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Abstract - This work is an exploratory investigation 
using a mixed methodology. The objective is to 
obtain information and knowledge about the learning 
of students at ITMA (Milpa Alta Technological 
Institute) and the problems they face in the subject 
of Differential Calculus in the August-December 
2024 semester, in which there is a failure rate of 
68% in the subject and a dropout rate of 18%, with a 
population of 166 students from the four engineering 
programmes in the first semester. As a first approach 
to the subject, a documentary search was carried out 
in research articles on this subject in the period from 
2018 to 2023. the results and conclusions of the 
information gathered were analysed and compared; 
this information was used as a basis for comparison 
with the context of the Milpa Alta Technical 
Institute, and the strategies that were applied to 
enable students to learn differential calculus and that 
failed were identified. The aim is to present the 
analysis of the information gathered using tables and 
statistical graphs of the results of the questionnaire 
administered to students and, finally, to present 
conclusions that will serve as the basis for a second 
article on implementation.

Keywords: Learning, differential calculus, failure 
rate, descriptive research, exploratory research.

Abstract -- The present work is an exploratory 
research, applying a mixed methodology, the 
objective is to obtain information and knowledge.

about the learning of ITMA students (Technological 
Institute of Milpa Alta) and the problems faced in 
the subject of Differential Calculus in the August-
December 2024 semester in which there is a failure 
rate of 68% in the subject and dropout of 18%, they 
have a population of 166 students Of the four 
engineering majors in the first semester. As a first 
approach to the topic, a  documentary search was 
carried out in research articles referring to this topic 
in a period of time from 2018 to 2023, results and 
conclusions were analysed and compared with the 
information collected; This information being the 
basis for comparing it with the context of the I.T. of 
Milpa Alta, the strategies that were applied so that 
the students could learn the subject of differential 
calculus and that failed were identified. Finally, the 
aim was to show the analysis of the results through 
statistical graphs of the results of the questionnaire 
applied to the students. Finally, conclusions were 
presented, forming the basis of a  second 
implementation article.

Key words – Learning, Differential calculus, 
Failure rate, Descriptive research, Exploratory 
research.

INTRODUCTION
This work is an exploratory investigation, applying a 
mixed methodology, which seeks to obtain 
information and knowledge about the learning of 
students at the Milpa Alta Technological Institute, 
hereinafter referred to as (I.T. de Milpa Alta), and 
the problems they face in the subject of Differential 
Calculus; already
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that in the August-December 2024 semester, there is 
a 68% failure rate in the subject and an 18% dropout 
rate, with a population of 166 students from the four 
engineering programmes in the first semester, 
identify strategies that were applied in the semester 
and did not have positive results; Education at ITMA 
continues to adhere to the traditional model 
characterised by the use of mechanical behaviourist 
methods, which are not conducive to learning among 
engineering students, has led to monotony and 
fostered an attitude of apathy towards the study of 
science.
To develop and obtain information, the following 
steps will be taken:
Design a Likert-type questionnaire to be 
administered to students of the subject under study, 
asking about their feelings and experiences in their 
learning, use of ICTs, and how they have benefited 
from them. Finally, present the analysis of the 
information obtained from the students using 
statistical graphs of the results of the questionnaire, 
the results and conclusions to gain an in-depth 
understanding of the problems faced by the students 
in understanding differential calculus.

DEVELOPMENT
Research Design

This research project is based on an academic study 
at the Milpa Alta Institute of Technology, an 
assessment of the problems faced by students in 
learning differential calculus, aimed at 167 first-
semester engineering students from four different 
degree programmes.

This study was conducted in three stages. The first 
stage involved documentary research of scientific 
articles in various scientific journals from 2018 to 
2023 to learn how other universities have worked. 
The second stage involved developing a tool to 
collect information in five categories from 167 
students, seeking specific information on five 
important aspects, which are: a).- academic 
background, b) knowledge and skills, c) study 
habits, c) interest in mathematics, d) course 
management. The questionnaire consisted of 30 
questions and was administered digitally using a 
form. A semi-structured survey of 10 questions was 
administered to teachers to learn about their teaching 
methods and students' attitudes. For the third stage, 
tables and graphs were constructed to analyse each 
category, followed by a discussion and comparison 
with the state of the art and subsequent conclusions, 
Duque V., Jorge L. and León U., Ana P. [1].

Criteria for selecting information from articles

Research articles and doctoral theses from January 
2018 to December 2023 were considered, addressing 
studies on issues in the context of differential 
calculus in Mexican universities. Of the 15 articles 
selected, the state of the art was analysed and a 
general conclusion was drawn to serve as the starting 
point for research focused on the context of the 
Milpa Alta Technical Institute.

Exclusion: Works that were not directly related to 
differential calculus were excluded, as well as those 
that, although they mentioned the theories of 
interest, did not provide relevant data on problems 
faced by students.

Results of the state of the art

With regard to methodology, instruments were 
designed and used to investigate the learning 
difficulties experienced by students taking the 
differential calculus course. One of these 
instruments used Likert scales, and some similarities 
were observed, but with different approaches and 
methods applied to each context.
In conclusion, the problems identified are 
attitudinal, habits, lack of interest and commitment 
on the part of students in general, as mentioned in 
the research reviewed, coupled with a lack of solid 
knowledge in arithmetic and algebra. in terms of the 
technological aspect of incorporating ICT, it is 
mentioned that it is currently inconceivable to 
continue using traditional strategies, techniques, 
methods, and means that have not yielded the 
expected results, given the advances in mathematical 
programmes that are not being used as tools or are 
not known.

In order to identify the problems, learning 
deficiencies and prior mathematical knowledge that 
first-semester students should have, a test was 
designed and administered, covering
five important categories, relating fundamental 
topics that are associated with aspects that new 
students should know and that directly impact 
learning and academic achievement in the subject of 
Differential Calculus at the Milpa Alta Technical 
Institute, Vasco et al. [2]. The study was conducted 
with the support of survey instruments and a specific 
questionnaire, applied to and aimed at first-semester 
students, in order to obtain reliable information 
about the problems they have or face in the subject 
of Differential Calculus, as well as their possible 
strengths, weaknesses,  a n d  academic 
background.
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to obtain a diagnosis of the situation. This allows for 
an analysis of the problem in order to propose a 
working strategy to reverse the indicators.

MATERIALS AND METHODS

To understand and identify the basic mathematical 
strategies, methods, tools, and skills that students 
must learn and demonstrate over time, and to 
understand which cognitive processes support the 
transfer of knowledge in mathematics.
We currently live in a globalised world where the 
terms education and technology are strongly linked, 
as indicated by international organisations such as 
UNESCO, which, among its main policies in the 
field of higher education, includes, among others, 
the incorporation of new information and 
communication technologies Schwartzman [3].
The mathematical learning process:

Contributions on the importance of mathematics 
have been considered for a long time, with different 
positions on how to carry them out. On the one 
hand, practice was considered necessary, while on 
the other hand, it was considered necessary to acquire 
concepts and methods before performing any 
mathematical exercises. In this way, mathematical 
exercises focused on the interpretation of concepts.

According to Vygotsky, cited by Yasmina [4], 
learning occurs through two fundamental 
mechanisms: the areas of current and potential 
development. Vygotsky addresses the challenges of 
learning mathematics. First, he recognises and 
explains the educational difficulty. then, using 
Vygotsky's theory on the transition from the zone of 
current development to the zone of potential 
development, he proposes how educators can 
facilitate this transition in students' learning of 
addition.
On the other hand, according to Yasmina [4], cited 
by PIAGET, he suggests disagreements with 
associationist theories and analyses the logical 
functions that underpin many fundamental 
mathematical activities, considering them 
prerequisites for understanding the concept of 
number and measurement. Piaget never had an 
interest in mathematical learning problems, yet 
several of his contributions remain relevant to the 
teaching of the subject. His proposition that logical 
functions are essential for establishing the concepts 
of numbers and arithmetic has been discussed from 
much more current perspectives. Currently, there is 
a trend towards an approach that

encompasses competence, emphasising numerical 
and logical development.
The aforementioned theories show the studies 
carried out on the learning of mathematics by some 
figures and the contrast between them. What is 
interesting after reviewing them and analysing each 
approach is that it can be understood and seen 
reflected in new students.
These deficiencies and problems among students are 
undoubtedly also related to the tactics and skills of 
teachers, which are essential for adequately 
imparting knowledge related to mathematics. The 
challenge is now considerable, as students enrolled 
at the Institute to pursue a professional degree in 
engineering with the aforementioned problems must 
take and pass the differential calculus course with 
their skills. Teachers must be familiar with the 
current educational models that should be applied to 
teaching the subject. The model used by the 
institution, in this case the Milpa Alta Technical 
Institute, is the competency-based model defined in 
the TecNM degree programmes, which indicate that 
students' knowledge must be developed and 
competencies acquired through practice and 
experience in teaching mathematics subjects. 
Teachers use different models, starting with the 
behaviourist model for the specific teaching of each 
topic and problem to be solved in the traditional way 
with a marker and blackboard so that the student 
can observe and reinforce their knowledge Ball, D. 
L., Thames, M. H., and Phelps, G. [ 5].

Figure 1. Student survey.

Source: Own elaboration (2024).

Dreyfus and Eisenberg [6] assert that differential 
calculus is the branch of advanced mathematics that 
should be given the most time in scientific and 
technical studies, given the number of non-trivial 
problems present in its learning process.
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METHOD

The case study addressed at the Milpa Alta 
Technical Institute uses a mixed approach to 
facilitate both qualitative and quantitative analysis 
of the information obtained. Semi-structured 
interviews avoid limiting the responses of the 
interviewees Castro, E
[7]; these included students taking the differential 
calculus course and teachers who are teaching this 
subject in the August-December 2024 semester.
The research is aimed at first-semester students 
taking the differential calculus course. For the 
interviews with the authorities, students, and 
teachers, a list of 10 semi-structured questions was 
prepared, which provided relevant information on 
the activities they carry out, the management of 
resources, the commitment and quality with which 
the teachers and authorities carry out their work in 
teaching the subject, and, on the other hand, the 
students' commitment and quality of time spent 
learning the subject. This qualitative information 
was then analysed and discussed by the researcher.
The questionnaire for students consists of five 
sections: (a) Course organisation, (b) teaching 
dynamics, (c) assessment and grading criteria, (d) 
academic and personal risks, (e) student background. 
The questionnaire will be available through Google 
Forms, a platform that allows for both data 
collection and subsequent organisation and analysis. 
It will be sent via mobile phone to be answered, 
Caballero, M. [8].

RESULTS

The results obtained from the instrument applied to 
the students are presented below, using tables and 
graphs to analyse the responses and comments 
related to the research framework.
The difficulties encountered when teaching and 
learning differential calculus to higher education 
students. According to Artigue, M. [9], identifying 
students' difficulties and errors during the learning 
process, determining their causes, and structuring 
teaching based on this information is the common 
denominator of theories on teaching and learning 
mathematics.

Table 1, Analysis of knowledge and mastery of concepts 
or theories in mathematics.

Source: Own elaboration (2024).

Previous skills and knowledge are an important 
factor that can influence students' success in learning 
differential calculus. The strength of their prior 
knowledge of algebra and arithmetic is essential for 
understanding the properties of functions, as 
students need to know how to solve equations, 
manipulate and understand algebraic expressions 
and numerical structure, Cantoral, R [10]. In 
addition to an interest in mathematics, this implies 
their ability to constantly strive for improvement and 
be self-taught in their learning. It is crucial to 
complement an interest in mathematics and prior 
knowledge in order to solve complex problems in 
differential calculus. Table 1 clearly shows the 
situation of students in the unfavourable percentages 
that directly affect the learning of differential 
calculus, which undoubtedly affects failure in the 
subject.
García Retana [11] states that failure to learn 
calculus could be due to a lack of knowledge of 
algebra and the properties of numbers, a point that 
this study seeks to demonstrate and substantiate 
through the information collected.

Figure 1. Knowledge and mastery of mathematical 
concepts and theories.

Source: Own elaboration (2024).
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With regard to the factors that could be associated 
with failure, Figure 1 shows that 26 students like 
mathematics very much, 25 like it a little or not at 
all, while 73 like it moderately or sufficiently. To 
learn mathematics, an important and necessary 
factor for good results or success is that you like it, 
since, given the degree of difficulty and abstraction, 
students who like it see it as an interesting subject 
and a challenge to understand and master, while 
those who do not like it find it difficult to 
understand, boring, and give up on learning it 
(Alanís R., J. [ 12]).

Figure 2. Mastery of algebra.

Source: Own work (2024).

Figure 2 shows the situation of students in terms of 
the basic prior knowledge they must have in order to 
venture into the subject of differential calculus. 
Algebra and arithmetic are vital for learning 
functions in differential calculus. In particular, 
students must be able to manipulate equations and 
expressions algebraically and understand numerical 
structure in order to successfully tackle the concepts 
of functions in differential calculus. However, the 
graph in Figure 2 and Table 1 show unfavourable 
data.

Table 2. Category on academic background.

Source: Academic background, own elaboration (2024).

Table 2 shows important and relevant data on the 
students' background. As in the first question, those 
who take a single exam do not study calculus, 
algebra or pre-calculus, so they lack this knowledge 
and are faced with new concepts in differential 
calculus that they have never seen before, which will 
undoubtedly cause serious problems in 
understanding the subject. This table shows the 
average grades obtained by students upon 
graduation, reflecting their commitment, 
responsibility and study habits.

Another important factor is the length of time since 
they left school and stopped studying, which has a 
direct impact on their forgetting the concepts and 
knowledge learned in mathematics, meaning that 
when they enter the programme, they are practically 
starting from scratch. One piece of data is the scores 
they obtained in admission exams at other schools, 
since the institution practically admits rejected 
students. The table shows that 93 students did not 
exceed 70 points in the admission exam at other 
institutions.

Figure 3. The importance of the subject for students.

Source: Importance, own elaboration (2024).

The level of importance that students give to the 
subject is one of the factors in their failure.
Descriptive studies measure, evaluate, or collect data 
on various aspects, dimensions, or components of 
the phenomenon under investigation. This is done in 
order to collect all relevant information on specific 
aspects of the students, concentrating the 
information and analysing it in order to arrive at a 
reliable overall diagnosis in the research; these 
results allow strategies and tools to be proposed that 
can be adopted and implemented in future courses. 
Díaz Barriga, Frida and Hernández R., Gerardo. 
[13].
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Table 3 analyses the category of commitment and 
interest among students. The questionnaire yielded 
the following results:

Table 3. Commitment and interest.

Source: Own elaboration (2024).

Table 3 shows the students' attitudes, which directly 
affect their learning of the subject, since the 
structure of the knowledge is sequential and each 
topic is related to the next. Arriving late or missing 
a day or two of class means losing the sequence and 
relationship between the topics covered, which 
therefore makes it impossible to understand the 
subject. Attitudes towards mathematics are 
understood as the student's evaluative predisposition 
that establishes personal intentions towards the 
discipline and influences their behaviour as a 
learner (Gil, Blanco and Guerrero [14]).

According to Silva, J. and Villarreal, G. [15], they 
have to do with the valuation, attraction, 
appreciation, satisfaction, curiosity and interest in 
the discipline and its learning, emphasising the 
affective component more than the cognitive one, 
and are characterised by considering the subjects' 
abilities and how they use them. The table shows 
data such as commitment and punctuality, which, 
together with an interest in differential calculus, 
undoubtedly affect the results of the indicators seen 
above.

Figure 4. Commitment and interest.

Source: Commitment and interest, own elaboration (2024).

Figure 4 shows punctual attendance in class: 42 
students arrive on time, while 101 arrive after the 
class has started or do not attend at all, which 
undoubtedly has an impact on their learning of the 
subject covered in class.

Figure 5. Interest in the subject of differential calculus.

Source: Interest in the subject, own elaboration (2024).

Figure 5 shows that only 17 students like the 
subject, while the rest rate it as fair to poor. It is 
therefore necessary to implement strategies that 
allow students to understand the concept, 
application and usefulness of the subject in their 
careers, so that their perspective changes. Once they 
understand the application of the concepts in real-
life problems, their enjoyment of learning changes 
radically [16].

Figure 6. Importance of the subject in the degree programme.

Source: Own elaboration (2024).

Figure 6 shows that, for 86 students, ranging from 
nothing to sufficient, the subject is not important in 
their degree programme, as they do not yet 
understand its application or have not been taught 
how it is applied in their areas. For students, 
studying an engineering degree that really appeals to 
them means focusing their interests and skills to 
achieve not only good academic performance, but 
also their full comprehensive development. It is 
important to note that in order for students to face 
academic challenges, it is necessary to encourage 
and promote planning, organisation, and the 
development of skills that enable them to solve 
problems by seeking the appropriate resources.
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Table 4. Academic and personal characteristics of 
students.

Source: Importance, own elaboration (2024).

Table 4 analyses students' habits, which can be seen 
in the right-hand column, with the unfavourable 
percentages for each question. It mentions that a 
student cannot use effective study skills until they 
have good habits and argues that an individual 
learns more quickly and deeply than others because 
of their good study habits. Furthermore, they 
reiterate that studying effectively and efficiently is 
more than just memorising facts; it is about 
knowing where and how to obtain important 
information and the ability to make intelligent use of 
it.

Table 5. Organisation and management of the 
course by the teacher.

Source: Management, own elaboration 
(2024).

Table 5 shows the high percentages for each 
question that hinders student learning. Therefore, 
each group should be monitored and reviewed, 
based on the evidence and the students' notebooks, to 
see if the requirements were met.

with course management and whether or not the 
teacher instructed them to do so; likewise, in the 
attendance list, if the student attends class and has 
all the notes covered in class.

Table 6. Knowledge and use of mathematical software.

Source: Software, own elaboration (2024).

Table 6 shows that the mathematical software best 
known to students is the GeoGebra programme, 
which, although known to most students and 
teachers, they do not know how to use with all the 
functions it can perform, only using it to graph 
simple functions, Kress, G. and Van Leeuwen, T. 
[17]. It can be seen that 81.3% of the 142 students 
who responded are familiar with the GeoGebra 
programme and that it is a tool that, due to its 
benefits and ease of use, can be incorporated into 
Differential Calculus classes, Pierre Lévy [18].

Young people's knowledge of these platforms is 
very basic, as they only know how to make simple 
graphs.

Some studies, such as the one conducted by Torres M.
[19] who found that the use of GeoGebra software 
in virtual environments influences the learning of 
certain mathematical constructs, particularly those 
related to differential calculus. GeoGebra is a 
computer tool that provides considerable and 
unquestionable support in the teaching-learning 
process, allowing the recreation of the abstract 
language of mathematics. The software is free, easy 
to use, and allows for the visualisation of the main 
characteristics, properties, and logical-theoretical and 
visual foundations of mathematical content related 
to algebra, geometry, numbers, functions, statistics, 
and mathematical analysis. In conclusion, this tool 
allows for
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enhance learning with regard to the study of real 
functions, which are very useful in the processes of 
modelling and explaining specific situations in the 
environment.

DISCUSSION

The information gathered and presented in the tables 
facilitates the analysis of the academic background 
and prior knowledge of new students, their 
strengths, weaknesses, areas of opportunity, as well 
as the technological tools that can be adopted for 
teaching differential calculus. The causes of the 
problems affecting the learning of concepts and 
theories in differential calculus are revealed, and the 
data is compared and analysed to make an 
assessment using the various theories of learning 
differential calculus and mathematics with theories 
from researchers and research cited in this work. 
Some of the main reasons that stand out from the 
survey conducted that impact and generate the 
problems are:
a) The academic background of the students 
indicates that, based on the data analysed, they have 
deficiencies in prior knowledge of algebra, 
geometry, or dyscalculia, coupled with poor study 
habits and commitment.

b) Between 60 and 70% of students are 
continuously absent from classes, and 55% are only 
interested in passing the subject without 
understanding its content and importance in their 
career. This behaviour has a direct impact on their 
failure in the subject and in specialised subjects, as 
they show no interest in learning the subject or 
mathematics. c) It is worth noting that the 
educational model adopted at the Milpa Alta 
Technical Institute is a traditionalist model, where 
teachers are the only actors in the classroom, 
technological tools are not used, and the activities 
outlined by the teacher in their lesson plans are not 
followed. d) The organisation of the course is a very 
important factor in the results. Some of the 
difficulties in learning the subject stem from the 
teacher's organisation and teaching methods, the 
lack of teaching materials or resources, and the fact 
that the teacher does not implement new resources 
or does not know how to use them.
e) The above points have an impact on student 
motivation. These types of difficulties are related to 
students' self-esteem and academic history. If they 
do not understand the subject matter, they drop out 
or withdraw from the programme. d) Teachers; 
teaching methods, lack of knowledge about the use 
of ICT and digital tools as support in teaching 
differential calculus.

This information, compared with the information 
gathered in the state of the art, shows a certain 
similarity in the problems detected with other 
universities in the country, since in the context of 
the Milpa Alta Technical Institute, it is observed 
that students often face difficulties related to 
understanding abstract concepts, applying rules and 
formulas, and problem solving, also caused by a 
lack of interest, study habits, and commitment. They 
mention that a student cannot use effective study 
skills until they have good habits and argue that an 
individual learns more quickly and deeply than 
others due to their successful study habits Villarreal,
G. [20]. Furthermore, they reiterate that studying 
effectively and efficiently consists of more than 
memorising facts; it involves knowing where and 
how to obtain important information and the ability 
to make intelligent use of it. In other cases, it was 
observed that 15% of students are enrolled in new 
high school programmes, where they obtain their 
certificate in one year, and in those cases, subjects 
such as differential and integral calculus are not 
included. This has a direct impact on their 
understanding of the new topics in differential 
calculus, a subject that is taught in the first semester 
of the degree programme [12].

The information obtained in this study provides an 
overview of the problems that impact learning in the 
subject of differential calculus, as well as new 
questions and challenges to reverse the problem that 
impacts the failure rates of more than 60% reported 
by the School Services department in this subject. 
Likewise, the initial question of this research is 
answered:

What problems do engineering students face in 
differential calculus, given the high failure rate?

This research is the beginning of the search for 
proposals to solve the problems faced by students at 
the
Milpa Alta Technical Institute, as well as important 
information that will be used for the next 
implementation article, with the proposal of 
teaching strategies, incorporation of ICT and 
multimodality, to be implemented with students in 
the next semester in the Differential Calculus 
Workshop.
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CONCLUSION

It is important to emphasise that the aim of this 
study is to carry out an assessment to identify the 
causes of the problems experienced by first-year 
engineering students at the Milpa Alta Institute of 
Technology that have a negative impact on their 
learning in the subject of differential calculus. It 
also answers the initial research questions by 
evaluating the survey results, taking into account the 
following: The strategies, tools, and technologies 
(ICT) used for learning in the subject so far have not 
achieved positive results in reducing the failure and 
dropout rates for the subject. Teachers and students 
are unaware of how to use the platforms, and there 
is no planning or teaching strategies to accompany 
them in using them in the subject. Therefore, they 
have failed. The graphs and tables show a close 
correlation between the students' academic 
background and study habits and the failure rate for 
the subject, which must be addressed. Therefore, the 
institution and academics need to develop a work 
plan that includes algebra courses, tutoring, 
motivation courses, and study habits, to be 
implemented in the first and second semesters. 
Another important factor is the proper management 
of the course, which, as observed, has an impact on 
student learning, based on their perception and 
knowledge. Attending class and not complying with 
the agreements and assessment methods causes 
confusion among students and leads to them 
dropping the subject. It would be necessary to 
monitor and review the course management of the 
teachers who teach the subject on a regular basis 
from the beginning of the course, establishing a 
supervision schedule during the semester in the 
subject of differential calculus. Training with the 
teacher in the GeoGebra programme, requesting a 
course for teachers and students, which, based on 
the data collected, is the best-known and free 
platform that can be integrated for teaching the 
subject, would visually support the behaviour of 
mathematical function modelling. The results 
reflected in this study open up an area of 
opportunity for students and teachers through the 
identification, development, and implementation of 
strategies to reduce failure rates or low academic 
performance in order to counteract the current 
negative indicators at the Milpa Alta Technical 
Institute.
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