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ABSTRACT

Background & Purpose For nearly two decades, a wealth of literature has been
published describing the various capabilities, uses, and adaptations of virtual microscopy (VM).
Many studies have investigated the effects and benefits of VM on student learning compared to
optical microscopy (OM). As such, this study statistically aggregated the findings of multiple
comparative studies through a meta-analysis to summarize and substantiate the pedagogical
efficacy of teaching with VM.

Methods Using predefined eligibility criteria, teams of paired researchers screened the
titles and abstracts of VM studies retrieved from seven different databases. After two rounds of
screening, numerical and thematic data were extracted from the eligible studies for analysis. A
summary effect size and estimate of heterogeneity were calculated to determine the effects of
VM on learner performance and the amount of variance between studies, respectively. Trends in
student perceptions were also analyzed and reported.

Results Of the 725 records screened, 72 studies underwent full-text review. In total, 12
studies were viable for meta-analysis and additional studies were reviewed to extract themes
relating to learners’ perceptions of VM. The meta-analysis detected a small yet significant
positive effect on learner performance (SMD=0.28, [CI=0.09, 0.47], p=0.003), indicating that
learners experience marked knowledge gains when exposed to VM over OM. Variation among
studies was evident as high heterogeneity was reported. An analysis of trends in learner
perceptions noted that respondents favored VM over OM by a large margin.

Conclusions Despite many individual studies reporting non-significant findings when
comparing VM to OM, the enhanced power afforded by meta-analysis revealed that the

pedagogical approach of VM is modestly superior to OM and is preferred by learners.
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INTRODUCTION

The advent of virtual microscopy (VM) began in the 1990’s following advances in
computer processing and data storage that allowed high-resolution copies of whole glass slides to
be digitized, manipulated, and eventually shared over the Internet.! Improvements in digital
storage, resolution, image compression, and user interfaces continue to strengthen and reaffirm
the diverse utility of VM for educational and clinical practice.?

VM is commonly reported as being a dynamic digital adaptation of traditional optical
microscopy (OM) that mimics the experience of viewing glass slides at a wide range of
magnifications.> VM provides a digital interface with the ability to focus (if equipped with z-
scanning), pan, and magnify through multiple image layers in different focal planes.*® Through
web-based VM platforms, multiple users can simultaneously access microscopic images from
any location via an Internet enabled device.* For the purposes of this meta-analysis, static
presentations of whole glass slides (e.g., fixed images on PowerPoint or recorded video) that
could not be manipulated by users were not considered to meet the definition of virtual
microscopy.

Throughout the literature, various academic settings have reported adopting VM
technology as an educational, research, and clinical diagnostic training tool. As laboratory hours
steadily decline at academic institutions,® rapid developments in computer-assisted instruction
are supplementing traditional pedagogical approaches. As a result, dental schools,® veterinary
schools,’ " undergraduate human anatomy courses,® ® medical schools,? 117 and various
residency programs 18-2° have adopted VM into their curricula. In the context of research and
clinical medicine, VM is increasingly being incorporated into applications such as the

morphological screening of hematology slides,* automated image analysis of pathologic and
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histologic specimens,?* biorepositories and tissue banks,?* as well as telepathology for diagnostic
consultations.??

While the exploration of VM has been widely disseminated across the fields of histology
and pathology, this work is the first to review and summarize the effects of VM through a meta-
analysis. Meta-analysis, in general, is a powerful method for aggregating statistical data from a
large collection of studies.?® The findings of this work will allow for stronger summative and
generalizable conclusions to be drawn about the usefulness of VM within educational settings.

The principal aim of this study was to evaluate the efficacy of VM, compared to optical
microscopy (OM), concerning its effects on changes in learners’ knowledge acquisition. We
hypothesized that the use of VM would have no marked effect on learner performance scores
across multiple studies and learner populations. Additionally, we anticipated that the benefits of
VM would be acknowledged by learners as demonstrated by a dominance of positive

perceptions.

METHODS
This meta-analysis was conducted in accordance with PRISMA guidelines for the
reporting of systematic reviews and meta-analyses.?* Published articles, dissertations, and
meeting abstracts were searched between January 1995 and December 2014 on OVID, Web of
Science, CINAHL, PsycINFO, EMBASE, ERIC, and Dissertations Proquest & Theses A&I. Key
search terms included, for example, virtual/digital microscopy, virtual/digital slides, medical
education, and paramedical education. Medical subject headings were also used and included

headings such as microscopy, user-computer interface, and education.



Wilsonetal. 5

Eligibility Criteria

Studies were included for preliminary review if they evaluated the educational
effectiveness of VM compared to OM and either 1) reported empirical data on changes in learner
performance (e.g., via pretests/posttests or via comparative treatment vs. control designs) or 2)
reported on learner/user perceptions. No geographical restrictions were specified and only
studies written in English were included. Studies that evaluated the diagnostic accuracy of VM
compared to OM were not of interest in this analysis. Similarly, studies that compared VM to
OM during test administrations only, did not meet the eligibility criteria. That is, an intervention

in which learners were exposed to VM for some duration of time was required.

Study Selection and Data Extraction

Two teams of paired researchers conducted a preliminary screening of study titles and
abstracts. Each team screened half of all articles retrieved from the electronic search. Using a
crossover design, a secondary screening was performed in which each team of paired researchers
evaluated and made decisions on the discrepancies that arose out of the opposite team’s
preliminary analysis. Decisions regarding inclusion/exclusion discrepancies often required a full
article review and were settled by team consensus. This process further refined the number of
studies for full-review and ensured agreement regarding the applicability of each study to the
goals of the meta-analysis. Cohen’s « statistic and percent agreement were used to calculate
inter-rater reliabilities for the dichotomous judgments made concerning the inclusion/exclusion
of studies according to their abstract characteristics.?> A Cohen’s « statistic of 0.61 or higher was
considered to demonstrate substantial coding agreement between raters.?® Additionally, the

reference lists of articles marked for full-review were hand-searched to identify relevant studies



Wilson et al. 6

omitted by the electronic search. Articles identified for full-review were categorized as either
learner ‘performance articles’, ‘perceptions articles’, or ‘related articles’ (e.g., reviews,
editorials, commentaries, descriptive articles) based on the abstracts. Records classified as
‘performance articles’ that also included perceptions data were included in the thematic review.
To avoid bias in data collection and to guard against variability in data interpretation, two teams
of paired researchers extracted and coded data from articles selected for full-review. Lastly,
published studies were excluded if they had incomplete datasets (i.e., were lacking sufficient raw
data to calculate an effect size) and if attempts to acquire the data from the corresponding

author(s) were unsuccessful.

Statistical and Thematic Analyses

Data were collected using a customized form generated in REDCap 2’ and were exported
to Microsoft Excel® for organization and cleaning. Data were then input into Review Manager
(RevMan 5.3) to calculate standardized mean differences (using Hedges’ adjusted g), a summary
effect size, heterogeneity, and to generate forest and funnel plots. The summary effect size was
calculated according to a random-effects model. Inverse variance was used to weight studies as a
function of their sample size. On occasion, multiple standardized mean differences were
computed for a single study if the study design examined effects across multiple measures (e.g.,
exams). It should also be noted that in the presence of exam level data, standardized mean
differences were not calculated for subcomponents of a single exam. The magnitude of the
summary effect size, reported as a standardized mean difference (SMD), was interpreted using
Cohen’s recommendations for small (0.20-0.49), medium (0.50-0.79), and large (>0.80)

effects.?8 Confidence intervals (C1) were also reported. For additional information on meta-
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analytic procedures and computations, we refer you to the following resources.?®-3!

The presence of heterogeneity was detected using a Q statistic (distributed as a Chi-
square statistic).3? To complement the Q statistic, the extent of between-study variance was
estimated with an 12 statistic. The variance in effect estimates beyond chance was interpreted as
being of nominal importance if the inconsistency in study results (1?) was less than 25% and
considerable heterogeneity was considered to exist if 12 was greater than 75%.% To detect
whether an overestimation of population effects was likely, publication bias (i.e., a
disproportionate number of studies that present positive versus negative or inconclusive findings)
was evaluated by exploring funnel plot symmetry.3*

In a qualitative review of articles, themes were identified regarding the advantages and
disadvantages of VM. To understand whether VM was predominantly preferred over OM,
perceptions data were extracted and analyzed across studies from various representative survey
questions. Because some studies polled students’ opinions on the use of VM for studying versus
its use for test taking, a Cochran-Mantel-Haenszel statistic®> % was computed to test whether the
proportion of learners preferring VM was the same regardless of whether VM was used for
learning/studying or testing.

RESULTS

The electronic literature search returned 860 relevant records. Once duplicates were
removed, 725 studies remained. After a preliminary and secondary screening that excluded a
number of records, 72 studies underwent full-text review (33 performance articles and 39
perceptions articles). Of the 33 performance articles, 21 were excluded from the meta-analysis
because they failed to meet the eligibility criteria or had insufficient data for calculating effect

sizes. Data extracted from 12 studies were included in the meta-analysis to assess the effects of
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VM on learner knowledge gains compared to OM and 37 studies were included in the thematic
review (Figure 1). By happenstance, all meta-analysis data were extracted from published full-
text articles and did not include data from abstracts or unpublished works.

After the preliminary screening, percent agreement and Cohen’s k for inter-rater
agreement were calculated for each paired research team. The first 2-member team screened 362
studies and had a percent agreement to include/exclude studies of 90.3% with a Cohen’s k of
0.628. A total of 363 studies were screened by the second 2-member team who had a percent
agreement of 87.9% and a Cohen’s k of 0.523. As outlined in the methods section, a secondary

Cross-over screening was necessary to resolve discrepancies.

Study Demographics

Table 1 descriptively summarizes the differences between the 12 studies included in the
meta-analysis. Most studies occurred within the disciplines of histology or pathology with either
medical students or undergraduate college students. While the designs of the studies varied,
studies with larger sample sizes tended to rely on historical controls for comparisons while

smaller studies frequently utilized randomized fully-crossed designs.

Meta-analysis of VM Effectiveness

As shown by the forest plot in Figure 2, the summary effect size was calculated in the
context of 1,978 subjects exposed to VM and 3,950 subjects exposed to OM. By combining 18
different outcomes from 12 studies across two learner types, VM demonstrated a small positive
effect (SMD=0.28, [CI=0.09, 0.47], p=0.003) on learning according to Cohen’s convention for

the magnitude of effect sizes. A significant Q statistic (p<0.001) indicated the presence of
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heterogeneity. According to the total 12 index, 89% of the total variation in study estimates was
due to heterogeneity rather than sampling error. By convention, this represents considerable
variation between studies. When segregating studies by learner type (i.e., medical students versus
undergraduate students), studies conducted with undergraduate students were found to be
homogenous (1?=0%; p=0.46; Figure 2). Because total heterogeneity was greater than 50%, a
random-effects model was used to calculate the summary effect size.*® Using the formula
P=1-CI)(1.96-(%))
proposed by Valentine et al.,*” a two-tailed power analysis (P) for random-effects meta-analyses
was computed using the observed values for summary effect size (ES=0.282), summary variance
(v=0.009), and the standard normal cumulative distribution function (®(x)). The computation
revealed our meta-analysis had sufficient power (P=0.84) to detect what we considered to be the
smallest important effect of .20 given the number of studies and within-study sample sizes. A
funnel plot for detecting potential publication bias showed reasonably symmetry indicating that

bias in favor of positive findings was not likely (Figure 3).

Analysis of Learners’ Perceptions

In reviewing a number of articles that investigated learners’ perceptions of VM, several
themes emerged that placed VM at an advantage over OM (Table 2). Numerous studies noted
that as an educational resource VM requires minimal maintenance and is more cost effective
compared to glass slides (e.g., one Australian study projected a savings of over $1 million
(AUD)).% Additionally, the ability of VM to disseminate identical slides to multiple users

simultaneously was a frequently cited advantage. The most prevalent disadvantage to emerge
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from the review was that VM does not afford students the experience of learning how to use an
optical microscope. Additional themes are reported in Table 2.

It was also noted that studies on learners’ perceptions collectively reported a general
preference, or favorable attitude, toward VM over OM. For example, among the studies listed in
Table 3, preference in favor of VM was reported on average by 70% of respondents. However, in
studies that specifically compared VM to OM for studying versus testing, students preferred VM
for studying and OM for test taking (Table 4). This observation was statistically supported by a
Cochran-Mantel-Haenszel (CMH) test. Individuals who preferred VM indicated VM was useful
for studying in significantly higher proportions (y?cmn=70.37, 1 df, p<0.001) than individuals
preferring OM. Conversely, individuals favoring OM preferred OM for test taking in
significantly higher proportions (x?cmn=78.77, 1 df, p<0.001) than individuals who favored VM
for test taking.

DISCUSSION

This analysis revealed that across studies comprised of different learner types and content
domains, learners who were exposed to microscopic content through virtual microscopy overall
demonstrated a small yet statistically significant improvement in performance scores. Though the
majority of individual studies independently reported non-significant findings, “By combining
studies, a meta-analysis increases sample size and thus the power to study the effects of
interest”.®

While the major study finding was unexpected and refuted the study’s hypothesis, the
reported benefits of VM and learner perceptions data helped to elucidate and provide context for
understanding this phenomenon. In general, the small reported effect may be attributable to both

the “‘ease of access’ and ‘ease of use’ that VM affords over optical microscopy.
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Recent years have witnessed an explosive growth in the use of educational technology in
all facets of medical education,*® and VM is yet another example of this trend. The provision of
anytime/anywhere interactive learning has great appeal to the current generation of millennial
learners who are already immersed in the prevailing digital culture. Having unrestricted access to
view digital slides from anywhere and at any time may have contributed to small improvements
in student performance. It is also conceivable that the pedagogical strategies used in some studies
led to performance gains that were as much attributable to engaged student learning as to the use
of VM per se. As medical educators embrace new teaching methods that facilitate active learning
and greater student engagement, they often incorporate interactive technologies like VM to serve
these ends. For example, VM has been effectively used in the context of student-centered
activities such as team-based learning,'? case-based learning,'* peer teaching,** and collaborative
education.*? The true value of VM conflated with the benefits of novel teaching strategies may
explain improved learning outcomes irrespective of the independent effects of VM. Further
investigation is needed to more fully understand the influence of these potential interaction
effects on learning outcomes.

Another explanation for this finding is that VM may inadvertently 'level the playing field'
between those who are adept at using microscopes and those who struggle with the mechanics of
optical microscopy (e.g., adjusting illumination and contrast, maintaining orientation, etc.).*3-8
In their survey of medical students studying histopathology, Kumar and co-authors* found that
81.6% of the respondents believed VM solved the problems they had experienced when using
the optical microscope. A frequent student complaint about optical microscopes is that they are
difficult to use and cause eye strain.***> Perhaps the principal advantage of VM is that it

diminishes the frustrations some students experience in using the optical microscope and
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effectively eliminates this skill barrier as an impediment to effective learning. In support of this
notion, several surveys reported strong majorities of students (80.7% - 93.8%) who believed that
VM saved them time compared to using the optical microscopes.*®*8 This suggests that VM
offers certain efficiencies that may benefit a subset of students who might otherwise be
disadvantaged using optical microscopes.

As rationale for conducting a VM study with undergraduate students, Hussman et al.
maintained that the lack of previously observed effects between traditional and virtual teaching
methods might have been a result of the study subject (i.e., medical students) as opposed to the
mode of instruction.® The reality of the nature of medical students is they “will take it upon
themselves to learn the material irrespective of teaching modalities”.® However, our findings
suggest that the type of study subject (medical student vs. undergraduate student) did not
moderate performance gains, as no heterogeneity was detected between subgroups (1>=0%,
p=0.82, Figure 2). That is, no genuine variation in performance across types of learners was
found to exist.

While some studies reported students advocating for the elimination of OM,® 4446 others
indicated a preference for using VM and OM interchangeably. In general, authors expressed
hesitation to completely eliminate OM citing A) students’ need to develop proficient microscope
skills for future coursework and clinical practice,® 43 495 B) a preference for realistic slides
rather than ‘textbook’ quality virtual slides,* %254 and C) inadequate fine focus and
illumination/contrast capabilities with VM systems.*3 45 48:51.54 Not only are some educators
critics of this later point, but also clinical pathologists and regulatory agencies. In the United
States, the Food and Drug Administration (FDA) regulates the manufacturing of digital

pathology technologies, which are classified as medical devices. The FDA has recently drafted a
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guidance document that outlines regulatory recommendations for the use of digital pathology
whole slide imaging systems.*® While several manufacturers have received clearance from the
FDA to use their products for specific diagnostic and research purposes, VM has yet to be
approved by the FDA as safe and effective for primary diagnosis.®” As VM technologies
continue to advance and become mainstays in clinical practice and education, it is only a matter
of time before formal approval is granted by the FDA which is likely to foster broader
acceptance of VM among medical educators. Nevertheless, OM has long proven itself to be an
effective tool in clinical practice and education, and its wholesale elimination from the medical
curriculum might be ill-advised. There are ample reasons to maintain at least a niche for OM in
the curriculum, and some have argued for a hybrid approach using both OM and VM to retain

the unique benefits of each.®

Limitations

The summary effect size was statistically significant, however, the amount of
heterogeneity among medical student studies was considerable (1>=93%, p<0.001). The limited
number of medical student studies (k=7) and the absence of suitable information across studies
precluded us from conducting post-hoc moderator analyses to discern the key factors
contributing to the observed heterogeneity. As such, we suspect that the presence of
heterogeneity may have been attributed to the variability in the sophistication and quality of VM
platforms, the robustness of an institution’s educational technology infrastructure, and/or the
extent to which VM was accessed by users. In some studies, for example, students often reported
technical difficulties and delays in downloading virtual slides.** #*°® Additionally, in one

medical student study, access to VM slides was only available during laboratory sessions,>*
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whereas the other studies featured more advanced VM platforms with on-demand access via
Internet connections. Variability in the quality of performance assessments (e.g., using the same
versus different VM images for testing purposes) and study design (e.g., randomized vs. non-
randomized) could have also led to increased heterogeneity, as these aspects relate directly to
study validity. It is also reasonable to contend that confounding differences in the duration of the
interventions, the timing of the administered assessments, and inherent differences between
American and non-American medical education systems may have partly contributed to
significant levels of heterogeneity. Additionally, results are limited because few studies included
long-term follow-ups as part of their design to assess knowledge retention.

Although it is common for meta-analyses to report multiple effect estimates from the
same study population, from a strict statistical standpoint this is a violation of the independence
assumption that underlies the procedures for aggregating data.?® This assumption was violated in
this study to expand the number of effect estimates included in the analysis. In instances where
studies reported outcomes on multiple exams yet failed to report global findings (e.g., course
level outcomes), we chose to estimate the effects for each performance outcome rather than
calculate a composite score under the presumption of equally weighted performance measures
which could have grossly misrepresented the reported data. While the consequence of violating
the independence assumption is potential bias in the summary effect estimate,?® we chose to err

on the side of overinclusion.

CONCLUSIONS
Despite many individual studies reporting non-significant effects, the enhanced power

afforded by meta-analysis revealed that collectively learners who were exposed to the
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pedagogical approach of VM performed at a slightly higher level than students who utilized
traditional OM; as evidenced by the small yet statistically significant summary effect size. This
finding in combination with the extracted themes and aggregated respondent preference data
suggests the benefits of VM as an educational resource and pedagogical approach are
appreciable. While editorials devoted to discussing the place and time to teach and optimally
employ OM may still hold merit, we are hopeful the nature of this research and its ability to
summarize the VM literature will encourage academicians to engage in concomitant research
topics that move beyond the perpetual discussions of educational technology to focus on other

contemporary medical education themes and issues.
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Table 1: Overview of studies included in meta-analysis
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Comparability of

Study Coun_tr_y of Discipline Learner Population Study Design Duratlon_of Assessment
Origin Intervention
Measures
Multi-Cohort Studies
Krippendorf 2005 52 USA Histology Medical Students Historical control 1 semester Similar
assessments
Scoville 2007 USA Histology Medical Students Randomized 1 histology unit Identical
cohorts assessments
Husmann 2009 8 USA Histology Undergraduate Students  Historical control 1 semester Similar
assessments
Helle 2011 & Finland Pathology Medical Students Randomization 1 week Similar
not specified assessments
Triola 2011 #? USA Histology Medical Students Historical control 1 semester Identical
assessments
Brueggeman 2012 ©! USA Hematology ~ Undergraduate Students Randomized 1 semester Identical
cohorts assessments
Mukherjee 2012 %° USA Cytotechnology ~ *Post-Baccalaureate Historical control Not specified Similar
(certificate program) assessments
Helle 2013 16 Finland Pathology Medical Students Historical control 9 weeks Not specified
Tian 2014 82 China Histology Medical Students Non-random 1 semester Identical
cohort assignment assessments
Single Cohort Studies
Kumar 2004 * Australia Pathology Medical Students VM vs OM cases 1 semester Identical
compared assessments
Solberg 2012 % USA Cytology Undergraduate Students Randomized 1 cytology unit Identical
cross-over design assessments
Mione 2013 ©3 Belgium Histology Undergraduate Students Alphabetically 1 semester Different
randomized cross- pre/posttest,
over design identical exams
between
comparative
groups

*Classified with “undergraduate students” for analysis.
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Figure 2: Random-effects model forest plot with summary and study specific effects of VM

Virtual Microscopy Optical Microscopy Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Rand 95% CI
1.1.1 Medical Students
Helle 2011 {13 709 15.5 18 G4.1 17.7 36 4.3% 0.39 [F0.18, 0.96] -
Helle 2013 (&) 275 9.1 20 188 7 61 45% 1.14[0.60,1.68] E—
Helle 2013 (B) 315 13 20 45 125 61 45% -1.06 [-1.59,-0.53] E—
Helle 2013 (C) 433 117 20 292 142 61 45% 1.02(0.49,1.55] —
Krippendorf 2005 (4) 878 8.9 209 878 9.3 811 6.5% 0.00 [0.15,0.15] -
Krippendorf 2005 (B) 907 7 209 902 8.3 811 6.5% 0.06 [-0.08, 0.21] -
Krippendorf 2005 (C) 951 52 208 935 6.3 809  6.5% 0.26(0.11,0.42] _—
Kurnar 2004 707 164 212 70 157 212 BE% 0.04 [0.15,0.23] -
Scoville 2007 758 134 48 809 144 48 54% -0.36 [-0.77, 0.04] —_—
Tian 2014 856 9.7 115 712 2.4 114 6.0% 1.581[1.28,1.88] ——
Triola 2011 818 114 164 801 54 165  B.5% 0.18 [-0.03, 0.40] .
Subtotal (95% CI) 1243 3189  62.7% 0.29 [0.00, 0.58] |~

Heterogeneity: Tau®= 0.20; Chi*=146.43, df= 10 (F = 0.00001); F= 93%
Testfor overall effect Z2=1.98 (P = 0.05)

1.1.2 Undergraduate Students

Heterogeneity: Tau®= 0.00; Chi*= 5.65, df= 6 {F = 0.46);, F= 0%
Testfor overall effect: Z=4.86 (P = 0.00001)

Brueggeman 2012 {1} 7TA LR 16 741 44 28 349% 0.69[0.05,1.32] -
Husemann 2009 (1) 824 76 380 an a6 363 6.8% 0.31[0.16, 0.45] -
Mione 2013 (4) 6.4 16 45 6.2 16 104 61% 012015, 0.40] T
Mione 2013 (E) 6.4 1.8 45 54 1.8 104 61% 0.28 [-0.00, 0.56] —
Mukhetjee 2012 (1) 922 6.4 6 862 49 19 26% 0.68 [-0.26, 1.62] ]
Solberg 2012 (&) an3  1a7 73 V8B 167 73 549% 0.10[0.22,0.43] -
Solherg 2012 (B) ar3 122 70 361 12 70 5.8% 0.10[0.23, 0.43] I
Subtotal (95% CI) 735 761  37.3% 0.25 [0.15, 0.36] L 2
>

Total (95% CI) 1978 3950 100.0% 0.28 [0.09, 0.47]
Heterogeneity: Tau®= 0.13; Ch*=153.10, df= 17 (F = 0.00001); F= 89%

Testfor overall effect 2= 2.93 (P =0.003)

Testfor subgroup differences: Chi*= 005, df=1 (P=082), F=0%

\ \ \ \
-2 ] 0 1 2
Favors Optical Microscopy Favors Virtual Microscopy

(1) Data provided by corresponding author
(A), (B), (C) Multiple reported findings from same student population



Figure 3: Funnel plot for assessing publication bias.
0 SE(EMD)

011 a

02+ e}

0371

0471

Wilson et al. 19

Qo

O ShiD

0.4 t

) 0

'
+

—_t
e

Subgroups
E Medical Students <> Undergraduate Students

SMD: standardized mean difference; SE: standard error



Wilson et al. 20

Table 2: Themes regarding the advantages and disadvantages of VM

Themes

References

Advantages

VM is an enduring educational resource that
requires less maintenance (e.g., no microscope
repairs, slides don’t deteriorate, etc.) and is
more cost effective than OM on a per student
basis; (an added advantage for programs with
expanding class sizes).

Slides selected for their educational quality
can be viewed by multiple students
simultaneously (including slides that were
once too scarce or valuable to be used).

Virtual slides can be accessed outside of the
classroom (anytime/anywhere).

Virtual slides can be annotated and used for
large group demonstrations.

Virtual slides can be viewed side by side for
direct comparison or to facilitate slide
orientation.

VM purportedly reduces eye strain/fatigue.

VM eradicates the difficulty some students
experience operating light microscopes.

Bonser 2013;% Neel 2007;7 Scoville 2007;*! Braun 2008;°
Sivamalai 2011;% Bowa 2014;% Kogan 2014;5* Kumar 2004;%
Krippendorf 2005;%2 Boutonnat 2006;% Glatz-Krieger 2006;¢
Kumar 2006;% Mills 2007;% Farah 2009;® Weaker 2009;*
Maybury 2010;* Camparo 2012°

Bonser 2013;% Pinder 2008;'° Husmann 2009;® Fontelo 2012;°
Solberg 2012;% Kogan 2014;5 Blake 2003;% Dee 2003;"
Kumar 2004;* Krippendorf 2005;% Boutonnat 2006;% Glatz-
Krieger 2006;%” Mills 2007;% Farah 2009;® Weaker 2009;*
Fonyad 2010%

Tian 2014;52 Pinder 2008;%° Sivamalai 2011;% McCready
2013;7* Kogan 2014;%! Dee 2003;7° Kumar 2004;* Mills 2007;%3
Farah 2009;% Maybury 2010*

Tian 2014;52 Pinder 2008;° Husmann 2009; Glatz-Krieger
2006;5” Fonyad 2010;%° Maybury 2010%

Husmann 2009;8 Dee 2003;7° Glatz-Krieger 2006;5” Kumar
2006;% Fonyad 2010;*° Maybury 2010*

Braun 2008;° Solberg 2012;>* Becker 2006;* Mills 20073
Farah 2009;% Maybury 2010*

Krippendorf 2005;% Becker 2006;* Boutonnat 2006;% Kumar
2006;%8 Farah 2009;® Maybury 2010%

Disadvantages
Students may no longer be trained in how to
use light microscopes.

Technology related issues (e.g., servers, image
quality/resolution, Wi-Fi connectivity, loss of
focal planes, etc.).

Startup costs associated with slide digitization
and establishing a VM infrastructure.

Loss of appreciation for normal variation
between glass slides.

Tian 2014;%2 Harris 2001;* Neel 2007;7 Scoville 2007;*
Husmann 2009;8 Koch 2009;*° Solberg 2012;>* Kogan 2014;
Kumar 2004;* Krippendorf 2005;% Mills 2007;% Farah 2009;°
Fonyad 2010;%° Marchevsky 2003%

Scoville 2007;** Braun 2008;'® Koch 2009;° Sivamalai 2011;%
Szymas 2011; Fontelo 2012;%° Solberg 2012;5* McCready
2013;7* Becker 2006;* Glatz-Krieger 2006;5” Mills 2007,
Farah 2009;% Fonyad 2010;°° Maybury 2010*

Pinder 2008;%° Kogan 2014;> Fonyad 2010;% Maybury 2010*

Solberg 2012;% Krippendorf 2005°2
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Table 3: Comparison of learners favoring VM over OM (studying versus testing not specified)

N Favoring VM (%) N Favoring OM (%) Total N

Farah 20094

30 (53)

17 (30)

57t

Farah 2009° Oral biology: 41 (77) 9(17) 53t
Oral pathology: 33 (97) 4(12) 34*
Anyanwu 20124 180 (68) 67 (25) 265
Mukherjee 20125 0(0) 6 (100) 6
Bonser 2013% 74 (93) 6 (7) 80
Merk 201073 167 (87) 25 (13) 192
Sivamalai 201138 51 (96) 2 (4) 53
Rosas 20127 31 (15) 152 (75) 204t
Solberg 2012 46 (62) 25 (34) 74
McCready 2013 103 (92) 2(2) 112
Kogan 20145t 44 (34) 52 (40) 130
Braun 20081 30 (43) 5 (7) 69t
Mills 20073 62 (69) 57 (63) 90*
Brick 20147 15 (83) 11 (61) 18*
Krippendorf 2005°2 MS1: 199 (97) - 206
MS2: 107 (73) . 147
Maybury 2010% 33 (43) - 76
Pinder 2008%° MS1: 158 (91) - 173
MS2: 100 (99) - 101
Becker 2006% Path: 86 (85) - 101
Medical: 78 (80) - 98
Average % 70% 33%

tNeutral and missing responses explains discrepancies between the sum of VM and OM and total n
*Some respondents favored the use of both VM and OM

- No direct comparison to OM

MS1: first-year medical students; MS2: second-year medical students



Table 4: Comparison of learners preferring VM for studying versus test taking

N preferring VM (%) | N preferring OM (%) | Total N
e B = T ——
e e S
el "

*Missing data were computed based on VM data and total n.

tNeutral responses explain discrepancies between the sum of VM and OM and total n. The Cochran-Mantel-Haenszel test did not take into

account neutral responses.
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