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Abstract Background The coronavirus disease 2019 (COVID-19) pandemic has necessitated a
shift of medical education to online learning in lieu of traditional clinic-based rotations.
The flipped classroommodel, which has been shown to be an effective approach to the
medical student ophthalmology curriculum, shows promise as a method of learning
that can be shared virtually. As such, the aim of this study was to investigate the
effectiveness of a flipped classroom approach to the primary care-focused ophthal-
mology clerkship delivered entirely online in the face of the COVID-19 pandemic.
Methods Medical students who completed the 2-week introductory clinical ophthal-
mology clerkship from July 2019 to July 2020 were included in this study. The
curriculum centers on a flipped classroom model and was delivered in person prior
to March 2020, after which it transitioned to an online format for 5 months. A survey
was administered to students completing this rotation, which utilized 6-point Likert
scales to assess students’ interest in the field of ophthalmology, perceptions of the
flipped classroom curriculum, and confidence in evaluating ophthalmic complaints.
The cohort that completed in-person learning was then compared with the cohort that
completed online learning.
Results A total of 112 responding students were included in our analysis, with 68/82
students from the in-person cohort and 44/66 students in the online cohort responding
to the survey. Students who participated in the online virtual clerkship were equally
likely to feel comfortable evaluating eye complaints than those who participated in the
in-person clerkship, and more likely to report that the course enhanced their interest in
ophthalmology. However, online students were less likely to feel comfortable using the
direct ophthalmoscope compared with those in the in-person cohort.
Conclusion Regardless of its mode of delivery, the flipped classroom model is able to
impart confidence in evaluating ophthalmic complaints and interest in the field of
ophthalmology to medical students. While online learning can never serve as a full
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With the enactment of social distancing mandates and the
need to preserve resources such as personal protective
equipment, the coronavirus disease 2019 (COVID-19) pan-
demic has significantly disrupted medical education, espe-
cially for students in the clinical phase of their training. In the
face of this pandemic, the Association of American Medical
Colleges issued an official recommendation in March 2020
for medical schools to temporarily suspend medical stu-
dents’ participation in any activities that involve direct
patient contact.1 As a result, many academic activities
have transitioned to online formats instead of traditional
clinical rotations in an effort to minimize in-person contact,
slow the spread of disease, and preserve personal protective
equipment. This includes rotations in ophthalmology, fur-
ther decreasing the already limited clinical exposure that
medical students have in this field.

Despite the challenges that online learning brings, this
pandemic also allows for the opportunity to trial novel and
innovative models for education, as well as the evaluation of
existingmodels in newcontexts. In fact, COVID-19may serve
as the catalyst for revolutionizing aspects of medical educa-
tion that have remained stagnant for decades.2 As more
educational content is converted to online formats, docu-
menting and investigating the student’s response to online
learning are important to understanding how educators can
incorporate the elements that are effective and improve
those that are not.

One area of promise in online learning is the flipped
classroom, inwhich learners engagewith curricular material
prior to class, allowing class time to be used for group
discussion and problem-based application of the acquired
knowledge. This is in contrast to the traditional classroom,
which relies on class time to deliver lectures. The flipped
classroom has already been shown in the literature to be
effective for medical students both in general and within
ophthalmology education, as it promotes active learning and
allows students to consume lecture content at an individu-
alized pace.3–6 Previous studies also confirm that the flipped
classroom model is generally preferred by learners and
educators alike over traditional models.6–8 The flipped class-
room lends itself elegantly to the online format, as the
prerecorded videos can bewatched remotely at the student’s
own pace, and discussions can be held via videoconferencing
without sacrificing the ability to engage in case-based
education.

Previous work by our team demonstrated the successful
implementation of a flipped classroom model for ophthal-
mology at the University of Iowa Carver College of Medicine,
with increased student’s satisfaction across multiple aspects

of the learning experience and comparable examination
performance compared with the prior lecture-based modal-
ity.9 However, it remained to be answered what aspects of
this flipped classroomwould transfer well to a purely virtual
model as necessitated by the COVID-19 pandemic. As such,
we sought to quantify the effect that a purely online flipped
classroom ophthalmology curriculum would have on stu-
dent learning, confidence with primary care level ophthal-
mology skills, and interest in the field.

Methods

Curriculum Structure
The introductory clinical ophthalmology clerkship at the
University of Iowa is a 2-week long selective rotation avail-
able to medical students who have completed their third
semester of medical school. The curriculum was transi-
tioned, in 2017, to a chief-complaint-based flipped class-
room model with a primary care focus. At the beginning of
the clerkship, students are given access to a series of 10
prerecorded online video lectures which have been prepared
by the clerkship director of medical student education, as
well as the corresponding lecture slide sets and the American
Academy of Ophthalmology (AAO)’s Basic Ophthalmology
textbook.10 Each lecture is assigned to a specific day of the
rotation, and students are expected to watch the lecture,
view the slide set, or read the textbook chapter correspond-
ing to that day’s topic before participating in the group
learning session. This group session consists of case-based
discussion of topics from the AAO textbook, led by faculty,
fellows, or residents. All content, including the videos, case-
based discussions, and virtual curriculum used can be found
on EyeRounds.org at: https://eyerounds.org/article/online-
ophthalmology-curriculum/index.htm.

Prior to the COVID-19 pandemic, students met each
morning for their in-person discussion session, and then
generally spent the rest of the day in the ophthalmology
clinic. Other educational activities on the rotation includ-
ed a skill session on the eye examination and a mid-
clerkship feedback meeting with the clerkship director.
After the mandate in March 2020 to withdraw medical
students from all in-person clinical activities, all discus-
sion sessions were hosted online via Zoom videoconfer-
encing software (Zoom Video Communications, San Jose,
CA). There was no change to the content of the prerecorded
lectures or the daily group discussion questions. Students
were no longer permitted to participate in clinics, al-
though the physical examination skills session and mid-
clerkship meetings were still maintained in an adapted

replacement for learning physical examination skills and other important clinical
experiences, there are aspects of the virtual flipped classroom that do not compromise
student’s learning and engagement and may be implemented into curricula even after
clinical activities are allowed to resume.
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virtual format over Zoom. Students were asked to practice
skills such as visual acuity testing, confrontation visual
fields, pupil assessment, and drop instillation at home
with a willing partner. These skills were then observed
and discussed over Zoom with the clerkship director. The
virtual physical examination skills session also incorpo-
rated video tutorials about direct ophthalmoscopy, fol-
lowed by self-assessment questions and fundus image
interpretation exercises. Additional virtual content, in-
cluding interactive content and educational and surgical
videos, were assigned in lieu of clinical experiences.

Study Design
All students who completed the ophthalmology clerkship
were administered a 20-question survey, which is shown
in ►Table 1. This questionnaire was designed to assess the
learner’s perspective on the flipped classroom model, their
interest in thefield of ophthalmology, and their confidence in
evaluating a variety of ophthalmic complaints in the primary
care setting. A series of statements regarding these issues
were presented to the student alongside a 6-point Likert
scale. Students were asked to choose their level of agreement
or disagreement, with 6 indicating the strongest level of
agreement. Two yes or no questions were asked to assess
whether the course enhanced the student’s interest in
ophthalmology, as well as the student’s consideration of a
career in ophthalmology. The survey was administered in a
paper format on the last day of the in-person rotation and on
the Qualtrics online survey site (Qualtrics, Provo, UT) in a
time frame 1 week to 3 months after completing the online
rotation. Both versions of the survey were identical in the
questions that were asked.

This study was approved by the Institutional Review
Board and deemed an exemption from consent. All student
participation was voluntary, and students were informed
that their answers would have no bearing on their grade or
performance in the rotation. No identifying information was
collected from the students and full anonymity was
maintained.

Statistical Analysis
All available data were included in the statistical analysis,
which was performed using IBM SPSS statistics software
(Armonk, NY). Descriptive statistics were used to determine
survey data means, and Student’s two-tailed t-tests were
used to compare survey responses between the in-person
cohort and the online cohort. To further analyze the pro-
portion of students’ responses, Likert responses “strongly
agree,” “agree,” and “somewhat agree” were grouped to-
gether into one cohort; likewise, Likert responses “strongly
disagree,” “disagree,” and “somewhat disagree” were con-
solidated into another cohort. This created dichotomous
categorical variables, which were compared using Fisher’s
exact test. Fisher’s exact test was also used to compare
survey responses between different grade levels. Statistical
significance was set at p<0.05. As these data were a
convenience-based sample, no calculations of power were
performed.

Results

Between July 2019 and March 2020, 82 students completed
the in-person ophthalmology rotation; of those, 68 students
completed the survey, including 6 second-year students, 16
third-year students, and 44 fourth-year students. Between
March 2020 and July 2020, 66 students completed the online
ophthalmology rotation; of those, 44 students completed the
survey, including 5 second-year students, 15 third-year
students, and 24 fourth-year students. There was no statis-
tical difference in the proportion of student grade levels
among cohorts (p¼0.20), nor were there any significant
differences in survey responses between junior (defined
as second- and third-year students) and senior medical
students.

Compared with students who participated in the in-
person clerkship, students who participated in the online
virtual clerkship were more likely to agree that the flipped
classroom provides opportunities to think critically and is
efficient (►Table 1). These students were less likely to feel
comfortable using the direct ophthalmoscope, and less likely
to desire additional resident teaching sessions. However,
students who completed the online clerkship were no less
likely to feel comfortable with triaging eye complaints,
evaluating acute vision loss, or evaluating eye pain
(►Table 1). Compared with students in the in-person clerk-
ship, a significantly higher proportion of students in the
online clerkship reported that the course enhanced their
interest in ophthalmology (►Table 1). However, a signifi-
cantly lower proportion of students in the online cohort
reported a career interest in the field of ophthalmology
compared with students in the in-person cohort
(►Table 1). Statistical analysis of the binned cohorts using
Fisher’s exact test yielded similar results and significances;
as such, representative data are included in ►Table 1.

Examination scores for both cohorts were also compared:
for the in-person group, average examination score was
84.9%; for the online group, the average examination score
was 84.6%. There was no statistically significant difference
between the groups (p¼0.79).

Discussion

In this unprecedented global pandemic, medical educators
must find novel ways to adapt to new social distancing
guidelines without hampering the instruction of future
physicians and other health care professionals. In situations
where students are unable to meet face-to-face with peers,
faculty, or patients to have a full in-person clinical experi-
ence, it is uncertain how to best maintain high-quality
medical student education while protecting the safety of
all involved. Moreover, with no clear end point to the
pandemic, it is evident that wemust act quickly tomaximize
learning and create sustainable solutions to the current
challenges we face. Fortunately, the advancement of avail-
able technology paired with the creativity and innovation of
instructors have allowed many to rise to the occasion, and
the transition to remote learning has been widely embraced
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by the medical education community. In fact, many recent
studies are finding that online learning comes with a host of
advantages over traditional learning models, including
higher levels of student engagement.11

Our work suggests that the use of a flipped classroom
model for an introductory ophthalmology clerkship may be
successful even with the physical distancing constraints of
the COVID era. As this model utilizes prerecorded lectures
delivered electronically and synchronous discussions that
can be shared over video conferencing, our flipped classroom
model already had the infrastructure in place to function
fluidly in an entirely online format. Additionally, the transi-
tion to digital learning was well supported by our institu-
tional resources and allowed for comparison of student

cohorts before and after this transition. These survey results
demonstrate that, regardless of its mode of delivery, the
case-based flipped classroom model appears to effectively
impart the appropriate level of ophthalmic didactic knowl-
edge and enhance student engagement with the field. This is
further supported by the equivalence in examination grades
between cohorts. Interestingly, after the curriculum was
moved to the online format, a larger proportion of students
reported that the course enhanced their interest in ophthal-
mology, while a smaller proportion of students declared that
they were considering ophthalmology as a career. This may
be a reflection of a difference in timing of the course
throughout the academic year, as students tend to narrow
their career interests over time, or it may reflect an

Table 1 Comparison of in-person and online classroom questionnaire responses after completing the ophthalmology flipped
classroom clerkship

Likert scales In-person
Mean (SD)
n¼ 68

Online
Mean (SD)
n¼ 44

p-Valuea

I favor the use of a case-based flipped classroom over a traditional lecture-
based lecture format.

4.18� 1.22 4.48� 1.05 0.181

Case-based flipped classrooms provide ample opportunity for me to learn. 4.69� 0.80 5.02� 0.70 0.026

Case-based flipped classrooms provide ample opportunity to think
critically
about clinical diagnoses and treatment.

4.78� 0.91 4.95� 0.71 0.284

Case-based flipped classrooms are an efficient method of learning. 4.46� 1.24 4.91� 0.88 0.038

Case-based flipped classrooms improve communication skills. 4.49� 1.10 4.41� 0.73 0.658

There is more pressure to perform in case-based flipped classrooms. 4.21� 1.14 4.11� 1.20 0.683

Working in a case-based flipped classroom environment creates too much
burden.

2.82� 0.99 2.52� 1.11 0.138

Flipped classrooms make me feel anxious. 2.81� 1.14 2.95� 1.26 0.526

Core medical topics should be taught using case-based flipped classroom
lectures.

3.81� 1.10 4.14� 1.13 0.130

Medical subspecialties should be taught using case-based flipped
classroom formats.

4.13� 1.04 4.43� 0.82 0.113

I feel comfortable triaging a patient with an eye complaint. 4.34� 0.79 4.52� 0.59 0.200

I feel comfortable using a direct ophthalmoscope. 4.19� 1.03 2.70� 1.15 < 0.001

I am confident in evaluating a patient who presents with acute vision loss. 4.33� 0.79 4.39� 0.75 0.700

I am confident in evaluating a patient who presents with eye pain. 4.34� 0.71 4.39� 0.69 0.752

I am interested in the field of ophthalmology. 3.31� 1.25 2.91� 1.24 0.096

How often (what per cent of the time) would you like to see the flipped
classroom format used in medical education?

60.2%� 16% 65.0%� 16.8% 0.128

I found the physical examination skill session useful. 4.69� 0.94 4.32� 1.18 0.071

The physical examination skill session should include more than one
session.

4.15� 1.21 3.30� 1.17 < 0.001

In-person
Answered “yes”

Online
Answered “yes”

p-Valuea

Did this course enhance interest in ophthalmology? 79.1% (53) 86.3% (38) < 0.001

Are you considering a career in ophthalmology? 23.9% (16) 4.5% (2) < 0.001

Abbreviation: SD, standard deviation.
ap-Value calculated via Student’s two-tailed t-test.
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imbalanced interest in ophthalmology across cohorts even
prior to starting the rotation. As such, it is important to be
aware of the potential bias in the results thatmay be present.

Our findings align well with work in other surgical sub-
specialties such as otolaryngology and urology that show
online formats are effective in delivering didactic informa-
tion to students.12,13 Within the field of ophthalmology, it
has been evident that virtual models of learning imple-
mented due to COVID-19 have been largely successful in
execution, with high levels of student satisfaction and aca-
demic performance at multiple institutions.14,15 This study
is unique among other reports of virtual curricula in that our
institution had been analyzing the medical student experi-
ence of the flipped ophthalmology classroom prior to the
COVID-19 pandemic. As such, this allowed a direct, quantifi-
able comparison to be made between students participating
in the course before and after the shift to online learning.

The vast majority of students completed the rotation
feeling confident about their ability to evaluate and triage
patients presenting with eye complaints. However, unsur-
prisingly, students who participated in the online rotation
reported significantly lower levels of confidence using the
direct ophthalmoscope compared with students who spent
time in the clinic. This highlights an inherent weakness of
digital learning—the inability to replicate physical examina-
tion skills with specialized equipment. This is further sup-
ported by the finding that students in the online cohort were
significantly less interested in participating inmore than one
physical examination skills session, which is perhaps an
indication that the virtual format is less engaging or less
effectual than a real-life experience. Alternately, the virtual
physical examination skills session provided 1:1 feedback,
compared with the small-group format of an in-person skills
session, and students may have found this sufficient. With-
out the opportunity to rotate through ophthalmology clinics,
it is entirely possible for the student to complete the rotation
without ever having laid eyes or hands on a slit lamp. Remote
learning may be an effective way to deliver didactic material
and discussion sessions but will never be able to fully replace
time in the clinic or operating room.

This study is not without limitations. As this study was
only performed at a single department, there is inherent lack
of curricular diversity, and it is difficult to know the gener-
alizability of this model across different subspecialties, aca-
demic institutions, and levels of training. Additionally, the
relatively small sample sizes surveyed in this study further
limit the generalizability of our results. Another limitation
lies in the fact that, as a survey-based study, our results
reflect the subjective opinions and emotions of the students
surveyed, with limited objective data outside of final exami-
nation scores. Moreover, the administration of the surveys
themselves was inherently different between cohorts, both
in questionnaire delivery (paper vs. online) and timing
(immediately after the rotation vs. weeks or months later).
This inconsistency was a variable that is uncontrolled for.
Finally, as the transition to online learning was mandated in
the face of a global pandemic, there are undoubtedly a host of
confounding factors that may interfere with the comparabil-

ity of the two cohorts, such as differences in students’mental
well-being or their psychological response to remote
learning.

Despite these limitations, this study supports the online
delivery of theflipped classroom curriculum. Further studies
shouldwork to validate the efficacy of this model in a variety
of settings and contexts. The implications of these results are
significant as well. If the online flipped classroom continues
to prove valuable, this may allow for the delivery of ophthal-
mology education tomedical schools lacking an ophthalmol-
ogy program, even long after the pandemic has quelled. This
would allow all medical students to learn basic ophthalmo-
logical skills at a primary care level and potentially engage
students lacking a home ophthalmology program. Future
directions might focus on incorporating learners into tele-
health encounters with ophthalmology patients or exploring
video livestreams of surgical procedures to further expand
the potential for remote learning—work that has been suc-
cessfully piloted last year by Tsui et al.16

Conclusion

In the midst of vast uncertainty, medical students and
educators have had to exercise resilience and adaptability
during the COVID-19 pandemic to continue learning and
teaching in a variety of novel formats. The flipped classroom
model for the ophthalmology rotation appears readily trans-
latable to an online modality, with the ability to adequately
deliver a meaningful ophthalmology curriculum and foster
engagement among its students. While it cannot fully re-
place certain aspects of in-person clinical learning, it may be
a useful tool to either approximate or augment in-person
rotations moving forward.
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