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Abstract
We report on the experience of offering two subjects in a technical course in 
Electromechanics during the COVID-19 pandemic. The main goal is to analyze the 
teaching strategies adapted for the subjects of Basic Electronics, using simulators 
in a remote way and Electronic Drives, offered in a hybrid way, between remote and 
face-to-face classes, observing the students’ engagement in these subjects. To do 
so, a theoretical reference on the use of simulators was sought, and methodologies 
were defined for each of the subjects, considering the context of the pandemic. As a 
result, a comparison of the two subjects offerings and the methodologies used, an 
analysis of student engagement, and learnings for future work are presented.
Keywords: remote teaching; emergency teaching; COVID-19.

Introduction
In the years 2020 and 2021, teaching activities have undergone an abrupt change 
due to the need for social isolation to deal with the COVID-19 pandemic. This has 
affected all levels of education, since students and teachers in general have not 
been previously prepared for this model of emergency remote teaching (ERT). 
This model is characterized by the temporary use of the remote format in courses 
that would otherwise be face-to-face, which can be done through digital platforms 
(VALENTE; MORAES; SANCHES, 2020), and has been a reality both in Brazil and 
in other countries, as shown by Bond, Bedenlier, Marín, and Händel (2021). ERT 
differs from distance learning (DL) because it does have the same level of planning 
and by not being based on an education model such as DL (VALENTE; MORAES; 
SANCHES, 2020). As mentioned by Valente (2021), the transition between face-to-
face and remote teaching was necessary in order not to generate a disruption in 
ongoing courses. In particular, technical courses with laboratory activities needed 
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possibility of accessing 
the laboratories is the 
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a bridge between the 
remote classes and the 
practical ones

to be completely restructured and the dynamic between theory and practice went 
through a process of reconfiguration.
During the years 2020 and 2021, the classes of the subsequent technical course in 
Electromechanics at the Instituto Federal de Santa Catarina (IFSC,) Campus Caçador, 
were adapted to the ERT format, so that part of the classes were offered remotely 
and the laboratory classes, essential for the completion of several subjects, were 
held back. With the return of face-to-face classes in September 2021, these subjects 
could be completed. The subject of Basic Electronics, specifically, was concluded 
with practices still remotely, by means of simulators, while the Electronic Drives 
subject could be concluded with practical classes in the laboratory, both disciplines 
being offered in close proximity.

As a general purpose, this paper presents a comparison 
between the offering of these two subjects with regard to 
the engagement of students, their performance, and their 
involvement in the activities, in order to present an assessment 
of the experience and also the learnings for future classes.
The specific purposes are: to use simulators appropriately during 
remote emergency classes; to define specific methodologies 
for this situation in order to optimize the transition back to face-
to-face classes; and to obtain, through this atypical situation, 
learning related to teaching methodologies that can be used in 
the future during normal times.

Use of simulators
One of the ways to strengthen the teaching without the possibility of accessing the 
laboratories is the use of simulators as a bridge between the remote classes (which 
unfortunately brought a more theoretical focus) and the practical ones, which will be 
back later. The use of simulators for educational purposes in the field of electricity 
is not new, being researched, for example, by Hart (1993). In that paper, the author 
mentions that computer simulation is useful for stimulating learning through 
visualization of voltage and current waveforms, and can be used in place of, or as a 
complement to, an experimental lab class.
One of the advantages of simulators is that they can be accessed from any computer 
with minimal requirements and do not require the presence of a responsible person, 
as in the case of laboratories (COUTINHO, 2013). Furthermore, as studied by Silva, 
Santos, and Pelacini (2018), the use of simulators is seen as positive for student 
engagement and interest in the subject, although they do not exclude the need for 
face-to-face laboratory experiments.
Simulators also present some challenges, such as how to express a knowledge 
or situation within the syntax of the program (SUMMIT; RICKARDS, 2013). It is 
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noteworthy that, in addition to simulators, other digital technologies, such as 
previously recorded video lessons, which were previously used as complements or 
accessories (VALENTE, 2021), have come to play a major role in the form of teaching 
during social isolation.
Considering more specifically the subjects of Electronics, one possibility is the 
use of electronic circuit simulators, among which several free options can be 
found. However, as important or even more important than using a simulator or a 
technology is to define the teaching-learning methodology (OLIVEIRA et al., 2021), 
as proposed by Wang (2009), through a closed-loop system that includes steps for 
the student to get in touch with the content and be an actor in his own learning. The 
laboratory classes of two subjects were analyzed. The first, on Basic Electronics, in 
which the laboratories were carried out entirely in the form of ERT classes; and the 
second, Electronic Drives, whose laboratory classes took place in person.
 

Report on practical lessons using simulators in Basic Electronics
At the beginning of the second half of 2021, in August, there was still no exact 
forecast for returning to face-to-face classes, and all the content that was planned in 
the emergency remote form for the subjects had already been taught. In this way, it 
was necessary to return in person to carry out the laboratory classes and complete 
each subject. In August, so that the students would not have their course paralyzed, 
the missing classes of the Basic Electronics subject that would be in the laboratory 
were also adapted to the ERT format, allowing the conclusion of the same. Basic 
Electronics was chosen to be offered in this format because it was, among the subjects 
partially taught in ERT, the one that would have the most free-simulators available and 
appropriate to the content. It was planned to use the month of August exclusively 
for this subject, with what we will call “simulation classes”. Such methodology also 
had the objective of dealing with the challenge of keeping the students motivated, 

seeking methodologies that promote the students leading role in 
their own learning. This issue was already a concern even before 
social isolation, as we can see in the paper by Costa and Coutinho 
(2019), in which the authors cite the use of interactive online tools 
and active methodologies to promote student leading role.
The simulation classes were offered more rigidly than the previous 
classes in ERT. Attendance at Google Meet was required, that is, just 
watching the recording and carrying out activities afterwards would 
not count as attendance. In this way, a more active participation 
of the students was sought than in the previous period in ERT, in 
which it was necessary to be more flexible so that there would 
not be even more dropouts. An effort was also made to prepare 
students for the face-to-face return, which was expected to take 
place soon, by demanding attendance and timetables.

Basic Electronics 
was chosen to be 
offered in this format 
because it was, 
among the subjects 
partially taught in 
ERT, the one that 
would have the 
most free simulators 
available 
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After consulting the students regarding the availability of technological resources, 
it was found that all 12 enrolled had access to a computer at home (coincidence 
or not, the students who remained active in the course during the pandemic had 
access to a computer and internet at home). It was also observed that the operating 
system that the students had allowed the use of the planned software. TinkerCAD 
(AUTODESK, 2021a) was used to assemble and simulate electronic circuits and 
Eagle (AUTODESK, 2021b) to design circuit boards, both free and with materials and 
tutorials available on the web.
Starting with lessons in TinkerCAD, the teacher demonstrated the assembly of the 
day’s circuit, deliberately leaving some gaps. In the first class, there were few gaps, 
demonstrating the assembly and the expected results almost step by step. Each 
student was able to share the link to their own simulation and it was possible to 
follow it in real time, helping them solve the problems thanks to this feature. In each 
following class, the day’s circuit was explained with more gaps, so that students 
needed to research or create their own solutions. In the last class with TinkerCAD, 
the task was to assemble a timer circuit based on the classic IC 555, but without 
showing anything in the simulator. From the schematic and component data sheets, 
the students developed their own simulation on a virtual prototyping board. The 
Figure 1(a) shows the schematic made available to the students, while Figure 1(b) 
shows the assembly performed in TinkerCAD.

Figure 1 - Schematic made available to students (a); circuit assembled in the TinkerCAD simulator (b) 

 
Source: (a) Pereira, 2014; (b) Authors: circuit assembled in TinkerCAD.

After the circuit was assembled, the Eagle software was used to design the timer’s 
printed circuit board. A video tutorial was made available, showing how to install and 
design the board. Of the 12 students enrolled, seven completed the Basic Electronics 
subjects.
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Figure 2 - Eagle software printed circuit board design submitted by a student 

Source: Basic Electronics student.

In short, the methodology used was to perform, in sequence, lectures lessons 
with exercises, the use of the TinkerCAD simulator to connect the components 
in a prototype circuit, and finally, the design of the board to manufacture a final 
circuit, going from the prototype to the product. With face-to-face classes, the 
main differences, besides the issue of engagement, would be the use of physical 
prototyping boards to assemble what was done in TinkerCAD, and after designing 
the board, it would be possible to print the design obtained for the circuit on a real 
board and visualize the result, including the imperfections that naturally occur during 
manufacturing. In this way, despite the limitations mentioned, it was possible to 
work theory and practice together, even remotely.

Report of face-to-face practical classes of Electronic Drives in the 
laboratory
At the beginning of September, shortly after the Basic Electronics simulation 
practices were completed, it was possible to carry out the face-to-face return for the 
Electromechanics course class, and one of the subjects whose face-to-face practices 
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were offered was Electronic Drives. The practices planned for the laboratory were 
the assembly and programming of a frequency inverter and a soft starter.
The contents were resumed during the experiments, seeking to contextualize the 
information. For example, when the students energized the inverter through the 
alternating three-phase network, the question was raised: how can the inverter 
supply a direct voltage at one of its outputs if the energy input is alternating? At this 
point, the students related the concept of the rectifier circuit, present internally in the 
inverter, which performs this function, to the activity. In this way, all content seen in 
remote classes was reviewed and related to the physical equipment being operated 
by students, promoting the inseparability between theory and practice.
 

Figure 3 – Photos taken by students during practical classes

Source: Electronic Drives students.

Comparative
Two experiences of finishing subjects affected by the pandemic were reported. 
In both, classes were held through ERT, filling all the contents foreseen, but with 
outstanding laboratory activities. In Basic Electronics, these practices were 
performed remotely by means of simulators, and in Electronic Drives the laboratory 
activities occurred in a face-to-face manner.
As a criterion for comparison, the teacher’s perception of the students’ engagement 
with the two subjects is reported. The teaching strategies used in both subjects 
mentioned sought to maintain, as far as possible, students’ contact with practice, 
since face-to-face classes represent an important vector for the effective completion 
of subjects. In Basic Electronics, there was a significant increase in motivation with 
the course compared to previous emergency remote classes, as they knew they 
could finally complete the subject and realized that face-to-face classes could soon 
be resumed. However, it was also clearly perceived that the students were making 
an effort only because they knew they could complete the subject and approach the 
end of the course. There was a greater involvement in the first classes, but it was 
reduced, so that in the last classes it was necessary to contact the students several 
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times to demand the completion of the activities. The students only 
spoke up during class to question details of the implementation, 
errors that were happening, but they did not question why or anything 
deeper. In Electronic Drives, in the very first face-to-face class, we 
observed students talking more, even in a relaxed way, something 
that was practically non-existent during the ERT classes. In addition, 
participation and attendance were continuous from the first to the 
last class.
In order to analyze the students’ engagement, the quantity and depth 
of questions asked by the students in class were also compared. 
In Basic Electronics, the questions came in a more superficial way, 

asking only what they should do to make a certain circuit work correctly, but without 
asking why. It was also observed that other problems, such as a student to assem-
ble a circuit that had not worked correctly and simply stated that the circuit did not 
work, were reported directly in the form of negative statements, with no demons-
tration of proactivity. It was verified that, with the use of the simulator, the students 
performed the activities with greater assiduity in relation to the theoretical contents, 
which demonstrates the need to unite theory and practice, but still without the same 
engagement observed in face-to-face classes of the same course.
In Electronic Drives, on the other hand, the students asked more questions with a 
greater level of depth, reporting the doubt and arguing about the causes of the ob-
served problems and the possible solutions. This complement, of argumentation, 
of an attempt to find an explanation, made the dynamics of the practical classes 
much more productive. Additional comments were also noted citing the differences 
and similarities of the practices in the laboratory and those performed in the com-
panies where they work. Such comments, answered by the teacher, led to further 
discussions, so that the classes always reached some goals beyond what had been 
planned. This effect can be explained by the course audience, which is mostly made 
up of workers with professional experience.
Finally, student performance was analyzed as an indicator of engagement. In 
both subjects, classes were held via emergency remote classes. In such previous 
classes, in Basic Electronics, some simulators had already been used, but as a 
return was expected soon, activities of a more theoretical nature were performed. 
In Electronic Drives, there were no suitable free simulators, classes in ERE format 
were limited to theory. But what was observed is that, in both subjects, students 
arrived at the laboratory (physical or virtual) with prior knowledge, which facilitated 
the development of activities. Here we highlight the need for the laboratory learning 
stage, whether physical or virtual, in which students can experiment and visualize, 
with their own conclusions, the phenomena studied during the lectures, to ensure the 
inseparability between theory and practice. For example, in Basic Electronics, when 
a circuit with diodes was assembled, all the students assembled the component on 
the board in the correct direction (current in the anode-cathode direction), closed 
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the circuit in the negative pole of the source (they did not leave an open 
circuit), did not cause short circuits, among other things. In other words, 
although in the ERT format, in which even with the use of simulators, 
when available, the classes had limitations in terms of practice, there was 
significant learning. In face-to-face classes on Electronic Drives, the same 
effect was observed, with the students respecting the basic concepts. 
The students already understood, for example, what the acceleration and 

deceleration ramp was, that the inverter supplied voltage at variable amplitudes and 
frequencies and did not cause any short circuits or accidents during the classes. 
Therefore, the hybrid format, combining simulations and video classes prior to 
laboratory classes, contributed to the progress of the course.

Conclusions and lessons for the future
The first conclusion is that the “solution” used to keep the course running did not 
solve the problem caused by the need for social isolation in its entirety, because most 
of the practical activities in physical laboratories necessary for the completion of the 
course could not be replaced by virtual activities with simulators. As examples, can 
be quoted the Electronic Drives practices reported here, and welding and machining 
practices present in other subjects of the course. The decision to keep the course 
in ERT format was the result of a compromise between enabling students’ training 
and not hindering their learning through classes that are not fully appropriate for 
the course. In other words, the aim was to minimize the harm to students. Simply 
approving students for a course that requires laboratory classes only with remote 
emergency classes would not be a viable alternative, as we would not be meeting 
the minimum required of an electromechanical professional. In the same way, 
paralyzing the course completely, waiting for the face-to-face return, would be a 
huge harm to the students who had already committed time, effort and planning in 
the initial semesters of the course.
The second conclusion, and also a learning one, is that the Electromechanics course, 
considering normal times, can benefit from strategies developed during the remote 
emergency classes, such as the more frequent use of simulators, video lessons 
available on the web and online review quizzes, as a complement to face-to-face 
teaching, since such strategies optimize time in the classroom. The proper use of 
simulators has enabled contact with practice that, although not a full substitute for 
classes in physical laboratories, may be used together with classroom activities. It is 
also observed that, regardless of whether there is a pandemic or not, it is imperative 
that in the first semester of the course, training is given in the use of digital technologies, 
such as email, the institution’s academic system, search tools, among others.
Another important learning was that the students of the course, when unhappy, 
hardly manifested about it, even if questioned directly. The tendency among students 
who dropped out was to give some explanation such as “I changed jobs, I had some 

In other words, 
the aim was to 
minimize the 
harm to students
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difficulties, etc.”. Only one student explicitly stated that he did not participate in the 
ERT classes because he did not adapt to the format.
Analyzing the performance of the activities in this experience report, we verified 
that in Basic Electronics, taught entirely remotely, it was possible to work the 
minimum content foreseen for the subject with the use of software, but with a lower 
effectiveness than expected in normal times with face-to-face classes. However, the 
positive aspect of the remote classes stands out, with a dynamic of intensive use of 
simulators in Basic Electronics, as a preparation for the face-to-face return, even if 
this only occurred in the subject of Electronic Drives. In the return to the classroom, 
in Electronic Drives, the dynamics of the classes was also intensively practical, 
applying the concepts worked on during the remote emergency classes. It was 
clearly observed that face-to-face classes provided greater student engagement.
As future work in this line of research, we propose a greater exploration of digital 
technologies as a complement to classroom lessons, the systematization of 
materials and online questionnaires, and a closer analysis of the students reality to 
better understand the difficulties that they find.
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