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Considering that respiratory illnesses are a
leading cause of hospitalization among
young children (1), it is critical that
pediatric trainees develop skills to manage
pulmonary disease. Our group created an
online curriculum to encourage asynchronous
distance learning for medical students
and residents rotating in our pediatric
pulmonology elective. Our objectives
were to: 1) test the effectiveness of this
novel curriculum on learning outcomes,
2) kindle the trainees’ interests in pediatric
pulmonology and assess satisfaction, and
3) improve the popularity of the elective
course.

METHODS

An online curriculum was developed by
the pediatric pulmonary fellowship
program director and fellows in interactive

video or case-based module (CBM) format
using Articulate Storyline, Panopto, and
Camtasia software. Interactive videos have
recorded audio and slides with interspersed
multiple-choice questions. CBMs are
self-paced multiple-choice questions and
discussions centered around a specific clini-
cal scenario. The curriculum included
commonly encountered concepts such as
asthma, pneumonia, sleep apnea, and
mechanical ventilation. Educational mate-
rial was published on CourseWorks, a
university-specific learning management
system. The entirely digital design of the
curriculum allows for sharing between orga-
nizations. Pre- and posttests of 20 questions
for voluntary completion were offered at
the beginning and end of the 2-week rota-
tion, respectively, to assess the effectiveness
of the curriculum. Two sets of counterba-
lanced questions aligned with the learning
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objectives were alternated. The number of
learners who selected the pulmonary elec-
tive per year was recorded as a measure of
course popularity.

Medical students (years 3 [MS3] and 4
[MS4]) and pediatric residents
(postgraduate years [PGYs] 1, 2, and 3)
rotating between August 2020 and March
2023 were included in the study.
Feedback was elicited via anonymous
Qualtrics surveys for each video or CBM
module and for the overall curriculum to
assess the effectiveness and popularity of
the new material. Pre- and posttests were
distributed using Qualtrics and collected,
deidentified, and scored by the principal
investigator. Participation in the tests and
surveys was voluntary. Paired data were
compared using a two-tailed paired t test.
Multiple comparison analysis was per-
formed with one-way analysis of variance.
Ordinal survey data were compared with
the Mann-Whitney U test. Statistical anal-
yses were performed with GraphPad
Prism software. The study was approved
by the institutional review board (protocol
AAAU7726).

RESULTS

There were 82 rotators who completed
the 2–4-week elective, 47 (57%) of whom
completed the pre- and posttests. Of these,
5 were in MS3 (11%), 11 in MS4 (23%),
17 in PGY1 (36%), 5 in PGY2 (11%), and
9 in PGY3 (19%). All 16 rotating medical
students completed the pre- and posttests,
whereas 31 of 66 residents did not. The
mean pretest result was 14 of 20 correct
(70%), and the mean posttest result was
16 of 20 correct (80%). Analysis of all
pre- and posttest results demonstrated
significant improvement (P, 0.0001) after
completion of our online curriculum and
elective rotation (Figure 1). Subgroup
analysis by year of training demonstrated

that MS3, MS4, and PGY1 scores
improved significantly (P=0.03, P=0.01,
and P=0.001, respectively). However,
PGY2 and PGY3 scores remained
unchanged. Of note, there was no signifi-
cant difference in pretest performance
among all groups (P=0.12)

We analyzed responses to surveys on a
scale of 1–5 (1, not useful; 5, very useful).
Twenty-eight of 30 responders (93%) rated
the CBM as a 4 or 5 (useful or very use-
ful), and 76% of the 30 responders rated
the prerecorded videos similarly. Analysis
of responses in regard to learning format
preference demonstrated a significant pref-
erence for the CBM over videos (U-value,
292.5; P, 0.05). Responses to the state-
ment “the online curriculum helped
improve my knowledge of commonly
encountered pediatric pulmonary dis-
orders” were graded on a scale of 1–5
(1, disagree; 5, strongly agree), and 75% of
responses were 4 or 5 (agree or strongly
agree). Written feedback was positive, with
comments that the CBMs and videos sup-
plemented learning, and covered the
highest-yield topics in the rotation. Three
of 10 learners who left written feedback
specifically wrote that the elective experi-
ence increased their interest in a career in
pediatric pulmonology.

In the 3 academic years before this
program was instituted, there was an
average of 8 rotators per year; in the 3
academic years afterward, there was an
average of 29 rotators per year (P=0.07)
(Figure 2).

DISCUSSION

The educational intervention described
here improved trainee knowledge, was
well received, and seemed to correlate
with improved popularity of the elective.
This is consistent with recent publications
contending that the application of
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web-based instructional methods can lead
to an enriched learning experience and
offer the opportunity for asynchronous
learning centered around individual
learner needs (2, 3). Studies from diverse
centers indicate mixed results in terms of
effectiveness of asynchronous online lectures,
whereas studies on interactive CBM indicate
that this is more effective and well received
(4–12). Consistent with this, survey feedback
from our participants indicated a preference
of CBM over recorded lectures, although
both were well received.

Based on the increase in the number of
learners who selected our rotation, we
speculate that this educational format may
increase the popularity of the elective,

which is particularly important in a field
in which there is concern for a workforce
shortage (13–15). We attribute the
increase in popularity of our elective
largely to this online curriculum, based on
direct written feedback from trainees. In
accordance with the proposal from Nelson
and colleagues (16) that an early
introduction of trainees to facets of
pediatric pulmonology may influence their
future career choices, our curriculum
could have broad implications if
disseminated. Its long-term impact on
trainee career choices needs to be prospec-
tively studied in national organizations.

There was an overall response rate of
57%, with lower response rates among

Figure 1. Performance on pre and posttests. MS3=medical student, year 3; PGY=postgraduate year.

Figure 2. Numbers of students and residents who selected the pediatric pulmonary elective per academic
year before and after implementation of the online curriculum.
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residents compared with medical students.
Because of workload and scheduling
demands, residents were sometimes unable
to attend 2weeks of the elective, and we
speculate that this was a barrier to
completing the curriculum. Of interest,
although the overall performance
improved after the rotation, subgroup
analysis indicated no significant
improvement for PGY2 and PGY3
residents. This suggests that the
educational format is less effective for
more advanced trainees. This observation
may strengthen the argument that
exposure to subspecialty fields earlier in
training is more beneficial, before trainees
have finalized their career directions.

Our study is limited by several factors.
Because of the voluntary, rather than
randomized, nature of electing the course
and participating in the tests, a selection
bias may have been introduced, limiting

the generalization of these results. Also,
our study lacks a control group, so we
cannot definitively conclude that the
improvement in test scores was solely
secondary to improved learning through
the online curriculum.

Conclusions

In conclusion, our study demonstrates that
the implementation of an interactive digital
platform for pediatric pulmonology
education may be an effective tool to
improve learning and learner satisfaction
while promoting interest in the subspecialty.
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