creative Publicaciones. Facultad de Educacién y Humanidades del Campus de Melilla
@commons Depésito legal: GR-94-2001 - eISSN: 2530-9269 - pISSN: 1577-4147
License 4.0 BY-NC-SA Editor: Facultad de Ciencias de la Educacion y del Deporte de Melilla (Universidad de Granada)

Virtual Electromagnetism Laboratory as a
didactic strategy using situated learning
approach in engineering

Laboratorio Virtual de Electromagnetismo como estrategia diddctica utilizando el
enfoque de aprendizaje situado en ingenierfa

EMBHEREE TEFHRNEFRE: ERBRFI A

BupTyansHas nabopatopust NeKTpOMarHeT3ma kak AuaakTaueckas crpaterns,
MCNONb3YHOLLASA NOAXOZ CUTYALMOHHOTO 06YUeHIS B UHXEHEPHOM Jene

Nereyda Castro-Gutiérrez
Veracruzana Univesity
nercastro@uv.mx
https://orcid.org/000-0002-3941-795X

Jesus Alberto Flores-Cruz

National Polytechnic Institute
jafloresc@ipn.mx
https://orcid.org/0000-0001-7816-4134

Fermin Acosta Magallanes

National Polytechnic Institute
facostam@ipn.mx
https://orcid.org/0000-0003-1471-5376

Dates - Fechas How to Cite this Paper - Cémo citar este trabajo

Recibido: 2022-07-19 Castro-Gutiérrez, N., Flores-Cruz, J. A., Acosta Magallanes, F. (2023).

Aceptado: 2022-09-22 Virtual Electromagnetism Laboratory as a didactic strategy using sit-

Publicado: 2023-01-01 uated learning approach in engineering. Publicaciones, 53(2), 275-292.
https://doi.org/10.30827/publicaciones.v53i2.26827

Original Articles Publicaciones 53(2), 275-292. https://doi.org/10.30827/publicaciones.v53i2.26827
Articulos Originales Castro-Gutiérrez, N. et al. (2023). Virtual Electromagnetism Laboratory...


http://doi.org/10.30827/publicaciones.v48i2.8331
mailto:nercastro@uv.mx
mailto:jafloresc@ipn.mx
https://orcid.org/0000-0001-7816-4134?lang=es
mailto:facostam@ipn.mx
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/

276

Abstract

Virtual laboratories (VL) have had a special interest in recent years in which immersive ed-
ucation is attractive to students and complements the teaching and learning processes in
institutions of diverse educational levels. Although there are several types of virtual labo-
ratories used at various educational levels, there are important challenges for their design
as an ad-hoc didactic strategy. One of the main difficulties in the application of educational
technology is having virtual educational environments especially dedicated to the areas of
engineering, which not only present interactive practical sessions where animations are
manipulated, but also encourage the metacognitive analysis of the students; in order to
build an autonomous and reflective learning through educational approaches that accom-
pany educational innovation through new technologies. This article presents the design
and implementation of a Virtual Laboratory of Electromagnetism (VLE) as a didactic strategy
under the situated learning approach, remotely applied to university engineering students
through portable versions of the didactic tool designed with Unity® in a public university of
Mexico. This research describes the context of the case study, the methodology to identify
the criteria under the approach of the situated learning educational model suggested for
the development of the virtual environment, the characteristics of the design through ani-
mation software, and the educational intervention implemented at the university education
level. Finally, an analysis of the results obtained after the application of the laboratory is
carried out by studying the perception of the university community through exit surveys.

Keywords: Virtual Laboratory, electromagnetism, engineering, immersive education, situat-
ed learning, educational technology, virtual reality.

Resumen

Los laboratorios virtuales (LV) han tenido un especial interés en los Gltimos afios en que la
educacién inmersiva resulta atractiva para los estudiantes y complementa los procesos de
ensefianza y aprendizaje en las instituciones de diversos niveles educativos. Aunque exis-
ten varios tipos de laboratorios virtuales utilizados en diversos niveles educativos, existen
importantes retos para el disefio de estos como estrategia didactica ad-hoc. Una de las
principales dificultades en la aplicacién de tecnologia educativa es contar con entornos
educativos virtuales especialmente dedicados a las dreas de ingenieria, que no sélo pre-
senten practicas interactivas donde se manipulen las animaciones, sino que fomenten el
andlisis metacognitivo de los estudiantes; para asi construir un aprendizaje auténomo y
reflexivo a través de enfoques educativos que acompafien la innovacién educativa a través
de las nuevas tecnologias. Este articulo presenta el disefio e implementacién de un Labo-
ratorio Virtual de Electromagnetismo (LVE) como estrategia didactica bajo el enfoque de
aprendizaje situado, aplicado a estudiantes universitarios de ingenieria de manera remota
a través de versiones portatiles de la herramienta didactica disefiada con Unity® en una
universidad publica de México. En esta investigacion se describe el contexto del caso de es-
tudio, la metodologia para identificar los criterios bajo el enfoque del modelo educativo de
aprendizaje situado sugerido para el desarrollo del entorno virtual, las caracteristicas del
disefio a través del software de animacién y la intervencion educativa implementada en el
nivel de educacion superior. Finalmente, se realiza un andlisis de los resultados obtenidos
después de la aplicacién del laboratorio mediante el estudio de la percepcién de la comuni-
dad universitaria a través de encuestas de salida.

Palabras clave: laboratorio virtual, electromagnetismo, ingenieria, educacién inmersiva,
aprendizaje situado, tecnologia educacional, Realidad virtual.
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AHHOTaUMSA

BnpTyanbHble 1abopaTopyi BbI3bIBAOT 0COBLIV MHTEPEC B NOCAEAHME TO4bl, NMOCKObKY
MMMepCMBHOE 06pa3oBaHve MpuBeKaTeNbHO ANs CTYAEHTOB W AOMOJHSET npoLecchl
npenojaBaHus 1 06y4eHns B y4ebHbIX 3aBeAeHNAX Ha Pa3/INUHbIX YPOBHSAX 06pa3oBaHus.
XOTS CyLLecTByeT HeCKoNbKo TUMOB BUPTYyanbHbIX 1a60PaTOPWiA, NCMONb3yeMbIX Ha pas-
JINYHBIX YPOBHSIX 06Pa30BaHNs, CyLLECTBYHOT 3HAUUTENbHbIE TPYAHOCTU NPY MX pa3paboT-
Ke B KayecTBe CreLunanbHon AnaakTnyeckon crpaterun. OAHOM 13 OCHOBHbIX TPYAHOCTEN
B MPYMEHeHNM 06pa3oBaTe/ibHbIX TEXHOIOMMI ABNSETCS CO3jaHne BUPTYanbHO 06pa3o-
BaTeNbHOV Cpefpl, CneunanbHO NpeAHa3HaueHHoM ANS VHXeHepHbIX obnacTeld, koTopas
He TONbKO NPeACTaBASET UHTEPAKTUBHbIE MPAKTUKK, TAe MaHUNYANPYIOT aHUMaLMeld, HO 1
NOOLLPSIeT METaKOrHUTUBHBIV aHaNN3 CTYAEHTOB; A5 TOFO, YTOObI MOCTPOUTL ABTOHOMHOE
1 pedrekcMBHOE 0byYeHKe C MOMOLLI0 06pa3oBaTebHbIX MOAXOA0B, KOTOPbIE COMPOBO-
XZarT 06pazoBaTe/bHble MHHOBALIMM C MOMOLLH0 HOBbIX TEXHONOTMIA. B JaHHON cTaTbe
npeAcTaBieHa pa3paboTka v BHeApeHUe BUPTyanbHOI NabopaTopum 3neKTpoMarHeTmsma
B KauecTBe AWAAKTMYECKOl CTpaTeruy B pamMkax MeToja obyyeHnst Ha MecTe, MprMeHsie-
MOrO K CTYAeHTaM MHXEHEePHbIX CreLanbHoOCTel yHUBepPCUTETOB AWNCTAHLMIOHHO C MOMO-
LLbH0 NMOPTATUBHBIX BEPCUA ANAAKTNYECKOrO MHCTPYMEHTa, pa3paboTaHHOro C MOMOLLbH0
Unity® B rocyfapctBeHHOM yHuBepcuTeTe Mekcmky. B gaHHOM ucciefoBaHUM ONmcbiBa-
€TCA KOHTEeKCT CUTYaLMOHHOTO MCCe0BaHUs, MeTOAO0MA ONpejeneHnst Kputepres B
pamkax obpa3oBaTefibHOl MOAeny 0byyeHns Ha MecTe, MPeAN0XeHHON A1 pa3paboTku
BUPTYaNbHON Cpefbl, XapaKTePUCTVKM An3aiiHa C MOMOLLbH aHMMAaLMOHHOIO NPorpamMmm-
Horo obecneueHuss 1 obpasoBaTe/lbHOe BMeELLATENbCTBO, Peajan30BaHHOE Ha YpOBHe
BbICLLEr0 06pa3oBaHus. HakoHeL, NPOBOAUTCSA aHanW3 pe3ynbTaToB, NOayYeHHbIX Nocie
NpVYMeHeHNs 1abopaTopuu, NyTeM U3yyYeHrs BOCPUATUS YHUBEPCUTETCKOrO coobLecTBa
C MOMOLLbIO OMPOCOB HA BbIXOZE.

Kntovesslie cnoea: BupTyanbHasi n1abopaTopusi; 31eKTPOMarHeTU3M; UHXeHepwsi; UMMep-
CMBHOe 06pa3oBaHune; CMTyaLoHHOe obyyeHUe; 06pa3oBaTebHbIe TEXHONOMUM; BUPTY-
aNbHas peanbHOCTb.
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Introduction

This article describes the research carried out on the design and implementation of
a Virtual Laboratory of Electromagnetism (VLE) applied to the teaching of fundamen-
tal concepts of electromagnetism at the higher education level. An own methodology
was used to analyze the important and necessary previous aspects to implement a
proposal for a didactic strategy using a virtual laboratory that supports the teaching
process of electromagnetism. In an initial stage, the characteristics and background
of virtual laboratories for teaching Physics and their applications in electromagnetism
were analyzed, as well as the global trends of immersive education applied at higher
education levels. Subsequently, the technological and design aspects expected by the
university community studied in this research when using a virtual laboratory were
analyzed, which would be useful for teaching electromagnetism topics and their ap-
plications in engineering areas. Based on this analysis, an educational intervention
strategy based on the situated learning approach is proposed due to the specific char-
acteristics found in the previous diagnostic surveys for the case study. For the process
of designing the virtual educational environment that includes the Virtual Laboratory
of Electromagnetism, various elements are proposed in accordance with the situated
learning approach that are described later. The use of interactive platforms and acces-
sible software that fostered the development of the portable virtual laboratory was
weighed up due to the moment of health contingency that was experienced at the
time of the investigation. The VLE developed was introduced to a group of the student
community of the Faculty of Engineering campus Ixtaczoquitlan, of the Universidad
Veracruzana in Mexico for its assessment through satisfaction surveys carried out on
users. Aspects such as the motivation and performance of the engineering students
who used the VLE were analyzed through exit questionnaires and evaluation of the
understanding of electromagnetism concepts. Once the performance parameters of
the students surveyed were identified, as well as the areas of opportunity of the VLE,
a series of elements are proposed to be considered for future research in order to
establish precedents in the design of virtual laboratories specially conceived for the
teaching of electromagnetism and its applications in engineering areas. The strategy
used to carry out this research is summarized in the diagram of Figure 1.

Figure 1

Strategy carried out for the design and implementation of the Virtual Laboratory of Electromagnetism
(VLE).

Virtual Virtual Design and VLE Improvement
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This research is presented and organized in the sections that are described below. Sec-
tion 1 describes the background of virtual laboratories, as well as the main difficulties
that arise in the teaching of electromagnetism in relation to its application in the area
of engineering. Section 2 presents the characteristics of the context of the case study
in which a general diagnosis was developed. After the diagnosis of the case study,
section 3 describes the proposal for a virtual learning environment under the situated
learning approach, to establish the design guidelines of the VLE. Section 4 describes
the main aspects used in the design and development of the Virtual Laboratory of
Electromagnetism, as well as the elements that comprise it. Section 5 describes in
detail the applied educational intervention, as well as its assessment in the case study.
Section 6 presents the results obtained prior to their analysis in section 7. Finally, the
conclusions are presented in section 8 and the recommendations for future work in
section 9.

Virtual Laboratories

Virtual laboratories are used as attainable educational strategies, as they are designed
so that the student can easily interact with a wide variety of integrated tools, allowing
enough time to carry out the included practical sessions or simulations and, at the
same time, to repeat the exercises as many times as necessary to reaffirm the con-
cepts studied (Potkonjak, 2016). Currently, there are several difficulties, such as the
level of immersion (Dengel & Mdgdefrau, 2020), the representation of content (Liu et
al., 2015), and the diversity of application areas (Lynch & Ghergulescu, 2017), for these
tools to be efficient in the construction of abstract concepts that require complex anal-
ysis and adequate guidance on behalf of the professors.

Difficulties when Learning Electromagnetism

Electromagnetism is a discipline of Physics that presents special difficulties for its
learning (Agudelo et al., 2019) because it requires the understanding of abstract phe-
nomena, which are difficult to perceive in a classroom or in a laboratory. Concepts such
as electric force, electric field, and electromagnetic field require conceptual diagrams
and simulations in the teaching-learning process, generally represented by two-di-
mensional diagrams, through drawings on the blackboard or shown in textbooks.
There are various graphic alternatives for teaching these concepts (Batuyong & Anto-
nio, 2018). However, the tools in which interactive graphic simulations are presented
allow to show the interaction of electric charges and the effect of electromagnetic
fields more efficiently (Pontes, 2017), which are also interesting for the students and
extremely useful for the teachers. However, most of the existing interactive applica-
tions do not have options such as on-site guided orientation, so that the students can
identify the usefulness of the tools (Yunzal et al., 2020; Maheshwari & Maheshwari,
2020). Existing virtual applications or animations only present an interactive environ-
ment that most of the time does not include pre- and post-practice analysis. The guide
within the tool is useful for the students to acquire a meaningful learning by leading a
metacognition process that encourages observation, analysis, and the generation of
their own conclusions. In this research, the situated learning approach is applied as
a didactic proposal using Virtual Laboratories in the instructional process of teaching
basic concepts of electromagnetism focused on undergraduate engineering students
at the Universidad Veracruzana (UV) in Mexico.
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Case Study

This research was developed at the Faculty of Engineering, Ixtaczoquitldn campus
(FIcI) of the Universidad Veracruzana in the Orizaba-Cérdoba region. This faculty of-
fers four educational programs: Mechatronics Engineering, Civil Engineering, Indus-
trial Engineering, and Electrical Mechanical Engineering. The FIcI faculty has several
laboratories to meet the educational needs of its programs, which share common ed-
ucational experiences. One of the laboratories in the basic training area is the Physics
Laboratory, which is essential for the four educational programs of the FIcI. Although
there are appropriate areas for the experimentation of the basic concepts of electro-
magnetism, there are several problems that are identified during the laboratory prac-
tical sessions. For the purposes of this research, a student population of more than 90
engineering students was considered, to whom various information collection instru-
ments were applied via digital media through surveys.

Preliminary Diagnostic Survey (PDS)

In order to identify the perception of the FIcI students about the practical sessions in
presence-based laboratories, and subsequently have enough elements to compare
those with virtual laboratories, a Preliminary Diagnostic Survey (PDS) was carried out.

The PDS was carried out by digital means through Internet Forms distributed among
the institutional accounts of a FIci student population of 104 students, during the
school period of February-July 2020. The survey analyzed various indicators to deter-
mine the background and characteristics needed for the design of a Virtual Laboratory
based on the situated learning approach which would address the main difficulties of
the student community, due to the contingency of the COVID-19 pandemic, in accor-
dance with that reported by (Steele & Schramm, 2021).

In the PDS, various types of questions were asked, considering open questions, Likert
scales, and dichotomous responses to identify quantitative and qualitative indica-
tors, such as: Internet connection time, Internet connection means used (PC , mobile
phone, tablet), weekly study time, digital media commonly used by the students for
autonomous learning, preference of teaching modality, prior knowledge of the use
of virtual laboratories, characteristics that the students prefer in a virtual teaching
session, limitations of laboratory practical sessions in the presence-based modality,
time availability for the laboratory practical sessions, access to specialized laboratory
equipment, and suggestions for teaching strategies involved in the laboratory practi-
cal sessions.

Figure 2 shows that at the Faculty of Engineering campus Ixtaczoquitlan (FIcI), 88.46%
of the students surveyed use Eminus: the institutional platform used to access the
contents of educational experiences. Regarding the open platforms available on the
Internet, 79.81% use YouTube to learn, but only 69.23% do so through educational
channels. While most students use open digital media for their autonomous learning
process, 50% of the students also use digital content produced by their own profes-
sors. Therefore, it is to be expected that the students also need guidance from their
professors in their learning process.
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Figure 2
Previous diagnostic survey applied at the FIcI in May 2020.
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Lack of Virtual Laboratories for Engineering

The PDS carried out reveals clear evidence that this technology is still unknown by the
FIcI students, since only 2.88% mentioned the use of virtual laboratories for autono-
mous learning. 34% of the students mentioned knowing what virtual laboratories are,
but they also indicated that they have not had the opportunity to use any of them.
Among the students surveyed, 65% mentioned not knowing what a virtual laboratory
is.

Virtual Learning Environment through VLE

The Preliminary Diagnosis Survey (PDS) was essential to learn about the perspective of
the students regarding their experience in the laboratories in presence-based mode.
Prior to the design of the Virtual Laboratory of Electromagnetism (VLE), the charac-
teristics of situated learning that apply to engineering education were studied. The
characteristics of situated learning that were considered most important for the devel-
opment of the VLE are described below.

According to the situated learning approach, didactic activities focused on the student
are preferred (Gémez-Gémez & Hernandez, 2015) and those focused on the metacog-
nitive process that should be encouraged in the student through adequate tutoring in
the educational process (Hevia-Arime & Fueyo-Gutiérrez, 2018).

The PDS carried out was very important since it allowed the development of new di-
dactic strategies that involved the following aspects:

Activities focused on the student. Situated learning values teaching strategies that allow
students to develop an activity autonomously and collaboratively. Laboratory practical
sessions are usually developed in work teams where not all team members may have
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the same opportunity to use the equipment, interact with it, or may even experience
different learning processes. Focused teaching tools are required which the student
can use autonomously and with the availability to repeat the experiments individually
as many times as necessary, without depending on a physical location in the laborato-
ry or a schedule of practical sessions. In addition, the didactic tools must include suffi-
cient explanation so that the student can develop the learning activities independently
and assisted at a distance.

New learning environments within specific virtual laboratories. Virtual laboratories are an
alternative in circumstances with limited educational infrastructure or, in the case of
this research, the COVID-19 contingency that occurred in 2020. Although there is al-
ready a trend of these focused technological tools in a marketable format (Labster,
2021), there are still institutional limitations to acquire these virtual tools due to licens-
ing or financial issues, and/or the fact that focused virtual laboratories are not offered
for most engineering areas. This proposal is presented as a paradigm shift in high-
er education institutions to promote multidisciplinary efforts in the creation of new
educational environments (Guzman-Luna et al., 2014; Baranov, 2016), although they
already exist worldwide, they are still not fully implemented due to limited knowledge
of their potential (Infante-Jiménez, 2014).

Efficient Use of Technologies Applied to Knowledge (TAK). The use of TAKs would be more
efficient if they were designed through a didactically designed instructional support
(Gunawan et al., 2017). In this sense, it is essential that teachers, institutions, and
collegiate academic entities work together to develop teaching strategies in which in-
structional design has a situated learning approach (Aldana-Segura & Arévalo-Valdés,
2018).

Autonomous Learning through Analysis. One of the central objectives of situated learn-
ing is that the students can analyze their learning process through metacognition.
Consequently, it is suggested to include final evaluations at the end of each practical
session. After the final test of each practical session, it is also suggested to carry out
complementary readings on related topics experimented in each practical session to
encourage the students to investigate the applications of the concepts studied through
the VLE in greater depth. According to this approach, learning in virtual educational
environments should encourage and support the ability of the students to establish
relationships and interpret the results of the learning attained, with their applications
in professional settings (Pefia, 2016).

Design and Development of the VLE

Based on the situated learning approach described above, the design of the VLE was
proposed to promote the prior analysis of the electromagnetism concepts, identifying
the areas of engineering in which it has a direct application. The design of the VLE
emulates an interactive virtual environment in which the students can navigate using
an avatar. The virtual environment represents the FIcI University campus and at the
entrance hall it shows a gallery of forefather scientists of electromagnetism, as well as
engineering applications, to later enter the area of interactive practical sessions where
practical exercises in electromagnetism will be solved.
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Design of the Virtual Laboratory of Electromagnetism

Avirtual learning environment with a situated learning approach was designed, which
allows the students to analyze concepts such as electric force, Coulomb's law, Ohm'’s
law, electromotive force and related applications, through interactive practical ses-
sions accompanied by a final reflective questionnaire, as well as the recognition of the
technological applications of each of these concepts of electromagnetism.

The Virtual Laboratory of Electromagnetism (VLE) was designed to introduce questions
that lead to an analysis of the concepts acquired prior to practical experimentation,
so that the students are better prepared to understand the relationship between the
theoretical concepts and the effects related to the experiments that they will practice
in the VLE. Interactive practical sessions were planned and designed to allow students
to vary the quantities of electrical variables, as well as electrical charges to analyze the
effect that these variations have on the fundamental laws of electromagnetism. After
completing each of the practical sessions, a questionnaire is presented with analysis
questions about the concepts experimented and a score is assigned, so that the stu-
dents determine whether it is necessary to carry out the experiment again to reaffirm
the theoretical concepts.

Another fundamental aspect for the implementation of the VLE in the context de-
scribed in the case study was that the virtual tool was developed in an accessible and
portable platform for the students, which was not limited to its use within institutional
facilities. In order to meet the needs of the students regarding the available prac-
tice time to carry out exercises and interactive practical sessions in a hybrid learning
modality, the VLE was developed through the animation design platform for virtual
environments described below.

Development of the Virtual Laboratory of Electromagnetism

The Virtual Laboratory of Electromagnetism was developed with Unity® software, an
animation software. Unity® is a cross-platform game engine created by Unity Tech-
nologies®. The game engine refers to a software with a series of programming rou-
tines that allow the creation, development, and implementation of interactive envi-
ronments such as a video game. Unity® has been used for the design of interactive
virtual environments in which it is possible to include interactive avatars to navigate
through the environment in a simple and practical way. Unity® offers the possibility
of exporting some previously designed elements so that the adaptation to the dedi-
cated environment is accessible for personalized modification. Unity® software was
chosen because it is widely used by various design communities to create interactive
environments for both playful and educational purposes. The use of avatars provides
serious games for students experiencing an interactive educational environment that
will encourage them to practice in the laboratory in a dynamic way.

The Unity® development platform has support for compilation with different types
of platforms and offers the possibility of creating portable files to install the VLE on
a desktop or mobile device. The trial version was used so that all the students could
download and install the VLE in their computers. The initial scene (Figure 3) shows an
avatar that can navigate through the FIcI virtual campus into the different sections
using the keyboard controls.
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Figure 3
Initial scene of the Virtual Laboratory of Electromagnetism.

The elements that make up the Virtual Environment of the VLE are described below.

VLE Elements

It was considered very important to show a module called Gallery of Forefather Scien-
tists of Electromagnetism (Figure 4.a) to encourage the students’ interest in the scien-
tific advances that have occurred throughout the history of Physics (Perea & Buteler,
2016). In this way, the student can become more aware of the contributions that var-
ious scientists have provided for the applications of electromagnetism in Engineering
and encourages the analysis of the scientific method that was carried out in each dis-
covery.

Figure 4
Sections of the Virtual Laboratory of Electromagnetism. a) Gallery of scientists. b) Posters related to
the applications of electromagnetism in engineering.

a) b)
Subsequently, a series of posters are presented (Figure 4.b), showing some of the ap-
plications of electromagnetism in engineering. Situated learning is referred to again,

since the activities designed in the VLE are not presented separately but are associated
with engineering activities to facilitate more significant learning. The scientists’ gallery
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and the electromagnetism applications hall are the prelude to the virtual laboratory
where the simulated experiments are found through interactive practical sessions.

Interactive Practical Sessions

The virtual learning environment allows the user to navigate through an avatar to
access the VLE that presents five different practical sessions with interactive exercises
on fundamental topics of electromagnetism such as: electric force, Ohm'’s law, Cou-
lomb’s law, Faraday’s law, and applications of electromotive force. To carry this out,
the user will access interactive windows with a didactic methodology that involves six
stages (Figure 5): 1-Welcome, 2-Purpose of the practical session and related topics,
3-Instructions for the practical session and discussion questions, 4-Interactive prac-
tical session, 5-Subsequent analysis questionnaires, 6-Evaluation, and suggestion of
complementary topics.

Figure 5
Example of the virtual environment of a VLE practical session.

At the VLE, trigger questions were presented before the practical experimentation to
encourage analytical observation of the effects of the interacting conceptual elements
that the student will experience in the practices of the LVE. In the interactive practical
sessions, the student can modify magnitudes and electrical charges to analyze the
effect that these variations have on the fundamental laws of electromagnetism. After
completing each of the practical sessions, a questionnaire is presented in which anal-
ysis questions are asked about the concepts experimented and a score is assigned,
so that the student knows whether it is necessary to perform the experiment again to
reaffirm the theoretical concepts.
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VLE Implementation and Evaluation

The educational intervention strategy consisted of the use of the Virtual Laborato-
ry of Electromagnetism (VLE) by a population of students from different engineering
programs of the Faculty of Engineering of the Universidad Veracruzana, in the Oriz-
aba-Cérdoba region, during the SARS-Cov2 pandemic contingency period in the Au-
gust-December 2020 academic period.

The student population was chosen considering those students who were attending
subjects related to electromagnetism and its applications. Therefore, the VLE was
shared with a group of 95 students, which included 80 male students (82.4%) and
15 female students (15.8%). The application of the Virtual Laboratory of Electromag-
netism was established after a previous period in which the basic concepts of electro-
magnetism were analyzed. Therefore, the VLE was used as a complementary didactic
strategy to consolidate the concepts previously studied. Given the need for a didactic
strategy that could be used openly, without restrictions, and remotely due to health
contingencies, institutional communication platforms were used. The institutional
mail and the Eminus and Microsoft Teams platforms were used to provide the guide-
lines for the installation and application of the didactic tool. Each student used the free
and portable version of the VLE and installed it in a personal computer. Figure 6 illus-
trates the scheme of the technological elements used in the educational intervention.

Figure 6
Architecture of the technological elements involved in the implementation of the VLE.
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Analysis of the Obtained Results

A quantitative and qualitative analysis was developed to measure the effectiveness
of the didactic proposal implemented through the Virtual Laboratory of Electromag-
netism, to evaluate several factors, such as the performance in the achievement of the

Publicaciones 53(2), 275-292. https://doi.org/10.30827/publicaciones.v53i2.26827
Castro-Gutiérrez, N. et al. (2023). Virtual Electromagnetism Laboratory...


http://doi.org/10.30827/publicaciones.v48i2.8331

fundamental concepts of electromagnetism, the perception of the students about the
new teaching strategies involving virtual laboratories, and the motivation to use tools
similar to the VLE in the future (Radianti, 2020). A sample of ninety-five engineering
students who used the VLE by institutional means of communication for contingency
reasons was surveyed. The results obtained for each of the items to be evaluated are
described below.

Learning performance. In the survey that was carried out, the performance of the stu-
dents was monitored through questionnaires at the end of each simulation to moni-
tor whether the learning of the concepts of electromagnetism was reinforced. Several
factors were analyzed: level of complexity of the questionnaires, response attempts,
concept of electromagnetism involved, simulation mode related to the question of
the questionnaire, influence of the directions of the simulation, and perception of the
virtual environment. The performance of the students in each simulated experiment
was analyzed based on the aspects mentioned. Table 1 summarizes the performance
of the students in each practical session, describing the percentage of students who
answered correctly to all the questions related to the theoretical concepts of electro-
magnetism.

Table 1
Performance results of the students who used the VLE.

VLE Practical Session Percentage of students who answered correctly
1. Electrical force 81.1%
2.0hm'’s Law 52.6%
3. Coulomb’s Law 85.0%
4. Faraday's Law 83.2%
5. Fem’s Applications 97.0%

It can be observed that the practical sessions that presented a greater number of in-
teractive elements, as in practical session 5, provide better performance results. On
the other hand, several difficulties were found in evaluating the performance of prac-
tical session 2, such as a greater uncertainty in the graphical representation of the
experiment, which translated into a greater difficulty for the students to identify the
applications of Ohm'’s Law.

Students’ perception of the virtual environment. In this research it was very important to
identify the opinion of the students regarding the experience with the VLE, for which
several questions were asked with a Likert scale, referring to the use of the avatar, the
interactive modality in the practical sessions, the design of the virtual environment,
post-practice discussions, as well as information on the Forefather Scientists of elec-
tromagnetism. The results indicate that the VLE had a general acceptance in each of
its sections (Figure 7).
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Figure 7
Perception of the students surveyed about the use of the elements of the Virtual Laboratory of Electro-
magnetism.
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Most of the students considered the experience with the VLE satisfactory. However,
they also made suggestions to improve the manipulation of the avatar, such as opti-
mizing the keyboard controls for movement in the virtual campus navigation.

Discussion

Based on the survey given to the students who used the Virtual Laboratory of Electro-
magnetism, several factors were identified that provide extremely useful information
for the improvement and adjustment of the VLE in the future. The most outstanding
ones are listed below.

Use of the virtual environment. According to the opinion of the students surveyed at the
end of the use of the Virtual Laboratory of Electromagnetism, it was found that the
use of the avatar is one of the elements that the students liked the most. Navigation
through the virtual environment is more interactive thanks to the use of the avatar.
However, several areas for improvement suggested by the students were found. One
of them is to improve the controls that manipulate the avatar so that its movements
are more fluid within the virtual environment. Another aspect that the students men-
tioned is the possibility of customizing the characteristics of the avatar. Although the
appearance of the avatar does not affect the interaction of the electromagnetism prac-
tical sessions, it is a feature that enables students to make the educational immersion
a more personalized and visually appealing experience.

Gallery of the Forefather Scientists of Electromagnetism. The surveyed students expressed
that the information from the scientists was interesting and relevant to contextualize
their contributions to electromagnetism, and that they would like to have scenes of
interaction with these scientists within the same environment.

Interaction with the electromagnetism practical sessions. The survey shows a favorable
scenario regarding the usefulness of the five experimental practices to understand the
basic concepts of electromagnetism and its applications. Figure 8 compares the gen-
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eral perception of the students who used the Virtual Laboratory of Electromagnetism,
considering it as an educational resource for the construction of knowledge and the
application of electromagnetism.

Figure 8
Students’ perception about the usefulness of the VLE.
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In addition, the students suggested more practical sessions with similar electromag-
netism concepts for a better understanding of the applications of the electromag-
netism concepts. For future versions of the VLE, it is suggested to increase the number
of practical sessions and interactive exercises.

Evaluation of the learning obtained. During this investigation it was observed that the
evaluation after the use of educational technological tools is extremely important
to determine their usefulness and relevance as didactic strategies. The students ex-
pressed that the questionnaires could include a greater number of questions or also
include interactive challenges after having understood each practical session to reaf-
firm the knowledge acquired.

Development of virtual educational environments. The purpose of this research is to high-
light that multidisciplinary work is necessary to develop innovative educational tools
that address new challenges in higher education contexts. It has also been crucial
for the development of this type of virtual laboratories to consider the demands of
the new generations of students in terms of their interests, technological skills, the
infrastructure available to promote autonomous learning, and that they can be useful
as a complement to presence-based classes and laboratories. The survey also reveals
a strong interest among the engineering students surveyed to participate in the soft-
ware development of these technological tools. The interaction between the use of
currently available animation technological tools must be accompanied by a teaching
planning to achieve the learning objectives.

Student Motivation to Use Virtual Laboratories. Finally, the students were asked how they
perceived the use of virtual laboratories as a teaching tool, as well as if they would be
interested in using them in the future to learn with this type of learning strategies. The
results are promising (Figure 9) in the case study, where even some of the engineering
students reported that they would be interested in developing projects that use this
type of virtual educational environment in future research projects.

Publicaciones 53(2), 275-292. https://doi.org/10.30827/publicaciones.v53i2.26827
Castro-Gutiérrez, N. et al. (2023). Virtual Electromagnetism Laboratory...

289


http://doi.org/10.30827/publicaciones.v48i2.8331

290

Figure 9
Students’ general perception about their experience in the use of the VLE.
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Conclusions

This research concludes that it is possible to design and implement virtual labora-
tories especially focused on areas of applied Physics in engineering education using
animation software, which are attractive to the students, considering them as a useful
interactive educational tool. It is important that virtual educational environments are
not only visually attractive for the students, but that they are a space where the con-
struction of knowledge is facilitated by relating the historical context, the theoretical
concepts, and the applications of electromagnetism through experimentation under a
specially designed teaching strategy.

The design of virtual environments focused on the area of engineering involves sev-
eral scenarios to apply them as a common tool in each institution. There are some as-
pects that are interesting research topics such as the level of immersion of the virtual
environment, the participation of the students in an interactive environment, the ed-
ucational strategies to simulate suitable professional engineering environments and
how teachers could design virtual laboratories so that the students solve problems
inherent to the area of engineering efficiently. Therefore, the proper process of in-
structional design of didactic strategies through immersive educational technologies
that involve multidisciplinary work in educational technology should be considered.

Future works

Future research will focus on improving avatar navigation as well as interactivity in
practical exercises to increase the understanding of abstract concepts such as elec-
tromagnetic fields. Another aspect suggested is to incorporate an interactive gallery
with information about the Forefather Scientists of electromagnetism to encourage
the students to investigate more about the scientific method used to develop applied
technology based on the electromagnetic theory. The trial version of Unity restricts the
number of interactive scenes that can be included in the laboratory, so the possibility
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of increasing the functions that can be configured with this software will be consid-
ered and even search for alternatives on various platforms to create similar virtual
educational environments.
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