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Abstract
Purpose Flipped classroom is a new teaching model which has received a large amount of attention, but
the overall acceptability and effectiveness of this approach in different �elds of medical education is still
controversial. The purpose of this study was to evaluate the acceptability of the �ipped classroom in
ophthalmology clerkship teaching. Methods A learning model of a traditional lecture-based approach was
changed to a �ipped classroom approach for a group of 5-year Clinical Medicine Program students. The
�ipped classroom included provided pre-session learning resources and objectives before each weekly
session. In-session activities emphasized knowledge application and active learning strategies. Data
regarding students’ acceptability of the new approach was obtained by anonymous questionnaires that
students �lled out immediately after class. Results Feedback was received from 94/94 (100%) medical
students. 62.8%(59/94) of respondents preferred the �ipped classroom approach over the traditional
approach. Interacting with peers and needing more time/effort for preparation were the aspects liked
most and least (respectively) for the �ipped classroom by students. Flipped classroom was considered
better in helping to train students' ability in clinical problem solving, the search and study of literature,
cooperating with others, academic exchange, and self-directed learning when compared with the
traditional approach. The �ipped classroom approach was thought to be a more effective and inspiring
way of teaching (P<0.001). Both males and females thought the �ipped classroom was a useful way to
help students �nd and solve problems, consider problems comprehensively, learn from literature, and
cooperate with others. Conlusions The �ipped classroom has a good acceptability in ophthalmology
clerkship teaching. Further evaluation is needed when it be implemented

Introduction
Flipped classroom is a new teaching model that was �rst attempted by chemistry teacher Jon Bergmann
and Aaron Sams[ 1, 2] and has received a large amount of attention in medical education.[ 3-8] In the
�ipped classroom, multiple resources including the print, audio, video and network resources were
provided to the students prior to class, and student-centered learning activities such as case scenario
analysis are performed in the class.[ 9] Teachers do not drive the teaching process in the �ipped
classroom, but spend their time guiding collaborative learning, problem-based learning, and the
application of knowledge. Also, students are required to play an active role in the classroom rather than
passively absorbing lecture materials. The �ipped classroom allows students to freely choose the most
suitable study manner for themselves and converts the passive acceptance in traditional classroom
approach into self-exploration while respecting the individual characteristics of cognitive learning. [ 10]
Previous studies have shown that �ipped-class pedagogy could enhance students’ collaborative-learning
strategies and could result in better learning outcomes.[ 10-12]

Ophthalmology clerkship is an important procedure for clinical skill training and is essential to all medical
practitioners, as the visual system is bound to other body systems, and eye diseases can be a key clue for
systemic disease such as hypertension and diabetes. Though the need for ophthalmic care providers is
increasing, ophthalmology education has been marginalized as a consequence of decreasing curriculum
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time.[ 13] This requires ophthalmic educators to seek a more effective approach to disseminate complex
knowledge to students. Noting the previous reports in other subject education, �ipped classroom may be
an effective way to solve this dilemma in ophthalmology clerkship education.

Although there is some empirical support for active learning strategies in medical education,[ 4, 3, 9, 14] it
is rare that studies have focused on the application of the �ipped classroom approach in the context of
ophthalmologic education. Additionally, the overall acceptability and effectiveness of this approach in
different �elds of medical education is still controversial[ 4, 15, 16], and the �ipped classroom approach
requires further investigation to evaluate its feasibility before being applied to speci�c courses. In this
study, we introduced the �ipped classroom to ophthalmology education and evaluated the students’
attitudes and preferences in an effort to provide an alternative, potentially better approach that can be
implemented in ophthalmologic education.

Methods

Participants
94 medical students of a 5-year Clinical Medicine Program participated in the study. Prior to the study,
students had completed and attended the required lectures at Sun Yat-sen University before attending
clinical clerkship at Zhongshan Ophthalmic Center, Guangzhou. Prior to enrollment, study participants
were not informed of the modi�ed course format. Approval was obtained by the institutional review board
of Zhongshan Ophthalmic Center of Sun Yat-sen University. Written informed consent was obtained from
all students.

Procedure
Both traditional and �ipped classroom courses were taught entirely in Chinese. Two parts of the program
(ocular trauma and glaucoma) were taught using the �ipped classroom method, and the remaining
sections (amongst them cataract and cornea disease) were taught using the traditional classroom
method.

In the traditional, lecture-based classroom, students sat for a 45-minute didactic lecture followed by an
instructor led question and answer session. A homework assignment was posted after lecture to assess
lecture content comprehension. This homework assignment was identical to the one assigned in the
�ipped classroom. Instructors encouraged students to review the ocular trauma (or glaucoma) chapter of
their textbook before beginning the homework assignment. Homework was always due one week after
class, and instructors would provide feedback on each homework assignment. A discussion about
graded homework would take place, where students had the opportunity to request correct answers and
ask to work through challenging problems with the instructor.



Page 4/15

In the �ipped classroom setting, students were divided into small groups of 3 to 4 students with a student
leader assigned to each group. While in the traditional, lecture based classroom students were not given
assignments relevant to the upcoming lecture, during the sections taught in the �ipped classroom,
students were asked to complete certain tasks prior to class. Students were asked to watch a pre-
recorded video lecture online regarding the lecture topic 3 days before the class. Instructors then sent out
identical clinical cases and related questions to each group, with the expectation that a six-slide
PowerPoint presentation would be prepared by each small group regarding the clinical case. The content
of the PowerPoint would include a presentation of the assigned case and answers to the related
questions. During the presentation, instructors encouraged participation, questions, and opposing
opinions from other groups. Presenters were encouraged to propose additional questions and present
them to the class. Presentations were concluded with a summary and review of all questions by the
instructor.

Data regarding students’ opinions and attitudes toward traditional and �ipped classroom were obtained
by questionnaires that students �lled out immediately after class. The said questionnaire was adapted
from Paul Ramsden’s Course Experience Questionnaire (CEQ)[ 17] and Biggs’ Study Process
questionnaire[ 18]. The questionnaire covered questions focused on aspects of the classroom that were
most favored and not favored by students, perceived utility of the teaching format, the overall learning
experience, and perceived utility of the provided resources/activities, as well as perceived improvement in
different skill areas. The questionnaire used a standard 5-point Likert scale that ranges from a score of 1
(“strongly disagree” or “not useful at all”) to a score of 5 (“strongly agree” or “extremely useful”).

Statistical Analysis
Non-normal distribution quantitative data are presented as proportions or median values with
interquartile ranges (IQRs). A Chi-square test was used to compare perceived utility and learning
experience between different teaching methods and between different genders. All data analyses were
performed using Stata 14.0 software (Stata crop, College Station, TX).

Results
Among the 94 medical students that participated in the present study, all 94 �lled out and completed
questionnaires. The mean age of the participants was 21.6 years old, with females accounting for 62.8%
(52/94) of the total subjects. 62.8%(59/94) of respondents preferred the �ipped classroom approach over
the traditional approach and 3.2% (3/94) like both the �ipped classroom approach and the traditional
approach (Figure 1).

The aspects of different teaching methods liked most and least by students are summarized in Table 1.
“Information could be presented clearly” (39.4%) and “lectures seems to be copied from textbooks”
(29.0%) were the aspects liked most and least, respectively, for the traditional classroom by students. In
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comparison, “interaction with peers and senior medical o�cers” (33.0%) and “more time/effort for
preparation” (32.3%) were the aspects liked most and least, respectively, for the �ipped classroom by
students.

Perceived effectiveness of the traditional and �ipped classroom approach in advancing students in
different skills are summarized in Table 2. From the descriptive statistics shown in Table 2, compared to
the traditional classroom, the �ipped classroom model received signi�cantly higher scores in its perceived
effectiveness in developing the following skills: “clinical problems solving” (P<0.001), “search and study
of literature” (P<0.001), “cooperating with others” (P<0.001), “academic exchange” (P<0.001), “self-
directed learning” (P<0.001). More speci�cally, in the category titled “self-directed learning”, the �ipped
classroom obtained a higher perceived utility rating than the traditional classroom (Median rating 4, IQR
3-4).

Table 3 shows a comparison of learning experiences in the traditional classroom versus the �ipped
classroom based on student answers. Compared to the traditional classroom, �ipped classroom was
thought to be a “very effective and inspiring way of teaching” (P<0.001), “a better teaching method which
should be generalized” (P<0.001), “a teaching method that makes me more likely to participate”
(P<0.001), “an approach that is conducive to a more in-depth study of professional knowledge” (P<0.001)
and “a more relaxed and interesting way of learning” (P<0.001).

Respondents’ perceived utility of learning resources, activities and self-evaluation of improvement in
different skill areas was summarized in Table 4. The result shows that females scored certain items
higher than males, especially in the section of “in-session learning activities”. Moreover, in the section of
“evaluating improvement” both males and females scored these items highly.

Discussion
In this study our team applied both the traditional and �ipped classroom model in different content
sections of the course and sought to evaluate the outcome. Based on the parameters that were
quantitatively assessed (aspects of the classroom that were most favored and not favored by students,
perceived utility of the teaching format, the overall learning experience, and perceived utility of the
provided resources/activities, perceived improvement in different skill areas), we found that the �ipped
classroom was favored over the traditional classroom setting.

Through our surveys, we found that the aspect that the highest proportion of students liked about the
�ipped classroom was the “interaction with peers and senior medical o�cers”. It has been hypothesized
that interaction and group-based learning promotes experiential learning, as well as exposes and pushes
students to apply course content. [ 19, 20] We also suspect that because the �ipped classroom model
provides the opportunity for discussion and group-work, students naturally step into roles such as team
players, presentation leaders, content creators, and become active contributors in their knowledge
acquisition versus passive listeners. To add, the opportunity to interact with senior medical staff and
experts instead of simply listen to their lectures allows the students a sense of intimacy and comfort with
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the experts, promoting open communication and community with the experts, and by extension, other
senior medical staff. This narrows the distance between instructor and student, and has been shown to
lessen the fear of participating to avoid appearing unintelligent by professors of peers.[ 21, 22]

The category that was liked by the second highest proportion of the class was “self-directed learning”.
This category also scored the highest in its perceived utility in the �ipped classroom. In contrast to expert
or instructor-directed learning, self-directed learning is a method where students have more control over
how and when they receive their knowledge, and their experience can be tailored to each student. In the
traditional classroom, students that do not absorb information effectively through lecture-based format
(that simultaneously communicates visual and auditory information) may be excluded from the learning
process and fall behind their peers. In the �ipped classroom format, students that learn better from
lectures can re-watch lecture videos, and students that prefer acquiring knowledge from textbooks and
handouts can consult these resources. This is one advantage that �ipped classroom has over the
traditional classroom format. Not only this, but “self-directed learning” was also recognized as a
perceived value of �ipped classroom as well. Students rated the �ipped classroom’s ability to help train
students in self-directed learning higher than for the traditional classroom. Students not only liked and
enjoyed the self-directed learning aspect of the classroom, but also responded that the �ipped classroom
is the environment that is more conducive to self-directed learning. This not only shows further value in
the �ipped classroom method, but also illustrates the students’ interest and desire to develop skills and
strategies for self-directed learning.

Flipped classroom was also rated higher than the traditional classroom in its perceived effectiveness in
advancing students in their ability to search and study literature. In the �ipped classroom approach, in
order to prepare for the small-group clinical presentations, students had to problem-solve by referencing
lecture notes, textbooks, as well as outside literature. The �ipped classroom model intrinsically pushes
students to seek answers outside of classroom provided resources, creating an environment where the
phenomenon of “Problem-based learning” is fostered, a student centered pedagogy where students work
in groups to solve a content relevant problem.[ 23, 24] Medical professionals frequently need to consult
and reference literature to seek knowledge and answers, and is undoubtedly an invaluable skill that, if
mastered, will bene�t students throughout their medical careers.

The overall learning experience of the �ipped classroom scored higher than the traditional classroom
method in every category in the survey. One interesting �nding is that when asked to rate whether the
�ipped or traditional classroom was “A relaxed and interesting way to learn”, students rated the �ipped
classroom higher than the traditional classroom, despite there being more pre-class preparation in the
�ipped classroom approach. This �nding is signi�cant when taken with another �nding of our study that
an aspect liked least by students in the �ipped classroom was that it required “More time/effort for
preparation”. This implies that although there is the expectation that students complete more work prior
to class, students �nd the time spent in the classroom engaging and relaxing. Though several �ipped
classroom studies have noted that pre-class learning and assignment completion have been a challenge,
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[ 25-27] our study �nds that despite this challenge, students still �nd the time in the �ipped classroom
interesting and that the �ipped classroom is still very much welcomed.

Aside from the post-class quizzes, students overall rated ‘In-session learning activities’ highly for their
perceived effectiveness as a learning resource. This �nding is quite telling, showing that students found
case scenarios, small group discussions, and group presentations all “quite useful”. Although it has been
shown that small group discussions are not always successful in fostering useful discussions in the
classroom, [ 21, 28] our study �nds that students perceive a great deal of usefulness from these in-class
activities.

Although there certainly were aspects of the �ipped classroom that were favored by students, there were
aspects of the traditional classroom that were liked as well, namely, that “information could be presented
clearly” and “key points could be emphasized and well explained”. This �nding is also supported by other
studies, showing that students do enjoy having class content presented to them in an organized way. We
also suspect that having key points emphasized by the professor allows students to gain a grasp of what
key topics are especially valued by that professor, perhaps for presentation or exam score purposes. To
add, in the �ipped classroom model, though students watch pre-recorded lectures by professors and
expert that were presented in lecture format, they would not have had the opportunity to ask questions
immediately in the moment if they found a point unclear. It is likely that students enjoyed the opportunity
of clarifying points with a professor in real-time in the traditional classroom.

The aspect liked least in the �ipped classroom method, “more time/effort for preparation” was another
signi�cant �nding, though not altogether surprising. In the �ipped classroom method, students do prepare
for class beforehand by reviewing lecture material on their own, and come to class having already
familiarized themselves with the class topic. We suggest that pre-class resources be clear and concise,
and that different approaches (videos and text) be used to maximize the students’ understanding during
their study time.

Our study was also interested in exploring whether there would be a variability in the feedback provided
by males and females, as it has been cited that men and women do respond differently to classroom
approaches.[ 29-31, 21] We found that there was no statistical difference between male and female
responses, suggesting that the �ipped classroom is welcomed by both males and females.

One limitation of our study is that the �ipped classroom was applied to only sections of the
ophthalmology clerkship content, and so does not take into account how �ipped classroom works for all
ophthalmology topics. Indeed, it would be presumptuous to assume that �ipped classroom would work
equally well for all areas of study in ophthalmology. A second limitation of our study is that it was
applied only to a 5-year Clinical Medicine Program, and does not investigate its application in other
program such as an 8-year Clinical Medicine Program, Bachelor of Medicine Program, and Bachelor of
Surgery Program (MBBS). However, the standard 5-year Clinical Medicine Program accounts for the
largest proportion of medical student in China, and so the results of the present study are quite
representative.
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The �ipped classroom method has been applied and reported to be successful in other areas of teaching
[ 32-34]but rarely reported for ophthalmology clerkship teaching. This, coupled with the particularity of
Chinese education, emphasizes the demand for studying the value and feasibility of the �ipped
classroom. In our study, ophthalmology trainees generally scored the �ipped classroom higher than the
traditional classroom, from categories in “better learning experience” to “better improvement in different
skill areas”. The high distribution of students that favored the �ipped classroom over the traditional
classroom shows a strong preference for the �ipped classroom and high acceptability. We strongly
hypothesize that implementation of the �ipped classroom approach would be very much welcome. When
proposing new directions in educational methods, it is essential that they are developed thoughtfully and
thoroughly studied before formal implementation. We believe that the �ipped classroom has potential to
be successful in academic ophthalmology training, and further research will shine a light on how this can
become a widespread reality.
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Teaching
approach

Aspects liked MOST Proportion
(%)

Aspects liked
LEAST

Proportion
(%)

Traditional
classroom

Hearing a passionate
expert speak

5.32 Boredom and
even “sleep-
inducing”

21.5

Less preparation
necessary, easier to be
passive

12.8 Didactic nature of
delivery from
some teachers

20.4

Convenience in
speaking with experts

7.45 Lectures seems to
be copied from
textbooks

29.0

Key points could be
emphasized and well
explained

35.1 Lecture with
limited interaction
on a dry topic

10.7

Information could be
presented clearly

39.4 Long session
times

18.3

Flipped
classroom

Discussing real-life
problems and cases

20.2 Large volume of
pre-session
materials

5.38

Interaction with peers
and senior medical
o�cer

33.0 More time/effort
for preparation

32.3

Using knowledge to
solve clinical scenarios

6.38 Easy to be
digressive

30.1

Self-directed learning 24.5 Limited time 9.68

Small group learning 11.7 Less learner
satisfaction
without
preparation

22.6

Table 2. Perceived effectiveness of traditional and �ipped classroom approach in advancing students in
different skills
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Traditional
classroom

Flipped
classroom

P-Value

Median rating IQR Median
rating

IQR

Clinical problems solving 3 2-3 3 3-4 <0.001*

Search and study of literature 2 1-3 3 3-4 <0.001*

Cooperating with others 2 1-3 3 3-4 <0.001*

Academic exchange 3 2-3 3 3-4 <0.001*

Developing self-con�dence in
course topics

3 2-4 3 3-4 0.0553

Self-directed learning 3 2-4 4 3-4 <0.001*

*Statistically signi�cant. 1=not useful at all; 5=extremely useful. IQR: interquartile range;

Table 3. Comparison of learning experiences in traditional classroom and �ipped classroom

Traditional
classroom

Flipped
classroom

P-Value

Median
rating

IQR Median
rating

IQR

It’s a very effective and inspiring way
of teaching

3 3-4 4 4-4 <0.001*

This teaching method should be
generalized

3 3-3 4 3-4 <0.001*

This teaching method makes me
more likely to participate

3 3-4 4 4-4 <0.001*

This approach is conducive to a
more in-depth study of professional
knowledge

3 3-4 4 3-4 <0.001*

This is a relaxed and interesting way
of learning

3 2-3 4 3-4 <0.001*

*Statistically signi�cant. 1= strongly disagree; 5=highly agree. IQR: interquartile range;

Table 4. Perceived utility of learning resources, activities and evaluating improvement in different skill
areas
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Total Male Female P-
Value

Median
rating

IQR Median
rating

IQR Median
rating

IQR

Pre-session learning
resources

PowerPoint slides 3 3-4 3 3-4 3 3-4 0.746

Videos 4 3-4 3 3-4 4 3-4 0.388

Bibliography 3 3-4 3 2-4 3 3-4 0.335

Excellent courses website 3 2-3 2.5 2-3 3 2-3 0.547

Postgraduate
Demonstration Course
Website

2 2-3 2 2-3 2 2-3 0.905

In-session learning
activities

Case scenarios 4 3-4 4 3-4 4 3-4 0.336

Small group discussion 4 3-4 3.5 3-4 4 3-4 0.239

Group presentation 4 3-4 3 3-4 4 3-4 0.979

Summary after class 4 4-5 4 4-5 4 3-5 0.249

Quizzes after class 2.5 2-3 2 2-3 3 2-3 0.358

Evaluating improvement

Finding and solving
problems

4 4-4 4 4-4 4 4-
4.5

0.553

Taking initiate to solve
problems

4 4-4 4 4-4 4 4-4 0.796

Considering problems
comprehensively.

4 4-4 4 4-4 4 4-5 0.595

Learning from literature
and working with others

4 4-5 4 4-4 4 4-5 0.240

Cultivating a critical way of
thinking

4 3-4 4 3-4 4 3-4 0.341

1=not useful at all; 5=extremely useful. IQR: interquartile range;

Figures
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Figure 1

Distribution of preferred teaching model of the 5-year Clinical Medicine Program students


