my programming learning.

Perceived ease of use

It is easy to get materials from ChatGPT.

The process of using ChatGPT is clear and understandable.

Overall, I believe that ChatGPT is easy to use.

Intention to use

I will use ChatGPT in the future.

I am willing to try ChatGPT in a variety of areas, such as copywriting, multimedia
creation, recreation, and other work and life situations.

Attitude

Learning on ChatGPT is fun.

Using ChatGPT is a good idea.

ChatGPT is an attractive way to learn.

Overall, I like using ChatGPT.
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