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ABSTRACT
The virtual microscope has been employed as an adjunct tool to teach optical microscopy for histology
learning in medical schools. However, there is no reliable evidence in the literature that virtual and
optical microscopy impacts students’ learning. This study focuses on comparing two different methods
in learning histology in Universiti Sains Malaysia, namely virtual microscopy and optical microscopy,
with regard to medical students’ knowledge acquisition and satisfaction levels. A total number of 120
medical students, consisting of 53 first-year and 67 second-year students, were recruited. The students
were divided into virtual microscopy and optical microscopy groups. During the one-day intervention,
all students attended a pre-requisite lecture on “Histology of the Eye”, a slide demonstration and a
hands-on session using a designated microscope. Students’ knowledge acquisition was evaluated
through a pre- and post-practical evaluation and their satisfaction level on learning histology using
respective learning tools was measured. The study revealed that the optical and virtual microscopy
groups showed significant improvement from the pre- to post-practical tests scores with p < 0.001,
respectively. However, the mean increment was higher in virtual microscopy (38.51%) than in optical
microscopy (35.08%). Furthermore, the virtual microscopy group had a significantly higher satisfaction
score towards the learning tool than the optical microscopy group, p = 0.008. The knowledge
acquisition of the virtual microscopy group was equal to the optical microscopy group as they were
shown to have a similar improvement in the test scores, comprehension level and learning ability.
However, students were nonetheless satisfied with the usage of virtual microscopy as a learning tool.
Keywords: Knowledge acquisition, Satisfaction, Virtual microscopy, Histology teaching and learning
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INTRODUCTION
Histology
teaching
in
the
medical
curriculum has undergone tremendous
changes over the past decade (1). For
centuries, histology teaching in medical
schools was delivered through lectures and
practical sessions, which involve handson exposure to optical microscopy (1).
Nevertheless, the advent of the digitalisation
era and the fourth industrial revolution has
significantly influenced learning materials
for teaching and learning histology, as they
are digitalised using virtual microscopes
(2). Since its inception in 2002, virtual
microscopy has been used worldwide in
many universities as a learning tool (1, 3).
This tool was introduced in the medical
histology curriculum to address a common
problem in anatomy education, and it has
reduced teaching contact hours (1, 4).
Arguably, a shortened practical duration
has limited students’ opportunity to
learn histology using optical microscopy
(1). Students crammed in one or more
laboratories for a session that may
simultaneously cover two to three histology
topics as practical contact time is reduced.
The availability of optical microscopy and
histology slides will possibly become an issue
for such a large community of students.
One microscope and a set of slides must be
shared by small groups of students, limiting
them to navigate each slide at their own
speed during the practical hours (5). While
the new medical curriculum provides more
time for student self-learning, optimising
this extra time depends on the availability of
learning resources and the microscope as a
learning tool for histology in that context. A
readily accessible learning tool will assist in
self-learning period optimisation (5).
Likewise, histology teaching in Universiti
Sains Malaysia (USM) is delivered
through lectures and practical sessions.
A demonstration is given by a qualified
lecturer during the practical sessions
using the virtual microscope. Following
the demonstration, students take turns
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using the conventional optical microscope
individually. At present, two students share
an optical microscope during the practical
sessions, while a box of slides is shared by
10 to 12 students. Given this condition,
the optical microscope requires frequent
maintenance and damage repair is costly.
Furthermore, the glass slides wear out
throughout time, and a new slide needs to
be purchased and replaced if broken. These
challenges support the fact that there are
drawbacks of using optical microscopy in
learning histology, as reported by many
articles (1, 6–7).
Compared to the expense of keeping many
optical microscopes and histology slide sets,
the use of virtual microscopy in large groups
of students was shown to be financially
beneficial (7). Besides, virtual microscopy
could prevent the occurrence of some
health-related issues linked with the use of
optical microscopes, such as motion sickness
and eye fatigue (6). Virtual microscopy is
also portable, easily accessible and can be
conveniently used whenever a computer is
available. It is noteworthy to highlight that
students prefer easy access to their learning
tool during and after formal classes for
their subsequent revision (8–9). The factors
mentioned above make virtual microscopy
to be logistically more favourable in the long
run.
Virtual microscopy, like any other teaching
tool, has its limitations. It lacks the
3-dimensionality of optical microscopes
through which students can change the
focus planes by turning their focus knobs.
As a result, students lose their sense of the
dimension when viewing the slides. Low
magnification provides less resolution when
viewing is done on a regular computer
screen. According to reports (10), original
glass slide tissue artefacts and defects are
harder to scan. If the quality of the original
slide is good, the digital scanning will yield
amazing photographs. As a result, it is
critical to choose the highest-quality sections
with acceptable staining, flat mounting and
no artefacts (11). Another drawback of
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virtual microscopy is that the virtual slides
take up tremendous memory, necessitating a
great storage system (11).

– as these variables involve information
processing, storage and retrieval (14, 20–
21).

Debate is still ongoing about the
effectiveness of virtual microscopy as
a learning tool compared to optical
microscopy, while evidence supporting its
effects is quite scarce and inconsistent (1).
A randomised controlled crossover trial
conducted at Ghent University, Belgium,
reported no significant difference in the
test results between two groups of students
exposed to virtual and optical microscopes
(12). Neither the type of microscope nor
the order of use of these microscopes
appears to affect the adequate transfer of
histological knowledge to students (12).
Contrary to this, another study conducted at
Third Military Medical University, China,
showed a substantial improvement in test
scores among the virtual microscopy group
compared to those of the optical microscopy
group (13). These inconsistent findings
warrant a more systematic assessment of
the effectiveness of virtual microscopy in
promoting learning for the students.

The present study intends to compare
the impact of virtual microscopy versus
optical microscopy on students’ knowledge
acquisition in terms of comprehension level,
improvement of knowledge and learning
ability. Besides that, this study also assessed
students’ satisfaction level towards virtual
microscopy as a learning tool. In general,
students’ satisfaction can be described
as a short-term attitude resulting from
educational experience assessment, services
and facilities provided to the students
(22). Over the past decades, students’
satisfaction was subjectively measured.
However, eventually, educationists began to
specify some objective satisfaction measures
according to specific models (22). A study
by Dhaqane and Afrah claims that students’
level of contentment reflects students’
satisfaction during learning, which indirectly
reflects the effectiveness of the education
programme
or
instructional
material
that they experience (23). In addition,
satisfaction can be considered an act of
satisfying the desire to achieve the desired
goals; and this is often correlated with
academic success in a learning context (23).

In general, students’ task performance
is an outcome measure for effective
instructional design and delivery, and
it is often coined under the knowledge
acquisition construct (14–15). In a broad
sense, knowledge acquisition is a process of
obtaining information from external sources,
and this concept has been used widely in
the development of artificial intelligence
through the construction of the expert
system solution (16). Nevertheless, the
theoretical basis of knowledge acquisition
is stemmed from the concept of the human
memory system, whereby new information
is obtained from the external environment;
processed by the human working memory;
and saved in the long term memory which
eventually can be retrieved for future
learning (17–19). Hence, knowledge
acquisition measures could be reflected by
test score measures, task performance and
learners’ ability to learn (i.e., learnability)

Students’ satisfaction towards a learning
tool is a crucial factor for choosing the
optimum tool for histology learning.
Another research that compared the level
of student satisfaction between using
virtual microscopy and optical microscopy
showed that most students viewed virtual
microscopy as a technically focused teaching
method that could improve learning (24).
Despite many published studies on students’
opinions about histology learning tools,
data on students’ satisfaction levels are still
very limited (5, 25). Hence, the findings of
this study will shed new light on how the
students perceived the use of microscopes as
a learning tool (5, 25).
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MATERIALS AND METHODS
Study Design, Sampling Method and Study
Subjects
A randomised controlled study was
conducted on 120 pre-clinical years (firstand second-year) medical students of the
School of Medical Sciences, Universiti Sains
Malaysia (USM). Purposive sampling was
applied in this study. To participate in this
research, students must not have repeated
any subject, and their age should be between
18 and 25 years old when the study was
conducted. Prior to the recruitment process,
all pre-clinical year medical students were
invited to attend a session in which a brief
was given on the purpose, methodology,
participation criteria, risks and benefits of
the study. Written consent was obtained
from students who were eligible and willing
to participate in this study. This study had
also received ethical approval from the
Human Research Ethics Committee, USM.

Sample Size and Group Allocation
The sample size was estimated using
the Cohen Statistical Power Analysis
(behavioural sciences) table with a
significance level (α) set at 0.05, medium
effect size and power of study of 80%. The
calculated sample size was 64 subjects per
group or 128 subjects in total. A total of 157
students agreed to participate in the study.
However, only 120 students completed the
data collection process.

Research Groups
Group allocation was accomplished using
a stratified random method to control
confounding factors, namely gender and
year, which may affect the study. The
participants (n = 157) were grouped into
four name lists, the first-year male students
(n = 24), first-year female students (n =
65), second-year male students (n = 26)
and second-year female students (n = 42).
Students were selected from each list to
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represent the optical microscopy group
using the random number generator, and
the remaining participants represented the
virtual microscopy group. All participants
had experienced using optical microscopes
during
previous
histology
practical
sessions in the scheduled formal academic
curriculum.

Research Tool
Each student in the optical microscopy
group was given a compound light
microscope (Nikon Instruments Inc).
Meanwhile, the virtual microscopy group
used the Pannoramic viewer, a virtual
microscope software by 3DHISTECH
Ltd. The histology glass slides of the iris
and eyeball used in this study were from
GinkgoMed Company, Taiwan and were all
stained using hematoxylin and eosin (H&E).
The virtual slides were generated from
representative slides of the iris and eyeball
photographed at 40 times magnification
using a slide scanner (Zeiss Mirax Desk,
Germany). The pre-practical and postpractical questions were in the form of
objective structured practical examination
(OSPE) that contained five photographedaccompanied questions. The questions
evaluated students’ ability to identify
different types of tissue of the iris and
eyeball and their characteristic histological
features. These questions were vetted by
four trained histologists and one medical
educationist. Student’s satisfaction was
measured using single-item questionnaires,
which allowed students to score their
satisfaction level using a five-point rating
scale (1 = very unsatisfied, 2 = unsatisfied,
3 = neutral, 4 = satisfied, 5 = very satisfied).

The Intervention of the Study
A one-day experiment was conducted on
the weekend to avoid any intervention of
students’ formal academic programme. A
topic that was not in the undergraduate
anatomy syllabus was chosen as the learning
content in this study, namely “Histology of
the Eye”, to remove the element of prior
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experience. Printed laboratory exercise
booklets that contained a list of learning
outcomes were given to all the students
during registration.
The activity started with a one-hour
lecture on eye histology by an experienced
histology lecturer. All participants were then
gathered to sit for a 30 minutes pre-practical
evaluation in the laboratories. Immediately
after, the same lecturer gave a 30 minutes
slide demonstration session. Students were
gathered in their assigned intervention
group, either optical microscopy group
or virtual microscopy group and escorted
to their respective practical sessions. The
optical microscopy group underwent a
practical session in the optical microscope
laboratory, and the virtual microscopy
group attended a session in the computer
laboratory.
During the one hour practical session,
individual computers and three separate
virtual slides were given to the students in
the virtual microscopy group to view using
the Pannoramic Viewer software. Prior
to the session, they were given specific
guidance on how to use the software, while
each student from the optical microscopy
group received an optical microscope
for slide viewing purpose. However, two
students of the optical microscopy group
were made to share a set of slides, whereby
each set having three histology slides similar
to the virtual slides. A lecturer accompanied
each group in their respective laboratories
during the practicum session.
After the practical session, the students
were reassembled at the optical microscope
laboratory for post-practical evaluation. In
the post-practical evaluation, the students
answered five OSPE questions, followed
by a survey that measured their satisfaction
using the microscope for histology learning.
Four outcome measures were quantified in
this study, namely:

a. Pre- and post-practical tests scores:
These scores were measured prior
to and after their practical sessions,
respectively, and were presented
in percentage. The pre-practical
test scores reflected the students’
baseline knowledge, while the postpractical test scores indicated the
students’ improvement in their
comprehension.
b. Learning quotient score: Learning
quotient is a measure of selfperceived learning ability (19). The
scores were measured using the
learning quotient equation proposed
by Noda et al., in which ‘a’ denotes
the percentage of correct answers
in the pre-practical assessments,
and ‘b’ indicates the percentage of
correct answers in the post-practical
assessments, respectively (26).
Learning quotient (LQ) = [(b-a)
/ (100-a)] × 100
c. Students’ satisfaction score: The
scores were used to assess the
overall students’ satisfaction with
the learning method, given either
the optical microscope or the virtual
microscope in histology learning.

Data Analysis
The data analysis was conducted using
Statistical Package for the Social Sciences
(SPSS) software, version 24 (IBM Corp.,
Armonk, NY). The data were entered,
tested, explored and cleaned for data entry
errors and missing values. Before running
the statistical test, assumptions were tested,
and the significance level (α) was set at
0.05 with a 95% confidence interval. The
statistical analyses were performed on the
research data, namely independent t-test
(pre-practical evaluation score), MannWhitney test (post-practical evaluation
score, learning quotient score and students’
satisfaction score) and paired t-test (change
in the evaluation score).

https://eduimed.usm.my
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RESULTS

Our analysis showed no significant
difference between the study groups in the
pre-practical test scores, indicating that
students in both groups had similar baseline
knowledge about the histology topic.

Knowledge Acquisition Measurement
Comparison of the pre-practical test scores
between study groups
The pre-practical test scores of the two
study groups were compared to determine
the students’ baseline knowledge regarding
Histology of the Eye topic prior to the
practical sessions as shown in Table 1.

Comparison of the post-practical test scores
between study groups
Table 2 shows the comparative results of
the post-practical test scores between the
study groups in evaluating students’ level of
comprehension after their practical sessions.

Table 1: Comparison of the pre-practical test score between the study groups (27–28)
Mean (SD)
Variable

Prepractical
test score

Virtual
microscopy
group
(n = 57)

Optical
microscopy
group
(n = 63)

43.789
(22.584)

38.714
(23.199)

t-statistics (df)

p-value

–1.212
(118)

0.228

Mean
difference
(95% CI)

Cohen
effect
size (d)

5.075
(–13.368, 3.217)

0.16

Notes: Independent t-test was applied to determine mean difference between study groups. Significance level was set
at 0.05. SD = standard deviation; df = degree of freedom; CI = confidence interval. Cohen effect size was calculated using
effect size calculator for t-test. Cohen effect size threshold: small = 0.20, medium = 0.50, large = 0.80, very large = 1.13.

Table 2: Comparison of the post-practical test score between the study groups (27–28)
Median (IQR)
Variable

Virtual microscopy
group (n = 57)

Optical microscopy
group (n = 63)

z-statistics

p-value

Cohen effect
size (d)

86
(18.5)

81
(29)

–1.935

0.053

0.43

Post-practical
test score

Notes: Mann-Whitney test was applied to determine difference between study groups. Significance level was set at 0.05.
IQR = Interquartile range. Cohen effect size was calculated using effect size calculator for t-test. Cohen effect size threshold:
small = 0.20, medium = 0.50, large = 0.80, very large = 1.13.

The analysis showed no significant
difference between the two groups
concerning
the
post-practical
test
performance. The median of the postpractical test scores for the virtual
microscopy group was not significantly
higher than that for the optical microscopy
group. This finding suggested that both
research groups performed equally well in
the post-practical test, reflecting an increase
in their comprehension of the Histology
48
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of the Eye topic after attending their
respective practical sessions. The Cohen
effect size was calculated to determine
the virtual microscopy’s magnitude effect
on the outcome. The Cohen effect size
value of 0.43 reflected different types of
microscopes usage had a borderline medium
effect on students’ histology knowledge
comprehension.
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Changes in test scores within each study group
Changes in the test scores were assessed to
determine the improvement of knowledge
within each group, as shown in Table 3.
The mean scores of virtual and optical
microscopy
groups
improved
from
43.789% to 82.298% and 38.714% to
73.793%, respectively. It was evident that
the mean score difference of the virtual

microscopy group was greater than that of
the optical microscopy group. The results
indicated that the test scores were increased
significantly after the practical sessions
for both virtual and microscopy groups.
The measured Cohen effect size of both
the virtual and optical microscopy groups,
1.83 and 1.75 respectively, were very high,
suggesting that the substantial change in
the test scores was most likely influenced by
microscopy usage during histology learning.

Table 3: Changes in the test scores within group (27–28)
Test score
mean (SD)
Pre

Post

Mean
difference
(95% CI)

Virtual microscopy
group
(n = 57)

43.789
(22.583)

82.298
(16.368)

38.508
(32.926, 44.091)

13.818
(56)

>0.001

1.83

Optical microscopy
group
(n = 63)

38.714
(23.198)

73.793
(22.621)

35.079
(30.035,40.123)

13.902
(62)

>0.001

1.75

Group (n)

t-statistics (df)

p-value

Cohen
effect size
(d)

Notes: Paired t-test was applied to determine the change in evaluation score within groups. Significance level was set at
0.05. SD = standard deviation; df = degree of freedom; CI = confidence interval. Cohen effect size was calculated using
effect size calculator for t-test. Cohen effect size threshold: small = 0.20, medium = 0.50, large = 0.80, very large = 1.13.

Comparison of the learning quotient score
between study groups
The learning quotient scores were calculated
using the pre-practical and post-practical
tests scores by applying the aforementioned
equation of learning quotient. The scores
obtained reflected students’ perceived ability

in learning histology using the allocated
microscopy, respectively. The research
revealed that different types of microscopy
did not affect students’ perceived ability
to learn histology as evidenced by no
significant between-group difference of the
learning quotient score and small Cohen
effect size, as shown in Table 4.

Table 4: Comparison of the learning quotient score between study groups (27–28)
Median (IQR)
Variables
Learning
quotient score

Virtual microscopy
group (n = 57)

Optical microscopy
group (n = 63)

z-statistics

p-value

Cohen effect
size (d)

76.812 (37.624)

68.421 (43.902)

–1.613

0.107

0.292

Notes: Mann-Whitney test was applied to determine the difference between study groups. Significance level was set at
0.05. IQR = Interquartile range. Cohen effect size was calculated using effect size calculator for t-test. Cohen effect size
threshold: small = 0.20, medium = 0.50, large = 0.80, very large = 1.13.
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This research did not indicate any
significant difference in the learning quotient
scores between the study groups. Although
the learning quotient scores were higher in
the virtual microscopy group than those in
the control group – which indicated a higher
perceived ability to learn by using the tool –
the Cohen effect size was small. Therefore,
both the virtual microscopy and the optical
microscopy groups showed a similar
understanding of the histology topic after
attending their respective practical sessions.
Based on the estimated size of the Cohen
effect, the intervention on the learning
quotient scores brought small to medium
effects (d = 0.29), which was possible
because of their respective tools.

Students’ satisfaction score
This study revealed a statistically significant
difference in the students’ satisfaction
scores between different groups on
the learning histology using difference
microscopes. The results suggested that
students were significantly pleased with the
virtual microscope as a histology learning
device. The calculated Cohen effect size
was medium, indicating that the students’
satisfaction with learning histology could
have been moderately influenced by virtual
microscopy usage in the intervention, as
shown in Table 5.

Table 5: Comparison of student’s satisfaction score between study groups (27–28)
Median (IQR)
Variable

Virtual microscopy
group (n = 57)

Optical microscopy
group (n = 63)

z-statistics

p-value

Cohen effect
size (d)

5.00 (1)

4.00 (2)

–2.654

0.008

0.50

Satisfaction score

Notes: Mann-Whitney test was applied to determine the difference between study groups. Significance level was set at
0.05. IQR = Interquartile range. Cohen effect size was calculated using effect size calculator for t-test. Cohen effect size
threshold: small = 0.20, medium = 0.50, large = 0.80, very large = 1.13.
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DISCUSSION

practical test and learning quotient scores,
respectively.

This study attempted to explore the impact
of virtual microscopy, a new teaching
tool for histology learning, on students’
knowledge acquisition and their satisfaction
level. Although virtual microscopy is a
sophisticated
high-technology
learning
aid, the findings clearly indicated that
virtual microscopy was not superior to
its
conventional
counterpart,
optical
microscopy, in promoting knowledge
acquisition. This study showed that both
virtual and optical microscopes improved
students
understanding
of
histology
knowledge, evidenced by the significant
improvement in the test scores. Moreover,
no differences were shown in students’
knowledge comprehension and perceived
ability to learn histology. This was proven
by the insignificant difference of the post-

The recent pandemic has heightened the
interest in virtual microscopy usage as a
teaching tool in anatomy and histology
education. The findings of the present study
are concordant with those of Husmann
et al., who explored the impact of virtual
microscopy on students’ laboratory test
performance (7). The study revealed
that students’ laboratory examinations
performance was significantly improved
after being exposed to virtual microscopy
during practical sessions for one year.
Nevertheless, the findings of the present
study are contrasted to a study by
Krippendorf and Lough, who reported
significantly higher laboratory examination
scores of students who were exposed to
virtual microscopy compared to previous

https://eduimed.usm.my
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batches of students, who were only exposed
to optical microscopy during their practical
sessions (25). This finding corroborates
those of Felszeghy et al. who found that
students who learned histology using a
virtual microscope, incorporated with
team-based learning pedagogy, obtained
higher histology examination grades than
those who learned through conventional
slides demonstration using an optical
microscope (29). Likewise, a randomised
controlled study that evaluated the impact
of virtual microscopy on histopathology
undergraduate learning revealed significantly
higher test scores among students who used
virtual microscopy than those who used
optical microscopy (30).
Nonetheless, several contradicting findings
were found in the literature about the
impact of virtual microscopy on students’
test performance. Several past studies
reported no significant difference between
the post-laboratory test scores of students
exposed to virtual microscopy and optical
microscopy, respectively (9–12, 31–32).
These studies reported several pertinent
findings which reflected the advantages
of using virtual microscopy. Ordi et al.
reported that students perceived virtual
microscopy
as
a
user-friendly
and
convenient tool to be used anytime and
anywhere as it provided easy navigation of
tissue structures (9). Likewise, Donnelley
et al. reported that virtual microscopy
was well-appreciated by the students as
it provided a new additional interactive
feature that allowed students to annotate the
histology slides during learning (32).
Hence, it could be argued that the findings
of this study provided evidence that
virtual microscopy had an influence on
the knowledge acquisition construct of
students. From a pedagogical point of
view, knowledge acquisition is described
as a process of gaining a new schema of
information through experiences and
experiments, which requires the brain to
grasp, integrate, adapt and confirm learned
information for constructing, understanding
and reaching conclusions (33). Knowledge

acquisition is interchangeably coined as
learning, and it has been viewed in different
educational theoretical aspects, namely
behaviourism, cognitivism and humanism
(33). Hence, measurement of knowledge
acquisition can be classified as assessment of
explicit knowledge (e.g., task performance,
test scores and reasoning), implicit
knowledge (e.g., knowledge transfer) and
tacit knowledge, such as intuition, hunches,
inherent talent, skills, experience and
learning (ability) (33–34). In the present
study, students’ knowledge acquisition was
evaluated via the test-score performance,
and their learnability was evaluated via
the learning quotient scores. These results
reflected that students had gained some
knowledge after using virtual microscopy
as their learning tool in histology practicals.
This postulation could be viewed in two
aspects; students’ ability to comprehend
and identify tissue structures when using
the virtual microscopy and students’ ability
to learn and adapt to the new learning
environment as they had no experience
using virtual microscopy. Concerning
students’ ability to acquire knowledge
using virtual microscopy and optical
microscopy, the findings showed similar
results regardless of the different types of
microscopy used.
In general terms, the learning quotient
score, which represents the capacity of
a person to learn new things (21) could
be related to previous experience and
deliberate practice. A study by Ericsson
et al. showed that deliberate method
improves an individual’s performance
and cognitive ability (35). The repetitive,
purposeful practice of a learning method has
been shown to help a learner respond better
in a learning environment. The participants
in the optical microscopy group in this
present research had previously used optical
microscopes during their formally scheduled
practical histology sessions, and this
could have facilitated them in learning the
Histology of the Eye. Conversely, the virtual
microscope was a new learning resource for
the virtual microscopy group participants.
Despite the insignificant difference, it is
https://eduimed.usm.my
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noteworthy to highlight that students’
learnability of the virtual microscopy group
could be substantially better than those of
the optical microscopy group as those of
the virtual microscopy group went through
a new learning environment. Having the
aim to be at par with their counterparts in
the optical microscopy group, participants in
the virtual microscopy group indicated that
they were adapting very well to the learning
process, although they had to spend more
time familiarising themselves with the tool.
In addition to the knowledge acquisition
measure, the present study also revealed that
students had a positive perception of the
usability of virtual microscopy as a learning
tool, evidenced by the significantly higher
satisfaction score. Although several past
studies have recorded students’ opinions,
there is still insufficient data drawn from
a direct measurement of students’ level
of satisfaction towards virtual microscopy
or optical microscopy. A study by Hande
et al. measured student satisfaction with
the use of the optical microscope, virtual
microscope and both optical and virtual
microscopes (24). The study showed a
very high degree of satisfaction (87.61%)
towards virtual microscope usage in
learning (24). Several other studies explored
students’ opinions towards the use of
virtual microscopy. Overall, these studies
reported several advantages of using a virtual
microscope as a learning tool, namely easy
navigation with optimum contrast, clear
solutions for issues related to tissue section
variability, presence of interactive features
that allow collaborative learning and easy
access to virtual microscopy during the
self-study period (9, 25, 30, 32, 36–37).
However, it should be noted that some
students and educators had also indicated
a strong preference for continued use of
traditional microscopy, supplemented with
virtual microscopy, as both tools in adjunct
optimised students’ learning (38–39).
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LIMITATIONS AND
RECOMMENDATION
The generalisability of this study’s results
is subjected to two limitations. The most
important limitation lies in the fact that
it has a small sample size as a result of
a high dropout rate, which was 23.7%.
Nevertheless, the high dropout rate was
not due to the research intervention; rather,
it was due to an external factor as most
of the dropout subjects had attended a
university event that was scheduled after the
intervention date was confirmed. Besides
that, the data collection was conducted
at a single point in time, whereby the
participants had only one-time exposure to
the virtual microscopy. Limited exposure
to virtual microscopy might not be able to
ensure adequate development of cognitive
and skill competencies in using the virtual
microscopy, and thus, the actual potential
of virtual microscopy in enhancing students
learning might not be reflected.
Hence, further studies need to be carried
out to validate the findings of this study.
It would be worthwhile to either include
a different cohort of medical students or
conduct multicentre studies to address the
small sample size issues. Future longitudinal
studies should also be conducted to ensure
the adequate acquisition of knowledge and
skills. Expanding the knowledge acquisition
measures, such as retention of knowledge,
task transfer and students’ motivation and
insight can provide a clearer dimension
about how virtual microscopy can influence
students’ learning.

CONCLUSION
In summary, this study identified virtual
microscopy as a potential learning tool
in histology teaching. Although similar
knowledge was acquired from virtual and
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optical microscopy, the study samples
indicated a higher level of satisfaction in
learning by using virtual microscopy. The
current COVID-19 pandemic situation has
given rise to online teaching and learning
in the lifeline of education delivery. Hence,
exploring the impacts of virtual microscopy
on students learning from different angles
has been beneficial to establish the role of
virtual microscopy in the ensuring effective
delivery of effective education.
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