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Abstract

Background—Although the flipped classroom model provides an effective way to teach ophthalmology
to medical students, there are concerns that it overburdens the learner. The purpose of this study was to
assess medical students’ perceptions of a case-based flipped classroom style compared with a traditional
didactic lecture series and to evaluate the effects of case-based learning on students’ confidence in manag-
ing common ophthalmic complaints.

Methods—We created an interactive, case-based flipped classroom ophthalmology curriculum. Paired
pre- and post-clerkship surveys were distributed to students on the first and last day of the 2-week clerk-
ship. Questions were formatted as statements using a 6-point Likert scale to assess students’ prior exposure
to a flipped classroom, perceptions of the flipped classroom curriculum, and confidence in evaluating oph-
thalmic complaints.

Results—A total of 75 students were included during the period July 2019 to March 2020. Pre-clerkship
questionnaires revealed no preference for either teaching modality. Wilcoxon signed-rank testing compar-
ing pre- and post-clerkship data revealed a significant increase in students’ favoring the case-based flipped-
classroom model. Participants reported significant reductions in pressure to perform, course burden, and
overall anxiety as well as increased confidence in triaging common eye complaints.

Conclusions—The case-based flipped classroom modality prioritizes key learning objectives while
increasing student participation and confidence. The reproducibility and accessibility of standardized pre-
pared video lectures and cases may help institutions to better incorporate ophthalmology into preexisting
rotations.

ever, LCME and medical school curriculum committees
emphasize core rotations in the medical student experi-

Exposure to ophthalmology represents an increasingly
small fraction of medical education. While most medical
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schools offer preclinical exposure to ophthalmology,
clinical exposure is largely institution dependent and in
some cases nonexistent.! Comparatively, diseases of the
eye and adnexa profoundly affect patients’ quality of life
and comprise nearly 5% of outpatient primary care and
emergency department visits.2 This disparity suggests
that ophthalmic medical education in its current form
may be inadequate in preparing future primary care pro-
viders to manage these conditions.? Increased time com-
mitment for both faculty and participants seems to be a
driving force to decrease eye-related course hours.*
There are no Liaison Committee on Medical Education
(LCME) requirements addressing ophthalmology; how-
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ence. As the amount of knowledge expected of students
increases across all disciplines, there is less emphasis on
subspecialties such as ophthalmology.!

Previously, we demonstrated that implementing a pri-
mary care-focused, fully flipped classroom modality
through the use of electronically delivered lecture mate-
rial followed by in-class sessions resulted in higher
clerkship satisfaction scores without negatively affecting
knowledge acquisition.” The purpose of this study was
to examine students’ perceptions of the ophthalmology
clerkship prior to and after engaging with the flipped-
classroom model augmented with case-based learning to
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determine whether a case-based model is preferred over
the traditional classroom and to determine whether case-
based learning helps students feel more confident in
their ability to handle a variety of ophthalmic complaints
in a primary care setting.

Materials and Methods

This study was determined to be exempt from approval
by the University of lowa Institutional Review Boards.
Students were informed that participation in this study
was voluntary and assured that their participation and
answers would not affect their performance in the clerk-
ship.

Curriculum Structure

At the University of lowa, the introductory clinical oph-
thalmology clerkship comprises a 2-week selective rota-
tion. Each session accommodates a maximum of 8 medi-
cal students who have completed their 3rd semester of
medical school. Over 100 medical students participate
each year.

The flipped classroom curriculum, implemented in
2017, is a chief-complaint-based model with a primary
care focus. Ten pre-recorded online video lectures, rang-
ing in length from 24 to 35 minutes, were prepared in
advance by the clerkship director. Each video correspon-
ded to a chapter of the American Academy of Ophthal-
mology Basic Ophthalmology textbook.® At the start of
the rotation, students were given access to the video lec-
tures, lecture slide sets, and a course textbook. All con-
tent, including the modules and videos used can be
found on EyeRounds.org (https://eyerounds.org/article/
online-ophthalmology-curriculum/index.htm). Prior to
daily learning sessions, students were asked to watch the
lecture, view the slide set, or read the textbook chapter
corresponding to that day’s topic. The in-class session
was then dedicated to interactive case-based discussions
led by faculty, fellows, or residents. The flipped class-
room model stands in contrast to the traditional class-
room, in which class time is used to deliver a didactic
lecture with limited time for in-class discussion.

In addition to daily classroom time, the rotation included
an eye examination skills session led by an ophthalmol-
ogy resident, mid-clerkship feedback discussion with the
clerkship director, and evaluation of clinical notes by
residents and faculty. On the last day of the clerkship,
students took a computerized multiple-choice examina-
tion. These parameters remain an integral part of the
clerkship and were not factored into our analysis.

Study Design

In order to investigate learner attitudes before and after
participation, we performed a prospective study consist-
ing of paired pre-/post-surveys. Between July 2019 and
March 2020, 75 students were surveyed. On the first day
of the rotation, all students were asked to complete a 20-
question survey. Students were asked whether they had
heard of the flipped classroom approach, whether they
had participated in a flipped classroom before, and
whether they were considering a career in ophthalmol-
ogy. Additional questions were formatted as statements
using a 6-point Likert scale to assess students’ percep-
tions of the flipped classroom curriculum, and confi-
dence in evaluating ophthalmic complaints before the
rotation. On the last day of the rotation, all students were
asked to complete the same set of questions and to state
whether the course had enhanced their interest in the
field of ophthalmology.

Statistical Analysis

Descriptive statistics were used to determine survey data
means and proportions. The Wilcoxon signed-rank test
was used to compare survey responses before and after
clerkship participation. To analyze associations between
groups further, the Likert responses “strongly agree,”
“agree,” and “somewhat agree” were grouped together
into one cohort; the Likert responses “strongly disa-
gree,” “disagree,” and “somewhat disagree” were grou-
ped in another. These dichotomous categorical variables
were analyzed using y2 analysis or the Fisher exact test.
Statistical significance was set at P < 0.05. Statistical
analysis was performed using SPSS Statistics (IBM,
Armonk, NY). Because these data were a convenience-
based sample, no calculations pertaining to power or
sample size were performed.

Results

A total of 75 students completed the rotation and were
included in this analysis: 6 second-year students, 23
third-year students, and 45 fourth-year students. One
student did not report medical year status. Prior to par-
ticipating in the ophthalmology clerkship, 85.3% of the
students (n = 64) were familiar with a flipped classroom
approach, and 81.3% (n = 61) had participated in a flip-
ped classroom previously. Only 16% (n = 12) students
indicated they were considering a career in ophthalmol-
ogy prior to the clerkship.

Pooled data collected from all students on the first day
of the clerkship revealed no preference for either the tra-
ditional or flipped classroom modality (mean with
standard deviation, 3.53 + 1.08, with 1 representing a
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Table 1. Pre-clerkship questionnaire: associations between students’ baseline experiences and opinions regarding

the flipped classroom (FC)

?E:D 2 Tg € »n S g g [] e g ] g g
i = S % wn = - —
2 EE | 5®| 8 |38. 22| S £z 283|285l 8,
o} =3 0= & SE=| 0@ 2 02 | 2653|3028 €
<& w £ 2 c 3] SZ| s @ © sX |22l oG oo L
] v 5 = - .ggw c o C c S5 E|l£SolcNF
a =3 = = O E EQ. .1) &m 8@3 8338_0
bl O b b =5% |2 3F|TQ
e [ o =]
Students who have previously 0.034 0.065 0.016 0.103 0.109 0.155 0.277 0.194 0.651 0.043 0.594
participated in a flipped
classroom (n = 60)
Students who prefer a flipped - 0.003 0.021 0.001 0.001 1.000 0.132 0.200 <0.001 <0.001 0.004
classroom (n = 40)
Students who are consideringa  0.832 1.000 0.750 0.554 0.655 0.180 0.713 0.959 0.150 0.380 0.151

career in ophthalmology (n =
12)

Analysis performed via x? test for dichotomous variables. Boldface indicates statistical significance P < 0.05.

strong preference for a traditional classroom and 6 rep-
resenting a strong preference for a flipped classroom).
Of the 75 students, 40 (54%) indicated that they prefer-
red the flipped modality over the traditional lecture for-
mat. Likewise, data regarding course burden and anxiety
were also neutral rated. However, students did agree that
there was increased pressure to perform in a flipped
classroom (mean, 4.61 £ 0.95).

Students with previous personal experience participating
in a flipped classroom indicated that they preferred this
modality to a traditional didactic series compared with
those who had no such prior experience (P = 0.034).
Pre-clerkship data indicated that those students who pre-
ferred the flipped classroom felt that the flipped class-
room environment created more opportunities to learn
(P = 0.003), enhanced critical thinking (P = 0.021), was
more efficient (P = 0.001), and enhanced communica-
tion skills (P = 0.001) compared with those who prefer-
red the traditional classroom. There was no association
between students considering a career in ophthalmology
and preference for the flipped classroom modality (P =
0.832). See Table 1. One student did indicate having
previously participated but did not complete the survey
in its entirety.

After completing the flipped classroom clerkship, non-
parametric paired analysis revealed a significant
increase in student ratings favoring a flipped classroom
model over a traditional format (P < 0.001). Cited bene-
fits included reduction in pressure to perform (P =
0.001), course burden (P = 0.002), and anxiety (P <
0.001) and increased confidence triaging common eye
complaints (P < 0.001), acute vision loss (P = 0.036),
and eye pain (P < 0.001). On average, students reported
a higher interest in the field of ophthalmology (P <

0.001) after the clerkship, despite only 4 students indi-
cating that they had changed their minds and were now
considering a career in ophthalmology. Likewise, stu-
dents felt that the flipped classroom should be used in
other medical subspecialties (P = 0.003). There were no
significant changes in the mean survey responses for any
of the other questionnaire statements (Table 2).

Discussion

We created an interactive ophthalmology curriculum
structured as a flipped classroom augmented with case-
based learning. In this study, flipped classroom was
defined as a technique that encourages active participa-
tion by instructing students to watch prerecorded lec-
tures before class followed by interactive, small-group,
case-based learning in-class. We then assessed students’
perceptions of this format compared to a traditional lec-
ture series and their confidence in evaluating ophthalmic
complaints. Students favored the case-based flipped
classroom modality, which prioritizes key learning
objectives while increasing participation and confidence
triaging eye complaints. We believe that the reproduci-
bility and accessibility of standardized prepared video
lectures and cases will help other institutions better
incorporate ophthalmology into preexisting rotations.

A variety of approaches have been used to address the
decreasing emphasis of ophthalmology in medical edu-
cation including: e-modules,” multimedia tools,® peer-
to-peer learning,” and the flipped classroom.!%11 Most
recently, we demonstrated that the flipped classroom is
an effective way to teach ophthalmology to medical stu-
dents without sacrificing knowledge acquisition.” None-
theless, there are drawbacks to the flipped classroom
approach, especially with regard to the perceived burden
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Table 2. Student questionnaire responses before and after completing flipped classroom

Questionnaire statement

Pre-clerkship,

Post-clerkship, P value*

1 (strongly disagree) — 6 (strongly agree) mean = SD mean + SD
(n=75) (n=68)
| favor the use of a case-based flipped classroom module over a traditional 3.53+1.08 4.18+1.22 <0.001
lecture-based lecture format.
Case-based flipped classrooms provide ample opportunity for me to learn. 4.55+0.78 4.69 £ 0.80 0.270
Case-based flipped classrooms provide ample opportunity to think critically 4.68 £ 0.79 4.78 £ 0.91 0.639
about clinical diagnoses and treatment.
Case-based flipped classrooms are an efficient method of learning. 4.30+1.06 4.46 +1.24 0.434
Case-based flipped classrooms improve communication skills. 4.35+0.99 4.49+1.10 0.416
There is more pressure to perform in case-based flipped classrooms. 4.61 + 0.95 4.21+1.14 0.001
Working in a case-based flipped classroom environment creates too much 3.30+0.97 2.82+0.99 0.002
burden.
Flipped classrooms make me feel anxious. 3.38 +1.00 2.81+1.14 <0.001
Core medical topics should be taught using case-based flipped classroom 3.57 £0.98 3.81+1.10 0.240
lectures.
Medical subspecialties should be taught using case-based flipped classroom 3.71+0.99 4.13+1.04 0.003
formats.
| feel comfortable triaging a patient with an eye complaint. 2.41+0.91 4.34 +0.79 <0.001
| feel comfortable using a direct ophthalmoscope. 2.53+1.01 4.19+1.03 <0.001
I am confident in evaluating a patient who presents with acute vision loss. 2.95+1.39 3.31+1.25 0.036
I am confident in evaluating a patient who present with eye pain. 2.30 £ 0.96 4.33+0.79 <0.001
I am interested in the field of ophthalmology. 2.41+0.94 4.34+0.71 <0.001

*Boldface indicates statistical significance of P < 0.05.

and pressure placed on the learner'® and the increased
time required of the educator, who must prepare the pre-
recorded lectures, design cases, and lead interactive ses-
sions. In this study, we sought to create an efficient and
reproducible curriculum through the use of case-based
learning in a flipped classroom setting.

We found that the majority of students surveyed had
already participated in a flipped classroom prior to this
study, and those with a previous personal experience
participating in a flipped classroom favored this modal-
ity. Frequently cited benefits to the flipped classroom
included more opportunities to learn and think critically,
increased efficiency, and enhanced communication
skills. Despite these cited benefits expressed by the
majority, pooled data from all students did not reveal a
strong preference for either the flipped or traditional
classroom. These results suggest some degree of hesi-
tancy on the part of many students, particularly those
without a personal experience participating in a flipped
classroom. As supported by the literature, the main fac-
tor driving this preference appeared to be feelings of
increased pressure to perform in a flipped classroom set-
ting.10>1! Taken together, these data suggest that hesi-
tancy may be driven by preconceived notions of a flip-
ped classroom intensifying the pressure to perform.

We chose to use a flipped classroom augmented with
high-yield cases, because team-based learning via case-

based presentations has been shown to provide a suppor-
tive, nonintimidating environment that fosters independ-
ent clinical reasoning while increasing the overall enjoy-
ment of learning.!2 We were able to create an interactive
curriculum that prioritized what primary care physicians
need to know about ophthalmology in an easily reprodu-
cible format. We hypothesized that by allowing students
to take advantage of the flipped classroom lecture con-
tent before the in-person case-based lecture series, stu-
dents would feel more confident and less anxious during
the case-based discussions. Additionally, by eliminating
the need to create their own case discussion, we feel our
curriculum structure lessened overall course burden for
the learner. Indeed, students reported significantly less
anxiety, less course burden, and a decreased pressure to
perform after having the opportunity to participate in our
flipped classroom case-based learning.

Although the majority of students were not considering
a career in ophthalmology, our curriculum model did
enhance interest in the field. We believe that our
approach achieves this, because the flipped classroom is
an effective way to teach ophthalmology’ and because
use of focused interactive cases has been shown to
increase retention and ability to apply knowledge.!?
Clinical clerkships that have limited preclinical empha-
sis, such as dermatology, otolaryngology, orthopedics,
and urology, may also use this approach to better
enhance their didactics.
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Potential limitations to this study include the pre/post
survey design, lack of longitudinal follow-up, use of an
even-numbered Likert scale without a “neutral” option,
and self-evaluation. This study focused primarily on
learner satisfaction, with a curriculum designed to be
easy to deliver and highly reproducible. Because our
curriculum aimed to increase learner satisfaction, partic-
ipants may have been biased toward it. Additionally,
confidence in knowledge and skills would be expected
to increase regardless of whether the traditional or flip-
ped classroom format was employed. This portion of the
study does not demonstrate the superiority of the flipped
classroom approach to the traditional classroom but does
address its effectiveness.

Study strengths include its prospective nature, with
matched pre/post questionnaires allowing for individual
comparison over a 2-week timeframe. By emphasizing
case-based learning, we were able to tailor our curricu-
lum to prioritize what primary care physicians need to
know about ophthalmology. Furthermore, we believe
that the reproducibility and accessibility of our curricu-
lum changes will help other institutions without dedica-
ted ophthalmology rotations to incorporate ophthalmol-
ogy into preexisting rotations, particularly programs
training front-line providers. Our results also demon-
strate that students do not need to have a particular inter-
est in the subject matter or an interest in pursuing oph-
thalmology as a career to view the curriculum positively.
This supports the applicability of this format to a wide
breadth of subspecialties, particularly as time constraints
in medical school tighten.

Medical school education is increasingly embracing
remote and digital formats for learning. Further work is
required to assess the efficacy of the flipped classroom
model in a completely virtual setting, as required, for
example, by COVID-19 physical distancing constraints.
Nevertheless, because our model uses prerecorded lec-
tures delivered electronically and synchronous discus-
sions that can be shared over video conferencing, we

believe that the flipped classroom model is very adapta-
ble and will continue to be an effective way to provide
an ophthalmology curriculum to medical students,
regardless of whether the format is primarily in person
or online.
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