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Abstract—The COVID-19 pandemic forced universities to close their doors
creating the largest disruption of education systems in history. It was necessary
to find new ways and new alternatives to classical teaching methods. This paper
presents the proposal made by the Faculty of Engineering of the Catholic Uni-
versity of Cordoba (UCC) for the continuity of practical laboratory work in the
teaching of Physics. To this end, the data obtained from a survey of university
students at the end of the academic year 2020 are analyzed. The survey covers
first-year students, as well as students from higher education who took Physics
I under the classroom modality. It should be noted that the number of students
in the Faculty of Engineering of the UCC is very small to obtain conclusive
results in a first research, therefore, the authors consider that the project is at an
introductory stage that, in the future, will continue to pursue. So far, the results
showed that the application of Physics laboratory experiences through simulation
can become an excellent tool to facilitate students’ understanding of abstract and
complex concepts in the face of lack of presence.

Keywords—virtual labs, physics teaching, education in pandemic times

1 Introduction

The COVID-19 pandemic forced universities to close their doors creating the largest
disruption of education systems in history. It was necessary to find new ways and new
alternatives to supply classical teaching methods.

Technological and digital tools, innovation in teaching methods and resources and
important investments in communication equipment were needed. Both students and
teachers made very large efforts to achieve educational goals.

However, in certain educational aspects, it was very difficult to place some activi-
ties in a virtual space. Indeed, some of them, such as laboratory experiences, need a
multisensory observation, which is not possible to achieve in virtual environments. The
benefits and difficulties of implementing technology-supported education have been
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explored in several case studies in different countries [2] [5] [9]. In this work, a Physics
virtual laboratory implementation will be analyzed, and its advantages and disadvan-
tages will be discussed both from teachers’ and students’ perspectives.

2 Methods

This is a qualitative action-research work placed in the classroom that focuses on
analyzing the Physics laboratory of the Faculty of Engineering of the Catholic Univer-
sity of Cordoba. Its goal is to reflect upon education and didactic methods and not to
prove theories or hypotheses (Ander Egg, 2000).

The study population was made up of physics students from the Engineering degrees
of the Catholic University of Cérdoba. The information-gathering technique was par-
ticipant observation and semi-structured interviews. With the collected information, the
corresponding tabulation and data analysis was carried out.

Three students’ groups were considered:

First group: Students who took the Physics course under the virtual modality.

Second group: Students who took the Physics course under the face-to-face class-
room modality using the new laboratory equipment (acquired by the Faculty of Engi-
neering one year ago).

Third group: Students who took the Physics course under the face-to-face modality,
but who did not have access to the new laboratory equipment.

The survey was carried out using the Google Forms application including only
Newtonian Mechanics questions. This survey was designed in three sections.

In the laboratory practices at the Catholic University of Cordoba, which were histor-
ically performed in the usual face-to-face format, the students reproduce the classical
Physics experiments.

Physics studies are divided into three main learning areas:

e Physics I: Newtonian Mechanics
e Physics I1: Electromagnetism
e Physics I11: Thermodynamics and Modern Physics

All engineering students must take these three subjects, in which every learning
week is composed of a theoretical class, a problem-solving class, and a laboratory class.
Between 2018 and 2019, a large investment in the physics laboratory equipment was
done. In this context, new experiences and new laboratory procedures were designed
and implemented during 2019 [1].

Since March 2020, the restrictions imposed by the Covid-19 pandemic forced to
move all the teaching activities to the virtual modality. The laboratory classes were
affected by this since the role of the students in the experimental environment is very
different from the one played in the theoretical and practical classes. Laboratory experi-
ences require active student participation, including environment interaction and inter-
pretation, teamwork, development of creativity, materials and methods selection to
achieve goals. It requires as well the physical interpretation of the experiment, building
empirical models, sharing ideas, learning from mistakes and thinking about immediate
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consequences. It is also necessary to be careful with danger, following safety rules,
finding alternative procedures when the ordinary ones cannot be carried out, optimizing
resource use and so on. All of these elements and many more make laboratory practices
irreplaceable. However, it is possible to create a virtual environment, that, although
lacking many of the virtues of a real laboratory, enhances other characteristics that can
benefit the students in their learning process.

These are virtual spaces where students, instead of observing a real physical phe-
nomenon and translating it into a theoretical model, do the inverse operation, that is,
analyzing a theoretical model to interpret the real physical phenomenon. These theo-
retical models are not presented as equations, but as an environment that simulates the
real world on virtual spaces. Also, other alternatives can be implemented, such as, for
example, Remote Laboratories, which require a remote connection with some measure-
ment equipment, and Deferred Laboratories, which perform data collection through a
previously filmed experiment [2].

2.1 Virtual labs

The Physics Laboratory of the Catholic University of Cérdoba chose to utilize sim-
ulations as a virtual laboratory tool in Physics. Some of the proposed virtual labs and
their fundamental characteristics are discussed below:

Case one: capacitor lab. It is a Physics simulation tool to explore how a capacitor
works (Figure 1). It is possible to change the size of the plates, add a dielectric, change
the voltage and see charges built up on the plates. It shows the electric field in the
capacitor and it is possible to measure voltage and electric field.

Phet Interactive Simulation: https://phet.colorado.edu/es/simulation/legacy/
capacitor-labUnits

Fig. 1. Capacitor lab

Case two: circuit construction kit (AC+DC), virtual lab. This physic simulation
permits to build circuits with capacitors, inductors, resistors and AC or DC voltage
sources, and inspect them using lab instruments such as voltmeters and ammeters
(Figure 2).

Phet Interactive Simulation: https://phet.colorado.edu/es/simulation/circuit-
construction-kit-dc-virtual-lab
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Fig. 2. Circuit construction kit (AC+DC), virtual lab

Case three: multimeter. It simulates an electrical measuring instrument with the
functions of an ammeter (current measurement), a voltmeter (voltage measurement),
and an ohmmeter (resistance measurement) (Figure 3).

eduMedia: https://www.edumedia-sciences.com/es/media/552-multimetro

Case four: vernier caliper. Virtual Vernier caliper is a caliper reading, interpretation
and practice simulator with a scale resolution of 0.05 mm (Figure 4).

Prof. Eduardo J. Stefanelli: https://www.stefanelli.eng.br/es/calibre-virtual-
simulador-milimetro-02/

o = @ > edumMedia

edumedia-scionces.com

Fig. 3. Multimeter

iJES — Vol. 9, No. 3, 2021 79


https://www.edumedia-sciences.com/es/media/552-multimetro
https://www.stefanelli.eng.br/es/calibre-virtual-simulador-milimetro-02/
https://www.stefanelli.eng.br/es/calibre-virtual-simulador-milimetro-02/

=

5 b

e 012 34 7 9 10
il \ulw»»-)llww%ﬁﬁ T e

s JH-MM\\,&“

‘QO

] 35,42

Fig. 4. Vernier caliper

Case five: masses and springs. This physic simulation permits to hang masses from
springs and adjust the spring constant and damping, to change the force of gravity value
and slow downtime (Figure 5). The forces and energy in the system can be observed in
real-time and it is possible to measure the period using the stopwatch.

Phet Interactive Simulation: https://phet.colorado.edu/es/simulation/masses-

and-springs

Fig. 5. Masses and springs

Case six: projectile motion. It allows students to learn about projectile motion
by firing various objects (Figure 6). It is possible to set parameters such as angle,
initial speed, and mass, to explore vector representations, and to add air resistance to
investigate the factors that influence the drag.

Phet Interactive Simulation: https://phet.colorado.edu/es/simulation/projectile-
motion

Fig. 6. Projectile motion
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Case seven: energy skate park. It permits students to learn about energy
conservation with a skater gal. It is possible to explore different tracks and view the
kinetic energy, potential energy and friction as she moves, to build tracks, ramps and
jumps for the skater (Figure 7).

Phet Interactive Simulation: https:/phet.colorado.edu/es/simulation/energy-skate-

park-basics
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Fig. 7. Energy skate park

Case eight: pendulum lab. It enables playing with one or two pendulums and
discovering how the period of a simple pendulum depends on the length of the string,
the mass of the pendulum bob, the strength of gravity, and the amplitude of the swing.
It is possible to observe the energy in the system in real-time, and vary the amount of
friction and measure the period using the stopwatch or period timer (Figure 8).

Phet Interactive Simulation: https://phet.colorado.edu/es/simulation/pendulum-lab

[ — [z [ ——
& secbin = 3 e T
(03 sratca de Lnewai E} ‘ 8
[@sstareiress | B Masa1 100k
e p s
ST
=5 00:2508 . .
= o loon e e Lol 100m
P ! ; ) =g
i ' Wz wag
I a1
- \ a ®
= / == ——
e [
. =
p: (&l I+ >
H — [Fom Tv]

Labaorstoria da péndula

Fig. 8. Pendulum lab

Case nine: photoelectric effect. It allows students to see how light knocks electrons
off a metal target and to recreate the experiment that spawned the field of quantum
mechanics (Figure 9).

Phet Interactive Simulation https://phet.colorado.edu/es/simulation/legacy/

photoelectric
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Fig. 9. Photoelectric effect

Case ten: wave on a string. It allows students to see how light knocks electrons
off a metal target and to recreate the experiment that spawned the field of quantum
mechanics (Figure 10).

Wave on a String: https://phet.colorado.edu/es/simulation/wave-on-a-string
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Fig. 10. Wave on a string

2.2 Advantages of virtual labs concerning face-to-face practices

Virtual labs have advantages and disadvantages compared to traditional labora-
tories [3]. These assessments are evaluated from the student’s point of view [4] [5] and
the teacher’s point of view.

Some advantages of virtual labs are listed below:

e They allow students to try out different scenarios. As shown in case one, with virtual
labs it is possible to observe what is happening when the area of the plates is mod-
ified, when a linear insulator is introduced, when the distance between the plates is
changed, or when a source is disconnected or connected. It also enables to observe
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what happens with the electric field and how the charge density varies in the armor
or the insulator. All these scenarios cannot be achieved in the real labs, and usually
cannot be fully exposed either in the theoretical or in the practical classes by the
reduced time imposed by the school cycle.

e Less time is needed. The time is used to the situation modeling and not to assembly
or disassembly of real equipment. It also does not require set-up or testing, since
the results do not depend on the environmental conditions or the user’s ability.
No maintenance is needed only the optional applications updates.

e [t can be used anytime and anywhere.

e The lab experiences can be repeated many times as desired without material costs.

e Virtual labs are a good alternative for some dangerous and/or very expensive
experiences.

2.3  Disadvantages of virtual labs converning face-to-face practices

e Even though the virtual labs have all the advantages said above, there are some
learning instances that only the face to face labs can achieve. These limitations,
added to the disadvantages listed below, make virtual labs a complementary tool in
the teaching of Physics [6]:

e Virtual labs do not promote teamwork; each student can work on his own. In real
laboratories, on the other hand, students must share the elements and each one must
assume a specific role.

e Many material systems qualities can be observed using the touch and/or the smell
sense, such as the temperature of a body, the smell of a burnt resistor or capacitor,
and so on. Simulators cannot recreate these experiences.

e As students do not use real tools it is not possible to achieve laboratory equipment
use skills [7].

e Awareness of danger is lost. In simulators nothing can be damaged, therefore, the
safety guidelines are not considered. Likewise, if there was the possibility that the
student did a real practice in his/her home, he/she would not have trained supervi-
sion which increases accident probabilities.

e The inherent learning of the measurement and data collection process is lost.
Although there are a lot of simulators that permit training in the measurement instru-
ments uses, they cannot show the randomness of the samples. If many students mea-
sure an object in a simulated way, all of them will obtain the same result, regardless
of environmental conditions, the state of the instrument, or the operator skills.

2.4  Surveys carried out and level of satisfaction

The above-discussed labs were implemented in the three Physics courses of the
Faculty of Engineering. To obtain a compared vision with the face to face course
about student’s opinion and learning level achieved, a survey was implemented.
Three student’s groups were considered:

1JES — Vol. 9, No. 3, 2021 83



First group: Students who took Physics course under the virtual modality.

Second group: Students who took Physics course under the face to face classroom
modality, using the new laboratory equipment.

Third group: Students who took Physics course under the face-to-face modality,
but did not have access to the new laboratory equipment.

The survey was carried out using Google Forms application including only
Newtonian Mechanics questions. This survey was designed in three sections.

Section 1: Training in Experimental Physics in high school and the current situation.
In this section, both open and closed questions were defined to determine whether the
student carried out laboratory practices in the Secondary School; which career they
have chosen, and if they took Physics I more than once. These questions’ answers
allowed us to classify the students into one of the three groups mentioned above.

Section 2: How the Physics I subject was completed. In this section, open and closed
questions were asked to find out the student’s opinions about the laboratory practices
carried out in each group.

Section 3: Basic laboratory concepts evaluation. In this section, open and closed
questions were asked to evaluate the students’ learning about laboratory top-
ics, such as determining the reading of a gauge, giving the result of a hydrostatic
experiment, determining the gravity of someplace by measuring a pendulum period,
among others.

3 Results

A total of 115 students were surveyed. Some of them had taken the subject in the
face-to-face modality (distinguishing whether or not they used the new lab equipment),
and others had taken the subject in the virtual course.

The survey results are summarized below:

1. 10,4% of the surveyed students did not take Physics in secondary school. Of the
remaining 89.6%, 46.6% never had a laboratory experience in high school (Figure 11).

m Often

® Sometimes

46,6%

Rarely

m Never

Fig. 11. Percentage of students who have had laboratory practice in secondary school
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2. 8,7% of the surveyed students took the Physic I course more than once. 89,9% of the
remaining 91,3% took Physics I in virtual modality.

3. 69% of the surveyed students that took Physic I in virtual modality thinks that virtual
labs helped them to understand the theoretical topics. Only 2.3% of the surveyed
students think that the virtual labs did not influence the understanding of the topics
(Figuer 12).

® Yes, most of
the time

m On some
occasions

u Never

Fig. 12. Percentage of students who report that virtual workshops
had a positive impact on the understanding of concepts

4. 60% of the surveyed students that took physic I in the face to face modality, fully
agree that the new equipment enables a better topics understanding (Figure 13).

In section three of the survey, 10 questions were asked, to evaluate laboratory topics.
The correct answers percentage was calculated for each question and group (Figure 14).

Section two results are presented in Figure 15 and Figure 16. As it can be observed,
there is a good satisfaction degree with both modalities, but slightly higher for the face-
to-face course.

m In full agreement

= Partially agreed

® |n disagreement

Fig. 13. Percentage of students who report that the new laboratory equipment acquired
allows them to have a better understanding of the subjects addressed in the subject
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Performance Content Evaluation (%)

mGroupl wGroup2 mGroup3

Fig. 14. Students’ performance in the evaluation of laboratory contents. Group 1: students who
studied physics i under the virtual modality. Group 2: students who studied physics I taking
advantage of the new laboratory equipment acquired. Group 3: students who studied physics [
under the classroom modality, but who did not have the new equipment

Degree of Satisfaction in Virtual Workshops

Somewhat satisfied
Very satisfied 9%
33%

Moderately satisfied

19%

W Unsatisfied

™ Somewhat satisfied
' Moderately satisfied
= Satisfied
Satisfied
39% W Very satisfied

Fig. 15. Level of satisfaction with virtual workshops

r Degrees of Satisfaction in Laboratory Experiences 1

Moderately satisfied
18%

= Unsatisfied
W Somewhat satisfied
m Moderately satisfied

= Satisfied

Satisfied
41%

m Very satisfied

Fig. 16. Level of satisfaction in laboratory experiences with the new equipment purchased
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4 Conclusions

Both, virtual and face-to-face laboratories have a positive influence on the students’
understanding of the physic topics [8]. The students’ performance in the laboratory
content assessments was slightly higher for the virtual group than for the face-to-face
group. This could be a consequence of the fact that the students of the virtual course
were trained from a more theoretical and analytical conception. However, this cannot
be interpreted as a teaching advance. If the students of the virtual course should be
evaluated in real laboratories, probably they would have lower performance than the
students of the face-to-face course.

The students’ assessment of the virtual labs their advantages and disadvantages
agree with the teacher’s assessment. These labs were well received by the students.
since helped them to understand, with very little cost of time, those topics that were not
fully exposed in the theoretical or practical classes.

Virtual labs have the advantage of being able to recreate more scenarios than those
commonly analyzed in theoretical and practical classes. Also, they are an excellent
complement to verify the answer in problem-solving. But, on the other hand, a small
student group who, although appreciating the teaching adaptation methods in pandemic
times, would have liked to have experience working in a real laboratory.

However, the potential of virtual labs as a teaching resource for the three modalities
(theoretical, practical and laboratories) should not be underestimated, since they create
a clear vision in the student’s mind, ordering their ideas, and facilitating the teaching
work to express the theoretical contents.

Virtual labs cannot replace laboratory practices, but they can be considered as an
excellent tool to use in the face-to-face modality, and as an optimal contingency plan
in the virtual modality.
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