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Study Objectives: Despite increasing recognition of its importance, sleep medicine education remains limited during medical training. We sought to assess
the baseline knowledge of a group of health professions trainees and to determine whether an educational sleep medicine “boot camp” led to improvement in sleep
medicine knowledge.
Methods: Participants attendeda2-day introduction to sleepmedicine course designed for newsleepmedicine fellows in July 2017 and2018.Participants completed
2 validated sleep knowledge questionnaires (The Assessment of Sleep Knowledge in Medical Education and The Dartmouth Sleep Knowledge and Attitude Survey)
prior to and at the conclusion of the course.
Results: A total of 21 health professions trainees including 14 sleep medicine fellows completed both presurveys and postsurveys. Baseline Assessment of Sleep
Knowledge in Medical Education Survey score was 21.4 ± 3.4 out of 30 (71.4% ± 11.4%) and baseline Dartmouth Sleep Knowledge and Attitude Survey score was
16.1 ± 2.4 out of 24 (67.3% ± 9.9%). There was no difference in baseline scores between sleep medicine fellows and other health professions trainees. There was a
statistically significant improvement in theAssessment of Sleep Knowledge inMedical Education Survey (2.9 ± 2.1 points,P = .004) andDartmouth SleepKnowledge
and Attitude Survey (2.5 ± 3.0 points, P = .001) scores among all participants after the course, without a difference in degree of improvement among sleep medicine
fellows compared to other health professions trainees.
Conclusions: Our findings suggest that baseline sleepmedicine knowledge is higher than previously reported among health professions trainees. An educational sleep
medicine boot camp improved knowledge even in a group of learners with high baseline knowledge and interest in sleepmedicine, including new sleepmedicine fellows.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Studies have demonstrated low baseline knowledge in sleep medicine among medical professionals at all levels of
training, with the exception of practicing sleep medicine physicians. This may lead to a gap in knowledge among new sleep medicine fellows and other health
professions trainees.
Study Impact: An intensive sleep medicine education course provided annually at the beginning of fellowship led to improvement of baseline knowledge in
sleep medicine fellows and other health professions trainees interested in the field.

INTRODUCTION

Despite increasing recognition of the negative impact of poor
sleep quality and untreated sleep disorders, exposure to sleep
medicine education remains limited at all levels of medical
training. One survey of medical schools across 12 countries
including the United States revealed an average of less than
2.5 hours of formal instruction on sleepmedicine duringmedical
school.1 Sleepmedicine is not a core educational requirement for
several primary specialties, including internal medicine and
familymedicine.Someneurologyresidenciesandpulmonaryand
critical care medicine fellowships do not require formal sleep
medicine trainingother thana fewhoursofdidactics, even though
these specialists are often expected to treat patients with sleep
disorders in their practice.2,3

It is possible that limited educational exposure during the early
years of training may lead to a lack of interest in formal sleep

medicine training. There is a decreasing number of sleep
medicine subspecialists in the United States, as board-certified
sleep medicine physicians are retiring at a greater rate than those
graduating from fellowship programs3; however, this trend may
be reversing. While for 2012–2016 an average of 98 fellows
matched into sleep medicine fellowships each year, for
2017–2020 the average was 143 fellows, including a record
number of 165 (92.2%) fellows for 2021.4,5 Specialized sleep
medicine fellowship programs provide well-rounded clinical
experienceswith diagnosis andmanagement of a variety of sleep
disorders, but it is concerning that medical trainees, including
those entering these fellowship programs,may not have received
sufficient sleep medicine education during medical school or
residency.

Two well-validated tools to assess sleep medicine knowledge
among medical professionals are The Dartmouth Sleep Knowl-
edge and Attitude Survey (Dartmouth)6 and The Assessment of
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SleepKnowledge inMedical Education Survey (ASKME).7 The
problem of limited sleepmedicine knowledge among physicians
andmedical trainees across multiple settings is well described in
the literature,8–15 most often using 1 of these 2 surveys, which
have been shown to be effective tools in detecting a change in
knowledge level after an educational intervention.

The sleep medicine fellowship program at the University of
Maryland developed a curriculum of core sleep medicine topics,
“MarylandSleepBootCamp,” tobeprovidedover a2-daycourse
during the orientation period for new fellows. The course is also
made available to other interested health professions trainees. In
this study, we sought to assess the baseline sleep medicine
knowledge of a cohort of health professions trainees including
sleep medicine fellows who attended the Maryland Sleep Boot
Camp in 2017 and 2018 and to evaluate whether there was a
change in knowledge following the Boot Camp course interven-
tion using the Dartmouth and the ASKME surveys.

METHODS

Development of the Maryland Sleep Boot Camp
In 2007 the University of Maryland established a one-year
Accreditation Council for Graduate Medical Education-
accredited sleep medicine fellowship program with 2 fellows-
in-training per year. Educational activities include a weekly
1-hourmultidisciplinarydidacticconference throughout theyear.
Following this schedule, itwould take approximately 3months to
cover core sleepmedicine topics.During this time, fellowswould
continue to evaluate patients in clinic with multiple sleep
disorders on which they had not received a formal didactic
lecture. The program leadership identified the need for a more
rapid introduction to the fundamentals of sleep medicine to
facilitate the integration of the new fellows into clinical care and
developed a curriculum of core lecture topics to provide during
their orientation period to achieve this goal. This core curriculum
took the formof an intensive 2-day immersion course provided in
early July at the start of each fellowship year.

This course, known as the Maryland Sleep Boot Camp, was
first conducted in 2013 and has since been provided on an annual
basis. Other sleep medicine programs in the Baltimore/Wash-
ington, DC area were invited to participate, fellows to attend the
program and faculty to present didactic topics. Currently all 5
academic trainingfellowshipprogramsin thecoveredgeographic
area participate. Thus, the Boot Camp has become a regional
multi-institutional collaboration among the host institution,
University of Maryland Medical Center, as well as Walter Reed
National Military Medical Center, Johns Hopkins Hospital,
George Washington University Hospital, and MedStar George-
town University Hospital. Although designed specifically for
sleep medicine fellows, the course is provided free of charge to
other interested health professions trainees and health care
professionals. Attendees have included pulmonary and critical
care medicine fellows, internal medicine residents, family
medicine residents, medical students, dental students, nurse
practitioners, sleep technologists, psychologists, among others.
In collaboration with the University of Maryland School of
Dentistry, the course is held in a state-of-the-art large lecture hall,

and the content is recorded for future reference. A course
satisfaction survey is performed each year for quality improve-
ment. After receiving informal feedback from multiple partic-
ipants over theyears about the educational valueof the course,we
decided to perform a formal assessment of baseline
sleep medicine knowledge and improvement for the 2017 and
2018 courses.

Course curriculum
The Maryland Sleep Boot Camp curriculum is presented in a
series of short 30- to 45-minute lectures delivered over 2 days.
Topics includesleepphysiology,polysomnographyscoring,how
to take a sleep history, principles of sleep hygiene, out-of-center
sleep testing, actigraphy, overviews of each of the 6 main
categories of sleep disorders16 and other miscellaneous topics.
Core topics are maintained each year, with some year-to-year
variation in the curriculum and speakers. The schedule for the
2017 Boot Camp is provided for reference (see supplemental
material).

Participants and procedures
The University of Maryland Institutional Review Board
approved this study of previously collected data (HP-
00086318). All attendees of the Boot Camp in July 2017 and
July 2018 were asked to participate. Upon arrival to the course,
attendees were provided with a folder that included 2 copies of
each questionnaire labeled as pre-activity and post-activity
evaluation. The questionnaires had a prewritten 2-digit identifi-
cation number so pre-results andpost-results could bematched to
the same individual; tomaintain full anonymity, no link towhich
number was assigned to which individual was kept. Participants
filled out the questionnaires immediately preceding and imme-
diately following the conclusion of the course. Only participants
whoattended the entire course andcompletedboth thepre-course
and post-course questionnaires were included in this study.
All questionnaires were anonymous; the only information
requestedwas to listwhether the participantwas a sleepmedicine
fellow, and if not, to describe their current level of training.
Attendees were also given a survey to evaluate their satisfaction
with different aspects of the course. The evaluation portion
used a Likert scale ranging from 1 (strongly disagree) to 5
(strongly agree).

Surveys
Two well-validated tools to assess sleep medicine knowledge
among medical professionals were used. Presenters were not
aware of the content of these 2 surveys and did not tailor their
lecture content to address these questions.

The Dartmouth Sleep Knowledge and Attitudes Survey

The Dartmouth Sleep Knowledge and Attitude Survey (Dart-
mouth) consists of 24 multiple choice questions within the
content areas of basic science of sleep (architecture, ontogeny,
neurochemistry/anatomy, pharmacology, function, sleep depri-
vation, homeostasis, and chronobiology) and clinical science
(evaluation, major dyssomnias, sleep-wake schedule disorders,
parasomnias, and secondary sleep disorders). Each question has
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4 answer choices. The “attitudes” part of this survey was not
included in this study.6

The Assessment of Sleep Knowledge in Medical
Education Survey

The Assessment of Sleep Knowledge in Medical Education
Survey (ASKME) consists of 30 true/false questions in 6 general
domains: basic sleep principles, circadian sleep/wake regulation,
normal sleep architecture, sleep disorders, effects of drugs and
alcohol on sleep, and sleep in medical disorders. In addition to
“true” and “false” answer choices, there is an alternative response
of “I don’t know” to minimize guessing or random responding.7

Statistics
Data were collected and collated. Baseline and post-course
questionnaire scoreswere calculated for the group as awhole and
then divided into 2 groups: sleep medicine fellows and other
health professions trainees. Data was presented as mean ±
standard deviation. The mean scores of the pretests and posttests
were compared using Student’s t-test. In addition, the mean
scoresatbaselineofsleepmedicinefellowsvs therestof thegroup
were compared using Student’s t-test. A significance level of 5%
was required to reject the null hypothesis. SigmaPlot version 14
(Systat software, 2017, San Jose, CA) was used to perform
statistical analysis.

RESULTS

A total of 24 participants who attended the 2017 and 2018 Boot
Camp completed the pretests. Three were excluded because they
did not attend the full 2-day course and did not complete the

posttest. All participants (n = 21) who attended the full
course completed both the pretest and posttest. Of these 21
participants, 14 were sleep medicine fellows. The 7 others were
pulmonary and critical care medicine fellows (2), internal
medicine residents (2), medical student (1), nurse practitioner
(1), and no answer (1).

Table 1demonstrates the pretest and posttest scores among all
participants. The baseline score on the ASKME among all 21
participantswas 21.4 ± 3.4 points out of 30 (71.4%). The posttest
score was 24.3 ± 2.6 points (81%) showing a statistically
significant improvement (P = .004). The baseline score on the
Dartmouth among all 21 participants was 16.1 ± 2.4 points out of
24 (67.3%) with significant improvement to 18.6 ± 2.0 points
(77.6%) following the course (P = .001).

Table 2 compares the baseline scores and percent change
among sleep medicine fellows vs other participants. The mean
baseline ASKME score among sleep medicine fellows was no
different from other participants (21.6 vs 21.0 points, P = .69).
Therewas also no difference between baselineDartmouth scores
for sleep medicine fellows vs other participants (16.4 vs 15.6
points, P = .45). While both groups improved their scores in the
posttest, there was no difference in the degree of improvement in
either questionnaire score when sleep medicine fellows were
compared to the other participants. There was an 8.4% improve-
ment in the ASKME score among sleep medicine fellows
compared to a 12% improvement among other participants (P =
.28). Likewise, there was a 7.8% improvement in the Dartmouth
scores among sleep medicine fellows, compared to a 15.6%
improvement among other participants (P = .18).

All participants expressed a high level of satisfaction with the
quality andcontent of the course andanswered4or5on theLikert
scale for each question on the course evaluation. The only
exceptions were 2 scores of 2 out of 5 for the question regarding

Table 1—Test scores for all participants before and after the Maryland Sleep Boot Camp.

Test Pretest Score Posttest Score Change in Score P for Change in Score

ASKME 21.4 ± 3.4 24.3 ± 2.6 2.9 ± 2.1 .004

Dartmouth 16.1 ± 2.4 18.6 ± 2.0 2.5 ± 3.0 .001

Data presented asmean ± standard deviation; n = 21. ASKME = The Assessment of Sleep Knowledge inMedical Education Survey, Dartmouth = TheDartmouth
Sleep Knowledge and Attitude Survey.

Table 2—Comparison of baseline scores and percent change in scores after the Maryland Boot Camp between sleep medicine fellows and
other participants.

ASKME ASKME
Dartmouth Baseline

Dartmouth

Baseline Percent Change Percent Change

Sleep medicine fellows 21.6 ± 2.9 8.4 ± 6.0% 16.4 ± 2.3 7.8 ± 9.6%

Other participants 21.0 ± 4.4 12.0 ± 9.0% 15.6 ± 2.6 15.6 ± 16.3%

P .69 .28 .45 .18

Data presented asmean ± standard deviation. Sleepmedicine fellows n = 14; other participants n = 7. ASKME = The Assessment of Sleep Knowledge in Medical
Education Survey, Dartmouth = The Dartmouth Sleep Knowledge and Attitude Survey.
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use of audiovisual aids. The mean overall course evaluation
rating was 4.92 out of 5.

DISCUSSION

In this study, we described the successful development of the
Maryland Sleep Boot Camp, an annual 2-day core lecture course
for incomingsleepmedicine fellows.This coursewas established
in 2013 and has grown to include all 5 fellowship programs in the
Baltimore/Washington, DC area. The course is considered a
valuable part of the fellowship education curriculum of all
participatingprograms andhas evolved into a successful regional
multi-institutional educational endeavor. Participants gave over-
all excellent satisfaction scores in their review of the course.
Using validated sleep medicine knowledge questionnaires, we
also demonstrated the didactic value of the course. Our results
show high baseline sleep medicine knowledge in this group of
healthprofessions traineesaswellasasignificant improvement in
knowledgeafter completionof thecourse.Toourknowledge, this
is also the first report of baseline sleep medicine knowledge in
new sleep medicine fellows.

Our results suggest that baseline sleep medicine knowledge
among health professions trainees is higher than previously
reported. We report a mean baseline score of 21.4 (71.3%) on
ASKME among Boot Camp attendees. During the development
of the ASKME survey, the overall mean percentage of correct
answers was 53.8%,while sleepmedicine specialists had amean
percentage correct of 85.3% and practicing physicians averaged
66.3%.7A survey of 223 primary care physicians in SaudiArabia
showed ameanASKMEscore of 48%,17 and preclinical students
at a New York medical school averaged 39.83% correct on
ASKME compared to 65.53% correct for clinical students.15We
report abaseline scoreof16.1 (67.3%)on theDartmouth,while in
theoriginal validation study, themean score for first yearmedical
students was 9.52 and the mean score for sleep medicine
specialistswas22.21.6TheBootCampparticipants chose toenter
sleep medicine fellowships and/or attend the course, so it is
possible that they had more exposure to sleep medicine in their
training than nonparticipants and/or hadmore interest in the field
andhadmore baseline sleepmedicine knowledge. Thismayhave
contributed to the higher scores achieved in this study compared
to the previously studied groups.

Our results also show a significant improvement in sleep
medicine knowledge after completion of the course. Several
studies illustrate that it is feasible to improve sleep medicine
knowledge with educational interventions throughout all levels
of training. In1979,Kalesetal18 showedthatphysicianshada less
than 50% correct response rate on a sleep medicine knowledge
questionnaire, but this composite score increased by 59% after
viewing 1 50-minute video on sleep disorders. In 1 study, 87
medical students on their 1-month neurology clerkship were
randomized to a sham module or learning module, which they
could take at their own pace over the course of themonth.13 Both
groups showed improvement from pretest to posttest on the
Dartmouth at the end of their clerkship, although improvement in
sleep medicine knowledge was significantly higher in the

intervention group. In another study, an integrated selective
course for fourth year medical students led to improved
knowledge of sleep medicine.12 Overall, evidence suggests that
specific education in sleep medicine can improve knowledge
among health care professionals, although there is limited
research in the current literature regarding physicians in post-
residency fellowships. The significant improvement frompretest
toposttest scoresamongallparticipantssuggests thateducation in
sleepmedicine, specifically in the form of a core didactic course,
leads to improvement in knowledge, which can occur even in a
group with a high baseline knowledge level.

The limited exposure to sleep medicine education during
residency trainingmay lead to a lack of interest in formal training
and lack of knowledge in the field. Recently, pulmonary and
critical care medicine fellowship program directors were sur-
veyedabout the sleepmedicine trainingoffered in theirprograms.
Only 43 (27%) programs responded, of whom 67% required 1 to
2 months of sleep medicine rotation and 49% provided less than
5 hours of sleep medicine didactics per year.3 This study
highlighted a major concern: lack of sleep medicine education
and clinical training even in higher level trainingprogramswhere
there is significant overlap with the primary specialty. This also
suggests that the majority of physicians have had limited
exposure to the field prior to their first day of sleep medicine
fellowship. Increasingexposure to sleepmedicineat all aspectsof
medical training has been shown to pique interest in the field as a
career option. A study in 2013 showed that neurology residency
programs that offeredmore training in their curriculum, included
sleep medicine faculty and access to a sleep center, had a greater
chance of their residents pursuing further training in sleep
medicine.2 While for several years a significant number of sleep
medicine fellowship slots had gone unfilled,3 this trend may be
reversing, as demonstrated by an increasing interest of medical
trainees in pursuing subspecialty training in the field, with a
record number of 165 (92.2%) sleep medicine fellowship
positions filled in the National Residency Matching Program
forappointmentyear2021.4,5Manyfactorsmayhavecontributed
to this trend, including the increased recognition of both sleep
medicine as a distinct subspecialty and of the importance of good
sleep for overall wellbeing. The American Academy of Sleep
Medicine has also implemented for many years a very compre-
hensive plan to foster the growth and development of Accred-
itationCouncil forGraduateMedical Education-accredited sleep
medicine fellowship programs and increase interest in the field
among medical students, residents, and fellows.19 These efforts
have been highly successful, as demonstrated by the increased
number of fellowship programs and available positions, increas-
ing from 53 programs and 99 positions in 2012 to 86 programs
and 179 positions in 2021.4,5

Our study suggests that health professions trainees, other than
current sleepmedicine fellows,haveanactive interest in the field.
Making an introductory course widely available in an institution
may increase the number ofmedical traineeswho pursue a career
in this subspecialty and may also broaden sleep medicine
knowledge and interest among other specialties and health care
professionals and improve patient care. Of note, 3 residents who
previously attended theMarylandSleepBootCamp later became
sleep medicine fellows at our institution. In recognition of the
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potential benefits for a boot camp approach, the Sleep Medicine
Fellowship Directors Council at the American Academy of
Sleep Medicine started providing in 2019 an abbreviated boot
camp to a limited number of incoming fellows during the annual
SLEEPMeeting.

It is important tonoteseveral limitations to this study.First,due
to the relatively small sample size,wewereunable todoadetailed
subanalysisof thedifferent domains/categoriesof sleepmedicine
knowledge in each questionnaire to see if the particular knowl-
edge deficits in this cohort matched those found in the initial
validation studies. We also did not evaluate the attitude of
participants toward sleepmedicine, which could be an important
component of competence. There was also no control arm of
participants who were provided the same questionnaires 2 days
apart without the Boot Camp intervention to determine if there
was any degree of self-directed learning that led to the improve-
ment. However, each participant effectively served as his/her
own control.

There was also very limited demographic information
obtained for this study. Participants were only asked whether
theywereasleepmedicinefellowor their current levelof training.
It is unlikely that age or sex would affect the baseline knowledge
or ability to learn from an educational intervention. However, it
would be interesting to conduct the studywith a larger number of
participants with more detailed baseline information, such as
whether the participants attended a United States or foreign
medical school, their primary specialty and level of training, their
levelofprior sleepmedicineexposureand interest, aswell as their
attitudetowardsleepmedicine,as thismayaffect theperformance
in these questionnaires.

Another limitation is that the Boot Camp faculty presenters
werenot providedwith theASKMEandDartmouth surveysprior
to designing the content of their didactic lecture. The Boot Camp
was designed to address the general core curriculum of pertinent
topics in sleep medicine, so it is likely that the content of the
lectures matched up with most of the material in the question-
naires. However, a few questions may not have been specifically
addressed during the course. One final potential limitation is that
the ASKME survey was developed in 2001 and the Dartmouth
survey in 2004.While the general principles of sleep physiology
and sleep disorders have not changed, the tests have not been
specifically updated, so this would need to be considered when
interpreting these results.However, these questionnaires arewell
known and validated instruments and their content is still
currently used to assess sleep medicine knowledge among
medical trainees and practitioners across many settings.20

In conclusion, we describe the successful development and
implementation of a short intensive immersion course of core
sleep medicine topics designed for incoming sleep medicine
fellows, done with the collaboration of 5 different fellowship
programs. This is also the first report of the baseline sleep
medicineknowledge innewsleepmedicine fellows.Our findings
showhighbaselinesleepmedicineknowledge inagroupofhealth
professions trainees as well as significant improvement in
knowledge after completion of an educational course. Education
in sleep medicine, particularly in the form of an intensive
immersion course, results in improvement in knowledge among
health professions trainees, even among thosewith a high level of

baseline knowledge and is valued by those participating in the
course. These results support the value of implementing such a
course in the initial weeks of orientation of sleep medicine
fellowship. Future research addressing the impact of such a
program on clinical skills, in-service examination performance
during fellowship, and performance on the sleep medicine
certification examination following training would further illu-
minate this topic.

ABBREVIATIONS

ASKME, The Assessment of Sleep Knowledge in Medical
Education Survey

Dartmouth, The Dartmouth Sleep Knowledge and Attitudes
Survey
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