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Abstract—This Innovative Practice Work in Progress Paper
presents a comprehensive approach to convert an undergrad
hands-on electronics lab to an e-learning experience. Special
care was taken to make the format interactive as well as to
encourage teamwork between students. The conversion was made
to conform with the social distancing measures implemented as
a response to the COVID-19 pandemic.

Instead of relying on pre-recorded lessons, the lab was offered
through live video sessions. Multiple cameras were used to make
it easy for students to follow the instructor performing the
experiment. Students worked together in teams they had chosen
at the beginning of the semester throughout the entire course,
giving team members the opportunity to get to know each other
or strengthen existing bonds. During the live sessions, the teams
were repeatedly sent to breakout rooms to discuss and vote on
questions related to the execution of the experiments and the
measurement results. The votes, which were carried out using the
Moodle learning management system (LMS), were then discussed
in the plenary, and the course of the experiment was adjusted
accordingly.

Using data of student participation from the LMS and the
results of a detailed survey, the success of the implemented
measures can be proven empirically. 88.2% of students found
that the interactive elements helped them to stay concentrated
during the live sessions. 79.6 % agreed that the breakout rooms
improved cooperation within their team and 72.8 % plan to stay
in touch with their team members.

Index Terms—COVID-19, distance learning, electronics lab,
teamwork, undergrad education, video conference software.

I. INTRODUCTION

The rapid spread of the COVID-19 pandemic has forced
countries around the globe to implement social distancing
strategies. This has presented an immense challenge for uni-
versities as traditional in-classroom courses had to be adapted
to alternative e-learning formats almost overnight. Not being
able to study in groups and meet other people leads to feelings
of isolation [1], [2] as well as stress and anxiety [3], [4] in
students. It is especially troubling that already disadvantaged
students are affected the most by the detrimental effects of
distance learning [5], [6].

This work describes the conversion of a hands-on elec-
tronics lab taught at the undergraduate level to an e-learning
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experience. Special care was taken to maintain high student
engagement in the course. An additional focus was the pro-
motion of student teamwork to alleviate the effects of social
isolation.

II. BACKGROUND

The electronics lab is mandatory for students in the second
year of the Bachelor’s program in electrical and biomedical
engineering. It was previously taught as a hands-on lab and
is attended by about 200 students every winter term. The
learning goals as laid out in the module handbook for the
Bachelor’s program [7] are: a) Being able to simulate and
conduct measurements in the lab on basic transistor circuits,
simple integrated circuit, digital logic, opamps, and filters.
b) Implement a state machine on a field-programmable gate
array (FPGA) using the Verilog language and industry standard
software tools. c) Break down complex electronic systems into
basic circuits and analyze the operation of the building blocks.

Fig. 1. Picture of the completed project PCB of the drum machine.

Four of the six labs are built upon a common project to
achieve the third learning goal. Once completed, the assembled
printed circuit board (PCB) (see Fig. 1) works as a drum
computer with two voices. On the PCB students find the classic
555 timer IC used as a clock source, 74-series logic for the



programmable sequencer, active filter, a discrete headphone
amplifier and a few other circuits. The theory of operation
of each circuit is introduced in the lecture notes and then
verified through simulation in LTspice. Subsequently, students
populate the respective area of the project PCB and finally
verify its function using the supplied test gear.

III. RELATED WORKS

Online education has been an ongoing trend for many
years. However, the COVID-19 pandemic made it necessary
to convert an unprecedented number of courses to e-learning
as students were not able to attend courses on-campus due
to social distancing measures. Some of these conversions
have described in recent publications. However, only the ones
focusing on lab activities will be discussed in the following.

Remotely accessible experiments have been shown to be one
possible solution to enable students to take part in lab activities
from afar [8], [9], [10]. Alternatively, a combination of video
lectures, interactive simulations and online consultation hours
has been demonstrated to yield good results [11].

This work differs from previous publications in its focus
on enabling teamwork and increasing student engagement. It
directly addresses the challenges caused by social isolation.

IV. METHODOLOGY

For this work a hands-on lab was converted to an e-learning
format. The design approach is laid out in this section. The
presented course was held in the winter semester 2020/2021
and attended by about 200 students.

The main challenges this conversion would have to tackle
were identified in a series of workshops hosted by the de-
partment of electrical engineering. In these meetings students
and faculty discussed their experiences with e-learning so far
and came up with recommendations for the upcoming winter
term. Both students and faculty described feelings of isolation
when being limited to asynchronous distance learning. Virtual
meetings, whether they cover an entire lecture or are offered
as regular office hours were suggested as a potential solution.
Faculty offering live sessions over Zoom reported that these
sessions suffered from reduced participation and high dropout
rates. The planning of this lab went ahead based on these
insights.

Faculty engagement has been proposed to be an important
factor in promoting student engagement and success [12]. Sev-
eral measures were implemented to demonstrate the teaching
staff’s engagement: a special e-mail address for course related
questions was set up and all messages were answered promptly
and using welcoming and supportive language; special atten-
tion was also paid to answering all questions in the online
forum in a timely manner; questions of general interest were
then added to an FAQ section on the course’s homepage;
finally, the results of the course evaluation were analyzed and
discussed with students during a live session.

Keeping in mind the result of the e-learning workshops, it
was decided early on to host the lab in the form of a series of
virtual meetings using the Zoom video conferencing software.

This is in accordance with the available research on this
topic, where virtual meetings were associated with improving
the quality of life for students compared to traditional, pre-
recorded video lectures [13]. They also make it possible to
gather immediate feedback from students through the Zoom
chat feature. In the hands-on lab students had four hours during
each session to complete the experiments. To make it easier for
students to follow along, the duration of the virtual sessions
was limited to three hours. This was further divided into
chunks using the interactive elements described below and one
break per session, in an attempt to improve learning success
by matching the students’ attention span [14]. Additionally,
each session was recorded and made available afterwards, so
students could re-watch when they felt it is necessary. The
lab lasted from November 2020 to February 2021 and was
comprised of six sessions taking 3h each.

The Moodle LMS [15] has been used intensively for the
course organization and management in the past. It was
therefore the first choice for the implementation of the e-
learning course. The available functions and processes are
called activities in Moodle. The use of several of these
activities will be presented in detail below.

A. Video production

Video recording equipment has become an ubiquitous com-
modity, with even entry-level smartphones offering decent
picture quality. The standards set by contemporary video
productions are therefore high. Careful planning based on the
available research on video lectures in academia is required to
use the available resources gainfully.

Guo et. al. [16] have suggested that a more personal and
enthusiastic off-the-cuff presentation style increases student
engagement. They also recommend Khanh-style live drawing
in place of a more traditional slideshow. This advice was im-
plemented in the studio setup for the live sessions. The student
lab where the course was traditionally held was selected as
the filming location and multiple cameras were set up. The
lab notes were shown using a document camera. This made
interacting with the documents feel natural for the instructor,
enabling them to point at important sections or to illustrate
concepts using a quick drawing or calculation.

Having multiple cameras available made it possible to com-
pose an image showing all areas of interest simultaneously.
Fig. 2 presents an example of such a composition. Students
can follow the measurement done on the circuit board to the
left while being able to read values from the test equipment on
the right at the same time. The excellent open-source project
Open Broadcast Studio (OBS) [17] made it possible to do the
video compositing in real-time.

As audio quality has been named as one of the most
influential factors for the success of videos used in distance
learning[18], [19], high-quality microphones and a profes-
sional audio interface were obtained for the studio setup.

B. Teamwork and Interactive Elements

Students could choose teams on their own through the
Moodle activity group choice. This was supposed to deepen
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Fig. 2. Different camera angles make it easy to follow the presentation.

the relationships in pre-existing peer-groups, as students could
choose a group based on these networks. To make finding
a group as straightforward as possible, a forum was created
for this purpose. A collection of tools for communication
with group members was also announced, including a forum
where each group could communicate privately. The group
choices were exported from Moodle and converted to a format
suitable for Zoom. The resulting file was then used to create
breakout rooms in Zoom, where teams could be sent to
separate meetings during a live session to discuss among
themselves.

For each lab session several polls were prepared, quizzing
students on the concepts presented during the live session.
These pop quizzes were used as interactive elements so stu-
dents could in a way steer the flow of the experiment as well as
provide them an opportunity to reflect on the content presented
so far. They were integrated into the presentation so that they
had to be answered before the instructor could continue the
experiment, e.g. asking how the test gear had to be configured
to achieve the desired result. The test design was based on the
ConcepTest approach for live demonstrations as introduced
in [20]. The Moodle activity poll was used to implement the
pop quizzes. Before the poll was made available to the students
the instructor presented the question and prompted them to
discuss it with their team members before voting. Then they
were sent to their separate breakout rooms as described above.

Students were also asked to hand in lab reports for two
sessions each. Given a total of six lab sessions, the reports
could be distributed evenly among each team of three. Students
were encouraged to cooperate on the creation of these reports
with their team members. The reports were collected and
graded using the Moodle activity assignment.

One final element that was retained from previous years
was a self-test after each lab. In this test students were given
multiple choice questions to evaluate their understanding of
the lab they had just attended. Students were encouraged to
cooperate with their team members when answering these
tests. This test was implemented using the Moodle activity
quiz.

Bonus points for the final exam were offered as an incentive
to students to participate in these activities as well as in the
live sessions. To reward all students following along with the
live sessions, they were rated based on whether a vote was
cast rather than on the correct answers. However, attendance
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Fig. 3. Student participation in the different activities. Data was exported
from Moodle.

during the live sessions was not mandatory.

V. RESULTS

Participation in the offered activities was evaluated using
the data recorded by the Moodle LMS. Additionally, the
effect of the implemented measures on students was analyzed
through an online questionnaire to which about 150 students
responded.

A. Participation in the activities

The participation of students in the activities described
earlier was recorded through the Moodle LMS and could there-
fore be evaluated for this work. Dixson [21] has shown that
this documented activity is indicative of student engagement
in the course. The number of votes cast in the pop quizzes is
of special interest, as these were only made available during
the live sessions and can thus be seen as a proxy measure
of student engagement during sessions. Fig. 3 shows the
progression of the votes cast over the course of the semester.
As there were multiple quizzes for each lab, the one with
the most votes cast was plotted. It started out with a very high
number of 194 votes for the first lab and decreased marginally
to 175 for the last one.

The participation in the self-tests is also plotted in Fig. 3. As
students were free to fill these out after the live sessions, the
number of tests entered can be seen as a measure of student
engagement outside of class. Again, numbers are very high
for the first lab with 186 tests filed. However, this is followed
by a steady decline to 148 tests for the last lab, corresponding
to a 20 % decrease.

The number of lab reports handed in for grading was also
evaluated. Each student was only supposed to create reports
for two out of the six labs. Therefore, the maximum number
of reports expected per lab is just a third of the number of
students registered for the course. To make it easier for the
reader to compare figures, the number of reports was plotted
against a seconds y-axis located on the right side of the plot.
The declining trend is even more distinct than with the other
two activities. The number of reports was 62 for the first lab
and went down to just 35 for the last one. This translates to
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Fig. 4. Survey results for the questions exploring the effect of the implemented
measures. Questions can be found in the text below. Mean (m) and standard
devivation (s) are indicated through markers with error bars. n is the number
of students having responded to the question. Scale ranges from 1.0 (strongly
agree) to 5.0 (strongly disagree).

a 43.5 % decline. It can be reasoned that some students were
satisfied with the number of bonus points they had achieved
and therefore refrained from creating a second lab report.

B. Online survey

An online survey was conducted at the end of the semester
in early 2021 to evaluate the success of the implemented
measures. Students were repeatedly reminded through friendly
messages to fill out the questionnaire to increase the response
rate. The turnout of more than 150 completed surveys shows
that these efforts were successful. The results of the survey
cover about two-thirds of students registered for the course and
are statistically significant. In the survey 34.9 % of students
identified as female and 65.1 % as male. No student identified
themselves as gender non-binary. The majority of students
(59.5%) were in the third semester of their six semester
Bachelor’s program. 33.3 % stated they study in the electri-
cal engineering program, 31.4 % in the medical engineering
program and the remaining 35.3 % were spread among other
programs offered by the department of electrical engineering.

Students assigned the lab an overall grade of 1.7 on average
(scale from 1.0 to 5.0 with 1.0 being best), which is on par
with the last two years where it was offered as a traditional
hands-on lab (average grade for winter term 2018/19 was 1.57,
for the winter term 2019/20 it was 1.78). 88.0 % of students
found the e-learning format to be helpful or very helpful and
94.7% were able to follow along the online course. 61.5%

of respondents agreed or strongly agreed that the course has
encouraged them to keep exploring the topics presented. The
questions added specifically to determine the effect of the
measures implemented on teamwork and student engagement
are listed below:

a) The live sessions made it easier to follow the course
compared to a recorded lesson.

b) The interactive elements and breaks helped me to stay
concentrated during the lab sessions.

¢) The breakout sessions improved the cooperation in my
team.

d) I plan to stay in contact with my team members even
after the course has ended.

e) Using the supplied template I had no difficulties creating
the lab report.

The results corresponding to these questions are presented
in Fig. 4. Students strongly prefer live sessions over record-
ings. The majority finds interactive elements and short breaks
helpful in maintaining attentiveness during these sessions. In
the evaluation of the measures taken to improve teamwork,
students agree that discussing during the breakout sessions
improved cooperation among the team members. 72.8 % think
they will even stay in touch with their team members after
the course has ended, indicating the forming of friendships.
Although the level of feelings of isolation was not measured
directly these results hint at that students got to experience
community in the course. Finally, as most students did not
find it difficult to prepare the lab report using the supplied
template the decline of handed in reports over the course of
the semester is likely due to a decreasing interest in earning
more bonus points.

VI. CONCLUSION

Overall, the conversion of this lab to an e-learning expe-
rience was deemed successful. The survey results indicate
that students prefer the offered synchronous course style over
prerecorded videos. This finding is supported by the high level
of activity during these sessions as evidenced by the data
retrieved from the Moodle learning management system.

Combining the breakout room feature of Zoom with groups
chosen in Moodle made it possible to form teams that can
collaborate across these platforms. According to the survey,
students found this measure to support cooperation in their
teams and most plan to stay in touch with their team members,
indicating that the level of community progressed from mere
acquaintances towards friendship [22].

Due to the COVID-19 pandemic, the majority of the stu-
dents taking part in this lab had less than one semester to
experience university lectures and labs in person. The results
of the survey might therefore be biased, as students did not
have a baseline to compare this lab to.

The results of this work will be used to continually improve
the design of this course, especially in regards to the upcoming
winter semester where COVID-19 related restrictions will still
be in place.
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