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The Impact of Allowing ChatGPT on Respon-
ses to Different Question Types in a Mid-Term

Math Exam

Abstract: This study investigates the impact of ChatGPT on student perfor-
mance in mid-term math exams, focusing on differences in scores across
various types of test questions. The findings reveal that students using Chat-
GPT exhibited significantly lower average scores compared to their non-GPT
counterparts, with more erratic performance patterns. In particular, Chat-
GPT users struggled with complex mathematical operations, such as matrix
inverses and vector multiplications. Both ChatGPT and Copilot displayed
similar levels of consistency, occasionally providing incorrect or mixed an-
swers, which may have contributed to the lower performance of GPT users.
The study suggests that inadequate preparation and unfamiliarity with us-
ing GPT during exams could also have played a role in these results. These
findings raise important questions about the integration of Al tools in educa-
tion, particularly in subjects like mathematics, where precision is essential.
Future research should explore optimal ways to integrate Al tools like Chat-
GPT into learning environments to enhance, rather than hinder, academic
performance.
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Absztrakt: Ez a tanulmany a ChatGPT hatésat vizsgélja a diakok félévkozi
matematikavizsgan nyujtott teljesitményére, a kiilonboz6 tipusu tesztkérdé-
sek eredményei kozotti killonbségekre Gsszpontositva. Az eredmények azt
mutatjak, hogy a ChatGPT-t hasznal6 didkok jelentésen alacsonyabb atlagos
pontszamokat értek el, mint a ChatGPT-t nem haszndlo térsaik, és a teljesit-
ményiik is kiszamithatatlanabb volt. A ChatGPT-felhasznalok kiilonésen az
Osszetett matematikai miiveletekkel, példaul a matrix inverzekkel és a vek-
torok szorzasaival kiiszkodtek. Mind a ChatGPT, mind a Copilot hasonld
kovetkezetességet mutatott, iddnként helytelen vagy vegyes vélaszokat adtak,
ami hozzajarulhatott a GPT-felhasznalok alacsonyabb teljesitményéhez.
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A tanulmany szerint a nem megfelel§ felkésziilés és
a GPT vizsgak soran torténd hasznalatanak isme-
retlensége is szerepet jatszhatott ezekben az ered-
ményekben. Ezek az eredmények fontos kérdéseket
vetnek fel a mesterséges intelligencia eszkozeinek
az oktatasba vald integraldsaval kapcsolatban, kii-
16ndsen az olyan tantargyak esetében, mint a ma-
tematika, ahol a pontossag elengedhetetlen. A jo-
v6beni kutatdsoknak fel kell tarni, hogyan lehet a
ChatGPT-hez hasonlé Al-eszkozoket optimalisan
integralni a tanulasi kornyezetbe, hogy javitsak, ne
pedig akadalyozzak a tanulmanyi teljesitményt.

Kulcsszavak: ChatGPT; matematikaoktatas; chatbot.

Introduction

Research areas such as neural networks, pro-
gram synthesis [1], and natural language pro-
gramming [2] have been evolving for decades.
However, it was only in the past year that these
technologies became widely available to the
general public through prominent commercial
launches. In June 2022, GitHub Copilot, an AI-
powered code generation tool, was officially re-
leased following a year of private beta testing [3]:
Shortly after, in November 2022, OpenAlI launched
the ChatGPT AI chatbot [4], which rapidly at-
tracted an estimated 100 million users within two
months, setting a record for the fastest app growth
in history [5]: By early 2023, Microsoft and Google
had integrated similar conversational Al into their
search engines [6; 7]: The quick adoption of Al
tools has sparked widespread debate about sev-
eral concerns, including bias [8; 9], ethics [10],
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misinformation [11], data privacy [12], and environmental impact [13]:
Among these issues, educators have raised concerns about the role of Al
in assisting students with homework and exams in various subjects [14]:
In the field of computer science education, Al tools have been shown to
be particularly effective for programming tasks [15]: This paper investi-
gates the impact of ChatGPT on student performance in mathematics,
with an emphasis on how scores vary across different types of exam ques-
tions. We designed an experiment to evaluate whether the use of ChatGPT
during a mid-term exam affects student outcomes. Research Question: Is
there a significant difference between the average scores of students who
use ChatGPT and those who do not on different types of test questions?

Conditions of the experiment

The experiment was conducted with international students enrolled
in Mathematics 1 and Engineering Mathematics 1 at the University of
Dunatjvaros, Hungary. For simplicity, we will refer to both subjects as
Mathematics 1 throughout this paper. In Mathematics 1, students are
required to take two tests within the Moodle Learning Management
System during the semester, and their final grade is based on the combined
scores from these two mid-term tests. This study focuses exclusively on the
results from the first test.

In this test, each student was presented with 5 questions, each covering a
distinct sub-topic. While the structure of the questions was consistent across
all students, the parameters within each question were randomized by the
Moodle system. A total of 140 students submitted valid tests, of which 22
students self-reported using ChatGPT during the exam. Therefore, across the
140 students, a total of 700 individual questions were answered (140 students
x 5 questions), with 110 of those questions (22 students x 5 questions) being
solved with the assistance of ChatGPT.

The learning material for this test covered fundamental topics in linear
algebra, including an introduction to matrices, matrix operations, calculating
determinants and inverses, operations with vectors such as scalar and vector
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multiplication, mixed multiplication, calculating angles between vectors, and operations with complex

numbers in algebraic form such as addition, subtraction, multiplication, and division. Specifically, the test

evaluated students on these core concepts:

— The first question (Q1) was on addition, subtraction, multiplication, transposition, determinant, adjoint
and inverse calculus with matrices.

— The second question (Q2) was on addition and subtraction of vectors, multiplication by scalar, linear
independence of vectors, base of vectors, rank of matrix, scalar multiplication of vectors and solution of
linear system of equations.

- The third question (Q3) was about mixed product of vectors, scalar product of vectors, equation of a
plane, equation of a line, length of a vector, product of vectors and closed angle of vectors.

- The fourth question (Q4) was taken from the same set as the first question.

— The fifth question (Q5) was taken from the topics: real and imaginary parts of complex numbers, sum of
complex numbers, difference of complex numbers, multiplication of complex numbers and absolute
value of complex numbers.

Students had 45 minutes to complete the test, with any unsubmitted tests automatically submitted at
the end of this time. Immediately after submission, students were able to view their test results along with
the correct answers. While the teaching was conducted face-to-face, the test itself was administered online.
On the morning of the test, students were informed that they were permitted to use ChatGPT during the
test. The test included a self-report question asking whether they had used ChatGPT. There were no penal-
ties or incentives tied to the use of ChatGPT, and it had not been integrated into any of the prior math-
ematics lessons. Additionally, the problem-solving capabilities and limitations of ChatGPT had not been
demonstrated in class. Students were allowed to use not only ChatGPT but also other similar AI tools.

Comparison of the goodness of GPTs

The students were free to use any learning aid they wished, but we specifically examined two, ChatGPT 3.5
and Copilot with Bing Chat. For all 110 questions that GPT users received, we asked the GPTs three times
for the correct answer and categorized the goodness of the GPTs based on these answers.

If all three answers for a question were the same, then the GPT’s answer to that question is called con-
sistent, otherwise it is called inconsistent. If all three answers were the same and good, the GPT answer is
called correct. If the answers are different, but there was a good answer among them, it is called mixed. If
each answer was wrong (same or different), it is called incorrect.
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Figure 1. presents a distribution of the correctness of GPT responses, with ChatGPT accounting for
50% and Bing Chat for the remaining 50%. The graph demonstrates that no statistically significant differ-
ence exists in the proportion of correct answers between ChatGPT 3.5 and Copilot with Bing Chat. Chat-
GPT 3.5 displays a slight edge in accuracy, but the difference is not substantial. The figure also reveals that
there is no significant difference in the proportion of incorrect answers and mixed answers between the
two programs. ChatGPT produces marginally fewer incorrect responses compared to Copilot with Bing
Chat. The difference in mixed answers is negligible. The Mixed column indicates that approximately 13%
of the time, the responding program is simply making random guesses.

Figure 1. The correctness of ChatGPT and Bing
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Figure 2. depicts the distribution of consistent and inconsistent answers for both GPT models, with
ChatGPT and Bing Chat representing 50-50% of the data. From Figure 2., it’s evident that the consistency
and inconsistency properties are comparable for the two programs. The rate of inconsistent responses is
less than 20% within both ChatGPT and Copilot with Bing Chat categories. The Inconsistent column sig-
nifies that nearly 18% of the time, the responding program is resorting to random guesses.

Figure 3. illustrates the percentage of correct, incorrect, and mixed responses in ChatGPT’s an-
swers for each question. It indicates that for ChatGPT, question Q2 (involving basic vector operations)
was the easiest, but even for this question, the model resorted to guesswork almost 10% of the time.
Question Q3 (encompassing various vector multiplications and 3-dimensional coordinate geometry
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problems) proved to be the most challenging, with a percentage of correct answers falling be-
low 30%. Figure 4. presents the percentage of correct, incorrect, and mixed responses in Copilot with
Bing Chat’s answers for each question. The results are intriguing, as question Q5 (requiring basic op-
erations on complex numbers) emerged as the easiest, with no mixed answers. Question Q3, once
again, presented the most arduous task, with a percentage of correct answers plummeting below 10%.

Figure 2. The consistency of ChatGPT and Bing
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Figure 5. demonstrates the relative proportion of correct responses for each question across Chat-
GPT and Copilot with Bing Chat. In the case of question Q2, ChatGPT’s ratio of correct answers hovered
around 91%. This implies that the ratio of incorrect answers for ChatGPT was approximately 9%. Similarly,
for Copilot with Bing Chat, the ratio of correct answers neared 72%, while the ratio of incorrect answers
approached 28%. Overall, questions Q2 and Q5 emerged as the most accurate, while Q3 (involving various
vector multiplications and 3-dimensional coordinate geometry problems) consistently posed the greatest
challenge for both models.
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Figure 3. The correctness of ChatGPT by question
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Figure 4. The correctness of Bing by question
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Figure 5. The correctness of ChatGPT and Bing by question
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Comparison the goodness of student outcomes with and without a chatbot

We now delve into a comparison of the correctness of the students’ responses, considering the accuracy of
GPT’s responses.

Figure 6. illustrates the proportion of correct responses for ChatGPT, students not using GPT, and stu-
dents using GPT for each question. The first three columns reveal that 63% of ChatGPT’s responses were
accurate, 92% of students not using GPT provided correct answers, and 46% of students using GPT cor-
rectly answered the first question. This implies that if students using GPT had solely relied on ChatGPT’s
responses, their performance on the first question would have improved.

Conversely, on the third question, ChatGPT’s performance significantly trailed that of students using
GPT.

ChatGPT’s accuracy on the third question was a mere 28%, while students using GPT achieved a cor-
rect response rate of 46%. Hence, there were instances where students identified incorrect answers pro-
vided by GPT or at that question they did not use it.

Notably, students not using GPT demonstrated superior performance compared to ChatGPT for ques-
tions Q1, Q3, Q4, and Q5.
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Figure 6. The correctness of ChatGPT, student without GPT and with GPT
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Figure 7. The correctness of Bing, student without Bing and with Bing
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Figure 7. depicts the proportion of correct responses for Copilot with Bing Chat, students not using
Bing, and students using it. It's worth noting that the performance of students not using Bing consistently
surpassed those of using it.
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Conclusions

This study investigating the use of ChatGPT in a mid-term math exam revealed several important find-
ings, highlighting the complexities and challenges involved in integrating AI tools into educational envi-
ronments.

GPT Consistency:

Both ChatGPT and Copilot with Bing Chat demonstrated comparable levels of correctness and consist-
ency in their responses to the questions posed. The quality of responses from ChatGPT and Copilot did
not show a significant difference, with both exhibiting occasional incorrect or mixed answers.

Question-Specific Performance:

Students using ChatGPT displayed more extreme variations in scores across different questions, especially
compared to non-GPT users. Notably, questions related to complex mathematical operations, such as ma-
trix inverses and vector multiplications, posed substantial challenges for ChatGPT users.

Implications and Further Questions:

The study prompts further exploration into the reasons behind the lower scores of ChatGPT users. Ques-
tions regarding students’ study habits, the reliability of GPT-generated answers, and the impact of GPTs on
learning outcomes merit deeper investigation.

The circumstances of the current experiment, in particular the fact that students were not prepared to
use GPT in class, may have a significant impact on the findings. A further research task could be to com-
pare different experimental set-ups.

The findings underscore the importance of carefully considering the integration of Al tools into educa-
tional practices, especially in disciplines like mathematics where precision is crucial.

In conclusion, while the introduction of Al tools like ChatGPT holds promise in educational contexts,
this study emphasizes the need for a nuanced understanding of their impact, considering both the poten-
tial benefits and challenges associated with their implementation.

Future research should delve into refining AT tools for specific educational contexts and addressing the
identified concerns to optimize their effectiveness.
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