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Abstract: Electronics is integrated into almost every discipline of science particularly in physics and
engineering. It serves as the foundation of engineering & technology and learning electronics is no longer
optional, it has become indispensable. Understanding Electronics require performing experiments in
laboratories besides theoretical discussions. Laboratories act as a bridge between theoretical knowledge with
practical application. In recent years, virtual laboratories have emerged asessential educational resources,
particularly in the field of electronics, allowing students to grasp and apply electronics concepts through
simulation platforms and interactive settings. This paper aims to review the comparison between physical and
virtual laboratories concerning accessibility, enhancement of student engagement, and understanding. In
addition to conducting physical laboratory sessions, the significance of simulations in electronic experiments
has been underscored. While it is acknowledged that physical laboratories cannot be entirely substituted, virtual
laboratories address issues such as equipment shortages and time flexibility. It has been stressed that future
studies should investigate blended educational environments where physical and virtual laboratories
complement each other to improve understanding and achieve long-term learning outcomes.
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I.  Introduction

In the contemporary world, it is almost impossible to identify a sector that remains unaffected by
electronics. From healthcare to civil engineering, and from smartphones and laptops to household appliances,
from music to medical devices, electronics permeates every aspect of life, acting as an invisible force that
enhances intelligence, speed, and efficiency[1-4]. Consequently, grasping the fundamentals of electronics is not
only advantageous for those aiming for careers in technology industry but is also crucial for the average
individual in a technology-driven society. The field of electronics demands logical reasoning, meticulous
attention to detail, and the capability to resolve intricate problems. Through the study of electronics, individuals
acquire the skills to analyse circuits, detect malfunctions, and devise effective solutions, which can also pave the
way for entrepreneurial opportunities or career progression within the rapidly changing technology sector[5].

Electronics education traditionally relies on physical laboratories where students build and test circuits
using hardware components. While hands-on experience is invaluable which provide essential experiential
learning, physical labs are constrained by cost, equipment availability, safety and accessibility.

The outbreak of the coronavirus in 2019, which led to a global pandemic, significantly affected various
sectors worldwide. One such sector was the educational sector, which comprises millions of enrolled students
and active educators who were accustomed to conducting regular classes within their institutions. However, due
to the pandemic, they found themselves confined to their homes. To facilitate the continuation of the educational
process, online classes were implemented in many countries, including India, through various applications such
as Google Meet, Zoom, WhatsApp, YouTube, Microsoft teams, WebEX[6].

Integration of e-learning platforms acted as a catalyst in delivering and broadening of theoretical
concepts beyond classroom walls. For providing laboratory experiences for tertiary education, Government of
India’s Virtual Laboratory Project added a new dimension to the web-based digital learning providing practical
skills of science,particularly in electronics, for analysing scientific data through software-based simulation
environment [7-11] that acts real-world phenomena in a virtual space [12].

Ever since the COVID-19 pandemic, the adoption of virtual labs in teaching-learninghasgained
momentum, highlighting their importance in remote and blended learning contexts [13,14]. However, while
many studies report its beneficial effects, a comprehensive review of educational outcomes, methodological
approaches, and challenges has been lacking.
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Electronics education has traditionally relied on hands-on experience in physical laboratories. And
advances in software simulation and digital learning platforms in recent times have led to the widespread use of
virtual laboratories. Both approaches play significant roles in teaching electronics, and each offers distinct
advantages and limitations. Understanding the differences between physical and virtual labs helps educators and
students choose the most effective method for learning.

Il.  Physical Laboratories For Electronics
A physical electronics laboratory is a dedicated space equipped with real components, instruments, and
tools used to design, build, and test electronic circuits. Students work directly with hardware such as resistors,
capacitors, transistors, integrated circuits, breadboards, oscilloscopes, and power supplies.In a traditional lab
setting in our country, students physically assemble circuits on breadboards or printed circuit boards (PCBs) or
on various electronics kits these days. They use measurement instruments such as oscilloscopes, and multi-
meters to observe voltage, current, frequency, and waveform characteristics[15].

Physical labs allow students to:

e Handle real components

Learn soldering and wiring techniques

Experience real-world electrical noise and fluctuations
Troubleshoot hardware faults

Develop safety awareness when working with electrical systems

2.1 Advantages of Physical Laboratories
e Hands-on Skill Development

Students are able to gain practical skills such as component identification, wiring, soldering, and
finding hardware faults. These skills are essential for careers in electronics engineering and hardware
development.

e Real-World Problem Solving
Unlike simulations, real components may have tolerances, defects, or unexpected behaviours like
fluctuations in the supply, so they learn how to handle imperfect conditions.

e Team Collaboration
Physical labs often involve teamwork. Students collaborate to build, test, and troubleshoot circuits,
improving communication and project management skills.

e Understanding Equipment Usage
Operating instruments like oscilloscopes and signal generators builds technical confidence and
professional competence.

2.2 Limitations of Physical Laboratories

e High Cost

Equipment such as oscilloscopes and power supplies can be expensive. Maintenance and replacement of
damaged components increase cost.

e  Accessibility
Students must be physically present in the lab. Their access may be restricted by schedule and location.

¢ Risk and Safety Concerns
Incorrect wiring can damage equipment or causeinjury. Safety supervision is required.

e Time Constraints
Building circuits manually takes time, results intime constraints for repeated experimentation.

I11.  Virtual Laboratories For Electronics
Virtual laboratories use software tools to simulate electronic circuits and experiments. Different
software as well as online platforms offer programs for students to design and test circuits digitally without
physical components. Studies show that students can make connections using virtual breadboard, other
components which would avoid serious mistakes in the actual circuit [16,17].In a virtual lab, students place
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components on a digital interface, connect them with virtual wires, and run simulations to observe circuit
behaviour. The software calculates voltages, currents, and waveforms using mathematical models.

Virtual labs allow students to:

e Simulate complex circuits quickly

e Change parameters easily

Analyse results without physical setup

Student can repeat experiments multiple times without risk

Access labs remotely from any location

Simulation tools provide immediate feedback by detecting error immediately

3.1 Advantages of Virtual Laboratories
e  Cost-Effective
Institutions can reduce cost on physical equipment and maintenance. Students only need a computer
and licensed software. Even some online sites are available which can be used for simulation on smart phones as
well.
e Safe Learning Environment
There is no risk of electric shock or equipment damage. Students can experiment freely.
o Remote Accessibility
Virtual labs are ideal for distance learning and online education programs
e Time Efficiency
Circuits can be built and modified easily and within a shorter time period. Students can focus more on analysis
and theory rather than setup.
e Advanced Simulation Capabilities
Some simulations allow testing conditions that are difficult to reproduce physically, such as extreme
temperatures or high-frequency operations.

3.2 Limitations of Virtual Laboratories
e Lack of Hands-On Experience
Students do not develop manual skills like soldering or physical troubleshooting.
e Ideal Conditions
Simulations often assume ideal conditions for various processes. Real-world applications often
encounter with factors like noise, fluctuations and hardware defects which may not be fully understood.
o Reduced Equipment Familiarity
Students may not have complete familiarity with the actual components without experience of actual
lab instruments.

IV.  Comparison Between Physical And Virtual Labs

Aspect Physical Lab Virtual Lab

Cost High initial investment Lower cost

Safety Risk of electrical hazards Completely safe

Accessibility Limited to location and schedule Accessible anytime, anywhere

Skill Development Strong hands-on skills Strong analytical and conceptual skills
Realism Deal with Real-world imperfections Mostly ideal conditions

Experiment Speed Slower setup Fast modifications

Physical labs emphasize practical engineering skills, while virtual labs emphasize conceptual
understanding and analytical thinking. A consistent finding across multiple studies is that virtual labs improve
conceptual understanding, especially in topics like diode behaviour, transistor circuits, and filter design [18].
Virtual labs are highlighted for increasing access, enabling off-campus learning and accommodating different
learner schedules which is a key benefit during remote learning scenarios [19].

However, some studies also noted that students may undervalue virtual labs when not coupled with
hands-on hardware experiences [20].

V.  The Ideal Approach: Hybrid Learning
Many institutions now adopt a hybrid model combining both physical and virtual laboratories. Students
first simulate circuits virtually to understand theoretical concepts[21,22]. After verification, they can build the
same circuits physically to observe real-world differences.
This blended approach maximizes learning outcomes:
e Virtual labs enhance conceptual clarity.
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e  Physical labs build technical and practical skills.
e Together, they prepare students for professional challenges.

VI.  Conclusion

Physical and virtual electronics laboratories; each have theirunique strengths. Physical labs provide
essential hands-on experience, real-world troubleshooting skills, and equipment familiarity. Virtual labs
contribute positively to educational outcomes which offer cost-effective, safe, and flexible learning
environments that support experimentation and conceptual understanding, particularly in foundational learning.

Rather than viewing them as competitors, they should be seen as complementary tools in modern
electronics education. A balanced integration of both approaches ensures that students gain theoretical
knowledge, practical expertise, and professional readiness for the evolving field of science and
electronics.Further studies should investigate the impact of virtual labs on learner retention and performance in
real hardware contexts.

While simulations can emulate electrical behaviour, they may not completely replicate real-world
imperfections (e.g., noise, component tolerances etc.). Some students felt virtual labs lacked authenticity and did
not fully prepare them for physical hardware challenges.

Although the hybrid model is capable of providing effective laboratory education, the level of success
and the student experience has been observed to differ among various cohorts. Additional research is necessary
to comprehend the underlying factors and to subsequently investigate more effective strategies to enhance the
students' learning experience.
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