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Abstract. The rapid advances in generative Al technologies are revealing a dis-
ruptive potential in educational practices, raising new challenges while opening
up unprecedented prospects for innovation, particularly in scientific disciplines
such as mathematics. This requires an in-depth analysis of the pedagogical per-
formance and limitations associated with this emerging technology. This study
aims to evaluate and compare the pedagogical performance of ChatGPT-4.0 and
DeepSeek-R1 within various cognitive levels related to learning mathematics at
Moroccan baccalaureate level. This research focused on a corpus of 120 mathe-
matical questions extracted from 11 monothematic exercises and three problems
from the national scientific baccalaureate exams. The evaluation was based on
the systematic administration of these exercises to the two generative Al models
examined, in accordance with a standardised methodological protocol designed
to guarantee the objectivity and reliability of the results. The answers provided
were then collected and marked using an evaluation grid and compared with an
official answer key drawn up by the French Ministry of Education. Finally, a
comparative statistical analysis was carried out to examine the pedagogical per-
formance of each model. The results of this analysis highlight the superiority of
ChatGPT-4.0, with an overall score of 16.12/20 (80.6%), compared with
DeepSeek-R1, which obtained an overall score of 12.80/20 (64.8%). On the other
hand, DeepSeck-R1 showed notable performance, close to that of ChatGPT-4.0,
for monothematic exercises, with a score of 15.95/20 (79.75%), compared with
17.18/20 (85.9%) for ChatGPT-40. However, both models have limitations, in-
cluding factual inaccuracies and a lack of contextual accuracy, these being par-
ticularly apparent in problems requiring deep mathematical reasoning. This study
provides relevant data on the pedagogical performance of two generative Al
models in secondary school mathematics education. It thus contributes to the dis-
cussion of the challenges associated with learning and the integrity of assess-
ments, particularly in the context of online teaching.
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1 Introduction

Rapid advances in models of generative artificial intelligence (Gen Al) have perma-
nently transformed various educational activities and aroused widespread scientific in-
terest (Valeri et al., 2025). The emergence of ChatGPT-4, developed by OpenAl, is a
major breakthrough in the field of Gen Al, sparking intense debate about its pedagogi-
cal implications. Its ability to generate coherent and contextually relevant texts opens
up new perspectives for education. This model is distinguished by important ad-
vantages, including its accessibility, free use, ease of use and continuous improvements
(van Dis et al., 2023). More recently, the emergence of high-performance models such
as DeepSeek-R1, an open-source generative artificial intelligence model developed by
the Chinese company DeepSeek, was initially introduced as DeepSeek-V3 in December
2024, before being deployed as DeepSeek-R1 in January 2025 (DeepSeek-Al et al.,
2025). DeepSeek-R1 has attracted particular attention because of its ChatGPT-like per-
formance on reasoning tasks (DeepSeek-Al et al., 2025). This model quickly estab-
lished itself as the most downloaded free application on the American App Store within
a month of its launch (Conroy & Mallapaty, 2025), challenging the dominance of
ChatGPT-4. DeepSeek-R1 uses Chain of Thought (CoT) for step-by-step reasoning and
Pro Search to provide contextual answers. This improves accuracy in areas such as
mathematics, coding and decision making (Peng et al., 2025). In coding, R1 exposes its
logic before providing answers, allowing users to check its reasoning (Neha & Bhati,
2025).

The capacity of ChatGPT-4 and DeepSeek-R1 to answer questions in medical tests
has attracted considerable interest and has been investigated in several studies (Emekli
& Karahan, 2025; Fournier et al., 2024; Maraqa et al., 2025; Mondillo et al., 2025). In
addition, the performance of large language models is widely analysed in a university
context (Ergene & Ergene, 2024; Frieder et al., 2023; Liang et al., 2023). However, the
comparison of pedagogical performance between ChatGPT-4.0 and DeepSeek-R1 in
the context of a mathematics certificate assessment remains little explored in the current
literature.

These models are trained on huge datasets, enabling them to generate varied content
and answer a wide range of questions. However, despite their impressive pedagogical
performance, challenges remain in terms of the reliability of the answers provided, re-
ducing the risk of error in managing complex tasks and finding a balance between au-
tomatic learning and human intervention, which are crucial conditions for the effective
integration of these technologies in education (Huber et al., 2024a; Yan et al., 2024).
As these generative Al models become increasingly integrated into education, students
are using these tools for automated learning, to solve homework assignments and to
prepare for national exams. In this context, it becomes essential to evaluate the peda-
gogical performance of these two generative Al models in a formal evaluation frame-
work. This study aims to compare the pedagogical performance of ChatGPT-4.0 and
DeepSeek-R1 in solving mathematical exercises and problems from the Moroccan na-
tional baccalaureate exam. The central question guiding this research is:
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"’Which generative AI model, ChatGPT-4.0 or DeepSeek-R1, demonstrates superior
pedagogical performance in solving the Moroccan baccalaureate national mathemat-
ics exam?’’

This comparative analysis is of significant importance for several reasons. On the
one hand, it will provide students and pedagogical actors with important information
on the strengths and limitations of these generative Al models in order to take them into
account in any potential integration in the learning and assessment of mathematical
learning. On the other hand, it will provide researchers with perspectives for identifying
areas for improvement and exploring new avenues for innovation. Finally, this study
will contribute to a better understanding of the evolution of generative Al in the field
of education, in particular mathematics teaching, as well as its potential impact on as-
sessment practices, particularly in the context of distance assessment.

In this research, we carry out an in-depth comparative analysis of the pedagogical
performance of these two generative Al models by applying them to solving exercises
for the Moroccan baccalaureate national mathematics exam. The aim of this study is to
examine their capabilities and identify their limitations, as well as to highlight their
impact on the integrity of assessment in the teaching of mathematics at secondary
school level. The results of this analysis highlight the superiority of ChatGPT-4.0, with
an overall score of 16.12/20 (80.6%), compared with DeepSeek-R1, which obtained a
score of 12.80/20 (64.8%). However, both models have limitations, including factual
inaccuracies and a lack of contextual accuracy, with these shortcomings being particu-
larly apparent in problems requiring deep mathematical reasoning.

The rest of the article is organised as follows. Section II describes the methodology.
Section III presents the analysis of the results. Section I'V discusses the results, address-
ing some limitations and the impact on evaluation integrity. Finally, Section V offers a
conclusion and perspectives.

2 Methodology

This comparative study adopts a rigorous methodological approach to evaluate the ped-
agogical performance of ChatGPT-4.0 and DeepSeek-R1 in solving monothematic ex-
ercises and mathematical problems from the Moroccan national baccalaureate exami-
nations. The evaluation will focus on the following areas:
i. Model versions
To facilitate comparison, the study used two specific versions of the generative Al
models, namely the free version of ChatGPT-4.0 and the DeepSeek-R1 version.
ii. Evaluation corpus
The test cases were rigorously selected to ensure a relevant and representative eval-
uation. The last three national mathematics exams of the Moroccan baccalaureate were
selected (the years 2022, 2023 and 2024). Each test is generally made up of four exer-
cises and one problem, which are independent of each other and divided into the fol-
lowing areas:
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Test tasks Domains Score (/20)
Exercise 1 | Geometry of space 3 points
Exercise 2 | Complex numbers 3 points
Exercise 3 | Probability calculus 3 points
Exercise 4 | Differential equations and integral calculus 2,5 points
Problem Study of numerical functions and numerical sequences | 8,5 points

These tasks cover a variety of skills and levels of complexity. These exams, integrating
monothematic exercises and mathematical problems, thus provide a framework for
analysis that reveals cognitive differences in the responses generated by the two models
studied. What's more, this type of assessment is particularly important in terms of cer-
tifying students' academic progress.
Note: Differential equations and integral calculus are sometimes incorporated into the
mathematical problem, and are marked at 11 or 12 points out of 20.
iii. Procedure for submitting tasks

In order to guarantee the reliability of the results, a standardised methodology was
adopted for submitting tasks to the Al models studied. The statements of the exercises
and problems were introduced in their original formulation, without modification, and
according to an identical procedure for each model. The aim of this standardisation was
to avoid any variation that might influence the results of the study.

iv. Collection and organization of responses

The responses provided by each model were extracted verbatim (copy and paste) and
recorded in digital files. These files were organised in such a way as to simulate writing
copies similar to those produced by a real candidate. Each virtual candidate (ChatGPT-
4.0 and DeepSeeK-R1) produced three separate copies, corresponding to each of the
three selected exams. This procedure facilitated their correction and subsequent pro-
cessing.

V. Evaluation and correction of copies
This evaluation is based on a double analysis, qualitative and quantitative, structured
around three processes:

o Correction by experts: Two experienced teachers, each with 14 years' expe-
rience in teaching mathematics at baccalaureate level, independently corrected
the papers generated.

e  Marking guide: The assessment was based on an official scale drawn up by
the Ministry of Education and on the answers provided by the educational au-
thorities. The papers were marked and graded separately by these two teachers
and the results obtained are organised in table 1. This approach makes it pos-
sible to objectivise the analysis and ensure that the assessment complies with
current educational standards.

e Direct observations: We carried out a detailed analysis of the answers gener-
ated by the two models, focusing on several qualitative aspects such as the
clarity of the answers, the coherence and structuring of the mathematical rea-
soning, the identification of recurring errors, as well as the specific limitations
observed in each model.
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3 Analysis of results

The comparative evaluation of the pedagogical performance of ChatGPT-4.0 and
DeepSeek-R1 was carried out by solving 11 monothematic exercises (section 1) and 3
problems (section 2) covering various mathematical domains. A quantitative and qual-
itative analysis was structured around three main areas: 1/ evaluation of the ability of
the two models to solve monothematic exercises accurately, 2/ analysis of their peda-
gogical performance in solving complex mathematical problems, based on the average
scores obtained in each section as well as the overall success rate, and 3/ analysis of the
limitations and strengths observed for each model. The detailed results of this study are
presented in Table 1.

Table 1. Analysis of the results of correcting the answers generated by ChatGPT-4.0
and DeepSeek-R1 in three national mathematics exams for the Moroccan baccalaure-
ate.

Teacher 1 Teacher 2 Average | Success
Exams Section Weighting| Generative score score score rate (%)
(/20) Al model (/weighting) | (/weighting) (/20)
(/20)
ChatGPT- 9,75 10 17,17 85,85
Monothematic 4.0
exercises 115 | DeepSeek- 8,25 8,25 14,34 71,70
i R1
Exam1 ChatGPT- 6,5 6,5 15,29 76,45
2022 Iproplem 1 4.0
8,5 DeepSeek- 5 5 11,76 58,80
R1
ChatGPT- 8 7,75 17,50 87,5
Monothematic 4.0
exercises 9 DeepSeek- 7,5 7,5 16,66 83,30
Exam2 R1
2023 ChatGPT- 8,75 8,5 15,68 78,40
Problem 2 4.0
1 DeepSeek- 5,75 5,75 10,45 52,25
R1
ChatGPT- 6,75 6,75 16,87 84,35
Monothematic 4.0
Exam3 |exercises 8 DeepSeek- 7 6,5 16,87 84,35
2024 R1
ChatGPT- 8,75 8,5 14,37 71,87
Problem 3 4.0
12 ["DeepSeek- 6,5 6,5 10,83 54,15
R1

ChatGPT-4.0 demonstrated significant pedagogical performance compared with
DeepSeek-R1, passing all 11 monothematic exercises and three problems taken from
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the national baccalaureate exams. These results translate into a success rate of 85.9%
for the monothematic exercises (17.18/20) (Table 2 and Figure 1). These exercises aim
to assess specific skills in specific mathematical areas, and 75.7% for problems requir-
ing the integration of several mathematical concepts and properties, thus calling for an
increased ability to solve complex tasks. However, a decrease in the pedagogical per-
formance of ChatGPT-4.0 was observed in solving problems requiring structured rea-
soning in multiple steps. Although this model often provides correct answers, these are
frequently given in a straightforward manner, without detailed justification of the res-
olution mechanisms. This lack of explanation limits the traceability of the learning pro-
cess, which is essential for a thorough pedagogical evaluation.

In contrast, DeepSeek-R1 performed more consistently on monothematic exercises,
with an average success rate of 79.75% (15.95/20), close to the performance of
ChatGPT-4.0. However, its performance declined significantly when faced with com-
plex mathematical problems, where its success rate fell to 55.05% (11.01/20) (Table 2
and Figure 1). The analysis reveals two major limitations in DepSeek-R1's pedagogical
performance:

e The architecture of mathematical demonstrations: The model encounters
significant difficulties in the coherent articulation of deductive steps, compro-
mising the rigor of mathematical reasoning.

e  Graphical representation of numerical functions: The model fails to gen-
erate a graphical representation of numerical functions in an orthonormal
frame of reference (O, i, j), which is a significant operational shortcoming.

DeepSeek-R1 reveals difficulties in structuring reasoning and a lack of precision in
the demonstration stages. ChatGPT-4.0, on the other hand, distinguished itself by gen-
erating well-illustrated graphical representations, using colored coordinate curves to
clearly distinguish the different functions studied.

Table 2. Comparison between ChatGPT-4.0 and DeepSeek-R1

Generative | Average for  [Success rate for | Average for [Success rate | Overall Overall
Al model monothematic [monothematic | probl for probl average success
exercises (/20) |exercises (%) (/20) (%) (/20) rate
(%)
ChatGPT- 17,18 85,90 15,14 75,70 16,16 80,80
4.0
DeepSeek- 15,95 79,75 11,01 55,05 13,38 67,40
R1
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Figure 1. Comparative analysis of the pedagogical performance of ChatGPT-4.0 and
DeepSeek-R1 in solving exercises from the Moroccan national baccalaureate mathe-
matics exam.

The results highlight the superiority of ChatGPT-4.0 in solving the tasks analysed,
with an overall success rate of 80.80%, compared with 67.40% for DeepSeek-R1 (Fig-
ure 1). Although ChatGPT-4.0 outperformed DeepSeek-R1 in terms of pedagogical
performance, the two Al models studied demonstrated a notable ability to handle math-
ematical tasks of varying levels of complexity. These results suggest that these gener-
ative Al models could be integrated as virtual teaching assistants (mathematics neuro-
teachers) to optimise learning and facilitate formative assessment, particularly during
periods of preparation for national exams.

4 Discussion

The aim of this study was to compare the pedagogical performance of the freely avail-
able generative Al models ChatGPT-4.0 and DeepSeek-R1 on a series of monothematic
exercises and mathematical problems taken from the national baccalaureate examina-
tions. Comparative analysis of the results of these two models in solving this type of
task reveals significant differences in pedagogical terms, with an overall success rate
of 80.80%, compared with 67.40% for DeepSeek-R1. Analysis of the results shows
significant differences in the accuracy of the solutions, variability in the quality of the
explanations provided, and distinct limitations in mathematical reasoning and graphical
representation.
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These results reveal significant pedagogical performance for both models in the gen-
eration of monothematic mathematical exercises with close scores, 17.18/20 for
ChatGPT-4.0 (85.90%) and 15.95/20 (79.75%) for DeepSeeK-R1. Our results also
show that ChatGPT-4.0 significantly outperforms DeepSeek-R1 in solving mathemat-
ical problems. Indeed, ChatGPT-4.0 obtained a score of 15.14/20 (75.70%) compared
to Deepseek-R1 which obtained a score of 11.01/20 (55.05%) in the generation of this
type of mathematical task. For this reason, despite a slight difference in accuracy in
solving monothematic exercises, users wishing to use these Al tools as teaching aids
can opt for either of the two models. On the other hand, those wishing to solve more
complex mathematical problems will prefer to use ChatGPT-4o.

The results also reveal that DeepSeek-R1 is still unable to generate a graphical rep-
resentation of numerical functions, unlike ChatGPT-4.0, which provided precise and
clear representations. This shortcoming represents a significant limitation in terms of
fundamental mathematical skills, particularly in the context of modelling and analysing
functional phenomena. The difference in pedagogical performance observed between
ChatGPT-4.0 and DeepSeek-R1 can probably be explained by a difference in the ma-
turity of their training processes. ChatGPT-4.0, therefore, has more learning and expe-
rience than DeepSeek-R1, which is still relatively new and seems limited by less in-
depth training experience. On the other hand, even though ChatGPT-4.0 is capable of
providing answers with correct final results, it has certain limitations, notably short-
comings in the intermediate stages of reasoning and difficulties in dealing with a math-
ematical problem as a whole, without having to re-invite questions one by one. These
observations underline both the potential and the current limitations of the two Al mod-
els analysed as pedagogical assistance tools in mathematics, particularly in the context
of certificate assessments.

In this context, students often use this technology expecting absolutely correct an-
swers and solutions. Studies have indicated that students exploit the capabilities of these
tools to learn, prepare assignments and find resources for coursework (Kharchenko &
Babenko, 2024). The present study found that both models demonstrate a significant
success rate in generating monothematic exercises from national mathematics exams.
Their accuracy in complex tasks such as mathematical problems remain limited and
does not systematically provide perfectly correct and accurate answers, respecting log-
ical mathematical reasoning. In comparison with previous studies, the results of our
research concur with those reported by Huber et al, (2024) and Remoto, (2023), who
also observed that generative Al models such as ChaGPT encounter difficulties with
complex mathematical problems (Huber et al., 2024b; Remoto, 2023). These results
highlight key areas to target for future development and improvement of generative Al
tools in education.

In addition, this study highlighted the remarkable performance of the two Al models
analysed. However, this raises important questions about the integrity of learning as-
sessment, particularly in a distance assessment context. On the other hand, the study
also reveals certain limitations of these models, raising questions about the reliability
of the answers provided, as well as constructive criticism aimed at improving their per-
formance in the processing of higher-order mathematical tasks. Overcoming these chal-
lenges would make it possible to improve the quality of the content generated by Al
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and guarantee its reliability, thus positioning these tools as innovative and effective
educational resources, even when faced with complex problems. This dynamic could
help to bring about a genuine revolution in teaching practices.

This study has several limitations that may influence the interpretation of the results.
The analysis was based on a restricted sample of three exams, similar in form and con-
tent, which limits the diversity of the situations assessed. In addition, the exercises and
problems were subjected to AI models in their entirety, without reinviting question by
question, which does not faithfully reflect the real assessment conditions. The study
also focused solely on the mathematics of the scientific baccalaureate, which limits the
generalizability of the results. Finally, the rapid evolution of language models high-
lights the fact that the results obtained do not necessarily reflect the future or evolving
pedagogical performance of these same generative Al models.

5 Conclusion

The study shows that generative Al tools, in particular ChatGPT-4.0 and DeepSeek-
R1, are capable of generating monothematic mathematical exercises with a high degree
of accuracy. However, ChatGPT-4.0 demonstrated better pedagogical performance
than DeepSeek-R1 in solving complex mathematical problems, which underlines its
potential in the context of secondary education. These observations suggest that inte-
grating these models into mathematics learning and assessment processes could offer
promising prospects for education.

As artificial intelligence continues to evolve, its integration into education must be
accompanied by a rigorous assessment of its impact. In particular, the question of the
integrity of assessments, especially in a distance assessment context, raises major ethi-
cal issues. It is therefore essential to take advantage of the opportunities offered by
these technologies, while at the same time calling for a rethink of traditional assessment
methods.

Future research should focus on improving Al algorithms to optimise their perfor-
mance in solving mathematical problems. It would also be relevant to explore their
integration in various educational contexts, as well as to analyse teachers' and students'
perceptions of their ability to provide pedagogically relevant solutions that promote
learning, engagement and skills development.
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