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ABSTRACT

E-learning systems have transformed educational sectors and more interestingly, the use of these educational platforms
for laboratory-based practices has been trending in the last couple of years. Laboratory-usage e-learning system has
various tremendous benefits such as the skill of accessibility utilization and practical experimentation simulation. Several
intelligent tasks still need to be tackled to make the most of it. One of the biggest problems is how to recreate hands-
on experience in a virtual or remote environment. Some e-learning systems offer simulations and virtual experiments
but may also require additional tactile feedback through interaction with physical equipment for this challenge, it is
necessary to work toward creating more realistic virtual simulations and using haptic technologies that improve the
realism of experience senses. Training instructors to exploit the system effectively as well as modifying instructional
strategies and providing guidance for students during virtual or remote engagement and clear instructions or guidelines
for using the e-learning platform should be provided to students for effective understanding and learning throughout the
process. The continuous evaluation and improvement in the performance of these systems must be focused on making
e-learning systems more effective for laboratory use. Feedback from instructors and students regularly would help to
pinpoint what can be improved. Insights from research studies and evaluations can also inform the role of different
approaches, instructional strategies, and technologies in laboratory education. In this article, we introduce e-learning
systems for laboratory usage and then present their challenges and how they can be addressed.

Keywords: E-learning, Laboratory, Virtual labs, Remote labs, Augmented reality, Simulation software, Interactive learning

1. Introduction

In the recent past virtual laboratories has been
seen to revolutionize information and e-management
technology integration in the education institutions.
These systems enable the student to perform exper-
iments which are online thus giving flexibility and
access to some material that would not have been
possible under a physical setup. For instance, the Mas-
sachusetts Institute of Technology (MIT) has adapted

the virtual lab experiments in its OpenCourseWare
so that learners all over the world can conduct
simulated lab experiments. MIT’s virtual lab exper-
iments are a good example; they showed that with
these experiments, students’ participation increases
by 25%, while the laboratory expenses decreases
tremendously [1]. This underlines the possibility of
the further development of laboratory education and
the minimization of the logistical and financial con-
sequences of it due to the use of the virtual lab.
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Laboratory e-learning management technology is the
measure of inculcating digital measurement plat-
forms and tools to improve your learning experience
within students’ labs [2]. As a result, the integration
allowed students to use and interact with virtual labo-
ratory materials. Also, they can work on experiments
without being physically present and learn through
teamwork. E-learning combined with laboratory ex-
perience can help educational institutions provide
flexible and convenient learning opportunities which
is particularly helpful when physical access to labora-
tories cannot be provided. This method has attracted
a lot of interest in recent times because its usage
can reform the field of education about science and
technology [3].

There are many advantages e-learning management
technology implementation offers Increased avail-
ability is one of the excels [4]. Students are provided
with a facility for laboratory resources irrespective
of the location [5]. This flexibility is especially help-
ful for individuals with physical limitations, remote
learners, or those living in geographically isolated re-
gions. Further, it is economic due to the elimination of
huge investments in the purchase of laboratory infras-
tructures and costly integrated learning management
technology. Thus, it can be a boon for affordable
education for the underprivileged.

Furthermore, another advantage of the virtual
laboratories is that they can be accessed by many stu-
dents simultaneously which significantly reduces the
capacity-related limitations, the authors in [6] simi-
larly found that there were more students physically
in a virtual reality lab than in an actual physical labo-
ratory. Likewise, the authors in [4] asserted that in a
virtual lab, students have the benefit of participating
in the experiments concurrently. This is why it’s a
boon to the scalability and efficiency of educational
programs, but before this can become a practical real-
ity, the epic of implementing virtual labs needs to be
turned into a suitable strategy for overall utilization.

Several strategies need to be investigated to in-
corporate e-learning management technology for the
laboratory:

• Step 1 – Selection of Suitable Technology is crucial
as choosing the right technology that fits well
within an institution based on its desired goals and
pre-existing systems it already uses is certainly
quintessential. Technology should be some form
of compatible, accessible, and easy-to-use technol-
ogy fit displays that support collaborative learning
[7].

• Step 2 – The activities, contents, and simulations
for the lab exercise should be appropriate under
the e-learning virtual learning environment [8].

Finally, the instructors must receive training and
continuous technical support. supporting educa-
tors in taking up and making effective use of
virtual e-learning sources. Furthermore, technical
support and posted materials for learners [9].

The successful implementations from various ap-
plications have illustrated the efficacy of e-learning
management technology integration for laboratory
utilization. Massachusetts Institute of Technology’s
MIT Open Courseware initiative offers free online
course materials, ranging from virtual labs to video
lectures, for nearly all their courses. These resources
enabled MIT to provide learners with laboratory ex-
periments and educational materials from all over the
world [10]. Additionally, Labster is also a platform
that provides numerous ready-made experiments vir-
tually in different scientific fields. In this way, it
is feasible to include such simulations in e-learning
offers, which permit students not only to reinforce
theoretical concepts but also train as many times as
they consider necessary or practice where otherwise
it would be impossible due to the security measures
[11]. These simulations can be integrated into e-
learning courses, enabling students to practice and
reinforce theoretical concepts [10]. Remote-Lab is a
cloud-based laboratory platform that enables access
to physical laboratory equipment and experiments via
the Internet in real-time [12]. It works by enabling
students to remote-control the equipment, analyze
data, and interact with instructors and other learn-
ers in a way that mimics an authentic laboratory
experience regardless of distance constraints [12].
Therefore, utilizing e-learning management tech-
niques leads to a beneficial and revolutionary means
of improving lab training/learning among learners.

It has become clear that e-learning systems, es-
pecially in laboratories, have many advantages but
there are gaps in the literature with regard to provid-
ing tactile interaction and sense of touch in virtual
contexts. Previous research mainly addresses the is-
sues of availability and adaptability of such systems,
whereas the difficulties of recreating the realtime,
collaborative environment, which is the core tenet
of laboratory practice, usually remain underexplored.
This is why the present work fills these gaps by
describing how haptic feedback technology and aug-
mented reality can enhance the sensory immersion
and interactivity in virtual labs and discussing the
issues that institutions encounter with regards to the
deployment of the technologies at large.

1.1. Problem statement

The use of e-learning management technology in
laboratory environments is a remarkable innovation
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in education because it can offer numerous benefits,
including but not limited to accessibility, flexibility,
and simulation of real-time experiments. The imple-
mentation of these technologies can be a barrier to
their success; some factors must be addressed to en-
sure they have the desired effect.

One of the challenges of using e-learning sys-
tems in laboratory context is the ability to capture
some of the aspects that makes laboratory learn-
ing effective by offering those learning the feel of
the laboratory. Research have revealed that students
practicing in laboratory simulations have challenged
themselves in handling physical manipulations and
kinesthetic body positioning fundamental in practice
areas such as engineering and medical [16]. Addition-
ally, laboratory activities are group-based that may
involve different teamwork tasks and it is difficult
to accomplish such working learning mode in online
environment [24]. These are some of the challenges
that increase the need for more complex solutions like
haptic and augmented feedback and which shows the
value of increasing the contact sense and collabora-
tion in computer aided virtual laboratories.

A key obstacle is the difficulty of replicating
this hands-on, interactive aspect of physical labs.
However, virtual and remote labs tend to demand
additional haptic output in terms of direct interaction
with the essential apparatus needed for developing
hands-on experience. To curb these issues, practical
virtual simulations and haptic technologies need to
be created to improve the sensory experience. Robust
implementation also requires offering thorough train-
ing and support to the teachers as well as students.
In addition to that, instructors need expertise in nav-
igating such systems and guiding students through
these virtual interactions. On the other hand, unlike
lecturers who easily navigate their course sites and
platforms, students should have clear instructions on
what to do.

Continuous assessment and improvement of e-
learning systems for laboratory-based studies is
necessary. The consistent feedback received by ed-
ucators/learners may help in working on areas to
improve. Such research studies and evaluations are
important for understanding the effects of techniques,
instructional strategies, and different kinds of tech-
nologies on laboratory education.

Reproducing collaboration and interaction – essen-
tial features of laboratory work – have been the most
difficult aspect of lab work to replicate online. With-
out direct interpersonal contact, collaborative efforts
and proficiency in how to work out the differences
between individuals cannot develop. Substantial fi-
nancial and logistical obstacles, including the major
upfront costs of creating and maintaining virtual

labs also form significant hurdles. Additionally, the
increased reliance on e-learning will lead to an in-
crease in energy consumption and environmental
consequences specifically through substitution effects
associated with the disposal of electronic waste.

To be successful it is essential to judge the ad-
vantages of e-learning as well as the challenge
which laboratory-based teaching experience offers,
but rather finding a way that combines both in benefi-
cial synergism The learning experience can be greatly
expanded by integrating state-of-the-art technology
such as augmented reality and virtual reality offer-
ing laboratory simulations that are fully immersive
and engaging. It is, therefore, imperative to conduct
a detailed study on the specific challenges; design
principles, learning needs, and cost-effectiveness of
introducing an e-learning system for laboratories to
evaluate its implementation sustainability.

1.2. Study objectives

In this paper, the use of e-learning technologies
in laboratory education is discussed, focusing on
how technologies such virtual labs, haptic feedback,
and augmented reality could improve access, flexi-
bility and interest. These systems, as being capable
of emulating real experiments, solve the problems of
geographical and physical remoteness and enable stu-
dents to engage in laboratory exercises. Besides, the
study is focused on the issues concerning the necessity
to train not only teachers but students in order to
develop their skills in using the listed above tech-
nologies. Both the initial training and the subsequent
reinforcement of technical support are important in
order to guarantee a correct implementation of e-
learning systems in laboratory curricula. This study
intends to provide examples of best practice where
such innovative technologies have been successfully
adopted within educational settings, and to estab-
lish lessons to be learned from the case evidence of
existing systems. In short, the way to address this
problem is by using authentic simulations in addition
to increasing sensory involvement through haptic
technologies, instead of ‘always on’ live video stream-
ing [13]. The article then stresses the importance
of efforts at thorough training and support for both
teachers and students to be able to use these systems
effectively.

Therefore, this underlines the importance of contin-
uous assessment and improvement using feedback to
ensure that e-learning technologies are effective and
efficient in laboratory situations. This article seeks
to improve the quality and accessibility of scientific
and technical education through this overview of how
digital platforms can be incorporated into laboratory



IRAQI JOURNAL FOR COMPUTER SCIENCE AND MATHEMATICS 2024;5:208–219 211

education. Existing practices, potential areas of im-
provement, and successful cases are covered as well.

2. Laboratory-based E-Learning

The more recent introduction of utilizing e-learning
modes for lab usage also made it more feasible to
provide practical learning opportunities to students
at a distance. Most of the programs and universities
have inculcated virtual simulators which has reduced
the requirement of a physical visit to labs. To fur-
ther mitigate the need for post-graduate training for
new scientists, Arizona State University began to use
virtual simulators as part of its programs. Taylor
University integrated Labster with blended learn-
ing activities to enhance student-centered learning
among undergraduate students [14].

Different ways are used to guarantee that
laboratory-based education can be efficiently
delivered through electronic platforms. Another is
virtual laboratories where a simulated environment
is offered to students, and they conduct laboratory
experiments online. These platforms generally pro-
vide flexible interactive simulations, intelligent data
analysis tools, or well-designed virtual equipment
representing real laboratories to give a precise
replication of the real-life experimental environment.
Students can conduct experiments, practice skills,
and analyze results using the virtual labs [15].
Students can also manipulate real-life, physical
laboratory equipment through web-based tools. They
could use real apparatus and do experiments where
they can obtain data in real-time by connecting their
computer devices. According to [16], remote access
laboratories allow students to participate in hands-on
activities without being present. Similarly, in [17]
the authors of the studies considered information
sharing to be a benefit of having their virtual labs.
Resources such as videos, interactive tutorials, and
animations for laboratory simulations most of which
need to be shown the visualize how concepts are
demonstrated while others’ actual experiments are
carried out [18]. Multimedia resources also aid the
student’s understanding as well as engage pupils
with complex information in a more interactive and
accessible manner [19]. The authors in [18] stated
that interactive multimedia development can create
more innovative and competent learners through
virtual learning.

Haptic technologies can stimulate touch and pro-
vide a more realistic sensory experience within
virtual environments [20]. The 3rd type is haptic
gloves equipped with sensors and actuators, which
can stimulate our sense of touch by giving us the

ability to feel texture, force feedback (such as pushing
or pulling a virtual object), shape, and size com-
pression by wearing. Virtual reality, when combined
with haptic feedback can provide an opportunity to
enhance the traditional learning process through the
creation of realistic and stimulating environments.
Haptic technologies are one of the most promising
features of e-learning as they provide an opportunity
to experience certain touches in virtual space. For
instance, on the classes of haptic gloves that have
force-feedback actuators enable the ‘touch’ sensation
where the haptic glove touches, it simulates textures
resistance and anything that a hand can feel on real
objects. In teaching environments haptic gloves have
been employed in training students in virtual surgical
operations. Rangarajan et al. [21] looked at the ef-
fects of haptic feedback in a study and discovered that
students who were using the feedback during a sim-
ulation improved their procedural accuracy by 30%
than those who did not. Moreover, in engineering
education, haptic devices are used in virtual labora-
tories in order to replicate force that is likely to be
offered when handling machines thus improving stu-
dents’ understanding of mechanical principles [23].
These technologies minimize the difference between
virtual simulations of labs and the real experience
due to the increase in touch and feel components that
relevant to the learning process. Haptic interfaces are
used by mechanical engineering students to experi-
ence the resistance and forces they encounter while
working a machine or conducting an experiment. give
students tactile feedback, which can help them better
understand complex engineering concepts. These two
are the benefits of these technologies for virtual labs
as they will help to increase learning.

3. Challenges and difficulties

The e-learning system of laboratories has many
challenges that can affect its performance. One of the
key challenges is that not enough hands-on experi-
ence is given to students. In particular, laboratories
are essential to gain practical knowledge and skills for
students as well as professionals in scientific and tech-
nical aspects. However, when students are in ECTS
programs without physical access to their laboratory
equipment and experiments, learning the theory be-
comes inadequate for developing scientific skills [24].

However, the case with virtual and augmented
learning systems is not all that favourable as there are
some challenges involved. A major challenge is mim-
icking the concept of experiential learning, especially
in areas where the student frequently comes into con-
tact with different types of materials or apparatus.
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While virtual labs replicate experiments, these kinds
of experiments are deprived of the touch and feel that
is essential in enhancing students’ motor skills and
spatial orientation. For instance, in virtual laboratory
experiments carried out at the Arizona State Uni-
versity, students who did not have haptic feedback
were less confident in their practical abilities than
their counterparts with haptic feedback, with 68%
of the students desiring real laboratory environment
[24]. Another difficulty is to provide safety in gen-
eral and especially in the working with dangerous
substances. Virtual labs reduce this risk by repli-
cating hazardous procedures, but there still remains
questions as to how proper conduct can be main-
tained when no physical oversight is present [25].
Moreover, the technical solution to these systems in-
cluding fast internet, advanced computing devises,
and robust software platform are still out of reach
for many institutions especially in the developing
world [26].

But high-speed internet connections, powerful com-
puting devices and reliable software platforms are
not accessible to all students [27]. The work in
[28] covered that educators having less technological
knowledge were unable to significantly utilize e-
learning systems. According to [29], learners who are
technology averse, might be reluctant in continuing
with e-learning or opt out from the System altogether.
If the technical infrastructure is not adequate, stu-
dents may experience slow loading times and receive
poor-quality multimedia content and limited func-
tionality, which could all impair their learning [30].
Furthermore, virtual lab benefits do not let students
gain spatial memory and manual dexterity resulting
in the enhancement of memory through physical in-
teraction [31]. Finally, with the use of virtual labs
and other technological advances, this could possibly
restrict students from actively building a conceptual
framework by physically doing something that will
help them to understand and learn more.

Laboratory work is characterized by collaboration
and interactivity, features that are difficult to simu-
late in an e-learning setting. a. Laboratory: actions
complete with group experiment, discussion, and
real-time instructor feedback Getting online students
to work together, collaborate with others, and receive
feedback promptly. Furthermore, a lack of face-to-
face contact and limited hands-on group work is also
detrimental to teamwork skills and communication
[32]. E-learning systems for laboratories, however,
face many obstacles — too little hands-on time in
the field, issues of safety and liability, constraints on
technical infrastructures, and re-creating collabora-
tion and interactivity.

Some of the difficulties that are reported in relation
to implementation and continuity include financial
and logistical challenges associated with running and
having virtual lab [2, 26]. Similarly, constraints such
as those imposed by financial expenditures towards
e-learning technologies can prove to be a barrier for
small institutes with strained budgets and also limit
the extent of scalability of this concept in most labs
or access students.

Meanwhile, the use of e-learning platforms, data
centers and servers due to network infrastructure
aggravates increases in energy consumption [33].
This also puts more strain on the electrical grid and
could increase greenhouse gas emissions. Secondly,
the electricity utilized in these technologies is usually
derived from fossil fuels leading to environmental
degradation and climate change [34]. The prolifer-
ation of electronic devices used for virtual labs such
as computers, tablets, and smartphones among other
gadgets also translates to more e-waste. It is not only
that these devices are hard to recycle at the end of
their life.

Another promising solutions for the development
of the laboratory-based e-learning can be offered by
Augmented Reality (AR). AR technology places vir-
tual information on the physical environment where
the learner is physically able to engage the physical
as well as virtual objects. For example, the Mi-
crosoft HoloLens used in teaching will guide students
through experiments in a laboratory by overlaying
holographic information and 3D models on the actual
lab equipment. Research has justified the use of AR
in learning by pointing out that knowledge retention
and interaction may be boosted by 40% due to the
ability to create an environment of learning that is
full of experience [35]. In chemistry labs particu-
larly, the use of AR has been used when displaying
molecular structures, to let the students move virtual
molecules around within their physical environment
[36]. The use of AR in lab environments demonstrates
how students can have better understanding through
visualization and interaction which are important as-
pects of mastering principles behind many scientific
concepts. Thus, making use of these theologies can
help educators to provide students with relatable and
hands-on lab experiences using digital platforms. Al-
though virtual labs and online resources have assisted
in reducing some of these difficulties, they do not
entirely replace the advantages provided by physi-
cal lab experimentation. concentration of strategies
which can effectively support in achieving the e-
learning benefits without compromising the learning
completion results that are required to most practical
oriented subject like laboratory-based subjects.
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4. Exisiting systems overview

Range of features and benefits in e-learning sys-
tems for laboratory usage. Virtual Labs offer virtual
simulations and remote labs to students who are
otherwise difficult to perform using lab equipment.
It provides accessibility, a safe environment and
cost-effective as well, but they don’t get hands on ex-
perience by working with the actual equipment face
to face. Remote Labs facilitate students with real-time
access to physical labs, helping them gain hands-on-
experience, actual lab feel and collaborative learning
environment. The session will be followed by the
question-answer round. Augmented Reality superim-
poses digital content onto the real world, providing
holographic visualization, photorealistic lab simula-
tions and step-by-flip navigation.

While this is more derivative of software-based lab
experiments, it provides replicable processes with a
broad range of subjects to instant feedback. The Re-
mote Desktop Labs grant the student the access to lab
computers by holding onto one of them [37], which
means that students can have all available software
and machines in place as if they were physically at-
tending laboratories Mobile Lab Apps: can provide a
truly portable lab experience and interactive virtual
experiments, including multimedia content integra-
tion [38]. Web-based platforms that offer different
experiments and collaborative possibilities. A Mixed
Reality Lab contains both real and virtual world
blended environments that are used to develop new
forms of human-computer interaction. Each of these
systems has its own strengths and limitations includ-
ing availability, cost, direct accessibility to perform
hands on activities or technical dependency and dif-
ficulty simulating complex phenomena. It takes a lot
of research to comprehend precisely what all an e
learning system can and cannot do are presented in
Table 1.

5. Case studies and results

The studies carried out on the effectiveness of e-
learning systems especially, in laboratory settings
have shown a positive impact on two important fac-
tors: access and success. Some of these innovations
are explained in this section through several case
studies that show how technologies like virtual lab-
oratories, augmented reality, and haptic feedback
improve laboratory learning.

A good example is the Massachusetts Institute of
Technology (MIT) OpenCourseWare project that has
been among the first to release educational content
which includes virtual lab experiences for anyone to

access. Through having virtual labs in their courses,
students were able to conduct complicated virtual
experiments, and all this without having to go to the
physical lab. The analysis conducted in 2021 pointed
out that because of virtual labs and the ability of
the students to repeat experiments as often as nec-
essary and, therefore, improve their understanding
of the theory, the engagement of the students in the
lab-based courses rose by 25% [10]. This case demon-
strates a proper use of virtual labs that can make
education available to everyone eliminating logistical
and financial problem.

Moreover, Labster, the recognized virtual labora-
tory platform, has connected virtual simulations in
many universities to have a more realistic feel about
the course. For instance, at Arizona State University,
the programme known as Labster has been embraced
in science and engineering subjects and augmented
by virtual laboratory. Students who utilized these
virtual labs provided feedback and found them to be
30% more engaging than regular lab environments;
students liked the idea of being able to repeat an ex-
periment without the worry of a failure. In addition,
Arizona State revealed that the first-time passing rate
enhanced by twenty percent for students who used
virtual labs [16].

Another growing trend in laboratory e-learning is
the application of haptic technologies, especially in
the where dexterity of handling objects is called for,
for instance, in the medical profession and engineer-
ing. Technology such as haptic gloves has been used
in the medical fields for instance the students can
practice surgery among other operations in a virtual
environment. Another study by Rangarajan et al. [21]
found that the use of haptic gloves with medical
students during virtual surgical procedures improved
procedural accuracy and spatial understanding, by
30% compared to when students only used visual
simulations. The study also revealed that students
who trained with haptics got more confident when
moving to physical labs because haptic feedback re-
sembled real-life sensations such as tissue resistance
and instrument handling. These results stress the im-
portance of haptics to recreate a more physical and
tangible environment in the learning process which is
challenging to achieve in other e-learning platforms.

Likewise, Augmented Reality (AR) has been used to
enrich laboratory learning in which the real environ-
ment is augmented with computer-generated infor-
mation. At Taylor University, faculty have employed
AR in developing simulations to enable students to
have virtual views of what molecular structures ex-
ist like in the chemistry laboratory. AR headsets
allow students to control virtual molecules in real-
time while they physically work with the laboratory
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Table 1. Pros and Cons of E-learning systems.

E-learning
System Features Pros Cons References

Virtual Lab Virtual simulations,
remote access to labs

1. Accessible anytime, anywhere
2. Safe learning environment
3. Cost-effective compared to physical

labs

1. Lack of hands-on experience
2. Limited interaction with actual

equipment
3. Dependency on technical

infrastructure

[6]

Remote Lab Real-time access to
physical labs

1. Hands-on experience with actual
equipment

1. Limited availability in certain
subjects

[12]

2. Authentic lab experience
3. Collaborative learning opportunities

2. Dependence on lab equipment
availability

3. Safety concerns and technical
challenges

Augmented
Reality

Overlaying digital
content on real-world

1. Enhanced visualization and
interactivity

1. High cost of implementing AR
technology

[36]

Environment 2. Realistic lab simulations
3. Interactive guidance and instructions

2. Limited availability of AR devices
3. Steep learning curve for users

Simulation
Software

Software-based lab
experiments

1. Replicable experiments for practice and
analysis

1. Lack of physical hands-on
experience

[39]

2. Wide range of subjects and experiments
available

2. Dependency on computer
hardware and software

3. Instant feedback and data analysis 3. Potential limitations in complex
scenarios

Remote
Desktop Lab

Access to lab computers
remotely

1. Full access to specialized software and
equipment

1. Dependence on stable and
high-speed internet connection

[37]

2. Real-time collaboration and guidance
from instructors

3. Secure and controlled environment for
lab experiments

2. Limited availability based on the
number of lab computers and
licenses

3. Potential lag or latency issues for
remote interactions

Mobile Lab
App

Mobile application for
lab simulations

1. Portable and accessible lab experience
on mobile devices

1. Limited functionality compared to
physical labs

[38]

2. Interactive and engaging virtual
experiments

2. Small screen size may impact
visibility and usability

3. Integration of multimedia content and
data analysis

3. Possible constraints in running
complex simulations or
experiments

Online Lab
Platform

Web-based platform for
virtual labs

1. Wide range of experiments and subjects
available

1. Limited tactile experience and
hands-on manipulation

[40]

2. Simulated lab environment with
real-time data collection

2. Potential limitations in replicating
complex physical phenomena

3. Collaborative features for group work
and discussions

3. Dependence on internet
connectivity and server reliability

Mixed
Reality Lab

Combination of virtual
and physical elements

1. Immersive and interactive lab
experiences

1. Complex setup and integration of
mixed-reality devices

[41]

2. Real-time tracking and visualization of
physical objects

3. Authentic simulation of hands-on lab
procedures

2. Limited availability and
affordability of mixed reality
devices

3. Challenges in maintaining
synchronization between virtual
and physical elements

equipment. A recent survey that was conducted on
the use of AR in such environments indicated that
student interaction and knowledge retention rate was
40% higher than in traditional teaching methods be-
cause AR provides the students with interactivity in
learning thus grasping concepts that may be complex
[36]. In addition, engineering students have used AR
applications in place of physical models to train on
how various machinery works. It also discussed the

generalizability of AR systems, mentioning that or-
ganizational capacity was not a limitation – several
students could be reached at once whilst still receiv-
ing the same level of engagement and learning.

These case histories illustrate that the application
of e-learning technologies – Virtual Lab, Haptic Feed-
back Systems, Augmented Reality, etc – has many
advantages in terms of reachability, attractiveness
and effectiveness. Students must be empowered to
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engage the Virtual simulations to enable institutions
to offer good laboratory experiences even hailing
from remote or constrained environments. More-
over, the applied technologies’ flexibility lets students
perform the necessary exercises or experiments inde-
pendently, and repeat them as many times as they
need until they accomplish the task.

However, these implementations also reveal some
directions requiring further investigation and im-
provement. For instance, virtual laboratories have
been used and have enhanced the students’ partic-
ipation The impacts which are associated with the
virtual laboratory still presents some drawbacks in
terms of haptic feedback, which are critical for certain
professions such as engineering or otherwise in the
medical sector. We are now seeing haptic technolo-
gies learning how to bridge this gap and although
these are becoming more widespread they are held
back by cost and technological structure. In the same
way, AR must be integrated to enhance engagement
and interaction, but setting up costs are high and are
challenging for institutions with low budgets.

Finally, based on the analysis of these case stud-
ies, this author endorses the embracing of e-learning
technologies in laboratory environments as a means
to transform education. Since the implementation of
these systems will gradually increase across different
institutions, ongoing evaluation will be required to
address technical and financial barriers. However, the
current successes unambiguously demonstrate that
virtual labs, haptic feedback, and AR can improve
the quality and accessibility of laboratory-based ed-
ucation making it much more beneficial and virtually
available to students all around the world.

6. Research gap

The usage of e-learning in laboratories has at-
tracted noticeable interest in recent years, but there
is still a research vacancy. There are various stud-
ies conducted on the effectiveness and advantages
of e-learning systems in the laboratory. However,
there is a requirement for further and more stan-
dardized research to highlight the range of challenges
faced during e-learning implementation specifically
in laboratories [39]. In this regard, a research gap re-
mains related to the evaluation of learning outcomes
obtained through e-learning in laboratory settings.
Although research has shown promising results in the
improvement of e-learning on student engagement
and performance, none compared students who ex-
perimented through the laboratory using e-learning
systems to those with conventional hands-on ex-
periences. acquiring knowledge about the relative

efficacy of e-learning in laboratory work is essen-
tial for promoting teaching techniques and enhancing
learning opportunities.

The other identified research gap is creating and
developing e-learning systems that are not developed
specifically to laboratory-related activities. However,
most of the other existing e-learning platforms are
website-based software that is in general for basic
educational purposes and does not offer effective and
necessary functionalities for laboratory-based learn-
ing activities [18, 26]. More research is encouraged in
investigating the design principles, teaching method-
ologies, and technological issues that can help to
improve the college-level e-learning system across
laboratory-based environments. Additionally, there is
a lack of research on the training and support needed
both for instructors to deliver e-learning systems in
laboratory settings as well as for supporting students
to ensure they engage with those systems. Technical
considerations for rolling out e-learning are essential,
but the expertise required to conduct lab experiments
or lead students through virtual or distance modes is
also imperative. It might also be beneficial to investi-
gate ways to retrain and provide necessary support
for professors so they would be able to gain more
benefits from e-learning which is likely to expand
in laboratory teaching. Furthermore, a research gap
exists concerning students’ perceptions of e-learning
experiences and their attitudes towards it in labora-
tory settings.

Therefore, gaining knowledge of the student’s
perspective and involvement within the e-learning
device may be beneficial, as it will help to understand
what extent they acquiesce in or are glad about. This
research may assist in enhancing e-learning systems
and provide solutions to possible hurdles hindering
the training process from students’ views.

There must be a concern with research about scal-
ability and cost-benefit of implementing e-learning
in the laboratory. E-learning systems promise to be
accessible to a wider audience with reduced costs
related to physical infrastructure and equipment,
but the results of cost-effectiveness analyses remain
incomplete [39, 41]. In conclusion, the research fo-
cusing on scalability and economic feasibility, along
with the return on investment by e-learning sys-
tems working in laboratories can be beneficial for
educational institutions and policymakers. Thus, the
research gap in using e-learning in laboratories in-
cludes evaluating learning outcomes, system design
as per the needs and suitability, instructor training
& support also students’ training experience. Further-
more, it covers student satisfaction & perceptions of
systems use and finally its cost-efficacy and scala-
bility. Filling up these knowledge gaps will benefit
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the education community by providing better insights
into effective blending of e-learning with laboratory-
based learning

7. Optimization of E-learning for labs

For a successful deployment of e-learning for
laboratory, the following recommendations can be
helpful:

• Needs Assessment: Perform a comprehensive
needs assessment to locate demands, aims, and
complications in penning together a virtual lab
ecosystem, learning objectives, technical infras-
tructure, availability of equipment and tools (for
trainers/instructors as well for students).

• Pedagogical Alignment: Align the e-learning pro-
cess in consonance with pedagogical philosophy
of laboratory endeavor. Prepare activities and
simulations that help the student to thoughtfully
engage and develop both critical thinking skills as
well as practical methods. Ensure that it perfectly
aligns with the laboratory curriculum without dis-
rupting the existing one.

• User-Friendly Interface: The e-learning platform
should be designed with an intuitive and user-
friendly interface. Make sure all your instructions
are well laid out, easy to navigate and content is
also properly organized. - Think about usability
and accessibility, so that as many types of learners
can get help including disabled ones.

• Interactive and Engaging Content: Include inter-
active elements like virtual simulations, videos,
quizzes, and discussion forums to make the con-
tent engaging for the students Embrace online
group activities and peer-to-peer interaction for
building networks of collaborations. Include mul-
timedia that improves comprehension and creates
a more enjoyable learning experience.

• Training and Support: Offer the best training and
support services to educators, as well as students.
Conduct workshops and tutorials, provide docu-
mentation on the best practices for utilizing the
e-learning system as well as its functionalities
help address technical hurdles, and provide con-
tinued support to make sure adoption and usage
go smoothly.

• Technical Infrastructure: Establishing a robust
technical infrastructure to contextualize all the
e-learning approaches. This consists of a fast, de-
pendable internet connection, devices that can
guide the one’s systems, and server ability so that
it will help how all these data actions between
pupil and teacher. Periodically check the system

and update it to ensure that everything is working
properly and securely.

• Assessment and Feedback: Offer best assessment
strategies to foresee/foretell student learning out-
comes A combination of formative and summative
assessment, which could be done through online
quizzes / virtual experiments and performance
appraisal. Also, your feedback important as well,
the sooner you give the assessment back to the
students, the better will be their understanding
and progress

• Continuous Improvement: Be open to change and
evaluate the effectiveness of the e-learning system
with feedback from instructors and students regu-
larly. Collect data on usage, student performance,
and satisfaction to determine areas of success as
well as those needing improvement. Ideally, em-
ploy this feedback when you want to fine-tune the
system, modify content material, and try to inject
more value into their learning.

• Collaboration with Stakeholders: Effective collab-
oration and communication need to extend to
all stakeholders in the process including instruc-
tors, students, and instructional designers’ staff
who provide technical support. Promote ongoing
discussion, and best practices and garner input
to continuously adapt the e-learning system to
address the shifting needs and expectations of a
laboratory facility.

• Research and Evaluation: Promote research and
evaluation into the impact of the e-learning sys-
tem on student learning outcomes, engagement,
satisfaction, etc. They can carry out investigations
to determine if and how various e-learning styles,
approaches, instructional techniques, and differ-
ent kinds of technologies function in laboratory
instruction. Keeping up with ongoing research: to
improve the deployment of e-learning in laborato-
ries, it should remain abreast with the latest and
use evidence-informed practices.

Implementation of methodologies based on con-
structivist learning theories which states that labora-
tory education can only be envisaged where learners
are actively engaged through exercising their activ-
ities and experimentation. Educators need to create
activities in which students can explore, play with,
shape virtual objects, and work on simulations and
thus develop their grounding in science. Virtual
experiments designed by educators to address con-
structivist learning should include live activities and
interactive and constructive tasks for critical thinking
and problem-solving.

Impact assessment of active learning or critical
thinking strategies applied in the virtual labs is
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also fundamental. Through formative assessments,
quizzes, virtual lab reports, and reflective exercises
educators can assess students’ understanding gained
in problem-solving solving, and critical thinking de-
veloped from Virtual experiences For example, by
creating virtual problem-solving activities in which
students have to use knowledge learned and analyze
data to solve complicated problems With real-life sce-
narios, students can develop their critical thinking
and decision making skills even more of a boost in
providing the same with help of the virtual world.

Improving inclusiveness and accessibility in e-
learning environments, with special reference to
laboratory settings, is indispensable for providing all
students regardless of disability with an equal chance
at education. Many institutions are doing what they
can to make sure that students have loaner devices,
internet subsidies, and computer labs if the resources
aren’t available at home. Finally, collaboration with
community organizations or the provision of technol-
ogy grants can assist low-income students to access
the virtual lab platforms. In the case of responsive de-
sign that is supported on various screen sizes, students
can access virtual labs via laptops or tablets and even
smartphones, making it suitable for both customer
groups with their learning habits in life. Moreover,
these virtual lab applications must work on a different
operating system as well. Therefore, these are some
of the steps that can increase inclusiveness and ac-
cessibility in a virtual lab setting, enabling teachers
as well as establishments to provide similar learning
opportunities to each one of them

Virtual labs could be customized and improved
regarding student learning experiences through Arti-
ficial intelligence AI and machine learning ML, which
directly can change the level of student involvement
in this type of laboratory activities with resultant
effects on outcomes. Adaptive lessons may improve
students’ knowledge, motivation, engagement, and
performance. Similarly, It was also affirmed that
when it comes to using AI and ML in e-learning it
boosted students’ engagement as well as improved
academic achievements. Furthermore, online learn-
ing adaptative learning strategies also facilitated the
better performance of learners in various studies [14].

With the data accumulated over some time, AI al-
gorithms can analyze how students usually interact
with such virtual lab simulations and accordingly cus-
tomize the pathway for them to learn better Besides,
ML models can change the level of complexity in tasks
for feedback as they can estimate the learning curve
of students. Real-time feedback by AI-powered assess-
ment tools on the student’s performance in virtual lab
experiments. The tools also identify any space of en-
chantment by asking for more assets or fun exercises

to do which helps in enhancing the understanding.
Moreover, AI models can forecast a student’s future
performance through the trajectory of their engage-
ment level and completion statistics as well as the
short-term outcomes from assessments in virtual labs.
Therefore, employing AI and ML in virtual labs will
not only enhance student outcomes but also increase
student engagement and provide them with a more
dynamic educational environment. This provides the
benefits of a physical lab.

Collaborative funding where educational institu-
tions, industry partners, government agencies, and
grant bodies create a partnership aimed at commis-
sioning funds to shared digital infrastructure can be
critical in addressing the financial difficulties of im-
plementing virtual labs and maintaining reef bus. It
can be much cheaper to use open-source virtual lab
software solutions since there are little or no license
fees. Furthermore, getting external grants, donations,
and funding sources can alleviate the financial stress
as well with an e-learning technology-based virtual
lab.

Virtualization Technology Based on virtualization
technology and cloud services to save more resources
This also lowers the hardware required and improves
energy efficiency when hosting e-learning platforms
and resources Further, promoting energy-efficient
devices, recycling programs and sustainable procure-
ment practices for e-learning hardware and software
can also be considered to mitigate environmental
damage.

Last but not least, stakeholders’ awareness about
the environmental adverse effect thanks to the im-
plementation of e-learning technologies can further
aid in adopting eco-friendly alternatives to enhance
responsible efforts in conducting e-learning.

8. Conclusions

E-learning systems for laboratory usage can bring
a lot of advantages when it comes to teaching and
learning. Accessibility Flexibility Immersive Interac-
tive However, many challenges remain to address
to get more performance of those systems. The
lack of physical experiences, in a virtual environ-
ment or at remote locations, is another obstacle.
Although e-learning systems virtualize the lab exer-
cises and experiments, they may lose the physical
touch (no tactile feedback) via direct interaction
with real equipment. For this reason, it is necessary
to design virtual simulations as realistic as possi-
ble and integrate haptic technologies. Secondly —
we need to have a strong technical infrastructure
and well well-characteristic internet flow. E-learning
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Platforms make heavy use of reliable connections to
transport real-time data, multimedia resources, and
collaborative tools. Institutions will need to make
certain huge investments as well as provide the right
infrastructure in place with enough backups so un-
wanted disruptions can be minimized. In addition
to everything presented above, creating e-learning
systems properly designed and suited for laboratory
activities is another difficulty. The systems should
offer true lab-like experiences, accurate emulations
of equipment and processes, and easy incorporation
into established laboratory curriculums. For devel-
oping efficient and convenient e-learning platforms,
instructional designers must collaborate with subject
matter experts as well as technology specialists. In
this context, adequate training and support of in-
structors and students is required to achieve optimal
performance in the laboratories through e-learning
systems. In addition, instructors need to be trained on
how to properly take care of and manage the systems
well enough in a manner that adjusts instructional
strategies and aids students in virtual/remote inter-
actions. Clear instructions and guidance should be
given to students in the use of e-learning platforms
to maximize the efficacy of e-learning. Platforms for
laboratory use, continuous evaluation, and improve-
ment are mandatory. Instructor and student feedback
will be collected regularly to determine areas for
improvement. Research studies and evaluations have
provided important contributions on how to ap-
ply alternative dynamics, instructional procedures,
and technologies in laboratory education. Though e-
learning systems for laboratory usage face issues with
the replication of hands-on experience, availability
of technical infrastructure, choice or form of designs,
and training costs, this paper aims to review them in
realizing their potential to revolutionize laboratory
education. Solving these problems while adopting
an optimization strategy will empower institutions
to build successful e-learning environments that im-
prove student learning outcomes and accessibility as
well as collaboration in laboratories.
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