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ABSTRACT

Conceptual knowledge for the solution of ordinary differential equations in engineering
students was identified. It is a quasi-experimental research applied to the educational
sciences and technologies, descriptive in nature, using a quantitative approach. The
population corresponded to one hundred and ninety (190) students of both sexes
enrolled in the first semester of engineering at the ITSA University Institution, located
in the city of Barranquilla and Soledad (Colombia), The sample consisted of fifty-three
(53) students. The application of the instrument was carried out in sections
corresponding to the evaluations of the first partial, second exam and final evaluation.
In the instrument, the responses were classified as, leave it blank, it does not do it well,
it does it fairly well and Yes it does. The finding indicates that students have a good
command of preconceptions. As mathematics articulates the use of these
preconceptions or integrates all the knowledge they have acquired around their career
performance is not the most expected, this is probably because the cycles in students
are not continuous.

Key words: Previous concepts, Differential equations, Mathematics education,
University students, Pre-knowledge.

INTRODUCTION

Differential Equations (DE) are a very important part of mathematical analysis and
model innumerable processes that lead to a real-life differential equation whereby a



valid relationship is given in a certain interval, between a variable and its successive
derivatives ( Vergel et al., 2018). Its resolution allows studying the characteristics of
the systems that are modeled, the same equation can describe processes corresponding
to different disciplines (Rodriguez & Quiroz, 2016; Trigueros, 2014).

The E.D., have numerous applications in science and engineering, so that the efforts of
the scientists were initially directed to the search for methods of solving and expressing
the solutions in an appropriate way (Acevedo, 2018). Thus, the first methods of
resolution were algebraic and numerical, which allowed the solution to be expressed
exactly, such as y = f (x), a function of the independent variable, and the second aim
to calculate values taken by the solution in a series of points which allows that the set
of these values is called numerical solution for the estimation of the values in
intermediate points can be obtained by interpolation (Molina, 2015; Trejo et al., 2013).

The need to resort to alternative methods and not to algebraic ones is due to the fact
that with the exception of a few more or less simple cases, the vast majority of
differential equations cannot be satisfactorily solved exactly which leads us (Jaimes et
al., 2018).

Various authors point out that the teaching of differential equations in traditional
calculus courses is predominantly focused on algebraic solving. As a result of the
traditional way of teaching, students develop a limited and restricted vision of this
mathematical object (Plaza, 2016; De Las Fuentes et al., 2010).

Learning techniques to determine exact solutions for a very select set of differential
equations does not seem to contribute significantly to modeling or interpreting results
in terms of the original problem. Furthermore, by neglecting the geometric aspect,
students find it difficult to solve problems involving various semiotic registers,
understand the meaning of a differential equation, and still recognize them, especially
nonlinear ones. For some researchers, the mastery of algebraic techniques constitutes
an obstacle to learning through other approaches (Sonzogni, 2017; Espinoza et al.,
2016).

The meaning of ordinary differential equations is of fundamental importance for the
training of a professional, whether due to the innumerable field of applications or the
integrative nature of this theory (Valencia & Gandara, 2018). Being a subject of a four-
month subject, with a large amount of content to develop and limited time for learning
them, we decided to prioritize that students have a global and more complete idea of
differential equations, although perhaps more intuitive and less formal (Estrada et al.,
2018). For all that has been exposed in this work, the conceptual knowledge for the
solution of ordinary differential equations in engineering students was identified.



MATERIAL AND METHODS

Research Type and Design: This is a quasi-experimental research applied to the
educational sciences and technologies, descriptive in a quantitative approach.
According to Ruiz (2017), because it is an investigation in the field of education,
because it focuses its attention on determining the “what is” of an educational
phenomenon and attempts to answer questions about the present state in the field of
exact Sciences.

It should be noted that to classify an investigation as experimental it is necessary that
at least one of the independent variables studied has been explicitly manipulated by the
researchers Portell & Vives (2019) express:

"Experiments with the same group (intrasubject). Each of the participants has received
all levels of the independent variable in all orders (complete) or only in one order
(incomplete). The effectiveness of this design depends on having controlled the effect
of the practice accumulated by the repetition of tasks, so the form used must be
indicated, together with the designation. Design with an independent variable,
intrasubject, with simple random ordering (complete). In this experimental plan, the
nature of the independent variable has allowed many repetitions of each level, so the
final presentation of the levels and their repetitions has been done in a simple random

n

way”.

Due to what has been stated above, the sequential quasi-experimental design is
considered.

Population and Sample: The population corresponded to one hundred and ninety (190)
students of both sexes enrolled in the first semester of engineering at the ITSA
University Institution, located in the city of Barranquilla and Soledad. In collecting the
data, it was noted that these young people they come from different strata of the city as
well as from different municipalities of the Caribbean Coast.

The sample was made up of fifty-three (53) students of the subject of Mathematics of
the university institution with ages between sixteen (16) and thirty (30) years, see Table
1. This sample was obtained by applying the following formula (Fong et al., 2017):

2’NPQ
(N-1)E?+Z°PQ

Where

N = Population P = Probability
Q = No probability E = Admitted error



Z = Standardized value (Confidence level)
Sample calculation

Table 1. Sample Calculation

Confidence Z’NPQ
n=
Error level P Q (N-1)E?+2Z?PQ
10% 1,96 50% 50% 112
5% 1,65 50% 50% 128

Source: Own elaboration
As the 10% error is admissible, they will see the sample of fifty-six (56) students.

Instrument: The instrument, a guide to problematic situations, was designed taking into
account the topics covered from mathematics in the first semester of engineering and
its relationship with the curricular guidelines of mathematics (Gomez et al., 2016), the
topics suggested for the application were Ordinary Differential Equations. The
observation guide was designed based on the categories observed in the presence of the
process of solving problematic situations and at the different moments of variable
control.

The application of the instrument was carried out in sections corresponding to the
evaluations of the first partial, second parcia and final evaluation, to students who were
studying the first semester of engineering, each of which lasted two (2) hours and was
carried out in the facilities from the ITSA University Institution. The application of the
instrument, for the first and second part, is applied with the intention of carrying out
the control over the performance that the participants demonstrate on the mathematical
application, as well as the basic elements of mathematics and necessary for the
resolution of the EDO

Techniques for data collection: Systematic observations with data collection in record
sheets. Following the guidelines of Ballestin & Fabregues (2019), the observation
guide model was subjected to a pilot test that determined its conformity with the
research requirements and its relevance within the context of the state of the art and the
possibilities of obtaining it. of reliable information. The questionnaire, considered as a
tool that facilitates to directly investigate the investigated population, was applied to
the selected sample to obtain results and to make an analysis to explain the research
variable. In this instrument, the responses were classified as:

1. Leave it blank
2. Doesn't do it well



3. Does it fairly well
4. If you do

RESULTS AND DISCUSSION

It can be seen in Table 2, that 73% of the students have a good handling of the
factorization cases, which allows them to have a broader vision of the concepts that are
going to be required, it can also be observed that only 70 % of students maintain good
management of cases where referral is required. But it was observed that at the time of
integration it costs them work since only 61% of the students manage to maintain that
level. As it can also be seen that in some cases students derive and integrate better
without being clear about the use of factorization, a case that can be understood taking
into account that these operations are inverse and almost immediate.

Table 2. Previous Knowledge

Knowledge
Factoring Derivation Integration

frec Porc frec Porc frec Porc
Leave it blank 6 10% 8 13% 12 20%
Does not do well 10 17% 10 17% 11 18%
Does it fairly well 26 43% | 28 | 4% | 20 | 33%
It does well 18 30% 14 23% 17 28%
Total 60

Source: Own elaboration

The differential equations are according to Rodriguez et al. (2019), a very important
part of mathematical analysis, which models innumerable processes that lead to a real-
life differential equation through which a valid relationship is given in a certain
interval, between a variable and its successive derivatives. Its resolution allows
studying the characteristics of the systems that are modeled, the same equation can
describe processes corresponding to different disciplines.

Table 3. Knowledge

Frequency  |Percentage  |Cumulative Percentage
Leave it blank 8 13,3% 13,3
Does not do well 12 20,0% 33,3
Does it fairly well 27 45,0% 78,3
It does well 13 21,7% 100,0
Total 60 100,0%




Source: Own elaboration

When performing the analysis in Table 3, it is established that 45% of the students in
the group address problems on a regular basis, taking into account the concepts
established as requirements for their solution, being consistent with the taxonomy of
Marzano and Kendal (Nahon & Urbina, 2019), the evaluated students are in the stage
of understanding the knowledge required to solve problems, this cognitive stage of
understanding is defined as a process in the cognitive system responsible for translating
knowledge into Appropriate ways for its permanent memory storage to occur, that is,
to take the structure and format required for key information to be preserved. In this
same process and only 21.7% of the students in the group are consolidated with respect
to the application of the test.
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Figure 1. Previous Knowledge

That is, they have a good understanding of the required knowledge that allows them to
develop knowledge that they understand. Therefore, it can be affirmed that the analysis
goes beyond the identification of the essential versus the non-essential, which are
proper functions of understanding (Garcia, 2019). In Figure 1 bar chart, you can see in
more detail the analysis presented at the top.

CONCLUSIONS

Taking into account that mathematics is a compendium of knowledge intertwined
between topics that students have addressed in previous semesters and in grades of
basic schooling, when talking about differential equations we cannot leave aside
important concepts such as factorization, derivations and integrations. Given the
results, the finding indicates that the students have a good command of the



preconceptions. As mathematics articulates the use of these preconceptions or
integrates all the knowledge they have acquired around their career, performance is not
the most expected, this is probably because the cycles in students are not continuous.

Similarly, this research found that previous knowledge is significantly related to the
student's ability to advance his professional training and application of differential
equations which is reflected in his academic performance specifically in the areas
related to mathematics
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