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Abstract
This paper examines the impact of ChatGPT on programming education by conducting an empirical
study with computer science students at the Department of Computers and Informatics at the
Technical University in Košice. The study involves an experiment where students in a Component
Programming course use ChatGPT to solve a programming task involving linked lists, comparing
their performance and understanding with a control group that does not use the AI (artificial
intelligence) tool. The task necessitated the implementation of a function to add two numbers
represented as linked lists in reverse order. Our findings indicate that while ChatGPT significantly
enhances the speed of task completion – students using it were nearly three times quicker on average
– it may also detract from deep understanding and critical thinking, as evidenced by the uniformity
and superficial engagement in solutions among the ChatGPT group. On the other hand, the group
working independently displayed a broader variety of solutions and deeper interaction with the
problem, despite slower completion times and occasional inaccuracies. The results highlight a
dual-edged impact of AI tools in education: while they enhance efficiency, they may undermine the
development of critical thinking and problem-solving skills. We discuss the implications of these
findings for educational practices, emphasizing the need for a balanced approach that integrates AI
tools without compromising the depth of learning and understanding in students.
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1 Introduction

In recent years, AI (artificial intelligence) has begun to develop at a tremendous speed, while
its applications have become an integral part of our daily lives. Among its newest and most
exciting areas is its use for code generation, where machine learning models such as OpenAI’s
ChatGPT show significant potential for automating and streamlining software development.
This technology impacts both students [1] and educators [2] in the realm of software-related
education.
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Since its creation, ChatGPT has been used by students around the world to help with a
variety of tasks, from writing school papers to implementing term projects [16]. Multiple
research papers are exploring ChatGPT, its benefits, and its drawbacks when used in
education. The paper [9] highlighted ChatGPT’s varied performance across different subject
domains and its potential benefits when serving as an assistant for instructors and as a virtual
tutor for students. The paper [6] provides an examination of issues and explores the potential
use of ChatGPT in educational contexts. The paper [5] explores the potential and problems
associated with applying advanced AI models in education. A systematic review of the
literature and an analysis of the impact of the application of the ChatGPT tool in education
are presented in [10]. Authors in the [11] assess the efficacy of employing the ChatGPT
language model to generate solutions for coding exercises within an undergraduate Java
programming course. In this paper, we will explore the impact of ChatGPT on education,
specifically focusing on its role in learning programming.

A study detailed in [16] involved 41 university students (33 males and 8 females) aged
19–25, examining the impact of ChatGPT on programming education. Throughout an
eight-week period, students utilized ChatGPT for their weekly object-oriented program-
ming projects. The study concluded with a questionnaire where students shared their
insights, providing an evaluation of ChatGPT’s advantages and disadvantages based on their
experiences.

The study highlights the benefits of using ChatGPT in programming education, including
its ability to provide quick and largely accurate responses and boost confidence in coding.
However, it also points out some significant drawbacks, such as promoting laziness, producing
occasional inaccuracies, and raising concerns about future job security. The findings suggest
that while ChatGPT can be an effective tool in programming education, its utilization needs
careful moderation to address both its positive aspects and potential pitfalls.

The reliability of ChatGPT’s responses remains a contentious issue, especially in edu-
cational settings. The impact of ChatGPT on programming education continues to be
an area of active research, focusing on its practical uses, benefits, drawbacks, and ethical
considerations [1]. Initially, some educational bodies responded to the rise of AI tools like
ChatGPT by banning them, as occurred in early 2023 [14]. As attitudes changed within
months, bans were lifted and AI resources were recommended for educational use.

For the correct implementation of ChatGPT in education, it is important to choose the
right ways of using it. AI can support creative thinking when solving problems, but it is
also simple to use it just to generate the necessary code for a given task, often without any
deeper understanding of the problem.

In our study conducted at the Department of Computers and Informatics at the Technical
University in Košice, we designed an experiment involving computer science students. The
experiment required students enrolled in the Component Programming course to develop and
code a solution to a specified task using Java, followed by completing a questionnaire about
their understanding of the task, their evaluation, and their opinions on using ChatGPT. We
divided the students into two groups, allowing one to use ChatGPT and prohibiting the
other.

We hypothesize that while ChatGPT might improve task completion speed and pro-
ductivity, it may detract from students’ understanding of the task, critical thinking, and
problem-solving creativity. The questionnaire aimed to gather students’ perspectives on
the use of ChatGPT and how they personally utilized the tool. We anticipated that the
group using ChatGPT, despite potentially completing tasks correctly, might exhibit a poorer
grasp of the task. Conversely, the group without ChatGPT might demonstrate a deeper
understanding of the problem or proposed solutions, even if their implementations were not
fully functional.
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2 Experiment

In this section we present the experiment of using ChatGPT by students in a Component
Programming course to solve the programming task. The task concerns the addition of two
numbers, which are represented as a linked list, where each node represents one digit of the
whole number. This task complies with our department’s standards [4].

Text of the task: We have entered 2 integers represented as the linked list format so
that each node represents a digit in the number. Nodes form a number in reverse order,
e.g. 1 -> 2 -> 3 -> 4 -> 5 is the number 54321. Complete the provided code so that
it returns the sum of the two provided numbers in this format. For example: 9 -> 9 and
5 -> 2 returns 124 (99 + 25) represented as 4 -> 2 -> 1. Provided code:
class ListNode {

int val;
ListNode next;

ListNode (int val) {
this.val = val;

}
}

class AddLinkedLists {

public ListNode addTwoNumbers ( ListNode l1 , ListNode l2) {
// TODO: implement this function for adding 2 numbers

}

public static void main( String [] args) {
ListNode l1 = new ListNode (0);
l1.next = new ListNode (1);

ListNode l2 = new ListNode (3);
l2.next = new ListNode (2);

AddLinkedLists solution = new AddLinkedLists ();
ListNode result = solution . addTwoNumbers (l1 , l2);

while ( result != null) {
System .out.print( result .val + " ");
result = result .next;

}
}

}

In the designated coding exercise, numbers are encapsulated within linked lists with
the least significant digit at the head of the list. Students are tasked with implementing
the addTwoNumbers function, which takes two such linked lists, l1 and l2, as inputs. This
function adds the numbers represented by these lists and returns a new linked list that
encapsulates the sum, with digits again in reverse order, starting from the least to the most
significant.

The challenge lies in correctly iterating through both lists, summing corresponding digits,
and managing any carry-over that occurs when digits sum to 10 or more. This process
begins with the head of each list, ensuring that the addition mirrors the operation of adding
numbers from their least significant digits upwards.

This task, while straightforward for ChatGPT with its ability to quickly generate the
correct solution, presents a significant challenge for introductory programming course students
without AI assistance. These students must not only develop the solution independently, but
they must also deeply understand the underlying problem and manage the complexities of
linked list manipulation and digit-wise addition. The experiment familiarized the students
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not only with the task but also with the problem, laying the groundwork for a comparative
analysis of problem-solving approaches and the depth of understanding between the two
groups.

A total of 23 students worked on the assignment. There were 14 students in the first
group who worked with ChatGPT, and 9 in the second group who worked without ChatGPT
support. Students were in different study groups, which caused a significant disproportion in
group size due to absences. Students solved the task and filled out the questionnaire during
the exercise from the Component programming course. Their solutions can be further used
in analysis or comparison with previously created relevant datasets [15].

2.1 ChatGPT Group
In the group where students used ChatGPT to solve the task, all participants successfully
implemented the correct solution. The times taken to complete the task varied, with an
average duration of 8 minutes and 17 seconds. The quickest completion time recorded was 1
minute, and the slowest was 25 minutes, as depicted in the Fig. 1.

Figure 1 ChatGPT group task solving time.

Analysis of the interactions between students and ChatGPT revealed that the average
number of prompts (i.e., questions or commands given to ChatGPT) per student was 3.7,
with the range being from 1 to 9 prompts. The transcripts of these interactions revealed
highly uniform solutions, primarily generated by ChatGPT with minimal modification by
the students.

This uniformity in the solutions and reliance on ChatGPT’s outputs could explain why
students perceived the task as relatively easy, rating its difficulty as 4 out of 10 on average.
This rating is visualized in Fig. 2, which illustrates the students’ perceived challenge of
the task. This perception highlights the impact of AI tools like ChatGPT in simplifying
complex tasks, but also raises concerns about the depth of understanding and engagement in
problem-solving when using such tools.

2.1.1 Understanding the problem
The questionnaire, which included specific questions like “Why are numbers in a linked list
represented in reverse?”, assessed students’ understanding of problem-solving. The first
group had access to ChatGPT for assistance. Responses varied, with some students clearly
recognizing benefits like simplified manipulation and more efficient operations, while many
answers were vague or off-topic, indicating a lack of engagement with the material.
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Figure 2 ChatGPT group difficulty rating.

Further questions asked students to explain the logic behind their solutions, even if
incorrect. Many demonstrated an understanding of adding numbers via linked lists, with
responses varying from detailed technical explanations involving carry transfers and pointer
movements to concise summaries. However, some responses were unclear or irrelevant,
indicating confusion or disinterest.

The final question probed whether students gained new insights or improved their mastery
of the data structure. Responses were split, with half reporting new knowledge or enhanced
understanding and the other half noting no significant learning. This variation underscores
the differing levels of comprehension and engagement with the task.

2.2 Independent Group

In the independent group, 9 students attempted to implement the task without ChatGPT
assistance, and 6 of them managed to solve it correctly. However, a closer look at the code
revealed some discrepancies. Although one student implemented the solution correctly, they
failed to convert the result back into a list format. Another student’s code only outputs the
tenth digit of the result. This latter error, though minor and quickly rectifiable, seemed
to stem from a lack of careful code testing before submission, especially since this student
took the longest to complete the task. Despite these issues, since the primary focus of this
experiment was not on code perfection but on solving the problem, these solutions were
deemed correct.

The average time taken by this group to complete the task was 22 minutes and 26 seconds,
as illustrated in Fig. 3. Students who solved the problem correctly had an average completion
time of 23 minutes and 40 seconds, with the quickest solution taking 15 minutes and the
slowest taking 45 minutes. Those who did not solve the task spent an average of 20 minutes,
with times ranging from 10 to 30 minutes.

Overall, this group rated the task’s difficulty as 5 out of 10, with individual evaluations
depicted in the Fig. 4. This suggests a moderate level of challenge perceived by the students
who tackled the task independently.
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Figure 3 Independent group task solving time.

Figure 4 Independent group difficulty rating.

2.2.1 Correct solutions
The analysis of correct solutions using verified methods [12] has shown several diverse
approaches. Some students converted linked lists into integers, summed them, and converted
the sum back into a linked list. This method demonstrates a straightforward application
of mathematical operations and transitions between number formats, but it poses a risk of
precision issues or memory overflow with large numbers. Meanwhile, a different approach
involved the use of StringBuilder to reverse and manipulate the numbers, showcasing
creativity and originality, even if this method might be less efficient in some scenarios.

The most accurate solution to the task involved simultaneously traversing both lists,
summing corresponding nodes, and properly managing carryover from one digit to the
next. This approach was particularly effective as it minimized type conversions and directly
manipulated the nodes of the linked lists, aligning closely with the task’s objectives.

2.2.2 Understanding the problem
Responses to the analysis of why linked lists often store numbers in reverse showed a wide
range of understanding levels. Most were concise; some addressed the key point directly,
others came close, and a few admitted complete ignorance.
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The majority of students demonstrated at least a basic grasp of the rationale behind
storing numbers in reverse order, particularly highlighting how this facilitates the addition
process. Notably, even students who struggled with the task recognized the purpose of this
data structure orientation.

The responses to questions regarding the logic behind their solutions revealed a diversity of
approaches and depths of understanding. This variability provides insights into the students’
strategic thinking and problem-solving skills, even though not all solutions were optimal or
adhered strictly to best practices.

In their explanations, most students described converting the numbers represented by
the lists into whole numbers, adding these, and then converting the result back into a
linked list. This method aligns with the intuitive logic commonly used in everyday number
manipulation and was the predominant approach even among those who did not complete the
task successfully. Other students, who briefly described their working solutions, mentioned
techniques like using StringBuilder for manipulating strings and numbers.

In response to the question about gaining new knowledge or a better understanding of the
given data structure, the group’s feedback was predominantly negative, with seven indicating
no new insights and only two reporting positive learning outcomes. This suggests that most
students were already quite familiar with the data structure in question.

3 Conclusion

In this paper, we investigate the effect of using ChatGPT on programming education by
conducting a limited-scale empirical study with introductory programming course students.
After analyzing both groups of students and their responses to the programming task, we can
draw several conclusions about the impact of using ChatGPT versus working independently:

Speed of Completion: Students who used ChatGPT finished their tasks much faster,
nearly three times quicker on average. This efficiency demonstrates the capability of AI
to streamline problem-solving processes.
Depth of Understanding: The speed advantage for the ChatGPT group came at a cost.
Most of their solutions were very similar, suggesting heavy reliance on AI without much
alteration. Many students accepted the generated solutions without deeply engaging with
their content or understanding their functionality, leading to a superficial grasp of the
tasks. However, about a third of these students showed they might have the potential to
solve the problems independently, indicating some retained problem-solving abilities.
Diversity of Solutions and Critical Thinking: On the other hand, the independent group,
while slower, displayed a wider variety of solutions and tended to describe their methods
simply and effectively. This not only shows a broader scope of creativity but also suggests
a deeper interaction with the task, which can enrich the learning experience.
Approach to Problem Solving: Independent students often used approaches similar to
traditional paper-and-pencil methods, reflecting an intuitive and straightforward way of
thinking. This method suggests that they relied on fundamental problem-solving and
mathematical reasoning skills rather than automated processes.

These findings underscore the need for a balanced approach in educational settings
that thoughtfully integrates the use of AI tools like ChatGPT with traditional learning
techniques. This strategy ensures that students not only achieve quick solutions but also
deeply understand the processes and principles involved, thereby cultivating their critical
thinking and problem-solving skills. Their solutions should be examined carefully, since
overuse of ChatGPT without actual understanding of the created solution can be considered
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plagiarism, which can create issues for the evaluator [3] and students of its own. Naturally,
source codes created by ChatGPT can be somewhat different in individual instances, but
their overall similarity can be easily detected, as is confirmed in previous research conducted
on our department [8]. We also observed that multiple results that utilized ChatGPT were
not the best possible ones but rather the most common ones, which is also proven by related
work [7].

One notable observation is that students who worked without ChatGPT frequently
gravitated towards more traditional methods of solving the task. This choice suggests a
deeper level of engagement with the problem and a more inventive approach to finding
solutions. Even though not all these attempts were successful, the students’ ability to
devise potential strategies on their own demonstrates their capacity for critical thinking and
independent analysis. This contrast with the AI-assisted group highlights how reliance on
technology can sometimes bypass the deeper learning processes involved in problem-solving.

When interpreting the results and conclusions of this experiment, it is necessary to
consider validation risks that may affect the generality and accuracy of our findings:

Sample size – With a total of 23 participants, the sample is relatively small, which may
limit the statistical significance of the findings and their applicability to a broader student
population.
Group heterogeneity – Dividing students into two groups may introduce hidden differences
beyond just access to ChatGPT (such as prior programming experience, motivation, or
personal preferences), which could bias the results.
Limited scope of tasks – The experiment focuses on only one specific programming task,
which may limit the ability to apply the findings to other types of tasks or subjects.

Using ChatGPT and similar tools to solve school assignments and projects can significantly
increase the speed and productivity of students, but at the same time, it can have a potentially
negative effect on their understanding of the subject matter, their ability to think critically,
and their creativity. Conducted experiment thus confirmed our assumption. The findings
support the results presented by Savelka et al. [13] about students and by Balse et al. [2]
regarding mentors.

A suitable approach could be the combined use of ChatGPT as a tool for obtaining
quick information or solution proposals while simultaneously ensuring a deeper study of the
material and independent problem solving.
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