
An International Overview of Teaching Control Systems

During COVID-19 Pandemic*
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7 INESC TEC, Universidade de Trás-os-Montes e Alto Douro (UTAD), Vila Real, Portugal.
8RMIT University, 124 La Trobe St, Melbourne, VIC 3000, Australia.
9Rose-Hulman Institute of Technology, 5500 Wabash Avenue, Terre Haute, IN 47803, USA.
10University of Hyogo, 2167, Shosha, Himeji, Hyogo, 671-2280, Japan.
11University of Brescia, via Branze 38, 25123, Brescia, Italy.

This paper aims to provide an overview of the impact of the COVID-19 pandemic on control engineering education

worldwide. The authors, who are educators in the control education field from various countries across all continents, first

summarize their experiences to present a global perspective on the different solutions adopted in control education during

the pandemic. Afterwards, collected information from the international community through a questionnaire enabled

insightful comparisons between pre-pandemic and during-pandemic educational resources and methods, which are

shared in this paper. The feedback from the authors’ experiences, along with the questionnaire responses, serves as a

valuable resource for learning and improving teaching activities. The questionnaire was distributed among the

international control engineering community in collaboration with the International Federation of Automatic Control

(IFAC) to explore the diverse alternatives employed globally for conducting online educational activities during the

pandemic. These activities include methodologies, tools, theoretical exercises, laboratory experiments, exam types,

simulators, and software for online lecturing.
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1. Introduction

In February 2020, the COVID-19 pandemic was
declared around the world. Different decisions with

different levels of lockdown were established in

every country. This situation had dramatic impact

on our lives, impacting all human activities. In fact,

theCOVID-19 pandemic revolutionized our society

in every way, socially, economically and in terms of

health [1–3]. Nowadays, everyone accepts that our

lives have changed somehow after it. There are of
course many negative issues and situations around

the pandemic that we will never forget and that will

stay with us for a long time. However, there are also

many other positive aspects and variations in our

style of life that could be important to keep and to

exploit. This is the attitude that the authors of this

work would like to transmit from a general point of

view, and particularly from an educational perspec-
tive: analyze what we have learned because of the

pandemic in the field of control education, and

preserve what we can positively use in the future [4].

Clearly, teaching and learning processes were

highly affected during the pandemic at all levels

(primary school, high school, university, ...), where
teachers and students had to adapt suddenly to new

ways of education [5–11]. Technology became the

main protagonist, where any type of digital

resources started to be spread out worldwide.

Many education centers were used to work with

digital solutions and online platforms as support to

education before the pandemic. However, many

others had to learn from scratch and adapt their
teaching methodologies to the digital world. So,

most teachers in the world had to modify their

teaching style and look for new solutions based

on online lectures, remote activities, video record-

ing, online polls, web-based methodologies [12–14],

etc.

All those changes were important in most of the

disciplines, but the impact was larger in those
disciplines with a high practical component, as it

is the case of engineering studies. In engineering,

exercises and experiments in laboratories are a

fundamental part of the learning process [15].

Moreover, theoretical lectures are usually mixed
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with practical exercises and simulations to be dis-

cussed with students face-to-face. Thus, during the

pandemic period, it was not possible to perform all

these teaching tasks in classrooms or in labora-

tories, and new solutions were required [16].

The control engineering field is one example of an
engineering topic where important changes were

performed not only for practical lectures, but also

for theoretical ones [17, 18]. Therefore, this paper is

a joint work of lecturers in the control education

field around the word, where the idea is to analyze

the methodologies, tools, solutions and platforms

used in control education before, during, and after

the pandemic. In cooperation with International
Federation of Automatic Control (IFAC) Techni-

cal Committee 9.4 on Control Education, we pre-

pared and discussed a general questionnaire to

collect data and opinions about the teaching experi-

ences in control education during the pandemic.

This questionnaire was distributed worldwide and

this manuscript summarizes the obtained results.

In the survey preparation, we understand that
educational activities are organized in a different

manner in each university and in each country. On

the other hand, we also understand that education

for undergraduate and postgraduate students are

different, and thus, we suggested to fill out the

questionnaire combining the experience from both

perspectives. Hence, the proposed questions were

formulated from a generic point of view to cover
lecturing, laboratory tasks, exercises, homework,

exams, and so on. In this way, the questionnaire can

be filled out from a global perspective according to

the experience of each teacher. The preliminary

results from this study was presented in [19], as

part of the 13th IFAC Symposium on Advances in

Control Education, IFAC ACE 2022.

Moreover, this work also includes a summary of
the experiences of the authors in their respective

countries, where personal and collective experi-

ences are described. This also gives an international

overview on the different decisions that were taken

during the pandemic and how similar problems

were dealt with in different ways around the

globe. The combination of both the questionnaire

results and the experiences of the authors provide a
very powerful instrument to improve our teaching

activities as educators. We strongly believe that this

information can be very useful for the whole control

education community and that it can help all of us

to learn from each other’s.

2. International Experiences

This section summarizes (control) teaching experi-

ences during the pandemic period in different uni-

versities around the world where each author of this

paper is affiliated. Each subsection is devoted to one

country represented by one or several authors of

these universities, where the insights of the authors

are expressed.

2.1 UTAD University, Portugal

In Portugal, the Portuguese Association of Auto-

matic Control (APCA) and the Portuguese Society

for Engineering Education (SPEE) have organized

several meetings and panel discussions involving

other field experts regarding the impact of COVID-
19 pandemic in engineering education. While there

are some reported studies about educational

aspects of teaching and learning during COVID-

19 times in Portugal, regarding university studies in

general (e.g., see Flores et al. [20]), similar studies

focused on control engineering education do not

exist.

There were two major confinements in Portugal
which required the University emergency teaching

to become on-line. The first one started at mid-

March of 2020 and continued into the second

semester of 2019–2020. The second one started in

January 2021 and lasted until the end of the first

semester of 2020–2021. The first confinement forced

both teachers and students to become fully digital in

a period of two-weeks [21]. Some outcomes of this
first confinement are:

� First on-line lecture for most teachers and stu-

dents: the great majority of university engineer-

ing courses in Portugal are based on face-face

teaching. So, most lecturers and students in

Portugal had their first on-line class in March

2020. It is important to state that: (i) this was the

confinement novelty phase; (ii) teachers and
students started the semester in a face-to-face

teaching mode. These two factors helped to

soften the drastic transition to the emergency

on-line teaching.

� Theoretical Classes: teachers reported that the

most difficult issue to deal with compared to face-

to-face teaching is the lack of visual contact with

the class, not being able to perceive if students
were following, or not, the introduced topics.

Many teachers reduced the theoretical exposition

period and increased the use of simulation soft-

ware such as Matlab/Simulink.

� Laboratory Classes: this was the most difficult

issue to deal with as well as a great opportunity to

try new learning/teaching approaches. Given the

circumstances, most practical classes had to be
replaced by simulation experiments. However,

some interesting experiments were conducted

using portable take-home laboratories [21, 22],

or virtual and remote accessed laboratories.

Interesting feedback was received from the use
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of breakout rooms among groups of students,

particularly regarding for simulation and pro-

gramming assignments.

� Assessment and exams: these were the most

problematic issues faced by teachers, namely on

how to ensure that remote assessments carry out
by students in learning management systems

were performed by those students without fraud.

Regarding the second confinement, the novelty

phase was partially lost and motivating confined

university students became harder. The black

screens become more frequent and the obtained

evaluation results become worse. After the confine-

ments, the number of meetings with students,
research project meetings, academic juries, etc.,

which are performed on-line increased significantly,

compared with the period prior COVID-19. As a

concluding remark if ‘‘what does not kill youmakes

you stronger’’, we are more prepared now than

before COVID-19 to face new control education

challenges.

2.2 University of Brescia, Italy

The COVID-19 pandemic affected Italy first in

Europe and, in particular, the town of Brescia has

been very seriously hit by the pandemic for many

months. In fact, the University of Brescia was the
first in Italy to stop in-person lectures just after the

beginning of the second semester in February 2020.

The control courses of the Department of Mechan-

ical and Industrial Engineering were immediately

adapted to be online for the first time. The year

after, courses were again conducted fully online

but, of course, both teachers and students were

more prepared for this situation. With the general
idea that this experience has in any case had a large

impact on the learning paradigm even if the pan-

demic will no more affect our lives, a survey has

been conducted with the students in order to know

their opinion regarding the advantages and disad-

vantages of online lecturing and what are the

positive aspects that should be kept for the future

[23].
It has to be taken into account that, in general,

for engineering courses in Italy, there is no compul-

sory attendance and the student should be fully free

to organize themselves in order to fulfill the require-

ments to pass the exam at the end of the course.

Then, it is worth stressing that, in the normal

situation, the Italian law requires that for classic

(non-online) universities, traditional programs
should not have more than 10% of the lectures

given online. This means that after the pandemic,

in Italy and in Brescia lectures are held in person

again. The results of the survey indicate that,

although having the option to attend the lectures

online can imply a significant saving of time and

money, the poor relationship and interaction

between the students and between the students

and the teacher is perceived as a really significant

disadvantage. This means that students who can

attend courses in person do so. However, recording
the lectures is also seen very positively by the

students, as this allows them to watch again an

explanation in case something is not clear, and to

organize their agenda according to specific needs

and to speed up or slow down the learning pace.

Overall, it appears that there is a need to keep a

high interaction between the people involved in the

education process but, at the same time, there is the
need for control resources available online that can

be used by the students to improve and to persona-

lize their learning curve. The combination of teach-

ing activity in the classroom and availability of

online resources will also foster the learning of

soft skills that are essential for a control engineer,

like team work on the one hand and autonomous

problem solving on the other.

2.3 Universities in Brazil

From March 2020 until the end of 2021 most of

Brazilian Universities had to adopt remote activ-

ities in order to maintain teaching activities during

the COVID-19 pandemic. In particular, different

virtual/remote solutions were adopted for control
engineering courses, mainly for the practical con-

trol educational activities, usually developed in the

laboratories of the different institutions [24, 25].

It is important to mention that, even before the

COVID-19 pandemic, there was a national initia-

tive to increase the use of remote practical activities

in the control education area, as a way of improving

the teaching-learning process, and to facilitate the
access to the labs, considering the demands of the

National Curriculum Guidelines, defined in 2019.

Because of this, the Technical Committee on Engi-

neering Education of the Brazilian Society of Auto-

mation promoted some special activities, that

become more important in 2020 because of the

COVID-19 pandemic. A book titled ‘‘Remote ped-

agogical practices in Engineering’’ was elaborated
with the contributions of many Brazilian professors

and researches focusing on several important sub-

jects, such as virtual and remote laboratories and

their implementation in Brazil, strategies for active

methodologies in remote engineering teaching,

experiences in the transition to remote emergency

classes during the pandemic, industrial control and

instrumentation approaches for remote teaching,
etc. Also, several special sessions were organised in

the two most important Brazilian Control Confer-

ences, that were virtual events in 2020 [26] and 2021

[27] withmore than one thousand participants each,
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in order to promote the exchange of experiences

during the pandemic.

In terms of results, new virtual labs were created,

many free software platforms were developed to

allow remote access to the real labs, simple and

cheap lab kits were designed to allow easy access of
the students to real experiments even working at

home, recorded lectures in YouTube were made

available, etc. All these efforts were used to define

activities that complemented the traditional ones

(lectures, exercises and tests) which were adapted to

the remote-virtual mode.

Another important aspect that had to be con-

sidered during the COVID-19 pandemic, was the
economic situation of the universities and many

students. In the first case it was the necessity of

paying for new learn management systems and

software tools used for online lecturing, including

the possibility of online-lecture recording and the

simultaneous connection of a big number of users.

Also a high quality internet connection was neces-

sary, that is stable when many users connect simul-
taneously. The real situation was that many

universities have problems to pay for the soft-

ware/hardware infrastructure to allow for remote

activities. Students required a good internet con-

nection at home and a personal computer with

minimal configuration. To face this problem, uni-

versities created strategies to loan equipment and

internet access kits to the most economically dis-
advantaged students.

2.4 Universities in Japan

In Japan, elementary, junior high, and high schools

were all closed for three months from March 2020

due to the spread of COVID-19. On the other hand,

the university closed in April, but began offering
online classes inMay. Since the new semester begins

in April in Japan, it was necessary to prepare for

online classes in about one month.

To investigate the actual state of online control

education during the pandemic, a survey of control

education in Japan was conducted by sending a

questionnaire to the Control Technology Commit-

tee, the Electronics, Information and Systems
Society, the Institute of Electrical Engineers of

Japan (IEEJ). Responses were collected from 28

respondents, with universities and companies repre-

senting 89.3% and 10.7%, respectively.

The survey results show that before the pan-

demic, almost all lectures and experiments were

conducted in a face-to-face format, and black-

board/whiteboard or PowerPoint presentations
were used in the majority of lectures. During the

pandemic period, most of the classes were either

online lectures or own video recordings.

The most commonly used platforms for online

lectures, in order, were Zoom, MS Teams, their

organization’s system, and LMS Moodle. The

other minority were Cisco Webex, YouTube

video, and MS Stream. The results indicate that in

Japan, platform decisions are made by the institu-

tion to which one belongs. The results also suggest
that Zoom is a relatively common choice for

faculty. Another analysis was done regarding the

functionality required for each platform. The

results of this survey indicate that the respondents

want not only a simple video streaming function,

but also multiple functions such as attendance

confirmation and assignment submission.

2.5 Universities in Sweden

Several research reports treating the education

during the pandemic in Sweden have been pub-

lished. In [28], the main conclusion is that even

though the pandemic posed many challenges for

both students and teachers, the distancemodemade

it possible to continue the education without any
drastic disruption. They also point out the impor-

tance of being prepared for this kind of emergency

remote teaching in the future.

In Sweden, the teaching is more or less back to

the situation before the pandemic, where most of

the teaching that was performed on campus now is

back on campus again. There are, however, some

changes that have appeared because of the pan-
demic that are interesting and worth noting.

Many video lectures were produced during the

pandemic, and many of these videos are still avail-

able on internet. Even though lectures now are

offered on campus, some students prefer to stay at

home and follow the videos instead. Reasons for this

are that it is more flexible, they can take the lectures

when they want, they can stop, repeat and change
speed of the lectures. Themain drawback is that they

miss the human interaction with teachers and other

students.Most peoplewould probably agree that the

disadvantages outweigh the advantages. Another

change is that since there are so many lectures

available on internet, some student look for lectures

given at other universities if they are not satisfied

with those given at their own university.
During the pandemic, teachers and PhD students

had to work from home for some of the time. Most

of them are now back at the universities, but some

of them prefer to continue working from home. At

some departments, where many have chosen to stay

at home, this has become a problem and since many

have chosen to stay at home, there is even less

reason to go to work because there are so few
colleagues present. The fact that so few teachers

are at the campus means that it is more difficult for

students to get in touch with them, which is of

course a disadvantage.
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2.6 RMIT University, Australia

RMIT university belongs the group of technologi-

cal universities in Australia and is ranked in the

middle level among all Australian universities. The

same as other Australian universities, RMIT

experienced a rapid growth of international stu-

dents in the pre-pandemic period. The two key

challenges confronted Australian as a result of the
pandemic are:

� Learning to perform remote teaching.

� Learning to cope with the drastic reduction of

international students.

The second challenge was manifested into aca-

demic staff redundancy in a severe degree and

farewell of friends and colleagues using Teams. To

confront the first challenge is a relatively easy task

because they are related to our teaching skills,
teaching commitments and our caring for our

students. These factors are within our control,

which is unlike the consequences of the drastic

reduction of student numbers.

As an example, we consider two control courses

in the combination of fourth year undergraduates

and postgraduates that typically had large classes

with student numbers between 150 to 200 students
in the pre-pandemic time. These control courses

were designed to get student work-ready. The first

course is focused on PID control system design,

implementation, cascade control and automatic

tuning and the second course is focused on model

predictive control with constraints. Both courses

are electives across the entire engineering school.

During the pandemic, both courses were taught
online using Collaborate Ultra and all control

hardware laboratories were replaced by simulation

laboratory using Simulink. Although the courses

were taught online, the teaching results were very

good with excellent student feedback. One reason

could be that the additional efforts were put into

designing the courses so that they were more inter-

esting to students and more contact hours were
allocated to help students. The students particularly

liked performing control system design and simula-

tion usingMATLAB and Simulink in real-time and

in a step-by-step manner. The students did very well

in terms of control system design and simulation,

however they missed out on the experience of

control system implementation using hardware.

2.7 Slovak University of Technology in Bratislava,

Slovakia

The initial term in 2020 started at the Slovak

University of Technology in Bratislava without

any signs that it could be disrupted in any way,

i.e. classical face-to-face classes were taking place.

Three weeks later the university was closed (see also

Stefancik and Stradiotova [29]), the full-time edu-

cation was interrupted and self-study and distance

learning were recommended. Only staff members

were allowed to enter the faculty in exceptional

cases on the basis of a special permit. Individual
subjects started to be taught online within 1–2

weeks, depending on the computer skills of the

teachers. The mathematicians had the most pro-

blems, as they were used to explaining the subject

only on the blackboard and with minimal use of

computers. Teachers used Discord, YouTube and

Google Meet according to their preferences. Since

the first control course is running in the second part
of the academic course, it was not confronted with

this situation at the beginning.

The online classes continued in the next school

year. In this period two online environments

(Google Classroom together with Google Meet

and MS Teams) were recommended for all courses.

Teachers could choose the environment according

to their preferences.
In the basic control course PowerPoint presenta-

tions and virtual whiteboard were used for lectures.

The disadvantage was that almost all students had

the video turned off and therefore the teacher had

very poor feedback. There was usually no one to

answer the questions that were asked by the teacher

during the lecture. Later better feedback was

achieved by using simple online polls.
During laboratory classes it was not possible to

use the experimental equipment that is located at the

university. Of course, students could use simula-

tions in Matlab/Simulink without problems, some

problems were illustrated using online interactive

examples available on the website. However, as we

also wanted to give the students at least basic

practical skills in system identification and control,
we tried to provide them with the opportunity to do

experiments at home. Each student had anArduino,

a breadboard, and components to build a simpleRC

circuit, on which it was possible to measure basic

characteristics, obtain its mathematical model and

design a simple controller. In addition, another

experiment with termo-opto-mechanical plant was

available through a remote experiment, which stu-
dents could book at a time that wasmost convenient

for them to perform the experiment. They were

asked to solve the same tasks as for RC kit.

The exam was done using online test, which

contained not only classical multiple choice ques-

tions, but mostly short-answer questions that did

not allow students to guess the answer at random.

Results had to be solved and computed. Since the
examples were randomly generated and were not

the same for all students (they differed in numerical

values), the possibility of cheating was minimal.
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At the end of the pandemic, the form of teaching

was switched again to face-to-face it is planned to

continue using the online interactive examples and

the remote experiment, as they allow to supplement

practical knowledge even when the university build-

ing is closed. Nevertheless, it is hoped that this
situation will not happen again, because despite

the fact that students have been provided with the

course content thanks to information technologies,

there was a lack of personal feedback and, above

all, social contact, both for students and for tea-

chers.

2.8 University of Almerı́a, Spain

Teaching activities were stopped in Spain in March

15th 2020, when the national lock-down was

announced by the Spanish government. Most edu-

cational centers decided to stop all teaching activ-

ities for a period in average of twoweeks, in order to

face the situation and to analyze how to proceed for

the rest of the academic year. At the University
level, these two weeks were dedicated to intensive

meeting among lectures, deans of faculties, heads of

departments, and vice-rectors in order to evaluate

the situation, the availability of resources, and re-

scheduling of the teaching period. Fortunately, the

good news were that most of the Spanish univer-

sities already had a Learning Management System

(LMS) as support for on-site lectures. Thus, it was
not too complicated to continue giving theoretical

lectures using the online capabilities of the LMS. Of

course, lecturers needed a quick introduction to the

videoconferencing tools, but it was a task that was

relatively easy to handle.

The main problem in Spain was that the govern-

ment did not provide any general guideline or

recommendation for this situation, and each Uni-
versity was responsible to manage the problem

independently and according to their own resources

[30]. This resulted in the implementation of many

different methodologies and experiences across the

country, resulting in a heterogeneous impact on

teaching activities [31–33].

In the control engineering community, we had

many different meetings with colleagues across the
country and under the umbrella of our national

control engineering association, the ‘‘Comité Espa-

ñol de Automática (CEA)’’, which is the IFAC

National Member Organization in Spain. General

solutions were discussed to cover the requirements

for theoretical lectures, such as the use of LMS,

tablets with electronic pencil to mathematical ana-

lysis, or the use of videoconference tools such as
Zoom or Google Meet. However, the main concern

was about how to replace the practical or lab

lectures with students in the current situation. The

lockdown affected of course all teaching activities in

any discipline, but the impact was higher on those

areas with a relevant practical content, such as

engineering studies. So, those meetings with other

colleagues across the country were very productive

and many ideas came out from them:

� CEA has a very active group on control educa-

tion since 20 years ago, which was originally led

by Prof. SebastiánDormido. This group has been

working hard to develop new educational tools to
support control education,mainly virtual/remote

labs (https://unilabs.dia.uned.es/), benchmark

problems based on simulators (http://servidor.

dia.uned.es/�fmorilla/CIC2017/), and interac-

tive tools (https://w3.ual.es/personal/joguzman/

material_docente_itools.shtml). Thus, all these

resources were suggested to be used for the

control engineering community as support for
practical lectures.

� Another interesting idea was the access to the lab

computers using remote desktop applications.

So, for instance, DC motors and PLC devices

connected to those computers could be used by

students remotely according to a given access

timetable. This solution was very productive,

because it allowed the use of real devices in a
very simple way and without requiring the devel-

opment of new ad-hoc software for remote

access. This option was possible thanks to the

help of the lab technicians, who had permissions

to move to the University to prepare and to

maintain all the required material for teaching

activities.

The use of these resources helped a lot to moti-

vate students by exploiting one of the most attrac-

tive element of the control engineering field, which
is to put control theory into practice.

The lockdown in Spain finished on June 21th

2020, and then, a very strong discussion was held on

how teaching activities should continue for the next

academic year. The decision was very different

around the country, and every university made

their own decision. Most of the universities decided

to apply an hybrid format, and students could
decide to attend the lectures on site or remotely.

This situation made the problem even harder,

because classrooms and labs were not really pre-

pared for a hybrid format. So, lecturers had to be

seated in the classroom to teach everything thought

the computer screen to be share on the on-site

project and on the Internet. When this problem

was moved to the lab, the problem was also that
some students were at home working remotely with

the lab devices or simulators, and some other

students were on site in the lab. So, the coordination

was really complicated.

At this point, because of the problems experi-
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enced with teaching and conduction labs in a hybrid

format, the University of Almerı́a decided to buy

more than 300 hundreds TCLab kits (https://apmo-

nitor.com/pdc/index.php/Main/PurchaseLabKit)

and follow a take-home lab methodology. So, one

of those kits was given to each student, and they
could perform the lab activities at home and with-

out any time restrictions. Then, the lab sessions

were dedicated to discuss the results and solve

problems. The experience was very positive and

very well accepted by the students, and nowadays

the samemethodology is still used in lab lectures for

most of control engineering studies [34].

2.9 University of Pretoria, South Africa

Universities in South Africa faced similar chal-

lenges when the COVID-19 pandemic struck in

2020. More detail on what transpired at the Uni-

versity of Pretoria is given in what follows.

In response to the COVID-19 pandemic, all

academic activities, i.e. lectures, assessments,
laboratory work and assignments were suspended

at theUniversity of Pretoria from 16March 2020. A

severe national lockdownwas implemented from 27

March 2020 [35], and after much deliberation, the

University of Pretoria decided to continue with

online only teaching from 20 April 2020. Lecturing

staff therefore had about 5 weeks to pivot to online

teaching, online laboratories, and online assess-
ment. Care had to be taken to do this in an equitable

manner, so as to consider students who come from a

disadvantaged background that lack the required

infrastructure for online coursework.

Face-to-face lectures for undergraduate students

only resumed on 25 July 2022, the start of the

second semester of 2022. Students did, however,

return to campus during the first semester of 2022
for laboratory work, semester tests and exams.

Attempts were made in 2021 to get students into

the laboratories on campus, but this was hampered

by lockdown levels that changed due to the emer-

gence of new COVID-19 variants. The 2020 and

2021 academic years were fortunately completed

within the respective academic years, albeit a few

weeks later than normal, despite the many logistical
challenges that resulted from pivoting from face-to-

face to online only courses.

Two undergraduate control related courses are

taught in the Department of Electrical, Electronic

and Computer Engineering of the University of

Pretoria. An introductory control course

(EBB320) is presented to about 250 third-year

students. This is followed by a fourth-year course
on automation (EBT410) which is presented to

about 120 students. During the COVID-19 pan-

demic online lectures for these two courses were

presented in an asynchronous manner. Videos

made by the lecturer were posted online at the

beginning of each week which students could

follow, along with the course notes, in their own

time. Regular course evaluations indicated that the

video lectures were very well received with student

comments such as ‘‘the benefits of this is the ability
to pause videos as well as watch the lecture when-

ever it suits me best’’ and ‘‘the video lectures are

clear and one could thoroughly understand the

concepts’’. The video lectures are also very helpful

post the COVID-19 pandemic in that they help the

lecturer when preparing for lectures, and they can

be used by students to reinforce concepts described

in class.
An interesting aspect to remark on was the

introduction of the COVID-19 modelling into the

control systems curriculum. [36] is used as textbook

for EBB320 in which HIV/AIDS modelling and

control (described in [37]) is covered in each chapter

in the form of ‘‘Progressive Analysis and Design

Problems’’. Students who complete EBB320 are

therefore familiar with the modelling of infectious
diseases. The follow-up automation course

(EBT410) has a significant component on obtaining

plant models for control purposes. Models for

sensors, actuators and processes are obtained

from first principles, including the use of the prin-

ciple of conservation of a quantity S (see [38]). The

latter is e.g., used in the automation course tomodel

the dynamics of a thermocouple (see e.g., [39], [40]).
The principle-of-conservation approach was also

used to model the disease dynamics of HIV/AIDS

in [32], a model by now familiar to EBT410 stu-

dents.

Seeing that COVID-19 was dominating the head-

lines, it was decided to introduce COVID-19 mod-

elling into the control systems curriculum in the

form of the COVID-19 model described in [35].
This model uses the same principle-of-conservation

approach as was used for modelling thermocouples

and the HIV/AIDS model, making it easier for the

EBT410 students to follow. Students appreciated

the fact that the material that they covered in the

automation course had a direct bearing on the

COVID-19 pandemic that they were experiencing.

2.10 Rose-Hulman Institute of Technology, USA

Rose-Hulman Institute of Technology is a small

private undergraduate engineering college located

in the Midwest region of the United States. The

total enrollment is 2,400 students, with an average

class size of 20 students. In the Chemical Engineer-

ing program students are required to take an
introductory control course in the December–

March term of their junior or senior year. During

the COVID-19 pandemic years, 2020–21 and 2021–

22, approximately 120 students took the control
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course. Most of the instruction was in person,

except for the first 3 weeks in 2020–21.

Based on experiences with other courses taught

earlier in the pandemic, the control course instruc-

tors identified student engagement and motivation

as the most critical element of the course. Prior to
the pandemic, there was only one active learning

component in the course, the LOOP-PRO TRAI-

NER simulator, [36]. During the pandemic, two

additional active learning platforms were incorpo-

rated: Kahoot interactive games [42] and TCLab

take-home kits [34].

Kahoot games provided an engaging and stress-

free environment for students to test their knowl-
edge. They also gave immediate feedback to the

instructors about the level of understanding of the

topic at hand. Kahoot games were played every

other lecture and took 10 to 15minutes to complete.

Student feedbackwas overwhelmingly positive with

some students commenting that ‘‘every course

should adopt Kahoot.’’

The TCLab kits were used as a take-home
laboratory. Students completed two labs on

model identification and three labs on controller

tuning. Each lab took 2 to 3 hours to complete. In

the first pandemic year, 2020–21, when most extra-

curricular activities were cancelled, students did not

comment on the length of the labs. In the second

pandemic year, 2021–22, when most of the social

restrictions were lifted, students complained about
the time it took to complete the labs.

The addition of the Kahoot games and the

TCLabmodules significantly increased the prepara-

tion time for the instructors. But at the same time,

these new elements providedmore opportunities for

the instructors to engage with the class on an

individual level. Instructors’ enthusiasm and high

level of time commitment were greatly appreciated
by the students, who voted one of the instructors as

the outstanding professor for 2020–21, based

mainly on the introductory control course.

2.11 Arizona State University, USA

Arizona State University (ASU) is a large state

university, with multiple campuses located in var-
ious parts of the Phoenix metropolitan area. The

Fulton Schools of Engineering is the largest engi-

neering college in the nation, with over 30,000

students enrolled. In the chemical engineering pro-

gram, approximately 150 students a year enroll in

ChE 461: Process Dynamics and Control, a

required course for fourth-year chemical engineer-

ing students (seniors), which is normally offered in
the first semester of the final year in the BS program

of study.

In mid-March 2020 (following the official

declaration of the pandemic), all instruction at

ASU went online. Subsequently, significant invest-

ments were made at ASU to equip all classrooms

with cameras and equipment to create ‘‘ASU Sync’’

[43], a learning modality meant to facilitate both in-

person and remote instruction. In fall 2020 (the first

semester that ChE 461 Process Dynamics and
Control was offered during the pandemic), ASU

had returned to in-person instruction, but only for

classes with enrollments under 100 students; conse-

quently, ChE 461 had to be taught remotely. The

course historically has made substantial use of

MATLAB w/Simulink through dedicated compu-

ter modeling assignments (CMAs); the COVID-19

pandemic provided the opportunity to develop two
completely new CMAs devoted to epidemic open-

loop modeling and closed-loop control, respec-

tively. The experience is described in detail in [44].

All major concepts in ChE 461, ranging from

dynamic modeling using conservation and account-

ing principles, linearization, state-space and trans-

fer function model representations, and model-

based tuning of PID controllers using Internal
Model Control, were applied using these CMAs

to a chemical reactor analogy of the Susceptible-

Infected-Removed (SIR) epidemic model. Conse-

quently, the students’ understanding of modeling

and control concepts was improved in the context

of a major world event that they were currently

living through.

The experience in ChE 461 with SIR modeling
and control was subsequently used in ChE 561:

Advanced Process Control (an elective course that

includes advanced undergraduates and graduate

students); this has included extensions of the pro-

blem to Model Predictive Control. Training activ-

ities with graduate students in data-centric

predictive control paradigms has also improved

through exposure to the epidemic control problem.

2.12 Summary

As can be observed from the above experiences, a

wide and different variety of solutions were

observed and proposed by the different authors

around the word. It is really fascinating to see all

the effort made at the different countries to face the
problem and to restore the teaching activities in a

record period of time. On the other hand, it is

important to highlight the enthusiasm and creativ-

ity observed by the different universities and edu-

cators, with the re-usability of old material,

discovering of new resources, or even the develop-

ment of new ad-hoc resources to cover the urgent

online teaching demands. Notice also how beside
the different cultures, similar approaches were

applied worldwide.

Regarding the above summaries, one can realize

the high workload suffered by the educators during
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that period, and it is a clear example of the pressure

we were all under during the pandemic. Anyway,

the positive issue was that all the solutions and

experiences gained, and how many of the meth-

odologies, tools and resources used during the

pandemic are still in use today. In particular, the
importance of digital tools to foster the students

engagement have to be highlighted, and also that of

take-home kits (and/or virtual laboratories) that

allow students to have practical experiences and,

in general, of having a variety of online resources

that can be fruitfully exploited also in the post-

pandemic period for new ways of teaching [45].

The next sections present the responses obtained
from colleagues around the world based on the

questionnaire prepared by the authors. The aim of

this study was to obtain a quantitative and wider

analysis of the above summarized experiences

about the impact of the pandemic on the control

engineering field.

3. Discussion

The questionnaire distributed to the international

community is described in the Appendix. The

questionnaire was completed by 240 individuals

from 30 countries. The detailed distribution

among countries is shown in Figs. 1 and 2. Fig. 1

shows countries where the questionnaire was com-

pleted at least by 2% of the total participants.

Countries with smaller number of respondents are
covered by the joint name ‘‘Other’’ that is shown in

more details in Fig. 2.

As a first result, our interest was focused on

knowing what tools/platforms/resources lectures

were used before the pandemic. Fig. 3 shows the

obtained results for the most often used tools.

Moreover, some other material out of our propo-

sals was provided by the participants, including the
following ideas:

� examples and simulation in MATLAB1/Simu-
link1,

� own (standalone) demonstration tools,

� textbooks,

� computer exercises,

� own audio recordings,

� Git,

� Facebook study groups.

These answers were compared with the situation

when lectures were taught online during the pan-

demic. Although at first glance it might seem that
the blackboard with chalk and whiteboard with pen

will not be used in such conditions, the opposite was

true. People started to use ‘‘virtual blackboard/

whiteboard’’, i.e. handwriting distributed via Inter-

net. In spite of this, as it is evident from Fig. 3, the

blackboard/whiteboard and PowerPoint-like pre-

sentations were partially substituted by the tools

that are more appropriate for online teaching. The

big increase in own video recordings was due to the

use of prerecorded lectures (asynchronous lectur-

ing) that started to be quite popular. Furthermore,
from the extra comments, we also obtain examples

based on interactive sessions with screen sharing or

using classical communication tools such as cell-

phone or email.

The pandemic period also brought higher use of

LMS. Fig. 4 shows that approximately two years

ago Moodle was the most common LMS. COVID-

19 enabled the increased use of MS Teams and
partially also of Google Classroom. The increased

use of MS Teams is very relevant. An important

issue mentioned by the respondents was that the

selection of the LMS was mostly done by the

institution and educators rarely use other plat-

forms.

However, LMS solutions only facilitate sharing

of teaching materials and presentations, testing or
administration of courses and students. In most

cases, they do not allow synchronous online teach-

ing where students can also ask questions. For this
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reason, a large number of teachers were looking for
online streaming opportunities. As can be seen from

Fig. 5, several software solutions were used for this

purpose. Zoom,MS Teams, and GoogleMeet were

the most often used.

Since teaching via the Internet requires the use of

other ways of attracting students, we were inter-

ested inmethods that teachers used to keep students

engaged and motivated. Fig. 6 shows the question-
naire replies, where it is observed that for motiva-

tion purposes, teachers mostly used various forms

of assignments: projects, open-ended assignments,

additional take-home assignments, regular quizzes

(online or offline), competitions, or games. More-

over, the following examples were also given by the

questionnaire participants:

� practical experiments,
� encouragement to create discussion sessions

among schoolmates,

� quizzes,

� polls,

� exercises and simulations in MATLAB1/Simu-

link1,

� more frequent communication via email,

� splitting seminars into shorter time slots with
smaller number of students.

One respondent mentioned that normally stu-
dents found jokes enjoyable, but together with

this answer there come also several comments

saying not to try it online because it is a disaster if

you do not hear or see the smiling audience.
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Of course, during online teaching it is also

necessary to do exams and evaluation activities.

The feedback results for this question are summar-

ized in Fig. 7. In most cases, students needed to
write the exam on paper, then scan and to upload to

a platform after the exam is finished. Computer-

based multiple choice tests were the second choice.

These possibilities were followed by complex pro-

jects containing various tasks and short live inter-
viewswith students. In a few cases, it was possible to
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accomplish traditional face-to-face exams. Other

ways also provided in the responses were:

� test with calculated questions in Moodle,

� oral exam via MS Teams,

� time restricted project with individual para-

meters,
� MATLAB Grader1,

� stack quizzes/questions in Moodle.

An interesting discussion ensued among the

respondents. In some cases, when exams were

done by hand and uploaded to a platform, students

were required to have their remote video-camera
switched on to be supervised by the lectures. It was

interesting to know that in many universities, this

option was not allowed because of privacy reasons.

Actually, it was also forbidden to talk with students

during online lecturers. However, don’t we (as

lectures) see the students’ faces and what they are

doing in person when they perform an exam in a

classroom? So, why is it not allowed to require the

same for online situations? This question opens an

interesting discussion about the quality of distance
evaluation.

Probably, everyone is interested in whether,

when all the waves of the pandemic end, we will

be able to return to the previous way of life and with

the same teaching activities. Fig. 8 shows that just

23% of respondents (i.e. less than one quarter) think

that teaching will be done in the sameway as before.

The rest of respondents agree or partially agree that
it will not be the same.

In Fig. 3, we compared the tools that were used

before and during the pandemic. Since we cannot

expect that education will be the same as before, we

wanted to know what we can expect in the future.

Therefore, colleagues were asked which activities

they would like to retain in teaching after the

pandemic. Fig. 9 enhances this study and compares
the obtained answers to the expansion of tools that

were used up to now. Regarding the use of black-

board/whiteboard, it is necessary to say that we

were asking about the use of ‘‘virtual blackboard/

whiteboard’’ that was used during online teaching.

The increase in the item ‘‘own video recordings’’

was due to the fact that it actually includes two

video forms – own videos (54 answers), but also pre-
recorded lectures (113 answers). The most surpris-

ing result was the decrease of the use of PowerPoint-

like presentations. All other online tools were as

expected – reduced use in comparison to the pan-

demic period but the increased use in comparison to

the period before COVID-19. In addition, some
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teachers would like to keep the recording of lectures

to be later available to students for individual study.

Finally, Fig. 10 shows the opinion about some

statements related to the advantages or disadvan-

tages of online teaching. As observed, most of the

respondents agree that online teaching is most
difficult for students and teachers. For students

because they lose motivation and attention, as it is

more difficult for them to ask questions and follow

the lecture evolution. There is a general concern

that being in front of a computer all the time opens

many possibilities for distraction. For teachers, it is

more difficult to keep the attention of students and

get them to participate. Most of us agreed that face-
to-face teaching provides live feedback from stu-

dents which is impossible to observe in online

teaching. So, most of us think that online teaching

is not a good solution for education from a global

point of view. However, some advantages were

observed. For instance, to record the lectures can

be useful for students to watch and revise the

contents again. Also, to create video material to
explain some complicated concepts is a very power-

ful tool for lectures. Imagine, the typical question

that is repeated time after time by students. The

recording of a simple video about the solution can

be of incredible help to students for better under-

stating, and also to reduce the repetitive tasks for

lectures. Moreover, online tutorial meetings are

very useful to address individual or group doubts,
allowing for bigger availability. On the other hand,

all the online solutions are demonstrated to be very

beneficial for inclusivity situations for students with

specific learning disorders.

4. Results

The pandemic period brought problems in experi-

menting with real devices. The questionnaire showed

that some teachers skipped it altogether, some

replaced experimental work with simulation experi-

ments, and some tried to find a way to keep labora-

tory experiments in the classroom. Several teachers

allowed students to use classical lab hardware via
Remote Desktop software, in one case an assistant

staff was available in the lab. Elsewhere, students

were asked to send controller code to the professor,

who tested it on the device, and feedback was also

provided by video camera. Probably the most

common way was to use various Arduino Based

Kits (e.g., for temperature control ormotor control),

which were either very cheap or could be assembled
at home. In the course on Signal and Systems

students also used cheap microphones and speakers.

It is only natural that some teachers were not

satisfied with the teaching during the pandemic and

would like to go back to the way teaching was done

before, because ‘‘Live lectures could never be

replaced’’. On the other hand several teachers also

found advantages to online teaching, e.g., ‘‘Online
teaching has been rare in the past at our university,

but it will help a lot if it is allowed during normal

times, especially when the lecturer is traveling.’’ or

‘‘Audience Response Systems are great!’’. Most
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responses agreed that ‘‘a mixed model can be

advantageous’’ and ‘‘prerecorded lectures will be

combined with live-lectures’’ because ‘‘students

really appreciated the chance to watch the lectures

again’’. On the other hand, this approach also raises

slight concerns about the difficulty of preparing for
this way of teaching – ‘‘I fear that students will

demand both very soon: polished online resources

to be used offline/on demand AND perfect, inter-

active, engaging live lectures and teaching, in total

increasing our stress immensely....’’. Perhaps the

closest to what awaits us in the future was the

following answer: ’’I am very much up for a sharing

culture where we don’t do anymore so much frontal
‘feedforward’ teaching, but rather spend our time to

give feedback to students that somehow study by

themselves much more. And I think that our final

objective is to transform ourselves from teachers to

mentors of individual students.’’

Finally, we would like to introduce a few more

observations, which were also included among the

answers in the questionnaire:

� Most people feel that face-to-face is likely to be

more engaging for the majority of students. Also

this allows easier informal chats between stu-

dents and also with staff.

� The worst thing during teaching online is the lack

of feedback. You have no idea about initial
conditions. You do not see if the students are

lost or bored. You don’t see whether you already

lost their attention. You have no idea about

disturbances.

� Nice examples of how advantageous feedback

control/teaching is.

� The advantages/disadvantages of virtual classes

depend on each teacher, on his or her own
vocation for the teaching-learning process. The

idea that the teacher should have is, ’’I want to

teach my students’’ and based on that, manage

his or her teaching methodology.

� At a time when screens and remote relations are

spreading more and more, I do think that it is all

the more important to keep real physical inter-

actions in teaching (and research, by the way).
� The required level of self-discipline and forward-

looking action for students during the pandemic

is clearly higher than before.

� One thing I noticed is that it became even more

evident that students who want to study accept

any platform. However, with online classes the

performance of those who are not motivated is

even worse.
� The amount of cheating increased a lot. This is a

cultural problem that is minimized in in-person

lectures. In online lectures the students talk

through WhatsApp groups during the tests and

the teachers have no way to avoid the cheating as

it is not right to ask everyone to open their

cameras (privacy problems).

� From a personal perspective, remote teaching (or

any task for that matter) allowed me to organize

my time and bemore efficient throughout the day
(no time spent on commutes), and in particular,

have more time to dedicate tomyR&D activities.

� The pandemic has prompted many lecturers to

improve their course material. Pre-recorded lec-

tures are a lot of work, but have the advantage

that it can be re-used.

� Universities must invest more in remote experi-

mentation systems.

5. Conclusions

Initially, each author provided a summary of their

experiences in their respective countries and uni-

versities. From these accounts, it is evident that

there was a significant and commendable global

effort to address the challenges of teaching during

the pandemic. Following this, the authors collabo-

rated on designing a detailed questionnaire to
gather quantitative data on these experiences,

focusing on the technologies, methodologies, activ-

ities, tools, and other resources used by educators

worldwide during the pandemic. The survey col-

lected the opinions of over 240 educators from 30

different countries. The main insights obtained

from this study are the following:

� Permanent Changes in Teaching Methods: Most

respondents believe that teaching methods will

not entirely revert to their pre-pandemic state.

The pandemic introduced new tools and meth-

odologies that are expected to be retained in
future teaching practices.

� Shift in Presentation Techniques: There has been

a notable decrease in the use of PowerPoint

presentations and an increase in the creation of

custom videos to explain concepts. This shift

highlights a move towards more dynamic and

engaging teaching materials.

� Adoption of Remote Experiments: The use of
remote experiments and take-home lab meth-

odologies is another trend likely to continue

post-pandemic. These methods have proven

effective and convenient for students and educa-

tors alike.

� Integration of Online Tools: Online lecturing

tools have become an integral part of modern

educational activities. Their effectiveness and
accessibility have made them indispensable in

the current teaching landscape.

� Prevalence of Written Exams: Traditional writ-

ten exercises remain prevalent, possibly due to
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the mathematical nature of control engineering,

which can be challenging to assess through other

methods.

In conclusion, the pandemic has taught us valu-

able lessons and introduced new educational

resources that enhance our current teaching prac-

tices. Despite the difficulties and sadness experi-

enced during the pandemic, it has also provided

opportunities for positive developments, a senti-

ment we should convey to our students as educa-

tors. We believe that this type of study is a valuable

resource for the control education community, and

sharing ideas among peers is a powerful way to
continue learning and improving.
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Appendix

This section summarizes the questionnaire prepared by

the authors in order to collect data about the methodol-

ogies, tools, solutions and platforms used in control

education before, during, and after the pandemic. The

idea was to see and analyze how the different solutions

and didactic resources were used before the pandemic,

during the more complicated period under the lockdown,

and which ones are still used today. The structure of the

survey was developed in different blocks of questions.

First, basic questions about the country and affiliations of

the participants were required. Afterwards, the groups of

questions were specifically oriented to determine the

tools, methods, activities, exams, and other resources

used before, during and after the pandemic.

The first block was dedicated to knowing the tools and

resources used before and during the pandemic with the

following group of questions:

� What tools/platforms did you use before the pandemic

situation came?

– blackboard/whiteboard and chalk/pen.

– PowerPoint-like presentations.

– laboratory experiments.

– experimenting with ‘‘home kits’’.

– remote experimentation.

– interactive examples via web interface.

– online polls.

– discussion forums.

– LMS Moodle.

– university information system.

– MS Teams.

– Google Classroom.

– YouTube videos.

– own video recordings.

– others (providing other ideas).

� What tools did you use during online teaching?

– pre-recorded lectures (asynchronous lecturing).

– online live lectures (with any kind of synchronous

feedback).

– ‘‘virtual blackboard/whiteboard’’ (hand writing dis-

tributed via Internet).

– PowerPoint-like presentations.

– practical experimenting with ’’home kits’’.

– remote experimentation.

– interactive examples via web interface.

– online polls.

– chat.

– discussion forums.

– YouTube videos.

– video recordings (complementary materials).

– others (providing other ideas).

Then, the interest was moved on the LMS and the

software tools used for online lecturing with the next

questions:

� What LMS (if any) did you use for online teaching or

videoconferencing as support to teaching activities?

– LMS Moodle.

– Canvas LMS.

– university information system. – MS Teams.

– Google Meet.
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– Google Classroom.

– Zoom.

– Cisco Webex.

– Discord.

– video streaming via YouTube.

– video streaming via Twitch.

– other

Afterwards, the focus was on the students’ motivation

and the different ways to perform online exams:

� What methods did you use to keep students engaged

and motivated?

– projects and open-ended assignments presented to

the entire class or submitted as a short video.

– daily/weekly quizzes that count toward the course

grade.

– games that do not count towards the course grade.

– additional take-home or virtual lab assignments.

– mini-competitions among the students in the class

(for example, tune a controller).

– other.

� How did you perform the exams?

– multiple choice test.

– short live interviews with students.

– written exams that students upload to a platform

once they finished.

– complex project containing various tasks.

– other.

Finally, the interest was focused on the methodologies

and resources to be kept after the pandemic:

� Do you think that after the pandemic will you return to

the teaching activities in the same way as it was before?

– yes.

– maybe.

– no.

� What activities would you like to retain in teaching

after the pandemic?

– pre-recorded lectures (asynchronous lecturing).

– online live lectures (with any kind of synchronous

feedback).

– ‘‘virtual blackboard/whiteboard’’ (hand writing dis-

tributed via Internet).

– PowerPoint-like presentations.

– practical experimenting with ‘‘home kits’’.

– remote experimentation.

– interactive examples via web interface.

– online polls.

– chat.

– discussion forum.

– YouTube videos.

– own video recordings.

– others (providing other ideas).

� What do you think are the main advantages and

disadvantages of online lecturing with respect to tradi-

tional in-person lectures?

– Online instructions allow teacher to do better lectur-

ing.

– Students have been more responsible because of

online instructions.

– Motivation of the students during online instruc-

tions is low.

– It is more difficult for students to ask questions to

the teacher during the lecture.

– It is useful for students if they can watch again the

recorded lectures.

– Students pay less attention during the lectures as

they have the chance to watch them again.

– For the teacher, it is more difficult to engage

students.

– It is useful for inclusivity (for example for people

with specific learning disorders).

Notice that the idea was to develop a simple and easy

questionnaire with the aim of collecting as many

responses as possible. For that reason, we designed a

short group of questions to avoid having a very tedious

questionnaire. There are of course many other questions

with a deeper pedagogical perspective that could be asked

in future works, but this topic is out of the scope of this

paper. The following section summarizes and discusses

the results obtained from the collected data.
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José Luis Guzmán et al.1180


