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Abstract— In this paper we present the results of an investigation
carried out with students of 2" Technical Engineering in
Computer Management, which studied whether the continued
use of a methodology based on error analysis improves their
academic performance in the study of ordinary differential
equations. The sample consisted of a total of 18 students in a
Spanish public university. The investigation design was quasi-
experimental comparison with an experimental group and a
control group. The results allow to assert that if it is continuously
used the aforementioned methodology based on the analysis of
student’s errors, it increases academic performance of students
when they study ordinary differential equations in a more
effective way than if it follows the traditional methodology.
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I. INTRODUCTION

Ordinary differential equations are a basic tool for
professionals in fields related to science and technology such
as computer engineers. This is due to ordinary differential
equations allow describing phenomena based on variation and
therefore allow us modeling and solving problems from a
variety of contexts.

Reference [1] conducted a study in order to explore the
teaching and learning of first-order ordinary differential
equations through a qualitative study of their solutions.
Reference [9] identified the different strategies used by
students to solve ordinary differential equations, and [14]
developed a framework for interpreting and understanding the
difficulties that students have with central mathematical ideas
in differential equations. Reference [5] found that, in general,
the idea that students have to solve a differential equation is
reduced to the application of specific algorithms for
classification and solving ordinary differential equations.
Reference [18] conducted a review of various works related to
teaching and learning of ordinary differential equations,
identifying different strategies, difficulties and understandings
that students show related to the creation, interpretation and
coordination of different systems of representation (including
phase and bifurcation diagrams) and formulating justified
predictions about the behavior of the solutions.

A teaching model proposed in the field of investigation in
mathematics education is conducted in the framework of the

Inquiry-Oriented Differential Equation (I0-DE), in which the
concept of ordinary differential equation is interpreted as an
expression that shows the evolution of time function, as in
[16]. The students who participated in the project worked in an
environment that promoted discussion, the approach of
conjecture, justification of ideas and creating own resolution
methods, as in [15]. Reference [17] states that several
investigations have shown that these students perform better
results than others who did not participate in this project,
especially in activities related to modeling and analysis of the
behavior of solutions of an equation, as well as having a
greater capacity to retain knowledge and math skills, as
described in [11].

It is a fact that our students make mistakes in their
productions when working any mathematical domain, in
particular, ordinary differential equations. The analysis of
those mistakes is a valuable source of information considered
as Weiner (quoted by [13]), who started a educational
investigation oriented to the study of errors. There are
numerous investigations where errors are classified and
categorized using different approaches ([6], [4], [19], [7], [3],
[2]). Reference [20] considers three axes, not disjoint, that
allow us to analyze the source of the error. In this way, we can
classify student’s errors on three different origins: obstacle (no
use of parentheses, concatenation, need for closure),
meaninglessness (arithmetic: no wuse of parentheses,
particularization; procedure: improper distributive property)
and affective and emotional attitudes. Reference [10]
considers that among these difficulties that exist in the
teaching-learning process of differential equations, it has been
found obstacles in the integration of different registers of
representation.

We consider that it is interesting to propose tools to improve
the teaching and learning of ordinary differential equations in
the first college courses careers in science and engineering,
which is an issue raised by [8]. One such tool is the analysis of
errors. When discussing why something is wrong, the student
must maintain focus on the arguments made by their partners
and bring their own, and that is why it is necessary to think for
himself. Error analysis is one of the most powerful tools.
However, despite its potential, it is an instrument that is not
used consistently in the classroom when teaching ordinary
differential equations. This suggests an opportunity to extend
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their use, adapting in an adequate way to various situations,
and levels of education courses as proposed in [12]. It is
important to explore innovative strategies to develop
performance in teaching-learning processes of ordinary
differential equations in our students. It is also important to
explore innovative strategies to develop the academic
performance of our students in the learning processes of
ordinary  differential  equations. = Our  investigation
complements previous works on teaching and learning of
ordinary differential equations as [8], and on the errors and
difficulties that students make when they solve an ordinary
differential equation as in [14]. Our goal is to study the
relation between the application of a methodology based on
the analysis of errors in a classroom with students of 2™
Technical Engineering in Computer Management, and the
improvement of their academic performance in the study of
ordinary differential equations. We consider that the results of
this study will provide suggestions to increase existing
teaching techniques to improve the teaching and learning of
ordinary differential equations.

II. METHODOLOGY

A. Design

The investigation was conducted in the field of Technical
Engineering in Computer Management degree offered by the
University of Granada on the campus of Ceuta. Participants
were 18 students, aged between 19 and 23 years old, who
attended the Numerical Analysis course. The investigation
design was quasi-experimental comparison with an
experimental group and a control group. The experimental
group consisted of 9 students as well as the control group.

B.  Hypothesis

The hypothesis of our study is stated as follows: If we use
continuously a methodology based on error analysis with
students of 2™ Technical Engineering in Computer
Management, then they will improve their academic
performance when solving ordinary differential equations.

C. Variables

In this section we describe the variables used in our study.
We include two variables in total.

e Independent variable. The methodology based on error
analysis.

e Dependent variable. The academic performance of
students when solving ordinary differential equations.
This is a quantitative variable which range between 0
and 10 points.

D. Method

The study can be divided into three phases:

e Pretest phase. This phase took place in early March
2010. The initial test to determine their level of
mathematical knowledge was applied to all students in

the sample, simultaneously and in the same classroom.
This test can be found in appendix A. During the
application of this 1 hour test, students had to respond
to a total of 5 questions that dealt with solving
equations, numerical sets and calculation of limits,
derivatives and integrals.

Intervention phase. This phase was carried out by
applying the methodology based on the analysis of
errors in the experimental group during 26 sessions of
1 hour each over a total of four months. The timetable
established for these sessions coincided in both groups.
The contents explained to both groups were: definition
of ordinary differential equation, resolution of first-
order ordinary differential equations (separate
variables, homogeneous, Bernoulli, exact differential)
and ordinary differential equations with initial
conditions. Once contents were explained to the
students belonging to the experimental group, it was
presented several solved activities containing different
types of errors: errors when operating algebraically,
logic errors, technical errors, misinterpreted data,
incorrect use of language, and students had to detect
reasonably the error. Next we describe the stages
followed in the search of errors:

- Opening: An activity is posed to students. We ensure
that students know exactly what they have to do.

- Implementation in which the proposal was made. The
implementation could be: a large group or class group
from a common dialogue, students in pairs or
individually.

- Contrasting: Stage where ideas were contrasted
through dialogue. If the previous phase was carried out
individually, this phase was carried out in pairs. If the
execution was carried out in pairs, this phase is
performed in pairs of pairs. If the previous phase had
involved the class group, the stage at which we are
now comprised of the above.

- Exhibition: Stage where the class group intervened
with free participation of each student who wanted to
express his ideas. Through dialogue in large group and
teacher's questions, ideas were channeled and collected
mathematical strategies were recognized as invalid.

- Completion: Students wrote the conclusions drawn:
conceptual, procedural, etc.

While students in the experimental group were
carrying out these activities, students in the control
group solved exercises of ordinary differential
equations following the traditional methodology and
did not analyze errors.

Posttest phase. This stage took place during the month
of June 2010. Students were administered the same
day, at the same time and in the same classroom, the
test of ordinary differential equations that appears in
appendix B. This test was composed of three exercises;
in the first one four ordinary differential equations had
to be identified and solved; in the second one, two
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questions relative to the concept of solution of an
ordinary differential equation were made, and in the
third one, an ordinary differential equation with initial
conditions was given and the student had to answer
two questions relative to the model described by the
ordinary differential equation. The time allowed for the
resolution was 2 hours.

III. RESULTS

In order to check if the pretest-postest change of the
variable named academic performance (dependent variable)
differed in each of the groups, with respect to the use or not, of
the methodology based in the analysis of errors (independent
variable) we checked the normality of both samples and next
we used the Student’s t-test and the Levene's test in order to
make the statistical hypothesis test. We also studied whether
changes were significant and whether these were due to the use
of the new methodology, verifying their impact in the
experimental group. Statistical significance (Sig. F) was
analyzed. The statistical hypothesis test was based on a contrast
of equality of means of two normal samples with unknown
variances. In the pretest phase it was made a bilateral test
considering the following hypotheses:

- Null hypothesis: There will be no statistically significant
differences between the results obtained by the experimental
group and the control group for the variable level of
mathematical knowledge.

- Alternative hypothesis: There will be statistically
significant differences between the results obtained by the
experimental group and the control group for the variable level
of mathematical knowledge.

The existence of statistically significant differences would
reject null hypothesis and accept the alternative one. The
results of the statistical study on the pretest phase, shown in
Table I, allow us to deduce that there are no statistically
significant differences (p<0.05) between the experimental and
control groups in terms of their level of mathematical
knowledge.

TABLE L.
Sig. (2-
F tailed)
Level of mathematical 0893 0424
knowledge

In the posttest phase it was made a bilateral test considering
the following hypotheses:

- Null hypothesis: There will be no statistically significant
differences between the results obtained by the experimental
group and the control group, for the variable academic
performance in ordinary differential equations.

- Alternative hypothesis: There will be statistically
significant differences between the results obtained by the
experimental group and the control group for the variable
academic performance in ordinary differential equations.

TABLE II.
Sig. (2-
F tailed)
Academic  performance in
ordinary differential equations 4919 0.003

As we can see in Table II, the experimental group posttest
changes were statistically significant (p<0.05) compared to the
control group posttest in the test of ordinary differential
equations. In view of the results, the null hypothesis is
rejected.

All analyzes were performed with the Statistical Package
for Social Sciences (SPSS) version 15.0.

IV. CONCLUSION

The investigation presented in this article intended to
verify that if we use continuously a methodology based on
error analysis with students of 2™ Technical Engineering in
Computer Management, then they will improve their academic
performance when solving ordinary differential equations, and
we have obtained a positive response confirming the
hypothesis of our study.

In most cases the misconceptions stem from previous
courses and its corrections are not an easy task, as stated [12].
With this study we show that when the methodology based on
the analysis of errors is the main element considered in
teaching ordinary differential equations, students assimilate
concepts in a more effective way and get better grades on
tests.

We also confirm that students take an active part in the
discovery of errors with this methodology, and students who
were accustomed to a passive memorization presented greater
difficulties.

Trying to supplement previous investigations as carried out by
[4] and [3] we want to emphasize, by its frequency, we have
observed certain errors that students make when solving an
ordinary differential equation and are the following:

- Product (quotient) linearization error that consists of
calculating the integral of a product (quotient) of functions as
the product (quotient) of the integrals.

- Identification error that consists of that the student does not
recognize the type of ordinary differential equation correctly
and this makes that he makes a mistake in the solving process.

In the future it would be desirable to confirm these results
statistically expanding the sample with students on other
courses.

V. APPENDIX A (TEST OF MATHEMATICAL KNOWLEDGE)

1. a) Define the absolute value of a real number.

b) Solve the equation |x - 3| =2

2. a) Consider the following numbers: 0.6, 0.666 , \/g ,
which of them are rational numbers?

b) What is the relation between 0.9 and 1?

3. Calculate the following limits:
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a) lim x> —2x* —x+5

x—>—2
. X +5x
b) im——
x—0 6x

x+1

¢ lim ———
e In(x? +1)
where In denotes the natural logarithm.

4. Calculate the derivative of the following functions:
a) f(x) — ex3—4x2+x—1

b) f(x)=In(3x* —x+2)

¢) f(x)=sin(cos(x))

5. Calculate:
2) j xIn(x)dx

11
I —de
b) /-1 x

VI. APPENDIX B (TEST OF ORDINARY DIFFERENTIAL
EQUATIONS )

1. Identify and solve the following ordinary differential
equations:

)y et 3x

a =¢ —

Y x* -1
(312x+x3)x'+ 28 =0

b)

N +y =y’ log(x)

" tcos(t+x)+sin(t+x)+tcos(t+x)x'=0

2. Answer reasonably the following questions:

a) Can the function f'(¢) =¢>, with € R , be the solution of
an homogeneous first-order ordinary differential equation?
And can it be a solution of a nonhomogeneous first-order
ordinary differential?

b) Can the functions f'(f)=¢€" and g(¢f)=e ', with reR,
be solutions of the same homogeneous first-order ordinary
differential equation? And can they be solutions of a
nonhomogeneous first-order ordinary differential?

3. The population P(%) of a suburb of a large city is modeled
by:

dP

—=P(10"-107P)

dt

P(0) = 5000

where ¢ is measured in months.

a) What is the value limit of the population?
b) What moment will the population be equal to the half of its
limit?
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