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ABSTRACT. This study presents an analysis of the mathematical abilities of ChatGPT in solving prob-
lems in the process of teaching integral concept with different thinking levels based on Bloom’s taxon-
omy by thematic analysis method. The integral concept was designed in the form of 20 problems in
six levels of thinking from Bloom’s perspective. The problems were asked by students of the first year
of mathematics from ChatGPT under the supervision of the researcher as a teacher. The results show
that the performance of ChatGPT varies depending on the difficulty level and the topic and the level
of Bloom’s thinking. He had the best performance in answering the level problems of remembering and
analyzing, and he showed very weak in answering the problems of evaluating and creating. Also, the
results showed that ChatGPT does not pay attention to written details such as parentheses and brack-
ets. Accurate long calculations, correct use of integration rules, classification of integral types were the
strengths of using ChatGPT in integral education. He was unable and had many defects in drawing
a figure, presenting a graph related to a function, generalizing the integral to higher dimensions, and
understanding that an integral should be used to solve a problem. Also, as the levels of thinking
increased, its efficiency was decreasing. The results show that ChatGPT has the potential to become
an effective teaching aid tool for integral teaching, but its graphic capability should be increased and

its data processing should be improved and its shortcomings should be eliminated.
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1. Introduction

The teaching of mathematical concepts in any course is one of the main concerns of educators and
policy makers of education, and according to the conditions of that course, different strategies have
been used for its teaching [20, 22]. From the past until now, calculus has been of great importance as
one of the most important mathematics courses for undergraduate students in many fields of study
[19, 2, 1, 36, 37]. This course has been one of the most fundamental and important courses, not only
in the bachelor’s degree in mathematics, but also in various fields of basic science and technical and
engineering [9, 31, 34, 24]. Integral is one of the fundamental concepts in calculus that undergraduate
students encounter in the first year, and it is a prerequisite for learning other mathematical and non-
mathematical concepts such as physics, chemistry, etc [38, 7, 9, 26]. in different fields of study.In fact,
the difficulty of students in integral learning is closely related to the inability to solve problems, which
is one of the skills of the 21st century. Also, the problem solving process plays an important role in
the progress of learning mathematical concepts [11, 13, 15, 12, 17, 23, 24].

In recent years, artificial intelligence (AI) has attracted much attention and has been widely dis-
cussed. Strongly promoting the use of technology and technological networks in teaching mathematics
based on artificial intelligence is not only an effective way to solve the lack of educational resources,
but also a bold attempt to innovate the methods of teaching mathematics in schools and universities
[3, 8]. Artificial intelligence represents a creative and innovative development in many fields, including
mathematics education, which has the potential to be combined with various theories of mathematics
education for implementation in classrooms. Many studies have studied the application of artificial
intelligence in the fields of education and analyzed its impact on the education of various sciences, es-
pecially mathematics education. Of course, it should be noted that the role of teachers and educators
should not be replaced by artificial intelligence in the educational process, but artificial intelligence
should be used to strengthen their activities [27, 29]. It should be noted that the implementation of
artificial intelligence in mathematics education has always faced various challenges despite its poten-
tial benefits. From 2022, in order to solve the challenges and minimize them, the ChatGPT platform
has provided a space for the optimal use of artificial intelligence in education, especially mathematics
education [39].

The basic needs are to transform an education into an efficient, high-quality and effective education
based on the use of modern education methods and tools [41, 43, 45, 23]. Today, comprehensive
improvement of teaching quality is the highlight of mathematics education, and integral teaching in
undergraduate courses is no exception to this rule. The use of modern teaching methods and up-to-
date educational tools can be effective and useful in improving the learning of mathematical concepts,
including the important and fundamental concept of integral. Considering the importance of integral

learning as one of the basic concepts of calculus and also considering the many problems that students
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face in learning it, it seems that the use of artificial intelligence and especially ChatGPT and GPT-4
which is a It is a new and innovative method in education [44], it can help to increase the learning of
the integral concept and reduce the obstacles to its learning [30, 33, 35]. Therefore, the purpose of this
study is to investigate the use of ChatGPT and GPT-4 in integral learning by solving the problems
of this concept among first year undergraduate students in mathematics. In addition, the benefits,
opportunities, as well as disadvantages and challenges of using ChatGPT in integral education have
been analyzed [25, 18].

2. Main Results

At the recall level, all three problems were given to ChatGPT. But the answers should be far from
expectations. He was not very careful in writing mathematical symbols such as parentheses, brackets,
etc., despite the lack of attention and precision to these symbols, mathematical operations, especially
integral calculations, are associated with gross mistakes.

Understanding the second level of Bloom’s classification was that three problems in this level were
considered for teaching the concept of integral using artificial intelligence and especially ChatGPT [40].
The problems were formulated based on the themes of this level such as description, estimation and
prediction [2, 4, 5, 7]. Algebraic description has been done to an acceptable extent, but geometrical
description using figures and diagrams is not seen in it. He did the prediction and estimation just
like the description algebraically. In addition, it has many shortcomings in estimating the answer for
complex problems[10, 14, 16].

The application of integration rules in the algebraic solution of related problems was done completely
and correctly by ChatGPT, and its ability to algebraically solve problems that required the application
of integral rules seems desirable. On the contrary, ChatGPT was unable to use the integral in solving
daily life problems such as the swimming pool problem and could not recognize that the integral can
be used to solve this problem. In solving provable problems, he referred to sources from which the
desired answer cannot be obtained. In general, ChatGPT has performed well at the application level
only in using integral rules in solving simple algebraic problems [18, 28, 30]. Based on ChatGPT’s
answers to analysis level problems, it can be seen that ChatGPT has a great ability in analyzing
and providing solutions to integral concept questions. Analyzing the function under the integral in
order to determine its components in the method of part-by-part integration, comparing one function
with another function, and also changing the right variable, which is a form of deconstruction of the
primary function, was one of the things that ChatGPT handled very well [41, 19]. They were also
successful in solving algebraic or symbolic questions. ChatGPT answered the issues related to the
evaluation level better and more completely than GPT-4. Although drawing and using figures and
diagrams were emphasized in all the problems related to this level of thinking, no figures or diagrams

were presented either in the text of the answers or in the sources he provided.
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The weakest performance of ChatGPT was seen in response to problems related to the level of
creative thinking. Considering that creation is the highest level of Bloom’s classification [6] and it
was expected that artificial intelligence and especially ChatGPT could show its effectiveness in this
stage, but the weakest performance was observed in this stage. He presented the use of the concept
of integral in everyday life with a good example in algebraic mode, but it was not seen that he had
creativity and an idea in presenting the quadruple integral and designed an extension of a specific type
of integral. Even in response to the problem related to the generalization of the integral, he could not
create an acceptable answer. It seems that ChatGPT has many problems in planning to generate new
ideas based on previous information. Designing, building and planning are manifestations of thinking
at the level of creation, which were not seen in the answers provided by this platform and even brought

gross and confusing mistakes.

3. Summary of Proofs/Conclusions

This study showed that ChatGPT can be a useful teaching aid tool, but caution is necessary when
using it, and guidelines for its optimal and complete use should be developed. According to the
results obtained in this study, the main reason for the difficulties in ChatGPT with mathematics is
its educational data. While exposed to a large amount of Internet text, the instructional data is not
specifically designed for mathematical concepts and problem solving. As a result, ChatGPT may
lack the mathematical knowledge and reasoning abilities necessary to handle complex mathematical
problems. It seems that artificial intelligence can be a good guide for students in finding paths leading
to solving problems and learning the concept of integral, and it can be considered a helpful tool for
teachers, but it cannot be considered as a reliable and efficient method in education. This concept
is fully considered. ChatGPT and GPT-4 cannot replace the teacher in the integral classroom, and
it can even be said that its effectiveness is not greater than that of a teacher. It works better only
in solving long algebraic problems that require a lot of calculations and also introducing and making
resources available. There are fundamental flaws in these foundations that require the efforts of the
founders to fix them. It is suggested that its graphic improvement should be paid attention to by the
founders and programmers so that the drawing of the diagram and the drawing of the shape can be
done in a complete and useful way. In generalizing the concept of integral at higher levels of thinking,
it has not been effective and needs to be improved. In addition, it is suggested that the users of
this platform try to present the content in the text of the answers and not refer to the sources too
much, because it creates a kind of confusion for the users. It is also recommended to students and
professors to use it in the classrooms because it performs calculations accurately and acceptably and
provides good guidance for them. However, it should not be trusted by learners and users, because it
has gross and sometimes simple mistakes that will cause misunderstandings and misunderstandings.

It is suggested to the authors of the teaching resources related to the integral concept to compile the
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resources in such a way that the capacity of artificial intelligence and especially ChatGPT can be used

in integral education.
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