Advances in Medical Education and Practice

Dove

ORIGINAL RESEARCH

Coronavirus Disease 2019 (COVID-19) Learning
Online: A Flipped Classroom Based on
Micro-Learning Combined with Case-Based
Learning in Undergraduate Medical Students

Qiaohui Qian'*
Yuzhong Yan®*
Fei Xue'

Jie Lin?
Fengjiao Zhang'
Jiangxia Zhao'

'Teaching & Training Department,
Zhoupu Hospital, Shanghai University of
Medicine and Health Sciences, Shanghai,
People’s Republic of China; 2Department
of Research, Zhoupu Hospital, Shanghai
University of Medicine and Health
Sciences, Shanghai, People’s Republic of
China

*These authors contributed equally to
this work

Correspondence: Jiangxia Zhao

Teaching & Training Department, Zhoupu
Hospital, Shanghai University of Medicine
and Health Sciences, 1500 Zhouyuan
Road, Pudong New District, Shanghai,
201318, People’s Republic of China

Tel +86-18917684029

Email 18917684029@ 189.cn

Background: During the coronavirus disease 2019 (COVID-19) pandemic, medical col-
leges in China had to use online teaching. This study explored the effect of COVID-19
knowledge learning online in a flipped classroom based on micro-learning combined with
case-based learning (CBL).

Methods: There were 74 undergraduate medical students who were randomly grouped to an
observation group and a control group with 37 participants in each virtual classroom on the
Network Teaching Platform. Students learning in the control group utilized face-to-face
lecture with PowerPoint pre-provided, while students learning in the observation group
were conducted in a flipped classroom based on micro-learning combined with CBL. We
compared the effect of both formats of COVID-19 knowledge learning online and the impact
on clinical practice attitude in two groups.

Results: All 74 students (100%) responded pretest, posttest and retention test, and completed
the questionnaire online. Both formats significantly improved COVID-19 knowledge acquisi-
tion at the conclusion of online COVID-19 curriculum. Students’ knowledge test scores
including total score and scores of five knowledge dimensions of COVID-19 were significantly
higher in the observation group than those in the control group (P<0.05). Compared with
students in the control group, students in the observation group performed better in retention
test and had a significantly more positive clinical practice attitude (P<0.05 in all items).
Conclusion: A flipped classroom based on micro-learning combined with CBL showed
greater effectiveness in COVID-19 knowledge gain in undergraduate medical students and
made their attitude toward clinical practice more positive.

Keywords: coronavirus disease 2019, online learning, flipped classroom, micro-learning,
case-based learning

Background

In December 2019, cases of serious illness causing pneumonia and death were first
reported in Wuhan, the capital of Hubei, China." The World Health Organization
(WHO) announced the official name of the disease as “coronavirus disease 2019
(COVID-19)”. Affected by this COVID-19 pandemic, medical colleges in China
had to shut down campus teaching to restrict COVID-19 spread. Alternative teach-
ing methods were urgently on the agenda because traditional offline face-to-face
lectures could not be implemented.
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Previous studies in low- and middle-income countries
show that utilizing e-learning can result in greater educa-
tional opportunities for students while simultaneously
enhancing faculty effectiveness and  efficiency.”
Beneficial effects have been found in empirical studies of
the flipped classroom approach,’ micro-learning® or case-
based learning (CBL)’ in some health profession educa-
tions including medical education.

This study explored the online teaching method of
a flipped classroom based on micro-learning combined
with CBL on a virtual learning platform in undergraduate
medical students acquiring COVID-19 knowledge using

prospective randomized study.

Methods

Setting and Participants

In the academic year 2019-2020, we invited 74 under-
graduate medical students who have finished their fourth
grade courses coming to the clinical bedside practice in
fifth grade to participate in this study. The average age of
participants was 22.0 years, and 47.3% (35 of 74) were
The
Institutional Ethical Committee for clinical research of

female. study protocol was approved by the
Shanghai University of Medicine and Health Sciences
affiliated Zhoupu Hospital, and all participants provided

written informed consent prior to participation.

Design

This was a prospective, controlled educational research
study. Using the random number table, participants were
divided into an observation group or a control group with
37 participants in each group. Neither age nor sex differed
between the two groups. Pretest scores suggest that there
was no significant difference in baseline knowledge
between the two groups (Table 1, P<0.05). Figure 1 dis-
plays our research design and interventions.

Interventions

Both the observation group and the control group utilized
the Network Teaching Platform built and provided by
Shanghai University of Medicine & Health Sciences to
carry out the research design respectively in two virtual
classrooms. Educational content of our COVID-19 lesson
was from “Program of Diagnosis and Treatment of
COVID-19 (trial 7th edition)” issued by National Health
Committee of the People’s Republic of China.® The lesson
for the observation group was set as a flipped classroom

with micro-lessons combined with case-based learning
guided by the teacher and discussion with questions and
answers between students in a virtual classroom on the
Network Teaching Platform. The lesson for the control
group was set as a face-to-face traditional lecture utilizing
lecture PowerPoint (PPT) slides in a virtual classroom on
the Network Teaching Platform.

To maintain the consistency of the teaching content,
a teaching team consisting of 3 clinical teachers was
responsible for each format of a 120-minute online
COVID-19 lesson. One teacher prepared all teaching
materials for both formats. The other two teachers held
the online lesson respectively at the same time during the
intervention protocol. All teaching materials were peer-
reviewed by all teachers, and the teaching team held
a collective lesson preparation meeting before online
instruction. Trial lessons for the observation group or the
control group were approved at the collective lesson pre-
paration meeting. The COVID-19 knowledge was decom-
posed into several sections, each of which focused on one
or two foundational knowledge points and was made into
micro-lesson videos. These micro-lesson videos were uti-
lized as micro-learning materials provided to participants
in the observation group in advance. In terms of knowl-
edge coverage, the full content of traditional lectures was
included. Teachers of the teaching team were only respon-
sible for organizing teaching COVID-19 lessons, and they
were not involved in research design and research.

One week before the online COVID-19 lesson, lecture
PPT slides were uploaded to the virtual classroom for
participants in the control group to preview, while micro-
lesson videos were uploaded to the virtual classroom for
participants in the observation group to self-study. Each
participant logged into the virtual platform with a unique
account password to enter his or her grouped classroom
and could not exchange visits. The two groups of students
study simultaneously in two different classrooms on the
same virtual learning platform, with the same learning
duration. The online COVID-19 lesson time length was
set up as 120 minutes for both groups. The format of the
control group was a 120-minute online face-to-face lecture
given by a clinical teacher utilizing PPT slides, while the
format of the observation group was micro-learning com-
bined with CBL which contained a 60-minute discussion
of typical clinical cases guided by a clinical teacher and
a 60-minute interactive question session responded by

students themselves.
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Random grouping

One week before the
lesson began

120-minute online
COVID-19 lesson
conducted
simultaneously in -1
different classrooms on
the same virtual
learning platform

Invited to participate (n=74)

\

Pretest on

line (n=74)

/

A4

Control group (n=37)

Observation group (n=37)

v

v

Uploaded lecture PPT slides
for preview

Uploaded micro-lesson
videos for self-study

v

v

120-minute online face-to-
face lecture given by clinical
teacher utilizing PPT slides

60-minute discussion of
typical clinical cases guided
by clinical teacher

60-minute interactive
questions responded by

students themselves

Immediately at the end of the lesson Posttest online (n=74)

Y

Questionnaire online (n=74)

Subsequently after the posttest

A4

2-month follow-up Retention test online (n=74)

A4

Statistics and analysis of
data

Figure | Study design and protocol.
Notes: Both observation group and control group utilized the Network Teaching Platform built and provided by Shanghai University of Medicine & Health Sciences to carry

out a 120-minute online COVID-19 lesson. All 74 interns (100%) responded pretest, posttest and retention test, and completed the questionnaire online.
Abbreviation: PPT, PowerPoint.
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A knowledge pretest was administered before class-
room division, followed by a knowledge posttest immedi-
ately at the end of their online COVID-19 lesson,
a questionnaire following the posttest and a retention test
2 months later. Pretest, posttest, retention test and ques-
tionnaire were issued at the same time in both grouped
classrooms. Answers were required to be submitted within
the same limited time on the Network Teaching Platform.
The contents of the three tests and the questionnaire were
designed by our research team, which were cut off from
the teachers giving COVID-19 lessons.

Data Collection

We collected the demographic characteristics of students
when the participants were invited. A 25-item multiple-
choice knowledge test on five dimensions of COVID-19,
consisting of clinical manifestations, etiological detection
methods, serological detection antibody titer characteristics,
diagnostic criteria and clinical typing, was developed to
measure the knowledge benchmark (pretest), acquisition
(posttest) and knowledge retention (retention test). The
total score of the knowledge test was set as 100 and com-
posed of five dimensions with 20 per dimension. For clarity,
length and difficulty, we piloted the knowledge test on PGY-
1 residents and faculty in primary care, respiratory and
infectious disease who did not participate in the study. The
same test with varied question order was utilized for main-
taining consistency among pretest, posttest and retention
test. A questionnaire utilized Yes or No form including
willingness to acquire the knowledge of infectious diseases,
practice hand hygiene, practice wearing self-protection and
return to internship rotation was developed to assess parti-
cipants’ attitudes toward clinical practice.

Outcomes and Analysis

We compared mean scores in pretest, posttest and retention
test between observation group and control group using
independent-samples -test. We performed paired samples
t-test for each dimension knowledge and overall outcome,
comparing the change in scores from pretest to posttest,
and from posttest to retention test in the same group. A y*
test was used to compare attitudes toward clinical practice
between the two groups.

Results
The response rate was 74 of 74 (100%) in all 3 knowledge
tests and questionnaire.

Knowledge Acquisition and Retention
The mean total scores were 66.96, 83.00 and 71.59,
respectively, in pretest, posttest and retention test. The
mean total scores of the 3 knowledge tests were signifi-
cantly different in pairwise comparison (all P < 0.001).
For participants in the observation group classroom, their
own mean total scores were both higher in posttest (86.22
versus 67.08; t = 12.310; P < 0.001) and in retention test
(76.03 versus 67.08; t = 6.088; P < 0.001), respectively,
compared to those in pretest, and in posttest differed from
that in retention test (86.22 versus 76.03; ¢ = 20.297; P <
0.001) in the paired analysis. For participants in the con-
trol group, as depicted in Figure 2, their mean total score
had similar trend changes from pretest to posttest (66.84
versus 79.78; t = 8.245; P < 0.001) and from posttest to
retention test (79.78 versus 67.16; t = 18.889; P < 0.001)
compared to those changes in the observation group, but
were not significantly different between their own pretest
and retention test (66.84 versus 67.16; ¢t = 0.213; P =
0.832).

Mean total score (66.84 versus 67.08; ¢ = 0.096; P =
0.924; Figure 2) and each dimension knowledge score (all
P > 0.05; Table 1) in pretest were not significantly differ-
ent between the two groups. The observation group per-
formed significantly better than the control group for both
posttest and retention test for either mean total score (all
P < 0.001; Figure 2) or five dimensions scores (all P <
0.05; Table 1).

Attitudes Toward Clinical Practice
Compared with participants in the control group, partici-
pants in the observation group had higher willingness to
acquire the knowledge of infectious diseases, practice
hand hygiene, practice wearing self-protection and return
to internship rotation (all P < 0.05; Table 2).

Discussion

To our knowledge, this is the first report of a prospective
educational research study in a rotation-suspended setting
comparing the effects of a mixed learning approach to
a traditional lecture format, with regard to knowledge
change on COVID-19 and attitude toward clinical practice.
We found all students had significant improvement in
knowledge acquisition and retention compared with their
knowledge benchmark; both mean total score and five
dimensions in the mixed learning approach were higher
than those in the face-to-face group, and there was no
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Figure 2 Knowledge acquisition and retention.

Notes: Group mean total scores on knowledge assessment test at baseline (pretest), immediately after the online COVID-19 lesson (posttest) and 2 months later
(retention test). The change in scores between baseline and immediately after the lesson represents knowledge acquisition and is significantly better in the observation
classroom. The change in scores from immediately after the intervention until end of 2-month follow-up represents knowledge retention and is significantly better in the

observation classroom.

significant difference between the knowledge benchmark
and retention within the face-to-face group. This indicates
that although both face-to-face and mixed Ilearning
approaches may improve the knowledge acquisition, the
latter could make the students better understand and con-
solidate the new disease knowledge. It might be based on
better understanding of the new disease knowledge that
students in the mixed learning group showed more positive
practice attitude and better prepared them for clinical
practice, such as showing higher willingness to acquire
the knowledge of infectious diseases, practice hand
hygiene, practice wearing self-protection and return to
internship rotation. It is suggested that this mixed learning
approach could improve the learning initiative of students
in clinical practice, and thus help to indirectly improve the
level of clinical practice in the future.

With the popularization and development of internet
and computer technology, it is feasible and realistic to

utilize this mixed learning approach. In micro-learning,
the content for the learners is short and concise, encoura-
ging them to use the fragmentation time to study indepen-
dently. Recently, a review explored how micro-learning
can be used to increase retention in learners on mobile
applications.” In CBL, typical cases engage learners in
active learning using course concepts to solve important
problems.® Studies have shown CBL is a teaching tool
used in a variety of medical fields using human cases to
impart relevance and aid in connecting theory to practice.’
The impact of CBL can reach from simple knowledge
Jhala and
Mathur found CBL was useful for deep learning and

gains to changing patient care outcomes.’

emphasized its role in lifelong medical learning.'® In the
flipped classroom, the roles of teachers and learners are
exchanged, learners completing self-study before lesson
start, and classroom time is used for interactive learning
and problem solving. Findings from a meta-analysis
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Table 2 Intern Attitudes Toward Clinical Practice in Flipped Classroom versus Standard Classroom
Item Flipped Classroom Standard Classroom 7* Value | P value
n (Yes%) n (Yes%)
Willingness to learn the knowledge of infectious 28 (65.12) 15 (34.88) 9.382 0.004
diseases
Willingness to practice hand hygiene 22 (68.75) 10 (31.25) 7.929 0.009
Willingness to practice wearing self-protection 24 (63.16) 14 (36.84) 5.409 0.036
Willingness to return to internship rotation 28 (66.67) 14 (33.33) 10.792 0.002

including six studies with only one prospective rando-
mized study'' suggest that the flipped classroom may be
associated with minimal gains in student knowledge com-
pared to a lecture.'? There are several practical problems
associated with flipped classroom, particularly prominent
of which is more faculty time, faculty development or
resources to ensure content to be effectively delivered.'*~
'3 We finished the video recording in the lecture prepara-
tion stage, and according to the knowledge units decom-
posed into micro-lesson videos. Generally, clinical
teachers collect typical clinical cases conveniently and
have the ability to guide classroom discussions on clinical
cases. Therefore, we did not spend more faculty time,
including teacher development and preparing learning
resources in our study. In other words, this mixed learning
approach might be utilized at minimal cost.

The students’ clinical experience was insufficient,
and the bedside learning could not carry on during the
rotation-suspended period, so it was inevitably difficult
to achieve the ideal effect with a traditional lecture. The
original intention of our study was to provide a feasible
way for clinical teachers to teach students gaining new
clinical knowledge effectively during a special period.
A flipped classroom based on micro-learning combined
with CBL might form a resultant force in our study,
promoting the effect of COVID-19 knowledge acquisi-
tion and retention.

This study has limitations. It was a single-center study,
and was assessed only in undergraduate medical students
in grade 4 with a highly compact topic, which limits
generalizability. As a mixed learning approach, our
research results do not delineate whether the main effect
of this approach derived from flipped classroom, micro-
learning or CBL. Additionally, both control and observa-

tion formats and all evaluations in our study were entirely

The same teacher prepared all teaching materials,
which was peer-reviewed by all teachers in the teaching
team, for two different formats, and conducted the collec-
tive lesson preparation. Teachers of the teaching team were
not researchers in this study, which made the knowledge
assessment scores in pretest, posttest and retention test
more credible. We might be able to ensure the same and
full coverage of learning knowledge points in both class-
rooms, but we could not ensure that the same content was
covered and that materials were totally the same. For
example, it was impossible that the clinical cases in the
mixed learning classroom were fully covered in the tradi-
tional face-to-face online lecture. This might cause bias of
the result.

Further research should investigate whether the posi-
tive effect can be replicated in other medicine lessons,
including offline or online combined with offline lectures
on a broader scale and explore whether the main effect
comes from the flipped classroom, micro-learning or CBL
by detailed cohorts study and preference survey. More
study would be useful to understand details of interaction
and enhancement. In future studies, we will expand the
depth and breadth of research, including increasing the
number of learning sessions. In the future, we will refine
the separate role of different learning techniques in net-
work teaching.

Conclusion

A flipped classroom based on micro-learning combined
with CBL showed greater effectiveness in COVID-19
knowledge acquisition and retention without sacrificing
more faculty time or development, and made the attitude
toward clinical practice more positive in undergraduate
medical students. This mixed learning approach could
be recommended to use as a teaching strategy to acquire

online, which needs network communication and technol-  knowledge of new diseases online during special
ogy support. periods.
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