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Abstract

Virtual Laboratory (VL) has revolutionized STEM programs in higher education, and there is
an increasing demand for VL education to replace or to focus on an integrative technique in
the resolution of real-life issues with the utilization of technology. The high and growing
demand for VL education is to replace or complement remote, feasible, and equitable hands-
on practical learning, and this will support ubiquitous learning from any place at any time in
a flexible environment. A VL allows access via an internet connection and offers learners the
required infrastructure to complete laboratory tasks without attending physical laboratory
facilities from anywhere and anytime. NOUN is an open and distance learning (ODL)
institution with 110 study centres. It is very difficult to duplicate physical laboratories in all
the centres for STEM students. Currently, NOUN conducts physical education, or hands-on
practical, for students in only thirteen centres, and students from other centres are expected
to join the nearest study centre for the exercise, but previous exercises showed that the
attendance had been very low due to obvious constraints. However, there is little information
on how virtual laboratories are being developed and used, and more research on how virtual
laboratories can be effectively used to address equity and access issues in STEM education is
needed. This research paper presents a survey study that aims to explore the implementation
of virtual laboratories in STEM courses at the NOUN from the perspective of students. This
study applied an online survey design by using a Google form to collect data from STEM
NOUN students (undergraduate and postgraduate). The study surveyed 4570 students
enrolled in STEM courses, and data were collected through an online questionnaire. The
questionnaires were distributed using the students’ WhatsApp numbers and consisted of five
(5) sections of open- and closed-ended questionnaires. Statistical Packages for Social Sciences
(SPSS) was coded in spread sheets to analyse responses from independent variables among
the demographic data collected. The overall result showed that 49% opted for physical
laboratories, 21% selected VL, 12% picked collaboration with other universities, 08% adopted
hybrid, and 09% chose no idea. NOUN practices remote learning and already has an existing
Learning Management System (LMS) website, which allows learners to access it by utilizing
their internet connections and a web browser, from anywhere and anytime. This means that
the integration of VL, when developed, can easily be plugged into the NOUN's existing LMS.
VL are known to keep learners’ interest up, have the ability to generate a lot of data for
learning analytics, and are cost effective. The introduction of a VL in NOUN will drastically
reduce the rate of attrition among NOUN STEM-based learners. Generally, developed VL for
STEM can be shared with STEM courses in other Nigerian higher education institutions since
both the conventional and non-conventional modes of learning in Nigeria have the same
curriculum.
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1. Introduction

The term “virtual laboratory (VL)” describes a way of delivering content in which all experiments
and content are presented in a virtual setting using simulations and videos. It is widely acknowledged
that the learning component of Science, Technology, Engineering, and Mathematics (STEM) classes
is an essential part of the educational process. These experiences can take many different forms, such
as lab sessions and project design [1]. The higher education industry needs to embrace ubiquitous
learning (U-Learning), which enables learning to take place using any device in a flexible environment
of time, place, and speed [2].

The adoption of VL, which uses internet technology to deliver educational solutions to the learners
with a network system and an emphasis on on-demand learning, supports STEM learning in the
modern era [3]. The desired learning outcomes are varied and include cognitively simple objectives
like applying concepts and principles learned in class, working in a laboratory, and performing data
analysis [4]. A virtual environment must be developed in order to create a VL, and this can be done
using either publicly available platforms or platforms that have been specifically built for the purpose
(5].

Since VL includes a variety of activities, they will retain students' attention. Since the VL files and
executables can be distributed to students in a variety of ways, including online and offline media in
the form of CDs, downloadable web applications, and a dedicated server system stored locally or
remotely on the cloud, the VL is cost-effective [6, 7]. Through the use of remote laboratories, physical
facilities that can be accessed over a network connection, related software, and unlimited internet
access, virtual learning gives students the chance to put their theoretical knowledge into practice [8].

Although VL lacks physical facilities, they do have online tools, such as hardware and software,
that can be accessed [9]. Users can access the internet concurrently based on the elasticity of the
laboratory facility and go beyond what a physical laboratory can provide thanks to the virtual
character and remote access of the laboratory resources. In order to develop the skills required by the
industry, STEM higher education students must put their academic knowledge into practice.
Additionally, VL offers collaborative opportunities, flexible learning opportunities, and a setting that
serves as a prelude to actual laboratories [10].

Technology use is a benefit for preparing graduates for future jobs [11, 12, 13, 14, 15], because it
allows them to access and interact with VL. Based on the technology and material used for delivery,
the VL needs to be properly designed, and a choice needs to be made with knowledge. It's crucial to
offer students a virtual space where they can engage with and view animations of physical
simulations that have been conducted to create the desired virtual experiment [16].

Nigeria's higher education institutions have had a number of difficulties throughout the years,
which have resulted in low educational quality and graduates who are unable to meet corporate
expectations. These issues in scientific and engineering-related courses include crammed lecture
halls, overcrowded workshops, and laboratories, a lack of lab space, inexperienced staff, and
inadequate laboratory equipment [17]. Higher education in Nigeria has deteriorated over time, and
graduates have had trouble meeting expectations in their fields. These issues are common in scientific
and engineering-related professions. In light of these financial constraints, institutions must look for
a practical and long-lasting solution to alleviate infrastructural problems. Therefore, this proposal
suggests converting some of the physical infrastructure, like physical laboratory (PL) into a VL.
According to Redel-Macas et al. [18] software-based infrastructure is more dependable and less
expensive than physical infrastructure. The National Universities Commission (NUC) is actively
investigating open and distance learning (ODL) as a way to increase access to postsecondary
education in Nigeria without compromising quality [19]. ODL has become widely accepted as a
substitute for traditional education, claims [20]. There are currently more than 10 educational
institutions in Nigeria with permits to offer ODL programs, although very few of them offer
engineering or science-related courses. Despite ODL's benefits and potential, learning science in
Nigeria is still exceedingly challenging because print media still predominates in the educational
landscape.

Open Distance Learning (ODL) requires students to complete their coursework online rather than
face-to-face as in the traditional method. The ODL system is flexible and accessible, and facilitators
are physically separated from the learners. The National Open University of Nigeria (NOUN) is one



of the open and distance learning institutions in Nigeria, with over 500,000 students across 110 study
centres within the country. There are eight (8) faculties, of which four are STEM-based, with
laboratory practical as a prerequisite for graduation. The challenges for ODL learners, especially
STEM-based learners, are how to overcome the problems associated with VL components of courses
[21]. However, studies have shown and affirmed that the major challenge of ODL institutions is the
high rate of attrition of students, and it remains a major concern for many educational institutions
[22].

It is difficult for ODL institutions to practice hands-on practical due to the dispersed nature of the
students [21], and this has contributed to the high rate of dropout, especially among STEM-based
learners [23, 24]. This study has investigated students’ views on the proposed introduction of virtual
laboratories in NOUN with the following research questions:

1. What percentage of students are working while studying in the sample at the NOUN?

2. How effective do students perceive virtual laboratories to be in enhancing their understanding
and skills in STEM subjects at NOUN?

Laboratories are indispensable in university structures, especially in STEM education [25]. This
experiment suggests that integrating VL into the ODL curriculum will be a more effective way to give
ODL students a practical education. Students will have the opportunity to get the information and
real-world experience they need to compete with peers attending conventional universities thanks to
this. Since the experiment description contains all necessary instructions, instructors are not required
in VL [26].

The constructivism learning theory, also known as learning by observation and practice,
acknowledges the value of traditional laboratory work in raising students' levels of cognitive
understanding. However, in order to comprehend scientific phenomena and further explore the
underlying scientific concepts, scientific experiments are regarded as crucial methodologies and
processes [27]. Virtual technology may be used to share specialised, expensive, scarce tools and
resources that only have a limited number of users due to geographic time and place. It might be a
method to put underutilised facilities to their best use. A wider number of students can access the
practical with the use of VL [26]. Potential risks that could arise in an actual experiment are eliminated
by VL. A high-risk coefficient makes it hard to teach and exhibit some experiments (radioactive, high-
power voltage, concentrated acidic liquids, etc.) for educational purposes. VL is a platform for
experimentation and demonstration that eliminates risk and safety [18]. Insufficient reagents and
equipment, inadequate technical support, time restraints, worries about their personal safety, and
equipment limitations are just a few of the challenges faced by students in PL. These might make
students less enthusiastic about practical subjects or fields of study. Less than 40% of students who
enrol in STEM disciplines are unable to do so for this reason [28].

Students' experiments in real laboratories play important roles in teaching and learning because
laboratory work improves students' motivation to learn based on acquired soft skills, particularly in
STEM. The conventional approach of setting up physical laboratories is both expensive and time-
consuming, though effective delivery of courses through VL is highly necessary in STEM-based
disciplines [21].

Nigerian higher education consists of conventional and non-conventional modes of learning. The
conventional and non-conventional institutions have the same curriculum and are under the same
regulatory body, the National Universities Commission (NUC). ODL institutions practice a non-
conventional mode of learning. For those students who don't take on-campus classes, ODL provides
distance learning. The dispersed nature of ODL students has contributed to a high rate of attrition,
especially among NOUN learners. NOUN is one of the foremost ODL institutions in Nigeria, with
over 500,000 students and 110 study centres; learners also practice hands-on practical in only twelve
study centres. Learners from other studies are expected to join for the practical exercise, but the
turnout has always been very low due to some obvious constraints. It will be very difficult to duplicate
laboratories in the 110 study centres due to the high cost of equipment for hands-on practical. The
connectivism learning theory is hosting this study, which examined and evaluated VL in comparison
to physical laboratories. The applications are in STEM. Evidently, higher education STEM programs
have been transformed by VL, and there is a growing need for VL education to replace or concentrate
on an integrative approach in the resolution of real-life problems with the use of technology. In order
to replace or supplement remote, practical, and equitable hands-on learning, there is a high and



expanding demand for VL education. This will enable ubiquitous learning from any location at any
time in a flexible setting. A VL provides learners with the necessary infrastructure to carry out
laboratory tasks without physically visiting real laboratory facilities at any time or place and enables
access via an internet connection. Hence, this study is aimed at analysing VL for STEM in Nigerian
higher education from the NOUN learners’ perspective in order to project how VL can complement
teaching by replacing experiment equipment and potentially reducing dangerous laboratory exercise.
The research used a Google form to collect information from STEM NOUN students (undergraduate
and postgraduate) using an online survey design. The five (5) parts of the questionnaires, which were
open- and closed-ended, were distributed using the students’ WhatsApp numbers. To evaluate
responses from independent variables among the gathered demographic data, spreadsheets with
Statistical Packages for Social Sciences (SPSS) coding were used.

Generally, the introduction of virtual laboratories in over 200 Nigerian higher education
institutions, which comprise federal universities in Nigeria, state universities in Nigeria, and
accredited private universities in Nigeria, will complement the physical laboratories. The other
sections of this paper include Section 2, which is for the literature review; Section 3, which is for the
methodology; Section 4, which is for the results and discussion; and Section 5, which is the conclusion
of the paper.

2. Literature review

2.1. Conceptual review

The virtual learning environment (VLE) or remote learning system used by NOUN and in relation to
STEM is a launch pad for the proposed VL, and in order to embark on VL, the strength and coverage
of NOUN internet must be upgraded. The readiness to introduce a VL is measured in terms of its
perceived usefulness, awareness, and how respondents perceive the new system [29].

The difference between respondents who believe that NOUN is ready to embark on a VL and those
who do not believe in the new system when it is launched should be run together with the existing
physical laboratory system, which is a blending of digital learning with traditional learning for better
comprehension [30].

2.2. Theoretical review

In higher education settings, behaviourism, cognitivism, constructivism, humanism, and
connectivism are the five main theories of learning that have been applied [31]. The four fundamental
learning theories that govern instructional settings are behaviourism, cognitivism, constructivism,
and humanism. Connectivism theory places a strong emphasis on connecting with students online.
The knowledge-learning paradigm known as connectivism was created for online learning
environments [32]. To encourage discussion and flexible learning possibilities, connectivism is
combined with online collaboration and LMS integration in the creation of VL.

In their studies, Jou and Wang [33] outlined the advantages of using virtual environments in the
education space and the use of VL to teach practical modules as being extremely important because
they allow STEM courses to be taught and practical to be carried out in ODL institutions without the
need for the students to be physically present. Distance learning institutions teach courses remotely,
and as a result, using VL in these institutions to teach practical skills in STEM-based courses and
other hands-on courses is a necessity [21]. The challenge of teaching laboratory components is more
complicated at NOUN based on the capital-intensive nature of replicating laboratories in the 110
dispersed study centres across the nation, coupled with the expected rigor by students and facilitators
in accessing those centres [34, 35].

The use of VL can aid ODL institutions in cutting down on the costs of laboratory setup and
maintenance [21]. Thus, a ubiquitous (VL) alternative approach becomes necessary. The proposed
approach is to leverage the potentials of cloud computing infrastructure, services, and platforms in
creating simulated virtual practical environments that can be accessed by all NOUN STEM-based
students, irrespective of their geographical locations. Such opportunities will increase study activities,



motivate students, and allow learners to conduct practical experiments individually, repeat them
multiple times if needed, and are minimum instructor-dependent [36, 34].

2.3. Empirical review

A VLE called “velnet or meiro” was specifically developed for VL in diverse fields, such as
computer networking and computer graphics. Consequently, VLE ameliorates the competence of
students in diverse fields of learning and is used stand-alone or as a plug-in for the LMS [37].

Tsihouridis et al. [38] analysed the order in which students in the electronics module should carry
out real experiments, such as the real experiments before the virtual experiments. The outcomes
showed the order in which the real or VL used affected learners.

VLE or remote learning systems were evaluated based on the “Unified Theory of Acceptance and
Use of Technology (UTAUT)”. These were cases of teaching at one school of public health, an
empirical study in Turkey and the UK [39, 29]. In their research, West and Veenstra [40] discovered
that, despite liking the convenience of a virtual experience, 97% of physiology students did not want
the physical experiments converted to computer simulations because they valued the opportunity to
directly manipulate animal tissue.

In their study, Dalgarno et al. [41]examined the efficiency of a VLE in a chemistry lab as a tool to
get online chemistry students ready for residential school on-campus. The outcome showed that VL
can be used to give students confidence and help them overcome anxiety by familiarizing them with
the experiments before they carry them out in their physical form. According to the paper's findings,
detailed instructions and scaffolding must be integrated for certain tasks in the experiments if there
is to be a significant improvement in the effectiveness of using a VL to teach remotely.

In their research, Coleman and Smith [42] used a VL simulation to teach health and safety to
students in a bioscience module. Their findings demonstrated that the students had gained a deeper
comprehension, more information, and the confidence to carry out physical experiments in the real
world. Tan et al. [43] combined chemistry and computer science knowledge to create a fully
automated remote titration experiment. The possibility of sharing expensive equipment between
various departments and organizations is also made possible by this delivery method.

3. Methodology

This is an investigative study that sought to understand the impact of VL delivery system against
physical laboratory system. There are no longer many traditional forms of instruction that require
in-person participation, such as lectures and laboratories, so educators are modifying their methods
of instruction while still meeting the needs of their students [44, 45, 15]. It can take many different
forms, such as reducing the amount of coursework required, switching to online modes for traditional
content delivery, interaction, and assessment, and transforming practical instruction into virtual,
remote, or hybrid experiences [46]. Massive Open Online Courses (MOOCs) [47, 15] and Education
Technology [48], are examples of pedagogical trends and tools from space that can offer the resources
and know-how required to adopt courses for online/remote delivery. It also used open-ended question
method to collect responses from the students for a designed and developed practical laboratory
teaching system that would improve learning experience and outcome.

This study also evaluated and assessed 4,570 NOUN students in terms of the proposed VL by using
a survey technique. The experiments and projects that are carried out in teaching laboratories vary
greatly between disciplines, and this study introduced three packages for evaluation in order to
achieve the desired results.

Hands-On: Practical STEM practice should emphasize hands-on skills because they help students
become accustomed to tools or environments and give them tactile information that affects their
cognitive and psychomotor development.

Virtual: Students apply their theoretical knowledge in real-world experiments or in situations
where equipment is used but is not the main goal of the experiment in virtual experiential learning.
Students’ knowledge is not always necessary for these activities, but it is used as a tool to gather
information or complete a task.



Hybrid: Combining hands-on and simulations, hybrid experiential learning activities use
simulations as their main mode of experimentation. These are experiments that can cover a wide
range of topics by visualizing molecular mechanisms, protein dynamics, and time scales without the
use of any physical equipment.

4. Research analyses

4.1. Research instrument and method

This research used an online survey design and a Google Form to collect data from NOUN students
(undergraduates and postgraduates). The questionnaire was distributed through the students’
WhatsApp numbers. The questionnaire consisted of 5 sections made up of open- and close-ended
questions. The responses were coded in a spreadsheet and analysed using SPSS.

4.2. Data analysis

Table 1 depicts the frequency distribution of demographic objects as well as a test of
association between demographic data and age, gender, and field of study. Then, a response
variable that captured each of the 4,570 respondents’ responses suggested three ways
practical teaching should be structured. The result yielded 13,710 suggestions. These
responses were regrouped into five sub-groups, and the responses of participants assigned to
these five groups were used for SPSS tests. Tables 1 and 2 showed the association test result
of demographic variables Age, Gender, and Faculty cross-tabbed with open-ended statements
on how NOUN practical teaching should be structured. These analyses were highly tailored
to the experiment, with features such as simple measurement, data recording, and automatic
report generation. The data analyses and outcomes were provided by students in codified
manners such as off-line media and CD.

Figure 1 shows the frequency distribution of suggestions on how students want NOUN
practical teaching to be structured. The 2,240 (49.02%) students want a continuation of the
face-to-face method because a stand-alone virtual system is not feasible. Collaboration with
established institutions received 570 (12.48%) responses. Participants who supported virtual
learning were 980 (21.44%). Both blended and no idea had 390 (8.53%) each.

NOUN learners' Responses
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Figure 1: The Frequency distribution of suggestions on how students want NOUN practical teaching
to be structured.



Table 1

Socio-demographic frequency

S/N Variables Frequency Percentage (%)
i Gender
Male 1,830 40
Female 2,740 60
Total 4,570 100
i, Age
17-19 120 03
20-22 460 10
23-25 540 12
>25 3,450 75
Total 4,570 100
iii. Are you working and studying
Yes 3,810 83
No 590 13
Indifferent 170 04
Total 4,570 100
iv. Faculty
Arts 30 01
Science 3,960 87
Education 10 00
Others 570 12
Total 4,570 100

V. Present NOUN practical teaching
Physical/Face-to-face 4,520 99
Missing system 50 01
Total 4,570 100

Table 2
Frequency distribution of subgroups
S/N Dependent variable (user defined how Frequency Percentage (%)
NOUN practical teaching should be
structured)

L. VL 980 21.44
Physical laboratory 2,240 49.02
Collaboration with other Universities 570 12.48
Blended 390 08.53
No Idea 390 08.53
Total 4,570 100

5. Findings/results

NOUN students assembled in six geopolitical locations across the country for hands-on practicals,
but low turnout was evident due to obvious constraints, and it has not created the expected impacts
in terms of acquired soft skills [24]. The experience of the NOUN in this regard is not different, and
since both virtual and physical laboratories provide students with the same level of access to
laboratory content, virtual laboratories are suggested as an extension of the existing virtual learning
environment (VLE) [27].



Liu [27] incorporated a 3D virtual learning platform that was designed and implemented into an
open and distance learning platform and is considered an inexpensive option for institutions and
students. This agrees with the responses and various demands made by the respondents in the open-
ended survey conducted for data collection. This ranges from requests for increased internet strength,
free data, and the cost effectiveness of the proposed system.

NOUN has an integrated, dedicated online learning management system (LMS) and also dedicated
communication channels that, if moderated, can offer educators flexibility and control in terms of
setting deadlines and providing feedback mechanisms. According to the results, the majority of the
2,240 participants (49.02%) believe that NOUN is not yet ready to embark on VL because the institution
lacks the financial resources to support the implementation structure. The challenges that students
may face in VL include technical issues, inadequate guidance, and limited interaction with instructors
and peers. Also, the 2,240 students had no prior experience with virtual laboratories to know the
plethora of advantages.

The difference between Categorized Remote Learning, which NOUN currently practices, and
Categorized VL, as perceived by 980 (21.44%) respondents, believes that a Remote Learning system is
required for maximum VL success. Only 390 students opted for hybrid practical, this is also due to
the fact that the students had not prior experience with using both virtual laboratories and physical
laboratories, where the virtual laboratories serve as a prelude to the physical laboratories. Viitaharju
et al. [5], in their study showed that students can learn with a deep knowledge and make links
between scientific theory and its practical applications in technology through hybrid virtual and
hands-on activities. This improves the ability of learned knowledge and abilities to be applied outside
of the classroom to address engineering problems encountered in the real world.

6. Conclusion/recommendations

Virtual simulation-based laboratories have been developed, and technological advancements can
be employed in ODL institutions, while NOUN should take advantage of these advancements to make
a significant impact and establish a standard VL for academic and result-oriented laboratory results.
Before virtualizing the laboratory aspect of learning, the remote learning system or VLE should be
upgraded in terms of hardware, software, internet resources, and qualified resource persons.

VL is generally feasible in ODL institutions and can cmplement real laboratories. NOUN is an ODL
institution, but due to the diverse nature of the mode of ODL, it is difficult for STEM-based students
to practice traditional (real or physical) laboratory. However, because most ODL institutions deliver
courses via VLEs, it is sufficient to plug the designed and developed content of the practical on the
field into the ODL institution's VLE. VL implementation in ODL institutions will benefit both students
and institutions in terms of cost effectiveness, convenience, and coverage, regardless of geopolitical
location. Though the practice of both the virtual and traditional laboratories will increase students’
knowledge in the field of concern.
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