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Abstract

In March 2020, the World Health Organization (WHO) raised to an international pandemic level the
outbreak of the coronavirus (COVID-19) disease caused by the Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV2). Consequently, the Spanish government declared the State of Alarm on
March 14th, 2020. From that moment on, all non-essential activities were tightened lockdown. This
measure affected all levels of education, and face-to-face learning was suspended until the end of the
academic year.

While the last year all the educational community was forced to suddenly move to online platforms, this
year has been rather marked by the need of flexibility in the learning model. The main reasons are the
constant threat of global lockdowns, the changing local mobility restriction measures and the forced
isolation or quarantine in case of infections or close contact with someone with a positive Polymerase
Chain Reaction (PCR) test. This situation has drastically affected the face-to-face teaching model. At
the same time, this uncertain scenario has undoubtedly been an opportunity to implement Information
and Communications Technology (ICT)activities in our teaching.

This paper presents some actions implemented in two subjects of mechanical design of two different
master’s degrees with 36 and 19 students, respectively. The developed resources concern to the
learning materials provided to the students, both for theoretical and practical lessons. The audio-visual
materials generated over the classes, both videos and annotations on the virtual whiteboard, has also
been managed. Finally, the delivery and defence of the students' works have been adapted. As it was
foreseeable all, some of the students or the teacher, have followed the classes online over the term. In
all cases, the developed materials and the methodology followed have been valid for use in face-to-face
teaching, online and blended learning, thus providing the flexibility required.

The level of success has been measured, mainly through a survey answered by the students. In addition,
it has been analysed objective data, such as the marks and the number of visits or downloads of the
documents uploaded to the UPV e-learning platform. Finally, it is concluded which actions taken would
be valid for the post-COVID era.

Keywords: Information and Communications Technology, e-Learning, blended Learning, COVID19,
methodology, evaluation.

1 INTRODUCTION

The adoption of Blended Learning (BL), a combination of traditional face-to-face and technology-
mediated teaching, was increasing before global pandemic in higher education around the world. In fact,
some experts pointed out that BL would become the "new traditional model" [1] or the "new normal
model" in the offer of higher education courses [2]. However, the study of the implementation of this
model highlighted the existing limitations in higher education, due in part to disagreement on how
institutions define and measure BL [3].

BL began in many places as an initiative embraced by individual teachers interested in using both online
and traditional strategies to improve student learning outcomes, rather than being promoted as a
strategic institutional initiative [4]. Graham et al. noted in 2012 that many higher education institutions in
the awareness/exploration stage wanted to fransition to early adoption/implementation, and
recommended future research on this transition [5]. However, the sudden outbreak of the global
pandemic by COVID-19 forced an immediate adaptation of the traditional face-to-face educational model
to an on-line model mediated by technology to the end of the 2019-2020 academic year.
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During the 2020-2021 academic year, due to the relaxation of some restriction measures, the higher
educational institutions resort to the BL models. Different BL models have been implemented by individual
teachers because there has not been time to develop an institutional agreement or strategy on how to
implement them. The teachers, based on the knowledge acquired when developing the online learning
model to finish the 2019-2020 academic year, have implemented their own initiatives to obtain the best
student learning outcomes; each one with the tools at their disposal, both technological and institutional,
has developed a different BL model for each subject. Now, it is the time to check the results to extract
some conclusions about how to implement an institutional BL model.

In this context, Information and Communication Technologies, ICTs, has taken on special relevance
since they have supported the learning and evaluation processes in both models online and BL.

The actions carried out are framed in an institutional project of the Universitat Politécnica de Valéncia
(UPV).

2 METHODOLOGY

The methodology involves two subjects of mechanical design detailed in the Table 1.

Table 1. Details of the subjects.

Subject and year Total number of students in the subject
Technology of Machines for levelling (TML) 36
15t Year Master’s Degree
Materials Behaviour in Service (MBS) 19

15t Year Master’'s Degree

The developed resources concern to the learning materials provided to the students, both for theoretical
and practical lessons. The following sections describe, firstly, the actions carried out in the theoretical
classes, then the modifications referred to the lab sessions and finally how the defense and evaluation
of students' works has been carried out.

In all cases, the institutional platform provided by the UPV has been used. The platform is available only
to members of the course, it allows to provide students the learning materials, send announcements
and organize tasks, among other features. The classes had broadcast through Teams® [6] in both
cases, when they were in the university classroom, but also when they were completely on-line.

2.1 Theoretical classes

The theoretical classes followed the usual schedule. All the classes were broadcast live for those
students that could not attend the session. Additionally, all the sessions were recorded by Teams®
which keeps the recordings in the corresponding “Team” of the subject. Having these recordings
available has undoubtedly been a great advantage for students, most of them have acknowledged
consulting the recordings regardless of whether they attended class or they did not.

To visualize the record of a session, the student can easily find it in the meeting generated for the class,
but the only information of the contents of the records is the date of the session which could be a
drawback when the student needs to consult a specific theoretical explanation or the resolution of a
problem. For this reason, to facilitate the access to the contents, for each topic of the subject a document
was created with the date of each session, accompanied by a brief description of the contents of the
session and a link to the video.
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Subject: MATERIALS BEHAVIOR IN SERVICE
Theoretical videos recorded in Teams.
Topic 1. Introduction

Day 09/24:

Cast iron / steel. Plane stress. Mohr's circle

https://media.upv.es/player/?id=ea35d880-fe69-11ea-b0c4-c7b2d7fc79f7

Day 01/10:

End of topic 1. Mechanical behavior of materials. Types of failure

https://media.upv.es/plaver/?id=f79ea4h0-03e7-11eb-aObb-f5f73c245483

Free-Body Diagrams. Distribution of stress. Question C01

https://media.upv.es/player/?id=f916a940-03e8-11eb-a0bb-f5f73¢c245483
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Figure 2. Problem solved in the electronic whiteboard: (a) template (b) detailed resolution.

2.2 Lab sessions
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Figure 1. Example of the organization of the recordings of the sessions of a subject.

The classroom blackboard has been replaced by an electronic whiteboard. To speed up the resolution
of questions and problems, for each problem a template was prepared with the data and images of the
statement as well as the mathematical expressions necessary for each section. Figure 2 shows an
example of a transmission shaft calculation problem.
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All the pdf files created during the classes with the electronic blackboard, were properly sorted and
identified. The students could consult all of them in the platform of the subject.

Referring to the lab sessions, the most important limitations have been the reduction in the capacity of
the laboratories due to the pandemic and the uncertainty arising from potential confinements. Despite



these conditions, most of them could adapted to BL. The most remarkable actions carried out are
described below.

2.2.1 Computer lab sessions

In the computer lab the students learn to model and solve a mechanical problem with a Finite Element
software. During the sessions before the pandemic, the teacher first gave a general explanation and
then the students used to work in pairs following the required steps detailed in the booklet. When it was
necessary, the students could consult the teacher to solve their doubts. Considering that, this year, the
lab sessions were to be taught online and the students had to work autonomously, the booklets have
been revised, improving the explanations where the experience showed that the students required more
help from the teacher to understand.

In addition, a novelty related to ICT has been the insertion of links in the booklet of small videos in which
the execution of the commands described in the text could be visualized, thus facilitating the location of
some menus of the software.

The delivery of the results of the lab session consisted of uploading files generated with the program
and answered some questions, related to the steps followed in the model, the mastery of the software
and to the theoretical contents of the subject. The task included an editable pdf file where the students
must insert their answers. To better organize the fulfilment of the task, for each required action a warning
was inserted in the booklet. Figure 3 shows a warning and the corresponding question.
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Figure 1. Keypoints, lines and areas to generate the volume.

Calculate the coordinates of the keypoints from the input data provided by the teacher and
complete the table gquestion 1 of the task.

(a)

1. Insert the data of your model:
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Figure 3. Example of a question of a task: (a) warning in the booklet (b) exercise in the task.

The UPV platform allows to programme the tasks and organize de deliveries for each group.

2.2.2 Laboratory sessions

The drop of the capacity of the laboratories has mostly affected the laboratory sessions, for that reason,
one of the two laboratory sessions have been moved to computer lab sessions. The objective of the lab
session was to determine the cause of the failure of a mechanical part. After a theoretical general
introduction through Teams® the students had to work on several components during the session. The

5080



work could be done in groups of a maximum of three students. The students could use Teams® or another
platform to meet. During the session, the students could contact the teacher to consult their doubts.

For each component to analyse, the students had a booklet with a description of the machine to which
the part belonged and the working conditions of the machine when the failure was produced. In the
booklets were also included links to web pages with additional information that could be useful to
describe the failure. Figure 4 shows some examples.

Exchanger tube of a y
thermal power plant

The piece under analysis corresponds to a part of the tube of an exchanger that was installed
in a 1.3 GW thermal power plant. To get an idea of the size of the plant and the part, Figure 1
shows the 1.47 GW Puentes Garcia Rodriguez thermal power plant and Figure 2 shows the
position of the part under study in the thermal cycle.

I Intercambiador

Figure 1: Thermal power plant of de 1.5 GW @ Figure 2: Thermal cycle @
2. It can be estimated that the failure is caused by aprecess of

O a. /Creep - fatigue

O b.{ Fretting - fatigue Links to additional
Oc R igue Links to theoretical information
Oud. static failure explanations

Briefly justify your answer

Figure 4. Example of links to web pages with additional information.

The students also had a complete photographic report of the pieces under study. In this case, also the
UPV platform was used to programme the tasks and organize de deliveries.

2.3 Students’ work

In the subject Materials Behaviour in Service the students made a work. The work had three deliveries
over the year programmed according to the theoretical lessons. In the last session of the course, the
students had to present their work. The work could be done in groups of a maximum of two students.

The students were aimed to record a video presenting their work instead of doing a live presentation.
This activity not only contributed to the use of several ICT tools by the students but also allowed the
students to be aware during the presentation of their colleagues.

The students also did a co-evaluation of the works. The platform used was, in this case, google forms.
After watching the video of each work, the teacher did the corresponding comments and then the
students did the evaluation. For that issue, the form had three different parts, first a rubric with four levels
to evaluate some aspects of the work: the rigor of the justification, the mastery on the numerical tool
employed or the adequacy of the conclusions (in Figure 5), among others. In the second part the
students had to mark their colleagues and finally they could write a global commentary of the work. After
watching and evaluating all the presentations, the students voted for the top three works which received
extra points in the evaluation.
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Figure 5. Example of the survey of the co-evaluation. Item: Conclusion of the students’ work. e Absence of
conclusions or inconsistent eLack of rigor or has nothing to do with the objectives o Related to the objectives
of the work, but the arguments are simple e The relationship with the objectives is clear. The arguments are

solid. Relates to observable phenomena...

3 RESULTS

The success of the actions has been levelled mainly through a survey where 13 students of TML (36%)
and 18 students of MBS (95%) answered.

3.1 Theoretical classes

The students in general considered very useful the document with the links to the videos recorded during
the theoretical classes. The graph in Figure 6 shows that most of the students who consulted the
documents found them very useful, a small part of the students never used them, and a minority did not
consider them necessary. The graph contains the answers of the students of the two subjects.

Documents with the links to the videos

= | never consult them

= | consider them unnecessary

= | use them but can be
improved

| have used them from time
to time. | consider them
useful and well organized

= | have used them frequently. |
consider them useful and
well organized

Figure 6. Survey about the documents with the links to videos

The Table 2 shows the total number of visits to the videos in both subjects. The ratio of visits calculated
as the total number of visits per number of students and videos is similar in both subjects and it reveals
that, on average, each student visits 20% of the videos. Taking into account that 16% of students
recognized not to use the links the ratio, actually, should be higher.
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Table 2. Number of visits to the videos of theoretical sessions.

Subject Number of Number of | Number of Ratio
students videos visits
TML 36 32 235 0.2
MBS 19 19 57 0.16

Figure 7 shows the distribution of the visits over the year. The arrows indicate the date of the exams.
The distribution of the visits is quite homogeneous throughout the course, so it can be understood that
the students used the videos to understand the subject during the course instead of to prepare the
exams.

30 15
20 10
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(a) (b)

Figure 7. Visits to videos per date: (a) Subject TML; (b) Subject MBS

3.2 Lab sessions

The graph on Figure 6 shows the considerations of the students, about the links inserted in the lab
booklets. In this case there is also a part of the students that does not used the videos, but those students
that watched them considered explanatory and very useful. The difference between the two subjects
could be due to the fact that the students of the subject MBS could choose between face to face and
online sessions. Most of them preferred to attend face to face rather than the online format. So, in case
of having doubts related to the use of the software, they could solve them by consulting directly with the
teacher or their classmates instead of watching the videos.

Links inserted in lab booklets
MBS TML ® | never use them

# | have used them from time
to time. | consider them
unnecessary

= | have used them from time
to time. | consider them
explanatory

« | have used them frequently,
but they haven't helped me

= | have used them frequently.
| consider them very useful

Figure 6. Survey about the links in the lab booklets
The number of visits to these videos is nor representative since they are shared by several subjects.

3.3 Students’ work

The nineteen students of the subject Materials Behaviour in Service were grouped into twelve groups to
do the works. The works were defended the last session of the course. For not depending on the
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confinements (or disease) caused by the COVID pandemic, it was strongly recommended to prepare a
video instead of doing a live presentation.

Most of the groups showed reluctance to record the video since they did not have any previous
experience. After providing the students some instructions, ten of the twelve groups followed the
recommendations and only two groups presented their works live by Teams®. Most of the videos had a
very high quality. Most of the students properly participated in the co-evaluation except for two of them
which had to make their presentation live.

4 CONCLUSIONS

The sudden outbreak of the global pandemic by COVID-19 forced an immediate adaptation of the
traditional face-to-face educational model to an on-line model mediated by technology to the end of the
2019-2020 academic year. This situation highlighted the shortcomings of the university community in
the use of ICT tools, from the lack of means of the institution to the dexterity in the management of
technology applied to the teaching / learning process. Faced with this situation, the UPV promoted a
series of initiatives to improve said deficiencies and in this context launched a call for PIME projects [7]
in which, one of the thematic areas is the use of ICT. This work emerges from one of these projects.

During the 2020-2021 academic year, higher education institutions use BL models. The different BL
models have been implemented by individual teachers given the new situation to which the learning
mode had to be adapted. Therefore, the objective of this work is to analyse those initiatives that have
worked best to obtain the best learning results for students, as well as those most useful ICT tools, since
many of the ICT tools imposed by the pandemic will be installed in the daily professional development.

For both analysed subjects, several evidences of learning have been collected based on a well-defined
system of rubrics and indicators, which are known in advance by students. Both the use of the ICT tools
and the rubrics abovementioned allow to enhance the academic achievement of students regarding
previous years. Furthermore, it allows students to acquire the transversal competences related to the
analysis and problem solving and improves the ability to understand concepts intuitively. In addition,
results clearly show a positive influence on the use of ICT tools for boosting the professional and ethical
commitment to the issues raised.

4.1 Theoretical classes

Predictably, some of the students or the teacher, have followed the classes online during the term. In all
cases, the developed materials and the followed methodology are considered valid for use in face-to-
face, online, and blended learning, thus providing the required flexibility. The level of success of having
the recording of the sessions available was measured, mainly through a survey answered by the
students, where 36% answered that they had consulted them frequently and 45% that they had
consulted them from time to time. Furthermore, 91% of the students considered that the material was
well organized.

In addition, objective data has been analyzed, such as the ratings and the number of visits or downloads
of the documents uploaded to the UPV's e-learning platform. The videos have a reasonable number of
visits since the students mainly used to follow live classes, in both cases face-to-face and online. The
visits used to be distributed evenly over the course, which reinforces the idea that most of the students
reviewed them to better understand the subject during the course.

Finally, it is concluded that broadcasting the theorical classes and letting the material to be consulted
by the students would be very useful for blended learning or for face-to-face in the post-COVID era.

4.2 Lab sessions

The main contribution of ICT to lab sessions has occurred in computer lab sessions. The links and
multimedia inserted in lab booklets have improved the self-learning process of the students. The survey
shows that a 45% of the students had consulted them frequently and they considered them very useful
and that a 36% had consulted them from time to time and considered them explanatory. However, they
are not only useful for the students, but also for the teacher. We consider that in face-to-face or even in
blended learning, the teacher could not have enough time to answer all the question from the student
regarding the development of the lab sessions, so these links and multimedia could answer them these
questions, favoring the student’s self-learning.
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Referring to the laboratories, face-to-face implementation continues to be irreplaceable. Undoubtedly,
the developed materials can facilitate the deliveries of the students, but the experimental part must
continue to be face-to-face. Given the exceptional circumstances of the health situation, the ICTs have
made possible to hold a laboratory session, but it is not considered that it has reached the same learning
level as in a traditional session.

4.3 Students’ work

The implementation of ICTs by students in the defense of their works has been highly satisfactory.
Despite the lack of experience, most of them recorded a video to do the presentation of their work
instead of doing live presentations. The quality of the videos was very high.

During the session dedicated to the presentation of the works, the students could be aware during the
presentation of their colleagues, which allowed a high participation in the co-evaluation. This aspect
could be interesting even in the post-COVID era.
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