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Abstract— This work-in-progress paper presents a
study that sheds light on the concerns that students
may not develop sufficient programming skills and as
a result, be less competent with the use of ChatGPT.
The potential benefits for students are significant: Ac-
cess to ChatGPT increases the ability for students to
work constructively on their own schedule. The ease
of use of ChatGPT may engage students who might
otherwise hesitate in asking for support. Before these
tools can be meaningfully introduced into a course,
work must be done to study the impact of these Al
tools on a student’s ability to learn. In this study,
participants are recruited from introductory Java pro-
gramming courses at a large public university in the
United States. This paper presents preliminary find-
ings from a mixed method study design that consists
of a pre-task assessment quiz; and a programming task
in one of three conditions: (1) with no external help,
(2) with the help of an AI chatbet, or (3) with the help
of a generative Al tool like GitHub Copilot; followed by
a post-task assessment and an interview on their expe-
rience and perceptions of the tools. Our preliminary
findings describe our data collection, thematic analy-
sis of the students’ prompts and chatGPT responses,
and a summary of the experience for 3 students. Our
findings demonstrate a range of students’ attitudes
and behaviors towards chatGPT that provides insight
for future research and plans for incorporating such
Al tools in a course.

Index terms—ChatGPT, CS education, Student Ex-
perience, Intersectionality

[. INTRODUCTION

The recent availability of Large Language Models (LLMs)
like ChatGPT that respond to natural language prompts
with answers that can include Java code raises concerns and
questions on how its use will affect learning. Educational
institutions are considering and developing policy and ethi-
cal issues regarding its use in assignments and exams. There
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are also recognized benefits to integrating AI tools into
courses. Real-time, 24/7 access to ChatGPT support may fos-
ter self-paced learning and potentially broaden the success
spectrum in a CS major by facilitating accessibility for a di-
verse student population [1]. However, before introducing
ChatGPT-like tools into a course, it is important to study
their impact on student learning. In this paper, we delve into
the intricacies of how students engage with ChatGPT during
programming tasks, presenting both empirical observations
and thematic analysis of their interactions, as we explore the
competency-building and cognitive experience of students
using ChatGPT while performing a programming task.

While LLMs have been used in Natural Language Process-
ing for decades, recent advances in deep learning and neural
network architectures have led to the development of LLMs
that exceed the capabilities of previous models [2]. These
LLMs have demonstrated remarkable abilities, including
general linguistic intelligence and unsupervised multitask
learning [3]. LLMs are considered to be “general purpose”
models and can even train themselves based on their use [4].
In this context, LLM assistance in programming can resem-
ble a highly intelligent and flexible compiler or a partner in
pair programming, presenting new challenges and opportu-
nities for research in human-centric programming. Studies
found that students preferred LLM-powered tools over other
tools that provide code completion, [5].

While there are clear benefits to using AI tools in
educational contexts, it is important to understand the po-
tential impact on student learning. Several studies have
previously examined the effectiveness of AI tools for en-
hancing student learning outcomes, such as increased
engagement, improved knowledge retention, and enhanced
problem-solving abilities [6, 7]. However, AI tools that
can independently solve introductory CS programming ex-
ercises and are pervasively available have only emerged
recently [8, 9, 10, 11]. There is a potential concern that
heavy reliance on ChatGPT-like tools during formative
assessments might compromise the development of essen-
tial programming skills and critical thinking abilities [11].
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Therefore, it is crucial for researchers and educators to
explore the impact of Al tools on student learning in pro-
gramming courses through rigorous empirical studies. This
will allow for a better understanding of how Al tools can be
optimally integrated into programming courses to enhance
student learning outcomes.

Previous studies of students using Al tools have mainly
focused on the tool’s performance, the test-taking ability of
the models, or the interface usability. In contrast, our study
addresses the following research question:

« How do students engage with ChatGPT in the context
of programming tasks, and what impact does this have
on their learning outcomes?

In this paper, we detail our study design in the ‘Methodol-
ogy’ section, present preliminary findings in the ‘Findings’
section, reflect on our results in the ‘Discussion’ section, and
conclude with implications and future directions.

II. METHODOLOGY

A mixed-method study design was developed to capture
the attitudes and behaviors of students towards Al tools
when working on a competency-building exercise similar to
those found in an introductory Java programming course.
The design includes a survey that captures student identity;
a pre-task assessment quiz; and a programming task in one
of three conditions: (1) with no external help, (2) with the
help of an AI chatbot, or (3) with the help of a generative AI
tool like GitHub Copilot; a post-task assessment quiz; and an
interview on their experience and perceptions of the tools.
Although the larger study utilizes a between-subjects design
where each participant is subjected to only one of the three
conditions, this work-in-progress paper focuses on prelim-
inary findings from three diverse students who interacted
with the ChatGPT tool.

Data Collection Instruments - The study includes three
categories of data collection instruments to provide suffi-
cient data to enable a more case study-like presentation
of the findings: The first category is data collected about
the student’s identity and knowledge about the Java pro-
gramming concepts being exercised in the programming
tasks. The second category is data about their use of Chat-
GPT while performing the programming tasks. The third
category is data about their knowledge of the same program-
ming concepts assessed before the programming task and
their reflection on the use of ChatGPT. A summary of the
data collection instruments is:

Before the programming tasks:

« A survey that includes questions about the participan-

t’s attitude towards AI and demographic data that
enables an intersectional analysis of each participant.

« Pre-task knowledge quiz in the form of multiple choice
questions about the Java concepts of loops and arrays.

While performing the tasks with chatGPT:

« Observations of the participants’ behavior while per-
forming tasks and using ChatGPT.

« Transcripts of the prompts to chatGPT and responses
from ChatGPT.

« A recording of the session that provides data such as
the time spent on different activities, text interactions
with ChatGPT, and a record of satisfactory or unsatis-
factory completion of the programming tasks.

After performing the tasks:
« Post-task knowledge quiz with the same questions as
the pre-task quiz.
« Arecording and transcription of the interview that ex-
plores the participants’ experience using the Al tools
during the programming tasks.

Guiding questions include topics such as the helpfulness
and role of ChatGPT, whether they learned anything about
programming in Java from using ChatGPT, and if the Al tool
provided support or challenge.

Data Analysis - Quantitative data was used to indicate
comparisons in the amount of time each participant spent
on the programming tasks and the number of prompt-re-
sponse pairs and length of each prompt and response in
characters. This quantitative data shows differences across
the 3 participants in the ways they used ChatGPT.

A qualitative analysis was performed on the transcripts
of the prompts and responses using a thematic analysis to
systematically identify, organize, and offer insight into pat-
terns of meaning (themes) across the data set [12]. A key
data-organizing structure in the thematic analysis is cod-
ing. “A code in qualitative inquiry is most often a word or
short phrase that symbolically assigns a summative, salient,
essence-capturing, and/or evocative attribute for a portion
of language-based or visual data” [13].

The Thematic Analysis of Student Interviews - The
process involved the analyses of data ( the scripts from
the interviews) and coding, where the codes emerge from
the data. The data analysis phase includes repeated compar-
isons between emerging codes and labels developed. Thus
each participant’s interview was coded via selective coding
independently, applying qualitative verification strategies to
compare codes, resulting in the development of thematic la-
bels, followed by a derivation of overarching themes across
the dataset.

The Thematic Analysis of ChatGPT interactions -
The thematic analysis was performed by two independent
coders, followed by a consensus. The three authors dis-
cussed the resulting codes and themes until agreement was
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achieved. The overarching themes for the prompt-response
data are the content of the prompt-response pair and the
evaluation of the prompt-response pair. [14]. The themes for
the content comprise: learning new knowledge and align-
ing the AI response. Learning new knowledge was coded
as learning a concept, learning about Java implementation,
or learning about debugging. Aligning the AI is described
as setting the context or creating a persona for the Al The
themes for evaluation comprise the quality of the prompt-re-
sponse pair and the type of iteration for the prompt-response
pair. Codes for the quality of the prompt-response pair are
reasonable prompt, reasonable response, and an indicator of
the correctness of the response. Codes for the type of itera-
tion are an indicator of the continuation from the previous
prompt-response pair, a comparison with the response ex-
pected from a human tutor, and an indicator of whether
the participant found the response helpful. The themes and
codes provided the basis for the findings as a description of
each participant’s interaction, attitude, and behavior with
ChatGPT.

ITI. FINDINGS

Our findings are presented as a description of the experi-
ence of each participant.

Participant 1 was highly confident in Java program-
ming, expressed an advanced understanding of Java’s array
and loop structures, and was capable of handling complex
exercises related to these topics. Their previous experience
with AI tools, such as ChatGPT, was evident during the
study. Currently, they are pursuing a CS3 course and have
a year’s worth of experience in Java Programming. Partici-
pant 1is an 18-20-year-old Asian student from a Vietnamese
background. They identify as male and as a member of
the LGBTQIA+ community. Their educational background
does not specify whether they are a first-generation student
or receiving financial aid. Participant 1 has worked at a job
to support themselves and/or their family while in college.

The pre-task quiz was completed in 2 minutes, scoring 4
out of 5, with a minor error in a question on while loops.

Programming Task A, involving calculating array av-
erages, took 4 minutes, completed without ChatGPT
assistance. Task B, reversing a long value, required 10 min-
utes, with the participant expertly interacting with ChatGPT
to answer Java programming questions. Task C, forming a
Pascal triangle of a given size, took 17 minutes, with the
participant employing ChatGPT for conceptual questions,
algorithm design, troubleshooting, and understanding com-
piler errors and logic errors.

The post-task quiz was completed flawlessly in 2 minutes.

During the interview, Participant 1 praised ChatGPT’s as-
sistance in programming tasks and recognized its potential
as a learning tool. However, they cautioned against over-
reliance on Al tools and the risk of hampering learning
by simply copying templates. They expressed interest in Al
alignment and safety, noting the importance of AI tools in
enhancing programming comprehension, despite concerns
about their impact on education and professional environ-
ments.

Participant 2 reported high confidence in Java program-
ming and demonstrated a strong understanding of arrays
and loops in Java. They are currently enrolled in a CS2
course and have been programming in Java for 6 months.
However, their limited prior experience with Al tools was ev-
ident. They are an 18-20-year-old Black/African-American
male from a small city or town. Participant 2 is a first-gener-
ation student receiving financial aid, including grants, loans,
federal work-study, and scholarships. They work part-time
to support themselves and/or their family, either on or off
campus.

The pre-task quiz was completed in 4 minutes with a score
of 4 out of 5, with a minor error in array creation syntax.

In Task A, they spent 5.5 minutes and consulted ChatGPT
for array length determination. Task B required 11 min-
utes, with the participant using ChatGPT to ask multiple
poorly constructed questions on algorithm design and Java
programming. Despite an initially unclear query, rephrasing
led to a more useful response. Task C, however, remained
incomplete after 26 minutes, despite multiple queries to
ChatGPT.

The post-task quiz took 3 minutes, with a score of 4 out of
5. They got the same question wrong again.

In the interview, Participant 2 acknowledged the slight
improvement in their understanding of Java loops and ar-
rays, attributing it to ChatGPT’s assistance. They also voiced
concerns about the potential misuse of Al tools in classroom
settings but didn’t see any issues with their professional use.

Participant 3 expressed average confidence in Java pro-
gramming, and showed a good understanding of arrays and
loops in Java, despite their low experience with AI tools.
Currently, they are pursuing a CS3 course. Participant 3 is
a white male aged between 21-24 from a small city in the
US. They are not a first-generation student and are receiving
loans as financial aid for their college education. They work
part-time to support themselves financially.

The pre-task quiz was completed in 2 minutes 15 seconds,
scoring 4 out of 5 due to a minor error in array creation syn-
tax.

Task A was completed in 3 minutes 45 seconds indepen-
dently. Task B took 7 minutes, with Participant 3 utilizing
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ChatGPT effectively to understand long reversal. Task C
took 8 minutes, with the participant using ChatGPT for
problem-solving after the initial challenges. They made
heavy use of ChatGPT, and used ChatGPT solutions for both
Task B and C. Participant 3 made no attempt to further un-
derstand the solution they submitted, but when asked to
review the solution during the interview, they were able to
adequately explain both solutions.

The post-task quiz was completed in 2 minutes 45 sec-
onds, with a perfect score of 5 out of 5, indicating an
improvement.

Participant 3 acknowledged during the interview that
successfully completing the programming tasks with Chat-
GPT assistance did not help them learn, but reflecting on
and trying to understand the solution during the interview
was very helpful. In the interview, Participant 3 commended
ChatGPT for its assistance, leading to the learning of new
concepts and boosting confidence in programming. Despite
acknowledging the potential misuse of AI tools, they ex-
pressed eagerness to continue using them for understanding
programming concepts better. They did, however, express
concerns about potential misuse.

IV. DISCUSSION

The process involved the analyses of data ( the scripts
from the interviews) and coding, where the codes emerge
from the data. The data analysis phase includes repeated
comparisons between emerging codes and labels developed.
Thus each participant’s interview was coded via selec-
tive coding independently, applying qualitative verification
strategies to compare codes, resulting in the development
of thematic labels, followed by a derivation of overarching
themes across the dataset.

Highly confident: This student tends to rely heavily on
Al tools and is confident in the code generated by the Chat-
GPT. They are less likely to seek additional support or to
verify the accuracy of the code produced.

Cautious: This student is more careful in their use of the
ChatGPT and is less confident in the generated code. They
are likely to seek additional support and verify the accuracy
of the code produced.

Curious: This student is interested in exploring the ca-
pabilities of the ChatGPT and is likely to experiment with
various prompts to see what types of code the tool generates.

Frustrated: This student struggles with the task and be-
comes frustrated with ChatGPT. They may give up on using
the tool or seek additional support to help them complete
the task.

Innovative: This student may use the ChatGPT in cre-
ative ways, such as using it to generate code for tasks that are

not related to the assignment or to develop new program-
ming concepts.

Further research is needed to examine Al interaction
from the perspective of intersectional identities. The percep-
tions of Al and its association with systemic inequalities in
Al literacy levels lead to complex interplays between the
student’s attitudes towards Al and their behavior when al-
lowed to use AI [15, 16]. The accessibility and availability
of AI tools, such as ChatGPT, are not uniformly distrib-
uted among different communities and demographic groups
[17]. This discrepancy results in unequal Al literacy levels,
with certain groups having greater exposure and resources
to develop proficiency in Al-assisted programming. These
disparities align with broader systemic inequities present in
society, perpetuating existing power imbalances [18].

Furthermore, intersectional privileges and barriers fur-
ther shape individuals’ experiences when engaging with Al
tools for coding and programming [19, 20]. Variables such
as gender, race, socioeconomic status, and disability can
significantly influence an individual’s access to education,
opportunities, and resources related to Al [21, 22, 23]. Con-
sequently, this impacts their ability to effectively leverage Al
tools and hampers their potential for growth and success in
programming domains [24].

Understanding and addressing these intersectional dy-
namics is essential to establishing an inclusive and equitable
Al ecosystem. Initiatives should be undertaken to bridge the
Al literacy gap and provide support and resources to mar-
ginalized communities, enabling them to take advantage of
the potential of AI tools such as ChatGPT.

V. CONCLUSION

This paper presents preliminary findings from a study of
the use of ChatGPT by computer science students in their
second or third semester of learning to program in Java. The
study design includes data collection about student identity,
previous experience with Al tools, prior knowledge of Java
concepts, interaction behavior while solving programming
tasks with the help of ChatGPT, and an interview about
their perception of AI and their experience using ChatGPT.
Our findings show that attitude and experience with Al play
an important role in their behavior and use of ChatGPT.
These findings provide insight into the planning for the use
of ChatGPT to ensure that it benefits all students. Further
research is needed to understand the complex relationships
between student identity, attitude, and behavior with Al
tools such as ChatGPT. With a better understanding of how
students use ChatGPT, there is an opportunity to design
the interface to better support the student in different types
of learning goals: understanding course materials, learning
programming concepts, and generating and debugging code.
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