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Abstract

Introduction COVID-19 response efforts that began in March 2020 prompted an urgent need to transition medical education
from an in-person to a virtual format. Our aim is to provide evaluation of a virtual platform for a fully integrated curriculum
to provide future guidance in teaching methods.

Materials and Methods We used summative assessments and course evaluations from pre- and post-transition from in-person
to virtual delivery of educational content to measure the impacts of this transition on student performance and perceptions.
Additionally, we surveyed students about their in-person versus online educational preferences.

Results There were no statistically significant differences in student knowledge acquisition as assessed by weighted averages
of summative assessments when comparing an in-person to a virtual educational platform. While the transition to virtual
learning was initially well-received by students, our studied cohorts gave lower scores for the overall learning experience
after prolonged virtual learning (p <0.001). Students had a strong preference that anatomy and other group sessions should be
delivered in-person. There was no strong preference whether other learning modalities should be given in-person or virtually.
Conclusions Although student knowledge acquisition remained stable on a virtual platform, the student learning experience
varied. We recommend that when returning to a new normal after COVID-19 restrictions are lifted, sessions that require
3-dimensional or group learning should remain in-person, while other educational activities may be offered on a virtual
platform and that, whenever virtual learning is employed, attention be paid to ensuring ongoing social and academic engage-
ment between learners and faculty.

Keywords Medical student - Assessment - COVID-19 - Distance education - Virtual - Burnout

Introduction

The World Health Organization declared a state of emer-
gency due to the COVID-19 pandemic on March 11,
2020 [1]. In order to keep students safe and on track to
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graduate, there was an urgent need to shift medical edu-
cation curricula, including learning activities and assess-
ments, from an in-person to a virtual format [2]. Enacting
this change created many challenges, from the restructur-
ing of lectures, labs, and group activities, to streamlin-
ing test administration, to managing potential increases
in student anxiety [3]. This sudden transition provided a
“natural experiment” for exploring the effectiveness of
various learning modalities when moved online. We felt it
critical to examine the resulting effects on student acqui-
sition of knowledge and learning experience as medical
schools and universities will benefit from this education
to mitigate the negatives and accentuate the positives in
any setting where online learning occurs. Our goals are
to evaluate an integrated preclinical medical school cur-
riculum that was converted from an in-person to a virtual
platform and to inform best practices in a post-pandemic
era.
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in this study had a class size of approximately 175 students,
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the summative assessments in each block were compared
between different graduating cohorts, with the earlier cohort
experiencing the curriculum in-person and the subsequent
cohort experiencing the curriculum virtually. Statistical
analyses were performed between iterations of a given block
and not between blocks. Means and standard deviations of
the weighted averages were determined for each block and
the 95% confidence intervals (Cls) for the difference in
means were calculated between cohorts for the same block.
Weighted averages were based on the number of exams per
block (4 in BIB; 3 in FFF, 1&D, and M&M; 2 in HFT) and
exams were additionally weighted based on the amount of
content covered. Each block’s exams was weighted the same
for each of the two cohorts that were compared. Based on
previous observations of stability of exam performance year-
to-year, differences between means of less than 5% points
were predefined as being not educationally significant, while
larger differences (5 points or more) were considered indic-
ative of a notable change in class performance. Second-
generation p-values (ps) were used to identify changes that met
this minimum threshold for a meaningful difference [6]. A
second-generation p-value is the proportion of the 95% CI
for the difference overlapping the predefined region of indif-
ference. Having ps =0 signals that differences best supported
by the data do not overlap with the region of indifference
(i.e., all differences are meaningful in size), while pg=1
implies data only support differences of no real importance
due to complete overlap of the CI with the region of indif-
ference. Values between these two extremes are inconclusive
due to data simultaneously supporting both unimportant and
meaningful differences, with values closer to zero signifying
less overlap and therefore greater likelihood of meaningful
effects, and values closer to one signifying greater overlap
with the region of indifference and signaling greater support
for nugatory effects. Statistical analyses were done using R
(v. 4.1.0) [7]. PPP assessment data were not included as it is
a 4-week introduction to medical school that does not assess
students based on summative midterm exams.

Student Experience Outcomes

We collected student course evaluation data at the end of each
block of the Phase 1 curriculum. This allowed us to meas-
ure the impact of the transition from the in-person to the vir-
tual platform on students’ overall satisfaction of the learning
experience. Students rated the statement “Overall, this course
provided a good learning experience” on a 7-point Likert
scale that ranged from 1 =*“strongly disagree” to 7="“‘strongly
agree” at the conclusion of each block. We examined student
experience in each cohort. For the Class of 2023, this included
courses taken in-person before the start of the COVID-19 pan-
demic (BIB and FFF) and courses taken after the transition to
a virtual platform in March of 2020 (HFT, 1&D, and M&M).

@ Springer

The Class of 2024 started Phase 1 in the fall of 2020 and thus
experienced their entire M1 year virtually (PPP, BIB, FFF, and
HFT). PPP data were not included, as this block differs in both
content and assessment strategies from the other blocks. Aver-
age student-reported experience for each course was compared
between time-adjacent cohorts using two-sample z-tests. We
had no a priori way to define what size shift in satisfaction
would be meaningful, so traditional p-values and calculated
measures of effect size (Cohen’s d) were used to guide inter-
pretation of results. These analyses were also done using R.

Survey on Student Learning Preferences

At the completion of Phase 1, the graduating Class of
2023, who had experienced their first three Phase 1 blocks
in-person and their final three Phase 1 blocks on a virtual
platform, were asked their preference for in-person ver-
sus online learning via the following survey question: “In
a COVID-free Phase 1, where all options are available,
how would you prefer the following learning activities to
be delivered?” This question was answered on a 5-point
scale, where 1="*online strongly preferred,” 2= ‘“online
somewhat preferred,” 3 =“neutral,” 4 =“in-person some-
what preferred,” and 5 = “in-person strongly preferred.” For
purposes of analysis, student preference was further sum-
marized as “online preferred” (strongly or somewhat), “neu-
tral,” or “in-person preferred” (strongly or somewhat) and
described using frequencies and percentages. Students were
also asked to provide open-ended narrative feedback. The
learning activities in question included anatomy labs, CBL
sessions, TBL sessions, PaCE cases, lectures, office hours/
question and answer (Q&A) sessions, and C&C reviews.
We did not ask student preference regarding clinical skills
teaching as curricular leaders deemed in-person teaching the
de facto better approach, independent of student preference.
Among students who held an opinion, the ratio of percent-
ages for those who preferred an in-person activity relative
to those who preferred an online activity was computed,
together with a supporting 95% CI for the ratio. We prede-
fined a meaningful and definitive direction of preference as
a ratio of at least 2:1, equating to at least 66% of students
preferring one modality over the other. Second-generation
p-values (ps) were calculated to assess the proportion of
ratios best supported by our data that overlap with a region
of no genuine preference (spanning from 0.5:1 up to 2:1).

Results
Knowledge Acquisition Outcomes

There were no statistically significant differences in stu-
dent knowledge acquisition, as measured by weighted
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Table 3 Weighted averages

i A Body in Balance Food, Fasting, Human Family Invaders and Mind and
and standard deviations (BIB) and Fitness  Tree (HFT) Defense I&D)  Motion
(in parentheses) of student (FFF) (M&M)
summative assessments.

Non-shaded boxes = in-person Class of 2022 — - 78.3% 74.7% 78.6%
student cohorts, shaded (7.84%) (9.28%) (7.30%)
boxes = virtual student cohorts n=177 n=175 n=174
Class of 2023  75.1% 77.6% 77.9% 76.0% 78.6%
(7.83%) (7.79%) (6.66%) (8.74%) (6.93%)
n=177 n=169 n=176 n=177 n=173
Class of 2024  73.3% 76.3% - - -
(9.89%) (10.27%)
n=175 n=176

averages of summative assessments, between the earlier
in-person cohort and the later virtual cohort for each
block (Table 3). Variation in n is due to the variation
in number of students progressing through each block.
All second-generation p-values equaled to 1, indicating
no significant differences, due to the 95% ClIs for the
difference being fully nested in the interval from — 5 to
5% points. In fact, in all comparisons, no block experi-
enced a greater than 2% point difference in the calculated
weighted average of the block’s summative assessments
between the earlier in-person cohort and the later virtual
cohort (Fig. 1).

Fig. 1 Graphical representation
of the differences in weighted
average percentage point score
(online cohort minus in-person
cohort) for student summative
assessments by block. Solid
circles show the observed dif- 18D ps=1
ference with supporting 95%
confidence interval (CI) as
horizontal whiskers and exact
values reported to the right of
each. Gray area spanning + 5%
points is the predefined region
of indifference with second-
generation p-values (p;) as the
proportion of overlap between
the observed 95% CI and this
region; all values equal to 1,
indicating that no educationally
meaningful differences were
identified

M&M ps=1

HFT ps=1

FFF ps=1

BIB ps=1

Student Experience Outcomes

Table 4 shows student responses in each Phase 1 block to the
evaluation item, “Overall, this block provided a good learn-
ing experience” and the p-value and effect size (d) of the
independent #-test comparison between cohorts are shown.
Variation in n is due to the variation in number of students
completing the survey for each cohort. For the Class of
2023, the first online version of a block was HFT, followed
by 1&D, and then M&M. This cohort gave mean ratings for
these online versions of HFT, 1&D, and M&M that were
significantly higher, unchanged, and significantly lower,

0.04 (-1.46, 1.54)

& 1.29 (-0.60, 3.18)

-0.46 (-1.98, 1.06)

® -1.39 (-3.33, 0.55)

® -1.83 (-3.70, 0.04)

Favors In-Person

-2 (1] 2 4 6 8

Favors Online

Difference (online minus in-person) in weighted average score [percentage points]
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Table 4 Student experience

Body in Balance Food, Fasting, Human Family Invaders and Mind and
outcomes as measured by mean (BIB) and Fitness  Tree (HFT) Defense I&D)  Motion
ratings on a 7-point Likert scale (FFF) (M&M)
for the course evaluation item
“Overall, this course provided Class 0f 2022 5.9 5.4 55 54 52
a good learning experience.” n=162 n=155 n=152 n=168 n=170
Ei‘;f:rd(‘f)“;?ﬁfwﬁ‘(gf‘)ﬁcanﬂy Class 0f 2023 6.1 57(4) 5.8 (+) 54 4.6 (-)

. , n=155 n=155 p=0.031 p=0.957 p<0.001
scores than the prior year’s d=0.257 d=0.006 d=0.431
rating (p < 0.05), non-shaded ; ) )
boxes =in-person student n=136 n=143 n=144
cohorts, shaded boxes = virtual Class of 2024 6.1 6.1 (+) 45(-) N/A N/A
student cohorts p=0.869 p=0.005 p<0.001

d=0.018 d=0.324 d=0.950

n=167 n=153 n=161

respectively, than mean ratings for the in-person version of
these blocks given by the previous year’s cohort. The Class
of 2024, who had all of the M1 Phase 1 blocks on a virtual
platform, gave their first large online block, BIB, a mean
rating which was unchanged from the prior year and gave
their second large online block, FFF, a significantly higher
mean rating than the previous year’s in-person cohort. How-
ever, this same cohort rated their third large online block of
their M1 year, HFT, substantially lower than the prior year’s
cohort had, despite both iterations being delivered on a vir-
tual platform and few changes to the structure, management,
and content of the block.

Survey on Student Learning Preferences

The graduating Class of 2023, who had experienced their
first three Phase 1 blocks in-person and their final three
Phase 1 blocks on a virtual platform, were asked their pref-
erence for online versus virtual learning and the results are
shown in Table 5. Of the students who had a preference,
there was a strong preference (by at least a ratio of 2:1) for
anatomy labs and CBL sessions to be taught in-person ver-
sus online, as evidenced by the 95% CI for each of these

learning modalities fully residing outside the predefined
region of indifference (Fig. 2). A definite conclusion was
also found for lectures, where no preference in favor of either
delivery method was identified, as indicated by the 95% CI
completely nested within the region of indifference. Due
to nearly complete overlap with the region of indifference,
there was no genuine preference for whether students pre-
ferred PaCE cases to be online or in-person. Other modali-
ties, specifically TBL sessions, office hours/Q&A sessions,
and C&C reviews, had 95% ClIs for the ratio that partially
overlapped with the region of indifference by a non-trivial
amount and therefore failed to show a convincing prefer-
ence for either modality (Fig. 2). Student narrative feedback
included some comments suggesting periods of depression
and isolation with online learning.

Discussion

The need to convert medical education curricula to an online
platform during COVID-19 was a worldwide phenomenon,
with reports of an increase in the number of students spend-
ing > 15 h per week on virtual platforms post-pandemic

Table 5 Percentage of students reporting in-person versus online delivery preference for a given learning modality, n=174

Preference Preference among  Ratio and 95% CI comparing
those with an in-person versus online (among
opinion (excludes those with an opinion)
“neutral’)

Online Neutral In-person Online In-person Ratio Lower 95 Upper 95

Anatomy labs 11.5% 3.4% 85.1% 11.9% 88.1% 7.40 4.76 12.17
Case-based learning (CBL) sessions 21.3% 14.4% 64.4% 248%  752% 3.03 2.11 4.45
Team-based learning (TBL) sessions 26.6%  17.3% 56.1% 322%  67.8% 2.11 1.49 3.02
Patient-centered education (PaCE) cases 35.1% 14.4% 50.6% 409%  59.1% 1.44 1.04 2.01
Lectures 489%  15.5% 35.6% 57.8%  42.2% 0.73 0.52 1.01
Office hours/question and answer (Q&A) sessions  34.1%  43.9% 22.0% 60.8%  39.2% 0.64 0.43 0.96
Coaching and competency (C&C) reviews 443%  28.2% 27.6% 61.6% 38.4% 0.62 0.43 0.89
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Fig.2 Graphical display of
ratios (circles) and the 95%
confidence interval (CI)
(horizontal whiskers) for the
ratio of percentages for those
who preferred an in-person
activity relative to those who
preferred an online activity.
The region of indifference is
shown as the shaded interval
spanning ratios of 0.5:1 to 2:1.
Second-generation p-values (ps)
show the proportion of overlap
between the 95% CI and the
shaded region of indifference.
CBL =case-based learning ses-
sions, TBL =team-based learn-
ing sessions, PaCE = patient-
centered education cases,
Q&A =question and answer
sessions, C&C =coaching and
competency reviews, n=174

Anatomy Labs ps=0

CBL ps=0
TBL ps=0.414
PaCE ps = 0.994
Lecture ps=1
Office Hrs/Q&A

ps = 0.802

c&c ps=0.798

0.05 0.1

Prefer Online

versus pre-pandemic [8]. Given ever-increasing advance-
ments in educational technology, it is reasonable to assume
that some aspects of virtual learning are here to stay in a
post-pandemic world, making it essential to evaluate student
acquisition of knowledge and experience with this format.

Importantly, our knowledge acquisition outcomes
data demonstrated that student acquisition of knowledge
remained stable despite conversion from an in-person to a
virtual platform, as indicated by second-generation p-values
for summative exam weighted averages that were equal to
1, indicating no significant differences (Table 3 and Fig. 1).
Although there have been several studies reported in the
literature regarding residencies and fellowships converting
to an online platform [9-11], there are few reports evaluat-
ing an online educational platform for preclinical medical
students, and even fewer, if any, that describe data from the
USA. A study by Kim et al. found that in a South Korean
medical school, student academic achievement did not
change significantly in 3 subjects (histology, gastrointestinal
system, and circulatory system), decreased significantly in 2
subjects (anatomy and respiratory systems), and increased
significantly in biochemistry [12]. This differs from our
findings, which show that student acquisition of knowledge
remained stable across blocks, which included anatomy con-
tent. To our knowledge, this is the first manuscript evaluat-
ing medical student performance in the USA in a longitu-
dinal, integrated curriculum vis-a-vis the virtual platform
learning experience.

0.2 0.5 1 2 5 10 20
Prefer In-Person

Ratio

Although students performed well on assessments in
all virtual blocks, our student experience outcomes data
revealed that their experience block-to-block varied. Overall,
the first block of online learning was received well, with rat-
ings that were either stable or higher compared to ratings for
the same block given in-person the year prior. Some students
reported to instructors that the online platform improved
scheduling flexibility and that they appreciated the decreased
travel time and the ability to self-pace asynchronous activi-
ties. In fact, the Kim et al. study found that a majority of
students at their medical school wanted to maintain an online
curriculum after COVID-19 [12]. It is worth noting, how-
ever, that the medical school described does not have a fully
integrated curriculum, maintained some aspects of in-person
learning, and the study did not follow students as they con-
tinued the virtual learning experience over time. We found
that for each cohort at our school, after stable or higher
scores given for the first two large blocks, the third large
virtual block received significantly lower scores compared
to the year prior. For the HFT block, this is a particularly
interesting occurrence as the student cohort for whom it was
their first virtual block rated the learning experience with a
statistically significant higher score than the year prior, but
the following cohort, for which it was their third sequential
virtual block, rated it with a statistically significant lower
score. Only minimal changes to the virtual curriculum were
made to the HFT block between the two iterations, as per
normal yearly quality assurance processes.
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Similar to our findings, there are several studies that
found student perception of virtual learning to be overall
positive, at least in the beginning stages [8, 12, 13]. How-
ever, multifactorial barriers exist to online learning, includ-
ing, but not limited to, family interruptions, poor internet
connection [8, 14], and a decline in mental health and an
increase in cynicism [15]. These could explain our find-
ings that students gave the learning experience lower scores
with prolonged virtual learning. Potentially supporting this,
some of our students commented to instructors or provided
written narrative feedback that they had “Zoom fatigue,”
found it difficult to make meaningful connections with their
peers and faculty mentors, and missed the social aspects
of studying together. To mitigate this, whenever a virtual
approach is selected, some students suggested a “cameras
on” policy and informal social exchanges between students
and faculty to help facilitate ongoing social connection and
engagement. Additionally, the physical strain of being at
a computer for long periods of time is well-documented
in the literature, with double vision, blurred vision, and
musculoskeletal pain contributing to poor experiences [16].
It is also possible that after multiple prior online blocks,
students may have higher expectations for the online edu-
cational experience and for peer and instructor interaction
and engagement.

Although COVID-19 forced medical schools to convert
educational experiences to an online curriculum, in the post-
COVID-19 era, in-person activities will resume. However,
some form of virtual learning is here to stay. Our survey on
student learning preference data indicates that students have
a strong preference for hands-on activities, such as anat-
omy, to remain in-person. Students also appear to perceive
the benefit of the in-person format in CBL sessions, which
involve peer teaching and small-group instructor interaction,
which is difficult to replicate online. Alternatively, students
had no true preference for whether other activities, such
as office hours and C&C sessions, were conducted online,
which could be because this approach allows more schedul-
ing flexibility for both faculty and students.

While data about assessment and student experience
outcomes are demonstrated here, less tangible outcomes,
such as how online delivery of educational material may
impact attitudes, values, and professional identity forma-
tion of physicians-in-training, may be of equal importance
and warrant further study. In addition, our study does not
allow for a perfectly controlled comparison of a virtual to
an in-person curriculum. Limitations include differences in
class cohorts, changing COVID-19 regulations both in and
out of school, and continuous quality improvement initia-
tives leading to a stable, but not fully static, curriculum.
However, we feel that that our findings can help inform
best practices.

@ Springer

Conclusion

The COVID-19 pandemic thrust the world into a state of
social distancing that necessitated adapting in-person educa-
tional experiences to virtual formats. Our data suggest that
virtual learning approaches can be implemented without fear
of negatively impacting student performance on assessments.
Although there were aspects of virtual learning that were per-
ceived positively by students, students had clear preferences
for certain learning modalities to occur in-person. We found
that, while initially well-received, prolonged online learn-
ing was associated with lower ratings in the student-reported
learning experience in both of our studied cohorts. Although
we do not know the exact cause for this phenomenon, some
individual student feedback suggested that fatigue, isola-
tion, and burnout can occur with online learning, which may
contribute to these findings. Individual students also recom-
mended social exchanges between faculty and students to
promote connection and engagement during virtual learning.
Thus, it is our recommendation that the new normal of medical
education curricula post-COVID-19 should consider keeping
certain educational experiences in-person, including courses
that either require 3-dimensional learning such as anatomy,
or courses that require group learning and peer teaching, and
that heightened attention be given to encouraging social and
academic engagement with faculty and peers whenever virtual
learning is being employed.
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