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Abstract

Pediatricians must be able to diagnose, triage, and manage infants and children with congenital heart disease. The pediatric
cardiology division at the Medical University of South Carolina updated their curriculum for pediatric residents to a format
supported by constructivist learning theory. The purpose of this study is to determine if shorter, interactive learning with
fellow and faculty involvement improved pediatric cardiology knowledge demonstrated through test scores and resident
satisfaction. A curriculum of short lectures and interactive workshops was delivered over 6 weeks in August and September
2018. Residents answered a 10-question pretest prior to the curriculum, followed by a post-test immediately after the last
session and a delayed post-test 8 months later. Residents also provided summative feedback on the educational sessions.
Sixty-six residents were eligible to participate in the curriculum with 44 (67%) completing the pretest, 40 (61%) completing
the post-test, and 33 (50%) completing the delayed post-test. The mean score increased significantly from 56 to 68% between
the pretest and post-test (»p =0.0018). The delayed post-test mean score remained high at 71% without significant change
(p=0.46). Overall feedback was positive highlighting the interactive nature of lectures and the participation of cardiology
fellows. Using an interactive, multimodal educational series, pediatric residents had a significant increase in pediatric car-
diology test scores and demonstrated good retention.
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Introduction

With the transition of management of infants and children
with congenital heart disease (CHD) from neonatal and
pediatric intensive care units to cardiac intensive care units,
many general pediatrics residents have decreased exposure
to this patient population [1]. Nevertheless, general pedia-
tricians must be able to diagnose, manage, and triage these
often critically ill patients. Additionally, 4% of the ques-
tions on the American Board of Pediatrics (ABP) General
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Pediatrics certification exam are related to cardiology [2].
Unfortunately, one pediatric residency program reported
only 38% confidence with a fundamental topic like criti-
cal CHD screening [3]. Pediatric cardiologists and pediatric
residency program directors need to ensure that all general
pediatric residents receive adequate training in this area.

The pediatric residency at the Medical University of
South Carolina (MUSC) recently changed their didactic
schedule from daily noon conferences to once weekly aca-
demic half days. The pediatric cardiology division used this
opportunity to update their curriculum to a format supported
by the constructivist learning theory, which is based on prin-
ciples from Kant and Piaget through which active learning
encourages assimilation and accommodation of new knowl-
edge into existing schema. The purpose of this study is to
determine if shorter lectures with more active learning with
faculty and fellow participation is associated with compre-
hension and retention of core pediatric cardiology knowl-
edge as demonstrated by mean test scores.
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Methods
Study Population

The MUSC pediatric residency has about 66 residents at
any time, comprised of 14 categorical, 4 internal medicine-
pediatrics, 2 primary-care track, and 1 child neurology resi-
dents per year. All residents at the program in the 2018-2019
academic year attended the curriculum, clinical duties per-
mitting. The residency program’s formal education series
repeats on a 1.5-year cycle, so that most general pediatrics
residents should experience each subspecialty curriculum
twice during their residency. A MUSC institutional certifica-
tion tool determined this project to be quality improvement
and therefore not subject to IRB review or approval.

Curriculum Development

Nine hours of education was delivered over a period of
6 weeks in August to September of 2018. The objectives
of the curriculum were to teach the ABP General Pediatrics
certification exam content specifications and to prepare resi-
dents for practice in general pediatrics. Content was divided
into seven lecture topics, which were presented by pediatric
cardiology faculty and fellows (Table 1). All lectures were

limited to 30 min, except for cyanotic and acyanotic CHD,
which were 60 min each to facilitate the breadth of content.
Teachers were encouraged to include an interactive com-
ponent in their lecture. Additional active learning sessions
included: a discussion of Medical Emergency Team or code
events on the cardiology step-down unit, a murmur lab with
audio examples and case studies, a cardiac mock code simu-
lation, an electrocardiogram (ECG) reading lab, small group
case studies, and a Jeopardy!-style review session. Most of
the lectures were presented by pediatric cardiology faculty
with subspecialty training in the respective topic and the
majority of the active learning sessions were led by current
pediatric cardiology fellows in all levels of training (post
graduate year 5-7).

Knowledge Evaluation/Analysis

Prior to curriculum implementation, residents answered a
pretest comprised of 10 open-ended questions followed by
the same set of questions delivered immediately after the
last session (post-test) and approximately 8 months after the
last lecture (delayed post-test). The aim for each question
was to emphasize a learning point from different sessions in
line with content specifications for the ABP General Pedi-
atrics certifying exam. Questions were designed to be open-
ended, which require a higher level of cognitive processing,

Table 1 Breakdown of curriculum with description of educational sessions

Week Length of
session

Session name

Educational modality

Session leader

(min)
1 30 Arrhythmias Lecture Faculty
1 60 Acyanotic CHD Lecture Fellow
2 60 Cyanotic CHD Lecture Faculty
2 30 Pulmonary hypertension Lecture Faculty
3 30 General cardiology Lecture Fellow
3 30 Murmur lab Combination of lecture, simulation using sound clips, and Fellow
question-driven discussion
4 30 Medical emergency team/code review Discussion-based review of recent events on the cardiac step-down Faculty
unit
4 120 Interactive learning day For this series of sessions, the whole group of residents were Fellow
divided into three small groups which rotated between the three
following sessions:
40 — Mock code Small group simulation of emergent cardiac events: cardiac arrest ~ Fellow
and SVT
40 —ECG lab Small group ECG reading review and practice Fellow
40 — Small group cases Small group discussion-based case studies: newborn pulse- Fellow
oximetry screening and emergency department presentation of a
neonate in cardiogenic shock
30 Systemic cardiovascular disease Lecture Faculty
5 30 Heart failure/cardiomyopathy Lecture Faculty
90 Jeopardy!-style review Question-based, game-style curriculum review Fellow

ECG electrocardiogram
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as opposed to multiple choice questions, which can often
be a test of recognition or recall. Due to time constraints,
the test was constructed to take around 5 min to complete.
Scores were evaluated with F-test for variance and two-
tailed 7-tests. Open-ended verbal and written feedback was
solicited by both chief residents and curriculum developers.

Results

Sixty-six residents were eligible to participate in the curricu-
lum with 44 (67%) completing the pretest, 40 (61%) com-
pleting the post-test, and 33 (50%) completing the delayed
post-test. Year of training was not collected on the pretest,
but first years comprised 39% and 42% of residents complet-
ing the post-test and delayed post-test, respectively. Score
distribution is displayed in Fig. 1. The mean score increased
significantly from 56 to 68% between the pretest and post-
test (p=0.0018). The delayed post-test mean score remained
at 71%, with no significant decrease (p =0.46). Comparison
of pretest to delayed post-test was consistent in showing a
significant increase of mean score (p <0.001).

Verbal and written feedback from residents revealed
appreciation for the more focused, interactive approach.
There were several comments that residents preferred fel-
low-taught lessons, which were thought to be more appro-
priate in depth of material and more accessible. Some of
the lectures by faculty were thought to be more fellow-level
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Fig.1 Comparison of pretest, post-test, and delayed post-test scores.
Box and whisker plot demonstrating improvement and retention
of test scores. Solid box denotes pretest, vertical line box denotes
post-test, crosshatch box denotes delayed post-test; * p<0.05; N.S.
p>0.05

content. Faculty expressed difficulty reviewing the required
information in half an hour, and some residents requested
more time for individual topics such as cyanotic/acyanotic
heart disease and the murmur lab.

Discussion

Pediatric residents who underwent a pediatric cardiology
curriculum framed on short lectures and active learning had
a statistically significant increase in mean score between the
pretest and the post-test. Additionally, the average score was
maintained 8 months after the last session of the curriculum,
suggesting that knowledge gained through the curriculum
had good mid-term retention.

Residents often have a large clinical burden and have lim-
ited time for formal education. The educational time they
can afford should be high-impact, efficient, and engaging to
optimize acquisition and retention of knowledge. The con-
structivist learning theory, rooted in a focus on big concepts,
personal interactions, group-work, and encouraging ques-
tions, hopes to address these goals. It has roots in philosophy
and education with Kant and Piaget, respectively. It is based
on the premise that new knowledge is first interpretated in
the context of existing knowledge or schema, then assimi-
lated or accommodated, leading to learning [4, 5]. Piaget
writes that experience is constantly “assimilated” through
pre-existing concepts, referring to fitting new information
into existing schema [6]. Alternatively, new information
will occasionally necessitate revision or redevelopment of
schema, known as “accommodation”. Vgotsky takes these
ideas a step further with his sociocultural theory of devel-
opment, which proposes that learning occurs when students
work with teachers and peers to solve a problem beyond their
current level of understanding [7]. These ideas play directly
into the idea of the flipped classroom, where students do a
large portion of self-directed learning outside the classroom
and then refine and apply the knowledge with group-based
activities in the classroom [8—11].

Pediatric residents have strong frameworks developed
in medical school that consist of a basic understanding of
cardiovascular anatomy, embryology, physiology, and hemo-
dynamics. Depending on their year of training, they often
have foundational knowledge in the care of healthy children,
acute illness, and chronic disease. If they have completed
any cardiology rotations or electives, some may have some
basic understanding of congenital and acquired heart disease
in children. This groundwork should allow the educator to
focus on the principles of pediatric cardiology, incorporating
these principles into the residents’ existing general pediatrics
schema.

Using flipped classrooms, simulation, and other meth-
ods based on a constructivist educational approach, others
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have shown similar outcomes to our study. Broadly, a meta-
analysis by Freeman et al. evaluated 225 papers in science,
technology, engineering, and mathematics disciplines com-
paring active learning versus traditional classroom learning.
They found that students in active learning classrooms had
higher evaluations scores than those in traditional learn-
ing. Moreover, those students in traditional lectures were
1.5 times more likely to fail than students in courses with
active learning (odds ratio of 1.95, p < 0.001) [12]. The
effect remained across all disciplines and classroom sizes,
although was most notable for classes <50 students. Focus-
ing on medicine, a meta-analysis by Hew and Lo showed that
across 28 studies evaluating the flipped classroom model for
health professionals, there was a significant effect in favor of
flipped classrooms over traditional classrooms (standardized
mean difference =0.33, 95% confidence interval 0.21-0.46,
p<0.001) [8]. A number of studies in graduate medical edu-
cation have evaluated flipped classroom design. Review of
the literature showed several articles in internal medicine
and emergency medicine residency training. Generally,
these studies showed that flipped classrooms are preferred
by residents and fellows, and frequently are associated with
improvement of knowledge, although not always better than
traditional learning [13-18].

In pediatric cardiology, simulation has already been
demonstrated to have beneficial association with improved
clinical management of pediatric cardiology cases [19-22].
Mohan et al. showed that high-fidelity simulation led to
improved test scores and confidence in pediatric residents
versus those who did not undergo simulation [19]. Similarly,
Harris et al. showed that guided simulation improved pedi-
atric resident management of cardiac patients without sig-
nificant decay of skills 4-6 months later [20]. Additionally,
focused evaluations on ECG reading has shown that more
advanced PGYs were able to correctly identify more ECG
pairings on completion of a cardiology rotation [23, 24].
This would support the idea that active learning is useful in
pediatric cardiology, although self-reported additional train-
ing reading ECGs was not beneficial in the work by Crocetti
and Thompson [23]. Other authors have been quite inno-
vative in their multimodal educational approach. Costello
et al. used 3D printed models and simulation training with
pediatric residents and showed improvement in knowledge
and conceptualization of ventricular septal defects, as well
as improvement managing postoperative complications in
this defect [25].

In graduate medical education, the traditional hour-long,
daily lectures are difficult for many reasons. Residents and
faculty are frequently interrupted from lecture for patient
care and 1 h is a long time to stay focused and engaging
for both parties. The MUSC pediatric residency changed to
the weekly academic half days with hope to improve resi-
dent attendance, decrease interruptions, improve faculty and

@ Springer

resident satisfaction, and improve resident performance on
in-training exams [26, 27]. The pediatric cardiology depart-
ment developed a comprehensive curriculum by combining
shorter lectures with a number of active learning modalities
including simulation, case-based learning, and game-style
review. The sessions that most fit the design of a flipped
classroom were the murmur lab, Medical Emergency
Team/code review, the interactive learning day sessions
(simulation, ECG reading, and small group cases), and the
Jeopardy!-style review. With these sessions, the focus was
the application of knowledge and testing understanding.
Both faculty and fellows need to work toward making the
more traditional lectures a true flipped classroom by giving
articles or excerpts from chapters to read prior to each ses-
sion. This may also alleviate the feeling that lecturers did not
have enough time to cover the required information.

Gamification, or the use of elements of game-design in
non-game contexts, is another method that could be used
more throughout the curriculum to increase learner engage-
ment [28-30]. The friendly competition, question-based
discussion, and leaderboard of the Jeopardy!-style review
kept the residents engaged during one of the longest sessions
(90 min). Potentially, having more questions during lectures
and a running leaderboard throughout the curriculum could
further captivate the residents’ attention. Based on com-
ments from the residents and faculty, we need to continue
to pare down the content to allow for more time for focus
on high-yield topics and for cases and discussion. Many of
the faculty attempted to take old lectures and fit them into
the new format. They still require more encouragement to
follow the recommended “lecture” style and include more
interactive components, whether it be cases, questions, or
other methods of active learning.

Furthermore, this work underlined the benefit of fellows
on resident education. Overall, residents preferred fellow-
delivered material, and the curriculum was developed by fel-
lows. Most of the published research on the impact of fellows
on resident education has been in surgical specialties due to
the concern that fellows decrease resident clinical learning
and experience [31-33]. However, Backes et al. showed that
a neonatology fellows education curriculum increased scores
assessing resident learning and the value of the rotation in
the resident’s development as general pediatricians [34].
The mix of faculty and fellows in the pediatric cardiology
curriculum was successful with some unplanned benefits,
including better receptiveness to “alternative” teaching strat-
egies and more resident-level content by fellow lecturers.
This work does not have adequate data to determine why
residents preferred the fellow-presented lessons which would
be important to distinguish since fellow-delivered lessons
also were more likely to use an interactive teaching modal-
ity. Additionally, there is insufficient data to determine if
fellows improved resident learning. Nevertheless, the benefit
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of fellow involvement in the curriculum based on verbal
feedback is provocative.

This work was limited in that multiple educational inter-
ventions between the time of pretest and post-test make it
difficult to attribute any one intervention to gain of knowl-
edge. Due to 1.5 years between the curriculum repeating and
incomplete data on the year of training for residents taking
each test, a comparison to the previous pediatric cardiology
curriculum was not possible. Therefore, it is impossible to
say if this curriculum had a higher improvement in mean
scores compared to the previous curriculum based on the
traditional lecture model. The composition of years of train-
ing may have influenced the improvement of scores between
tests as well, if there was a higher ratio of first years on the
pretest than the post-tests. Although we did not collect the
years of training on the pretest, first years would have rep-
resented, at most, 44% of the test-takers compared to 39%
and 42% for the post-test and delayed post-test, respectively.
Additionally, a better assessment of resident knowledge ide-
ally would have been generated from a larger set of questions
on the tests. Ultimately, although improvement in content-
based questions is desirable, it is unclear if our interven-
tion ultimately resulted in improvement in care provided to
patients. Ideally, our improvement in comprehension and
retention of knowledge translates into better care of this
complex population.

Future goals are to give key articles and reading excerpts
to residents prior to each week’s sessions, moving the curric-
ulum further toward a “flipped classroom”. This will allow
the focus of the classroom time to be on answering questions
and ensuring key principles are understood. Our hope was
to further revise the curriculum for Spring 2020. However,
due to the COVID-19 pandemic, the curriculum had to be
converted to online only. This made the ability for effective
interaction and utilization of other learning modalities dif-
ficult. We were able to continue our use of short, 30-min
lectures and nearly all lectures were given by pediatric car-
diology fellows. Additionally, we managed to still have a
murmur lab and Jeopardy!-style review.

Conclusions

Using an active, multimodal educational series, pediatric
residents had a significant increase in mean test scores in
pediatric cardiology and demonstrated good retention. This
didactic strategy based on short, focused lectures and inter-
active workshops aligns more with constructivist learning
theory and supports residents as learners.
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