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Systematic review

Background: E-learning is recognised as a useful educational tool and is becoming more common in undergradu-
ate medical education. This review aims to examine the scope and impact of e-learning interventions on medical
student learning in clinical medicine, in order to aid medical educators when implementing e-learning strategies in

Methods: A systematic review compliant with PRISMA guidelines that appraises study design, setting and popu-
lation, context and type of evaluations. Specific search terms were used to locate articles across nine databases:
MEDLINE/PubMed, ScienceDirect, EMBASE, Cochrane Library, ERIC, Academic Search Complete, CINAHL, Scopus
and Google Scholar. Only studies evaluating e-learning interventions in undergraduate clinical medical education
between January 1990 and August 2021 were selected. Of the 4,829 papers identified by the search, 42 studies met

Results: The 42 studies included varied in scope, cognitive domain, subject matter, design, quality and evaluation.
The most popular approaches involved multimedia platforms (33%) and case-based approaches (26%), were inter-
active (83%), asynchronous (71%) and accessible from home (83%). Twelve studies (29%) evaluated usability, all of
which reported positive feedback. Competence in use of technology, high motivation and an open attitude were key

Conclusions: Medical education is evolving consistently to accommodate rapid changes in therapies and proce-
dures. In today's technologically adept world, e-learning is an effective and convenient pedagogical approach for the
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Background

E-learning, a pedagogical approach supported by the
principles of connectivism learning theory, involves
the use of technology and electronic media in knowl-
edge transfer [1, 2]. Connectivism views knowledge as
a fluid entity circulated through technology enabled
networks that foster interactions between individuals,
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organizations, and societies at large [2]. Based on this
conceptual framework, medical curricula can potentially
benefit from enhanced communication and knowledge
exchange using technology.

Common e-learning instructional designs in clinical
medicine include “online and offline computer-based
programmes, massive open online courses, virtual real-
ity environments, virtual patients, mobile learning,
digital game-based learning and psychomotor skills
trainers” [1]. To maximize the potential for e-learning, it
seems rational that the roles and needs of the e-learner,
e-teacher and host institution should be defined and
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appreciated. According to the Association for Medical
Education in Europe (AMEE), an e-learner is any indi-
vidual taught in an online learning environment [1]. As
the role of the e-learner is central to the learning process,
effective e-learning strategies should consider poten-
tial learning challenges encountered by the e-learner.
Employing skilled e-teachers and providing them with
sufficient supports are also important considerations.
Furthermore, institutional management of the content
versus process elements of educational technology use
should best align with the objectives of the program [1].
For example, if the intent is to provide student access to
digital content, then managing sound or video files, pod-
casts, and online access to research papers, clinical pro-
tocols, or reference materials, should be prioritized. On
the other hand, if the focus is on student participation in
digital activities, then managing processes such as dis-
cussion boards and test-taking should take precedence.
Accounting for the role of the e-learner, e-teacher, and
host institution in this manner, can result in successful
implementation of an e-learning system. In fact, e-learn-
ing has been shown to be at least as effective as, and can
serve as an adjunct to, face-to-face teaching and learning
methods [3-5].

An institution may choose to employ educational tech-
nologies for the entirety of the course or provide a combi-
nation of online and in-class interactions, with the latter
approach referred to as ‘blended learning’ [1]. Incorpora-
tion of e-learning into the curriculum allows for new ave-
nues of interactive knowledge and skill transfer between
teachers and students and amongst students. Interac-
tions are not limited to face-to-face conversations but
can involve text, audio, images, or video, thereby enrich-
ing the learning experience. Giving access to a greater
breadth of learning resources further develops lifelong
learning skills in students as they are required to inde-
pendently evaluate and extract the pertinent information
[1]. E-learning interventions can also be accessed at any
time from almost any location, which facilitates a stu-
dent-centred approach through self-directed and flexible
learning [6]. As such, e-learning is an attractive instruc-
tional undergraduate health education approach [7].

To date, e-learning interventions in the sciences, par-
ticularly anatomy [8] and physiology [9], and postgradu-
ate medical training [3, 4] have been described. However,
their use has not been reviewed systematically in the
specific context of augmenting, enhancing or supporting
student learning in undergraduate clinical medicine [10],
or replacing face-to-face learning with online learning
in the case of COVID-19 emergency remote teaching.
In 2014, survey responses from senior medical students
in Illinois, reported use of online collaborative author-
ing, multimedia, social-networking, and communication
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tools as point of opportunity study resources during
clinical rotations [11]. Additionally, the COVID-19 pan-
demic has necessitated stepping away from traditional
classroom and bedside teaching, and development of
more flexible course delivery. A recent survey by Barton
et al. collected 1,626 responses from medical students
across 41 medical schools in the United Kingdom dur-
ing the COVID lockdown. Results of study resources
accessed daily showed that 41.6% of students used
information provided by university (PowerPoint lecture
slides, personal notes), 29.6% accessed free websites
and question banks, and 18.4% accessed paid websites
and question banks [12]. The work therefore suggests a
strong tendency for students to supplement university
materials with online resources [12, 13]. The popular-
ity of online learning platforms seems to stem from an
association with achieving higher exam scores [14, 15],
ability to self-monitor knowledge gaps [16], improved
knowledge retention from repeat exposure [17, 18], and
to practice exam technique [16].

Medical school educators are, therefore, called to eval-
uate e-learning approaches and to consider incorpora-
tion of suitable strategies into current curricula to ensure
equitable access and student success. Thus, we aimed to
systematically review the scope and impact of e-learning
interventions published regarding undergraduate clini-
cal medicine, and to inform medical educators of the
effectiveness and character of various online learning
environments.

Methods

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines are used for
the reporting of this systematic review [19]. The PRISMA
checklist is included as Additional File 1.

Search methods

The early 1990s marked the commercial availability of
computer-based learning multimedia [20] as well as the
emergence of online education programs [21]. Thus,
medical subject headings (MeSH), key words and specific
database headings were used to locate articles published
between January 1990 and August 2021: ‘e-learning’ or
‘digital resources’ or ‘internet learning resources’ AND
‘medical education’ AND ‘undergraduate’ AND ‘tech-
niques’ or ‘programmes’ or ‘interventions. The search
was piloted on PubMed and adapted subsequently for
the databases. A total of nine databases were searched:
MEDLINE/PubMed, ScienceDirect, EMBASE, Cochrane
Library, ERIC, Academic Search Complete, CINAHL,
Scopus, Google Scholar and grey literature. The bibli-
ographies of each selected paper were searched manu-
ally for further studies. Websites of medical education
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organisations were searched for position statements
and guidelines, including the Association for the Study
of Medical Education, AMEE and the British Medical
Journal.

Inclusion and exclusion criteria

Only studies in the English language that evaluated an
e-learning intervention in subjects related to clinical
medicine were selected. These included: family medicine,
surgery, internal medicine, radiology, psychiatry, derma-
tology, paediatrics and obstetrics. Studies that did not
involve undergraduate medical students, were based on
pre-clinical sciences or were not focussed on an e-learn-
ing intervention were excluded. Studies that focussed on
the use of internet for assessment and course adminis-
tration only were not included. Additionally, studies that
described interventions but not their evaluation were
excluded. Of the 4,829 papers identified by the search, 42
studies were deemed eligible for inclusion in this review.

Data extraction and analysis

AMEE guidelines on e-learning interventions [1] were
used to modify a previous data extraction tool that had
been used in a systematic evaluation of effectiveness of
medical education interventions [22]. This was subse-
quently piloted and refined by three of the authors until
consensus was achieved to form the data extraction tool
(see Additional File 2). With application of connectivism,
individual elements of e-learning were identified to infer
and appreciate their collective effects on the learning
process. More specifically, data was extracted by examin-
ing two central questions: how and when to use e-learn-
ing in undergraduate clinical medical education. The
primary outcomes relating to Zow to use e-learning were:
instructional features that made the e-learning interven-
tion effective; usability features; assessment of effective-
ness and quality of the intervention. Primary outcomes
relating to when were: the context, and the learner and
preceptor characteristics. In addition to the outcomes
measured, descriptive data was also extracted to summa-
rise the studies including: the study design, setting and
population; context and discipline; type of evaluations.
All selected papers were filed in an Endnote library and
the data extraction tool for each was stored in an Excel
file, a summary of which is provided as Additional File 2
and Additional File 3.

Guidelines for evaluating papers on medical education
interventions from the Education Group for Guidelines
on Evaluation were used as a framework to assign a global
score for the strength of each paper [23]. Among these
guidelines, significant value is placed on development of
strong intervention rationale and intervention evalua-
tion methods [23]. The impact of the evaluation was also
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measured using Kirkpatrick’s levels, a recognised system
of understanding the effect of interventions [24]. The
first level, reaction, is a measure of learner satisfaction
with the intervention [24]. The second Kirkpatrick level,
learning, is a measure of change in knowledge, skills, or
experience. The third Kirkpatrick level of behaviour is a
measure of behavioural change. The final level, results,
is a measure of overall impact on the organization (i.e.,
improved quality of work, reduction in time wasted, bet-
ter patient care).

Results

Search results

A total of 4,829 papers were retrieved from database and
manual searches, and this number was reduced to 42
after removal of duplicates and application of inclusion/
exclusion criteria at set stages (see Fig. 1 for the PRISMA
flow diagram). Two papers were retrieved from manual
searches of bibliographies [25, 26]. The main reasons for
excluding studies were a lack of focus on undergraduate
medical students (112 studies) or absence of an e-learn-
ing intervention (34 studies).

Design of included studies

The year of publication ranged from 2003 to 2021, with
most conducted within the past ten years (31 studies).
Interventions were conducted in nine different coun-
tries, mainly the United States (13 studies) and Germany
(9 studies). More than half of the studies were conducted
in the European Union (21 studies). Several research
designs were described, including 17 observational stud-
ies [25, 27—-42], 13 randomised control trials [26, 43—-54],
three non-randomised control trials [55-57], eight quali-
tative studies [58—65], and one mixed methods study [66].
Thirteen of the total studies included data collection both
pre- and post- intervention [25, 27, 31, 34, 36, 38, 39, 45,
48, 52-54, 61]. Six studies had follow-up data (collected
weeks to months after intervention) [34, 45, 49, 52, 54, 56]
and twelve papers reported ethical approval [28-31, 33, 34,
39, 40, 42, 46, 49, 54]. Furthermore, eight studies described
learning theories in the development or evaluation of
medical curricula [29, 30, 33, 49, 51, 52, 56, 58]. Of these
studies, five referenced constructivism [29, 49, 51, 52, 58]
three studies highlighted cognitivism [30, 56, 59], and one
study evaluated behaviourist learning theory [33].

Study population

Students in the third year of medical school experienc-
ing clinical exposure were the most commonly studied
(sixteen studies), with fourteen studies involving mul-
tiple cohorts of students (see Additional File 3). Sample
sizes ranged from 10 to 42,190 individuals. The most
common disciplines investigated were interdisciplinary
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(13 studies), surgery (8 studies), radiology (7 studies),
and dermatology (4 studies) (see Fig. 2 Intervention
Discipline).

Intervention characteristics

Twelve types of intervention were described and the
most commonly used were multimedia platforms (four-
teen studies) and case-based learning (eleven studies),
as per Additional File 2 and Fig. 3. In terms of cognitive
domain, 27 interventions were in the domain of knowl-
edge [25-27, 29, 30, 32-35, 39, 40, 42, 43, 47, 48, 50,
52-54, 57, 60-64, 66, 67]; eight were in the domain of
skills [9, 30, 31, 36, 37, 46, 49, 51] and seven in combined
knowledge and skills [38, 41, 44, 45, 56, 59, 65]. The
interventions ranged in duration from a single session
to a complete academic year. Thirteen of the interven-
tions were synchronous, where users log on at a given
time [8, 26, 27, 31, 33, 34, 37, 43, 47, 51, 52, 58, 66], and
the remaining 29 used an asynchronous platform (users
logging on independently in their own time). Seven were

accessible in a classroom setting only [26, 27, 36, 47, 52,
58, 66] while the others could be accessed from home
(Fig. 4).

Reported roles for e-learning within the curriculum
included a revision aid for examinations [58]; the flipped
classroom concept [44, 57], whereby lectures held after
an e-lecture become an interactive session; to facilitate
an online community where knowledge could be dis-
cussed/ shared [25]; and, enabling just-in-time learning
through timely access to facts [30, 31, 37]. Seven (17%) of
the 42 interventions were didactic in approach [27, 30, 37,
55, 57, 63, 65], while the others were interactive. Twelve
studies described a collaborative approach, whereby stu-
dents discussed cases and problems with one another and
engaged in role-plays [25, 26, 36, 38, 40-42, 46, 52, 59,
61, 66]. The context of e-learning in relation to the cur-
riculum was not stated in ten of the studies but another
thirteen studies used the terms “adjunct’, “complement’,
“supplement’;’hybrid” and “blended” to illustrate the com-
mon theme of integrating e-learning with traditional
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learning [25, 29, 30, 32, 44-47, 50, 5658, 62, 63]. Seven
studies describe temporary replacement of traditional cur-
ricula with e-learning platforms in response to COVID-
19 [33, 40-42, 61, 62, 64]. Eight studies described a pilot
phase or the inclusion of students in the development of
the intervention [33, 37, 44, 45, 48, 49, 53, 66]. Nineteen
of the interventions had a built-in assessment, with mul-
tiple choice questions being used in most cases, to evalu-
ate whether an improvement in learning had taken place

[25, 27, 31, 34, 37, 39, 43, 45-52, 54, 55, 59, 66]. Justifica-
tion for the chosen assessment strategy or a statement on
its suitability was included in two studies [50, 66]. Kourdi-
oukova et al. reported an improvement in knowledge and
skills with computer supported collaborative case-based
approach as judged by in-built multiple-choice questions
(MCQ), suggesting the importance of content-specific
scripting [66]. Schneider et al. used a combination of MCQ
and survey, and justified their use by demonstrating that
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learning improved with the intervention compared to the
control [50]. Five of the interventions used end of module
assessments as the marker of quality [26, 29, 53, 56, 57],
with one stating that this was not a suitable mechanism
due to its inability to assess the students’ ability to take a
patient history or perform a clinical examination [53].

Intervention evaluation

Each study was given a global rating from 1-5 based on
guideline criteria from the Education Group for Guide-
lines on Evaluation, including whether learning outcomes
and curricular context were outlined and the power and
rigor of the studies [23] (Additional File 2). Accordingly,
eleven studies scored 4/5; two scored 3.5/5; twelve stud-
ies scored 3/5; twelve studies scored 2.5/5; and five scored
2/5 (6=0.138).

Intervention effectiveness and acceptability

Nine studies described an impact matching a Kirkpatrick
level 1, where the student reaction to e-learning interven-
tion was evaluated using student surveys or question-
naires [32, 35, 44, 58, 60-62, 64, 65]. All these studies
report that most students were satisfied with the addition
of an e-learning intervention. For instance, Orton et al.
note that over 91% of survey responses either ‘strongly
agreed’ or ‘agreed’ that use of computer-based virtual
patients enabled learning [35].

Twenty-one (50%) of the 42 studies evaluated accept-
ability [26, 30, 32, 33, 36, 37, 40—42, 44, 48, 53-58, 63,
65, 66, 68]. Of these, 17 reported that the intervention
was acceptable. A neutral attitude was reported to a
radiology e-learning intervention that involved peer
collaboration and was found to be time consuming [66].
Attitude in another study was much more favourable in
junior years than in senior years, with the authors com-
menting on the conflict between completing assign-
ments and preparing for high stakes examinations [55].
Another study that focussed on acceptability, with posi-
tive outcomes, found that perceived utility and ease of

use were the key factors [30]. Twelve (57%) of the 21
studies further evaluated usability [30, 36, 37, 40-42,
44, 53, 5658, 65], all with positive outcomes, but only
one used a formal usability assessment tool [58]. In that
study, Farrimond et al. found that a usable interven-
tion should be: simple and intuitive to use and, from
a learner perspective, interactive and enjoyable [58].
In the development of virtual lectures, ease of naviga-
tion, audio-visual quality and accessibility were the
key usability features [57]. Wahlgren et al. concluded
that as well as navigation, interactivity is a priority for
e-learning development [53]. Regarding mobile learn-
ing, the display should be adaptable to varying screen
sizes, termed ‘chunking; and it should be suitable for a
number of platforms [30].

Twenty-nine (69%) of the 42 studies described an
impact matching a Kirkpatrick level 2, where evaluation
of whether learning took place was assessed through
post intervention scores [25, 27, 31, 36, 38, 39, 47, 48,
50, 52—-54, 56, 57, 61], final exam results [26, 29, 45,
66], direct observation [28, 31, 33, 43, 46, 51, 55] and
student survey [25, 26, 30, 37-42, 45, 48, 49, 53, 54, 56,
65, 66]. Among these studies, two studies had included
both pre- and post- intervention evaluations but neither
had a control group nor longer term follow-up [25, 27].
One randomised control trial showed a statistically sig-
nificant improvement in factual knowledge acquisition
after participation in an online module as judged based
on performance in end of year assessments, compared
to a traditional teaching control group (84.8%+1.3 vs.
79.5% £1.4, p=0.006, effect size 0.67) [26]. Likewise,
Davis et al., found that the use of a procedural animation
video on mobile device resulted in higher medical stu-
dent scores on skills checklist (9.33 +2.65 vs. 4.52 4 3.64,
p<0.001, effect size 1.5) [30]. Similarly, in Sijstermans
et al., mean students’ self-evaluation of their skills using
five-point Likert scale questionnaire, before and after two
patient stimulations showed improvement (3.91+0.28
vs 3.56+0.34, P<0.0001, effect size 1.12). Furthermore,
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in one study employing a problem-based e-learning
approach, the number of first-class honours awarded
were found to be significantly improved when compared
to control group [29]. However, in another study using
a problem-based e-learning intervention, no significant
difference was found between control and interven-
tion groups in subsequent examinations (p=0.11) [53].
In contrast, Al Zahrani et al. found that delivery of new
e-learning platforms (Blackboard Collaborate, ZOOM) in
response to COVID-19 was poorly accepted by students,
whereby 59.2% did not feel adequately educated on learn-
ing outcomes, 30% felt no educational difference between
e-learning and traditional curriculums, and 56.1% felt
e-learning is insufficient as an educational tool for the
health sciences [40].

Four studies demonstrated a change in student behav-
iour in line with Kirkpatrick level 3 [50, 52, 59, 63]. In de
Villiers et al., it was found that students were using pod-
casts to learn course content and the classroom teaching
setting to strengthen their understanding, inadvertently
accepting the flipped classroom approach [63]. In Sward
et al,, students who were assigned to a gaming interven-
tion were more willing to engage in answer creating and
answer generating as well as independent study of subject
materials prior to session time [52]. Similarly, in Schnei-
der et al., students in the computer case-based interven-
tion group were found to invest more time into studying
course subjects (38.5 min vs 15.9 min) which resulted in
significantly higher test scores [50]. Finally, in Moriates
et al.,, following the integration of value-based modules,
students have reported increased awareness of patient
needs and discussions with peers regarding value-based
decision-making during clerkship [59].

Learner and preceptor characteristics

Learner characteristics identified to enable successful
e-learning include: good digital skills, less resistance to
change [32] and a willingness to collaborate with peers
[66]. Preceptor characteristics were not described in
most of the studies, but the role involved guiding students
through their learning [33, 46, 61, 66], selection of topics
of broad interest to students [60], technical support [54],
student evaluation [28, 31, 37, 40, 42, 45, 46, 49, 51], con-
tent development and management [32, 41, 42, 46, 54, 62]
and providing feedback and clear instruction on what is
expected of the learners [28, 37, 40, 42, 51, 54, 60].

Discussion

The COVID-19 pandemic resulted in global university
closures during periods of lockdown, necessitating edu-
cators to quickly adopt alternate pedagogical approaches.
As a result, there has been a substantial increase in the
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use of e-learning, by which teaching and learning activi-
ties occur at a distance on online platforms [69].

In enabling a shift in the control of knowledge acqui-
sition and distribution from the teacher to the student,
e-learning facilitates the learning process. Learners filter
the available information, develop new perspectives, log
into networks to share their understanding, and repeat
the cycle [2]. This view of learning as a fluid and dynamic
process is the basis of the learning theory of connectiv-
ism and highlights the benefit of this instructional design
in medical education — a field amenable to rapid changes
in therapies and procedures. In fact, educational theorists
have significantly influenced the development of medi-
cal curricula throughout history. Amongst the 25 higher
impact studies (achieving a global score greater or equal
to 3), only 7 studies (28%) were found to have described
theoretical underpinnings [30, 33, 49, 51, 52, 58, 59]. Ini-
tially, the behaviourist perspective supported pedologi-
cal practices [70]. Behaviourism described learning as
largely deriving from responses to external stimuli and led
to curricula aimed to influence behaviour through reward
and positive and negative reinforcement. In one study
reviewed, the lack of direct observation of non-verbal
communication by instructors was seen as a significant
learning challenge in the virtual environment [33]. A shift
from behaviourism to cognitivism later ensued with the
belief that the brain is much more than a ‘black box’ and
learning rather involved mental processing and organi-
zation of knowledge, and memory functions [70]. With
the recognition of individual differences in the learning
process, online systems attempted to introduce interven-
tions that suited multiple learning strategies. For exam-
ple, learning from auditory narration with animation was
found to be more effective than use of text with animation
[71]. This review further highlighted the impact of rep-
etition [30] and clinical reasoning [56, 59] on the learn-
ing process. More recently, constructivist learning theory
and the perception that learners incorporate new infor-
mation into pre-existing knowledge schemas has greatly
contributed to reformation of medical education [70].
Incorporating real world connections [29, 49, 58], build-
ing on motivations [52], application of feedback [51] and
continuous reflection [49] has been noted in this review
as important factors in knowledge handling and retention.
Presently, e-learning interventions often utilize aspects
of more than one theoretical perspective. For instance,
problem-based learning interventions have emphasised
the critical thinking processes of cognitivism and the self-
direction of constructivism [29]. While primary studies
have increased the reporting of underlying theory over
time, there is still a significant lack of discussion — future
work should reference theoretical principles to objectively
frame and assess online education.
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In addition to recognizing the needs of the e-learner,
identifying required skills of e-teachers and develop-
ing content that appropriately supplement the curricu-
lum are vital to ensuring successful implementation of
an e-learning system [1]. Therefore, this study involved
review of studies published between 1990 and 2021,
assessing the effectiveness and character of various
online learning environments in undergraduate clinical
medical education. Specifically, these studies involved
medical students pursuing medicine as a primary degree
and those enrolled with prior degrees.

Intervention design

Critical appraisal of the collected studies using EGGE cri-
teria, identified seventeen studies (40%) meeting a global
rating of less than 3. The EGGE criteria encompass a
standardized framework by which quality indicators can
be recognized. Lower ratings of included studies sug-
gests that conducting and reporting of e-learning inter-
ventions is largely lacking in methodological rigour and
therefore limits transferability of study results. This find-
ing is consistent with conclusions from a review by Kim
et al,, describing how most of the existing literature on
e-learning interventions have little quantitative data,
evaluate a limited range of outcomes and have significant
gaps in study designs [72]. Additionally, only 13 (31%)
randomized control trials (RCTs) were included in the
review [26, 43—54]. Amongst these studies, five reported
pre and post test scores [45, 48, 52—54], three of which
report long term follow up [45, 52, 54]. Interestingly, all
the RCTs report no significant differences in knowledge
mastery between control and intervention groups. How-
ever, in the immediate short term, e-learning interven-
tions were associated with greater learner satisfaction.
For example, in Lee et al., mobile learning with interac-
tive multimedia had higher satisfaction scores compared
with conventional Microsoft PowerPoint Show content,
despite non-significant differences in knowledge gain
[48]. Similarly, in the study by Wahlgren et al., the major-
ity of students in the intervention group reported that
the interactive computerised cases enabled better under-
standing of disease diagnosis and management, particu-
larly referencing the user-friendliness and feedback [53].
Yet, knowledge gain as assessed by post-intervention
examination scores did not show statistically significant
differences between the two groups. Systematic reviews
examining the effect of e-learning on nursing education
have also demonstrated no differences between e-learn-
ing and traditional teaching modalities but report high
satisfaction rates with the former [73, 74]. While these
studies suggest that e-learning is as effective as tradi-
tional educational methods, higher student satisfaction
levels are indicative of more effective learning programs
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[75]. Therefore, the lack of longitudinal data may limit
our ability to accurately evaluate the impact of e-learning
technologies.

Intervention characteristics

Many of the studies in this review used virtual patient
and case-based pedagogical methods reflecting an educa-
tional trend towards more critical thinking [76]. Thirty-
five of the interventions under review used an interactive
approach, encouraging a style in which students collabo-
rated and discussed ideas with their peers and tutors, the
importance of which has been recognised [77]. Two stud-
ies of mobile learning identified wasted time for students
as a concern that could be addressed by allowing imme-
diate access to information that would soon be required
[30, 55]. This ‘just in time learning, defined as a “brief
educational experience targeting a specific need or clini-
cal question” [78], can be facilitated through e-learning.
Ten of the included studies concluded that an integrated
approach works best, whereby educators do not seek
to replace traditional methods but rather supplement
them. This has previously been described as a ‘blended-
learning’ style [77]. A recent study suggests that students
thrive in blended- versus self-directed virtual reality envi-
ronments due to face-to-face teacher support [79].

Intervention effectiveness and acceptability

Despite variability in methodological design, several
studies of e-learning across domains of education,
politics, business, and military training have shown
knowledge gains assessed by pre- versus post-inter-
vention tests [80]. Similarly, subjects within the studies
we have reviewed have reported e-learning interven-
tions to be conducive to learning [32, 35, 36, 44, 58,
60-62, 64, 65], have demonstrated improvements
in learning [25-27, 29-31, 34, 36-39, 43, 46, 48, 49,
54-57, 66] and modified learning strategies [50, 52,
63]. The specific features of e-learning strategies most
likely to enhance the learning experience may include:
peer-to-peer learning [52], making use of wasted time
[30, 40-42, 81], feedback from clinicians and ongo-
ing technical support [32, 82], consolidation of infor-
mation and skill through repetition [52, 82, 83], and
convenience of online content access [25, 30, 40—42].
Usability of the intervention has specifically featured
strongly in this review. Vital features of e-learning
interventions facilitating its use may include: inter-
active software, active learning promotion (built-in
quizzes following cases), asynchronous use, multime-
dia platforms (i.e., slideshows, videos, images), ease
of use and adaptability [76, 81, 84]. Unsurprisingly,
students are more engaged with educational material
after the typical 9-to-5 work hours [25, 35]. Whereas
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traditional learning opportunities may be restricted
to these hours, the flexibility of being able to access
online resources outside of this timeframe, may bet-
ter facilitate achievement of learning objectives [25,
35]. Additionally, the use of discussion boards [78] and
games [77] may facilitate active learning and feedback
to be sought and received in a timely manner. Fur-
thermore, quality assurance is recognized as a critical
factor, and if considered at the planning stage of an
intervention and built into e-learning interventions,
may lead to more favourable outcomes [23]. Engage-
ment with students in this manner is in keeping with
the AMEE recommended goals of e-learning [1]. Sev-
eral studies also highlight how online learning might
provide an encouraging environment for the develop-
ment of knowledge and skills, relatively easily tailored
to individual learning preferences and prior knowl-
edge, and with the possibility of compensating for a
lack of accessibility of patients or teachers [35, 36, 38,
63, 85]. Furthermore, the ability to access an extensive
network of additional resources may allow students to
take control of their learning and regulate the volume
of information studied [36].

While our review found improved learning outcomes,
other systematic reviews assessing the effectiveness of
technology and electronic media in health education,
report equivocal findings [77, 86]. Proposed factors that
may limit learning capacity include: hesitancy to adopt
changes by students and teachers, poor technical or
financial support, limited technological skills, and the
lack of direct and personalized teacher communication
[25, 32, 82, 87]. For example, Davies et al. suggests that
an open outlook on mobile device usage was required
by students and clinicians, to limit non-use and acquire
potential benefits [30]. In another study conducted by
Alsoufi et al., online medical education programs imple-
mented in Libya in response to COVID-19 were found
to be negatively received by respondents [87]. Financial
and technical barriers and the lack of hands-on bed-
side teaching were stated by respondents as limitations
to acceptance of e-learning. The shift to online medical
learning in the Philippines during the COVID-19 pan-
demic also identified lack of access to computers and
the internet as a significant barrier [82]. Of course, with
these later interventions, the rapid onset of the pandemic
required development of e-learning platforms with rela-
tively little training and preparation. As such, the logistics
of e-learning curricula as it pertains to specific communi-
ties may not have been foreseen. Another reason for such
discrepancies may be the underlying discipline in which
the intervention is being evaluated [47]. For instance,
the use of only e-learning materials when teaching new
skills may not be sufficient, as the direct observation and
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guidance of an expert is valuable [88]. A blended-learning
environment may be more appropriate in these circum-
stances [47]. Indeed, viewing e-learning as a complement
rather than replacement of traditional approaches is
already well accepted amongst students [80].

Learner, preceptor and institution characteristics

The twenty-first century learners are known to be avid
consumers of various digital platforms. However, studies
have shown an incongruence between their ability to use
technology for entertainment and ability to use it for edu-
cational purposes [89]. Most students require guidance
to synthesize information and create new understanding.
In fact, students in middle school through undergradu-
ate level studies have consistently demonstrated poor
digital research skills [90, 91]. Furthermore, students may
require adjustment of learning practices to best engage
with the presented e-learning platform. For example, use
of PowerPoint presentations or handouts in replacement
of in-class teaching can cause visual and auditory learn-
ers to require more time to comprehend the informa-
tion [82]. Therefore, in addition to carrying an acceptant
attitude and a willingness to collaborate with peers, the
ability to engage with and extract relevant content from
online resources, is a characteristic linked to success in
e-learning [32, 66].

Nevertheless, recognition of the need for continued
mentoring and support in the online learning environ-
ment, requires appreciation of the role of the e-teacher.
Preceptors’ roles involve development and delivery of
the intervention and acting as a resource person for the
duration of the module [68]. In our previous discussion
of e-learning strategy effectiveness, two further roles of
the e-teacher can be recognized. Firstly, the e-teacher
is instrumental in providing timely feedback, one of the
main features associated with improved e-learning out-
comes [32]. E-teachers should actively monitor student
activity and provide feedback or support where needed
[92]. Secondly, success of e-learning is also strongly related
to the motivation of the students and indirectly the moti-
vation demonstrated by the e-teacher [30, 92]. The ARCS
motivational model highlights four components needed to
create a highly motivational e-learning system: maintain
student attention, content relevance, student confidence,
student satisfaction [93]. If e-teachers can convey subject
material through strategies which encompass use of inter-
active multimedia, humour, and inquiry for instance, they
can satisfy the first component of attention [92]. Gener-
ating activities that best illustrate main ideas, tailoring to
the learner knowledge level and providing positive feed-
back are examples of methods to instil content relevance,
student confidence and student satisfaction, accordingly.
In Gradl-Dietsch et al, combination of video-based
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learning, team-based learning and peer-teaching, along
with practical skills teaching in point of care ultrasound,
feedback from peer teachers, and positive instructor-
learner interactions, collectively fulfil the components of
the ARCS model [54]. In Sox et al., the use of a web-based
module to teach oral case presentation skills satisfied stu-
dent attention and content relevance [51]. However, poor
adherence to module largely due to time constraints, can
be suggestive of poor student satisfaction. As a result,
student confidence and the quality of oral case presenta-
tions did not differ from controls (faculty-led feedback
sessions). As suggested by the authors, a combination of
web module with direct faculty feedback may better instil
student confidence and satisfaction with module content,
and thereby improve student performance [51]. Recent
studies have shown that the digital literacy skills of most
instructors are inadequate [90, 91]. Therefore, institutions
need to invest into the provision of training programs and
supports to allow e-teachers to develop and strengthen
competencies needed to sufficiently handle educational
technologies [92, 94, 95]. For example, the use of offline
tablet-based materials was shown to improve medical
education in Zambia, but reported usage amongst health-
care workers was low [95]. Authors suggest that a lack of
training in tablet use was the underlying reason. Taken
together, while the role of the teacher has changed com-
pared to traditional pedological approaches, their actions
can still heavily influence student learning outcomes.

Limitations and future directions

In a field where technology is changing faster than stud-
ies can be completed and interventions are evolving rap-
idly, medical education research has become a challenging
topic of debate. Research can “provide the evidence to
prove—and improve—the quality and effectiveness of
teaching” and therefore advise the restructuring of curric-
ula to respond to advances in science and technology [96].
In this review, 29 studies received a global score of 3 or less
out of 5, highlighting a lack of transparency and rigour in
most of the studies. This justifies a need for a standardised
approach for reporting medical education interventions.
Pre- and post-intervention testing is informative, but fol-
low-up months later would be an important measure of
knowledge retention and therefore intervention effective-
ness. Moreover, most of the studies in this review exam-
ined knowledge or skill development but few examined
higher Kirkpatrick levels. The inclination towards focus
on the lower levels of the Kirkpatrick model may stem
from difficulty following students in the field to evaluate
long-term results of the educational intervention on stu-
dent behaviours (level three) and the organization at large
(level four) [97]. Future work on the evaluation of associ-
ated changes in behaviour, professional practice or patient
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outcomes would be valuable. Other e-learning charac-
teristics that can be evaluated in future work (Fig. 4) may
include the capacity for adaptivity (to accommodate
changing student needs and performance) and collabora-
tion [98]. Including descriptions of curricula context can
also facilitate the exploration of which e-learning strategies
are best suited for specific medicine disciplines and socio-
economic settings. The use of internet resources by both
students and patients alike, and the exponential growth
in social media influence may also provide a platform for
future e-learning interventions [99].

Conclusions

Over the past twenty years and with the recent advent
of the COVID-19 pandemic, there has been a substan-
tial increase in the use of e-learning. This review found
that e-learning interventions are positively perceived by
students and associated with improvements in learning.
Improved learning outcomes are closely correlated with
interactive, asynchronous, easily accessible and usable
interventions, and those involving students and precep-
tors with digital skills, high motivation and receptive
attitudes. While further exploration of the strengths and
weaknesses of e-learning technologies is warranted, use
of online platforms is a creditable educational tool for
undergraduate clinical medicine.
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