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Abstract

Purpose – Although technology is a defining characteristic of distance education, assessment of the
applicability of such resources in knowledge dissemination is greatly warranted to ensure effectivity. Hence,
the purpose of this study was to assess the viability of a novel tool in teaching practical chemistry online.
Design/methodology/approach – Here, a resource named “virtual chemistry lab space” (VCLS), which
allowed the learners to virtually engage in practical activities, was administered among learners enrolled in a
practical chemistry course at the Open University of Sri Lanka and feedback was collected to ascertain the
learner perception on the resource.
Findings – In total, 76% of respondents indicated familiarity with the VCLS, while 59% indicated that they
were interested in engaging in activities provided through this resource during the pandemic lockdown. Also,
70% indicated that the VCLS was helpful to understand the course content during the pandemic period, while
82% indicated that they are likely to use it in the future.
Research limitations/implications – The prevalent problems related to using the VCLS were lack of
Internet access, physical interactions and time. However, the overall opinion on the VCLSwas notably positive,
while a majority indicated that flexibility to the learners, access to learning resources and use of technology in
education will improve due to the use of this novel tool.
Originality/value – Online course delivery has been greatly restricted to areas of education where distant
delivery could be easily adopted while it is seldom found in areas such as practical chemistry. Hence, the study
indicates novelty and notable originality within the ODL system.
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Introduction
Technology plays a pivotal role in distance education (Bates and Bates, 2005; Casey, 2008;
Clark, 2000), while the use of technology is considered not as an option, but a defining
characteristic of the teaching–learning relationship in distance education (Moore, 2013; Willis,
1993). However, often it is observed that the incorporation of technology in various forms such
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as means of delivery, assessment or learner support in education indicates notable limitations.
Inherent constraints that include lack of infrastructure, lack of technical competence or even
the lack ofmotivation, etc. have been previously reported to be responsible for such limitations
(Galusha, 1998; Tabata and Johnsrud, 2008). Hence, it is important to recognize any potential
limitations and take precautionary action to minimize the same if technology is to allow the
effective dissemination of knowledge (Chen, 2009; Christensen, 2002). Nevertheless, during the
recent halt in academic activities that took place globally as a result of the COVID-19 pandemic,
academics were warranted to relook at how technology can be used at all levels of education,
thus allowing education to be continued amidst the social lockdown (Ali, 2020; Chick et al.,
2020; Daniel, 2020; Ferdig et al., 2020; Goh and Sandars, 2020). Hence, under the prevailing
social circumstances, it has become an immediate necessity to understand the efficacy as well
as learner perception of including technology in facilitating education, specifically for areas
where online delivery is seldom practiced.

Literature reviews
A laboratory-based practical component that provides hands-on exposure to chemistry-
related experimentation is considered essential in chemistry curricula at the undergraduate
level. Typically, skills in practical chemistry are grasped easier by conducting them
physically in an actual laboratory setting. Hence, technological tools are used seldom for
content delivery in practical chemistry. Nevertheless, with the advancement of technology,
there are many recently developed software, animations and virtual and augmented reality
simulations that allow users to receive a virtual chemistry laboratory experience without any
physical presence. In a previous study, Georgiou et al. have demonstrated the successful use
of virtual reality simulations for distance education in chemistry, claiming that such
technology plays a major role in education, as they provide realistic models with which
learners can interact to acquire real-world experiences, while providing a safe environment in
which learners can repeat processes without any risk, enabling learners to perceive concepts
and theories easier (Georgiou et al., 2007). Notably, Erwin Boschmann had claimed similar
traits in another study conducted via the use of web-based television sessions for chemistry-
related content delivery (Boschmann, 2003), while other contemporary reports add credit to
the above claims (Dalgarno et al., 2009, 2012).

It is no doubt that the ongoing COVID-19 pandemic has transformed the global
educational system resulting in a rapid transition from face-to-face classroom-based
education to online content delivery (Tigaa and Sonawane, 2020). Consequently, there had
been many recent reports where technology was successfully adopted in content delivery at
the university level during the recent halt that took place due to the COVID-19 pandemic (Ali,
2020; Basilaia et al., 2020; Chick et al., 2020; Code et al., 2020; Daniel, 2020; Ferdig et al., 2020;
Goh and Sandars, 2020). However, although the general perception of online education is that
it would provide academics with the flexibility to continue teaching regardless of social
circumstances, many institutional, technological, as well as perceptional factors may
commonly hinder the successful utility of online content delivery methodologies in many
instances. Hence, this sudden upsurge of the use of technology in education was still greatly
restricted to the areas of education where distant delivery was easily adopted while it was
seldom found in areas such as practical chemistry (Campbell et al., 2020; Qiang et al., 2020;
Tran et al., 2020; Valle-Su�arez et al., 2020).

The inherent limitations in assessing practical chemistry via virtual tools and the
difficulty to gauge the ensuing understanding of learners via online assessment tools had
been prominently identified as the limiting factor in this regard (Fergus et al., 2020; Huang,
2020; Rodr�ıguez-Rodr�ıguez et al., 2020; Soares et al., 2020; Tran et al., 2020). In their recent
study, Tran et al. have identified (1) experimental implementation; (2) assessments and post-
lab activities; (3) technological inequalities; and (4) synchronization of student attendance as
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the major challenges which academics would face in transitioning practical chemistry into an
online mode (Tran et al., 2020). However, under the “new normal” social conditions and the
ensuing social distancing guidelines adopted due to the ongoing pandemic, conventional
laboratory-based sessions are unlikely to take place during the foreseeable future. Hence, it is
inevitable that the academic and higher educational institutions would have to adopt
technology-based tools in delivering practical chemistry content if education is to progress
amidst the pandemic.

Research overview
CYU3302 –Basic Practical Chemistry is a three-credit course offered for Level 3 (i.e. freshman
or first-year) learners at the Open University of Sri Lanka (OUSL). The course is aimed at
providing a thorough understanding of basic concepts related to practical chemistry, while
developing fundamental experimentation skills, and is hence facilitated mainly via academic
activities that are conducted in person. It is typical that learners may enroll in the course with
minimal or no prior laboratory experience, and thus, the in-person laboratory sessions are
considered as a salient mandatory activity for learners enrolled in the course.

However, due to the recent cessation of academic activities that took place globally due to
the COVID-19 pandemic, all in-person activities were suspended due to the stringent health
regulations. Thus, unlike the theory-based courses where course delivery continued amidst
the pandemic via online teaching approaches, minimal alternatives could be adopted to
continue the delivery of courses that included practical components, given the inherent
difficulty of effectively delivering such content via online teaching methodologies.
Alternatively, here a resource composed of virtual chemistry simulations and animations
was created using open educational resources (OER) to facilitate learning during the
pandemic lockdown, and it was administered among learners enrolled in the course CYU3302
via the university learner management system (LMS).

Notably, in addition to the pros and cons of adopting technology in education identified in
previous studies, there are likely many other “local” factors, typically those specific to the
cohort of students enrolled at a particular academic institution, that may hinder the adoption
of technological tools in education. As such, it is inevitable that a detailed analysis of the
strengths, weaknesses, opportunities, as well as threats in adopting online content delivery in
education, needs to be carefully evaluated at a level that is focused specifically on the cohort
of learners concerned. Hence, this studywas designed to evaluate if the “virtual chemistry lab
space” (VCLS) serves as an alternative and effective platform for supplementary teaching of
practical chemistry to OUSL learners. Accordingly, the objective of this study was to use the
feedback collected from learners regarding their background and inclination to use
technology in education, use of the VCLS during the period of pandemic lockdown and
accessibility and perception on the VCLS to eventually understand the effectivity of using the
VCLS for content delivery in practical chemistry in distance education.

Methodology
A resource named as “virtual chemistry lab space” (VCLS) was developed using OER that
have been specifically designed to provide a virtual experience in preparing for, performing
and analyzing chemical laboratory activities via computer-based simulations. The VCLSwas
hosted in the university LMS, OUSL Elearn, and it was administered among learners enrolled
in the course CYU3302. Due to the pandemic lockdown that was in effect during the period
from March to June 2020, all course-related communication and delivery took place online
through Elearn. Hence, the information regarding VCLS was shared among the enrolled
learners via a message sent through Elearn informing them to use the resource as needed
while the pandemic lockdown was in effect. Typically, the learners enrolled in this course are
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expected to directly participate in the laboratory-based practical activities, where they
engage in hands-on practical chemistry. Nevertheless, the resources provided in the VCLS
allowed the learners to virtually engage in activities, akin to what they would perform in the
laboratory, prior to participating in the laboratory-based practical activities. Notably, the use
of the VCLS was completely voluntary. Hence, although the use of the VCLS was
recommended, it was not made compulsory to the learners by any means due to the various
restrictions that the learners may face in adopting novel technologies. Therefore, the VCLS
provided a voluntary alternative pathway for learners to engage in course activities as
summarized schematically in Figure 1.

Once academic activities resumed after the pandemic lockdown that followed the first
wave of the COVID-19 pandemic in Sri Lanka, the learners were brought back into the
university to participate in the regular in-person laboratory-based practical sessions, while it
was anticipated that the learners who were familiar with the theory and techniques of the
experiments involved with the session by use of the VCLS would indicate better proficiency
in performing the laboratory activities. To validate this hypothesis, a survey was conducted
by administering a feedback questionnaire specifically designed to anonymously evaluate (1)
background and inclination to use technology in education; (2) use of the VCLS during the
period of pandemic lockdown; and (3) accessibility and perception on the VCLS of the
learners. Eventually, the feedback collected from 208 learners enrolled in the course after they
completed the in-person practical session was analyzed. Statistical analysis was conducted
using the R statistical package and the Pearson’s chi-squared test was performed to evaluate
the association between variables wherever appropriate.

Results and discussion
Demographic distribution of learners
Distribution of the 208 learners who completed the feedback questionnaire, based on gender,
age group and employment status is presented in Figure 2 panels (A), (B) and (C) respectively.
As can be seen in panel (A), the gender of learners included in the study showed the typical
composition seen under similar contemporary academic settings with the majority being

Laboratory based 
pracƟcal acƟviƟes

Learner 
feedback

Virtual Chemistry Lab Space 
(VCLS)

Female Male Unspecified

63%

35%

2%

<25 25-30 >30 Unspecified

53%33%

4% 10%

Full-time employed Part-time employed
Full-time student Unspecified

38%

30%

16%

16%

(A) (B) (C)

Figure 1.
Schematic flow of the
experimental
methodology adopted
in the study. Here, an
alternative voluntary
pathway was provided
to the learners by
allowing them to
engage in the VCLS
before participating in
the in-person
laboratory-based
sessions

Figure 2.
Distribution of learners
based on (A) gender,
(B) age group and (C)
employment status
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female learners. As for age, shown in panel (B), it is visible that the majority (53%) of the
learners were less than 25 years of age, while 4%were above 30 years. It should be noted that
although not large, the latter fraction may include adult learners from diverse backgrounds
with minimal or no previous exposure to the use of technology in education. Nevertheless, a
salient feature of open and distance learning (ODL) is the provision of opportunity for adult
learners to engage in education (Devisakti, 2016; Dzakiria, 2012) and hence the inclusion of the
opinion of the above fraction of learners would be imperative in the study of concern. As for
the employment status as shown in panel (C), a significant proportion (68%) of learners were
employed, while only 16%were full-time learners. This, in turn, would be a matter of concern
given the time requirement associated with using the VCLS, specifically as the use of the
resource was regarded as completely voluntary. Overall, it is apparent that the learners
considered in the study include individuals from all different demographic backgrounds
concerned, hence indicating that the ensuing conclusions would not be biased by any specific
subset of learners.

Inclination to use technology in education
Distribution of learners based on their familiarity with the VCLS, how they found out about
the VCLS, and the technology-related activities used in support of their academic work at the
OUSL are presented in Figure 3 panels (A), (B) and (C), respectively. As can be seen in panel
(A), a significant majority (73%) indicated that they were familiar with the VCLS; a clear
indication of the inclination of the learners toward using the VCLS. At the same time, 7% of
the learners indicated that they were completely unaware of the VCLS, while it should be
noted that including the opinions of such individuals in the survey would decrease the
potential of any subjective bias being in place. Noting the differences in how the learners
identified their awareness of the VCLS in the above analysis, it would be important to further
understand any potential reasons for the differences in the awareness levels among the
learners. Hence, responses were collected to evaluate as to how the individual learners found
out about the VCLS, while the findings are summarized in Figure 3 (B). According to this, only
41% of the learners had seen the message sent by the senior coordinator (course instructor)
regarding the VCLS, while 22% of the learners found out about it through colleagues: a likely
indication of collaborative learning. Another 30% of learners found out about it when they
logged into Elearn, while 6% indicated that they did not know anything about the VCLS;
likely the same subsection of learners that indicated that theywere completely unaware of the
VCLS in the previous analysis (Figure 3 (A)).

To further understand the inclination of the learners to use technology in education,
feedback was sought as to which activities the learners have used (or currently use) in
support of their academic work at the OUSL. The findings here are summarized in Figure 3
(C), and as can be seen, majority of learners were aware of browsing the Internet for subject-
related material, using software and mobile applications (apps), and using audiovisual
resources as support for academic activities. It is notable that given the availability and use of
technology of present times, such activities might be considered mundane. However, looking
at the feedback provided on using interactive simulations as that conducted through the
VCLS, or more extraordinary activities such as developing their own programs or coding, it is
clear that the majority of the learners were unaware or “not sure” of the usage of such
resources in academic activities. Importantly, this indicates the novelty of adopting the VCLS
as a tool in an educational setting, specifically within the cohort of learners who participated
in this study. Nevertheless, it is notable that 29% of the learners have indicated that they had
prior knowledge on developing their own programs/coding for academic activities, indicating
that the technical competence required for using tools such as the VCLS is indeed present
among a significant proportion of learners.
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Use of the VCLS during the period of pandemic lockdown
Feedback received in terms of the use of theVCLS by learners during the COVID-19 pandemic
lockdown that took place in Sri Lanka fromMarch to June 2020 is summarized in Figure 4. As
seen here in panel (A), although a significant proportion (69%) of learners indicated that they
had used the VCLS during the pandemic lockdown period, 30% indicated that they did not
use it at all. This, however, was anticipated as the use of the VCLSwas voluntary, as opposed
to what has been previously observedwith compulsory or semi-compulsory activities used as
learner support (Tait, 2002).

Further to use, feedbackwas also sought to assess the interest of the learners for engaging
in activities provided in the VCLS as summarized in Figure 4 (B). As can be seen, majority of

(C)

(B)(A)

Figure 3.
Distribution of learners
based on (A) familiarity
with the VCLS, (B) how
they found out about
the VCLS and (C)
technology-related
activities they have
used in support of their
academic work at
the OUSL
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learners (59%) indicated that they were interested in using the VCLS, while nearly half of
them indicated that they were “very interested” in using the resource. Another 14% indicated
that they would have used the VCLS if they had known about it during the pandemic
lockdown, while 11% indicated that they were not interested in using the VCLS but used it as
there was free time. Collectively, this could be regarded as an overall positive response to the
use of technology to facilitate learning either directly or indirectly during periods of
controlled social interactions. It further emphasizes the importance of effective
communication regarding such activities to the learners, given that a notable fraction of
learners were, unfortunately, unaware of the VCLS during the pandemic lockdown.

Although notable concern could be placed on the 15% of learners who did not use the
VCLS, while they knew about the resource, it should be noted that such behavior could have
been minimized or perhaps obviated altogether by making the VCLS compulsory for the
learners, in contrast to the voluntary practice adopted herein. Hence, the feedback collected
was analyzed further to understand the statistical association between the demographic
background and the familiarity, use and interest on the VCLS of the learners, to identify any
potential limitations in the use of the VCLS based on the demographic background of the
learners.

Familiarity, use and interest in the VCLS and the demographic background of learners
The feedback questionnaire used in this study was designed to gather information regarding
the opinion of learners on the VCLS at three distinct levels of association. First, feedback on
the “interest” of learners to engage in the activities provided in the VCLS was collected. The
interest was anticipated to be influenced by the learner motivation, while likely being
independent of their demographic distribution. Second, information regarding the “use” of
the VCLS during the pandemic period was gathered. The “use” in contrast to “interest” was
expected to be associated with the demography of the learners, especially as the “age group”
is likely to have an association with the inclination toward technology, while “employment
status”will dictate howmuch time onemay have to use this supplementary (non-compulsory)
resource. Third, the “familiarity” of the VCLS was assessed, which is likely to result via the
“interest” and the eventual “use” of the VCLS. Hence, yet again “familiarity”was expected to
be dependent on the demographic factors of the learners.

Accordingly, to determine the association between the familiarity of the VCLS, use during
the pandemic and the interest in using the resource (presented in Figure 3(A), 4(A), and 4(B),

(A) (B)

14%

55%

30%

1%

Very interested
Somewhat interested
Not interested, Just used it as there was free time
Knew about it during that time, but didn’t use it
Didn’t know about it during that time. Would have used it if I knew
No response

31%

15%

28%14% 1%

11%

Figure 4.
Distribution of learners
based on (A) howmuch

they have used the
VCLS during the

pandemic period and
(B) how interested they

were to engage in
activities provided in

the VCLS
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respectively) and the demographic variables of learners, the Pearson’s chi-squared test was
performed. Typically, the Pearson’s chi-squared test evaluates how likely it is that any
observed difference between the sets of categorical data resulted by chance. Here, the value of
pwill be less than 0.05 if the two variables are independent, whereas if p is greater than 0.05,
the two variables are considered non-independent.

The p values obtained here are summarized in Table 1. As can be seen, the “interest” in
using the VCLS does not show any association with the gender or age group of learners,
indicating that such technological learner support tools are accepted alike across different
gender and age groups, especially during times where conventional delivery is disrupted.
However, the interest of learners in using the VCLS indicates association with the
employment status: a likely result of the time required for engaging in the VCLS, while
employed learners are likely to find less time to engage in supplementary learner support
resources of this nature. On the contrary, use and the familiarity of the VLCS on the other
hand are seen to be associated with each demographic variable considered here. Hence,
overall, these findings suggest that the VCLS or any other resource of this nature would allow
equal access to learners of all backgrounds during a lockdown period, indicating its potential
use as an effective alternative teaching methodology. However, it should be noted that the
demographic distribution of learners needs to be carefully considered if optimal use of
technological resources is to be ensured.

Learner rating of VCLS components
TheVCLSwas composed of threemain sections, namely, (1) PhET interactive simulations; (2)
basic laboratory operations; and (3) virtual laboratory simulations, specifically designed to
provide an understanding of the activities typically undertaken by the learnerswithin the lab.
More precisely, PhET interactive simulations were a collection of OER virtual simulations
identified as relevant to the course CYU3302. These simulations had been developed by the
University of Colorado Boulder, USA (CC-BY), using Java, Flash or HTML5, and they could be
run online or downloaded to a computer. The second component, basic laboratory operations
were a collection of virtual resources developed by the American Association of Chemistry
Teachers and LibreTexts (CCBY-NC-SA 3.0), focusing on basic laboratory operations such as
measuring volumes, preparing solutions and observing chemical reactions, etc. The third
component was virtual laboratory simulations, developed by ChemCollective (a project in the
National Science Digital Library, USA) (CC BY-NC ND). This section focused on the more
intricate course-related activities that are typically undertaken by the learners in the
laboratory such as solution preparation and quantitative chemical analysis.

Here, the learnerswere requested to rate the above components of theVCLS in terms of their
use and the help provided by each component in understanding the course content in CYU3302
as summarized in Figure 5 panels (A) and (B), respectively. As can be seen in panel (A),majority
of learners (>50%) indicated that they have used the components on basic laboratory
operations and virtual laboratory simulations at least once, while a lesser fraction (36%)
indicated they use PhET interactive simulations. A similar trend was observed in terms of the
help provided by each component in understanding the course content as can be seen in panel

Demographic variable
Attribute

Familiarity Use Interest

Gender 0.7588 0.5330 0.0038
Age group 0.7544 0.4847 0.0270
Employment status 0.8217 0.4778 0.5864

Table 1.
The p values obtained
for the Pearson’s chi-
squared test for the
association of
“familiarity,” “use” and
“interest” of learners on
the VCLS with their
demographic
background
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(B), where the majority of learners (>50%) indicated that the components on basic laboratory
operations and virtual laboratory simulations were “helpful” in understanding the course
content, while a lesser proportion (40%) indicated a similar response for PhET interactive
simulations. Notably, sizeable proportions (30% and 22%, respectively) of learners indicated
that using the components on basic laboratory operations and virtual laboratory simulations
was “very helpful” in understanding the course content, indicating the effectivity of the use of
technology to facilitate distance and online learning during the pandemic lockdown. This fact is
further evidenced by the negligible proportions of learners who indicated that each component
was “not helpful” in understanding the course content, indicating the overall positive attitude of
the learners in adapting to novel teaching methodologies.

Opinion on using the VCLS to teach practical chemistry
To further understand the perception of the learners on the VCLS, opinion of learners on using
the VCLS to facilitate learning during the pandemic lockdown and the likeliness of using the
VCLS in future, perhaps during another pandemic lockdown, were collected as summarized in
Figure 6 panels (A) and (B), respectively. As clearly seen, a significantmajority (70%) indicated
that the VCLS was helpful in understanding the course content during the pandemic period,
while 51% indicated that they are “very likely” to use it in the future, while another 31%
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20%

30%
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60%
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80%

90%

100%

PhET interactive
simulations

Basic laboratory
operations

Virtual laboratory
simulations

Only once More than once Never No response
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indicated that as “likely”, given that there would be time away from other professional and
academic responsibilities. Of note, only negligible potions (<10%) of learners had a negative
opinion on each case as visible in Figure 6 (A) and (B). Hence, this result perfectly reinstates the
overall positive attitude of the learners in adapting to novel teachingmethodologies. In reality,
the social distancing practices adopted with the intervention of the COVID-19 pandemic are
still in place in many parts of the world continuing to interrupt the routine in-person
educational activities to be in place, and hence this result suggests that such virtual activities
are perfectly viable to continue educationwithminimal or hopefully no interruptions under the
“new normal” social circumstances, even for practical-based course for which such virtual
activities are seldom practiced for content delivery.

Accessibility, limitations and the future potential of the VCLS
Further, to understand any potential limitations in adopting the VCLS, feedback was
collected to assess what devices were used by learners to access the VCLS, while the findings
here are summarized in Figure 7 (A). It is apparent that a significant majority (69%) indicated
that they have used a smartphone to access the resource, while relatively lesser proportions
had access to a laptop, desktop or tablet computer. Apparently, only 4% of the learners
indicated that they did not have access to any of the above devices (note that percentages
above were determined based on the total number of respondents (208), as there was a
substantial portion of learners who accessed the VCLS via multiple devices). Hence,
collectively, the data collected on device accessibility suggest that (1) the use of technology-
related teaching tools is a viable alternative given that the vast majority of learners had
access to devices to be used for such purposes, (2) while emphasizing the need to develop
applications or programs that are compatible with mobile devices, given that large numbers
would prefer to use the resources on such platforms. Typically, many virtual resources used
to date may require the assistance of software or hardware requirements that are typically
associated with computers, but not smartphones. Hence, the above results suggest the
importance to select resources that would have minimal system requirements while they
could be run on mobile platforms such that many who would prefer to use mobile devices for
educational purposes would not be at stake.

Many previous reports suggest Internet-based teaching has notable potential for the
effective dissemination of knowledge (Carswell et al., 2000; Eddy and Spaulding, 1996;
Guohong et al., 2012). However, it is important to assess the limitations specific to the VCLS if
it is to be administered among learners in an effective manner. Hence, feedback was collected
to assess the problems related to using the VCLS as per the experience of the learners in using
the resource. This information is summarized in Figure 7 (B) and it is apparent that the lack of
time, interest, Internet access, knowledge on technology to use such resources and guidance

Lack of time

Lack of interest

Lack of internet access

Lack of knowledge on technology to use these resources

Difference between working in a real lab and virtual simulations

Lack of guidance through staff-student interactions when using the virtual lab

No response

Desktop computer

Laptop computer

Tablet

Smart phone

I don’t have access to any of the devices above
No response

5%

4%

42%
2%
6%

69%
13%

23%8%

11%

31%

25%

17%

Good. I think that’s a good idea
No. I don’t think that will be good
I am not sure
No response

19%
2%

48%

31%

(A) (B) (C)

Figure 7.
(A) Devices used by
learners to access the
VCLS, (B) problems
related to using the
VCLS and (C) opinion
on replacing part of the
laboratory work
associated with the
practical sessions of
the course by online
activities using the
VCLS in future
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through staff–student interactions that typically occurs during in-person sessions, as well as
the difference between working in a real lab and virtual simulations were identified as
potential problems associated with using the VCLS. However, among these, lack of Internet
access (31%), the difference between working in a real lab and virtual simulations (25%), and
lack of time (23%) were identified as the most prominent drawbacks (Note that percentages
above were determined based on the total number of respondents (208), as there was a
substantial portion of learners who identified multiple of the above as problems associated
with the VCLS). Similar observations have been made in a study conducted by Galusha and
Jill, where the loss of motivation due to lack of face-to-face contact with teachers and peers,
and lack of faculty support was found to diminish the efficacy of distance learning (Galusha,
1998). Hence, the findings here collectively emphasize the need to (1) carefully manage the
resources selected for such purposes based on the intensity of Internet usage; (2) need to
accommodate supplementary in-person sessions to provide the physical interactions that
lack in such online deliverymethods; and (3) design online activities such that they would not
require a large amount of time, thus being a burden, specifically in the case of full-time or part-
time employed learners.

The ultimate objective of developing technological tools such as the VCLS is to evaluate
their potential to be adopted in educations, perhaps even after the social distancing-based
limitations to conventional content delivery are lifted. It is notable that many reports have
had a close look at the pedagogical implications of such action, while some reports claim the
effective application during the recent pandemic (Al-Fahad, 2009; Basilaia et al., 2020; Bates
and Bates, 2005; Brown and Liedholm, 2002; Code et al., 2020; Goh and Sandars, 2020; Ng,
2007). Here, the opinion of the learners on replacing part of the laboratory work associated
with the practical sessions of the course with online activities using the VCLS in future was
sought to attain similar insights specific to the cohort of individuals concerned herein. The
results are summarized in Figure 7 (C), which indicates that a significant proportion (48%)
indicated that this would be a good idea, while another sizeable proportion (31%) indicated
that they did not think that will be good, indicating an ambivalence among the learners: a
likely result of the prevalent problems associated with using the VCLS.

Overall perception of learners on the VCLS
The learner perception on the effect on different attributes in education if part of the
laboratory work associated with the course CYU3302 was replaced by online activities using
the VCLS in future was sought. The findings here are summarized in Figure 8 (A) and as
clearly seen significant proportions of learners indicated that flexibility to the learners (65%),
access to learning resources (73%) and use of technology in education (77%) will improve via
the use of the VCLS, while only a negligible proportion (<8%) indicated pessimism on each
aspect. Particularly, in their recent study, Rodriguez et al. describes the adaptation of an
online teaching model for selected chemistry courses. Here, although students preferred to
carry out a face-to-face teaching and learning process, they found certain advantages in the
online teaching modality, such as the saving of time and flexibility as is observed herein
(Valle-Su�arez et al., 2020). Notably, relatively lesser proportions of learners indicated that use
of the VCLS would improve the exposure to laboratory techniques (42%) and staff–student
interactions (27%), while larger proportions (>20%) indicated pessimism in this regard,
whereas another significant proportion were “not sure” of their opinion. Such results,
however, could be anticipated given the conventional delivery methods typically adopted in
practical related courses and the inherent lack of hands-on exposure and physical
interactions that may result from online delivery methods.

Additionally, some of the notable comments made by learners regarding the VCLS include
“if the actual experiments that are conducted in the lab could be included in the VCLS, it would
be very helpful as we are familiar with the instructions and techniques”, “please put more
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related videos and model answers,” and “a proper guideline would be good”. These comments
collectively highlight the importance of carefully selecting and if possible, amending the
activities to match those conducted during the in-person activities, while providing clear
instructions and supplementary guidance for the students to engage as well as self-assess the
activities conducted via the VCLS. Additionally, comments such as “it should be improved in a
way with some quizzes after each laboratory session” indicate that the utility of the resource
could be further enhanced by incorporating quizzes. In fact, such action would assist the
learners to gauge their understanding resulted via the use of the virtual activities, while at the
same time providing a tool to the instructors tomonitor the use by each individual learner: both

(C)(B)

(A)

Figure 8.
Learner perception on
(A) the effect on
different attributes in
education if part of the
laboratory work
associated with the
course was replaced by
online activities using
the VCLS in future, (B)
overall opinion on the
VCLS and (C) the
likeliness to
recommend their
colleagues to use the
VCLS as an academic
support tool
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of which are effective attributes of an effective teaching methodology. Comments such as
“notifications should be given as a reminder since not everyone is always online and will be a
working people” further highlight the need to examine better ways to communicate with
learners, while emphasizing the need to provide direct or indirect motivation to the learners for
using supplementary learner support resources of this nature as was previously discussed
previously in accordance to the findings of this study (vide supra).

Nevertheless, the overall opinion of the learners on the VCLS was greatly positive as
summarized in Figure 8 (B). The majority of the learners (64%) have indicated that the VCLS
was interesting and helpful for the course, while only a negligible proportion (4%) indicated
that the VCLS was neither interesting nor helpful for the course. Further, a considerable
fraction of learners (10%) indicated that it was interesting, although not helpful for the
course. This, however, could be addressed by the careful design and selection of resources to
be used for the VCLS as highlighted by some of the learner comments as previously
mentioned. Additionally, it resonates an emphasis to develop tailor-made virtual resources to
capture the elements outlined in the corresponding course content, as opposed to adopting
any system that has been designed and developed for general use. Hence, developing virtual
resources in house or at least in direct connection to the course syllabus may be a more viable
approach in broadening the applicability of virtual teaching tools, although unfortunately,
the prerequisite technical expertise may serve as a constraint in this regard.

Further, in assessing the likeliness to recommend their colleagues to use the VCLS as an
academic support tool as summarized in Figure 8 (C), it is clear that once again a significant
proportion (79%) is likely in recommending their colleagues to use the VCLS as an academic
support tool, while only much lesser proportions of learners indicated that they were not sure
(11%) or theywill not recommend using the VCLS (7%). Further analysis indicated that out of
the learners who indicated that the VCLS was neither interesting nor helpful for the course,
75% were not familiar with the resource according to the feedback provided by the same
learners on the familiarity of the VCLS. This suggests that the overall opinion of the learners
on the VCLS is biased by the lack of familiarity with the resource and this could be
significantly improved by facilitating further use of the VCLS by direct motivation such as
making the use of the VCLS compulsory or by indirect means where the learners are
encouraged to use the same by providing some academic reward in return.

Summary, conclusions and future direction
In this study, a “virtual chemistry lab space” (VCLS) was created using OER in order to
facilitate learning during the pandemic lockdown, and it was administered among learners
enrolled in an introductory undergraduate practical chemistry course (CYU3302 – Basic
Practical Chemistry) at the Open University of Sri Lanka via the university LMS. Following
the implementation, feedbackwas collected from the learners enrolled in the course regarding
the use, effectivity, perception and any issues in using the resource.

As per the feedback collected regarding the VCLS from the learners from all demographic
backgrounds, 76% of respondents indicated familiarity with the VCLS, while 59% indicated
that they were interested in engaging in activities provided through this resource during the
pandemic lockdown. A significant majority (70%) indicated that the VCLS was helpful to
understand the course content during the pandemic period, while 82% indicated that they are
likely to use it in the future. The prevalent problems related to using the VCLS as part of the
course delivery were lack of Internet access (31%), lack of physical interactions (25%) and
lack of time (23%), which need to be carefully taken into consideration if further use of the
resource is advocated. However, the overall opinion on the VCLS (74%) and the opinion on
replacing part of the laboratorywork associatedwith this course by the VCLS in future (48%)
was notably positive.
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Further analysis suggests that the overall opinion of the learners on the VCLS is biased by
the lack of familiarity with the resource, which could be significantly improved by facilitating
further use of the VCLS via direct or indirect motivation. Overall, it is notable that a majority
of learners indicated that flexibility to the learners, access to learning resources and use of
technology in education, all of which are important determinants in effective dissemination of
knowledge, specifically in ODL, will improve due to the use of this novel tool, thus awarding
notable credibility to the work discussed herein.

However, with the current state of the COVID-19 pandemic, the possibility of using the
VCLS not as a supplementary tool, but for direct knowledge dissemination needs to be
explored. Nevertheless, although the VCLS at its current state indicates drawbacks that may
hinder its applicability as an effective content delivery tool, with the successful
implementation and the overall positive response received from learners at the Open
University of Sri Lanka, it is likely that the system could be developed further according to
the findings of this study, such that the VCLS could be adopted across all other levels of
practical chemistry. Hence, the VCLS indicates promising potential as an effective online
knowledge dissemination tool to be used during the continuing social-distancing practices, or
perhaps maybe even beyond, as a general practice adoptable in open and distance education.
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