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Abstract: Distance education has been gaining popularity for the last years. The proficiency in online
environments of both learners and teachers explains the success of this methodology. An evaluation
of graduate students’ performance within numerical analysis is discussed. In order to improve the
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seemed to help the students in their learning process.
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1. Introduction
The acronym STEM (science, technology, engineering, mathematics) has been growing in strength
during the last few years in the academic community. There are several teaching institutions that
are focusing their studies on this wide area that covers these disciplines in an integrated form.
The intertwining of the four areas is achievable in different contexts, such as informal education [1],
high-school [2] and university [3,4].
Mathematical subjects have been difficult to learn because of their inherent features, such as
abstraction, prerequisites and technicalities, amongst others, which often leads to a lack of motivation.
As cited in [5], this stimulus can be improved by increasing the efficiency of the mathematical learning
in the first levels of early childhood. Self-efficacy, defined as learners’ judgments about their ability to
successfully attain educational goals [6], has been analyzed in relation to its importance in university
populations [7,8]. Moreover, the relationship between the motivation and both self-efficacy and teacher
emotional support is highlighted elsewhere [9]. When the students reach university education, their
fundamental problems remain, and, if they do not have a wide background, their motivation can
fall dramatically.
For many years, it has not been questioned that the responsibility of the learning process is
exclusively on the students’ shoulders [10]. There is an imbalanced deal between students and teachers.
Therefore, when results are not as expected, teachers have the chance to start a two-step process,
with the main questions being why and how. The former consists of an analysis of areas of failure:
connection with students, mistakes in the platform, time devoted to self-learning, etc. The third
example sets the spotlight on what actions can be considered to counter the inconveniences and boost
the motivation of the students: including reinforcement sessions, reworking the teaching material,
modifying the master lesson structure, etc.
The teaching strategy is essential. The first division reclassifies this strategy from student-centered
to teacher-centered [11]. The former is the traditional way, which students pay attention to the teacher
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and collaboration in tasks is discouraged. In the latter, students and teachers interact equally, and group
tasks are encouraged. There have been studies that analyzed the performances of students in courses
with the same content but with different teaching methods [12]; they showed better results where the
model was student-centered than teacher-centered.
Relating to the teaching strategies, Tourón and Martín present different teaching techniques [13],
ranging from the low participation of the student, such as in a master class, to the
inductive methodologies, such as project-based learning [14], problem-based learning [15,16] and
challenge-based learning [17].
Project-based learning’s objective is the creation of a final product. To this end, multidisciplinary
teams are formed in which the process is more important than the content. The seed of the project is a
question, and students may search information for its solution. There have been some studies in higher
education about the effectiveness of this learning methodology [18]. For instance, Hassan et al. [19]
worked on a project with students—designing and developing a robot arm. The lecturer’s evaluation
was performed by comparing the new methodology with the traditional one, and the authors concluded
that students achievements increased. The students’ evaluation was performed by a survey about
project-based learning. Students considered that this methodology was closer to the reality.
Problem-based learning (PBL) empowers students to conduct research, integrate theory into
practice and apply skills to solve a problem [20]. It could be renamed problem-centered. The main
benefits are an increase in motivation [21], a research attitude and the argumentation of the solution.
On the part of the teacher, the problems should be well defined. They must integrate various contents
of the subject that address different competences. Several authors [22–25] show how they have applied
problem-based methodology to a course concerning numerical methods.
Challenge-based learning develops the applicability and transferability of concepts, given that
the approach implies the use of inductive methodology. This kind of learning is fruitful when different
teachers collaborate in the solution of the challenge, becoming mediators. Students generate questions
and actions for getting such a solution, and get a roadmap in the learning process. Baloian et al. [26]
established specific scenarios for the development of this learning model, giving details of the activities.
Swiden [27] focused on students, analyzing their increased motivation and achievement.
Table 1 collects the main differences between these three models [13].
Table 1. Comparison of dimensions in project-based, problem-based and challenge-based learning.

Project-Based Learning

Problem-Based Learning

Challenge-Based
Learning

Learning

Task to complete a project

Content
problems

on

Real problems to complete
a challenge

Focus

Solution for real problems

Solution for real/fictitious
problem

Real solution for open
problem

Product

Presentation or execution

Process and results

Solution that results in a
concrete action

Process

The project generates
products for the learning

The problem tests their
ability to reason and apply
their knowledge

Students analyze, design,
develop, and execute the
best solution to address
the challenge

Teacher

Project manager

Professional guide

Coach and co-researcher

Dimension

applied

In this paper, the academic performance in a subject related to numerical analysis is reviewed
over different years. Our learning method can be classified as problem-based learning. The results of
the students were not as expected over the first few years. Therefore, the first step was the pondering
of why these results were obtained. Different actions [13,20,28] applied on the diagnostics were
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implemented throughout the following years. The goal of the statistical study was to analyze whether
the actions included collaborated to enhance the academic performances of the students, or, in return,
whether new actions need to be drawn.
This paper is organized as follows. In Section 2 the online education course is introduced and
analyzed. In addition, the problem is stated in terms of the course whose academic performance
desires improvement, the student profile, the educational tools available, the methodology of the
course, the problems detected and the actions undertaken. In Section 3 the methodology of the study
is introduced. Section 4 shows the results of the statistical study we carried out to verify whether
the actions taken have had an effect. Section 5 discusses the interpretation of the results obtained.
Finally, Section 6 describes the conclusions of the research and what lines can be followed to anticipate
problems in student performance.
2. Online Education
At the beginning of 21st century, Harasim [29] predicted that online education would go from
peripheral to an integral part of mainstream society. In the early years of the century, many studies
analyzed pros and cons of distance education [30,31], focusing the success on the self-motivated
and self-disciplined students. Current studies [32,33] analyze the deployment of distance education,
moving closer to the reality of online formative assessment. Moreover, instructors need to be proficient
in computer-based learning. The combination of well prepared teachers and good digital resources
generates good learning experiences for every student [34].
Blended and online education have been growing in popularity in recent years. In addition,
massive open online courses (MOOC) are promoted in both institutional and social networks
platforms [35]. However, we are focusing on direct communication with the student, unless the MOOC
course is integrated in the classroom [36]. Several studies [37,38] remark on not only the web-based
learning or the comfort of studying at home, but the instructional model being student-centered.
In the online world there are no barriers for learning, since a subject or a syllabus can reach
anywhere. Nowadays, there are many online undergraduate and graduate Universities all around
the world, mostly private. This new learning paradigm in distance education allows people to follow
their first career, to carry on graduate studies or to improve some skills in their current job. Thus,
the number of potential students is broadened.
Information and communication technologies (ICT) have been put at the service of the educational
society. The main tool, the learning management system (LMS), is becoming increasingly important. A
LMS integrates a large number of sections, such as forums, videoconferences, contents, resources or
tasks. Some examples of the most used LMS platforms are Moodle, Sakai and Canvas. In traditional
universities, LMS is relevant, but usually ends up being a repository of resources that the teacher
provides to the student. In online universities, where the learning-teaching process is completely
online, the LMS plays a fundamental role at the core of the course [39], because it is the place where
teachers and students interact.
Below, some of the new trends in online education are analyzed and applied in order to improve
the academic performance of the students. Therefore, the first step consists of the analysis of the
context, which is undertaken below.
2.1. The Course
The subject under study is classified in the area of numerical analysis, as mentioned before, in a
graduate course. The specific competences that students will acquire when they complete the course
are:
•

The ability to solve advanced mathematical problems, and plan their resolution according to
available tools and time and resource constraints;
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The ability to understand and apply advanced computer knowledge and numerical or
computational methods to engineering problems in order to solve them in the most appropriate
way for each situation;
The ability to choose and use computer applications, numerical and symbolic calculations or
others, and to experiment in mathematics and solve complex problems.

The syllabus of the course includes the study of initial value problems, boundary value problems,
partial differential equations and iterative methods for solving nonlinear equations and systems.
Let us remark that these concepts are dealt with in the field of the numerical analysis. Therefore,
the subject requires an effort on the part of the students both in the domain of mathematics and in that
of computing.
2.2. The Students
The student profile is similar to that of the rest of graduate courses at the Engineering School.
Regarding the specific subject, there are no differences in the profile compared to other subjects with
high contents of mathematics or computer science.
todos
los PERs
The majority of the students areSexo
male, as
represented
in Figure 1. This imbalance does not affect
the results, but ratifies the profile with respect to other studies.
H M

22.48%

77.52%

Figure 1. Gender distribution of the students: male (blue) and female (orange).

The lessons are in Spanish. This fact discriminates among the students that enroll our studies.
Therefore, the locations of the students are usually countries such as Spain, or Latin America.
The location distribution of the students is represented in Figure 2. It can be seen that the main
portion of the students is from Ecuador.

País todos los PERs
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España

Colombia

4%

Ecuador
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Resto LATAM

13%

13%

71%

Figure 2. Location distribution of the students: Spain (blue), Colombia (orange), Ecuador (green), rest
of Latin America (yellow).

Finally, if we focus on the age groups, we find the percentage of the students by age in Figure 3.
Edad
todosthis
losisPERs
The range of ages above 25 is balanced.
However,
not very common in traditional teaching,
because students tend to belong to the first range of ages.
17-24
25-29
30-34
35-39
+40
6.19%

24.76%
24.76%

15.64%

28.66%
Figure 3. Age distribution of the students : <24 (blue), 25–29 (orange), 30–34 (green), 35–39 (yellow),
>40 (purple).

All students share a particularity that should be noted: they are working while studying. This
common feature of the students indicates that they may not have much time to study for their final
exams. In addition, 90% of the total number of students have family issues that require their attention.
This contributes to the fact that after working, when they arrive at their homes, their time of allocation
to study might be less than expected.
Therefore, the main characteristics of the students that allowed us to extract the first
conclusions were
•
•
•

Active employment situation;
Family and personal issues to attend to;
Age above the average of the students attending a face-to-face postgraduate course.

2.3. Educational Resources
Educational resources in an online teaching institution should mitigate the physical distance
between students and the university. Most of these resources are common for every course in the
institution. More details about these resources are provided below.
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The coach. Each student has the support of a coach, who contacts the student weekly. The coach
guides the student through study techniques, collects their suggestions and transmits the most
relevant comments to the teachers of the subject.
The instructors. The professors of the subject have wide experience in the teaching of the contents.
In addition, part of their research is focused on the aspects that are dealt with in the subject.
As recommended by [34], these teachers are trained in the use of digital resources.
The LMS. The platform on which interactions take place integrates multiple tools. On the static
side, students can find a textbook, the slides used in the live lessons or the deliverable activities.
Let us remark that this part can be modified along the course. On the dynamic side, there are
forums for general queries or doubts, or links to join the live lessons.
The course software. Given the characteristics of the subject—in which mathematics and computing
are combined—the use of specialized software is required. Students have access to a license for
downloading the software in their desktops. They also have the support of the coach if they have
any problem in this process.
The textbook. The teacher of the subject, prior to its teaching, is responsible for the writing of the
textbook. The book details the contents, theoretical ideas, examples with solutions and external
resources for further information.
The live lessons. There are online live lessons, that can be classified in two groups: general and
laboratory sessions. In general sessions, the concepts of the textbook are explained and exercises
are solved step-by-step. Students may participate at any time, requesting additional explanation
or clarification. The instructors share their screen with the students to see how the exercises are
implemented in the software. In laboratory sessions, the teachers introduce one or more problems
to solve. Students work together in groups to solve the exercise. When students are in doubt, they
can ask for the instructor’s help, who gives them an idea of the path they should follow. A critical
part is that the students have to work afterwards on the lessons.
The forums. This part of the LMS is where the general queries, doubts or problems are transmitted
to the rest of the students and teachers. It is useful for students because they can raise a question
that worries other participants as well. These questions are answered by teachers within 48 hours.
Moreover, it is also helpful for teachers in order to broadcast, for instance, unexpected events.

2.4. Methodology of the Course
Implementing a flipped classroom model was considered at first. However, this method that
arranges the lecturing part of the teaching as homework often generates tensions. As [40] discusses,
the tensions generated in a flipped classroom scenario are between the expectation of the students to
be taught and the discipline to prepare the lesson before attending when a heavy workload is expected
in parallel courses. Due to our experience in online education, the flipped model is hardly acceptable
for students who combine study and work. Although educational resources are within their reach,
they do not feel comfortable with this effort prior to the live lesson. However, we asked the students if
the were willing to work under a flipped classroom approach and they answered that this method did
not suit to their circumstances.
Under these circumstances, we believe that the optimal methodology for developing subject
content is problem-based learning. Since the subject is taught within the applied mathematics context,
it is essential to solve and apply real problems, as well as understand theoretical models. In addition,
this approach was to help us to introduce and solve new problems that could help the students in
their learning process. Taking into account the personal circumstances of the students, we agreed that
the best teaching strategy ranged from teacher-centered to student-centered. In the theoretical part
and the step-by-step solving of the sessions, the focus was on the teacher. In the laboratory sessions,
the students took the leading role.
The subject included a continuous assessment and a final exam on site, following the teaching
model of the university. The continuous assessment comprised deliverable problems that deepened
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the main problems of the subject, and interaction in forums with specific content. The problems to be
solved had the structure of the problem solving process, with a scheme similar to that of [24] adapted
to the content of the course. The final exam on site consisted of three problems to solve with the help of
computers, and students were allowed to bring all teaching materials and personal notes to the exam
table, under the same conditions as in laboratory sessions. There was only one constraint: students
were unable to communicate with each other during the exam, and, consequently, they could not
connect to the Internet.
Although the students’ performance in the continuous assessment seemed to be good, their
performance in the final exam was poor. Henceforth, only the results of the final exam on site
are analyzed.
2.5. The Problems
After the first few academic years, the rate of success was not as expected. Therefore, an roadmap
was designed including two main lines. The first one was to initiate a process of self-criticism with the
staff about our teaching methods. The problems founded were:
i

ii
iii

The teaching approach. We agreed that a student-centered approach would be more suitable for
the students than a teacher-based centered approach. As mentioned before, two possibilities were
considered: the flipped classroom approach and the problem-based learning approach.
The contents of the textbook were too theoretical.
Students needed to solve more exercises.

Later, students’ were directly asked for their opinions in different contexts: alone with the coach,
alone with the director of the subject or in group with other students and the staff of the subject.
Below there are some of the main findings:
iv
v
vi
vii

The students thought that the contents of the course were difficult.
The students requested a shorter final exam or an increase in time to solve it.
The book had many misprints and not every piece of content was well developed.
Many students needed more examples to verify their capabilities to solve exercises and to
internalize the concepts.

2.6. Actions
Taking into account the main results of the comments of the learners and the analyses of the
teachers, some actions were carried out in order to improve the results of the students. The highlighted
actions were the following ones.
•

•
•

•

Continuous assessment activities. The activities of the continuous assessment are explained in the
online lessons. The explanation involves the techniques to be used for solving the exercises and
what is expected in each answer: table of results, implementation code, discussion of the results,
representation of functions, etc.
Improvement of the feedback process. The feedback process was improved, taking into account the
seven rules about feedback of [13] and principle 6 of [41].
Reedited version of the book. The book’s contents were completely revisited and rewritten. Based on
the previous book, the misprints were corrected and the information that was less relevant was
eliminated. In addition, some clarifications were included, using specifically, bibliography [42–45].
Finally, more problems with detailed solutions were provided.
Overview seminar. Before the final exam, a seminar of 30 hours was imparted. The attendance for
students was optional but highly recommended, since different problems were going to be solved.
Moreover, the students had the chance to send activities and receive individual feedback.

Mathematics 2020, 7, 1219

•

8 of 13

Update of activities. The activities of the continuous assessment were updated. That way,
the questions were more specific, and the structure of the activities was more similar to their
structure in the final exam.

All actions were related to one or more detected problems, and each problem was expected to be
resolved by one or more actions. These dependencies are listed in Table 2. Let us note that, although the
time to solve the exam was not increased, we planned to solve the problem by making the students
feel more confident.
Table 2. Relationships between problems and actions.
Action
Continuous assessment activities
Improvement of the feedback process
Reedited version of the book
Overview seminar
Update of activities

Problem (Teacher)
i
ii
iii

Problem (Student)
iv v vi
vii

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X
X

X
X
X
X
X

3. Methodology of the Study
Since it is impossible to implement all changes at once, the actions described in Section 2 were
carried out gradually. This allowed us to analyze whether the activities and changes really improved
the students’ performances. The following methodology was applied:
1.

The groups were formed by four consecutive classes: "Class 1," "Class 2," "Class 3" and "Class
4." The actions and changes described in Section 2 were gradually implemented over two years,
as follows.
•
•
•

•
2.

3.
4.

5.

Students of the Class 1 learned with problem-based learning lessons.
Students of the Class 2 received a detailed explanation of the activities of the continuous
assessment before they had to develop them as well as complete feedback based on [13,41].
From Class 2 to Class 3 the major change was applied, because the full contents of the
book were readdressed. This change consisted of correcting the misprints, including more
examples solved step-by-step, descriptions of many pseudo-codes for implementing the
programs that students need and inclusion of the complete code for particular cases. In these
major changes, the activities of the continuous assessment were updated, taking into account
the difficulties of comprehension that concerned students.
Finally, besides all the aforementioned changes, we decided to include an overview seminar
for students of Class 4.

In this experiment, no control group was considered. This is due to ethical issues: since the marks
scored by Class 1 students were very low, we considered that improving all students’ learning
was more important than conducting a more reliable experiment. Consequently, there was no
random selection, so we conducted a quasi experimental design.
In all classes, assessment was carried out by the same evaluator.
Since we were interested in analyzing the student’s improvements during the teaching period of
the subject, we only considered the exam results obtained immediately after the course ended.
The results of the rest of the activities were not considered since they were the improvement
elements, whose real influence we wanted to determine.
To guarantee independence, repeating students were removed from the following classes; that is,
we only considered the marks of their first exam.
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A one-way ANOVA test was performed to determine whether the means of marks scored by
the students of the classes were equal between groups [46]; that is, we wanted to find out if the
hypothesis "the means are equal" could be accepted or not. The significance level was set at 0.05%.
When the null hypothesis of the ANOVA test was rejected, it was important to explore differences
between means. To know which specific means differed from the rest, the post hoc Bonferroni
test was used [47]. This test performed multiple comparisons and the p-value was adjusted in
order to control the type I error. This error was reduced at the expense of a type II error, so we
have to take into account that when the number of comparisons is large, the test may become
too conservative and no significant differences will be found. In this study, we did not have to
perform a large amount of comparisons and, since we were interested in controlling the type I
error, it was appropriate to use Bonferroni test.

4. Results
First, a basic descriptive statistics analysis was performed to have a view of the data based on
central and dispersion measures. Table 3 shows the means of marks and standard deviations obtained.
Figure 4 shows the means of marks over the time.
Table 3. Means of marks and standard deviations.
Class

Mean of Marks

Standard Deviation

Number of Students

1
2
3
4

1.837
2.421
3.142
4.552

2.245
2.572
2.856
2.279

64
40
80
40

Means of marks

4.5
4
3.5
3
2.5
2
1.5
1

2

3

4

Class

Figure 4. Means of marks scored by the students of the classes.

As represented in Figure 4, there is an upward trend in the mean values as we move through the
groups. Let us remark that values evolved from less than 2 to more than 4.5.
However, to determine if the increase in the means of the marks was significant through the
different classes, a hypothesis test had to be performed. The results of the one-way ANOVA test are
displayed in Table 4.
Table 4. One-way ANOVA test results.
Class

N

Average

F

p

1
2
3
4

64
40
80
40

1.837
2.421
3.124
4.552

8.771

0.000
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The reported p-value in Table 4 indicated that we could not accept the hypothesis of equal means.
Thus, it was necessary to carry out a post-hoc analysis, in order to determine which groups had
different means than others. Bonferroni post-hoc test results are shown in Table 5.
Table 5. Bonferroni post-hoc test results.
class(i)

class(j)

i–j

p

1

2
3
4

−0.585
−1.306
−2.515

1
0.15
0.000

2

1
3
4

−0.585
−0.721
−1.930

1
0.866
0.005

3

1
2
4

−1.306
−0.721
−1.209

0.15
0.866
0.089

4

1
2
3

−2.515
1.930
−1.209

0.000
0.005
0.089

Table 5 shows that the mean corresponding to Class 4 is significantly different from the means
of marks obtained by Class 1 and Class 2 to students. The mean scored by Class 3 students is
significantly different from the mean corresponding to Class 1 but it is not different from the mean
corresponding to Class 2. So, the monotonous growth of the means implies significant differences
between non-correlative groups
5. Discussion
The new teaching methodologies deal with the old problems: difficulty in teaching abstract
subjects, different competence levels within each class and lack of time or resources on the part of
the students. We have to take into account that the demand on STEM competencies is continuously
increasing, so as teaching professionals, we need to learn how to face these challenges.
Our learning methods can be classified as problem-based learning. And although the methodology
was applied as recommended by experts, the first analytical study of the results was not as expected.
The students’ assessments for Class 1 were very unsatisfactory, both for teachers and students,
despite students who already had a degree and who liked mathematics.
Consequently, a series of changes aimed at improving the learning process were implemented.
The changes were very different: to propose a model of continuous evaluation, to improve the feedback
to the student, to reedit the book, to offer an overview seminar and to update the activities. In general,
it can be seen that the approach was not focused on one single aspect, but rather, the problem was
attacked by proposing different types of changes.
The results displayed in Section 4 show that students’ mean performance follows an increasing
monotonic curve and the p-value of the ANOVA test allowed us to reject the hypothesis of equality of
means, which seemed to indicate that the changes were producing the desired effect. Although the
quasi-experimental design does not allow us to affirm that the improvement was due to the changes
introduced, as the profiles of the students are homogeneous, assessments were carried out by the same
evaluator and the samples were independent. We did not find any other factor that could explain
the change.
Although differences between standard deviations were not observed, the differences between
the means of marks are considerable, since the average rating has been multiplied by approximately
2.5 from the beginning.
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The results of the post hoc tests are also noteworthy: between two consecutive classes the
differences in the means are not significant, but they are significant between non-consecutive classes:
the average of Class 1 is significantly lower than the average of Classes 3 and 4, and the means scored
by students of Classes 2 and 4 are significantly different.
In summary, we can conclude that it is important to make a continuous reflections on the
learning process of students and continually question whether the methodology we apply is the
most appropriate or not: in short, it is about getting everyone to learn as much as possible and
this cannot be achieved by applying canned formulas. It is necessary to analyze where the learning
problems are and also to reflect on them in the most global way possible so as not to leave any
important aspect without contemplation. In addition, the analysis will be more complete if instead of
being carried away by intuitions, we make a design for data processing and then analyze the results.
That way, we can make decisions based on data that will always be more objective.
6. Conclusions and Future Work
Once it was statistically seen that the students’ success rate was greatly improved, we could only
assume that this improvement was due to the different actions taken in the classes as described among
others in [13]. We concluded that the actions we took collaborated to enhance the academic performance
of the students in a problem-based methodology within a course concerning numerical methods.
In the future, we will continue working in order to improve students’ performances. We will keep
introducing changes and analyzing their impacts. Although assessments seem to have improved, we
must try to obtain an average mark above 5. Thus, we plan to introduce collaborative work during the
course and reinforcement resources to allow them to review the basic ideas before starting the course.
Moreover, we will apply what has been learned in this experiment to other subjects and vice versa: we
also want to learn from the changes introduced by our colleagues to improve the quality of teaching.
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