Help or Hype? Students’ Engagement and Perception of Using Al to Solve Physics Problems
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With the rise of large language models such as ChatGPT, interest has grown in understanding how these
tools influence learning in STEM education, including physics. This study explores how students use ChatGPT
during a physics problem-solving task embedded in a formal assessment. We analyzed patterns of Al usage and
their relationship to student performance. Findings indicate that students who engaged with ChatGPT generally
performed better than those who did not. Particularly, students who provided more complete and contextual
prompts experienced greater benefits. Further, students who demonstrated overall positive gains collectively
asked more conceptual questions than those who exhibited overall negative gains. However, the presence of
incorrect Al-generated responses also underscores the importance of critically evaluating Al output. These
results suggest that while Al can be a valuable aid in problem solving, its effectiveness depends significantly on
how students use it, reinforcing the need to incorporate structured Al-literacy into STEM education.
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I. INTRODUCTION

Since the public release of generative artificial intelligence
(AD) tools such as OpenAl’s ChatGPT, their integration into
physics education has gained increasing attention. Numerous
studies [1-5] have explored the educational potential of these
tools, highlighting their ability to personalize learning, foster
critical thinking, provide immediate feedback, and scaffold
complex concepts. In particular, studies [5—8] have shown
that Al performs well on conceptual tasks and can enhance
students’ understanding of foundational physics ideas. This is
especially relevant in physics classrooms, where conceptual
understanding is as critical as quantitative problem-solving.

Given that problem-solving is both a central component of
physics education and a vital skill for the 21st-century work-
force [9], much work is being done on investigating how Al
might support students in this area. According to [2], Al
can assist in key aspects of problem solving, such as extract-
ing relevant variables, generating new problems, and work-
ing through solutions step by step. More recent studies have
shown that Al can successfully solve traditional physics prob-
lems [6, 10, 11] yet may still struggle with calculation er-
rors, misinterpretation of physical scenarios, and inconsistent
outputs [10]. Furthermore, ChatGPT by OpenAl performed
best in problem-solving tasks, and its ability to produce well-
structured solutions may serve as a useful complement to stu-
dents’ skill development [7, 10, 11]. Nevertheless, [12] re-
ports that over half of the students surveyed use Al tools to
obtain direct solutions to academic problems, while the re-
mainder use them primarily to ask clarifying questions that
support their problem-solving process.

Given these findings, it is important to guide students to-
ward using Al as a tool for learning rather than a shortcut
to answers. In this study, we explore how students interact
with Al when solving a modified but traditional kinematics
problem, with the goal of understanding how Al can support
meaningful engagement with physics content. The research
questions we seek to answer are:

In what ways do students use ChatGPT to solve
an unfamiliar physics problem?

What are students’ perceptions of the use of Al
in problem solving?

In Section II, we present other related work. The method-
ology is presented in Section III. Results and discussion are
presented in Section IV, leading into concluding remarks as
well as a discussion of the study’s limitations and implica-
tions for future research in Section V.

II. BACKGROUND

Recent research has explored the use of generative Al
tools, such as ChatGPT, in physics education through a va-
riety of designs, from exploratory surveys to structured class-
room interventions.
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Wang et al. surveyed 40 students on how they might use
Al in problem solving, finding that 54% would rely on it to
directly solve problems and 50% to save time, while most
also valued its ability to explain concepts (82.5%) and as-
sist with calculations (65%). However, participants did not
solve problems during the study, instead describing their in-
tended approaches [12]. Krupp et al. compared the perfor-
mance of 39 STEM students using ChatGPT-3.5 Turbo or a
traditional search engine, reporting significantly lower perfor-
mance among ChatGPT users. This underperformance was
linked to over-reliance on Al-generated responses—nearly
half of which were incorrect—though the findings were lim-
ited by a small, non-random sample [13].

Other studies point to potential benefits. Patero found a
27% average improvement in student comprehension when
using interactive Al tools, with participants citing increased
engagement, motivation, and understanding, though the study
lacked details on the tools and their implementation [1].
Bitzenbauer involved 53 secondary students in two quan-
tum physics lessons using ChatGPT, where students criti-
cally evaluated Al-generated responses and developed con-
ceptual survey items. While perceptions of ChatGPT im-
proved, the study did not examine problem-solving perfor-
mance or detailed usage patterns [14]. Robledo-Rella and
Toh implemented ChatGPT and Copilot in undergraduate
physics courses, where students generated their own prob-
lems, attempted solutions, and then engaged with AL Al-
though they detected and corrected frequent Al errors (in-
correct 95% of the time), no significant learning gains were
observed compared to traditional instruction, and no pre- or
post-assessments of conceptual understanding were included
[15].

Collectively, these studies illustrate varied approaches to
Al use in physics, from surveys to structured classroom in-
terventions. The present study offers a new perspective by
focusing specifically on how students interact with Al in the
context of problem-solving. By embedding Al use into a
graded assessment and analyzing both prompt structure and
student-Al interactions, we aim to provide deeper insight
into how such tools can support—not replace—conceptual
learning while solving problems in introductory university
physics.

III. METHODS

This study involved undergraduate students enrolled in a
calculus-based introductory physics course at a community
college in the northeastern United States. The primary aim
was to explore how students use Al in problem solving and
how Al tools can guide them through the problem-solving
process. To ensure students had sufficient contextual knowl-
edge to critically evaluate Al-generated responses, the study
was embedded within a graded assessment. The study con-
sisted of two components: an online portion and an in-person
session. Students were instructed to complete the online as-



TABLE I: The Pre-Quiz Problem was administered through an online assessment platform under monitored conditions.
Problems 1 and 2 were included in the in-person assessment. These two problems were identical in structure, with the only

difference being the launch angle of the firecracker.

Problems

Description of the Problems

Pre-Quiz

A military helicopter on a training mission hovers 300 m above the ground. It accidentally launched
an object horizontally at a speed of 60 m/s. (You can ignore air resistance.)

. How much time is required for the object to reach the ground?

. How far does it travel horizontally while falling?

. Find the magnitude of the final velocity vector.

. A military helicopter on a training mission hovers 300 m above the ground. It accidentally
launched an object at an angle of 25° from the horizontal at a speed of 60 m/s. What is the
maximum height the object will reach with respect to the ground?

W N =

Problem 1

A student sits atop a platform & above the ground. He throws a large firecracker horizontally at
a speed 10 m/s. However, a wind blowing parallel to the ground gives the firecracker a constant
horizontal acceleration with a magnitude of 7 m /s, resulting in the firecracker landing directly under
the student.

1. Determine the height at which the firecracker was thrown.

2. What is the maximum horizontal position of the firecracker?

3. Draw the motion graphs of the firecracker in both directions. You should have a total of 6
graphs: (z vs. 1, v, vS. 1, az vs. t,y vs. t, v, VS. t, a, vs. 1)

Problem 2

A student sits atop a platform % above the ground. He throws a large firecracker at an angle of 30°
with a speed 10 m/s. However, a wind blowing parallel to the ground gives the firecracker a constant
horizontal acceleration with a magnitude of 7 m/s?, resulting in the firecracker reaching the ground

directly under the student.

* Subparts same as Problem 1.

sessment (Pre-Quiz) prior to attending the in-person class ses-
sion. To ensure academic integrity, LockDown Browser and
Respondus Monitor were used on the online portion of the
quiz. The primary objective was to assess students’ base-
line understanding of key kinematics concepts. The in-person
quiz consisted of two problems centered on kinematics con-
cepts, see Table 1.

* Problem 1 was completed independently, without ac-
cess to any Al tools. This ensured that the students’
responses reflected their understanding and problem-
solving approaches. Our purpose was to capture stu-
dents’ initial, unaided attempt at solving the problem.

Problem 2: Students were encouraged to engage with
ChatGPT to gain insight and develop an understand-
ing of the problem. Simply copying and pasting of the
question and having Al solve it was not permitted. This
part was designed to evaluate how students utilize gen-
erative Al (ChatGPT) in the context of physics problem
solving.

Both problems included constant horizontal acceleration, a
concept that was not yet addressed in the course.
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In addition to the assessment problems, students were
asked a set of self-reflection questions to gather insights into
their perceptions of using ChatGPT during the assessment
and how their experience might influence their future use of
the tool. These questions are outlined below:

* What new insights or understanding did you gain about
the problem from ChatGPT that you were previously
unaware of? (Please provide specific examples.)

* How might your interactions with ChatGPT influence
how you use it in the future?

Students’ responses to problems, self-reflection questions,
and the ChatGPT transcript were collected. The transcripts
and reflections were qualitatively analyzed to identify emer-
gent themes.

IV. FINDINGS & DISCUSSION

We first discuss the results from our analysis of student
performance on Problem 1 and Problem 2 and then describe



the themes emergent from our analysis of students’ written
prompts and reflections.

A. Student Performance

A total of 49 students participated in the study in the Fall
2024 and Spring 2025 semesters. Among the 39 students
who used Al tools, 14 showed improved scores from Prob-
lem 1 to Problem 2, with an average increase of 0.43 points.
In contrast, among the 10 students who chose not to use Al
tools, only two students showed improved scores from Prob-
lem 1 to Problem 2, with an average decrease of 1.8 points. A
Mann—Whitney U test yielded a p-value of 0.06, which is sta-
tistically significant at the o = 0.10 level. These results sug-
gest that students who engaged with Al tools showed higher
learning gains than those who did not.

The correlation between the Pre-Quiz and Problem 1 score
was +0.22 and the correlation between the Pre-Quiz and
Problem 2 score was +0.21, neither of which were signifi-
cant. This weak positive correlation suggests only a slight
tendency for the students who performed well on the Pre-
Quiz to do well again on the two Problems. The correlation
between Problem 1 and Problem 2 is +0.74, indicating that
students who performed well on Problem 1 also performed
well on Problem 2.

B. Students’ Written Prompts & Self-Reflections

Analysis of student written prompts and reflections re-
veals several emergent themes. We discuss each theme below.

Conceptual vs. Procedural: Students who provided
ChatGPT with prompts that included complete and detailed
problem contexts, and asked conceptual questions focused
on idea or principle (e.g. "What does it mean that ...7?")
generally received more accurate and helpful responses from
ChatGPT. In contrast, students whose performance declined
had often provided little to no information, or gave incom-
plete or partial descriptions of the problem. These students
frequently omitted elements, including key variables such as
acceleration and horizontal displacement, and collectively
asked more procedural questions focused on steps to solve
the problem. ChatGPT’s responses for these students also
tended to contain errors, most commonly involving incorrect
assumptions about the direction of the acceleration vector
and the inappropriate use of vertical motion equations to
calculate time. Figure 1 shows the prompts provided by the
students with the maximum and minimum score gains. A
notable difference was the completeness of the acceleration
description: Student A included a full description specifying
the magnitude of the acceleration, whereas Student B omitted
the term “magnitude” (highlighted). Furthermore, Student
A clarified the concept of acceleration, a topic with which
they had previously struggled in Problem 1, while Student B
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(who had correctly solved Problem 1) focused on procedural
prompts.

Student A.

a student throws a fire crackers with a speed of 10m/s. a wind blowing parallel to the ground gives a
constant horizontal accerlation with a magnitude of 7m/s”2. The fire cracker lands right below him.
What does it mean that there is a acceleration of 7m/s"2

Student B

A firecracker is thrown at an angle of 30 degrees with a speed of 10m/s from a platform above the
ground. wind is blowing on the firecracker with a horizontal acceleration of 7m/s*2, causing the fire
cracker to reach the ground directly below where it was thrown. what is the first step to determine
the height at which the firecracker was thrown

FIG. 1: Comparison of students’ initial prompts: Student A,
who used a conceptual prompt, saw a 10-point score
increase. Student B, who used a procedural prompt, saw an
8-point score decrease. Another difference between their
prompts was the use of the word "magnitude’ in describing
acceleration.

Supporting vs. Verifying: Most students appeared to ben-
efit from using Al for supporting procedural steps or clarify-
ing conceptual understandings. For example, ChatGPT was
effective in assisting with the description of motion graphs.
Figure 2 presents an example of how students use Al to draw
correct motion graphs in Problem 2. These interactions re-
veal the ways in which students engaged with Al to clarify
concepts related to position, velocity, and acceleration.
However, a smaller number of students used ChatGPT pri-
marily for verifying their work. Notably, a few students who
did so also demonstrated critical thinking by identifying and
correcting errors in the Al’s responses. These findings sug-
gest that while Al can be a valuable learning tool, its effec-
tiveness depends heavily on the quality of input and the user’s
ability to engage critically with its output.

A similar pattern emerged from an analysis of students’
reflections on their use of ChatGPT. Of the 49 students,
38 responded to the question about insights gained through
using the tool. Fourteen students reported using ChatGPT
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ChatGPT Prompt:

Using the information provided from the question, and the known variables, how would
the position vs. time graph compare to its corresponding velocity vs. time graph, and
acceleration vs. time graph, for both the x and y components of the motion of the
firecracker?

FIG. 2: Students’ graphs for Problems 1 and 2, alongside
their ChatGPT prompt. Notable differences include the x vs.
t graphs (top left in both images), the v, vs. t graph (bottom
center in both images), and a,, vs. ¢ graph (top right in both
images).



primarily for clarification and conceptual understanding.
Twenty students used ChatGPT to guide their problem-
solving process, especially in decomposing velocity into
components, identifying knowns and unknowns, and setting
up equations. Many students appreciated the step-by-step
structure that supported their understanding. Many students
cited their improved understanding of horizontal accelera-
tion, particularly why it is sometimes considered negative
and how horizontal motion differs from vertical motion.

Frustrations with AI: Despite the aforementioned benefits
of using ChatGPT cited by students, a few students reported
dissatisfaction with using Al. Examples of students’ com-
plaints include "ChatGPT initially misinterpreted my input
of the problem", "ChatGPT has a different way of writing
our equations,”, and "I feel like I got more confused trying
to follow the Al as some steps in solving were sometimes
skipped.”

One of the main reasons for the frustration is that the infor-
mation provided by Al was somewhat different from what
they had learned, which they found added to their confusion
and cognitive load.

Choosing not to use AI: While a majority of students
expressed appreciation for ChatGPT’s step-by-step guidance
and saw value in using it as a supplemental resource to
reinforce concepts outside of class, 10 of the 49 students
(about 20%) chose not to use Al tools on Problem 2. Within
this subset, five students scored 87% or higher on Problem
1, whereas only two reached that threshold on Problem 2.
The most commonly cited reasons for not using Al included
confidence in their own understanding of the problem and
unfamiliarity with the tool. Nonetheless, some of these
students indicated they would be open to using generative
Al in the future as a learning aid. Nevertheless, a portion of
these students expressed openness to using Al in the future as
a learning aid. This divide in perception was further evident
when students were asked about their intentions for future
use. Eight students indicated that they would not use the tool,
often citing a preference for traditional learning methods or a
desire to build understanding independently, rather than rely
on an Al tool.

V. CONCLUSIONS, LIMITATIONS, & FUTURE WORK

This study contributes to the growing body of research on
the use of Al in physics education by examining how stu-
dents interact with generative Al tools during problem solv-
ing tasks.

Our analysis of the students’ performance shows that most
students who used ChatGPT benefited from it, as evidenced
by their improved performance with the use of ChatGPT. Sev-
eral themes emerged from the analysis of students’ written
prompts and their self-reflections after the process.

First, we found a substantial variation in how students use
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ChatGPT to approach unfamiliar physics problems, includ-
ing seeking procedural help, clarifying concepts, and verify-
ing their answers. Interestingly, students who used ChatGPT
for conceptual assistance e.g. asking for clarification on the
meaning of information provided in the problem, seemed to
benefit more from their use of ChatGPT than students who
asked for procedural help, e.g., asking for the next step in
the solution. This provided anecdotal evidence of a greater
improvement in scores for students who sought conceptual
help from ChatGPT compared to those who sought procedu-
ral help.

Second, we also found that while most students used Chat-
GPT to support their understanding of the conceptual and/or
procedural aspects of a problem, a few used it to verify their
solutions to the problems. This latter group seemed to be
more critical examining the output provided by ChatGPT.

Third, students’ reflections highlighted both the advantages
and limitations of using ChatGPT in this context. Many
students appreciated its strategic guidance and used it to
enhance their understanding of concepts, while others re-
ported confusion due to differences in format, skipped steps,
or overly complex explanations. Despite these challenges,
most students regarded ChatGPT as a valuable supplemen-
tal tool, though a few expressed a preference for traditional
approaches that foster independent understanding.

Finally, a small, but significant (about 20%) of the partici-
pants chose not to use ChatGPT because of their unfamiliarity
with the tool or confidence in their understanding of the prob-
lem. While some students expressed that they would avoid
using Al in the future, others viewed it as a potential tool to
support their learning.

Overall, the results suggest that while tools like ChatGPT
can support problem solving and reinforce learning, their ef-
fectiveness depends significantly on how students formulate
prompts, interpret Al responses, and apply critical thinking.
As Al becomes more embedded in education, fostering Al
literacy will be essential to help students engage as active,
reflective learners rather than passive recipients of answers.

This study has several limitations. First, the small sample
size (N = 49) limits the generalizability of the findings. Sec-
ond, data collection lacked details on which ChatGPT version
was used, affecting response quality and consistency. The
study also did not account for students’ prior experience with
Al tools, which may have influenced usage and outcomes.
Lastly, self-selection bias may be present, as students choose
whether to use ChatGPT, potentially reflecting unmeasured
factors like confidence or preferences for learning.

In future research, we will examine how training students
in prompt engineering and the evaluation of Al-generated
outputs influences their learning outcomes in physics prob-
lem solving.
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