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Abstract

Objectives:  Acute otitis media (AOM) is extremely prevalent among children but its diagnosis 
remains challenging. Our primary objective was to measure the impact of an e-learning module on 
medical students’ accuracy in diagnosing paediatric AOM. 
Methods:  This randomized controlled trial was performed at a single tertiary care paediatric emer-
gency department (ED). Medical students on their paediatric rotation were randomized to a locally 
developed e-learning module or a small-group lecture on AOM. They then had to examine at least 10 
ears of patients at risk for AOM. The primary outcome was diagnostic accuracy and secondary outco-
mes included knowledge test scores and learning modality preference. 
Results:  Between May 2017 and September 2018, 201 medical students were randomized. Eighty-
three evaluated at least 10 ears and were included in the primary analysis. Diagnostic accuracies (76.5% 
for the e-learning group versus 76.4% for the lecture group, difference of 0.1%; 95%CI: –6.2 to 6.4%) 
and post-test scores (difference of 0.5/20 points; 95%CI: –0.8 to 1.2/20 points) were similar between 
the groups. Sixty-two per cent of participants preferred the e-learning module to the lecture, while 15% 
had no preference.
Conclusions:  Diagnostic accuracy for AOM was similar between students exposed to an e-learning 
module or a small-group lecture. E-learning was the preferred learning modality.
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Acute otitis media (AOM) is one of the most common infec-
tions of childhood and a leading cause of antibiotic prescription. 
Medical students often find diagnosing AOM quite challenging. 
Previous studies report AOM diagnostic sensitivities between 
52% and 75% for medical students and residents (1–3).

E-learning, defined as the use of Internet technologies for tea-
ching and learning purposes (4), can include a broad array of 

tools like videos and images, interactive clinical cases, modeling, 
quizzes, and feedback on performance (5). Several advantages 
stem from the use of e-learning, including interactivity, access 
to collective intelligence, easy updating of content, accessibility, 
and user-adaptable rhythm (6). E-learning is also perceived as 
cost-effective, as its development is generally affordable, and it 
requires few human resources compared to traditional teaching 
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(4). Over the years, e-learning has been studied in various 
health domains (6–17) but only a few studies have evaluated 
the impact of specific e-learning programs on students’ perfor-
ming a clinical task, which is the highest level on Miller’s pyra-
mid of clinical competence (18).

The primary objective of this study was to measure the impact 
of an original e-learning module on AOM on medical students’ 
ability to appropriately diagnose AOM. Secondary objectives 
were to assess medical students’ knowledge on AOM, confi-
dence in performing ear examination, and preferred learning 
modality.

METHODS
This randomized controlled trial was performed in the paedia-
tric ED of a tertiary care centre located in Montreal, Canada, 
between May 2017 and September 2018. The ED is staffed with 
paediatric emergency physicians, general paediatricians, and 
emergency physicians with specific expertise in paediatrics.

Study participants were third- and fourth-year medical stu-
dents doing a 6-week rotation in general paediatrics. The inter-
vention of interest was completion of an e-learning module on 
AOM. The module covered anatomy, epidemiology, pathophy-
siology, microbiology, diagnostic criteria, treatment options, 
and prognosis. It was designed in 2016 to 2017 using Adobe 
Captivate (Adobe Inc., San José, CA). It was mainly developed 
by two paediatric residents supported by a team composed of 
a technical educator, a multimedia conceptor, a paediatric oto-
laryngologist, and paediatricians with expertise in medical 
education. Once completed, the module was reviewed by a pae-
diatric emergency physician and a paediatric infectious diseases 
specialist. It was then beta tested by 16 physicians: six paedia-
tric residents, five paediatricians, three paediatric emergency 
physicians, one paediatric otolaryngologist, and one paediatric 
infectious diseases specialist. Based on their comments, impro-
vements were made to the module before the beginning of the 
study. The mean time for completing the e-learning module was 
estimated at 30 minutes, and the lecture’s approximate duration 
was 60 minutes. The lecture was given by a paediatrician or a 
paediatric emergency fellow. A  standardized PowerPoint pre-
sentation (Microsoft Inc., Redmond, Washington) was used for 
every lecture. The educational content of the e-learning module 
was similar to the content of the lecture. However, the module 
included videos that were not included in the lecture: video exa-
mples of AOM and a 5-minute video on the paediatric otoscopic 
examination. The lecture included image examples of AOM and 
an in-person demonstration of the ear examination technique.

On the first day of every rotation, a member of the research 
team presented the study to all eligible medical students during 
an introductory meeting. Medical students who were absent for 
this introduction and those who had already been recruited in a 

previous rotation were not eligible. Interested medical students 
signed a consent form, filled out a short questionnaire assessing 
for baseline characteristics (year of training, specific training in 
otolaryngology, and prior paediatric rotations) and completed 
an electronic pretest. This test included five general questions 
on AOM (definition, pathophysiology, microbiology, and treat-
ment) and 15 questions of interpretation of eardrum videos 
demonstrating different conditions. The videos were selected 
by the authors because they demonstrated diagnoses that were 
unanimous among eight paediatric otolaryngologists. A  log-
book was kept of medical students who were approached and 
those who declined to participate.

Simple computer-generated randomization was used to 
distribute the participants in two groups. This randomiza-
tion sequence was generated by one of the authors and kept 
concealed in an opaque envelope until the introductory mee-
ting. The intervention group completed the e-learning module 
and the control group received the lecture. Participants were 
not blinded to their assignment. However, they were asked not 
to reveal their allocation to the ED attending physicians. 

The study took place in the ED during the ambulatory por-
tion of the students’ paediatric rotation. Before their first ED 
shift, participants completed the e-learning module or received 
the lecture. They then completed an online post-test, which 
consisted of the same 20 questions as those found in the pretest. 
On their ED shifts, participants were asked to examine as many 
ears as possible and to report if they could visualize the eardrum 
and if they thought there was an AOM. Each ear examination 
was then repeated by an attending physician who concluded 
on the presence or absence of AOM. Approximately 3 weeks 
after either completing the module or receiving the lecture, par-
ticipants completed another online test to evaluate knowledge 
retention (retention test). To ensure equity in learning oppor-
tunities, the group who had first received the lecture was given 
access to the e-learning module, and the group who had first 
completed the module received the lecture. This was done 
after the retention test. Lastly, participants who had completed 
both methods were surveyed regarding their preferred learning 
modality using an appreciation questionnaire (Supplementary 
Appendix 1).

The primary outcome measure was the accuracy of diagnosis 
of AOM in comparison to the diagnosis made by the attending 
physician. Secondary outcome measures consisted of the fol-
lowing: post-test score, retention test score, participants’ confi-
dence in performing ear examination using a 100  mm visual 
analog scale, and participants’ preferred learning method.

The primary analysis was the comparison of accuracies for 
medical students randomized to the e-learning module com-
pared to those randomized to the lecture using a Student’s 
t-test. To be included in the primary analysis, medical students 
had to evaluate a minimum of 10 ears of children aged less than 
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60 months to 12 years with fever and/or respiratory symptoms. 
Individual accuracy was a continuous variable obtained by 
dividing the number of ears for which there was an agreement 
between the student and the attending physician by the total 
number of ears evaluated by the medical student. Secondary 
analyses included a comparison of the post-test scores using a 
Student’s t-test, comparison of the retention test scores using 
a Student’s t-test, comparison of confidence scores using a 
Student’s t-test, and identification of medical students’ prefer-
red learning modality using a simple proportion.

Previous data suggested that the accuracy of ear evaluation by 
medical trainees is approximately 60% (3). A pilot evaluation 
of 11 medical students reported a mean accuracy of 72% and a 
variability between medical students of ±19%. Upon discussion 
with experts in the field of paediatric emergency medicine, we 
agreed that the smallest clinically significant difference would 
be a 15% increase in the AOM diagnostic accuracy. Based on 
this, it was calculated that a power of 90% and an alpha-value of 
0.05 would require enrollment of 34 medical students in each 
group. To account for potential loss to follow up, this number 
was increased to 40 students per arm.

This study was approved by the institution’s Research Ethics 
Board and was registered at www.clinicaltrials.gov: Identifier 
NCT03101605. To participate, medical students had to pro-
vide a written informed consent. Parents of children who were 
examined in the context of the study were offered information 
on the research project.

RESULTS
Between May 2017 and September 2018, a total of 252 medical 
students were invited to participate to the study, of which 201 
accepted (Supplementary Appendix 2). The reasons for decli-
ning participation were not recorded. Among the 201 medical 
students who signed the informed consent, 139 evaluated at 
least one child fulfilling the inclusion criteria for the study. Of 
these, 83 evaluated at least 10 ears fulfilling the inclusion criteria 

and were thus included in the primary analysis. Supplementary 
Appendix 3 demonstrates that the baseline characteristics of 
the study participants were similar between the two groups as 
well as between the participants who were included in the pri-
mary analysis and those who were not. There were slightly more 
fourth-year medical students enrolled in the e-learning group in 
the primary analysis compared to the lecture group (20% versus 
8%). Overall, participants were mostly third-year medical stu-
dents, 64% had previously received teaching on AOM and 35% 
had done a previous rotation in paediatrics.

There was no difference between the two interventions in 
AOM diagnostic accuracy (Table 1). This is demonstrated by a 
total accuracy of 76% for both groups with a difference of 0.1% 
(95%CI: −6.2 to 6.4%). Sensitivities and specificities were also 
similar. The secondary analysis including all medical students 
who evaluated at least one eligible ear also reported no diffe-
rence in diagnostic accuracies (difference: −0.8%; 95%CI: −6.5 
to 4.8; Table 2). Both groups showed an important knowledge 
improvement with mean score improvements of approxima-
tely 4.5/20 points (22.5%) (Table 3), but there was no clini-
cal difference found between the groups (difference: 0.5/20 
points; 95%CI: −0.8 to 1.2/20 points). Three weeks after trai-
ning, medical students randomized to the e-learning module 
had a mean score similar to those randomized to the lecture 
(difference between the groups: −0.2/20 points; 95%CI: −1.2 
to 0.8/20 points).

Using a verbal numeric scale, both groups reported similar 
confidence in ear exam technique (difference between the 
groups: −0.4; 95%CI: −1.3 to 0.3) and interpretation of ear 
exam (difference between the groups: 0.1; 95%CI: −0.7 to 
0.9; Table 3).

Of the 86 medical students who completed both learning 
modalities and responded to the appreciation questionnaire, 53 
(62%) preferred the e-learning module to the lecture, 20 (23%) 
preferred the lecture to the e-learning module, and 13 (15%) 
had no preference. The main reasons identified for preferring 
the e-learning module were the freedom to choose the desired 

Table 1.  Mean diagnostic sensitivity, specificity, and accuracy of ear exams among students who evaluated at least 10 patient ears (n=83)

E-learning group (intervention), % Lecture group (control), % Difference, % (95%CI)

Mean sensitivity 67.7 63.6 4.1 (−9.0 to 17.3)
Mean specificity 79.0 80.8 −1.8 (−8.7 to 5.1)
Mean diagnostic accuracy 76.5 76.4 0.1 (−6.2 to 6.4)

Table 2.  Mean diagnostic sensitivity, specificity, and accuracy of ear exams among students who evaluated at least one patient ear (n=139)

E-learning group (intervention), % Lecture group (control), % Difference, % (95%CI)

Mean sensitivity 70.0 68.0 2.0 (−10.4 to 14.4)
Mean specificity 80.2 82.8 −2.6 (−8.6 to 3.4)
Mean diagnostic accuracy 78.7 79.5 −0.8 (−6.5 to 4.8)
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time and place to complete it (89%) and the rapidity of com-
pletion compared with the lecture (34%). The main reason to 
prefer the lecture was access to a professor available for answe-
ring questions.

DISCUSSION
Our study demonstrated similar clinical knowledge and cli-
nical skills on AOM in medical students who completed an 
e-learning module compared with students who were given a 
traditional lecture. To our knowledge, this is the first study to 
evaluate the clinical impact of an e-learning module on the 
topic of AOM on medical students. In 2017, Tarpada et al. (6) 
published a systematic review evaluating e-learning in otola-
ryngology education and found that e-learning was associated 
with improved knowledge acquisition (19–24) and/or satis-
faction (22,25–27) in a majority of studies. Only three studies 
among the 12 that were reviewed evaluated the clinical impact 
of e-learning (20,28,29). One possible reason to explain why 
our study showed no difference in knowledge and clinical skills 
between the e-learning and lecture groups is that the lecture 
was given in small groups by a motivated teacher. Beyea et al. 
evaluated an e-learning module to teach residents about ‘par-
ticle repositioning maneuver’ and found it to be superior to 
standard classroom instruction but comparable to small-group 
clinical instruction, which supports the hypothesis that small-
group lectures might be superior to large group lectures (28). 
Another possible explanation is limited student motivation and 
engagement toward the e-learning module. The effect of enga-
gement on performance was studied by Hussain et al. who used 
machine learning to identify low engagement students in a vir-
tual learning environment (30).

The erosion of physical examination skills was a concern 
raised by the clinicians about e-learning. In our study, the 
paediatric ear exam was demonstrated through a video in the 

e-learning module and in person in the lecture. Although the 
ear examination skill was not evaluated specifically, it is crucial 
in making the correct diagnosis. Thus, the similar diagnostic 
accuracies found in the two groups suggested that learners were 
not disadvantaged by this teaching modality.

Another important finding of our study is that a majority 
of students preferred the e-learning module over the lecture 
because it was faster to complete and it could be done whene-
ver and wherever desired. For the students who preferred the 
lecture, the main reason was access to an educator who could 
answer questions. Acosta et al. evaluated an interactive website 
for teaching to optometry students, which was compared to a 
static website and to a blended approach of online and face-
to-face teaching (7). Through a survey and a focus group, they 
found that there is acceptance of online learning methods, but 
that having some in-person time with an educator could also be 
beneficial. Blended learning, defined as the combination of tra-
ditional learning and e-learning, was evaluated in a systematic 
review and meta-analysis published in 2016 by Liu et al. (31). 
It seems more effective or at least as effective as nonblended 
methods in health care education. Additionally, blended lear-
ning methods could be less expensive and more sustainable 
than resource-intensive traditional teaching in health care, 
where educators are often busy clinicians (4,8,32).

Limitations
There are limitations to our study. First, medical students’ dia-
gnostic accuracy for AOM was measured in comparison with the 
ear examination performed by ED attending physicians and not 
otolaryngologists. Second, the content of the lecture and e-lear-
ning module were slightly different: the latter included video 
examples of AOM and a video demonstrating the paediatric 
ear examination technique. The authors believe that the image 
examples of AOM and the in-person demonstration of the ear 
examination technique were similar to the videos included in the 

Table 3.  Secondary outcomes (n=201)

E-learning group n=99 Lecture group n=102 Difference (95%CI)

Mean difference between pre- and  
post-test

4.6* 4.1‡ 0.5 (−0.8 to 1.2)

Mean difference between post- and  
retention test

4.9¤ 5.2§ −0.2 (−1.2 to 0.8)

Mean increase in confidence in ear exam 
technique, pre–post-study  
participation, /10

3.6† 4.1¥ −0.4 (−1.3 to 0.3)

Mean increase in confidence in ear exam 
interpretation, pre–post-study  
participation, /10

2.9† 2.8¥ 0.1 (−0.7 to 0.9)

*Missing data for 19 students, ‡missing data for 33 students, ¤missing data for 43 students, §missing data for 57 students, †missing data for 50 
students, ¥missing data for 65 students.
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e-learning module. The e-learning group also enrolled more four-
th-year medical students (20% versus 8%). However, accuracies 
were found to be similar in both arms which led the authors to 
think the e-learning group was not favored by the small content 
differences or the level of the medical students enrolled. Third, 
medical students were not blinded, which could have led to per-
formance bias. Also, knowing that they were participating in a 
study may have led students to perform more meticulous phy-
sical exams because they knew a staff would cross-check their 
physical exam (Hawthorne effect). This may have improved 
diagnosis accuracy in both groups. Nevertheless, the mean dia-
gnostic accuracy found in the study was similar to what we found 
during the pilot study, when medical students did not know they 
were being observed. Finally, it is unclear if knowledge retention 
was preserved long term, as it was only tested approximately 3 
weeks after intervention. This was due to the 6-week paediatric 
rotation period during which medical students were recruited 
for participation in the study. Ideally, knowledge retention would 
have been tested much later on, perhaps 6 months after interven-
tion. Unfortunately, this was not possible in the context of our 
study because it was decided to offer both learning methods to 
every medical student during their paediatric rotation.

CONCLUSIONS
In summary, this study showed no difference on clinical 
knowledge, clinical skills, and confidence in diagnosing AOM 
for medical students randomized to an e-learning module com-
pared to a traditional lecture. A  majority of medical students 
preferred e-learning to a traditional lecture. Future studies 
should focus on evaluating new teaching modalities such as 
blended learning to improve AOM diagnosis accuracy.

SUPPLEMENTARY DATA
Supplementary data are available at Paediatrics & Child 
Health Online.
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