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ABSTRACT

Recent advancements in large language models (LLMs) and generative artificial intelligence (GenAl)
have made significant impacts globally. These AI tools have simplified traditionally strenuous and
time-consuming tasks, fostering both optimism and concern regarding their use by students in
educational settings. This thesis investigates the usage and perceptions of Al code generation tools,
particularly ChatGPT, among computer science (CS) students. We conducted a study involving
seventy students from varied academic levels who participated in a 45-minute programming activity
with the optional use of Chat GPT assistance. This was followed by an extensive online questionnaire
designed to explore the Al code generation tools students use, the frequency of their use, the specific
tasks for which they employ these tools, and their underlying motivations.

Through comprehensive qualitative and quantitative analysis, we discovered that an overwhelm-
ing majority of students are not only familiar with ChatGPT, but also use it for over half their
academic work. Students expressed a strong interest in leveraging Al tools to enhance their learn-
ing experience, citing benefits such as increased efficiency and deeper understanding of complex
concepts. However, they also shared concerns similar to those of their instructors, particularly
regarding over-reliance on these tools, difficulty comprehending generated code, and lacking the
skills necessary for their future careers. Additionally, we observed a wide range of behaviors in
how students use ChatGPT, with most not employing advanced techniques like model priming and
prompt engineering strategies.

Our findings highlight the need for greater awareness and training in the design and behavior
of these tools to maximize the benefits of Al assistance. We discuss the implications of our findings
for students, educators, and the industry, suggesting strategies to ensure that the integration of Al

code generation tools in educational contexts results in a net positive impact for all stakeholders.
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CHAPTER 1
INTRODUCTION

Artificial Intelligence (AI) was eloquently defined by the computer scientist John McCarthy
as “the science and engineering of making intelligent machines, especially intelligent computer
programs” [20]. This term encompasses a broad spectrum of computer programs and systems de-
signed to mimic human intelligence. Recent successes of Al rely on machine learning algorithms
and techniques that have matured over decades, evolving in tandem with advancements in comput-
ing hardware. Over the years, Al has become a powerful toolkit, used for an array of applications,
including but not limited to recommendation engines for online commerce, the safeguarding of
financial transactions through fraud detection and prevention, facial recognition systems, and the
conversion of voice into text on mobile devices [5][12].

In recent years, there has been a notable emergence of advanced generative AI tools, with
increased rates of adoption worldwide [30]. These tools are enticing to programmers largely due to
the increased productivity they can provide. For instance, a study on GitHub Copilot, a generative
AT toolkit built to assist in software development, highlights various reported benefits, including
74% of developers finding it easier to focus on more satisfying tasks, 88% reporting improved
productivity, and 96% experiencing increased efficiency when dealing with repetitive tasks [15].

Commonly listed as the the most popular generative Al tool across the globe [7, 11, 31], Chat-
GPT is an AT model developed by OpenAl, offering users an immersive conversational experience.
In this interaction, users provide natural language prompts, to which the model responds, allowing
for the continuation of the conversation through follow-up prompts [24]. ChatGPT’s versatility ex-
tends to a wide range of applications, including in the realm of computer programming. With the
ability to generate and explain code, along with the ability to debug, provide documentation, and
a variety of other tasks, ChatGPT proves itself to be a valuable tool in software development [6].

There are an untold number of similar Al tools, either released or in development, that can be
used to generate code snippets for programmers [19, 23, 25]. These tools can be extremely useful to
programmers by improving their productivity, helping them brainstorm, and assisting in debugging
or troubleshooting [3, 8]. However, generative Al is not perfect. It can generate content that fails
to meet the needs of the users, provide inaccurate information, or it can hallucinate the existence
of content and studies that aren’t real [4, 10].

In the realm of education, instructors are rightfully cautious about the adoption of Al code
generation tools and the effects they can impose on their students. Despite the aforementioned
benefits of generative Al tools, educators are largely concerned that widespread use of these tools
will propagate cheating and prevent students from developing the necessary skills needed for soft-
ware development [14, 16, 29, 32]. Conversely, many educators are exploring ways to leverage Al

advancements in the classroom [9, 17, 21, 22].



1.1 Goals & Research Questions

Given the multitude of benefits and concerns surrounding Al code generation tools in Computer
Science education, our study delves into the experiences and perceptions of programming students
towards these tools. To this end, we ask the following Research Questions (RQs) we aim to answer

in this paper:

¢ RQ1: To what extent are students familiar with existing AI code generation

tools?

We examine what Al code generation tools students are aware of, use, and are familiar with.
This helps us understand the technology students use the most often, so further studies can

explore the why and how regarding their usage.

e RQ2: To what extent are students reliant on AI code generation tools?

We examine the likelihood of a student using AI code generation tools for a non-graded
task, their reasons for choosing to use these tools, and what impact it has on their perceived

difficulty of a task and their confidence in solving it.

¢ RQ3: To what extent are students using AI code generation tools in an educa-

tional setting?

We examine how frequently students use Al code generation tools for school-related activities,
such as their homework, projects, and exams. This helps us understand if students are
primarily using these tools in academic settings, as well as any differences in the tools they

choose to use.

e RQ4: What perceptions do students have towards Al code generation tools?

We examine whether students perceive Al code generation tools as a resource to use when
learning or struggling, or if they believe these tools are a necessary skill set to develop for
their future careers. We also examine what concerns students have regarding usage of these

tools, and what benefits they believe these tools can provide to them.

¢ RQ5: How do students interact with AI code generation tools?

Lastly, we examine how students engage with ChatGPT to understand the techniques used,
their ability to engineer the Al according to their needs, and the type of prompts they provide

for these needs.

In this study, RQ1-RQ4 are primarily addressed using the results of an online questionnaire
on Al code generation tools. To answer RQ5, we developed a programming activity for students of

varying academic levels to accomplish, in which we provide the option to use ChatGPT. Submissions
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for this activity that use ChatGPT include the prompt logs of the students, which are qualitatively

analyzed for common trends and behaviors.

1.2 Contributions

1. Educators: By understanding the frequency with which students use Al code generation
tools, how students use them, and what their perceptions are around their use, educators
can build lesson plans more appropriately. By understanding how likely students are to use
AT code generation tools, educators can develop assignments and examinations that further
develop student skills when using these tools, or they can develop them in a way where

students cannot rely on this technology.

2. Students: Students may find value in comparing their experience and perceptions with Al
code generation tools to that of their peers. By studying the different techniques and behaviors
when interacting with ChatGPT, students can better understand their own strengths and
weaknesses when using this technology. Additionally, students can see what alternative Al
code generation tools are being used by their peers in order to discover additional resources

they can use themselves, perhaps better fitted to their personal needs and preferences.

3. Industry: Academia helps prepare individuals for future careers in their industry. Therefore,
it’s important for employers to understand how these individuals are being taught, and what
skills they are developing prior to their entry in the workforce. This knowledge can help
employers develop beneficial on-boarding regimens, or restructure their interview process to

focus on the strengths and weaknesses they care most about.
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CHAPTER 2
RELATED WORK

While research into ways to improve Computer Science education is nothing new, the recent
developments in large language models (LLMs) has created new areas of interest for study. These
new studies have explored ways to include new Al technology into course content, evaluations of Al
tools performance on traditional problems and assignments, and both experiences and perspectives

of students and educators alike in regards to Al code generation tools.

2.1 Classroom Innovations

The power of new Al tools has encouraged creative minds to explore new opportunities in the realm
of Computer science education. Some studies in this area focus on widely available tools, and how
they can be integrated into coursework or lesson plans. Others instead focus on development of
course-specific tools with specialized goals in mind.

With the growing number of publicly available AI tools, many educators have looked for ways to
use these tools to improve the educational environment for their students. One such study explores a
use-case that many educators may have considered for themselves: using Al as a Teaching Assistant.
Anishka et al. tested this possibility by using ChatGPT to both grade student code submissions and
provide feedback for an introductory level course [21]. Their findings indicated that ChatGPT may
be beneficial in providing student feedback, but unreliable in grading assignments. A similar study
by Nguyen and Allan used GPT-4 to generate feedback for student code submissions, and found
that the model provided correct feedback the majority of the time, their results being comparable
to human-level evaluations. [22].

In a similar fashion to the previous studies, other educators have worked towards developing
their own Al-powered tools to use in the classroom. One such example is the development of
Prompt Problems, and the Promptly tool, by Denny et al. [9]. This tool provided students with
programming problems, and tested the student’s ability to provide a correct and detailed prompt to
generate a working code solution through ChatGPT. Their findings suggest most students can refine
their prompts to get a working solution in just a few attempts, though some may take significantly
more. By analyzing student feedback, they also found that this practice introduced students to
new coding constructs and techniques, while also enhancing their computational thinking. However,
some students displayed a high degree of reluctance towards using Al for programming, believing
it would negatively impact their creativity or cause over-reliance.

Another example in this area comes from Harvard University’s CS50 course [17]. In the paper
by Liu et al., they describe the development of CS50.ai, a multi-tool web application to be used by
students in the CS50 course as an alternative to other popular resources, such as ChatGPT, Copilot,

and Bing. This tool allows for students to easily explain highlighted code, get improvements for code
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styling, and converse with a chatbot for rubber-duck debugging. Their end of semester feedback
showed 53% of students loving the tool, 33% of students liking it, 13% feeling neutral, and only 1%
disliking it. Their findings for this study demonstrates potential for Al-driven tools to enhance the
student’s learning experience in a controlled and meaningful way.

These studies demonstrate a variety of ways in which Al advancements can be used to benefit
computer science education. As Al technology continues to advance, new possibilities will present
themselves, with creative minds leading the way in classroom innovations. However, it’s important
to understand the technical proficiency of these technologies, along with student behaviors and

perceptions, to design future innovations in a manner best fitting student needs and preferences.

2.2 Technical Evaluations

Given the concerns of individuals developing over-reliance on Al tools, there has been significant
research into how well these tools perform on traditional coursework. Primarily these studies evalu-
ate the efficacy of ChatGPT, given its popularity and ease-of-use compared to other available tools.
In a study by Joshi et al., questions from 6 different subjects of Computer Science, and 6 different
styles of questions, were fed to ChatGPT to measure the tool’s accuracy in producing a correct
answer [13]. Their results ranged from a 70.1% accuracy for questions relating to Data Structures
and Algorithms, to a 33.4% accuracy for questions on Database Management Systems, with an
average accuracy of 56.9% across all categories. In a similar study by Malinka et al., ChatGPT was
compared to student performance in computer security courses [18]. They tested ChatGPT against
a variety of examination methods (full-text exams, essays, programming assignments, etc.) with
three levels of human involvement when using the Al tool. Their results indicate that ChatGPT
is proficient enough to pass computer security courses by simply copying and pasting the mate-
rial, though it still falls short compared to regular student performance. In a study by Savelka et
al., the generative pre-trained transformer (GPT) model text-davinci-003, developed by OpenAl
and belonging to the same GPT-3.5 series behind ChatGPT, was tested against a large number
of Python programming questions [28]. These questions were split among an introductory-level
Python course, an intermediate-level course, and a practical applications course. In their results,
text-davinci-003 was unable to pass any of the three courses, scoring 56.1% in the introductory-level
course, 67.9% in the intermediate course, and 65.4% in the applications course. They found that
questions requiring specific output formatting, utilizing real-world artifacts, or involving chains of
reasoning steps, posed the greatest difficulty.

Though these studies demonstrate the weaknesses of new Al technologies, it goes just as far in
demonstrating their strengths. For instance, ChatGPT may prove itself unable to pass a CS course
on its own, but it’s still very likely that an instructor would not wish for a student to achieve near-
passing scores without putting in their own effort. It is also possible that students use ChatGPT

and other code generation tools in a manner that would produce better results than shown in these
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studies, signaling the importance of studying student interactions with this technology.

2.3 Experiences and Perceptions

The use of Al code generation tools by students is a controversial subject, partially thanks to
the mixed benefits and detriments these tools can provide in the classroom environment. Some
educators look to leverage the potential of AT technology and adapt it into their courses [21, 22, 17].
Other educators shape their courses to focus on material where Al yields lower performance, such
as is outlined in [28]. By understanding the actions of others, we can better shape our own opinions
and plans on how we interact with this technology, as evidenced by the numerous studies delving
into the experiences and perceptions towards Al code generation tools, particularly in students
and educators of programming courses. Lau and Guo were one of the first to conduct this type
of study in the wake of ChatGPT’s release in late 2022 [16]. In their study, they interviewed 20
instructors of introductory programming courses, spread across 9 different countries. They asked
their participants to envision a future where Al tools could perfectly complete any programming
problem, is undetectable by plagiarism detectors, and could explain the code for any free-response
type questions. They then asked their participants what they would do in the short-term and
long-term to help their students learn. Their findings showed a consistent short-term concern of
student cheating, with split views on long-term actions, with some wishing to resist the use of Al
tools, and others looking to embrace it. Their findings discuss various proposed methods for both
fields of views, such as using paper exams to resist reliance on Al tools, or using Al tools within a
course to accommodate open-ended design assignments. A study by Sheard et al. was conducted
in the same fashion, interviewing 12 instructors from six institutions across three countries, with
similar findings. [29].

A number of other studies have examined the student experience and perspective. In a study
by Rogers et al., 70 students completed an online questionnaire, detailing their awareness and use
of ChatGPT, along with their attitudes towards ChatGPT [27]. Their results indicate students use
ChatGPT primarily to facilitate their own learning, using it as a patient, non-judgemental, personal
tutor. They also found that students held mixed opinions on whether ChatGPT could hinder their
ability to learn to programming, while the majority were confident in doing assignments without
ChatGPT’s assistance, and felt that ChatGPT will revolutionize software development and be used
in their future careers. Another study by Amoozadeh et al. analyzed student usage and trust in
generative Al for programming tasks [1]. Their findings suggest students use generative Al primarily
to understand code and seek assistance rather than using it to write or modify code. Additionally,
students are very split on their levels of trust for generative Al when asked about their trust in the
system’s output, its predictability, and similar questions. Overall students demonstrated a healthy
amount of skepticism towards the accuracy of generative Al models.

These studies do well to paint the current landscape of how students and instructors view Al
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code generation tools, and help us understand what students use these tools for. However, studies
in this area largely rely on questionnaires or interviews. While students may intend to use code
generation tools for a purpose more accepted by the academic world, i.e. explaining concepts
and providing self-facilitated learning, these studies don’t provide any hard evidence to confirm
these claims. This paper aims to fulfill that need by studying exactly how students interact with
generative Al tools, while simultaneously confirming the findings of similar studies with our own

questionnaire.
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CHAPTER 3
METHODOLOGY

3.1 Overview

The objective for this study was to have students engage in a common programming task, with

the option of using ChatGPT assistance, followed by a questionnaire. The programming activity

was intended to measure how many students chose to use ChatGPT when given the option, and

to gather qualitative data on how students form their prompts when using ChatGPT. The online

questionnaire was designed to collect quantitative results to be compared with similar studies in

the field, and to compare with the qualitative results of the programming activity.

\l_\.

Initial Instructions
& Setup

\4

(10 minutes)

Push results &
ChatGPT Logs
(5 minutes)

Programming Activity
(45 minutes)

Figure 3.1: Overview of our empirical study.
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Online Questionnaire
(10-15 minutes)

Participants were provided instructions and guidance between the programming activity and

questionnaire, to ensure all participants understood their tasks and to ensure proper data format-

ting. To avoid distraction and potential behavioral changes due to stress, participants were not

monitored during the 45 minute programming activity or the online questionnaire, though the

investigator was available for assistance if needed.

Studies were conducted with a mix of batch studies, with small classrooms of students all
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participating at the same time, and with individual meetings. All students were presented with the

same programming task and time allotment.

3.2 Study Participants

All participants in this study were volunteer students from the University of Hawai’i at Manoa,
recruited through convenience sampling [2]. While there were no requirements in regards to the
academic level of the students, participants were encouraged to have developed basic programming
skills and be familiar with the Java programming language. To encourage participation, students
were given the option of participating in-person at a place of their choosing, or via Zoom. For both
formats, we made every effort to accommodate the day and time of the participant’s choosing.
Students were recruited through various means. Some students were recruited through referral
from university faculty, these students being sent personal invitations via email or Discord. Some
students were recruited from an email listing composed of current and previous students in a CS2
course. Some students participated through their instructors volunteering class time to conduct
the study with all interested students. In this latter case, students were not required to participate,

and could opt-out if desired.

3.3 Programming Activity

The intent of this activity was to give students a relatable programming task, with moderate
difficulty for all academic levels, and reasonable to complete in a 45 minute time frame. Thus, we
decided to focus on a programming task that involved troubleshooting and debugging existing code.
The application provided to participants contained 4 Java files used to create a simple, console-
based Math quiz with 10 questions. These questions included "What is 2 + 57", "What is 5 *
-37”, and "What is 2*2*27” with 7 other questions of similar difficulty. All questions were multiple
choice. 2 questions were true/false questions, while the other had 4 options. The application, when
run, would display the question to the user, along with the multiple choice options, and wait for
user input on their selected answer. After input, the quiz would proceed to the next question. Once
all 10 questions were answered, their score would be displayed. Figures 3.2 and 3.3 demonstrate the
functionality of the quiz application, and were presented to all students at the start of the activity
to help ensure their understanding of the application’s functionality.

Within the 4 Java files, a total of 10 seeded errors were created. These include a variety of
common programming errors, to include syntax errors, runtime errors, logical errors, typos, and
missing code pieces. All students were informed that the Java files had a variety of seeded errors
placed within them, and were instructed to make any necessary changes they felt they needed to
make in order to get the application in working condition, using the 2 presented images as references

of a working quiz.
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Question #2: What is 8 - 3?2
A) 11
B) S

C) 24
D) -1
Please enter your answer: I

Figure 3.2: Sample question and answers used for the console-based Math quiz application.

Question #1€: What is -9 /f -3?
Ay -27

B) -3

C) 3

D)y 27

Please enter your answer: C

Your score: A | 18e.88 % | 58/58 points

Figure 3.3: Sample display of quiz results.

The programming activity was conducted using GitHub Classroom and GitHub Codespaces.
Students were provided with a GitHub Classroom assignment link which, when accepted, would
create a copy repository with the seeded errors under their own GitHub account. They would
then use GitHub Codespaces as their IDE during the allotted time frame. Students were provided
instruction and individual guidance as needed to ensure proper setup of their repository and GitHub
Codespaces IDE prior to beginning the activity. Lastly, students were informed that they may utilize
ChatGPT to complete the assignment, using whatever means they prefer, with the request that
we obtain a copy of their ChatGPT prompt log upon completion of the coding activity. Students
were discouraged from using any other outside resources, however, this was not enforced since the
students were not monitored during the activity.

Once all the students had their GitHub Codespaces environment properly setup, and they
confirmed their understanding of what the goal of the activity was, they were given 45 minutes
to work on the assignment. Students were kept informed of the time either through occasional
announcements or a display of the 45 minute timer counting down. An investigator was available
during the activity to address student questions, without giving them answers on how to complete
the task. These questions were mostly confirming for the student whether they completed the task
or not.

Once the 45 minutes were up, or the student managed to complete the task early, they were
giving instruction to commit all changes they made during the activity, and push their changes

to their GitHub repository. If the student chose to use ChatGPT during the assignment, they
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were also given instruction on including their ChatGPT prompt log within their repository. This
process involved the student finding the shared link for their discussion, opening the link in a Google
Chrome tab, and saving the page as an “HTML Only” file format. This was done to ensure the
prompt log would be available for analysis at a later date. The URL generated by ChatGPT for
sharing their individual discussion is reliant on the student not deleting the discussion at a later

date, which we did not want to risk happening.

3.4 Questionnaire

Upon completion of the programming activity, participants were provided a link to an online ques-
tionnaire. This questionnaire was created and hosted on the Qualtrics platform, and contained a
total of 31 questions. Of these questions, 15 were used to collect demographic information, while
the remaining questions were aimed at answering our research questions. 7 questions were used to
gather additional information relating to the student’s performance during the programming activ-
ity, 6 questions were used to gather information on student experiences using Al code generation
tools, and 3 questions were used to measure student perception around Al code generation tools.
Of the 3 questions focusing on student perceptions, 2 were multiple part questions with a total of

13 parts. Figure 3.4 illustrates one of these multiple part questions.

How concerned are you regarding students (including yourself) using Al code
generation tools that result in the following?

| haven't thought  Not concerned at Somewhat
about it all concermed Concerned Very concerned
Plagiarism O O O O O
Qver-reliance on Al tools O O O O O
Poor quality of Al- ~, — - -, ~
generated code (—" I\—) (—) (—fl (—)

Poor student

understanding of O O O O O

generated code

Students not developing

creative problem-solving LD (D O (_) O
and critical-thinking skills

Legal or ethical issues O O O O O
QOther

| O O O O O

Figure 3.4: A matrix-style question used to gather student perception towards Al code generation
tools.
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Questions were a mix of multiple choice, text entry, Likert scales, and ranking questions. These

questions were designed to obtain a mix of qualitative and quantitative data. While there was no

time limit for the questionnaire, we estimate that it takes 10-15 minutes to complete on average,

largely depending on the level of detail provided in the text entry questions.

Table 3.1: Questionnaire provided to participants following

the programming activity.

No. Question Type Required Notes

1 Please include your GitHub Text entry Yes Used for thematic analysis
username. between questionnaire results

and programming submission

2 What is your current academic  Single-choice Yes Includes ”Other” text entry
year? option

3 What best describes your gen-  Single-choice Yes Includes ”Other” text entry
der? option

4 What best describes your eth- Multiple choice  Yes Includes ”Other” text entry
nicity? option

5 What is your primary lan- Dropdown Yes
guage for both spoken and
written communication?

6 What type of degree are you Single-choice Yes Includes ”Other” text entry
pursuing? option

7 What is your primary field of Single-choice Yes Includes ”Other” text entry
study? option

8 Are you a first generation col- Single-choice Yes
lege student?

9 Do you have an immedi- Single-choice Yes
ate family member who has
worked or is working in the
software industry? (this in-
cludes internships)

10 How many years of Java pro- Single-choice Yes

gramming experience do you

have?
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Table 3.1: Questionnaire provided to participants following

the programming activity.

Question

Type

Required

Notes

11

How many years of experience
in the software industry do you
have? (this includes intern-

ships)

Single-choice

Yes

12

What is your preferred pro-

gramming language?

Single-choice

Yes

Includes ”Other” text entry

option

13

What is your primary Inte-
grated Development Environ-
ment (IDE) ?

Single-choice

Yes

Includes ”Other” text entry

option

14

Which AI code generation

tools are you familiar with?

Multiple choice

Yes

Includes ”Other” text entry

option

15

What resources do you usually
use for help with resolving dif-
ficulties you encounter while

programming?

Text entry

Yes

16

How would you rate the diffi-
culty of the programming as-
signment you just participated

in?

Single-choice

Yes

17

In the programming activity
you just participated in, did
you choose to utilize Chat-
GPT?

Single-choice

Yes

18

Why did you choose to use
ChatGPT for this coding ac-
tivity?

Text entry

Yes

Question only displays if ” Yes”

is selected for Question 17.

19

How confident are you with
the correctness of the response
you received from ChatGPT?

Single-choice

Yes

Question only displays if ” Yes”

is selected for Question 17.

20

Please eleborate on your an-
swer choice to the above ques-

tion.

Text entry

Yes

uestion only displays if ” Yes”
y play

is selected for Question 17.
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Table 3.1: Questionnaire provided to participants following

the programming activity.

No Question Type Required Notes

21 How confident are you in the Single-choice Yes Question only displays if "No”
correctness of your solution for is selected for Question 17.
the programming activity?

22 Please elaborate on your an- Text entry Yes Question only displays if ”No”
swer choice for the above ques- is selected for Question 17.
tion.

23 How often do you use AI Single-choice Yes
code generation tools to assist
you with school-related activ-
ities? This includes activities
like homework, projects, ex-
ams, etc.

24 Which AI code generation Multiple choice Yes Question only displays if
tools do you have experience "Never” is NOT selected
using for programming pur- for Question 23.  Includes
poses? ”Other” text entry option.

25 Please let us know the courses Text entry Yes Question only displays if
in which you have used Al "Never” is NOT selected for
code generation tools Question 23.

26 Were Al code generation tools Single-choice Yes Question only displays if
permitted by your instruc- "Never” is NOT selected for
tors for the previously listed Question 23.
courses?

27 What is the single most fre- Text entry Yes Question only displays if
quent reason for you to use Al "Never” is NOT selected for
code generation tools? Question 23.

28 Please rank the statements be- Ranking Yes Question only displays if
low to most accurately repre- "Never” is NOT selected
sent why you utilize Al code for Question 23. The entry

generation tools for program-

ming assistance

from Question 27 defaults to
the top ranked item for this

question (can be changed)
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Table 3.1: Questionnaire provided to participants following

the programming activity.

No. Question Type Required Notes

29 Which of these statements do Single-choice Yes
you identify with most?

30 How concerned are you regard- Matrix Yes Includes ”Other” text entry
ing students (including your- option.

self) using Al code generation

tools that result in the follow-

ing?
31 How optimistic are you regard- Matrix Yes Includes ”Other” text entry
ing students (including your- option.

self) using AI code generation
tools that result in the follow-

ing?

3.5 Pilot Run

We conducted 3 pilot runs of the combined coding activity and follow-up questionnaire. The
participants for these pilot runs were 3rd year students and lab assistants at the University of
Hawa’i at Manoa. These students were well-versed in the Java programming language due to their
roles as lab assistants, and were used to gauge the difficulty and clarity of the study. The primary
feedback received from participants in the pilot study was confusion towards the code structure
in the programming activity. Based on this feedback, some elements that were not ultimately
necessary for the completion of the activity, such as multiple constructors for the provided Java
classes, were removed. Additionally, small comments were included for various code pieces and
methods to reduce the amount of time students needed to comprehend the existing code that was
provided to them. Lastly, the difficulty of the quiz questions was reduced so students could more
easily test their solution and calculate the correct answers to the quiz questions (even though the
correct answers were provided in the code). While no feedback was provided on the questionnaire,
some questions were added or modified based on the gathered results. The results of these pilot

runs are not included in the findings of this study.
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CHAPTER 4
RESULTS

4.1 Participants Demographics

For our study, we obtained a total of 67 results for the programming activity, and 70 results for the
online questionnaire. This mismatch in numbers derived from the batch studies we conducted in
a classroom environment, where instructions were provided to a larger number of students simul-
taneously. It became evident that some students did not commit and push their changes from the
activity to their GitHub repository, resulting in their programming activity submission remaining
the same as the original code provided. This went unnoticed, and those students continued on to
complete the questionnaire, without having a matching repository submission. The demographics

provided here are according to the 70 students who completed the online questionnaire.

4.1.1 Academic Year

Of our 70 participants, the majority (N = 37, 52.9%) were in their Freshman (1st) year. 6 students
(8.6%) were in their Sophomore (2nd) Year, 18 students (25.7%) were in their Junior (3rd) year,
3 students (4.3%) were in their Senior (4th) year, and 6 students (8.6%) were Graduate students.
Figure 4.1 illustrates this breakdown.

Question 2: What is your current academic year?

Sophmore (2nd year)
8.6%

Senior (4th+ year)
4.3%
Graduate Student

Junior (3rd year)
25.7%

Freshman (1st year)
52.9%

Figure 4.1: Academic years of survey participants.
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4.1.2 Gender

48 participants (68.6%) of our survey identified as Male, 21 participants (30.0%) identified as
Female, and 1 participant (1.4%) identified as Non-binary /third gender. Figure 4.2 illustrates this

breakdown.

Question 3: What best describes your gender?
Non-binary / third
1.4%

Female
30.0%

Male
68.6%

Figure 4.2: Genders of survey participants.

4.1.3 Ethnicity

The majority of our participants (N = 43, 61.4%) identified themselves as Asian ethnicity, with the
next largest category identifying as Asian, White or Caucasian (N =9, 12.9%). The remaining 19

participants were composed of another 10 categories, which can be seen in Figure 4.3.

Question 4: What best describes your ethnicity?

@® Asian

@ Prefer not to say

© Asian,White or Caucasian

@ Pacific Islander

@ White or Caucasian

@ American Indian or Alaska Native,Black

@ Hispanic or Latino,White or Caucasian

@ Asian,Black or African American
Ethnicity unknown

@ Asian,Native Hawaiian,Pacific Islander

@ Hispanic or Latino

@ Asian,Pacific Islander,White or

Figure 4.3: Ethnicity of survey participants.
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4.1.4 Primary Language

The majority of our participants (N = 64, 91.4%) selected English as their primary language, with
a small number of other students selecting other languages. 2 students (2.9%) selected Chinese, 2
students (2.9%) selected Korean, 1 student (1.4%) selected Japanese, and 1 student (1.4%) selected
Tagalog.

Question 5: What is your primary language for both spoken and
written communication?

Chinese (including

English

Figure 4.4: Primary language of survey participants.

4.1.5 Type of Degree

The majority of our participants (N = 62, 88.6%) were undergraduate students pursuing a Bache-
lor’s Degree. For graduate students, 7 participants (10.0%) were pursuing a Master’s Degree, and

1 student (1.4%) was pursuing a Doctoral Degree.

Question 6: What type of degree are you pursuing?

Doctoral Degree Master's Degree
10.0%

Bachelor's Degree
88.6%

Figure 4.5: Degree pursued by survey participants.
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4.1.6 Field of Study

The majority of our participants chose Computer Science (N = 50, 71.4%) or Information and Com-
puter Sciences (N=11, 15.7%) as their field of study. All other selections include 3 students (4.3%)
under Management Information Systems, and 1 student each (1.4%) for Mechanical Engineering,

Computer Engineering, Math Data Science, Mathematics, Accounting, and Linguistics.

Question 7: What is your primary field of study?

Linguistics
1.4%
Management
4.3%

Information and
15.7% 1

Mechanical

Computer Science
71.4%

Figure 4.6: Fields of study of survey participants.

4.1.7 First Generation College Student

The majority of our participants (N = 50, 71.4%) responded that they were NOT first generation
college students, while 19 participants (27.1%) responded that they were, and 1 participant (1.4%)

elected not to say.

Question 8: Are you a first generation college student?

Prefer not to say

Figure 4.7: Visual representation of students who are first generation college students.
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4.1.8 Family in Software Industry

The majority of our participants (N = 55, 78.6%) responded that they did not have any immediate
family members in the software industry. The remaining participants (N=15, 21.4%) selected that

they did have immediate family members in the industry.

Question 9: Do you have an immediate family member who has
worked or is working in the software industry?

21.4%

No
78.6%

Figure 4.8: Visual representation of students with family in the software industry.

4.1.9 Years of Java Experience

The majority of our participants (N = 47, 67.1%) responded that they have less than 1 year of
experience coding in the Java language. 16 participants (22.9%) claimed to have 1-2 years experi-
ence, and 7 participants (10.0%) responded with 3-5 years experience. There were no participants

in this study with more than 5 years experience in Java.

Question 10: How many years of Java programming experience
do you have?

3-5 years
10.0%

1-2 years
22.9%

Less than 1 year
67.1%

Figure 4.9: Self-declared years of Java experience of survey participants.
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4.1.10 Years of Software Industry Experience

The majority of our participants (N = 40, 57.1%) claimed to have at least some level of experience
working in the software industry, either as an intern or a regular hire. Of these participants,
34 (48.6%) claimed less than 1 year of experience, 5 (7.1%) claimed 1-2 years experience, and 1
individual (1.4%) claimed 3-5 years experience. The remaining participants (N=30, 42.9%) did not

have any experience in the software industry at the time of this survey.

Question 11: How many years of experience in the software
industry do you have?

3-5 years
1.4%
1-2 years
7.1%

Less than 1 year
48.6%

Figure 4.10: Self-declared years of software industry experience of survey participants.

4.2 RQ1: To what extent are students familiar with existing Al

code generation tools?

To address this RQ, we analyzed the responses to questions #14 and #15 from our online ques-
tionnaire, regarding Al code generation tool familiarity and resources used to resolve difficulties
while programming.

Question #14 is a multi-choice question listing 8 AI code generation tools, with additional
options for None and Other, the latter containing text entry to manually include any additional AT
tools the participant may be familiar with.

As demonstrated in Table 4.1, the overwhelming majority (N = 67, 95.71%) of students claimed
to be familiar with ChatGPT. Following ChatGPT, the order of most frequent to least frequent
selections are as follows: GitHub Copilot (N = 13, 18.57%), Gemini (N = 7, 10.00%), Bing Chat
(N =4, 5.71%), Replit GhostWriter (N = 2, 2.86%), Claude (N = 2, 2.86%), OpenAI Codex (N =
1, 1.43%), Phind (N = 1, 1.43%), Julius AI (N = 1, 1.43%), and lastly both Tabnine and Amazon
CodeWhisperer both with 0 selections. The selections for Claude, Phind, and Julius AT were all
entered through the Other selection of the multiple choice options. A total of 3 participants (4.29%)

selected None, indicating they were not familiar with any Al code generation tools.
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Table 4.1: Familiarity with AI code generation tools
AT Code Generation Tool Count Percentage
ChatGPT 67 95.71%

GitHub Copilot 13 18.57%
Gemini (formerly Bard) 7 10.00%
Bing Chat 4 5.71%
Replit GhostWriter 2 2.86%
Claude 2 2.86%
OpenAl Codex 1 1.43%
Phind 1 1.43%
Julius AT 1 1.43%
Tabnine 0 0.00%
Amazon CodeWhisperer 0 0.00%

With the exception of the 3 None responses, every participant who was familiar with an Al code
generation tool included ChatGPT in their selection. Furthermore, 47 participants (67.14%) indi-
cated they were only familiar with ChatGPT, selecting it as their lone option. The average number
of Al code generation tools a participant was familiar with was 1.40, with only nine participants
selecting 3 different options, one participant selecting 4 options, and no participants selecting more
than 4 options.

Question #15 asks students to list resources they typically use when encountering difficulties
while programming, providing participants a text entry box for open-ended responses. Among the

results, we annotated 7 categories of resources used by students, described as follows:

e Artificial Intelligence: Responses in this category made mention of one or several Al code
generation tools. The majority of these responses only listed ChatGPT. Five students listed
additional Al code generation tools in their responses, including among them GitHub Copilot,
Blackbox Al, and Claude.

e Stack Overflow: Responses in this category specifically mentioned Stack Overflow as a

resource, with no further details provided.

e Subject Matter Experts: Responses in this category made reference to other individuals
who were used for assistance. Responses varied in nature, with answers including family

members, friends, and educators.

e YouTube: Responses in this category generally listed YouTube specifically as a resource.
One student listed videos as a resource, with no context provided on which website or platform

was used.

e Google Search: Responses in this category generally mentioned Google specifically as a re-

source, while some were more vague in nature, describing searching the internet for resources.
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e Online Documentation: Responses in this category made mention of documentation or
documents, without providing details. Some responses in this category listed official websites

for programming languages (e.g., “The Java Website”) as their resources.

e Course Material: Responses in this category gave mention to course-specific material, such

as textbooks, lecture slides, and class examples provided by their instructors.

Among these categories, the most common resource mentioned was Artificial Intelligence (N =
51, 72.86%), where all but one of these responses indicated ChatGPT specifically as a tool used.
Following this, the most common resources included Stack Overflow (N = 20, 28.57%) and Google
Search (N = 17, 24.29%). Further results regarding the frequency of each category can be seen in
Figure 4.11.

80%
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Figure 4.11: Resources used by students when encountering difficulties while programming.

31



Summary for RQ1. Participants were extremely likely to be familiar with ChatGPT, and
unlikely to be familiar with any other Al code generation tool. Among alternative Al code gen-
eration tools, students were most familiar with GitHub Copilot and Gemini (formerly Bard). A
small number of students included Al tools not originally provided in our listing, the most popu-
lar being Claude. When asked more broadly to describe the resources used while programming,

the majority of students made mention of AT tools, particularly ChatGPT, with all other types

of resources being used much less frequently.

4.3 RQ2: To what extent are students reliant on Al code gener-

ation tools?

For this RQ, we analyzed the answers to Questions #16-22 from the online questionnaire. These
questions focused on the participant’s perceived difficulty of the programming activity, whether
they elected to use ChatGPT in the activity, and their confidence in their solutions with or without
ChatGPT assistance.

For Question #17, participants were asked In the programming activity you just participated
in, did you choose to utilize Chat-GPT?. For this question, Yes was selected by 50 participants
(71.43%), indicating that they elected to use ChatGPT in the activity. The remaining 20 partic-
ipants (28.57%) selected No, indicating ChatGPT was not used for their solutions. In the online
questionnaire, Questions #18-20 were presented only to those who selected Yes, while Questions
#21 and #22 were only presented to those who selected No. To analyze the extent of reliance

students have towards Al tools, we compare the results between these two groups of participants.

4.3.1 Students who used ChatGPT

All participants were asked to select their perceived level of difficulty for the programming activity
on a 4-point Likert scale, ranging from Not at all difficult, to Very difficult. For the 50 participants
who elected to use ChatGPT in the activity, Not at all difficult was selected by 2 participants
(4.00%), Only slightly difficult was selected by 17 participants (34.00%), Moderately difficult was
selected by 22 participants (44.00%), and Very difficult was selected by 9 participants (18.00%).This
data is demonstrated in Figure 4.12.

Only participants who selected Yes for using ChatGPT in the activity were presented with
Question #19, asking the participant for their level of confidence with their ChatGPT response
being the correct solution, ranging from Very unconfident to Very confident on a 5-point Likert
scale.

Of the 50 participants presented with this question, 0 selected Very unconfident, 6 (12.00%)
selected Somewhat unconfident, 13 (26.00%) selected Neutral, 21 (42.00%) selected Somewhat con-
fident, and 10 (20.00%) selected Very confident. This data is demonstrated in Figure 4.13.
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How would you rate
the difficulty of the

programming .00% 44.00% -
assignment you just

participated in?

0% 25% 50% 75%
B Not at all difficult [ Only slightly difficult Moderately difficult [ Very difficult

Figure 4.12: Perceived difficulty of programming activity for those using ChatGPT assistance.

26.00% 20.00%

How confident are you
with the correctness of
the response you
received from

ChatGPT?
0% 25% 50% 75%
B Very unconfident [ Somewhat unconfident Neutral [ Somewhat confident [l Very confident

Figure 4.13: Level of confidence in correctness of ChatGPT response.

Additionally, these participants were presented with Question #18, asking the participant to
explain why they chose to use ChatGPT. We performed a thematic analysis of their reasoning,

categorized below:

e Activity Restrictions: To better understand how students use Al code generation tools,
participants in the study were limited to using ChatGPT for outside assistance. 4 participants
(8.00%) listed this restriction as the primary reason for deciding to use ChatGPT in the
activity, suggesting they would not have used the tool given other options (e.g., “I choose to

use ChatGPT because the instructions said that I couldn’t use any other resource.”).

e Coding Assistance: 25 participants (50.00%) provided reasoning that described Al playing
the role of a coding assistant. Participants in this category generally stated benefits relating
to productivity (e.g., “I used it because it allows me to pinpoint the issues within the code
quicker.”) or identifying problems in the code (e.g., “I was struggling to figure why parts of
the code weren’t working so I chose to ask ChatGPT”).

e Familiarity: 14 participants (28.00%) cited their familiarity with ChatGPT, or its ease of
use, as their primary reason for electing to use the tool (e.g., “I choose to use ChatGPT

because I'm more familiar with it and it could provide answers based on the questions that I
asked.”).

e Knowledge Constraints: 13 participants (26.00%) provided reasoning that described a gap

in the knowledge required for the task, either from inexperience with the material or requiring
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Table 4.2: Perceived difficulty of programming activity for those who rated their confidence in
ChatGPT responses as Neutral

Count | Percentage
Not at all difficult 0 0.00%
Only slightly difficult | 5 38.46%
Moderately difficult | 5 38.46%
Very difficult 3 23.08%

some form of a reminder (e.g., “Asking syntax related questions such as defining variables,

etc. Not for directly writing code and copy/pasting”).

Lastly, participants were presented with Question #20, asking the participant to elaborate
on their level of confidence for the correctness of ChatGPT’s responses. Based on the results
of Question #19, the majority of our participants selected either Neutral (N = 13, 26.00%) or
Somewhat confident (N = 21, 42.00%). We focus our analysis on the reasoning behind these two
groups and their levels of confidence.

For those who selected Neutral in response to Question #19, 5 participants (38.46%) rated the
activity as Only slightly difficult, 5 participants (38.46%) rated it as Moderately difficult, and 3
participants (23.08%) rated it as Very difficult. These figures are demonstrated in Table 4.2

When asked to elaborate on why they selected Neutral confidence, participants described the
potential faultiness of ChatGPT, while having a tendency to blame themselves for misuse of the
tool (e.g., “The responses from ChatGPT provided me with the wrong solution or thought process.
It could be because of the phrasing of my question.”) or from their inability to fully understand the
solution it provided to the student (e.g., “The program ended up working as it was intended but at
the same time it I did not complete it within my frame of actually understanding how to solve it.”).

For those who selected Somewhat confident in response to Question #19, 1 participant (4.76%)
rated the activity as Not at all difficult, 4 participants (19.05%) rated it as Only slightly difficult,
13 participants (61.90%) rated it as Moderately difficult, and 3 participants (14.29%) rated it as
Very difficult. These figures are demonstrated in Table 4.3

These participants gave similar responses to those who selected Neutral, showing awareness of
ChatGPT’s inconsistencies and ability to generate faulty code. However, these participants seemed
to better understand the concept of prompt engineering and providing all relevant details (e.g.,
“ChatGPT works very well in providing solutions containing base definitions of things, however
it lacks the ability to piece different pieces of logic/code together.”). This group, too, described
difficulties understanding the code generated by ChatGPT (e.g., “I do not have enough expertise
to judge whether the code chatGPT provided is correct. However, the code can run so I suppose it’s
ok.”).

The results from these two groups suggests most students understand ChatGPT, and Al as

a whole, is imperfect and subject to faulty responses. Students also struggle to understand the
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Table 4.3: Perceived difficulty of programming activity for those who rated their confidence in
ChatGPT responses as Somewhat confident

Count | Percentage
Not at all difficult 1 4.76%
Only slightly difficult | 4 19.05%
Moderately difficult | 13 61.90%
Very difficult 3 14.29%

solutions generated by ChatGPT, or struggle to provide the necessary prompt engineering to create
a working solution through the AI tool. Given that the majority of students rated the activity for
our study as either Moderately difficult or Very difficult, there may be a correlation between the
student’s confidence in Al tools relative to their perceived difficulty of the task presented to them.

However, this was not explored further in our study.

4.3.2 Students who elected not to use ChatGPT

A total of 20 participants (28.57%) indicated that they chose not to use ChatGPT during the
programming activity. Of these individuals, 3 participants (15.00%) indicated the activity was Not
at all difficult, 7 (35.00%) found it Only slightly difficult, 7 found it Moderately difficult, and 3 found
it Very difficult. This data is demonstrated in Figure 4.14.

How would you rate
the difficulty of the
programming 15.00% 35.00% 35.00% -
assignment you just
participated in?

0% 25% 50% 75%
B Not at all difficult Only slightly difficult Moderately difficult B Very difficult

Figure 4.14: Perceived difficulty of programming activity for those NOT using ChatGPT assistance.

These participants were presented with Questions #21 and #22 in the questionnaire, as an
alternative to Questions #18-20 for those who used ChatGPT. Questions #21 and #22 follow a
similar format to Questions #19 and #20, asking participants to rate their level of confidence in
their submission, and then elaborating. For Question #21, 2 participants (10.00%) rated themselves
as Not at all confident in their solution, 5 (25.00%) participants selected Only slightly confident, 12
participants (60.00%) selected Moderately confident, and only 1 participant (5.00%) selected Very
confident. This data is demonstrated in Figure 4.15.

Once again, we focus our analysis on the two largest selections to understand the reasoning
behind their level of confidence. For the participants who elected not to use ChatGPT, these two
groups are those who selected Only slightly confident (N =5, 25.00%) and Moderately confident (N
= 12, 60.00%).
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of your solution for the

How condident are
you in the correctness 10.00% 25.00% 60.00% '
programming activity?

0% 25% 50% 75%
B Not at all confident Only slightly confident Moderately confident [ Very confident

Figure 4.15: Level of confidence in correctness of non-ChatGPT solution.

Table 4.4: Perceived difficulty of programming activity for those who rated their confidence without
ChatGPT as Only slightly confident

Count | Percentage
Not at all difficult 0 10.00%
Only slightly difficult | 1 20.00%
Moderately difficult | 3 60.00%
Very difficult 1 20.00%

For the 5 participants who selected Only slightly confident in response to Question #21, 1
participant (20.00%) rated the activity as Only slightly difficult, 3 participants (60.00%) rated it
as Moderately difficult, and 1 participant (20.00%) rated it as Very difficult. These figures are
demonstrated in Table 4.4.

When asked to elaborate on their level of confidence, participants explained that they were able
to make some changes and corrections towards completing the activity, but ultimately were unable
to create working code (e.g., “While I did remove the errors present, my code could not run and I
did not know why it would.”).

For the 12 participants who selected Moderately confident in response to Question #21, 3
participants (25.00%) rated the activity as Not at all difficult, 5 participants (41.67%) rated it as
Only slightly difficult, and 4 participants (33.33%) rated it as Moderately difficult. These figures
are demonstrated in Table 4.5.

When asked to elaborate on their level of confidence, many participants once again described

their ability to complete some, but not all, of the activity. However, these participants had a

Table 4.5: Perceived difficulty of programming activity for those who rated their confidence without
ChatGPT as Moderately confident

Count | Percentage
Not at all difficult 3 25.00%
Only slightly difficult | 5 41.67%
Moderately difficult | 4 33.33%
Very difficult 0 0%

36



far greater number who were able to complete the activity, or at least progressed to the point of
achieving code free of runtime errors and only missing minor features (e.g., “I’'m not completely
done with it, as I haven’t finished implementing the displayed score. Other than that, I have plenty
of confidence that it works”). Generally, participants in this grouping who found the activity less
difficult than others described a tendency to test their code and aim for higher code quality (e.g.,
“I tested my code 8 times before I announced I was finished, and renamed some variables to make
the code cleaner.”).

The results from these two groups of participants suggest a correlation between perceived diffi-
culty of the task, and the confidence in their solution. This is not a surprising result. However, the
students elaborating on what behaviors resulted in the varying levels of confidence provides some
meaningful insight, namely the value of students thoroughly testing their code, and showing some

concern regarding the quality of their code.

Summary for RQ2. When presented with the option of using ChatGPT assistance for the
assigned programming activity, the majority of students took it, despite the activity not being
graded. For the students who elected to use ChatGPT, most only held a moderate level of
confidence in the tool’s performance. These students generally understood the limitations of
the tool, but cited trouble in understanding the code it generated. The majority of students
who elected not to use ChatGPT felt moderately confident in their own solutions. Among these

students, those who placed a higher value on code quality and thorough testing perceived the

activity as less difficult than their peers.

4.4 RQ3: To what extent are students using AI code generation

tools in an educational setting?

To address this RQ, we analyzed the responses to Questions #23 - 26 from our online questionnaire,
regarding the frequency and nature of students using Al code generation tools in their courses.

Question #23 is a single-choice, 5-point Likert-scale question asking How often do you wuse
Al code generation tools to assist you with school-related activities? This includes activities like
homework, projects, exams, etc.. Among the 70 responses we received to this question, 6 students
(8.57%) answered with Never, 18 students (25.71%) answered Sometimes, 18 students (25.71%)
answered About half the time, 22 students (31.43%) answered Most of the time, and 6 students
(8.57%) answered Always. This data is visually represented in Figure 4.16. Participants who
selected Never in response to Question #23 proceed to Question #27, while all other participants
are presented with Questions #24 - 26.

Interestingly, of all 70 students presented with this question, all 6 who answered Never identified
as Freshman (1st year) students. Of the 6 students who answered Always, the majority (N = 4,
66.67%) identified as Juniors (3rd years), with the remaining two students being a Senior (4th year)
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Table 4.6: Tool names used by students for programming purposes.
AT Code Generation Tool # of students Percentage of students

ChatGPT 64 100.00%
Gemini (formerly Bard) 8 12.50%
GitHub Copilot 4 6.25%
OpenAl Codex 3 4.69%
Bing Chat 1 1.56%
Replit GhostWriter 1 1.56%
Tabnine 0 0.00%
Amazon GhostWhisperer 0 0.00%
Other 8 12.50%

and a Freshman (1st year).

Question #23: How often do you use Al code generation tools
to assist you with school-related activities?

40.00%

30.00%

20.00%

10.00%

0.00%

Never Sometimes About half the  Most of the time Always
time

Figure 4.16: Student responses regarding how often they use Al code generation tools to assist with
school-related activities.

Question #24 is a multi-choice question listing 8 AI code generation tools, with an additional
option for Other, containing text entry to manually include any additional Al tools the participant
may use for programming. Though a similar question was asked for Question #14, Question #24
is aimed at seeing which tools students use, rather than simply what tools they are familiar with.

Of the 64 students who were presented with this question, all of them (100.00%) selected Chat-
GPT in their response. All other selections were drastically lower, with the next closest selection
being Gemini (formerly Bard) with 8 selections (12.50%). Table 4.6 represents the frequency of

each selection presented to the survey participants. Among these participants, 8 selected Other in
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their responses and included Al tools not originally listed. Of these responses, the Al tools Phind
and Claude were the most common, with 2 responses each. Other entries included Blackbox, Julius
Al Ollama, and WRTN, each with a single entry.

Question #25 asks participants to list which courses they’ve used Al code generation tools in,
providing a text-entry box to write their replies in. Question #26 is a follow-up to this question,
asking if AI code generation tools were permitted by the instructors of the courses they listed.
The results for Question #25 were extremely varied, with 18 responses (28.13%) not listing any
specific courses, and 11 responses (17.19%) listing non-CS courses. Of the responses that included
CS course numbers, 27 responses (42.19%) listed lower-level courses in the 100-200 range, while 14
responses (21.88%) listed higher-level courses at 300 and above. Of the specific courses listed, ICS
111 and ICS 211 were the most common, these being CS1 and CS2 course equivalents offered at
the university. As most of the students for our study were first-year students, the proportion of
these courses relative to others was to be expected.

For Question #26, the vast majority (N=45, 70.31%) responded Yes, indicating AI code genera-
tion tools were permitted in their courses. Among the other responses, 18 students (28.13%) stated
that Some courses, but not all permitted Al code generation tools, and only 1 student (1.56%)
stated that they were not permitted.

Summary for RQ3. Our data suggests that students at all academic levels are reliant on Al
code generation tools for at least half of their school-related activities. Among the students who
claimed to use Al code generation tools in their work, all of them claimed to have used ChatGPT,
with all other AI tools appearing in much lower numbers of use or familiarity. Most students
claimed that Al code generation tools were permitted in the courses in which they were used.
When asked to list which courses the tools were used in, answers ranged from introductory CS1

courses, all the way through graduate-level courses.

4.5 RQ4: What perceptions do students have towards Al code
generation tools?
To address this RQ, we analyzed the responses to Questions #29 - 31 from our online questionnaire,

touching on the levels of optimism and concern students feel towards Al code generation tools.

Question #29 asks students to identify with one of two beliefs:

1. AI code generation tools are a short-term solution to use while learning to program

2. Al code generation tools are a long-term skill set to be used in the programming industry

Among our 70 responses, 26 students (37.14%) reported AI code generation tools as a short-
term solution, while the remaining 44 (62.86%) reported AI code generation tools as a skill set to

develop.
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We then asked students to rank their levels of concern over a variety of topics for Question #30.
Fach topic allowed for students to select I haven’t thought about it if they held no views on the
topic, or a 4-point Likert scale of concern, ranging from Not concerned at all to Very concerned.

Here we analyze the results of each topic:

1. Plagiarism: The most common level of concern for Plagiarism by our participants was
Somewhat concerned (N = 27, 39.13%), with the least being Very concerned (N =7, 10.14%).
Though students show some concern regarding plagiarism, this topic held the second lowest
number of students that were either Concerned or Very concerned, and the second largest
selections for I haven’t thought about it, suggesting that this is a low area of concern for

students relative to other topics.

2. Over-reliance on Al tools: The most common level of concern for over-reliance by our
participants was Concerned (N = 21, 30.43%). However, this was followed closely by both
Somewhat concerned and Very concerned, each having 19 (27.54%) selections. The lowest
selection was I haven’t thought about it, with only 4 (5.80%) ratings, the lowest number of
any selection for Question #30, indicating this is a topic students have absolutely thought

about, and have a high level of concern for.

3. Poor quality of Al-generated code: The most common level of concern over poor quality
of Al-generated code by our participants was Concerned (N = 22, 31.88%), followed very
closely by Somewhat concerned (N = 21, 30.43%). The lowest number of selections for
this topic was Very concerned (N = 5, 7.25%). These results suggest students are only
moderately concerned about the quality of Al-generated code, which may be related to student
understanding that Al tools can produce faulty code, but it’s largely dependent on proper

prompt engineering.

4. Poor student understanding of generated code: The most common level of concern
over students not understanding AI generated code by our participants was Concerned (N =
24, 34.78%), followed somewhat closely by Very concerned (N = 20, 28.99%). When looking
at combined numbers of Concerned and Very concerned selections, this topic ranks #1 of
those listed in the survey, while also containing the lowest number of combined I haven’t
thought about it and Not concerned at all ratings. These results suggest that, among the

topics we presented to the students, this is the area they are most concerned about.

5. Students not developing creative problem-solving and critical-thinking skills: The
most common level of concern by our participants regarding students not developing problem-
solving and critical-thinking skills was Very concerned (N = 22, 31.88%), followed closely by
Somewhat concerned (N = 20, 28.99%). Though only ranking third in combined Concerned

and Very concerned rankings, this topic held the highest selections of Very concerned among
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all topics listed in our survey. This suggests that even though this may not be the highest
average area of concern for students, it may be a more polarizing one, where students are

largely either very concerned or only mildly concerned.

6. Legal or ethical issues: The most common level of concern selected by our participants
regarding legal or ethical issues for Al tools was Somewhat concerned (N = 27, 39.13%).
The two lowest levels of concern, interestingly, were Concerned (N = 7, 10.14%) and Very
concerned (N = 9, 13.04%). Additionally, this topic held the highest number of I haven’t
thought about it ratings (N = 15, 21.74%). These results suggest that, among the topics
we presented to the students in our survey, this was the area they held the lowest levels of

concern, and have spent the least amount of time discussing or thinking about the topic.

Plagiarism s _
Poor quality of Al-generated
code 30.43%

Poor student understanding
of generated code

Students not developing
creative problem-solving and
critical-thinking skills

0% 25% 50% 75% 100%

Legal or ethical issues

B | haven't thought aboutit [ Not concerned at all Somewhat concerned ] Concerned [ Very concerned

Figure 4.17: Student levels of concern across a variety of topics

Our results for Question #30 suggest that students are primarily concerned with not under-
standing Al generated code, and end up building too much reliance on Al code generation tools.
On the opposite end of the spectrum, students are the least concerned about legal or ethical issues
and plagiarism, with these topics having the lowest numbers of ratings for high levels of concern,
and the highest numbers of ratings for having not thought about the topics.

Question #31 is formatted similar to Question #30, instead asking students to highlight their
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levels of optimism regarding potential outcomes of Al code generation tool usage. Once again, we

analze the results for each topic:

1.

Students being better prepared for future jobs: The most common rating for this
topic among our participants was Somewhat optimistic (N = 27, 39.13%). Interestingly, this
topic resulted in the lowest number of Very optimistic ratings (N = 6, 8.70%) and the highest
number of Not optimistic at all ratings (N = 11, 15.94%) among all our topics for Question
#31. This suggest that students are generally not optimistic that using Al code generation

tools will help prepare them for their future careers.

. Improvements to equity and access in programming: The most common rating for this

topic among our participants was Optimistic (N = 25, 36.23%), followed closely by Somewhat
optimistic (N = 22, 31.88%). This topic resulted in the highest number of Optimistic ratings,
and tied for the second most Very optimistic ratings, suggesting that this is an area students

are among the most optimistic about.

. Students gaining self-facilitated learning from personalized feedback: The most

common rating for this topic among our participants was Optimistic (N = 21, 30.43%),
followed closely by both Somewhat optimistic and Very optimistic (N = 19, 27.54% each).
This topic also resulted in the lowest number of I haven’t thought about it ratings (N = 6,
8.70%). With the lowest number of ratings for low levels of optimism, and the highest number
of ratings for high levels of optimism, our results suggest that this is the area students are

most optimistic about regarding their usage of Al code generation tools.

. Students improving on CS theory and problem-solving skills: The most common

rating for this topic among our participants was Somewhat optimistic (N = 29, 42.03%). This
topic resulted in the lowest number of Optimistic ratings (N = 14, 20.29%) and the second
lowest number of Very optimistic ratings (N = 10, 14.49%) among our topics listed. When
considering this with the results of Question #30’s topic on problem-solving and critical-
thinking skills, these results confirm that students are generally not optimistic that Al code

generation tools will help them develop necessary programming skills.

. Students becoming more interested in learning: The most common rating for this

topic among our participants was Somewhat optimistic (N = 25, 36.23%). This topic holds
the largest number of I haven’t thought about it ratings (N = 12, 17.39%) among our topics.
With relatively moderate ratings for all other levels of optimism, our results suggest that this
is a topic students may not have strong feelings about, or perhaps they feel Al tools have had

little effect towards their interest in Computer Science fields.

Our results for Question #31 suggest that students are most optimistic about using Al code

generation tools to help learn on their own and gather personalized feedback whenever needed. The
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high levels of optimism around equity and access also suggests students may feel that these tools
help level the playing field, where less competent programmers can better keep up with their more
accomplished peers. However, students also displayed low levels of optimism towards these tools
preparing them for their careers and helping develop their programming skills, indicating they may
feel that these tools help them perform better in their courses, but not in the manner they desire

(e.g., better understanding of the material).

Students being better
prepared for future jobs

Improvements to equity and
access in programming

Students gaining self-
facilitated learning from
personalized feedback

Students improving on CS

theory and problem-solving 42.03%
skills
Students becoming more
interested in learning 36.23%
0% 25% 50% 75% 100%
B | haven't thought aboutit B Not optimistic at all Somewhat optimistic [/ Optimistic ~ # Very optimistic

Figure 4.18: Student levels of optimism across a variety of topics

Summary for RQ4. Our data suggests that students largely see Al code generation tools as
a skill set they need to develop to further their careers. However, students have mixed feelings
when weighing the benefits and consequences of using Al code generation tools. Students are
most optimistic towards gaining self-facilitated learning and personalized feedback from Al tools,
yet they also showcase high levels of concerns towards over-reliance, failing to develop necessary

skills, and not understanding the code generated by these tools. Thus, they show relatively low

levels of optimism that these tools will actually prepare them for their future careers.
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4.6 RQ5: How do students interact with AI code generation tools?

To address this RQ, we analyzed the responses to Questions #27 and #28 from our online ques-
tionnaire, as well as the submitted prompt logs from students who used ChatGPT during the
programming activity. Questions #27 and #28 asked participants what they use Al code gener-
ation tools for, and were only presented to students who did not select Never to Question #23,
which asked them how often they use Al code generation tools for school-related activities. Based

on this requirement, we received 64 responses to Questions #27 and #28.

4.6.1 Questionnaire Results

Question #27 asks participants to enter their single most frequent reason for using the tools, while
Question #28 takes that response, and by default lists it as the top ranking item in a list of use-
cases for Al code generation tools, where the participant can then reorder the use cases by how
likely they are to use Al code generation tools for that purpose. For this ranking, rank 1 depicts
the most common use-case, while rank 6 depicts the least common use-case. Here we will analyze
some of the free-text answers for Question #27, followed by the participant rankings for Al code
generation tool use-cases.

To analyze the results of Question #27, we use a similar categorization for what was used
to analyze Question #18, which asked users to explain why they used ChatGPT in the activity.
However, since Question #27 is not related to an activity with time or resource restrictions, we

remove the Activity Restrictions category to be left with the following:

e Coding Assistance: Responses under this category expressed use-cases related to pro-
ductivity, identifying errors, and improving code quality. For the responses that mentioned
productivity in some fashion, they primarily focused on AI code generation tools being a
faster alternative to other resources available (e.g., “To get quick answers that might take a
little longer to find when searching using a search engine.”). Most responses in this category
stated that AI code generation tools were used primarily when the student becomes stuck,
does not know how to proceed, or for assistance with debugging (e.g., “Last resort for when
I'm stuck but the lectures slides aren’t helpful enough and I don’t have anyone else I can ask

at the moment.”). We received 34 responses (53.13%) under this category.

¢ Knowledge Constraints: Responses under this category described using Al code generation
tools to explain various programming concepts (e.g., “Sometimes, I do not understand when
instructors explain during lecture. Therefore, I typically use it to teach myself or ask to
explain it in simpler terms.”), or to explain what certain pieces of code do (e.g., “To help
explain concepts and why a block of code works a certain way instead of what I expected”).

We received 21 responses (32.81%) under this category.
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Table 4.7: Average rankings of how students use AI code generation tools. A lower numbered
ranking signifies a high number of students listing it as a top reason for using the tool.
Use-case for AI code generation tools Average ranking of participants (out of 6)
I utilize AI code generation tools to explain

programming concepts to me with provided examples 344
I utilize AI code generation tools to debug and

3.53
troubleshoot my code
I utilize AI code generation tools to bridge the gap between 373
theoretical knowledge and practical implementation ’
I utilize AI code generation tools to increase my 3.4
programming productivity ’
I utilize AI code generation tools to improve the 5.90

quality of my code

e Familiarity: Responses under this category stated reasons relating to ease of use (e.g., “easy
to finish your job.), convenience, or very generically described using AI code generation tools
for help (e.g., “Help with homework”). These responses did not provide any other specific
reasoning for using Al code generation tools. We received 9 responses (14.06%) under this

category.

For Question #28, participants were asked to rank their reasons for why they utilize Al code
generation tools, using their response from Question #27 as the default rank 1 item. Participants’
rank 1 item largely remained the same, with only 5 students (7.81%) electing to place another
use-case above their original reasoning. Given the varying nature of this response, we instead
focus on the average rankings for the other listed use-cases. Of those, the use-case of “I utilize Al
code generation tools to explain programming concepts to me with provided examples” ranked the
highest, with an average ranking of 3.44 out of 6. The lowest ranking use-case of “I utilize AI code
generation tools to improve the quality of my code” averaged a score of 5.20 out of 6. Table 4.7 lists

these rankings in descending order, from the highest ranking to the lowest.

4.6.2 ChatGPT Interactions

According to our questionnaire results, 50 out of our 70 participants (71.43%) used ChatGPT
during the programming activity part of our study. To understand how these students interact with
ChatGPT, we directed students to submit their discussion log alongside their code repository. Due
to the nature of some batch studies performed, we were not able to confirm the correct submission
of every participant in our study, resulting in 32 out of our 50 students (64.00%) submitting their
ChatGPT discussion log. Among these 32 students, 3 students submitted improper file formats,
and could not be properly viewed or analyzed. Our analysis focuses on the 29 correctly submitted
ChatGPT discussion logs we received and their contents.

For each discussion log examined, we searched for unique behaviors across three aspects of their
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dialogue:

1. Priming: This aspect looks at how students initiate their conversation with ChatGPT,
including the level of detail they provide from the start in regards to their task and relevant
code, as well as any unique verbiage or instructions they include to set the intended behavior

of the AI’s responses.

2. Prompt engineering: This aspect looks at how students react to ChatGPT’s results, in-
cluding adjustments they make to their own prompts in an effort to guide the Al tool in a

better direction, or if they make reference to segments of ChatGPT’s reply.

3. General discourse: This aspect attempts to define any more generalized behaviors present
throughout the discussion log, particularly in the absence of any priming or prompt engineer-

ing behaviors.

After analyzing all 29 available ChatGPT logs, we identified a number of unique behaviors
regarding how students interacted with the AI. Here we provide a list of these behaviors, along
with a brief description, and sample prompts to match each behavior. Though some students

showcased multiple behaviors in their logs, the majority are represented by only a single behavior.

e Focus on one error at a time: The most common behavior observed in our study was
the student attempting to understand and correct their code by focusing on singular errors
at a time. These students would provide context to the AI with some source code, gener-
ally starting with small segments of code and increasing to entire classes or multiple classes
depending on the success of ChatGPT’s response. The style of their prompts differ slightly,
with the majority of the prompts including a code snippet and some direction on what they
want the AI to do with the code provided (e.g., “Could you help me determine what is the
issue in this code?”, “I am receiving the NullPointerException, here’s the entire code:”). This
behavior generally includes no priming of the Al prior to debugging, which may result in the
AT being unaware of additional classes and dependencies related to the issue. Occasionally
these students would engaged in some manner of prompt engineering. Some students replied
directly to the content of ChatGPT’s output (e.g., “I like the second method, how may I go
about doing that?” and “I’m confused, can you further explain what the issue is and how you
are solving it?”). Others would repeat a similar prompt, but provide additional source code
for the Al to make sense of the issue. On rare occasion, a student would reply to ChatGPT,
but with poor context, leading to a misunderstanding of intent (e.g., “How do I implement
the classes correctly”). In these cases, ChatGPT would provide a more generic answer that
did not align with the greater needs of the activity, leading students towards compounding

issues.
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e Fixing the code all at once with no priming: A small number of students in our study
engaged with ChatGPT by providing provide large pieces of the source code at a time with
only brief instructions (e.g., “Could you please check this code for me?” or “Fix this”). In
reply to these prompts, ChatGPT would identify multiple issues and offer multiple solutions
at once. Students would repeat this behavior for all files or classes, until the Al has seen
the entire source code. On rare occasion, students would provide the source code for all
classes in the first prompt, allowing ChatGPT to identify dependencies between classes and
provide more suitable solutions. For students who provided classes one at a time, ChatGPT
would sometimes offer solutions that don’t integrate with other classes properly, leading to
unresolved errors. In these instances, students would often repeat the process of providing

the entire source code of the class, but specify the error that they are still encountering.

¢ Fixing the code all at once with priming: A very small number of students demonstrated
behavior suggesting extensive experience at having used ChatGPT before, and understanding
how to get the most out of the AI. These students provided detailed priming and prompt
engineering during their interactions. Students began by explaining the assignment to Chat-
GPT (e.g., “I am trying to find errors in a java program that runs as a quiz function and then

> and “This program

assigns a grade based on how many questions were answered correctly.’
aims to output a quiz that accepts user input and displays their total score in the form of 4
java files: AbstractQuiz.java, App.java, MathQuiz.Java, Question.Java.”). Students would
also immediately provide all relevant source code for the activity, in this case all 4 Java files,
to give the Al full context of its starting point. With this setup, the students relied on Chat-
GPT to perform the majority of the debugging process, using its recommended code snippets
and corrective actions. Students would then continue to interact with the Al using natural
language similar to how they may converse with a peer or mentor (e.g., “Can you simply
describe the inner workings how the program works?”). In one instance, the student admitted
to their own confusion, asking the AI to help them get back on track (e.g., “I am lost in my
assignment, I need to calibrate and understand what is going on, I will reprovide my code,
can you assist in explaining it to me what it does, how it ties into each other and then what is
wrong with it.”). The way in which ChatGPT responded to the student’s priming resulted in
different behaviors by the student. In one student’s case, ChatGPT provided corrections to
singular classes at a time, including code snippets for the student to copy and paste. These
code snippets resolved all issues in the code, and only required the smallest levels of inter-
vention by the student. In other cases, ChatGPT would give suggestions for multiple classes
in one response, in which case it would not provide code snippets for everything, leading to
increased interactions with the student and some apparent trial and error in correcting the

code.

e Copying and pasting without any context: This was the least common behavior ob-
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served in our study. These students would copy and paste the source code and/or error
messages to the ChatGPT prompt, and submit, with no additional context or direction pro-
vided. The amount of source code would slightly differ, with the majority of interactions
being limited to small portions of a single class or the entirety of a class by itself. While
ChatGPT does a reasonable job at interpreting the student’s intent, it would sometimes offer
more generalized solutions to the student, particularly in the absence of necessary source code
such as superclasses. Because of this, students would eventually alter their behavior slightly,
either by providing brief instructions (e.g., “Error with i” or “It did not correctly calculate

the total score”) or additional source code, such as multiple classes in a single prompt.

e Obtaining explanations for core concepts: This behavior is represented by students
whose prompts were primarily composed of questions or concepts they wanted ChatGPT to
explain to them. Students who engaged in this behavior did not include any form of priming
or prompt engineering (e.g., “Declaring class variable syntax for Java”, and “What is the
format to write classes in Java?”). Furthermore, they did not include any of their source
code in their prompts, though they would occasionally submit an error message by itself.
Only a small number of students prioritized this behavior, while the majority would only
occasionally submit such prompts. For those who prioritized this behavior, it is unclear if
they did so intentionally, with a greater emphasis on learning rather than completing the
assignment, or if they were simply unaware of ChatGPT’s capabilities to accept source code

and provide more specified feedback.

¢ Repeating the same prompts: On rare occasion, the student would encounter a series of
prompts where ChatGPT would provide a solution that did nothing to solve their error, and
the student would continue to tell the AI that its solution didn’t work (e.g., “It works now
but it doesn’t print the question, it just prints [...]”, “Still only prints this”, and “Still doesn’t
say the question”). In these instances, the Al appears to lack the necessary information to
identify the problem or implement the correct solution, and the student does not know how
to continue forward. Instead of attempting a new prompt or adding more source code for
reference, the student seems to assume the Al will backtrack further, or provide guidance to
the student on what it needs to help further. In our study, this phenomena occurred when
the error the student was attempting to resolve was occurring at a line in a class separate
from the root cause. For instance, their error message pointed to line 50 in class A, but the
reason for the issue occurring was due to the design in class B. The student would then focus

on class A, while never providing class B’s code to assist the Al

The students within our study displayed a wide variety of behaviors when interacting with
ChatGPT, with some students providing significant context to the AI by describing the objective

and including all of their source code, and others doing the complete opposite and only asking for
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explanations of programming principles or Java syntax. The most common behavior we observed
was the tendency to focus on correcting singular errors at a time, by providing only the necessary
source code and a description of the error. The least common behavior observed was students
simply copying and pasting the source code without explanation. These outcomes show some
promise that students are still focused on learning the material, despite the potential for Al code

generation tools to simply do the work for them.

Summary for RQ5. According to our questionnaire results, students use Al code generation
tools primarily as a personalized tutor, providing explanations and sample code for concepts or
issues they have questions on. Following that, they use Al code generation tools when they are
stuck or having difficulty with an assignment or activity. During our study, students that used
ChatGPT during the assigned programming activity displayed a wide variety of behaviors, with
the most common emphasizing correcting one error at a time with minimal context. Furthermore,
the majority of students submit prompts that are more in line with understanding the material
as they go, rather than simply completing the assignment. Students generally did not utilize any
form of AI priming or prompt engineering, though this may be intentional behavior depending
on the student’s motivation behind using ChatGPT, and how large of a role the student desired

to play in completing the assignment.
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CHAPTER 5
DISCUSSION

AT code generation tools are a powerful resource with potential to significantly shape the future
of both the software development industry and computer science education alike. Thus, our study
aims to provide insight on how students perceive and interact with these tools to better understand
the effect these tools have on their education.

By and large, ChatGPT is the Al code generation tool that students are the most familiar
with and use the most often, according to our findings in RQ1 and RQ3. Given the popularity
of ChatGPT among the general population, this is not necessarily surprising, though the lack of
familiarity with alternative tools may indicate that students are not well-versed with this Al code
generation technology as a whole. This can be concerning, as our findings in RQ1, RQ2, and RQ3
all point to the fact that students are using these tools regularly, more-so than traditional resources
used in the past for learning, such as Stack Overflow, online documentation, or even tutorial videos.
At the same time, these findings show some promise, as students report they use ChatGPT mostly
for explanations and examples, rather than to have the Al write code for them, the latter appearing
to be the concern for the majority of educators [14, 16, 29, 32]. Our RQ4 results demonstrate some
level of student concern that over-reliance on these tools will hinder their education. At the same
time, they believe Al code generation tools will be necessary for their future careers, which match
the findings of similar studies on student perspectives [1, 14, 27, 32].

While some studies have examined in-depth how students interact with other AI tools [26],
there’s a lack of research in how students interact with ChatGPT specifically. This knowledge is
crucial given the dominant usage of this Al tool, as indicated by our previous RQs. This paper sheds
new light into the behaviors of students as they engage with ChatGPT, while providing supporting
evidence for the results of our questionnaire and others in the intentions students have for using
AT tools. More explicitly, students appear to use ChatGPT to improve their own comprehension
of programming material, as opposed to having the AI simply do the work for them. However, our
findings indicate that students may not have a firm understanding of how to use ChatGPT to meet
their needs, as demonstrated by a lack of context given in their prompts. These observations lead

us to our main takeaways and suggestions for the various stakeholders in this study.

Students

Students are wise to be cautious about over-reliance on Al code generation tools and the potential
negative effects on their learning. However, they are correct in recognizing that familiarity with
these tools may be necessary for their future careers. Therefore, we recommend that students

experiment with using Al code generation tools for various purposes. Students already use these
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tools to ask questions and generate examples, which is beneficial, and they should continue doing
so while remaining aware of the possibility of AI hallucinations. They should also practice prompt
engineering to determine which tasks Al can successfully generate working code snippets for and
where it struggles. When uncertain about how they are permitted to use Al code generation tools
in their courses and assignments, students should communicate with their instructors to ensure

that learning objectives are appropriately met.

Educators

Educators should be aware that nearly every student is familiar with ChatGPT, and some are
experimenting with other AI code generation tools available on the market. Additionally, students
report using these tools for more than half of their schoolwork. Given their desire to succeed in their
courses, students are likely to continue relying on Al tools if they believe these tools are beneficial.
Therefore, educators should clearly communicate their policies and beliefs regarding Al usage in the
classroom, considering students’ priorities with empathy. For those who discourage the use of Al
tools, it is important to explain the value of mastering course material without Al assistance and its
impact on future careers and coursework. Our RQ4 findings indicate that students are concerned
about the long-term consequences of using these tools, so a gentle reminder and explanation may
be sufficient to reduce reliance on them. However, educators should remain open to the idea that
there may be areas where the use of Al tools does not significantly impact learning objectives.
For educators who support the use of Al tools, the focus should be on helping students under-
stand how these tools work, their strengths and weaknesses, and how to use them effectively. Our
RQ3 findings suggest that students are familiar with these tools and use them regularly. However,
our RQ5 data demonstrates their use is often limited in scope. Educators should provide exam-
ples of effective versus ineffective prompts for various tasks and demonstrate how students can
use priming and prompt engineering to tailor the Al to their needs. Some examples of techniques
instructors could introduce are defining a role for the Al to fulfill and specifying the format of the

AT output. These techniques will help prepare students for their future courses and career.

Industry

Employers should recognize the degree to which their new hires may depend on generative Al tech-
nology and adapt their interview processes and on-boarding programs accordingly. For employers
who regularly use Al code generation tools within their departments, understanding which tools
are employed, their specific applications, and any specialized techniques for their use is highly valu-
able to academic circles. For example, developers might primarily use Al tools for documentation
or writing test cases rather than for debugging or explaining concepts. These are use cases not
commonly taught to students, potentially leading to gaps in the skills necessary for their careers.

While developers are not expected to broadcast their daily activities and tool usage, we encourage

o1



them to participate in research aimed at providing insights into these practices. For developers
collaborating closely with academia, leveraging Al tools can create valuable programs and systems
to support both students and educators [9, 17, 21, 22]. Engaging in discussions with educators
to explore the potential applications of this technology can further the development of tools that

advance Computer Science education.
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CHAPTER 6
THREATS TO VALIDITY

The findings of our study may not accurately reflect the situation with students across the
globe given our method of recruiting, the location of our study, and the number of participants we
were able to analyze. Over half of our participants were within their freshman (1st) year, thus our
findings may not hold true for students belonging to academic years that were less represented in
our survey.

By design of our study, students may have been more inclined to discuss ChatGPT and show
their familiarity with it. Given the limited resources available during the programming activity, we
acknowledge that students may have elected to use ChatGPT for assistance, even if they would look
for alternative means on a normal basis. Within the programming activity, students were tasked
with debugging and completing pre-written Java code, which may result in observed behaviors
with ChatGPT not representing the typical use-case for students. Additionally, due to the timed
nature of the programming activity, students may have felt pressured to prioritize expediency, which
may differ from their behavior when working on assignments and assessments with more generous
timelines. A number of participants were also unable to correctly submit their code repository and
ChatGPT log, resulting in a loss of data that may have been necessary to accurately represent the
population of our study.

Though we designed our questionnaire to be as easily understood and free from bias as possi-
ble, students may have still interpreted questions and concepts differently, affecting their ratings
and responses. Though we provided Other options for many of our questions, the absence of spe-
cific items, such as Al code generation tools, may have prevented students from remembering or
discussing them. Lastly, participants were excused from our study upon completion of the ques-
tionnaire, which may have encouraged students to provide less detailed responses in an effort to

expedite their completion.
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CHAPTER 7
CONCLUSION AND FUTURE WORK

This study explores the various experiences and perceptions of programming students with
Al code generation tools, providing valuable insight into the familiarity, reliance, and behaviors
students have with them. Our findings show predominant usage of ChatGPT among students,
with conflicting beliefs regarding the benefits and detriments Al tools induce. However, students
demonstrate a desire to develop good practices with Al code generation tools, and do not wish to
become overly reliant on them. As the capabilities of Al code generation tools continue to grow,
further studies should ensure best practices are maintained to address the many concerns held by
those in the software engineering field.

Future work in this regard includes longitudinal studies examining the long-term outcomes of Al
tool usage, in-depth studies of students interacting with these Al code generation tools for additional
use-cases, studies with software developers in the industry to understand how students should tailor
their use of Al code generation tools, and studies with instructors to identify positive behaviors and
lesson plans to accommodate this technology in the classroom. Lastly, it should be noticed that we
live in a time where the capabilities of Al tools and systems are rapidly changing, and with them
are societal standards and perspectives towards Al tools. These factors may significantly affect the

results of any future studies in this field of research.
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APPENDIX A
ACTIVITY INSTRUCTIONS

Activity Instructions

For this experiment, you will be given some pre-built Java code aimed at creating a
console-based quiz application. Your objective is to ensure that the code runs per the
requirements described below. You may complete this activity on your own, or with the
use of ChatGPT, but no other resources will be allowed.

About the Code

The Java code provided is the basis for a console-based quiz application. The
guestions and answers are hard-coded into the files and should remain hard-coded.

In total, there are 10 single-choice questions. When the program is run, each guestion is
shown individually, and prompts the user for their answer.

Question #2: What is 8 - 32
)11

Onece the last question has been answered by the user, the results of the quiz should be
displayed.

on #18: What is -9 J -32

Steps

1. Log into your GitHub account.
2. Click the following link to access the code:
https:ficlassroom. github.com/a/Ut_PoMHp

Figure A.1: Page #1 of the instructions provided to students at the start of the programming
activity.
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3. Click the Accept this assignment button.

GitHub Cla:

Accept the assignment —
Java Quiz App
Omce you accept this assignment, you will be granted access to the

java-quiz-app-aris-carlos repository in the user-stud f arganization

on GitHuh.

— ==

4. Give the repository a few moments to copy to your account before refreshing the
page.

5. Once the repository is copied, you should see the below view. Click the Open in
GitHub Codespaces button.

m 8
. Join the GtHub Shudent
You're ready to go! S——

nment, Java Quiz App

Figure A.2: Page #2 of the instructions provided to students at the start of the programming
activity.
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6. Give it a few moments to set up your Codespace. Please do not exit this page
while it is loading.

codespace

7. Once the setup is complete, locate the required files inside of the folder
“src/mainfjava”

Figure A.3: Page #3 of the instructions provided to students at the start of the programming
activity.
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8. Find and correct the files as needed to meet the activity objective.

Please feel free to use ChatGPT to assist you in this task. All other outside
resources are prohibited for this activity.

When you are done

When the time for the experiment has ended, or you have successfully met the activity
objective, please raise your hand o have a proctor assist you. You will be asked to
commit and push all changes you made to the Java code, as well as include your
ChatGPT log if it was used.

Onece your commit has been pushed to GitHub, please continue past this page to
complete our survey.

Thank you!

Figure A.4: Page #4 of the instructions provided to students at the start of the programming
activity.
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APPENDIX B
SOURCE CODE WITH ERRORS

void main(5tring[] args

tQuiz quiz = new MathQuiz

Figure B.1: Source code of App.java. This was the driving class for the application, and did not
contain any seeded errors. File available at https://github.com/tylera211/thesis/blob/main/
App.java
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r correctAnswer;
r selectedAnswer;

Question(int points, String question, String[] answers, char correctAnswer) {
points = points;

question = question;

answers = answers;
correctAnswer = correctAnswer;

Figure B.2: Source code of Question.java. Class variable assignments within the constructor
use incorrect references. File available at https://github.com/tylera211/thesis/blob/main/
Question.java
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java.util

d run{) {

~ input canner(System.in);
userscore

n.out.println(a[i].question);
int j = @; j < a[i].answers.length; j++
System.out.printf ) (char

em.out.print

input.close();

Figure B.3: Source code of AbstractQuiz.java. Seeded+ errors include an incorrectly placed clos-
ing bracket ’}’, an extra semicolon ’;’, poor naming conventions for class variables, and missing
code calculating and displaying the user score. File available at https://github.com/tylera211/
thesis/blob/main/AbstractQuiz.java
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points; St y E ion; answers; char correctAnswer;

points = 5;
question =
answers = n
correcthns
.questions[@ answers, correctAnsw

points =
question
answers
correcthns
answers, rectAnswer) ;

correcthns
.questions|2 answers, correctAnswer);

points
question
answers

.questions[3 new Question(points, question, answers, correctAnswer);

Figure B.4: Source code of MathQuiz.java, part 1. Seeded errors include a mismatch of class variable
names from its superclass, AbstractQuiz.java, an uninitialized array prior to index assignments, an
incorrect points assignment of -5, and an incorrect correctAnswer assignment of ’c’ instead of 'C’.
File available at https://github.com/tylera211/thesis/blob/main/MathQuiz.java
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.questions[4] = new Question(points, guestion, answers, correctAnswer);

points = 5;
gquestion = "Tr
answers
correctAnswer =
.questions

.questions[6] = new Question(points, question, answers, correctAnswe

points
question
answers =
tAn
.questions[7] = new Question(points, question, answers, correctAnswer);

.questions[8] = new Question(points, question, answers, correctAnswer);

.questions[9] = new Question(points, question, answers, correctAnswe

Figure B.5: Source code of MathQuiz.java, part 2. Seeded errors include a mismatch of class variable
names from its superclass, AbstractQuiz.java, and an uninitialized array prior to index assignments.
File available at https://github.com/tylera211/thesis/blob/main/MathQuiz.java
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