@
E = groseret (c)(DSO)

Muiltidisciplinary Journal for Education https.//doi.org/10.4995/muse.2023.18545
Social and Technological Sciences e-ISSN: 2341-2593

Analysis of the optimization of resources with Learning
Analytics techniques

M-E. Torner® @, C. Aparicio-Fernandez’®, J-L. Vivancos®® , M. Cafiada-Soriano %

aDepartment of Continuos Medium and Theory of Structures, Universitat Politécnica de Valéncia, 46022-
Valencia, Spain. *Corresponding author: meutorfe@pvnet.upv.es
"Building Technology Research Centre (CITE), Universitat Politécnica de Valéncia, 46022, Valencia, Spain.
‘Project Management, Innovation and Sustainability Research Centre (PRINS), Universitat Politécnica de
Valéncia, 46022, Valencia, Spain
dApplied Thermodynamics Department (DTRA), Universitat Politécnica de Valéncia, 46022 Valencia, Spain

Received: 11 Octuber 2022; Accepted: 15 March 2023; Published: April 2023

Abstract

This paper presents an empirical study based on the learning environment through different data
analysis tools. The study is applied to the subject of Theory of Machines and Materials Resistance
of the Chemical Engineering degree at the Universitat Politécnica de Valéncia (Spain), with the
aim of being able to understand and optimize with greater knowledge the way of learning taught,
to know what is more difficult for the students and to create a more personalized learning
environment. In order to achieve this, it is important to have as much information as possible about
the use and usefulness of the resources provided to the students as a teacher. Knowing this data
will allow us to provide more efficient resources and to change those that, through data analysis,
are not being useful to students. The results of this research show how, through applications such

as Learning Analytics, greater performance can be obtained in both teaching and learning.
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1. Introduction

Higher education has always been a step behind other educational levels when it comes to
studies related to analytics and the learning environment (Rich et al, 2019). The search to offer
academic excellence through more theoretical knowledge has been the line to follow for a long time
in universities, leaving aside the more pedagogical part. Questioning as a teacher whether the
resources provided have a good use by the students or whether they are sufficient have only been

assessed through written tests, ignoring any data that is not a numerical assessment in these.

Given the events of recent years, especially the pandemic, the digitalization of both students
and teachers has taken place in leaps and bounds, and the involvement of teachers in this situation
has facilitated more direct contact with the reality of students and has served to update resources
quickly and in a way that is more appropriate to the new technologies. This fact, although it has
meant a great change in the way of teaching, has also opened the door to a multitude of data that
would have been impossible before. All those platforms established in the pandemic have digitalized
the obsolete system that was used in higher education, opening up a whole world of possibilities for
studying all those movements on the part of both the teacher and the students which, being
digitalized, are exposed so that they can be studied.

Learning analytics is a tool that allows us to use all the data from both students and their
activities in different contexts and to obtain a clear picture of both individual and group learning.
Having tools that can measure and evaluate both the resources provided to the students, the capacity
of understanding that these have had and the use of these by the users together with the comparison

of the results obtained can significantly improve the quality of learning.

Although, not enough relevance has been given to this type of learning analytics in higher
education, there have been multiple developments of these tools that have been known under the
term Big Data (Lloris et al, 2021). A tool that encompasses the collection of data from the different
actors in the educational process in an evolutionary way, allowing statistics and interpretations of

these (e.g., Dollar and Steif, 2012).
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2. Material and Methods

In order to be able to understand the multiple benefits of this learning analytics, a specific case
is proposed, the subject of Fundamentals of Machines and Strength of Materials. This subject is
taught in the Chemical Engineering degree of the Universitat Politecnica de Valéncia (UPV), third

year in the first semester and belongs to the common block of the industrial branch.

It is compulsory and consists of 6 ECTS (European Credit Transfer and Accumulation System)
of which 3 ECTS are theory and 3 ECTS are practical. Until the year of the Covid-19 pandemic
(academic year 2019/2020), both theoretical and practical classes had been face-to-face in their
entirety. In the academic year 2020/2021, the blended learning modality was introduced, where
students could attend both face-to-face and online, where the increase of digital content and online
resources on the online platform (UPV) was boosted. In addition, all face-to-face classes were

recorded so that students had access to them throughout the academic year.

As the name of the subject indicates, it is made up of two different parts, each part belonging to
a different department. Fundamentals of Machines belongs to the Department of Mechanical
Engineering and is taught by a specialist professor of this department. This part of the subject
corresponds to 50% of the total course. The other part of the subject corresponds to Resistance of
Materials, from the department of Mechanics of Continuous Media and Theory of Structures and

corresponds to the other 50%.

Given that the two parts are clearly differentiated, the object of this study will be the part of the
Resistance of Materials subject, since the Fundamentals of Machines part has already been studied

previously (Llopis et al,2021).

In the course analyzed, there are 76 students enrolled in the 2021/2022 course where the theory
in the classroom is taught by two teachers while the practical part of the subject is taught by four

teachers.
Below is a general description corresponding to the two different parts of the subject:

e Fundamentals of Machines: The aim is to introduce students to the analysis and design

of machines, a basic discipline in all engineering degrees in the industrial branch. The
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techniques for analyzing the movement of machines, being able to evaluate mechanical
actions between their parts and mechanical actions to be supported, discovering the
most common ones in this degree, are the fundamental pillars on which the syllabus of
this subject is based.

This syllabus is complemented with the approach based on the use of computational
techniques that exist for this task, its general aspects and the justified reasoning of the

implications together with the numerical problem.

o Resistance of Materials: Introduction of the student to the study of the deformable solid,
which is part of the basic principles of the Theories of Structures. Through the theories
and fundamentals of elasticity, the concepts for understanding the behavior of the
elastic solid when external forces are applied as well as the calculation of internal forces
will be brought together. The knowledge of the different responses depending on the
material, calculating and knowing the stresses that occur in the different existing
structural systems, are part of the syllabus to be taught.

The calculation of member elements (beams and columns) through their dimensioning

is an important part of the subject.

In order to have the most complete investigation possible, it is necessary to name the different
transversal competences (TC) defined by the UPV of which this subject consists. These are of great
value in the student learning process as they are directly related to the skills and abilities of the
professional field in which the subject and the degree are taught. Thirteen transversal competences

are defined at the UPV (UPV,2020).
The three transversal competences (TC) belonging to this subject are set out below:

e TC-03: Analysis and problem solving. Analyze and solve problems by applying the
knowledge acquired in the classroom.

e TC-04: Innovation, creativity and entrepreneurship. Obtain the best way of tackling the
problem that is presented to them,

e TC-05: Design and Project. Propose and carry out an idea in its entirety as well as how

to direct and design it effectively.
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3. Results and discussion

Once the relevant analysis and statistics of the data collected have been carried out with the aim
of improving the teaching-learning process, the data obtained are shown below. Figure 1 shows the

number of visits made by students to the resources provided in this subject via the UPV platform.
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Figure 1. Online resources visits.

The number of visits by students were 6894, of which 75 students visited the Platform and only
one student did not visit it. The average time spent per student was 42.1 minutes per visit. It should
be noted that the platform is only accessible to those members enrolled in the subject and it contains
all the materials necessary to take the course, as well as exams from previous years, the teaching

guide and extra support material apart from that necessary to pass the subject.

It should be remembered that the subject is taught in the first semester, where classes start in
September and the first mid-term takes place in October. Classes end in December and the exam of
the second midterm takes place in January, as well as the recovery of these in February, the month in
which the course ends with the delivery of the reports. As can be seen in the table and figure 1, the

months with the most visits are October and January, coinciding with the subject exams, with a much
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higher number of visits than the rest of the months. It should also be noted that despite the fact that
February is the end of the course, apart from the month of April, where half of the month coincides

with the holiday period, there are still visits to the course by students.

Within the Platform, there are different tools available. Of all of them, the resources tool is
where all the content prepared for users can be found. If we make an analysis of the tools offered by
the Platform, the most used by users are:

Table 1. Visits to online tools

Tool Visits
Calendar 0.06%
Lessons 0.2%
Gradebook 0.5%
Web information 0.6%
Announcements 1.6%
Messages 1.8%
Assignments 1%
Resources 93.5%

As it is shown in Table 1, the most used tool is that of resources, with a much higher percentage

than the others.

The resources tool contains 4817 files with all kinds of material for learning the subject. Of
these files, 178 have been opened, the most opened file being the one containing the resolution of
the exam of the second partial exam of the previous year of the Resistance of Materials part of the

subject. The following figure shows the graph of the use of the resource tool by month.
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Figure 2. Online resources visits
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October and January continue to be the months where the resources have been used the most.
Within this data, we also have data for each student on how many times and in which months they
have used the resources, giving us a more personalized and individualized idea that allows us to know

the individualized learning process. For data protection reasons, this data is not shown.

Table 2 and Figures 3 and 4 show the final grades of the course of Theory of Machines and
Strength of Materials and the practical grades of the practical part of Strength of Materials where you
can see the percentage of students presented, the total percentage of what they represent as well as
their classification obtained in the computation of the course. The students presented are 71, which

represents a total of 97.26 %.

Table 2. Final grades of the subject Theory of Machines and Strength of Material

Grade Students Exam Total
attendance
Distinction (Merit with distinction) 2 2.82% 2.74%
Merit 0 0.00% 0.00%
Good 22 30.99% 30.14%
Pass 41 57.75% 56.16%
Fail 6 8.45% 8.22%
Average Stal.ldz.lrd Max. note Min. Note
deviation

6.29 1.68 9.40 0.50
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Figure 3. Final grades of the subject Theory of Machines and Strength of Materials
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Figure 4. Final grades of practices of the part of Strength of Materials
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Figure 5. Standard deviation of the marks of the theory and practical lessons

Figure 4 shows the marks of the practical groups of the Resistance of Materials part of the
course. It can be seen that the practical part of the subject has much higher averages than those shown
in the exam marks for the theoretical part of the subject. The practical part of the course is easier for
them, as the students are divided into 4 working groups, and they receive more personalized help
from the teachers. In this practical part, three exercises with experimental set-ups are carried out
where, through working groups, they apply theoretical knowledge to practical cases which they can

relate to their everyday environment more easily.

Figure 5 shows the standard deviation of the subject in terms of the practical part and the
theoretical part. It can be seen that the standard deviation of the subject is lower in the theoretical

part than in the practical part.
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After having taught the subject for several years and with the experience acquired during these
years and the data analyzed, it can be said that the teaching-learning process is quite positive, there

is room for improvement on many points though:

e Although the percentage of failed students is very low, 8.22%, it must always be the
objective of any teacher to eliminate the failure rate through tools that motivate dropout,
so the results indicate that work must be done on this point in order to achieve total
success in the group.

e There is a big difference between the marks of the theoretical and practical part which
should be correctable. Although the ratio of students cannot be controlled by the
teaching staff, it has been shown that it influences the performance of the academic
group, as in this case. It is difficult in a theory class where all the students are present
to give more personalized attention. The motivation of the students in the practical
classes is also due to the fact that the cases are studied through experimental set-ups
where they can apply the theoretical knowledge to reality, perceiving the interest that
this awakens in them.

e It should be noted that class attendance tends to be around 75%-80%, a fairly high
percentage if we take into account that there is a very low percentage of students who
are unable to attend either because they have dropped the subject or because it overlaps
with other subjects from previous years.

e Given that it has not been possible to publish the graphs of the students who have made
most use of the platform's resources due to data protection reasons, it can be affirmed
that those students who have made most use of the resources are those students who
have obtained the highest marks in the whole subject.

¢ In the case of the Resistance of Materials section, the resources that have had the most
visits are those contained in previous years' exams. This means that the resources that
enter the least are the theoretical ones and that, as the exams folder is fully resolved,
the students again prefer the practical part to the theoretical part, although it is
incomprehensible to carry out the former without knowing the latter. Given this fact, a

new approach to the theoretical notes should be reconsidered. The material should be
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more oriented towards short videos and linked to cases that they can see in their daily
lives.

The study carried out on the visits to the platform shows that most students do not do
continuous work on the subject, which is highly recommendable. The months that
coincide with the exams are those in which the resources are most used, the most open
being the second part of last year with almost 300 visits. In the theoretical part the most
viewed topic is topic 3 of elastic behavior with a total of 255 entries. It is logical that
this is the most viewed theoretical topic as it is the topic that contains the most
formulation as well as basic examples to be able to solve the elasticity exercises.

It is striking that the Platform of the subject receives visits even after the end of the
course. This is not a very high number, but it does repeat the pattern followed during
the first semester. In the second semester, the months with the highest number of visits
are those that coincide with the exams. This gives us a clue that students are happy with
the resources posted on the platform and even use them for other subjects in which basic
concepts are shared.

With respect to the practical part, number 3 is the one that, although the marks are very
high in general, compared to the other two practical parts, it is the one with the lowest
marks. This is due to the fact that it is the most complex practical part of the subject
and it also coincides with the fact that it is delivered during the holiday period, which
often leads to a lower level of involvement, and this point should be corrected by trying
to modify the type of exercise.

Through various student surveys, the results show that the students are happy with both
the teaching staff and the resources offered by them.

Given that the whole subject consists of two distinct parts as explained above, it can be
seen that higher marks are obtained in this part of the subject than in the Fundamentals
of Machinery part, although the difference is very small. This is mainly due to the
practical part of the subject rather than the theoretical part. As a future approach this
should be changed by setting joint objectives that unify this point through the

coordination of the teaching staff.
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4. Conclusion

Higher education has fallen behind other levels of education in the study and analysis of
learning. Although there are many tools available today that have been augmented by the rapid

incorporation of these tools by the pandemic, few studies have yet been based on them.

Therefore, in this study we wanted to show how these analyses provide a complete picture of

the results as well as the quality of learning and academic performance.

The results have shown those points where the subject should be improved and how the student

receives the knowledge and resources offered by the teaching staff of the subject.

Being able to know each and every one of the different aspects of the process means that
although the results of the students are very satisfactory, it is possible to draw lines for the future in
order to always offer the best education to the students. It has also provided us with an individualized

study of each pupil and the comparison with the group, obtaining conclusions for improvement.
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