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Abstract:

The current outbreak of coronavirus disease 2019 (COVID-19) across the world forced universities
to suspend learning to limit the spread of the virus. Many medical schools have shifted to online
education as an information delivery mechanism where the educator and learner are separated in
space and potentially also in time. This systematic review aims to explore and understand the variety
of distance learning strategies in medical students in the contexts of COVID-19. A systematic review
was conducted in Web of Sciences, PubMed, Educational Resources and Information Center, and
Scopus from December 2019 to July 2020. Eight sets of terminology were used, combining “Distance
learning” AND “Medical education” AND “Pandemic.” Studies were reviewed independently by two
reviewers. Data were extracted and quality appraised using QualSyst tools, and synthesized by
performing thematic analysis. A total of 473 articles were identified after removing duplicates and
314 records were screened, of which 125 were included in this study. The primary articles were 52
primarily qualitative articles. Five learning strategies consisted of technology-enhanced learning (TEL),
simulation-based learning, technology-based clinical education, mobile learning, and blended learning.
Tools, methods, and learning resources associated with these five learning strategies were extracted
from the articles. Our review highlights that TEL and simulation-based learning were more commonly
used than others in distance learning in medical education during the COVID-19 pandemic. These
strategies have the potential to improve learners’ level of knowledge and performance through
making online learning resources such as Massive Open Online Courses, virtual clinical cases, and
blended sources accessible.
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Organization declared COVID-19 a pandemic
after 200,000 cases had been detected with

Introduction

he coronavirus disease 2019 (COVID-19)

pandemic is a major challenge in every
aspect of health care. Due to lockdowns and
social distancing, teaching opportunities for
trainees in medical education have been
drastically reduced and changed.!!

The novel COVID-19 outbreak was reported
as a public health emergency on January
30, 2020.1%! Subsequently, the World Health

This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work
non-commercially, as long as appropriate credit is given and
the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

8000 deaths across 160 countries.® The rapid
spread of COVID-19 has had an enormous
impact on many aspects of human life,
including social development and education,
and has caused many countries to activate
emergency risk management.”! Any crisis
in a nation will always have an impact
on education in one way or the another.
Students’ right to education is threatened
in times of crisis caused by natural disasters
such as earthquakes, tsunamis, cyclones,
war, and disease outbreak.®
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The current outbreak of COVID-19 across the world
forced universities to suspend learning to limit the
spread of the virus. Medical schools have applied a
variety of policies that stopped face-to-face students’
education around the world. Most medical institutions
have discontinued student clinical rotations and modified
undergraduate and postgraduate education by drastically
limiting hospital exposure hours. The resulting decreased
number of procedures has been of great concern to
medical students, residents, and fellows."!

This crisis has forced the universities to think of new
and alternative strategies to engage students.®! Many
medical schools have shifted to online education to
ensure continuity of teaching—learning processes.!!

Hence, it is time to think of “distance or online
learning” as an information delivery mechanism where
the educator and learner are separated in space and
potentially also in time."!

The study by Cook and Dupras introduced a potentially
effective way to create an online learning platform in
medical education.!'” They emphasized the importance
of a user-friendly website design and integration of
self-assessment for students.!""!

More recently, Virginia Gewin provided useful tips in the
transition to online learning.""! She describes the utility of live
video-conferencing for follow-up on the previously described
self-learning module.*'? In some evidence, lectures have
quickly been delivered online by technologically enhanced
approaches.”! These new technologies appear to have many
advantages compared with traditional formats; they are
more cost-effective, give high levels of access to students,
and facilitate more flexible teaching and learning methods,
thus increasing educational opportunities.*”!

Another strategy is webinars or online teaching
platforms, ensuring that all medical students can access
webinars regardless of their actual location.!

This systematic review aims to explore and understand

the variety of distance learning strategies as a new or

innovative way of teaching medical students in the

contexts of the COVID-19 pandemic. This paper will

address the following two main questions:

1. What strategies have been deployed in medical
education?

2. What strengths and weaknesses do the instant move
to online learning bring?

Materials and Methods

This systematic review includes studies on under- and
postgraduate medical education published between

December 2019 and July 2020. The COVID-19 pandemic
started around December 2019 and related articles were
selected in this period.

Search strategy

The following databases were searched: Web of
Sciences (Thomson Reuters), PubMed, Educational
Resources and Information Center (ERIC), and Scopus.

Primary search terms were distance learning (all
synonyms) and COVID-19 (all synonyms) and (medical
student) (all synonyms) using MESH terms, employing
Boolean operators and truncations such as (education,
distance) OR (computer-assisted instruction) OR (digital
education) OR (digital learning) OR (e-learning)
OR (M-learning) OR (mobile learning) OR (m learning))
OR (u-learning)) OR (ubiquitous learning) OR (simulation
training) OR (digital learning) AND (medical
students) OR (education, medical) AND ([Pandemics]
OR [Coronavirus Infections]) OR (COVID-19). A total of
473 articles were identified after removing duplicates and
314 records were screened, of which 125 were included
in this study.

Inclusion and exclusion criteria

The search was restricted to distance learning studies
implemented since the onset of the COVID-19 pandemic.
A comprehensive search was performed for articles
which were published in peer-reviewed journals in
English language from December 2019. Articles based on
primary studies were also included. The exclusion criteria
were: (i) articles not covering distance learning during
the COVID-19 pandemig; (i) articles based on secondary
studies; (iii) articles published in nonpeer-reviewed
journals; (iv) studies not including medical students;
and (v) studies not published in English language.

Selection of studies

Two independent researchers searched the databases
by first reviewing each title and abstract matching the
inclusion criteria.

Full-text studies were reviewed based on relevant
abstracts. In case of any disagreement regarding
eligibility, a third independent researcher was involved.
The PRISMA guideline (Preferred Reporting Items
for Systematic Review and Meta-Analysis) was
followed [Figure 1].'%

Data analysis and synthesis

Fifty-two articles were included in the review. Statistical
integration of the data was not possible because there
was no consistency in distance learning strategies
and methodologies. In the case of heterogeneity
in methodology, the synthesis of findings must be
integrated through narrative synthesis.!'*!"]
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Figure 1: PRISMA flowchart on inclusion of studies

Tabulating the included studies

The authors (MK, N Kh) extracted the following data
using a purpose-built, standardized data extraction tool:
teaching strategies or methods (tool, technology, and
educational platforms), type of study, study country, and
participants; disagreements were resolved by involving
a third independent researcher (MA).

Quality assessment

The quality of the included studies was assessed by two
authors (MK, NKh) using standardized critical appraisal
tools from the QualSyst checklist.® This scoring system
was useful to clearly demonstrate the process and to
evaluate the quality of the included papers.!"’!

The QualSyst checklist consists of 10 items for qualitative
studies. A score of 0-2 is assigned to each question, and
the final score is calculated by summing up the total score
of each item and dividing them by the total maximum
sum."?1 A cutoff point of 55% as the threshold for
studies was made.™!

Results

A total of 473 articles were identified after removing
duplicates and 314 records were screened, of which
125 were included in this study. The primary articles
were 52 primarily qualitative articles [Figure 1]. Most
studies were published in 2020. Participants were mostly

undergraduate and postgraduate students (medical
student, resident, or fellow). Most articles originated
from North America (1 = 30, 60%) [Figure 2]. A summary
of data extraction is provided in Additional File 1.
Distribution of studies according to type of publication
is illustrated in Figure 3.

Regarding the type of participants in educational
contexts, the most frequently studied sample included
residents and fellows (1 = 30; 55%), followed by medical
students (n = 21; 38%) and academic staffs (n = 4;
7%) [Figure 4].

In this review, tools, methods, and learning resources
based on each learning strategy are shown in Table 1.
Learning strategies consisted of technology-enhanced
learning (TEL), simulation-based learning,
technology-based clinical education, mobile learning,
and blended learning.

TEL can use it to promote information and communication
technologies in education and training.

Some researchers focused their studies on tools related to
these learning strategies. Kaup et al.?" introduced various
tools to maintain education during this pandemic, such
as virtual classroom, webinars, and Blogs. They report
that the real classroom has been changed into a virtual
classroom with E-seminars, case-based discussions, and
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Journal clubs, which can be successfully conducted using
virtual classrooms. Various medical education methods
within TEL can be used during COVID-19, including the
14 teaching methods mentioned in Table 1.162!12225263438]

Furthermore, six studies mentioned resources for TEL,
most of which are free online resources such as Massive
Open Online Courses (MOOCs).[621:27:363741]

Simulation-based learning can help develop medical
students” knowledge, skills, and attitudes, while
maintaining patient safety. Simulation-based medical
education may reduce ethical issues and resolve

dilemmas. Simulation-based learning techniques,
tools, and strategies can be used in designing learning
experiences and have previously been broadly applied
as an educational strategy in aviation, anesthesiology,
and military. Simulators help to decrease errors and
maintain safety.?®'%554

Studies included in the current study have used
four teaching tools in simulation-based learning,
namely virtual reality simulator models, operating
room simulation, endovascular simulation, and
endoscopy simulators (mechanical and virtual reality
versions).[#?353% Virtual reality simulator technology
provides the possibility of performing some types
of surgery remotely, such as endoscopies. Based
on this model, technical, cognitive, and integrative
skills (e.g. communication) in surgical training have
been developed to ensure the transfer of skills to clinical
practice.B

Technology-based clinical education is defined as the
attainment of clinical education skills via computers
which can display combinations of text, images, video,
and voice.*!

Agarwal et al.? and Chick et al.””! used telephone, video,
telephone hotlines, and telehealth clinics as clinical
education tools during COVID-19.

Some studies suggest 16 learning methods for
technology-based clinical education, of which the
following three are the most widely used: virtual grand
rounds, web-based learning, and phone or video visits.
Agarwal et al.”! used online journal clubs, grand round
lectures, case-based morning reports, and educational
rounds to increase accessibility for learners from
anywhere. Furthermore, residency education continued
at the clinic through video visits. Using this method
has made lectures more readily accessible, leading to
participant participation among residents, fellows, and
faculties. Chris Roberts developed “bedside clinical
teaching via Zoom” as a new method to protect students’
safety during this medical crisis.

Virtual clinical case and virtual labs are introduced as a
resource in this strategy.>

Mobile learning is any type of learning that occurs in
learning environments that considers the portability of
technology, learners, and learning.””}

Plancher et al. stated that mobile devices or handheld
computers could rapidly access learning resources
such as journals, e-books, and videos on surgical
performances. Use of mobile devices through social
media can help young surgeons treat hard cases and
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Table 1: Summary of learning strategies, tools, methods, and learning resource associated with distance

learning

Learning Tools Methods Learning resource
strategies

TEL Webinars, 142123 virtual whiteboards, " YouTube-based lecture series,!"! E-seminarsi?" Online learning

Blogs,?"! Google classroom,?':24

virtual classroom,?122.25-27]
videoconferencing,?62829301 yvideocast,?*"!
website,® online conference platforms!

local web-based lectures,® video-based
education,® virtual classroom discussions, 8
synchronous tele-education,® virtual “review”
session,¥ online team-based learning,®”
feedback via online learning advisors,®”! online
peer teaching,® asynchronous problem-solving
activities,® synchronous interactive small
groups sessions,®! asynchronous interactive

modules®®
MOOQCs!2'24 electronic
books!*" subspecialty
tele-conferences?”
PowerPoints with
voice-over, Elsevier
free online teaching-
learning resources!?*

lecture, 9 video lectures®¥

Simulation-based
learning

Endoscopy simulators (mechanical and
virtual reality versions),” virtual reality
simulator models,*¥ operating room
simulation,“? endovascular simulation*3
Videol?7284445] telephone, 8! telephone
hotlines,® telehealth clinics”

Technology-based
clinical education

Endoscopy video rounds,”! virtual grand
rounds, 252833 pedside clinical teaching via

Virtual clinical case,?4
virtual lab?¥

Zoom,*”l remote/web-based learning, 446!
virtual or web scenario-based learning,“4 virtual
team discussions,“Y web-based discussions,*4
virtual morning report,?® virtual professors’
rounds,® virtual journal club,?® telephone or
phone or video visits,?84%47] virtual discussion
rounds,“®! remote surgical learning,“?
image-guided surgical E-learning,“? virtual
clerkship,® virtual clinic visitst*®!

Mobile learning Kahoot app,?"! web-based calls,**!
Jabber app,?®! secure cloud systems,“!
group chat application,“! smartphone

or tablet-based videoconferencing
application,*! telemedicine application!"

Blended learning Flipped virtual classroom!?”!

Hybrid learningf"

Blended courses*?

MOOCs=Massive open online courses, TEL=Technology-enhanced learning

make significant long-term contacts with experienced
practitioners.

Mobile-based applications (apps) are also an important
tool for learning.™ A variety of mobile apps can help
share voice, pictures, slides, and other materials.?*?
Agarwal et al.?® and Kaup et al.?l used a diversity of
tools to present mobile-learning strategies such as the
Jabber app and the Kahoot app.[952454501

Garcia Vazquez et al. reported that operating room
simulation could be accessed through mobile phone
applications, promoting online surgical training.!*?

Blended learning means that traditional teaching is
complemented by electronic formats. It is characterized
by combining traditional face-to-face learning and
e-learning®! with additional multimedia options;
E-learning environments will also meet different student
learning styles.[*"!

Because of the risk of infection experienced during
COVID-19, both faculty and students were restricted
from attending in-person on-site meetings, and blended

learning is a way to accommodate these restrictions.
Kekkonen-Moneta and Moneta suggested that if
interactive learning courses are designed accurately, they
can promote higher-order learning outcomes based on
students’ different learning styles.[!]

Chen et al., Chick et al., and Kaup et al.'?72 suggested
a flipped classroom tool in this strategy. In “flipped
classrooms,” students study content online before
working with educators to apply knowledge in the
classroom (e.g. through problem-based learning).
Moreover, compared to lectures, flipped classrooms
produce better learning outcomes.

Only one study used hybrid learning as a method of
blended learning; they considered surgical education as
a robust educational method for experienced surgeons
during the COVID-19 crisis.?®"

The findings revealed that the blended courses are
resources for this learning strategy.’>"

Table 2 summarizes each study in this review, including
social media and platforms.
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Table 2: Social media and platforms related to learning strategies

Learning strategies Social media Platform

TEL, blended learning,
mobile learning,
technology-based
clinical education

Twitter, WhatsApp,
Facebook, Skype, Viber,
FaceTime, YouTube
live, Periscope

Virtual learning platform using Microsoft teams, Zoom (Zoom, San Jose, California),
Slack, cloud-based platforms, Adobe Connect, E-class platform, boot camps,
Google Hangouts meet, CiscoWebEX, Elias, Moodle, Canvas, Blackboard, Epolls,
Google Forms, webcast, podcasts, asynchronous discussion boards, Google Voice,

asynchronous discussion forums, VoxVote, online Meded, E-portfolio platforms like
“Mahara,” “FolioSpaces,” online learning management system

Some studies mentioned eight types of social media and
24 platforms. Most studies had introduced Zoom. Zoom
is a videoconferencing service, which has expanded
rapidly expansion during the COVID-19 crisis. It is
currently an application available for use on desktop
or mobile devices. Zoom can be used for one-to-one or
group videoconferencing and applies two-way audio
and video capacity.

The advantage of Zoom in comparison to other
videoconferencing platforms is the availability of a free
version, ease of accessibility and use, the ability to share
screens, and adaptability with a multitude of devices,
including mobile options.*’!

Discussion

This review is, to the best of our knowledge, the first
systematic review examining and synthesizing distance
learning strategies in medical education during the
COVID-19 pandemic. We included and analyzed 52
articles and found five learning strategies commonly
applied during the pandemic. Most of the studies have
introduced tools, methods, and learning resources
associated with these five learning strategies.

Most studies mentioned the use of TEL. The pandemic has
shifted attention toward TEL implemented through the
design of webinars, virtual classroom, videoconference,
and teleconference, and the various learning resources
via E-seminar and online team-based learning and
synchronous interactive small group sessions. These
techniques have been implemented to enhance
problem-solving and critical thinking, improve clinical
skills, and encourage self-directed learning.”! Barberio
et al. indicated that these strategies could help develop
clinical skills and holistic noncognitive characteristics,
such as flexibility and cooperation among medical
students, residents, and fellows.

Another strategy was simulation-based learning. All
of the studies using this strategy concerned residency
training. This strategy may develop health professionals’
knowledge, skills, and attitudes while maintaining
patient safety.

Simulation-based training techniques, tools, and
strategies can be applied in designing structured

learning experiences and used as a measurement tool
for competences and learning objectives. It helps to
decrease errors and maintain a culture of safety.?*364
Simulation-based learning has not only been used during
the COVID-19 pandemic,***' but COVID-19 has made us
apply this strategy more quickly. One of the challenges of
medical education in COVID-19 is skills training, which
is not possible due to social distancing. Kononowicz’s
systematic review indicated improving knowledge and
procedural skills and improving clinical reasoning by
using a virtual patient.”)

Clinical education will be increasingly complemented by
computers with combinations of multimedia elements,
and new strategies for using technologies for education.
This result Refers to the concept of technology-based
clinical education.

During this medical crisis, clinical education needs to
rapidly manage the increasing number of patient cases
while being careful of protecting care providers and
continuing educational activities. Agarwal et al. reported
that using technology-based clinical education to convert
continuity in clinical patient visits to virtual options,
transforming didactics to online platforms.*!

Some methods suggested in Agarwal’s study were
Journal clubs, case-based morning reports, and
professors” rounds, which were formerly available
via videoconferencing and now been changed to an
online-only platform.#!

Another learning strategy in this review was mobile
learning. Mobile learning is still a developing area,
but it already offers many advantages compared
with other strategies such as mobility, portability and
small size, price, coordination, knowledge base, and
access to multimedia. Despite these benefits, there are
some disadvantages: small screens, the use of these
devices results in the disruption of other activities,
mobile portability increases the risk of theft, and loss of
information.[*®!

Some studies have shown that handheld technologies can
improve the use of evidence-based medicine and clinical
decision-making.! Furthermore, there is a growing
interest in using handheld technologies to improve
preclinical learning.”*”" and clinical learning.1”*7!
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To properly utilize mobile technologies, medical
educators need to grasp the underlying principles
governing their social and pedagogical use and create
an environment where these technologies can be used
effectively. In this way, medical educators can better
utilize the advantages of using mobile technologies and
prepare learners for practice in a world in which mobile
technology use is pervasive and transformative.”

The restrictions caused by the COVID-19, and to ensure
continuity of learning for medical students, mobile
learning is a suitable strategy in higher education as
students can learn at anytime, anywhere.

Blended learning has also been used during the pandemic.
Most studies on these strategies were conducted among
medical students and less among residents.

Blended learning by integrating online instruction has
been shown to overcome the limitations of time and
space, support instructional methods that are hard to
achieve using textbooks, and reach a larger number of
students without increasing the need for resources.*$7!
Kaveevivitchai et al. stated a significant difference
favoring blended learning for performance and skill
acquisition compared with online learning alone.®!

A potentially positive result of the pandemic has been
greater access to online educational platforms and social
media for medical students worldwide. Chatziralli
stated that they used several platforms, that is, Zoom®,
Skype, for teaching because lectures had been rapidly
converted from face-to-face to online video conferences.
This approach allows faculty and residents/fellows to
attend education at more convenient times based on
their schedules. Besides, basic versions of many online
platforms and social media are currently free of charge
and allow for invited national and international speakers
to participate at reduced costs.*!

Limitations and recommendation

One limitation of this review was the lack of original
studies. Therefore, it is possible that some studies were
conducted by focusing on primary studies. Second, our
search was restricted to the following four databases:
PubMed, Web of Science, Scopus, and ERIC databases.
Thus, we suggested that some studies be carried out
in other databases. Third, in our search, eight sets of
terminology were used, combining (“Distance learning”
OR “Mobile learning” OR “Ubiquitous Learning”
OR “Simulation training” OR “Digital education”)
AND (“Medical student” OR “Medical education”) AND
“Pandemic.” Other terminology could be searched by
authors. Moreover, some studies may have emphasized
other keywords to describe them. Fourth, this study
included only English-language articles, and therefore

seven out of 73 studies were excluded. It is also possible
that other languages are included in future studies.
Finally, the study lacked meta-analysis because of the
dissimilar nature of the results. It is recommended that
some studies be prepared in different study designs.

Conclusions

Our review highlights that TEL and simulation-based
learning were more commonly used than others in
distance learning in medical education during the
COVID-19 pandemic. These strategies have the potential
toimprove learners’ level of knowledge and performance
through making online learning resources such as
MOOC s, virtual clinical cases, and blended courses
accessible to learners regardless of their contexts and
timescale.
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