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ABSTRACT

Augmented Reality (AR) and Virtual Reality (VR) are revolutionizing various industries, and electrical engineering
is no exception. This paper explores the transformative potential of AR and VR in this field. By delving into
specific applications and highlighting the benefits of AR and VR in electrical engineering education, this paper
underscores their pivotal role in shaping the future of the profession. The age of human-machine interaction will be
emphasised in the fifth industrial revolution. Workers are free to provide clients with value-added activities based
on customisation and the usage of collaborative robots. Several cutting-edge technologies and applications are
being developed, which help Industry 5.0 boost production and axiomatically supply goods tailored to individual
customers. Augmented Reality (AR) and Virtual Reality (VR) are two of the most significant technological
developments in the last ten years. These applications are expanding quickly in many different types of settings.
This paper reviews the use of VR and AR in electrical engineering education and discusses the obstacles and
constraints of Industry 4.0.
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INTRODUCTION

ndustry 4.0 refers to integrating servers, Artificial

Intelligence (Al), cybernetic systems, and the Internet
of Things (IoT) at the production flow level in companies
and industrial processes. The idea of Industry 4.0
suggests a significant renovation of the whole production
chain concerning the present industrial environment.
The first part of this entails using digital technology
and the Internet in existing industry. As part of the
fourth industrial revolution, new digital technologies
such as hardware and software are becoming widely
integrated with existing ones, industrial process data
and its controlling equipment are being gathered on a
massive scale, and production flow has been optimised
to boost output while lowering pollution. To optimise
and maximise the integrity of the factory production
flow, the fourth industrial revolution’s concept extends
beyond manufacturing procedures in the factory. It can
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be used to offer control over all factory processes via
the Internet or Al systems.

The demands of business, technical developments,
educational objectives, and wider economic,
environmental and social concerns all have an impact
on the electrical engineering curriculum in addition
to the previously mentioned issues. The curriculum
must satisfy the accreditation requirements established
by its official professional organisation and address
each of these criteria. There are some instances
where the existing curriculum falls short of the 4.0
industry criteria. To meet the demands of Industry
4.0, future employment, and ease the industry’s
existing skills crisis, future graduates need not only
interdisciplinary and entrepreneurial abilities but also
electrical engineering skills. The electrical engineering
curriculum has the potential to promote a multifaceted
strategy that incorporates cutting-edge technology,
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ethical issues, and sustainable practices by tackling the
unique problems and demands presented by Industry
4.0. This calls for in-depth knowledge of the rapidly
changing business environment, new market trends,
and the moral ramifications of using cutting-edge
engineering innovations.

Additionally, to guarantee that graduates have technical
proficiency together with analytical thinking, problem-
solving, interpersonal, and teamwork abilities, the
process of developing a curriculum must consider
the changing demands of businesses and employers.
Students should be able to implement their understanding
skills in real-world situations, get practical experience,
and collaborate with industry professionals through
the curriculum. The idea of AR appears to be the most
pertinent at this point in the development of education.
Let’s take a closer look at what is meant by “AR”.
Technologies that allow real-time digital material to be
projected into the actual environment are collectively
referred to as AR. The capabilities of the programmes
and devices are being employed and restrict the potential
applications of AR. To present more information and
improve the perception of information, hypothetical
items are added to the real environment, creating AR.
Depending on the user’s actual location, the virtual
data is fixed accordingly. The foundation for future
virtualization of content is laid by its integration into
the physical environment. In contrast to AR, VR
uses computer technology to simulate an interactive
three-dimensional environment where things have a
spatial existence. AR/VR technologies are extensively
employed in a variety of fields, including industrial,
medical, surgical, and the military, for training purposes.
VR and AR have been increasingly popular in education
in recent years, offering a multitude of ways to take
advantage of technology-enhanced learning. (Tan et
al, 2022) VR and AR are developing ground-breaking
techniques in the rapidly changing technological world
that have the potential to completely transform the
electrical engineering profession. There are nearly 17
research on VR applications in engineering education
conducted between 2015 and 2019 and found that the
best four streams were industrial, mechanical, electrical,
and civil engineering (Lanzo et al, 2020).
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INDUSTRY EVOLUTION IN
ELECTRICAL ENGINEERING

The invention of mechanical power using steam, water,
and fossil fuels in the 1780s marked the start of the First
Industrial Revolution. A second similar revolution took
place in the 1870s when mass production and assembly
line manufacturers began to embrace electrical energy.
Electronics and Information Technology (IT) were
used in the 1970s to bring the notion of automation to
the industrial industries as part of the Third Industrial
Revolution. Cyber-physical systems, also referred to
as real-time interfaces between the physical and virtual
worlds, are made possible by Industry 4.0 and the fourth
revolution through the usage of cloud computing and
the IoT (Mourtzis et al, 2018). The first three industrial
revolutions occurred over hundreds of years, while
the “fourth industrial revolution” was in 2011. The
emergence of digitalization is a crucial feature, driven
by advancements in technologies such as Al, big data,
and loT (Mourtzis et al, 2020). Industry 5.0, which fully
integrates human interaction into corporate processes
and intelligent systems, is set to overtake Industry
4.0, which is still at the forefront of technological
decentralization and connectivity. When people and
machines collaborate, it is anticipated that the cognitive
abilities of knowledgeable managers will be combined
with the enhanced precision and repeatability of
complete automation (European Commission, 2021).

IR 4.0 IMPLICATIONS FOR
ELECTRICAL ENGINEERING
EDUCATION

Many sectors are predicted to undergo substantial
changes because of the Fourth Industrial Revolution
(4IR), which may have an impact on the jobs and
skill sets needed in the workplace. The education of
electrical engineers is one area that is most affected. The
4]IR places significant emphasis on technologies like
cloud computing, Al, big data, machine learning and
edge computing. As a result, it is evident that electrical
engineering education must adapt to this new industrial
landscape and will equip for this in future (K. Menon
and G. Castrillon, 2019) & (Lupanda, 2023).

The Fourth Industrial Revolution has enormous and
revolutionary consequences for education, especially in
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the discipline of electrical engineering. The planning,
development, and management of creative solutions
that propel technology advancements become ever more
dependent on the expertise of electrical engineering
professionals as the globe grows more digitally linked
and interconnected. To equip students with the abilities
they need to thrive in the rapidly changing industrial
world, the field of electrical engineering education
needs to modify its curriculum to incorporate these
cutting-edge technologies. The following are a few
implications:

*  Programmes in electrical engineering should be
flexible enough to embrace new developments
while maintaining an adequate foundation in
fundamental concepts (Marwala, 2023).

. Provide students with the necessary abilities to
address real-world problems, electrical engineering
courses should incorporate disciplines such as Al,
machine learning, cybersecurity, and data science
(Bainbridge & Roco, 2016).

* Solve complicated challenges, collaborations
between electrical engineers and experts from other
fields including biology, computer science and
materials science will increase

* Inthe Fourth Industrial Revolution, the capacity for
critical thought and creative problem-solving will
be more valuable than the recall of information. To
build these crucial abilities, electrical engineering
education needs to emphasize practical experiences
and hands-on projects (Gleason, 2018).

*  Electrical engineers will need to learn new things
constantly to stay up to date with technology during
their careers. Higher education institutions ought to
support and enable chances for lifelong learning for
industry professionals. (Naudé, 2017).

» The increasing prevalence of technology
necessitates careful examination of ethical issues.
To address concerns like the security of data, bias
in Al, and the societal ramifications of technology
advancements, ethics classes must be included in
the electrical engineering curriculum.

*  Environmental impact and sustainability are also
becoming more widely recognised as a result of
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the Fourth Industrial Revolution. To solve global
issues like climate change, electrical engineering
programs have to place a strong emphasis on
sustainable practices and green technology.

The curriculum and technology integrated teaching
methods need to be administered to comply with the
requirements of the Industrial revolution. The graduate
attributes including lifelong learning, interdisciplinary
learning, technology integration in the classroom,
and adaptability develops the graduates of electrical
engineering programmes ready for the rapidly changing
technological innovations landscape.

AR/VR IN ELECTRICAL ENGINEERING
EDUCATION

The integration of Augmented and Virtual Reality into
electrical engineering curricula marks a pivotal shift
from passive learning to active, immersive engagement
with complex physical and theoretical systems. AR and
VR helps the learners (Dixit et al,2025)::

e Visualization of Complex Concepts

e Hands-On Learning in a Virtual Environment

*  Simulating Real-world Scenarios

*  Enhancing Collaboration and Remote Learning
*  Designing and Testing with Digital Twins
Augmented Reality in Electrical Engineering

Technologies that allow real-time digital material to be
projected into the actual environment are collectively
referred to as AR. The capabilities of the tools and
applications restrict the potential applications of AR.
The foundation for future virtualization of content is
laid by its integration into the physical environment.
The process of incorporating imaginary things into the
actual environment to show more data and improve
information perception is known as AR. Virtual
symbols appearing on a pilot’s helmet or the cockpit
glass is a well-known application of AR. The pilot can
navigate the terrain with the aid of these icons. The
pilot’s response time will be shortened by using these
icons as he won’t have to spend as much time looking
over the dashboard.

The electricity sector is now using a similar solution.
These are the “smart helmets” worn by power line
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maintenance crew members. These employees have
an application loaded on their tablet computers that
provides details on the items they are serving. A label
that is physically attached to the actual item is used to
choose certain information. Applications that translate
words from other languages using AR are a renowned
example of their utilization. Smartphones frequently
employ these kinds of apps. This program works based
on the user pointing the camera of his smartphone at
an inscription written in a foreign language. The text
on the screen is then translated into the user’s selected
language. The language barrier is broken between
individuals from different countries using AR. To
accomplish well-defined educational objectives, the
usage of AR in the classroom needs to be carefully
controlled. Here, the wow factor turns into a diversion.
However, it has been demonstrated that using AR in
conjunction with conventional teaching techniques
offers benefits over using eLearning and conventional
teaching techniques alone (Makarova et al, 2018). This
supports the Moscow State University rector’s well-
known theory that worse educational quality results
from granting students total autonomy in selecting their
online course materials. AR is currently being used
in computer science, physics, chemistry, history, and
astronomy classes at educational institutions (Kirgizova
et al, 2020). As a result of faculty members lacking the
interest to develop relevant information, AR is rarely
used in higher education (Vanin et al, 2018), (Nesterov,
2017), (Nesterov, 2017, P.117), (Muzyleva et al, 2019).

Augmented Reality Working Principle

The physical world and the virtual world can be
connected through AR. The Google Lens app, which is
integrated with Google Photos and Google’s Assistant
interactive learning environment, is one method to
put such a bridge into practice. It assists in scanning
everything that is aimed at by the smartphone camera.
This leads to the recognition of many things, including
plants, animals, buildings, logos, and QR codes;
moreover, phrases are spoken and translated. Figure 1
depicts the flow of information in popular AR apps.

The following three characteristics describe AR:
1. AR integrates virtual and real-world data.

2. Real-world interaction is possible with AR.
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3. AR can function and be used in three-dimensional
spaces.

Fig. 1. Information movement in well-known AR
applications

AR aims to enable real-time user interaction between
the virtual and physical worlds. The virtual environment
will seem real to users. AR enables the augmentation
of the physical environment with digital material,
such as 2D and 3D animation. There are two types of
tracking capabilities that a gadget can have marker
tracking and markerless tracking. An item or picture is
designated as the 3D object’s exit location in marker
tracking (Aprinaldi et al, 2019) & (Aditya & Trisno,
2018). The terms “trackable” refer to the items or
pictures. A predefined shape or several colours can be
detected by the system while using markerless tracking.
The primary applications in electrical engineering are
depicted in Figure 2.

Augmented Reality (AR) in
Electrical Engineering

Designand | Maintenance [l Training and .
Inspections

I's 2l s al

3D Visualization Guided Interactive Augmented
of Circuits Troubleshooting Learning Inspection
A
Prototyping femote Safty Trnig
Assistance

L 4

Fig. 2. The AR main applications in Electrical Engineering
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Virtual Reality in Electrical Engineering

A computer-generated environment is interactive
and often has a dynamically changing scene that
allows users to view and move about is called VR.
VR allows a user to interact with a constructed world
and replicate their actual presence in it. Subsequently,
these sectors employ the greatest numbers of people
using VR headsets, majority of VR apps and solutions
concentrate on the gaming and commercial businesses.
However, VR’s applications extend beyond games.
VR has gained popularity and may now be used in a
wide range of fields, including education, psychology,
medicine, and in armed forces. It has been discovered
that using information and communication technology
helps students’ attitudes towards studying. VR also has
a significant impact on education, offering captivating
and exciting methods of learning. Its graphical style,
coupled with an exploratory methodology, tangible
interactions, and user-friendly interfaces, can aid
educators in clarifying complicated concepts.

In power engineering, VR technology is used to educate
students on various power principles or to give tours of
facilities that are generally inaccessible. The researchers
used cloud-based architecture to create a non-immersive
VR application that teaches first-year engineering
students about solar array installation, photovoltaic cell
technology, and solar module technology (Abichandani
et al, 2019).

Virtual Reality Working Principle

VR technology is frequently used in industry to teach
workers about high-voltage machinery or to train
them in a particular environment. A non-immersive
application created by the European business E.ON
is covered in reference (Kvasznicza et al, 2019).
Students studying electrical engineering may learn
about high- and medium-voltage substations using
this programme. It equips students with the knowledge
and abilities needed to operate at E.ON. An industrial
VR application for assembling and viewing a control
cabinet containing power transformers and their
components using multimodal channels was developed
in (Shao et al, 2020) These channels provide real-
time video contact between the staff and the training
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teacher, as well as collision detection and object capture
functionality. A digital duplicate of a grid control station
was created to teach staff members in a variety of
scenarios, including transformer failure and back feed
in electrical grids (Liegmann et al, 2022). To reduce
expenses during the COVID-19 epidemic, a VR tool
was created to teach staff members how to construct
a transformer and its numerous components in a short
time (Jiang et al, 2021). Employees were trained on
the 10 kV line breaker technique for relay protection
with the use of VR technology (Xu et al, 2019). An
immersive VR program for switches, circuit breakers,
and transformers was used to instruct electricians in
Brazil (Tanaka et al, 2017). The hydropower station was
created with immersive VR that allows users to practice
emergency procedures, learn station maintenance, and
identify defects (Liu, 2021). The number of power line
accidents was reduced by teaching medium-tension
live-line operators over 40 maintenance techniques
using a non-immersive program developed for this
purpose (Perez-Ramirez et al, 2021). An instructional
instrument to assist electricians to service and maintain
electrical systems was created by the authors (Gorski
et al, 2021). A VR operator training application for a
500kV substation was developed (Liao et al, 2017).

The 3D VR program instructs pupils on the functioning
of asynchronous machines (Kvasznicza, 2017).
Students may study motors, their components, and one-
phase transformers with the aid of the VR laboratory
simulator for electric machines known as V-LAB (Hasan
et al, 2020). Students can learn about condition-based
maintenance of induction motors using an immersive
technology created by the authors. (Checa et al, 2021)
A VR system with gamification was created to teach
motor maintenance personnel for a mining firm in Brazil
(Oliveira et al, 2020). Students studying mechatronics
engineering were taught the components of an electric
motor using immersive VR (Mahdi & Akin, 2021).
One desktop VR program that instructs students on
how to operate full wave rectifier circuits is called VD-
Circuit (Ogbuanya & Onele, 2018). In comparison to
conventional classroom teaching and learning, the
authors assessed the efficacy of VR technology. The
VR primary applications in electrical engineering are

depicted in Figure 3.
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Virtual Reality (VR)
in Electrical Engineering

Design and Immersive Simudation of
. Safety Training . Electrical
Prototyping Training Systems
Virtual Hazard | | Equipment [ .
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 Collaborative Power System
Design Vel ks Simulations

Fig. 3. VR applications in Electrical Engineering
CHALLENGES

Technological issues are the primary difficulty. These
include inclement weather conditions with high light
levels and smartphone incompatibility (Kaur et al,
2021), (Sendari et al, 2020) & (Sendari et al, 2021).
The simultaneous recognition of several markers
presented issues for AR applications (Dutta et al, 2022)
& (Estrada et al, 2022). The AR application’s tracking
accuracy for showing the circuit analogies was low and
the markers’ scanning speed was decreased (Kreienbiihl
et al, 2020). Students reported that the AR application’s
reaction time was sluggish (Lucas et al, 2018). The most
significant disadvantage of AR is that the programme
crashes, which irritates students (Opris et al, 2019).

The second difficulty is the level of development
expertise required to make apps. This task was only
referenced in two publications. The authors stated that
creating a successful AR application requires prior game
design skills (Tuli et al, 2022). A limitation (Martin et
al, 2020) was the inability of teachers to create AR
apps due to the false detection of markers. This is due
to the necessity of having a basic understanding of
programming languages. The authors used patterns on
the marker to make them stand out from other markers
to tackle the false detection problem.

The third difficulty is feeling unpleasant and
uncomfortable. This problem is addressed by five
VR applications and one AR application. Cognitive
overload in the AR environment might result from
an abundance of information (Kapp et al, 2021).
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Almost 45% of participants in the VR environment
reported feeling unwell from cyberspace. Few people
suffered from cybersickness due to the low refresh rate
(measured in frames per second), which made it difficult
for participants to navigate the VR environment.
(Tanaka et al, 2017) The cyber illness affected 4 of the
30 participants. According to Wu et al, only a small
percentage of participants felt that the HMD’s weight
was difficult on their eyes.

While Augmented Reality (AR) and Virtual Reality
(VR) are recognized as transformative tools in
pedagogy, significant barriers hinder their widespread
adoption. High capital expenditure for hardware remains
a primary obstacle for many academic institutions.
Furthermore, the steep learning curve associated with
complex system designs often results in resistance from
both educators and students who lack prior technical
literacy in Extended Reality (XR) environments.

Technical reliability also remains a concern; the
requirement for constant hardware maintenance and
software calibration increases the risk of instructional
disruption. From a cognitive perspective, the highly
immersive nature of these tools can occasionally
become counter-productive, leading to “digital
distraction” rather than enhanced retention. Within the
framework of Industry 4.0, the rapid evolution of these
technologies often outpaces the ability of educational
curricula to adapt, necessitating costly industry-
academic collaborations. Table 1 summarizes the
specific challenges identified in recent literature.

Table 1: Literature on AR and VR Implementation
Challenges

Methodology & Key Results/ Identified
Author Contributions Challenges
HMD Marker T Reduced error Increased

rates; scan-glove cognitive load

integration depending on the
expedites task scanning system;
racking (Murauer execution. visual fatigue.
et al., 2018)
Projection-Based | Reduced spot weld | Precision is highly
(Doshi et al., position dispersion | dependent on the
2017) (15% —52% quality of visual

improvement). cues.
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(Funk et al., 2017)

curves for novices;
lower NASA-TLX
scores for trainees.

HMD VR Explored social Mobility
(Scavarelli et al., learning theories constraints; lack
2021) and advancements of accessibility
in VR/AR social for users with
spaces. visual or motor
impairments.
Multi-modal XR Established XR- Struggles with
(Zwolinski et al., based learning maintaining a
2022) environments high "reflection of
using diverse realism."
hardware.

CFD & AR/ Proposed Difficulties in
VR Integration component- remote data
(Solmaz & Van oriented synchronization
Gerven, 2022) architecture and for end-user

data simulation. applications.
Projection-Based | Improved learning Significant

distractions for
expert workers;
declining reward

curves over time.

DISCUSSION ON RESEARCH GAP

To address these gaps, this review focuses specifically
on the application of AR and VR within electrical
engineering education, lacked a comprehensive
synthesis of hardware, software, and pedagogical
assessment techniques.

The proposed solution lies in the transition from the
rigid automation of Industry 4.0 to the human-centric
approach of Industry 5.0. While Industry 4.0 emphasizes
IoT and Big Data often resulting in “over-automation”
that can alienate the learner, Industry 5.0 seeks to
harmonize human intuition with machine precision.
By integrating AR/VR tools under the Industry 5.0
paradigm, we shift the focus toward:

* Collaborative Intelligence: Using AR/ VR to
facilitate human-robot interaction rather than
replacement.

»  Sustainability & Resilience: Designing educational
tools that are adaptable to social and environmental
needs.

*  Critical Thinking: Leveraging the immersive nature
of AR /VR to foster high-level problem-solving
rather than rote procedural tasks.
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This approach mitigates the “complexity” gap identified
in Industry 4.0 by prioritizing user-centric design and
inclusive technological advancement.

CONCLUSION

The role of AR and VR in electrical engineering
is transformative, offering educators and students
innovative tools to enhance learning, visualization, and
practical application of complex concepts. As these
technologies continue to advance, their integration
into educational curricula will be crucial in preparing
the next generation of electrical engineers for a rapidly
evolving and technologically driven future. The
immersive nature of AR and VR not only enriches the
educational experience but also equips students with
the skills and insights needed to excel in the dynamic
field of electrical engineering. This paper discusses the
application of AR and VR in Electrical Engineering
and highlights the evident need for training electrical
engineering teachers in these technologies, given
their potential to transform the educational landscape.
Equipping educators with the tools and skills to
integrate AR and VR into their teaching methodologies
ensures that the next generation of electrical engineers
is well-prepared for the challenges of the digital era.
Embracing these technologies not only enhances the
learning experience but also advances and strengthens
the competitiveness of electrical engineering education.
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