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Abstract:

The objective of this study is to identify the feasibility of using virtual laboratories to develop
technical higher education in Libya. It investigates the availability of the necessary
requirements for their implementation in higher institutes and technical colleges, as well as
the obstacles hindering their adoption. The researchers employed a descriptive-analytical
methodology, using questionnaires and personal interviews as data collection tools. The study
sample included a number of technical higher education institutions, namely: the Faculty of
Engineering Technology in Janzour, the Faculty of Civil Aviation and Meteorology
Technology in Asabaa, and the Higher Institutes of Science and Technology in Qasr Ben
Ghashir, Souk EI Khamis Amsihil, Awlad Ali, and Gharyan.The study concluded with several
key findings. The requirements for implementing virtual laboratories in the targeted colleges
and institutes were found to be available at a "moderate” level. Similarly, the obstacles to
using virtual labs for teaching electrical engineering subjects were also assessed as
"moderate”. A significant finding was that the use of virtual laboratories enhances the quality
of outcomes in technical higher education. Accordingly, the study recommends a set of
measures to facilitate the use of virtual labs in teaching, chief among them being the provision
of virtual laboratories for all technical institutes and colleges. It also recommends providing
training courses for faculty members, teaching assistants, and students on their use. Crucially,
the study advocates for using virtual laboratories in conjunction with, not as a replacement
for, traditional laboratories to achieve the optimal development of student skills.

Keywords: Virtual Laboratories, Electrical Engineering, Higher Education, Higher
Institutes, Technical Colleges.
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Introduction

The tremendous development in information technology and communication
systems has led many institutions to adopt technology in various aspects of their
operations, including e-learning. Higher education institutions play a pivotal role
in disseminating these technologies through their curricula. Numerous teaching
strategies have emerged that align with contemporary learning theories,
including the use of virtual laboratories, which are considered a cornerstone of
e-learning. Stemming from this premise, this study aims to identify the
necessary requirements for the adoption of virtual laboratories and to investigate
the existing obstacles that limit their use in technical higher education in Libya.
Problem Statement

The engineering education, in general, and technical education, in particular,
relies on practical and laboratory applications to understand concepts and their
applications. However, due to the increasing number of engineering and
technical education institutions and the high cost of establishing physical
laboratories, makes the Ministry of Technical Education unable to provide these

facilities for all its affiliated institutes and colleges. Consequently, students in
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most of these institutions currently receive a predominantly theoretical

education, resulting in a professional application deficit among most graduates.
Therefore, it must imperative to develop the laboratory and technical skills of
engineering students. The electrical engineering departments in technical
colleges and institutes were selected as a case study to develop a framework that
allows for the graduation of highly skilled and competent professionals. The
research problem can be summarized in the following questions:

Q1. Can we use of virtual laboratories feasible in higher institutes and
technical colleges in Libya? This main question branches into the following
sub-questions:

*a. What are the obstacles of using virtual laboratories for teaching in technical
higher education in Libya?

b. To what extent are the requirements for using virtual laboratories available in
technical higher education in Libya?

Q2. Is the use of virtual laboratories effective in developing the technical
skills of students?

Study Objectives

This study aims to:

1.Define the concept of virtual laboratories, their components, and the types
used in electrical engineering education.

2.Ascertain the feasibility of using virtual laboratories to develop higher
education in Libya and to reduce the gap between the labor market and
educational outcomes.

3.1dentify the requirements for using virtual laboratories and assess their
availability in higher institutes and technical colleges in Libya.

4.1dentify the obstacles to the implementation of virtual laboratories in higher

institutes and technical colleges in Libya.

(AL Alaal) ) 2025/11/9¢8 - Sl & Al A<t J g1 (A gall alal) jaliigall &gay Alaa



Sl W0l = G it 5l Sl G gl ol il gy e
i) A dhaial
2025 /11/9 -8 ¢
(A aal)

Significance of the Study

This study serves as an important resource for understanding the concept of
virtual laboratories, their components, types, implementation requirements, and
the obstacles to their use in the context of the studied higher education
institutions. It clarifies the potential of using virtual labs for teaching electrical
engineering courses in technical higher education and demonstrates their
effectiveness in developing students' technical skills.

Research Methodology

The researchers employed a descriptive-analytical method to achieve the study's
objectives, following these steps:

1.Literature Review: Reviewing books and previous studies as a source of
secondary data.

2.Primary Data Collection: Using the following tools for primary data
collection:

1.Questionnaire: The researchers used a questionnaire to collect data. The
study population consisted of faculty members in the electrical engineering
departments at technical colleges (College of Engineering Technology in
Janzour; College of Civil Aviation and Meteorology Technology in Asbi‘'a) and
higher institutes (Higher Institute of Science and Technology in Qasr Bin
Ghashir; Higher Institute of Science and Technology in Souq Al-Khamis
Amseyhel; Higher Institute of Science and Technology in Awlad Ali; Higher
Institute of Science and Technology in Gharyan). Due to the limited size of the
population, a comprehensive census approach was adopted. Questionnaires were
distributed to all members of the population, and after follow-up, 40 were
returned. Of these, 4 were deemed invalid for statistical analysis, resulting in 36

valid questionnaires, representing a 90% response rate.
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2.Personal Interviews: An interview protocol was designed, and interviews

were conducted with several faculty members from the electrical engineering
departments in technical higher education.

Scope of the Study

The research was conducted in the electrical engineering departments of the
following technical colleges (College of Engineering Technology in Janzour;
College of Civil Aviation and Meteorology Technology in Asbi‘a) and higher
institutes (Higher Institute of Science and Technology in Qasr Bin Ghashir;
Higher Institute of Science and Technology in Souq Al-Khamis Amseyhel;
Higher Institute of Science and Technology in Awlad Ali; Higher Institute of

Science and Technology in Gharyan).

Theoretical Framework and Literature Review
I. Theoretical Framework

This study seeks to define the concept of virtual laboratories, their components,
and their advantages, and to illustrate some of the virtual labs used in the field.

1. The Concept of Virtual Laboratories Virtual labs. are considered one of the
most important scientific technologies contributing to the advancement of
science by presenting practical aspects to students in a simplified and cost-
effective manner. They allow students to conduct experiments without the need
for expensive equipment and without exposure to physical risks.

Virtual laboratories are defined as programmed environments that simulate real
laboratories, through which learners can perform lab experiments remotely as
many times as needed. They compensate for the absence of physical lab
equipment and allow for the coverage of most course concepts with virtual
experiments, which is often difficult to achieve in reality due to the limited time
and number of physical labs.

Mona Al-Zahrani defined virtual laboratories as an electronic environment that
helps the learner to think and acquire practical and technological skills( -«
2022, 3. It simulates a real science laboratory by linking the theoretical
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side with the practical side, using special applications and programs to simulate
reality, with the ability to add new components and innovative experiments to

save time and effort.

2. Types of Virtual Labs Used in Electrical Engineering Education Virtual
labs used in electrical engineering can be classified based on their operational
method and student interaction into three main types:

. a. Simulation-Based Labs: This is the most widespread type used within
engineering education institutions in Libya. In these labs, equipment and
electrical machines are represented as mathematical and software models.
The student interacts with a graphical user interface (GUI) to build
circuits and conduct experiments entirely within a software environment,
with no connection to real hardware. The student "drags and drops"
various electrical components, connects them with virtual wires, and uses
virtual measurement instruments to see the results. The displayed results
are the mathematical solution to the models representing these
components. The most famous examples include:

« MATLAB/Simulink: Considered the gold standard in academia. It
provides a powerful environment for modeling and simulating
power systems, electrical machines, power electronics, and control
systems.

« Multisim & LTspice: Excellent software for simulating and
analyzing electronic circuits (analog and digital). They are widely
used in teaching courses on electrical circuits and electronics.

« ETAP/PowerWorld Simulator: Specialized software for large-
scale power system analysis (load flow, short-circuit studies,
stability).

« Advantages: Absolute safety, low cost, flexibility, and the ability
to safely explore hazardous conditions (e.g., faults, overloads).

« Disadvantages: Their sole use can lead to a lack of hands-on
experience, weakness in using real measurement devices, and a
deficiency in safety skills for handling real electrical equipment.
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. b. Remote-Triggered Labs: In this type, the student interacts via the
internet with real laboratory equipment located somewhere in the world.
The student sends commands through a web interface, which trigger real
devices, and the real measurements and results are sent back to the
student. Popular technologies include:

« LabVIEW Remote Panels: Allow the creation of web-accessible
GUIs to control hardware.

« Custom Platforms: Often built using web servers and
communication protocols to control devices like relays and variable
speed drives.

« Advantages: Realism (results from real hardware) and resource
sharing.

. Disadvantages: High cost of building and maintaining the
hardware, limited access (scheduling required), and a limited set of
pre-programmed experiments.

« C. Augmented/Mixed Reality & Hybrid Labs: This is the latest trend,
merging the real and virtual worlds.

. Augmented Reality (AR): A student points their phone's camera at
a table, and a 3D model of a transformer appears on the screen,
allowing them to connect virtual wires and see data overlays.

. Virtual Reality (VR): A student wears a VR headset and finds
themselves inside a 3D virtual lab environment, able to move,
"grab" components, and operate them.

« Hybrid Labs: Combine simulation and remote experiments.

. Advantages: High level of engagement and interaction, and safe
training on safety procedures.

. Disadvantages: High development cost and complexity, and the
need for special hardware (VR headsets, AR-compatible devices).
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3. Components of Virtual Laboratories (2010 ,.<3), (2017 , =2, (Fatima
Abdullah Bujaily, 2021), (2017 = %l'), and (2022 ' el lad) identified the

basic components for setting up virtual laboratories as follows:

1. Laboratory Devices and Equipment: Sensors linked to the experiment's
tools to transmit commands, control signals, and change input values, and
through which results and readings are extracted.

2. Computer Hardware: Each student needs a computer to access and work
within the virtual lab.

3. Communication Network and Devices: A secure network that connects
the user's device to the local or global network.

4. Virtual Laboratory Software: Special programs for managing the labs
and students in terms of tasks, permissions, and activity monitoring.

5. Collaboration and Management Software: Programs related to
managing the lab and its users in performing experiments.

4. Advantages of Virtual Laboratories (2022 ,s_s1) highlighted the
advantages of using virtual labs that are not found in traditional labs, including:

1. Flexibility of use.

Reducing the learning time spent in a real lab.

Making laboratory teaching more engaging and exciting.
Reducing material costs.

Ease of monitoring and guiding learners' progress.

o g M~ w D

Enhanced safety and reduced risks during experiments.
7. Enabling students to identify and correct errors.

8. Allowing students to visually comprehend scientific concepts through
animated representations of processes invisible to the naked eye.

9. Reducing the time teachers spend setting up experiments.

10.Helping teachers demonstrate multiple experiments simultaneously.
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11.Satisfying the learner's curiosity and desire for discovery and

experimentation.

12.Providing opportunities to practice skills that are difficult to implement in
reality.

I1. Previous Studies

Given the importance of this topic, many studies have been conducted on the use
of virtual laboratories for education.

. Jamal Abd Rabbo Al-Zaanin studied the "Effectiveness of Teaching a
Mobile Electricity Unit Using CD-based Educational Programs on
Achievement, Critical Thinking Skills, and Motivation of Ninth-Grade
Students in Gaza." The study found that using computer-based programs
was effective for the experimental group, improving their critical thinking
skills and motivation(2009 ,cxile ).

« Abdullah bin Abdulkarim Al-Harbi presented a study on a "Proposed
Vision to Activate the Use of Virtual Laboratories in Teaching Science
from the Perspective of Faculty Members at Qassim University." The
study concluded that it is necessary to provide an infrastructure that
supports the activation of virtual labs and to raise awareness among
students and faculty(2023 ,.=_~0).

« Samah Naji conducted a study on "Designing an Enrichment Program
Based on Virtual Lab. to Develop Electronic Circuit Composition Skills
for Industrial Secondary School Students"(2019 ,.2b).

« Nyan-Myau Lyau & Edi Sarwono reviewed the advantages and
challenges of implementing virtual labs in electrical engineering
education, especially during the COVID-19 pandemic, concluding that
they are a highly useful tool(Sarwono & Lyau, 2023).

. Travassos Valdez, Maria Jodo, & Maciel studied the "VEMA
environment” for virtual labs in electrical engineering education, finding
it to be an effective and engaging platform that helps students “think like
engineers"(Travassos Valdez et al., 2014).
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« Juan, Pedro, and Arturo studied a "Real-Time Power Electronics
Laboratory to Enhance Remote Engineering Education in the Field of
Grids and Smart Microgrids,” concluding that converting labs to real-time
virtual labs is an effective strategy but requires significant technical
investment(Gutierrez et al., 2021).

This study is similar to previous studies in that it examines the use of virtual
laboratories in education and aligns with the latter three studies by focusing on
teaching electricity courses. However, this study differs by addressing aspects
not covered by previous research, such as the feasibility of using virtual labs to

teach electrical engineering courses in the specific context of technical higher
education in Libya.

Analysis of the Current Study

Characteristics of the Study Sample: The study targeted faculty members in
the electrical engineering departments of technical colleges and higher institutes.
Figure (1) shows the graphical representation of the study sample by gender.

Hmale ®female

Figure (1) Graphical Representation of Study Sample Items by Gender
And Figure (2) shows the graphical representation of the study sample
items by age.
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Figure (2) Graphical Representation of Study Sample Items by Age.
And Figure (3) shows the graphical representation of the study sample

items by academic qualification

M Master's ™ Doctorate

Figure (3) Graphical Representation of Study Sample Items by Academic Qualification
And Figure (4) shows the graphical representation of the study sample

items by years of experience
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Figure (4) Graphical Representation of Study Sample Items by Years of Experience

And Figure (5) shows the graphical representation of the study sample

items by academic degree
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Figure (5) Graphical Representation of Study Sample Items by Academic Degree
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And Figure (6) shows the graphical representation of the study sample

items by academic institutions

m Higher Institutes ~ ® Technical Colleges

Figure (6) Graphical Representation of Study Sample Items by Academic Institutions

I1. Discussion of Research Questions

Question 1: Is the use of virtual laboratories feasible in the technical
institutes and colleges in Libya? This question branches into the
following two sub-questions:

. a. What are the obstacles to using virtual laboratories for
teaching in technical education in Libya?

Table (1) illustrates the obstacles to using virtual laboratories in the
surveyed higher education institutions, calculated using the mean and
standard deviation of the participants' responses. The statements are

ranked, with rank (1) representing the greatest obstacle.
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Table (1): Obstacles to the Use of Virtual Laboratories

No. Statement Mean Std. Rank
Dev.

Using virtual labs creates a psychological barrier

= between the student and the instructor. 3.4231 11.02657| 14
5 Some faculty members a:gk;anable to work with virtual 36154 | 0.85215 11
Lack of professional development for teaching
3. assistants and faculty through training courses on | 4.3077 | 0.67937 1
using virtual labs.
" Slow response and d_elay from some s_tudents in 3.9231 | 0.62757 v
synchronous interaction when using virtual labs.
5 Malfunctlops of hardware qnd the computer lab 41923 | 0.80096 5
network hinder the execution of experiments.
6. Lack of a user guide for If:g:lty on how to use virtual 39615 | 0.77360 6
Most virtual lab software is in English, which is a
! barrier for students, TAs, and faculty. 3.5385 102882 12
8. Inability to tier virtual labs into (_1|fferent levels 37308 | 0.91903 9
according to student proficiency.
Lack of awareness from the technical education
9. administration regarding the importance of virtual | 4.0385 | 0.99923 4
labs.
10. Lack of features for monitoring and evaluating 35000 | 114018 13

students in virtual labs.

11. Large class sizes hinder the use of virtual labs. 3.1538 1 1.18970 | 15

Students' poor computer literacy skills hinder the use

12. . 4.0385 | 0.82369 4
of virtual labs.
13. Lack of interaction among_stud(_ents when conducting 4.0000 | 0.84853 5
experiments using virtual labs.
14. Using virtual _Iabs leads to a def|C|_ency inacquiring | , \-eq | 1 12865 3
essential manual and practical skills.
15, Using virtual labs leads to a deficit in students 3.9231 | 1.01678 ;

knowledge of real equipment and how to handle it.

The high degree of safety in virtual labs weakens the
16. safety culture among students when dealing with real | 3.8846 | 1.10732 8
electrical equipment.

The inability to represent personal variables like
humidity, equipment quality, and aging in virtual labs

17. leads to a misunderstanding of real-world equipment 3.6923 | 101071} 10
behavior.
Overall
Mean for 3.8235 | 0.43957
the Axis
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Table (1) presents 17 statements describing potential obstacles. According

to the

respondents, the most significant obstacle is the lack of professional
development for teaching assistants and faculty through training
courses. This is followed by the malfunction of hardware and
computer lab networks, which also poses a major barrier to the use of
virtual labs.

. b. To what extent are the requirements for using virtual
laboratories available in technical education?

Table (2) shows the availability of requirements for using virtual labs,
ranked according to the mean and standard deviation of responses. Rank

(1) represents the most essential available requirement.

Table (2): Availability of Requirements for Using Virtual Laboratories

No. Statement Mean Std. Rank
Dev.
18 A computer lab |.s a\{alla.tble. in the higher 38462 1.08415 1
education institution.
19 It is possible to obtain virtual laboratory 34231 110175 4
software.
20. Training opportun_ltles are available for faculty to 31538 1.28662 6
use virtual lab software.
1. Features for evaluating §tudents in virtual labs 36154 075243 ’
are available.
29, Teaching assistants gre a\_/allable to help faculty 34615 1.02882 3
teach using virtual labs.
23, An internet networlf is available for use in some 32308 1.39449 5
virtual labs.
24, An instruction manufell for the virtual labs is 34231 1.06482 4
available.
Overall Mean for 3.4505 | 0.85875
the Axis
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Table (2) shows that, according to the faculty, the most important

available

requirement is the presence of a computer lab, followed by the
availability of features for student evaluation within the virtual labs.
Answer to Question 1: Is the use of virtual laboratories feasible in the
technical institutes and colleges in Libya? Based on the preceding
tables and the responses from personal interviews, we can conclude that
the use of virtual laboratories is currently feasible in the technical colleges
and some of the higher institutes, due to the availability of computer labs.
However, most higher institutes still require the establishment of
computer labs.

Answer to Question 2: Is the use of virtual laboratories effective in
developing the technical skills of students? Based on Table (1) and the
interview responses, we can conclude that the use of virtual laboratories is
indeed effective in developing students' technical skills. This is due to the
absence of restrictions, allowing students to learn anytime and anywhere,
protecting them from physical risks, and enabling them to enhance their

skills by repeating practical applications multiple times.

Results and Recommendations

I. Study Results

1. The availability of requirements for implementing virtual labs in
the surveyed institutions was found to be at a moderate level.

2. The obstacles to using virtual labs for teaching electricity courses

were also assessed to be at a moderate level.
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31 Some technical colleges and higher institutes have the potential to

activate the use of virtual labs for teaching their electrical engineering
COUrSES.

4, According to faculty members, using virtual labs offers several
advantages that enhance the quality of technical education outcomes,
including:

1. It saves students time, allowing them to conduct experiments even
at home.

2. It helps develop practical skills by allowing experiments to be
performed in the lab and repeated at home.

3. It helps faculty members save time.

4, It protects students from physical hazards.

5. Virtual labs are beneficial in situations where access to physical
labs is difficult or when there is a shortage of expensive equipment.

Il. Recommendations

1. Provide training courses for faculty members, teaching assistants,
and students on the use of virtual laboratories.

2. Equip all technical institutes and colleges with virtual laboratories.
3. Use virtual laboratories in conjunction with, not as a replacement
for, traditional laboratories to achieve the optimal development of student
skills.

4.  The administration of higher institutes should design and develop
programs for needed virtual labs that are not currently available.

5. Provide user guides and manuals for virtual labs and make them
accessible to faculty, teaching assistants, and students.

6.  Benefit from the experiences of other universities and higher

institutes in this domain.

(G alaal) ) 2025/11/9¢8 - (& 4 Al 4088 J g1 A gal alal) paligal) &gy alaa

17



by el « btz ot 5l Sl ) ol ol i gy alae
i) A dhaial

2025/11/9 -8
(A aal)

References

Fatima Abdullah Bujaily. (2021). The reality of benefiting from virtual laboratories in teaching
science in the secondary stage in Jeddah. 140-121 ,(20)3 , Ludil/ 5 g jill a slel) Llxe.

https://doi.org/10.26389/ajsrp.f050119

Gutiérrez, J. R. L., Ponce, P., & Molina, A. (2021). Real-time power electronics laboratory
to strengthen distance learning engineering education on smart grids and microgrids.

Future Internet, 13(9). https://doi.org/10.3390/fi13090237

Sarwono, E., & Lyau, N. (2023). Proceedings of the 4th Vocational Education International
Conference (VEIC 2022). In Proceedings of the 4th Vocational Education International
Conference (VEIC 2022) (Vol. 2). Atlantis Press SARL. https://doi.org/10.2991/978-
2-494069-47-3

Travassos Valdez, M., Machado Ferreira, C., Martins, M. J. M., & Maciel Barbosa, F. P.
(2014). Virtual labs in electrical engineering education—The VEMA environment. /THET
2014 - 13th International Conference on Information Technology Based Higher
Education and Training. https://doi.org/10.1109/ITHET.2014.7155714

i) el duani 8 Gl Y] Jaleall lipds e o3l e zalip 51.(2022) 2.2, el ol
—154 , 24, 4slai¥] ilaadlly Lysasill pshell dlaa Ay Anilae b g5l S Caall il 53] oLl

183

colae bl 8 Ll Cgin ilidlae ulre 6 o Lol ales

csal 25 S L o slelf aule 6 Al i) Joleal/ .(2010) L) o2, eadlall

(G Alaall ) 2025/11/9¢8 - O A Al At o) A gall alad) paliigal) & gay Alana

18



Oblph ARl u Jhish o sinl| Sl S| J9al| guontind] gl gy aidino
_idl) 8 dhaial
2025/11/9 -8
(A aal)
linel i ens (o pslell Gyt o Aeal V) Jabedl plasiad Qo e 5 (2023) g - sign]

206-175 ,33 , 4l Cilapilly Lys0sill o slel] dlas . apail) dralay (apyill Lo

daade lilshuly dpalsd el alasiuly A5amdl £ LyeSll sany Gy Allad (2009) apre Jlea =7 ,0nle
Aas 33 lailany bl aulil) Caall 2 Slail adlally csll) el Sleas (Jpanill e
94-41 (1) 11 55 a5y dnala

O das o lpall ale (i ylai (A (A YY) Al V) Jalaal) 40585 50 .(2017) - 7 5 i)
.65-55 ,2 , Lagill

syun (8 A s jall o glel) Jales Clpuianad gl pushill 7 5ie )5 2(2022) W) LTSRN e
750726 ,(12) 3, dubsskailly Luileai o slell Ano sl 58Y) Jalaall cilillsia

A S jiloall (s ol lgn Aail Al Y1 Jalaall e o3l 15 zaling maanai .(2019) .p 22l

254192, (ude A wull) el asil aiall e il i) Ayl (S

(G alaal) ) 2025/11/9¢8 - Sl A AN 4L S ¥ (A gal) alal) jaigal) & gay alaa

19



