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 Science is a practical subject that requires experiments in labs to provide hands-on- 

experience. Virtual labs act as complementary to traditional Labs. In the 21st century, there is a 

high need for digital transformation. Virtual Labs act as an alternative method of innovative 

pedagogy. NEP 2020 recommends to use innovative pedagogy in the classroom and digital tools 

are promoted that will lead to sustainable use of resources and promote inclusive education. 

Traditional Labs are sometimes not well equipped, and virtual labs play an important role in 

fulfilling societal needs. Secondary school students are being taken as a sample of study to 

check out the effectiveness of virtual labs. It is found that the maximum number of students are unaware 

of the virtual labs and their effectiveness. The features of virtual labs and their implications in comparison 

to traditional labs are explored. Various platforms where learners can access the virtual labs are explored. 

Virtual laboratory are very helpful in the Science education which can increase self paced learning and it is 

something new for the learners so create a new , innovative and motivating factor as this is new and 

students participate actively in this as this is apart from their monotonous routine and provides 

experience of the theoretical concepts and lab equipments. 
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1. INTRODUCTION 

Science is a practical subject that requires 
experiments to provide hands-on- experience. 
Textbooks or theoretical knowledge is not 
sufficient in this subject. Many a time it is found 
that all the resources are not available in the labs 
in sufficient quantity that all students get a chance 
to do experiments or there is possibility that there 
is no available material for conducting a particular 
experiment. NEP 2020 promotes digital tools 
which can access the quality content to all the 

students even in remote areas too. National 
Education Policy 2020 promotes e- learning 
platforms such as DIKSHA, SWAYAM and 
SWAYAMPRABHA that are emphasized to create 
content related to virtual labs which are ongoing 
and available for various subjects. Language labs, 
Mathematics and science labs are there on DIKSHA 
portal which can be integrated in the daily 
sessions in the classroom for the effective and 
innovative pedagogy (NEP, 2020).  
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Practical sessions are compulsory in 
Science education Manyilizu (2023). Innovative 
pedagogical approaches are being used nowadays 
that are ICT Integrated and enriched with 
engagement-rich content, which helps the learners 
to learn effectively Truchly (2019). In the Era of 
Digitalization, where there is a need to transform 
in the 21st century, the major and the main 
challenge is the Digital Transformation in 
Education Tsihouridis (2019). STEM (Science, 
Technology, Engineering, and Mathematics) are 
the areas that are growing at present times, and it 
is important to motivate students at all levels 
Truchly ( 2019).  

Virtual labs are now becoming popular in 
modern science education as they provide 
alternative methods of learning and hands-on 
experience in Science while remaining at your 
place and, most importantly, at your pace 
Chatterjee (2021). Virtual labs have potential to 
promote equal access to quality, practical based 
hands- on experiment - based learning 
experiences. (NEP 2020) Virtual labs create the 
possibility to provide access to quality content to 
Socio- Economic Deprived Groups (SEDG) 
learners.  
 
2. SIGNIFICANCE OF RESEARCH 

During the last decade, the formation and 
usage of Virtual and Remote Labs have increased, 
and use and significant evolution was observed in 
the teaching-learning process Truchly (2019). 
Building Virtual Labs with simulations has a great 
impact on the improvement of Scientific Aptitude 
Jamshidi (2022). A well-designed Virtual Lab can 
provide meaningful and practical virtual 
experience and present important theoretical 
concepts, principles, and processes (Tatli and 
Ayas, 2013). Compared to hands-on- labs, Virtual 
Laboratory provides a safe and self-paced learning 
environment with greater accessibility by saving 
time and cost Alkhaldi et al. (2016). Virtual 
Reality Based learning experience was satisfactory 
and according to the specially designed Likert- 
Scale students find the Virtual Labs interesting 
Sypsas (2021). A research project designed as a 
project to see how the Science teachers assume 
and act for Augmented Reality Topalsan (2020). 
Discovery-based Virtual Labs help in succeeding 
and improving science process skills (Nirmala 
2021). 
 

3. RESEARCH OBJECTIVES  
 To explore the features of Virtual Labs 

concerning science students. 
 To identify major initiatives and platforms 

that provides opportunities for integration 
of virtual labs in science education.  

 To find out the educational implications of 
the usage of virtual labs in today's 
classroom. 

 To explore the implications of Virtual Labs 
and their capacity in comparison to 
Traditional labs. 

 
4. LITERATURE REVIEW 

Durkaya (2023) points out classification 
of student Achievement in PhET simulation 
software with experiments in Science Course 
Teaching Program. PhET is a short form for 
Physics Education Technology. It was founded by 
Nobel Prize Laureate Carl Wiman and it was 
developed by the University of Colorado in 2002. 
Tatli & Ayas (2013) conducted a study to 
examine the effect of Virtual Chemistry Laboratory 
(VCL) on student achievement. 90 students are 
being taken for the study from three different 
ninth- grade classrooms. An experimental and two 
control groups are at being taken for the study and 
various test are being used to check the impact of 
Labs i.e. LET (Laboratory Equipment Test) and 
collected data is being analyzed using SPSS version 
16.0. It was concluded that Virtual Laboratory is as 
much effective as Real Labs both in terms of 
student’s achievements and also in the recognition 
of Laboratory equipment. Kusmanwan (2022) 
study aims to find out whether such a practicum 
can be provided in virtual labs with scalable 
methods which can increase potential for creative, 
critical and innovative learning skills. N. 2020, 
studies about the effects of Virtual laboratory 
Activities in Science Class and did comparative 
studies among the traditional Labs and virtual labs 
and checked the effect using standardized 
Achievement test. Lestari (2020), this research 
talks about the importance of virtual labs and he 
conducted a research using survey method. This 
research is conducted on students and teachers. 
Udin (2020), a review article is made using 
PRISMA. Total 199 articles are used. Cell and the 
topics of Molecular Biology are used widely in 
Virtual Labs. Darwis 2023 sees the effect of the 
PhET virtual laboratory and its implementation on 
students' higher order thinking skills. Various 
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studies are taking place as this is useful 
educational technology and it is booming. Most of 
the studies used Questionnaire as a tool to collect 
data which can be improved. Interviews and some 
real experiments can be conducted. Practical 
aspects of Virtual labs and students' perception 
can be explored further and perceptions of 
students can be included.  
 
5. METHODOLOGY  

Qualitative Research design is used in this 
research to explore the features, needs and 
significance of the Virtual labs among science 
students while exploring the science concepts. 
DIKSHA portal is used to explore hands-on 
experience provided by Virtual labs. Interviews 
and focus group discussions are conducted to 
explore the awareness and effectiveness of virtual 
labs among school students. Google form is being 
used to collect the data from the sample. 
Purposive sampling technique is used to collect 
data mainly secondary and senior secondary 
students are taken as a sample and interview also 
conducted and a questionnaire is conducted to 
check the awareness about the Virtual Labs. 
 
6. FEATURES OF VIRTUAL LABS  

Virtual labs are digital simulations of 
physical or traditional laboratories. It is an 
important tool used for education and training 
purposes. It has so many features like equity and 
accessibility, time and space availability, and 
promotes self- paced learning which makes it a 
better digital tool for the 21st century learners. 
The goal of National Education Policy 2020 is to 
create quality education which is equitable and 
accessible to all. Virtual labs ensure the creation of 
quality content by experts and its equity and 
accessibility. The problem of lack of available 
resources in terms of equipment due to cost and 
funding is resolved by conducting experiments 
through virtual labs as these are cost- effective. 
Virtual labs do not require any extra infrastructure 
based management for conducting experiments. 
The simulation based experiments can be 
conducted from anytime anywhere via the 
internet.  

Virtual labs promote inclusion in the 
classroom. Suppose there is a physically 
challenged child in a classroom and not able to 
participate in experiment but by integrating 
virtual labs in the classroom this can also be 

catered. Virtual labs act as an innovative tool for 
integration of innovative pedagogy. Virtual labs 
provide a safe environment where there is no risk 
of the usage of hazardous chemicals and burning 
of chemicals in the laboratory. Moreover, virtual 
labs provide an interactive and engaging learning 
environment among learners. Apart from 24/7 
availability, one important feature of virtual labs is 
the immediate feedback to each learner and after 
the feedback one can review his/her performance 
and can perform repeat task. Even if a problem is 
found in a particular portion then that portion of 
the experiment can be performed again which 
shows the clear ability to perform special learning 
goals. The eco-friendly nature of virtual labs act as 
a boon for nature as there is no harm caused to 
nature and wastage of resources is controlled and 
leads towards a sustainable use of resources in the 
classroom.  

 
Fig-1: Virtual Labs 

 
Source: https://www.vlab.co.in 

 
7. INITIATIVES TOWARDS VIRTUAL LABS  

The Ministry of Education (MoE) initiated 
the Virtual Labs Project, Government of India 
under the aegis of National Mission on Education 
through Information and Communication 
Technology (NMEICT). This project involves 
twelve participating institutes where IIT Delhi is 
coordinator. This creates a paradigm - shift in ICT- 
based education. Under this project, 100+ Virtual 
Labs consisting of 700+ web- enabled experiments 
were designed that leads to remote operation and 
viewing. Virtual Labs are prepared by MHRD 
though various platforms such as vlabs, DIKSHA 
portal, e- pathshala. Along with IIT, the Ministry of 
Electronics and IT created olabs. CBSE with the 
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collaboration with NCERT prepares CBSE Virtual 
Labs. Some international virtual labs are also 
present and used widely like Labster and 
Experiential learning. Some virtual labs are 

tailored into Indian context like Amrita Online 
labs. 

 

 
Table-1: Platforms provide access to Virtual Labs that can be integrated in science classroom 

Name of 
Platform  

Website/ 
App  

Year of 
Creation  

Govt. / 
Private  

Develop  
By 

Audience
/ Level of 
Content  

Paid/ 
Open 
Access 

Virtual 
Labs (by 
MHRD and 
IITs) 

Website  
Link - 
http://vla
b.co.in/  

2009 Governme
nt 

MHRD and 
IIT 

For college 
level 
students, 
school 
students 
can use for 
advanced 
topics  

Open 

DIKSHA 
portal  

https://di
ksha.gov.i
n/  

2017 Governme
nt  

Ministry of 
education, 
NCERT  

School 
students 

Open  

Olabs http://ww
w.olabs.ed
u.in/  

2015 Govt.  Ministry of 
Electronic
s and IT 

School 
students  
(6th - 12th 
grade) 

Open  

e- 
pathshala  

http://epa
thshala.nic
.in/  

2015 Govt. NCERT, 
MoE  

School 
students  

Open 

CBSE 
Virtual 
Labs  

Accessible 
via 
DIKSHA 

2021 Govt.  CBSE in 
collaborati
on with 
DIKSHA  

CBSE 
school 
students ( 
middle, 
high ) 

Open 

Labster  https://w
ww.labster
.com/  

2011 Private  Labster  
(Internatio
nal) 

School and 
college 
students  

Paid  

Experienti
al learning  

https://w
ww.tatacla
ssedge.co
m/  

2012 Private  Tata 
Group  

School 
students, 
teachers  

Paid 

 
 
8. FINDINGS AND INTERPRETATIONS  

The key findings are there is a lack of 
awareness and exposure of Virtual Labs among the 
Students as many students didn't even exactly 

know what the virtual lab and how it is being used 
in real sense. It is clearly found that there is a lack 
of awareness about the Virtual Labs and its usage 
at ground level. A question is asked like Do you 

http://vlab.co.in/
http://vlab.co.in/
https://diksha.gov.in/
https://diksha.gov.in/
https://diksha.gov.in/
http://www.olabs.edu.in/
http://www.olabs.edu.in/
http://www.olabs.edu.in/
http://epathshala.nic.in/
http://epathshala.nic.in/
http://epathshala.nic.in/
https://www.labster.com/
https://www.labster.com/
https://www.labster.com/
https://www.tataclassedge.com/
https://www.tataclassedge.com/
https://www.tataclassedge.com/
https://www.tataclassedge.com/
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have exposure regarding the Virtual Labs on 
DIKSHA portal then most of the students almost all 
said no which shows that there is a lack of 
awareness and so the effect is very less. It is found 
that students are not aware of Virtual Labs and 
there is less exposure which clearly shows that 
there is a lack of awareness and exposure about 
Virtual Labs among school students. There could 
be the possibility of different reasons behind this. 
Some of the reasons are non- availability of 
resources, lack of training among teachers those 
they themselves are not aware of. This study 
shows that there must be well designed virtual 
labs which can provide wholesome exposure to 
the students so that practical aspects are covered 
in real manner. 
 
9. COMPARISON OF VIRTUAL LABS AND 
TRADITIONAL LABS 

Covid- 19 times when their real labs are not 
possible then various other platforms like Virtual 
Labs or Remote Labs have gained significant and 
distinguishable application in the Science field. 
Inquiry-Based Science Laboratories has been laid 
emphasis to promote hands - on teaching that can 
promote scientific temper and experimental skills 
among learners. (Kapici 2023) Science 
laboratories are based on the inquiry method and 
the simulation and this is the difference between 
the real Labs and virtual labs. Hands- on and 
Virtual Laboratories provide a different learning 
environment among learners. Hands-on 
experience are the key features when doing 
practical and virtual laboratories provide a 
different learning environment.  

 
10. EDUCATIONAL IMPLICATIONS OF USING 
VIRTUAL LABS IN CLASSROOM  

Virtual labs are very helpful to cater the 
needs of all diverse learners as they can learn at 
their own pace. The combinations of real and 
virtual Labs have a significant role in Science 
education, inquiry based is a common instruction 
approach in Science Education Worner (2022). 
Flegr (2023) provides evidence that combining 
real and virtual labs are better than real labs only. 
Virtual Laboratory are very helpful in the Science 
education which can increase self-paced learning 
and it is something new for the learners so create 
a new , innovative and motivating factor as this is 
new and students participate actively in this as 
this is apart from their monotonous routine and 

provides experience of the theoretical concepts 
and lab equipment. NEP 2020 recommends 
innovative pedagogy in the classroom and digital 
tools is promoted that will lead to sustainable use 
of resources and promote inclusive education. 
  
12. CONCLUSION  

Virtual learning is increasing nowadays 
after Covid -19. Science is a practical and hands- 
on experimental subject which needs to be studied 
in an experiment based approach. This need is 
better catered by virtual labs. 21st century 
learners are tech friendly and innovative pedagogy 
is the requirement in the classroom. Virtual 
laboratory has significant and distinct features 
such as 24/7 availability, cost effective and save 
resources with ecofriendly nature, provides 
immediate feedback and has capacity to revisit by 
fulfilling self-paced learning. Virtual labs has so 
many features and implications that it may replace 
traditional laboratories due to lack of availability 
of resources. Virtual labs are very helpful to cater 
the needs of all diverse learners as they can learn 
at their own pace. The combinations of real and 
virtual Labs have a significant role in science 
education.  
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