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Abstract

Introduction: COVID-19 forced e-learning processes to develop abruptly and
posed challenges to the educational infrastructure. Emergency Remote Teaching
was designated to distinguish the new educational scheme. This concept involves
production of online activities that may return to face-to-face format as soon as
the isolation period ends.

Objective: From March through September of 2020, this systematic review
attempted to elucidate experiences, benefits, and challenges enforced in dental
education due to the pandemic, the learning technologies, and methods used to
maintain education.

Methods: A literature search was conducted on Cochrane, Embase, Lilacs,
Livivo, PubMed, Scopus, and Web of Science databases. Gray literature was also
contemplated. Studies in which online teaching methods were described and
dental learners were the subjects during pandemic were included.

Results: Learning technology, pedagogical model, knowledge gain, and den-
tal learners’ satisfaction and attitudes toward remote learning were assessed.
The Joanna Briggs Institute JBI Critical Appraisal Checklist for Case Reports
was applied as the methodological quality assessment to the 16 included stud-
ies. Assessments were related to demographic and historical characteristics of
the participants, the intervention procedure, pre- and post-intervention descrip-
tions, and identification of unanticipated events. All studies described the use of
learning technology to ensure education continuity, and 15 studies highlighted
the pedagogical model applied. Eight studies investigated knowledge gain while
12 searched the learners’ satisfaction with online technologies.

Conclusion: The evidence suggests that learning technologies can support con-
tinuity in dental education. Reported problems include poor knowledge of fac-
ulty members on how to deal with technology, Internet connection, and content
transition to online education.
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1 | INTRODUCTION

In December 2019, a novel type of pneumonia was reported
in Wuhan, China. The viral agent was identified as a beta
coronavirus, and the respective infection was named as
“Coronavirus Disease 2019 (COVID-19).”! The pandemic
and subsequent mitigation measures have acquired great
proportions and its impact on society has become increas-
ingly significant. With regard to education, more than 990
million learners in all levels have been affected, which cor-
responds to 56.6% of total enrolled learners of the world.”

Unlike many other careers, dentistry is a fusion of three
educational components: theory, laboratory, and clinical
practice. During the COVID-19 pandemic, dentists were
classified in the very high risk category because of the
potential of exposure to coronavirus through aerosol-
generating procedures.® Despite the fact that a number of
online dental academic programs were available, this pan-
demic forced e-learning processes to develop abruptly and
posed unprecedented challenges to the dental educational
infrastructure.

Online learning is used as an alternative to keep learners
engaged in order to minimize the consequences of social
isolation policies on academic activities.*> Technologies
such as virtual reality simulators and augmented reality,
which are tools for training learners through interaction
with a total or partially three-dimensional environment,
have facilitated the introduction of these strategies in some
dental schools, especially for preclinical disciplines.®’

Hence, the term Emergency Remote Teaching (ERT)
was designated to distinguish new educational activities
during the pandemic from distance education that already
existed in some schools. This concept involves production
of totally online activities that may return to face-to-face
format as soon as the isolation period ends. Thus, the main
objective is not to create a new educational model, but to
minimize quarantine effects making content accessible to
learners during this time.**?

In this systematic review, ERT experiences were evalu-
ated, including benefits and challenges enforced in dental
education due to the pandemic, as well as the learning
technologies and educational methods that can ensure
continuity in the education of dental learners at any
level.

2 | METHODS

2.1 | Protocol and registration

This systematic review was reported according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist.'” The protocol was

registered in the PROSPERO database (University of York)
(http://www.crd.york.ac.uk/PROSPERO)" under number
CRD42020213610.

2.2 | Study design

A systematic review that analyzed education in dentistry
during the COVID-19 pandemic was performed to answer
the question: “Which are the experiences, benefits and
concerns with dental education during the Covid-19 pan-
demic?”

2.3 | Eligibility criteria

23.1 | Inclusion criteria

Retained articles were those studies whose objective was
to evaluate any method of remote education during the
COVID-19 pandemic for dental learners at any level.

2.3.2 | Exclusion criteria

The following exclusion criteria were applied:

1. Reviews, editorials, letters, personal opinions, book
chapters and conference abstracts.

2. Studies in which no online curricular teaching method
was described.

3. Studies in which dental learners were not the partici-
pants.

4. Studies in which the main objective was to describe
learners’ perceptions and anxiety about remote educa-
tion without clearly describe the adopted intervention.

5. Data collected before Covid-19 pandemic.

6. Studies written in non-Latin alphabets.

2.4 | Information sources and search
strategy

Individual search strategies for each of the following bib-
liographic databases were developed: Cochrane, Embase,
Lilacs, Livivo, PubMed, Scopus and Web of Science. A
gray literature search was taken using Google Scholar,
ProQuest, and Open Grey (Online Appendix 1). A filter
restricting to 2019-2020 years was applied to all databases,
except Cochrane Database. The end search date was
September 21, 2020 across all databases. Manual searches
of reference lists of relevant articles and theses and disser-
tations were also performed.
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All references were managed by reference manager
software (Mendeley, Elsevier) and duplicate hits were
removed.

2.5 | Study selection

The selection was completed in two phases. In phase one,
two reviewers (GNMS and HECS) independently reviewed
the titles and abstracts of all identified electronic database
citations. Articles that did not meet the inclusion cri-
teria were discarded. In phase two, the same reviewers
applied the inclusion criteria to the full text of the articles.
Both phases were completed using the Rayyan QCRI web-
site (https://rayyan.qcri.org). The references list of selected
studies was critically assessed by both examiners (GNMS
and HECS). Any disagreement in the first or second phase
was resolved by discussion until consensus between the
two authors was attained. When a consensus was not
reached, a third author (AFL) was involved to make a final
decision.

2.6 |
items

Data collection process and data

One author (GNMS) collected the required data from the
selected articles. A second author (HECS) cross-checked
all the collected information. Again, any disagreement was
resolved by consensus or the third author (AFL) deci-
sion. For each of the included studies, items recorded were
as follows: author, year of publication, country, educa-
tional institution, learning technology, subjects, pedagog-
ical model, main results, and conclusions. If the required
data were not complete, attempts were made to contact the
authors to retrieve any pertinent missing information.

2.7 | Methodological quality assessment
of included studies

The Joanna Briggs Institute (JBI) Critical Appraisal Check-
list for Case Reports was adapted and applied as the
methodological quality assessment.'” Regarding JBI qual-
ity appraisal, two reviewers (GNMS and HECS) scored
eight items as Yes, No, Unclear, and Not Applicable for 16
included articles. Any disagreement was resolved by con-
sensus or a third author (AFL) decision.

2.8 | Outcomes of interest

Included manuscripts were synthesized in a qualitative
and quantitative description focused on two major axes,

“the learning technology” and “the pedagogical model,”
and two minor axes, “knowledge gain” and “dental learn-
ers’ satisfaction and attitudes toward remote learning.”

2.9 | Synthesis of results
A meta-analysis was planned since the data from the
included studies were considered relatively homogeneous.

3 | RESULTS

3.1 | Study selection

In phase one, 754 studies were retrieved from the
seven electronic databases. In addition, 100 studies were
retrieved from Google Scholar and three from ProQuest.
No additional study was found across Open Grey. After-
ward, duplicate articles were removed, resulting in 649
remaining different studies. Then, a comprehensive eval-
uation of the abstracts was conducted and 618 articles
were excluded from databases. No additional articles were
identified from the reference lists of these studies, result-
ing in 31 studies at the end of phase one. Therefore, 31
manuscripts were elected to conduct a full-text review and
later 15 studies were excluded (Online Appendix 2). Finally,
16 studies were selected for inclusion per study parameters
(Figure 1).

3.2 | Study characteristics

The 16 included studies were published in three different
types of journals: dental sciences,'>!* multidisciplinary sci-
entific publications,>'®> and educational publications.'’-?®
The studies were conducted in nine different coun-
tries: Brazil,”®> Canada,?® China,'® Costa Rica,* France,”
Nepal,'* Peru,'® Serbia,’* and the United States.'®~2>2-%7
Fifteen studies were published in English and one in
Portuguese.'” Sample size ranged from 10" to 450'3 partici-
pants. A summary of the study’s descriptive characteristics
can be found in Table 1.

3.3 | Methodological quality assessment
of included studies

All 16 selected studies were experience reports. Due to the
similarity of text structure to case reports, they were eval-
uated by using JBI Critical Appraisal Checklist for Case
Reports,'? with a checklist adapted to the educational con-
text. The methodological assessment ranges from low qual-
ity: one to three “yes” answers; moderate-quality: four to
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Records identified through
database searching. Cochrane
(n=8); Embase (n=45); Lilacs (n=10),
Livivo (n=136); PubMed (n=254);
Scopus
(n=263); Web of Science (n=38)
TOTAL (n =754)

Additional records identified
through other sources
Google Scholar (n=100); Open Grey
(n=0); ProQuest (n=3)

(n=103)

Records after duplicates removed
(n= 649)

A 4

Records screened

\ 4

Full-text articles assessed
for eligibility
(n=31)

A 4

Studies included in
qualitative synthesis
(n=16)

A 4

Studies included in
quantitative synthesis
(meta-analysis)
(n=0)

Flow diagram of literature search and selection criteria

(n= 649) —

Records excluded
(n= 618)

Full-text articles excluded,
with reasons
(n=15)

1- Data collected before
Covid-19 pandemic (n=2);

2- Studies in which the
main objective was to
describe learners’
perceptions and anxiety
about remote education
without clearly describe
the adopted intervention
(n=4);

3- Studies in which dental
learners were not the
participants (n=3);

4- Studies written in non-
Latin alphabets (n=1);

5- Studies in which no
online curricular teaching
method was described
(n=5).
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six “yes” answers or high quality: seven or eight “yes”
answers.

Thirteen studies presented moderate
methodological quality while three studies'>?*?* showed
high methodological quality.

All studies clearly reported the educational situation
of the learners during the pandemic period and pro-
vided takeaway lessons. However, some selected studies
presented methodological problems related to learners’
assessment methods (pre-intervention), learning technol-
ogy, or learning model application and unexpected events.
Only two studies clearly described demographic and social
learners’ characteristics.'>'* In one study, learner popula-
tion’s history was missing'” and in another, the postinter-
vention outcomes were not described.'® More information
about methodological assessment may be found in Table 2.

13,14,16-22,24-26

3.4 | Results

In order to answer the main question of this systematic
review, the following outcomes of interest were consid-
ered.

3.41 | Major axes

The learning technology

Six studies reported the development of a new learn-
ing technology and its exclusive use.!>!®1819.21.28 gjx
articles described the use of commercially available
platforms'#1520:23.25.26 while four studies combined new
developed tools with preexistent technology.'-**?*?” Most
of the adopted technologies had both computer and mobile
phone interfaces. However, two programs had a mobile-
only interface.’>**

In addition to general dentistry, specific theoret-
ical themes were addressed: oral histology,” oral
histopathology,'® dental caries diagnosis,'® dentistry,*!
traumatic dental injuries,”* geriatric and special needs
dentistry,”® and pediatric dentistry.?%-*

The application of learning technology in laboratory
activities was described in four studies.”'7"** Virtual
microscopy has opened a new digital model of oral his-
tology and histopathology practical learning in which
conventional stained slices were scanned, and micro-
scope images were shared over computer networks.'>
To improve motor skills in restorative dentistry and
prosthodontics, a simulator that includes a micromotor
was distributed to learners to perform hands-on training at
home with the aid of videoconferences.!” To allow learn-
ers to experience a step-by-step periodontal procedure, a

DENTAL EDUCATION Wl LEYM

virtual reality mobile application was demonstrated in one
study.?

In addition, some studies aimed to replicate a clinical
care scenario. Three of these studies provided online clin-
ical cases so learners could develop diagnostic skills and
treatment plans.’>?3?° Also, one study provided virtual
meetings between learners and simulated patients (actors),
simulating clinical interaction.'’

The pedagogical model
While seven studies described exclusively synchronous
activities,'*!7?9-2328 four articles reported asynchronous
learning.'®'%-2426 Both modalities were presented in four
studies.'*'>!>?” One study did not describe the online
modality of education.? Six studies stated that live online
computer tutors were available to answer questions regard-
ing the use of the technological tools.!*!>16:23:2527 The
synchronous online classes ranged from 30 to 1202
min. Four studies developed online classes in small
groups®?>?8 between six*® and 20> learners and rotation
(polling) was applied in two of these experiences.?*?*
Flipped-classroom and blended-learning were also

reported.”>?® Individual activities were described in eight
studies 14-17,19,24,26,27

3.4.2 | Minor axes

Knowledge gain

The quantity of knowledge gain was investigated in eight
studies. Quizzes,”? practical and theoretical tests,>!
electronic multiple-choice questions and writing tests,
pre- and posttest,'®?? and examinations based on the clin-
ical cases given®*%° were applied.

Two studies®?* described tests application via Zoom
(https://zoom.us/). Moodle (moodle.org) and Google Meet
(https://meet.google.com/) were also used in theoretical
and practical tests.”” A remote proctoring solution inte-
grated with lockdown browser (http://www.emedley.com/
eproctor/) was used in one study,” the application of
multiple-choice quiz questions during and following the
presentation in Mentimeter AB website (www.mentimeter.
com) was described in one manuscript,’® and one arti-
cle showed synchronous tests performed in Kahoot!
(kahoot.com) website. !

Regarding the synchronous tests using Kahoot!, the
authors reported that more than 80% of the learners had
a satisfactory or very satisfactory performance.” Another
author described the percentage of online group total theo-
retical test scores was significantly higher when compared
to the traditional group and there were no differences in
the lab practical test scores between the two groups.'® A


https://zoom.us/
https://meet.google.com/
http://www.emedley.com/eproctor/
http://www.emedley.com/eproctor/
http://www.mentimeter.com
http://www.mentimeter.com
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study related that the 13 dental learners exposed to the
technological tool correctly answered 90% of the questions
evaluated, in relation to the 12 learners exposed to the
virtual synchronous class group who correctly answered
40% of the same questions.'® In addition, a manuscript
reported that in a group of 19 learners, more than half cor-
rectly answered the questions at the virtual rotation end.?
Another experience related that learners accordingly had
interpreted some clinical case information and qualified
their recommendations.?® It was described in a study that
participants correctly answered 61% of 13 questions queried
during the presentation, and 83% of seven questions fol-
lowing the presentation correctly.?

Two authors did not describe the test results.>>>
Dental learners’ satisfaction and attitudes toward
remote learning
Twelve authors queried the learners’ satisfaction with the
use of online technologies during the pandemic period.
Nine of them!6-18:20:23-25.27.28 degcribed respondents’ opin-
ions as a positive, acceptable, and favorable experience.

Learners with 20 months of previous clinical experi-
ence felt that the virtual sessions promoted their criti-
cal thinking and solidification of concepts learned. How-
ever, learners with little time of clinical experience felt that
they learned less during the virtual sessions than they did
through traditional clinical education.?!

One article described 64% of the learners reported
some level of discomfort before teledentistry had been
used. Following the exercise, only 23% reported contin-
ued discomfort with the idea of leading a teledentistry
visit.'

The overall satisfaction with ERT was good. Most learn-
ers’ feedback suggested they would prefer a continuation
of the model even after the current scheduling restrictions
were lifted.”® Nevertheless, a study has shown that only
27% suggested to continue the online classes even after
the pandemic situation comes under control. The same
research demonstrated that 77.51% of respondents rated
online classes as noneffective. A majority of learners rated
the understanding level of online classes as moderate and
a total of 58.4% suggested that teachers need training on
how to create and give online classes.'*

3.5 | Risk of bias across studies

The selected studies were all descriptive and used similar
methods, which reduced the possibility of misinterpreta-
tion. Results were considered homogeneous enough but
did not have compatible quantitative data that would allow
a meta-analysis.

DENTAL EDUCATION Wl LEYM

4 | DISCUSSION

4.1 | Summary of evidence
This is the first systematic review that assessed the ERT
experiences during coronavirus social distancing. The 16
included studies justified the COVID-19 transformation
to partially or totally online courses to allow learners
to continue learning, faculty to stay engaged in their
activities, and the dental school community to remain
connected and supportive of each other throughout a
quarantine period.”’ ERT has threatened conventional
training opportunities but introduced some others, accel-
erating the reliance and significance of technology for
health education.?”~*! Reported problems included faculty
members’ limited knowledge of technology, availabil-
ity and strength of learners’ Internet connection, and
transition of some topics to the online version.

E-learning, known as a kind of distance learning that
uses electronic devices to promote learning, has multiple
possibilities that can undoubtedly improve education’*3*
and growing evidence shows that it is as effective as tradi-
tional methods.>**> However, the sudden shift from tradi-
tional teaching methods did not allow sufficient time for
adaptation. These hurried moves by so many institutions
at once could leave the perception of e-learning as a weak
option, when in truth the transition under these circum-
stances will not take full advantage of the affordances and
possibilities of the online method. Hence, the term ERT is
defined as a temporary shift of instructional delivery to an
alternate mode due to crisis environments.®

Authors have proposed the CIPP assessment of ERT,
which is more focused on the (social) context, input (edu-
cational context), and process evaluations than on the
product (learning).®3¢

The social context assesses needs, problems, and rel-
evant contextual conditions. First, when isolated due to
imposed quarantine and travel restrictions, learners may
suffer anxiety at different levels.*”*® Social distancing
brings fear from uncertainty, physical discomfort, loneli-
ness, and stress that negatively affect the teaching-learning
process.’”*’ Computer skill level, Internet access, and
electronic devices availability were significant factors in
facilitating the successful acceptance of e-learning.*'~*3
In this context, only two of the included articles, from
middle'- and low-income countries,'* reported the poor
technology infrastructure of the dental learners. There-
fore, the challenges of adopting online learning in devel-
oping countries remain a reality due to the digital delay
when compared to the developed countries.** One review
study, which has put the technological aspects of e-
learning readiness*® (the assessment of how ready an
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institution is to adopt and implement e-learning) as the
main criteria for the success of the online system, indicated
that 45% of e-learning projects in developing countries are
total failures, 40% are partial failures, while only 15% are
successful.

The input (educational context) assesses a strategy pro-
gram, action plan, and staffing arrangements to meet tar-
geted needs and achieve goals. The Zoom platform was
the preferred platform in seven of the included studies.
Zoom offers several possibilities, such as synchronous
and asynchronous interactions, recording lectures, chats,
screen sharing, sending and receiving files, division into
small groups or individual activities, and lectures to large
audiences. These results are in line with other find-
ings in the literature. In an opinion article, a maxillofa-
cial training during the pandemic highlighted the Zoom
platform, stressing the importance of audio and visual
connection enabling interpersonal contact that reinforces
engagement and deeper learning.*’ A systematic review
demonstrated that the presence of each type of interac-
tion, which includes learner-content, learner-learner, and
learner-teacher, when meaningfully integrated, increases
the learning outcomes.*® Perceived limitations of the vir-
tual learning strategy were the loss of collegiality and net-
working. In addition to difficult interactions with trainers
in an “artificial” encounter where communication may be
personally challenging, technical glitches and the inabil-
ity to cover all disciplines are all points that need to be
taken into account in planning the future dental educa-
tional experiences.* According to the virtualization feasi-
bility of the dental disciplines, one included study showed
that only 26% of the dental courses could be totally virtual-
ized with no content changes, while 32% were unfeasible.*

The process evaluations monitor, assess, and report on
the implementation of plans. A previous study indicated
that less than half of the participants expressed positive
perceptions of e-learning,*” while other studies reported
health learners found it gratifying.’**° According to this
systematic review, most of the included articles described
respondents’ experience as favorable toward ERT and the
use of the Zoom platform. The main advantage was the
availability of dental learners to learn at all times,’*?> along
with other health sciences learners.”’ Some included stud-
ies noted participants prefer a continuation of the model
even after the end of current restrictions.?*>?® Reported
problems include too short a scheduled time to cover
all planned activities,?? technical issues related to pop-up
blockers and unstable Internet connectivity.>>?’ Despite
the difficulties, many universities recommend the incor-
poration of an online method in the curricula.>?

Product (learning) evaluation consists of identifying and
assessing outcomes. Undoubtedly, the evaluation had the
highest fluctuation in this systematic review. Contrary to

what might be supposed, online classes require greater
learner responsibility and leadership than passively receiv-
ing the content in face-to-face classes.”> Some strategies to
replace the traditional tests were developed, such as the
learners’ participation in online forums,?® self-assessment
of videos recorded from previous online activities,'® and
discussion of questionnaires in real time.”" Pre- and poste-
valuations may be considered to assess learning outcomes
in online education.”’

4.2 | Conclusion

The CIPP assessment of ERT concluded that, in the social
context, countries with better infrastructure improved the
learning process as the technology access was greater,
although the learners’ levels of anxiety and fear every-
where were similar. The input (educational context)
showed that ease of communication and different types of
interactions between learners, teachers, and the content
are the most important requirements when choosing an
online learning platform. The process evaluation revealed
that the respondents approved ERT and recommended
e-learning after the end of the quarantine. The product
(learning) evaluation showed high fluctuation since differ-
ent strategies were adopted to assess learners’ knowledge
gain.

In summary, campuses have been closed due to nat-
ural disasters and other unexpected events in recent
years. The data showed that most learners appreciated the
technology-based system, however, they have missed some
practical activities. Exploring learners’ satisfaction toward
e-learning and seeking feedback can help institutions to
improve e-learning experience. It is hoped that this sudden
shift will not be considered a detriment to education, but
a learning experience to open a wide way to technology-
based education.”

4.3 | Limitations

Overall, the number of studies published on the use of e-
learning in dental education during the COVID-19 pan-
demic is limited and thus contributed to the small num-
ber of studies included in this systematic review. Regard-
ing the quality appraisal of the included studies, some
methodological quality issues were found related to the
learners’ demographic and social context, learning tech-
nology/ learning method, and description of unwanted
events. Also, despite the varied study population groups
considered for inclusion in this review, no dental assis-
tant/ hygienist students were evaluated. This warrants the
need for more studies in this area as well as diverse study
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populations. It is also important to consider that the learn-
ers’ perception of ERT modalities was not thoroughly
assessed, although this is of great value when proposing
a new educational reality.

5 | CONCLUSION

The experiences showed that the ERT is a good option
to ensure multimodal and active education during the
COVID-19 period since e-learning is well-received by den-
tal learners. Some benefits are to decrease anxiety and to
promote mutual support while in mandated quarantine.
The identified problems include poor technological infras-
tructure in both learners’ and institutions’ environment
and difficulty in replacing clinical activities.
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