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Abstract. In this paper, we examine the capability of ChatGPT in solving prob-
lems based on mathematical modelling. In line with the research objective, we
assigned the free version of ChatGPT (GPT-40) six problems that fourth-year
mathematics students, majoring in Applied Mathematics, had solved as part of
their exam. We analyzed whether the following steps were properly carried out:
constructing a mathematical model, the problem-solving process in the mathe-
matical context, interpreting the solution in relation to the problem, and finally,
validation. The results were then compared with the work of the aforementioned
students. The findings indicate that, in all parts of the solution and for all tasks,
the free version of ChatGPT was either completely or partially successful. Nev-
ertheless, it achieved results that were weaker than those of the students. Based
on these findings, we can say that solutions to problems addressed through math-
ematical modelling — which, in the second step, involve solving first-order dif-
ferential equations, game theory problems, and linear programming tasks — can
be used to some extent as student support. However, it is equally necessary to
work on the specialization of LLMs that would solve problems of this level of
complexity in accordance with the mathematical modelling process.

Keywords: Mathematical Modelling, ChatGPT, Student Performance Compari-
son

1 Introduction

In recent times, an increasing number of researchers in the fields of education, engi-
neering, and computer science have been exploring the potential and capabilities of
large language models (LLMs) in solving various tasks through Al tools. Contemporary
research mainly investigates the extent to which specific tools can successfully address
different challenges and solve concrete tasks and problems and often compares the per-
formance of different models in executing specific user instructions. Among these
tools, ChatGPT is probably the most widely used.

Mathematical modelling is gaining increasing prominence in mathematics educa-
tion. On one hand, it is important to introduce future mathematicians — particularly
those seeking careers in industry — to the principles of mathematical modelling so that
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they can successfully translate real-world problems from various fields of science and
industry into mathematical contexts, solve them, and interpret and discuss the results
within the original context. Likewise, prospective mathematics teachers should acquire
the same competencies and develop the pedagogical skills needed to teach their students
the step-by-step process that characterizes mathematical modelling.

This raises the question of to what extent ChatGPT can effectively solve mathemat-
ical modelling problems, to serving as an additional resource in the education of future
mathematicians and, in particular, as support in solving problems from various domains
through the application of mathematical tools. This study aims to contribute to this
emerging area of research.

2 Literature Review

One of the widely accepted processes or cycles of mathematical modelling was pro-
posed by Blum and LeiB3 [1]. The cycle they suggested consists of six phases and six
transitions between these phases. According to their methodology, the first step is to
understand the real-world problem and construct the so-called situation model (1). This
situation model is then simplified — specifically, the problem is structured, and the nec-
essary assumptions are formulated (2). The next step, which is particularly important
in this cycle, involves constructing a mathematical model through a process of mathe-
matization (3). In this step, the process shifts into a mathematical context. The mathe-
matical problem thus formed is then solved, yielding the required mathematical results
(4). These mathematical results are then considered and examined in the context of the
real-world problem to determine how they can be effectively used to solve the initial
problem; through interpretation, results corresponding to the initial real situation are
obtained (5). Finally, the results obtained should be validated (6). Within this validation
process, the modelling steps should be reconsidered by re-examining the assumptions,
the mathematical models, their solutions, and the correctness of the calculations. Alt-
hough it represents an important aspect of learning, the meta-analysis conducted by
Schukajlow et al. [2] found that only 3% of research papers published in leading jour-
nals on mathematics education over a six-year period focused on the topic of mathe-
matical modelling. Furthermore, most of these papers were empirical studies with a
qualitative research design. Sen Zeytun et al. [3] conducted a qualitative study invol-
ving six mathematics students in order to identify the sources of students' difficulties in
learning mathematical modelling. Based on their results, it can be concluded that the
factors contributing to students’ difficulties can be divided into contextual and individ-
ual categories. Contextual factors refer to the students’ lack of experience in solving
problems through mathematical modelling, while the individual factors relate to the
time constraints for completing the tasks. Individual factors also include gaps in math-
ematical knowledge and skills, difficulties in establishing connections between the real-
world and mathematical contexts (and vice versa), students' tendency to focus solely on
the result, as well as their inability to adequately organize their work [3].

ChatGPT is a Natural Language Processing (NLP) model developed by OpenAl that
uses a large dataset to generate responses to students' questions, prompts, and feedback
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[4]. There are many studies that explore the capabilities of ChatGPT and other OpenAl
models in solving mathematical tasks and problems. For example, OpenAl models have
been tested in solving complex mathematical competition problems. Interestingly,
when solving problems of lower complexity but with a higher degree of non-standard
structure, OpenAl tools perform at the level of average competition participants [5].
However, when tackling more demanding mathematical problems intended for high
school students, the ol and 03-mini models would win awards when competing among
the best high school students [6].

ChatGPT can solve problems in the field of linear algebra, compute integrals, and
solve differential equations when given appropriate instructions [7]. When it comes to
differential equations, it was found that ChatGPT correctly solved 72% of the given
first-order differential equations, made minor errors in 20% of them, and in the remain-
ing 8% it made serious computational or methodological errors. In solving second-or-
der differential equations, it solved 64% of the problems completely correctly, made
minor errors in 24% of them, and made a serious computational or methodological error
in every eighth problem [8]. Zhu et al. [9] explored ChatGPT's compatibility in deci-
sion-making when solving game theory problems, which are also widely used in math-
ematical modelling.

Some research on integrating LLMs into solving mathematical modelling tasks has
already been conducted. For instance, Huang et al. [10] introduced a LLM model called
Mamo, which has integrated solvers aimed at validating solutions and evaluating the
correctness of the entire mathematical modelling process.

3 Research question

Considering the importance of mathematical modelling for the education of mathe-
maticians — regardless of whether their future profession will be in industry or in teach-
ing — as well as the potential of ChatGPT for solving tasks of various levels in terms of
mathematical content and complexity, we aimed to examine the accuracy and overall
problem-solving process of tasks based on mathematical modelling generated by
ChatGPT. This gave rise to the following research questions.

1. To what extent does ChatGPT successfully solve mathematical modelling
problems related to the application of differential equations, game theory and
linear programming?

2. Are there differences in the performance between mathematics students who
attended the Mathematical Modelling course and ChatGPT in terms of accu-
racy and the structure of solutions within the context of the mathematical mod-
elling cycle?

3. Can the solutions produced by ChatGPT serve students in carrying out valida-
tion — the final phase of the mathematical modelling cycle?
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4 Method

As part of the course Mathematical Modelling, which is conducted in the
seventh semester of the Applied Mathematics program at Faculty of Science, University
of Kragujevac, students are expected, upon completion of the course, to be able to apply
the principles of mathematical modelling and to formulate mathematical models in
various fields of natural and social sciences. This course was offered for the first time
in the 2023/2024 academic year. Only four students attended it during that academic
year. After completing the theoretical and practical instruction, the students took the
written part of the exam, in which they were expected to demonstrate practical
knowledge of mathematical modelling. On that occasion, they solved tasks in which
they were required to carry out the last four phases of mathematical modelling,
specifically from mathematization to validation [1]. The test consisted of 6 tasks. The
first task involved a simple theoretical consideration of an exponential growth model
with a given constant. The second task focused on the application of a first-order
differential equation to a bacterial population in a controlled environment, where
students were required to construct an appropriate logistic differential equation using
the given data. Using the model they created, they had to determine the size of the
population at several specific time points from the initial moment, identify when the
population would reach half the carrying capacity, and analyze what happens as the
time variable tends to infinity. The third task was also a population model, but with
constant relative rates of birth, death, and emigration over time. Students were asked to
determine a particular solution to the problem for a given initial value, find the
condition under which the model exhibits exponential growth, and identify the
condition under which the population remains constant. In the fourth task, students were
provided with tabular data related to time and population size and were required to
construct a model that fits the given data. Based on the model, they were to explain the
meaning of all parameters and their influence on the behavior of the model. The fifth
problem dealt with mathematical modelling within decision theory — more specifically,
game theory and the analysis of strategies in a competitive environment. The task
required modelling the competitive relationship between two manufacturers,
identifying the strategies of each player, and determining the optimal decision for the
first company in response to various possible moves by its competitor. The final, sixth
task focused on the application of linear programming, specifically optimizing
production under resource constraints, with two objectives: minimizing production
costs under the condition that a certain number of products be manufactured, and
maximizing the number of products produced given limited resources.

We gave the same problems that the students had solved to ChatGPT to solve
as well. Considering that we wanted to examine whether it could help students in terms
of validating their answers by comparing them with the solution produced by ChatGPT,
we used the free version of ChatGPT (GPT-40). When evaluating the solutions
provided by the students and the ChatGPT, we assessed the work according to the
modelling cycle — that is, to what extent the problem solutions followed the given
mathematical modelling approach. The study was conducted in July and August 2025.
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5 Results

To address the research questions, we analyzed whether ChatGPT successfully
solved the six tasks that the students had worked on. Specifically, for each task, we
examined whether the following steps (Fig.1) were successfully carried out: translating
the problem into a mathematical context, i.e., the process of mathematization; whether
the problem-solving procedure was mathematically correct; interpreting the solution in
accordance with the original context; whether and how the validation process was car-

ried out.

Mathematization

Validation

I unsuccessful

«—

partially
successful

Mathematical
Procedure
Correctness

Interpretation

I successful

Fig. 1. Illustration of the evaluation of the mathematical modelling process

For each aspect and each task, one of three levels of success was assigned: successful,
partially successful, and unsuccessful. Solutions categorized as unsuccessful were those
in which serious conceptual or procedural errors were identified. The successful cate-
gory included all solutions that were entirely correct, while partially successful referred
to those parts of the solutions that were fundamentally correct but either lacked suffi-
cient detail or precision, or contained a minor computational error in the mathematical
result. The following table presents ChatGPT’s performance in solving these tasks.

Table 1. ChatGPT’s Performance in Solving Mathematical Modelling Tasks

Problem Mathematization Mathematical Re- Interpretation Validation
sult
1 successful successful successful successful
5 successful partially partially partially
successful successful successful
3 successful successful successful successful
4 partially successful partially successful
successful successful
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partially

5 successful successful successful
successful
p partially partially partially partially
successful successful successful successful

At first glance, it can be seen that none of the four aspects in any of the six tasks was
unsuccessful. A detailed analysis of the solutions produced by ChatGPT revealed that
the first task was completed successfully. However, in the second task, which con-
cerned a bacterial population model, it made an error in solving the model (although it
should be emphasized that the chosen model was appropriate). Specifically, it pro-
ceeded with a numerical approach, which led to a computational error that subsequently
affected the following steps of the solution. The third task was solved entirely success-
fully (Fig. 2), whereas in the fourth task — which, unlike the first three, was presented
in a tabular form — ChatGPT constructed a model that was not the most suitable solution
to the problem. In the fifth task, the processes of mathematization and solution imple-
mentation were adequate, but the interpretation of the solution within the appropriate
context of game theory could have been better and more refined. The validation pro-
cess, however, was carried out successfully. In the final task, which was from the field
of linear programming, ChatGPT exhibited the greatest weaknesses, especially from
the mathematical perspective, as it did not select the most appropriate model, and the
objective function was also not well formulated. Nevertheless, the constraints were well
defined, and the problem was solved correctly in accordance with them.
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Fig. 2. The solution to the third task by ChatGPT in the context of mathematical modelling.

Regarding the students’ work, all students solved the first and second tasks com-
pletely successfully. In the third task, three students fully carried out the appropriate
procedures in all four steps, while one student completed the first two steps entirely
successfully but only partially succeeded in interpreting and validating the solution. In
the fourth task, two students successfully completed all steps. One student was only
partially successful in the mathematization process and in interpreting the solution but
fully succeeded in the other two steps. Another student had the same level of success
as the previous one in the first three parts but entirely omitted the validation step. In the
fifth task, two students completed the task entirely successfully, while the other two
were successful in mathematization but only partially successful in the remaining three
steps. In the final task, two students again solved it completely successfully. One was
partially successful in all steps, while the fourth student was fully successful in the first
three steps but partially successful in validation.

To more easily compare the performance of students and ChatGPT, we numerically
evaluated their results. Each task was worth 4 points (1 point for each of the four parts
of the solution). Each of the four aspects in every task was scored with 1 if that part
was fully completed successfully, 0.5 for partially successful, and 0 for unsuccessful.
The students scored 24, 22, 20.5, and 20 points, respectively. The arithmetic mean of
the students' scores was 21.625 points, with a standard deviation of 1.80 points. Look-
ing at ChatGPT's results on this test, it scored 19 points. Compared to the students'
results, the Z-score corresponding to ChatGPT's score is -1.46. This score is relatively
low but not extreme, as it falls between one and two standard deviations below the
mean. This result indicates that the students still performed better at solving mathemat-
ical modelling tasks. On the other hand, some students could benefit from certain as-
pects of ChatGPT's solutions, particularly in interpreting and validating the results.

6 Discussion and Conclusion

By reviewing the students' work, it can be observed that their shortcomings in math-
ematical modelling are more pronounced in steps such as interpreting results within the
initial context and validating the obtained solution, while weaknesses in mathematizing
the problem and carrying out computations are less noticeable. These deficiencies—or
factors influencing students' success in mathematical modelling—align with those iden-
tified by Sen Zeytun et al. [3], particularly referring to difficulties in mathematization,
i.e., establishing connections between the real-world problem and the mathematical
context, and vice versa.

When it comes to ChatGPT's performance, we see that it successfully carried out the
mathematization process in 4 out of 6 tasks — meaning it understood the problem's con-
text and correctly assigned mathematical meaning to the models. In the same number
of cases, it was fully successful in solving mathematical problems, including construct-
ing equations, solving differential equations, and addressing tasks from other men-
tioned fields. That ChatGPT is successful in solving first-order differential equations
was also demonstrated by Koceska et al. [8]. In the remaining two cases, it was partially
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successful. On the other hand, Li et al. [11] pointed out the shortcomings of ChatGPT
in solving linear programming problems compared to an LLM that had been addition-
ally trained to handle that specific type of task. In our research as well, ChatGPT was
partially successful when solving the linear programming task. Interestingly, it was
only partially successful in both initial steps of the linear programming task. More con-
cerning is that in 4 out of 6 cases, it was only partially successful in interpreting the
results, while in the remaining two, it was fully successful. It should be noted that the
tasks given to ChatGPT did not include explicit instructions regarding the mathematical
modelling process, so future research should examine its solutions in more detail if
more specific modelling-related instructions are provided. As for validation, ChatGPT
was fully successful in 4 out of 6 cases, while in the remaining two, it was only partially
successful.

Based on the obtained results, we can say that ChatGPT largely successfully solved
mathematical modelling problems related to the application of differential equations,
game theory, and linear programming — though these results could have been better.
When comparing ChatGPT's results with those of the students, we observe that all four
students achieved better results in terms of solution structure within the mathematical
modelling cycle. However, it is also evident that certain parts of ChatGPT’s solutions
could still be useful to some students, particularly in verifying and validating problem
solutions.

Obviously, this research has its limitations. The first limitation concerns the sample
size, which stems from the fact that only four students were enrolled in the Mathemat-
ical Modelling course during the given academic year. Consequently, our findings can-
not be generalized. Furthermore, in this research we examined the capabilities of only
one tool - the free version of ChatGPT - because it is accessible to all students without
additional subscription costs. These limitations also point to directions for future re-
search. In addition to providing more detailed instructions when assigning tasks within
the framework of the mathematical modelling cycle, future studies could also investi-
gate the capabilities of other free tools, such as DeepSeekR1, as well as paid versions
of widely adopted tools, including those offered by OpenAl, Claude Opus, Gemini, and
others, and compare their performance on tasks completed by larger student samples.
Furthermore, future research could focus on developing specialized LLM models de-
signed to address and solve relevant problems in accordance with the principles of
mathematical modelling, with the goal of providing higher-quality support to students.
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