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ABSTRACT: Background: E-learning has become commonplace in medical education. Incorporation of multimedia, clinical cases, and inter-
active elements has increased its attractiveness over textbooks. Although there has been an expansion of e-learning in medicine, the feasibility
of e-learning in pediatric neurology is unclear. This study evaluates knowledge acquisition and satisfaction using pediatric neurology e-learn-
ing compared to conventional learning. Methods: Residents of Canadian pediatrics, neurology, and pediatric neurology programs and medi-
cal students from Queens University, Western University, and the University of Ottawa were invited to participate. Learners were randomly
assigned two review papers and two ebrainmodules in a four-topic crossover design. Participants completed pre-tests, experience surveys, and
post-tests. We calculated the median change in score from pre-test to post-test and constructed a mixed-effects model to determine the effect
of variables on post-test scores. Results: In total, 119 individuals participated (53 medical students; 66 residents). Ebrain had a larger positive
change than review papers in post-test score from pre-test score for the pediatric stroke learning topic but a smaller positive change for
Duchenne muscular dystrophy, childhood absence epilepsy, and acute disseminated encephalomyelitis. Learning topics showed statistical
relationship to post-test scores (p= 0.04). Depending on topic, 57–92% (N= 59–66) of respondents favored e-learning over review article
learning. Conclusions: Ebrain users scored higher on post-tests than review paper users. However, the effect is small and it is unclear if
it is educationally meaningful. Although the difference in scores may not be substantially different, most learners preferred e-learning.
Future projects should focus on improving the quality and efficacy of e-learning modules.

RÉSUMÉ : L’apprentissage en ligne facilite-t-il la formation médicale en neurologie pédiatrique? Contexte : L’apprentissage en ligne est
devenu chose courante en formation médicale. L’intégration du multimédia, des cas cliniques et de l’interactivité a eu pour effet de rendre ce
mode d’apprentissage plus attrayant que les livres. Certes, l’apprentissage en ligne a pris de l’essor en médecine, mais on ne connaît pas très
bien la faisabilité de l’apprentissage en ligne en neurologie pédiatrique. L’étude visait donc à évaluer l’acquisition des connaissances en neuro-
logie pédiatrique par l’apprentissage en ligne, de même que le degré de satisfaction, et à les comparer avec la formule classique d’apprentissage.
Méthode :Des résidents et résidentes inscrits aux programmes de pédiatrie, de neurologie et de neurologie pédiatrique au Canada ainsi que des
étudiants et étudiantes en médecine de l’Université Queen’s, de l’Université Western et de l’Université d’Ottawa ont été invités à participer à
l’étude. Les apprenants ont été répartis au hasard vers deux articles de synthèse ou vers deux modules d’apprentissage ebrain selon un plan
d’étude croisé comptant quatre sujets. Les participants ont répondu à des prétests et à des post-tests ainsi qu’à un questionnaire d’enquête sur
leur expérience. L’équipe de recherche a par la suite calculé l’écart médian entre les résultats obtenus aux prétests et aux post-tests, puis élaboré
un modèle à effets mixtes pour déterminer l’effet des variables sur les résultats aux post-tests. Résultats : Au total, 119 sujets (53 étudiants en
médecine et 66 résidents) ont participé à l’étude. Les résultats aux post-tests par rapport aux prétests ont révélé un écart favorable plus grand
pour ebrain que pour les articles de synthèse en ce qui concerne les accidents vasculaires cérébraux chez les enfants, mais cet écart favorable
était plus mince pour la myopathie de Duchenne, les absences de l’enfant et l’encéphalite aiguë disséminée. Une relation statistique a été établie
entre les sujets d’apprentissage et les résultats obtenus aux post-tests (p= 0,04). Selon les sujets étudiés, de 57 à 92% (n = 59–66) des répondants
préféraient l’apprentissage en ligne à celui par les articles de synthèse. Conclusion : Les utilisateurs d’ebrain ont enregistré des résultats plus
élevés aux post-tests que les apprenants par les articles de synthèse. Toutefois, l’écart est faible, et peut-être n’est-il pas significatif sur le plan
pédagogique. Malgré des différences peu importantes, la plupart des apprenants ont indiqué une préférence pour l’apprentissage en ligne.
Aussi faudrait-il à l’avenir s’attacher à améliorer la qualité et l’efficacité des modules d’apprentissage en ligne.
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Introduction

E-learning is an increasingly used teaching modality in medical
education. The use of e-learning has become even more valuable
with theCOVID-19 pandemic, which has limited in-person learning
for manymedical students and residents.1 In addition, with the con-
tinuous rise of neurology’s complexity and diminishing clinical
opportunities for residents resulting from increasing resident num-
bers and shortened lengths of patient hospitalization, e-learning pro-
vides the unique opportunity to complement clinical learning.2

E-learning grants access at the user’s convenience, holds potential
for frequent updates to reflect current guidelines, and can provide
virtual clinical exposure to rare diseases not seen frequently in
clinical practice.3–7 It can contain multimedia to adapt to various
learning styles and has the potential to provide equivalent learning
opportunities for trainees no matter their location.8 Limitations of
e-learning include the skill and time necessary for educators to create
these tools as well as the cost for design and maintenance.9 E-learn-
ing has been shown to be equally ormore effective than conventional
learning through research primarily conducted in surgical special-
ties.10–13 However, the effectiveness of e-learning has been shown
to vary across medical disciplines and e-learning types and has
not been examined in pediatric neurology.14,15

Ebrain (ebrain.net) is a not-for-profit web-based training
resource and is the world’s largest in the domain of clinical neuro-
science.16,17 This training resource involves over 650 short lessons
and has been utilized mainly across Europe since 2011.

Although there has been an expansion in the use of e-learning in
medical education, the feasibility and benefits of these tools within
the discipline of pediatric neurology are unclear. Our study eval-
uates the learning outcomes and satisfaction of e-learning com-
pared to conventional review paper learning on four pediatric
neurology topics, with the aim of determining the value of pediatric
neurology e-learning. Ultimately, our results may help medical
educators to tailor the curriculum to learners’ needs.

Methods

Recruitment

Medical students and residents from Canadian universities were
invited to participate. All medical students from the University
of Ottawa, Queens University, and Western University were
approached about the study via email from their institution and
were asked to participate if they had interest in pursuing neurology,
pediatric neurology, or pediatrics. They were invited to participate
from June to November 2020. Pediatric, pediatric neurology, and
neurology residents in postgraduate year 1–5 from the University
of Ottawa and the University of Calgary received email invitations
to participate in the study between July 2019 and January 2021.
Furthermore, all Canadian residents in these specialties were eli-
gible to participate after informally hearing about the study from
peer residents and reaching out to our team. REB approval was
obtained at all participating sites (CHEOREB #16/89X). The target
number of participants to complete the study was 60. This was esti-
mated by data simulations to be the number required to detect the
hypothesized difference in learning gains between conventional
with sufficient power of 90%.

E-learning Modules

The topics for the learning sessions included pediatric stroke,
childhood absence epilepsy (CAE), acute disseminated encephalo-
myelitis (ADEM), and Duchenne muscular dystrophy (DMD).

These topics were chosen as they were considered to be highly rel-
evant for pediatrics, pediatric neurology, and neurology. We cre-
ated a four-topic crossover design with participants randomly
assigned to two conventional learning tools and two ebrain mod-
ules. Conventional learning was in the form of pre-selected review
articles. The time to complete each article set was estimated by a
medical student to take between 20 and 40 minutes. Expert pedi-
atric neurologists created the four ebrain learning modules, utiliz-
ing information from the peer-reviewed review articles. Each
module was approximately 20 minutes in length. The ebrain con-
tent incorporated the use of multimedia, practice questions,
and cases.

Evaluations

Participants received pre-tests via the survey tool REDCap™ for
each of the four topics and then completed their respective learning
sessions and a survey on their experience.18 The survey included
Likert scale questions on participant engagement, applicability
of concepts learned, further questions or feedback participants
had, the use of the tool in the future, and which method of learning
they preferred. Participants received a post-test for each topic 1
week after completing the respective learning session.

We developed a bank of 30 multiple-choice case-based ques-
tions per learning topic to create pre- and post-tests. Experts in
pediatric neurology created the questions, and an expert with
knowledge in multiple-choice question development reviewed
the questions (HW). The team grouped the questions into pairs
that were of similar difficulty and covered comparable topics.
We randomized one question from each pair to the pre-test for
each participant, with the remaining question delivered in the
post-test.

Data Analysis

The primary outcome variable in this study was median pre-post
change in test score (%).We calculated this across learning formats
(ebrain versus review paper) and topics. To test if there was a stat-
istical difference in the performance between learning formats, we
constructed a mixed-effects model. This allowed us to control for
fixed effects (e.g., pre-test score, and the lag time between learning
sessions and testing) and random effects (e.g., differences between
individuals). Further data exploration compared the learning expe-
rience between ebrain and review paper approaches in the Likert
scale survey questions. We performed all analyses in the R statis-
tical programing language.18

Results

Demographics

A total of 119 individuals consented to participate in the study. Of
these, 53 were medical students and 66 were residents. Among
medical student participants, 5 were from Queens University, 23
went to the University of Ottawa, and 25 were from Western
University. There were 6 participants in their first year of medical
school, 20 in their second, 20 in their third, and 7 in their fourth
year. Among residents, there were 14 residents from the University
of Calgary and 43 residents from the University of Ottawa. There
were two residents from Queens University. There was one
participant each from the schools Dalhousie University, McGill
University, McMaster University, University of Alberta,
University of British Columbia, and the University of Toronto.
These participants were residents who reached out to our research
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team directly to participate after learning about the project from
their resident colleagues. Forty-one participants were in a pediat-
rics residency program, 14 were in neurology, and 10 were in pedi-
atric neurology. Demographics can be found in Table 1.

Pre- and Post-Test Scores

There was statistical evidence of a difference in pre-learning and
post-learning test scores for each learning topic (p< 0.05). The
median [interquartile range (IQR)] change in score in the pediatric
stroke topic was 6.7 (−6.6, 20.0) among review paper learners and
20.0 (6.7, 33.3) among ebrain module learners. There was a median
(IQR) change in score of 10.0 (0.0, 20.0) for review paper learners
and 13.4 (6.7, 26.6) for ebrain learners for the DMD topic. In the
ADEM topic, the median (IQR) change in score among review
paper learners was 26.7 (−6.6, 36.7) and was 13.3 (0.0, 23.3) among
ebrain learners. The median change in score for CAE was 13.4 (0.0,
21.7) among review paper learners and 13.3 (6.7, 20.0) among
ebrain module learners.

A mixed-effects model taking into consideration the effect of
individuals, pre-test score, module, learning tool, and time between
the end of the learning session and the post-test on the post-test
score showed that ebrain users scored 4.21% higher on post-tests

as compared to review paper users (p= 0.03). Although the
pre-test score appears to have a strong relationship to post-test
score (p= 0.01), a 1% increase in pre-test score resulted in a
0.19% increase in post-test score. Learning topic showed statistical
relationship to post-test score (p= 0.04). Compared with the
ADEM module, participants scored 6.99% higher on the pediatric
stroke post-test. Similarly, they scored 5.15% higher and 1.93%
higher on the CAE and DMD modules, respectively. There is
some evidence that residents perform better than medical students
(β = 5.34% (95% CI: −0.45%, 11.1%)), but the confidence interval
is very wide. In other words, residents’ post-test scores are 5.34%
higher than medical students’, with a large uncertainty around
this estimate. The time elapsed from completing the learning ses-
sion to completing the post-test did not have a significant effect
(p> 0.05) on the post-test score. This mixed-effects model can
be seen in Table 2.

Subjective Learning Experience (Likert Scales)

Depending on the module topic, 57–92% (n= 59–66) of survey
respondents favored e-learning over review articles (Likert
response 4 or 5). Between 84 and 87% of e-learning users agreed
that their experience was engaging, where 7–39% of review paper
users agreed (Likert response 4 or 5). 62–82% of e-learning users
felt comfortable applying the concepts covered in the learning tool,
meanwhile 23–53% of review papers agreed with this statement
(Likert response 4 or 5). Among e-learning users, 22–39% had
questions with regard to the learning topics that were not answered
by the learning material and 13–61% of review papers had ques-
tions (Likert response 4 or 5). Lastly, 83–92% of e-learning users
agreed with using the learning tool in the future to refresh their
understanding of these concepts, meanwhile 44–85% of review
paper learners agreed with this statement (Likert response
4 or 5). The percent responses to the learning experience questions
for each topic can be found in Figure 1.

Table 2: Mixed-effects model on the effect of individuals, pre-test score,
module, learning tool, and time between the end of the learning session and
the post-test on the post-test score

Characteristic Beta (95% CI)1 p-value

Learning topic 0.04

Acute disseminated encephalomyelitis —

Pediatric stroke 6.99 (1.80, 12.2)

Duchenne muscular dystrophy 1.93 (−3.21, 7.07)

Childhood absence epilepsy 5.15 (−0.05, 10.4)

Pre-test score 0.19 (0.06, 0.33) 0.01

Learning tool 0.03

Review paper —

ebrain module 4.21 (0.52, 7.89)

Time between completion of learning
module and post-test

0.03 (−0.10, 0.17) 0.65

Trainee status 0.07

Student —

Resident 5.34 (−0.45, 11.1)

1CI= confidence interval.

Table 1: Participant demographics including school, year of undergraduate
medicine training, and residency program

Characteristic Frequency (n (%))

Medical students 53 (44.5)

School

Queens University 5 (9.4)

University of Ottawa 23 (43.4)

Western University 25 (47.2)

Year

1 6 (11.3)

2 20 (37.7)

3 20 (37.7)

4 7 (13.2)

Residents 66 (55.5)

School (n= 65)

Dalhousie University 1 (1.5)

McGill University 1 (1.5)

McMaster University 1 (1.5)

Queens University 2 (3.1)

University of Alberta 1 (1.5)

University of British Columbia 1 (1.5)

University of Calgary 14 (21.5)

University of Toronto 1 (1.5)

University of Ottawa 43 (66.2)

Residency program

Pediatrics 41 (62.1)

Neurology 15 (22.7)

Pediatric Neurology 10 (15.2)
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Discussion

Our results demonstrate that most participants preferred utilizing
e-learning. Ebrain users scored higher on post-tests than review
paper learners. These findings are consistent with a study by
Cook et al., who found that among internal medicine residents
from the Mayo School of Graduate Medical Education, there

was no difference between web module and paper-based formats
in knowledge-test-score change, but residents preferred learning
with web-based modules.19 In our study, the effect of the increase
in post-test scores from ebrain to review papers was small and may
not be educationally meaningful. A systematic review of plastic
surgery e-learning demonstrated that the majority of participants

Figure 1: Likert scale responses post-learning session for a) pediatric stroke (32 review paper responses, 37 ebrain responses), b) Duchennemuscular dystrophy (30 review paper
responses, 29 ebrain responses), c) childhood absence epilepsy (31 review paper responses, 28 ebrain responses), and d) acute disseminated encephalomyelitis (21 review paper
responses, 39 ebrain responses).
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showed higher satisfaction and knowledge gains in e-learning than
conventional learning, with novice learners benefiting more than
senior learners.20 However, in our study’s mixed-effects model,
there was some evidence that residents appeared to have a larger
learning gain than medical students. This could be due to the com-
plexity of topics covered. Further evaluation of the knowledge
acquisition of more novice learners to senior learners in

undergraduate and postgraduate medical education could prove
beneficial for medical educators and provide an additional factor
to consider when implementing e-learning. In addition, further
analyzing why users enjoy e-learning more than conventional
review papers may improve the medical education curriculum.
Our study showed that ebrain participants more commonly noted
their experience was engaging and felt more comfortable applying

Figure 1: (continued)
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concepts from the modules than review paper learners, which may
have impacted learning preference.

The topic of module was found to have a significant effect on
post-test score in our study. This suggests that e-learning modules
may increase the knowledge of users; however, the amount of
learning depends on the module topic. This result is similar to a
systemic review analyzing internet-based learning on health pro-
fession education which found that learning efficacy depended
on the nature of themodule.14 Our study reinforces the importance
of undergraduate and postgraduate medical education programs
dedicating resources and time to create online learning modules
for students and piloting them to ensure educational efficacy.
However, current literature demonstrates a lack of consensus of
what indicators to use to evaluate the efficacy of these modules
in postgraduate medical education and the need for a homogenous
way to evaluate e-learning.21 Our study also suggests that a learning
topic itself may be more suitable for a specific learning modality
which is important to consider when creating these modules.
Upon examination of our modules, each was similarly organized
into epidemiology/risk factors, pathogenesis and clinical features,
diagnostic workup, management/future directions, and key points
to consider. A short test was provided to consolidate learning.
However, each module was slightly different in the learning tools
incorporated, including visual algorithms for the DMD module,
diagnostic imaging for pediatric stroke, CAE and ADEMmodules,
and videos of clinical presentations for the CAE module. Perhaps
the use of these features impacted the inter-topic differences in
learning and appreciation. The length of review papers (ADEM
and CAE as the shortest and DMD as the longest) and use of visual
media in certain papers may have also impacted learning and
enjoyment.

Among both e-learning and conventional learning users, there
was a significant change between pre-learning and post-learning
test scores for each learning topic. However, the median change
in score for each topic was only approximately a 13% improve-
ment, a value smaller than anticipated. Upon data review, although
participants completed module completion surveys stating they
read the appropriate review paper or ebrain module, a proportion
of participants using ebrain as well as those participants using the
review paper scored lower on the post-tests as compared to the pre-
tests. These data suggest that learning modules and review papers
may not be the most effective learning method for all residents and
their unique learning styles. This consolidates the need to incorpo-
rate other methods of learning like in-person clinical learning in
medical and residency education. The increasingly popular tech-
nique of a blended education method, involving online and in-per-
son learning, has been favored among students.22

There are limitations to our study. One limitation is the rela-
tively small number of questions in the knowledge tests. The num-
ber was chosen as we wanted to limit the time for study completion
due to the busy schedules of residents. Another limitation is the
number of participants completing all modules of the study which
is 49 (41% of the 119 participants), which is slightly under our
desired participant completion goal of 60. This was estimated by
data simulations to be the number required to detect the hypoth-
esized difference in learning gains between conventional and e-
learning with sufficient power of 90%. This limitation was offset
by utilizing data from residents who completed some but not all
of the e-learning topics. Residents were found to complete individ-
ual learning topics at a lower rate than medical students. Due to
participant feedback noting difficulty allotting time to this study

because of their busy schedules, the study was extended over a
period of 19.5 months to attempt to increase study completion
and additional participants were recruited. Due to this limitation
in sample size, further subgroup analysis comparingmedical learn-
ers to resident learners and in-between specialty programs was not
feasible in our study.

Conclusion

This study highlights that, despite no meaningful increase in test
scores as compared to conventional learning, e-learning is a pre-
ferred learning modality for most medical students and residents
in pediatric neurology. Learning acquisition varies across module
topics. Incorporating e-learning into pediatric neurology residency
andmedical education should be increasingly implemented, due to
its preference among learners, and non-inferiority as compared to
conventional learning via review papers.
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