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Abstract. This paper reviews the advantages of the implementation of virtual
labs in the electrical engineering field, especially in practical courses. Practical
courses in the electrical engineering department really support students’ skills and
abilities for their future. This study used a systematic literature review of selected
research papers based on relevant keywords on virtual labs in electrical engineering
education. Practical courses of learning in electrical engineering field education
with virtual labs become more flexible without limited space and time. Virtual
labs can accommodate all the limitations that exist, like the tools and materials
of practical equipment in schools, which isn’t in line with the current technology.
Virtual labs are also a good solution for schools or colleges, especially if they
don’t have a lot of equipment or space.
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1 Introduction

TheCOVID-19 pandemic that has occurred throughout theworld has resulted in changes
in all aspects of human life, from the economic, health, social, cultural, spiritual, and
even education sectors. The COVID-19 pandemic also brought with it a slew of never-
before-seen alterations to the way the world works [1]. Most countries moved into full
lockdowns even before the WHO declared COVID-19 a pandemic [2]. To reduce the
impact of theCOVID-19 pandemic, governments in various countries have issued several
policies. One of these policies is the implementation of work from home and study from
home.

Many educational institutions were forced to close in-person classes due to
global lockdowns [3]. Therefore, this prompted educational institutions to adopt an
online/remote learning strategy [4, 5]. The implementation of online learning brings its
own challenges in the world of education. New learning styles and learning atmospheres,
economic limitations, and low ability to operate information and communication tech-
nologies are factors that affect the effectiveness of learning. As a result, online learning
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requires teachers at schools and lecturers, especially in universities, to be skilled at
creating a virtual learning atmosphere without face-to-face contact. Both teachers and
students experienced several challenges as they transitioned to online learning [6–8].

Students need to comply with and carry out online learning activities and be able
to use technology. The evolution of technology in recent decades has posed a growing
challenge to the educational system. Access to and use of digital technologies can help
close the educational gap between pupils from affluent and low-income families. Stu-
dents, particularly those pursuing engineering jobs, are receptive to new technologies
and eager to put them to use. Providing laboratories with high-performance equipment
to stay up with the newest developments in their field of interest is costly, and budgetary
constraints can cause these purchases to be postponed. Students’ preparation in the
engineering profession, on the other hand, necessitates participation in practical work.
In addition to traditional laboratories where students learn about the equipment used in
their topic of study, specialist software is increasingly being utilized to model and mimic
its operation.

Therefore, there is a need for effective new understanding efforts from educators,
especially in practicum courses. Online practicum lectures are looking for solutions so
that teaching and learning activities can be maximized both formally and non-formally
in order to obtain effective and quality learning outcomes. Then they are able to be
active and think at least as well as offline or face-to-face learning in the laboratory.
Online practicum learning poses obstacles, like students who cannot use practical tools
physically but only in the form of pictures that are displayed through online learning.
This is certainly a big challenge for practical courses. The main point of the practicum
learning process is the activity in the laboratory, where students are trained to develop
skills as an application of the knowledge that has been acquired in class.

The absence of a practicum learning process in a real laboratory requires alternative
solutions so that the skills transfer process can still take place. This alternative form is the
use of simulation software in a virtual laboratory.Thismethodwas chosen so that students
still feel the offline practicum atmosphere and so that the learning process of higher-
order thinking skills that are beneficial for character building, literacy strengthening,
competency improvement, and curriculum enrichment continues. The goal of this study
is to provide a review of virtual labs in electrical engineering education. The advantages
of virtual labs, as well as how this learning strategy could be implemented in the field
of electrical engineering education, are discussed.

2 Virtual Labs

Practical activities are the main learning medium in training student skills. This activity
trains students to realize the theories in the book as well as to visualize the workings
of the practical and theoretical guidebooks. This trains concentration and stimulates
students’ psychomotor and analytical abilities [9]. Laboratory activities strive to use a
scientific approach that leads to training, debriefing, and improvement in three aspects,
which include attitude, knowledge, and skills [10]. The traditional learning paradigm
views laboratory activities as aiming to prove the truth of the information conveyed by
the teacher whenmeeting face-to-face in class [11]. Traditional laboratory activities have
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limitations. Students must be present in the laboratory to carry out laboratory activities.
Students must do it step by step according to the practicum instructions that have been
determined. The focus of activities is only on developing students’ experimental abilities
[12–14].

The virtual laboratory provides a series of laboratory equipment, algorithms, and
other equipment to simulate activities in the laboratory. Along with technological devel-
opments and the need for students to interact in learning, virtual laboratories can con-
tain materials, videos, images, and simulations so that students do not only understand
abstract theory by means of virtual practicum [15]. In addition, the existence of a virtual
laboratory makes it possible to simulate experiments from a physical laboratory, which
is made for the purpose of giving instructions to students in using laboratory facilities
that in operation produce results that are similar to those of a student’s experience. Then,
with strong support from virtual labs, the delivery of information in practical courses
makes students more skilled in analysing problems that require critical thinking during
learning. The ability to think critically as a measure of the ability that exists in humans in
quality is able to know and reason about the criticality in the surrounding environment
that is actively involved based on knowledge and is quick to respond [16]. Someone
who is said to think critically will be able to adapt by understanding his own character-
istics through several stages, starting from identifying the problems that are around him,
understanding problems, analysing problems to be simpler, evaluating, and formulating
them to problem-solving to be able to find measurable and effective solutions [17].

When compared to real-life practice, virtual labs make it easier for users to operate
and reduce the risk of mishaps. Virtual labs also offer numerous benefits to aid in the
learning process. Virtual labs not only require fewer resources than a real lab but also
with no time constraints [18, 19]. Virtual labs also provide versatility in the teaching and
learning process [20]. The virtual lab is presently a widely developed medium [21, 22],
and its effectiveness as a tool for improving students’ laboratory experience [23, 24], and
they have been tested standing balanced with real labs [25–27]. In addition, virtual labs
can also save money by reducing the costs of equipment, space, and practical laboratory
maintenance staff [28, 29].

3 Method

This study of a systematic review of the literature was conducted and reported according
to the recommendations of Preferred Reporting Items for Systematic Reviews andMeta-
Analyses-PRISMA [30]. The articles obtained from relevant international journals from
several conference proceedings were also examined. The articles reviewed are from the
period 2020–2021, or a period of 2 years during the COVID-19 pandemic.

The steps in the systematic literature review method are as follows:

a. Identification
The first step in this research is to identify the objectives. The main objective of this
study was to investigate the use of virtual labs in electrical engineering education.

b. Screening
The researcher conducts the process of selecting articles from Google Scholar
databases. The keywords are “virtual labs,” “electrical engineering education,” and
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“covid-19”. The selection of articles considers the suitability of the themes and
objectives that have been determined. After that, the articles that have been obtained
are selected according to the theme and purpose of the review.

c. Eligibility
This step aims to explore information from articles that have gone through selection
in the previous process by making a research matrix. This research matrix contains
information relating to the title of the article, the theme of the research, keywords,
and conclusions from the results of the study. Selected articles are then selected
based on a range that is more detailed about the advantages and influences of the use
of simulation software in the field of electrical engineering education.

d. Included
The final step is the process of combining data and facts found. Then the results are
written in the form of articles and analysed according to the intended purpose.

4 Discussion

In the subject of electrical engineering education, virtual labs play an important role, par-
ticularly in practical learning. Not only understanding of the Outcome-Based Education
(OBE) paradigmunderlying engineering programsbut also significantmetacognitive and
learning competency are required in engineering education settings during and beyond
the COVID-19 pandemic [19]. Strategies, learning approaches, and practical instruc-
tions for using virtual laboratories can be provided online, in the cloud, on the web, or
as videos [20–24].

The use of remote labs and AR/VR can be used to support practical learning in
virtual labs because it can visualizemodels in 3-dimensional form and provides cognitive
and pedagogical benefits for students as well as a cost-effective investment for higher
education institutions [18, 25–29]. For example, the use of remote labs in practical
learning for programmable logic controllers (PLC) can work well and is easy to use
[31], the development of a VR-based application for teaching and training for condition-
based maintenance in induction motors [32], virtual office development to process basic
telecommunication engineering practicalwork [33], and the design of augmented reality-
based learningmedia on the sensors and transducers course [34]. The advantages of using
augmented reality in virtual labs are cost reduction in the purchase ofmaterials, increased
availability, practicality, risk control, increased performance, and student engagement
[35]. Because of this, the developed virtual labs could be used in emergency situations
like the COVID-19 pandemic [36] instead of traditional face-to-face lab education.

However, some students also did not like virtual labs because skills in using labora-
tory equipment were not achieved for their future. Therefore, the teaching team can also
take a hybrid learning approach on campus for a short time, so that students still have lab
experience, work with lab equipment and components, teamwork, and student interac-
tion [37, 38]. Virtual laboratories can be established as companion training in technical
specialties [39] and can be used to reduce the need for lab space infrastructure and create
a safer lab work environment for students [40]. Virtual laboratories have risen to promi-
nence in engineering education because they are low-cost, easy-to-maintain facilities that
provide students with access anywhere, at any time.Modern graphical interfaces include
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realistic representations of laboratories, allowing students to complete simulations faster
and analyse the results more thoroughly [41].

When compared to real-life practice, virtual labs make it simple for students to
engage in practical and diminish the risk of mishaps. Virtual labs also offer numerous
benefits to aid in the learning process. Virtual labs not only require fewer resources than
physical labs, but they also have no time constraints [42, 43] in the teaching and learning
process is also provided [44]. The virtual lab is presently a widely developed medium
[45, 46], and its effectiveness as a tool for improving students’ laboratory experience [47,
48], and they have been tested standing balanced with real labs [49–51]. Furthermore,
virtual labs can save money by lowering the costs of equipment, space, and practical
laboratory maintenance personnel [52, 53].

5 Conclusion

In recent years, a number of studies have looked into the benefits and usefulness of
virtual labs. The majority of the publications analyzed focus on students’ advantages
of virtual lab-based learning. Existing difficulties in the traditional laboratory learning
atmosphere must be addressed through alternative methods in order to boost student
motivation. Students will be more engaged if you use engaging learning tactics. Virtual
labswill be extremely beneficial in improving studying in the discipline of electrical engi-
neering, particularly in the area of practical learning. Virtual laboratories have a number
of characteristics that can be tweaked to facilitate more effective and efficient learning,
particularly in practical electrical engineering courses during or after the COVID-19
pandemic. The Virtual labs can accommodate practical courses with all of their con-
straints, such as equipment and components for practice in schools and colleges that
aren’t up to date. Virtual laboratories are also a good option for schools and colleges,
especially if they have limited resources and infrastructure.
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