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Abstract
Introduction Medical information is expanding at exponential rates. Practicing physicians must acquire skills to efficiently
navigate large bodies of evidence to answer clinical questions daily. How best to prepare medical students to meet this challenge
remains unknown. The authors sought to design, implement, and assess a pragmatic evidence-based medicine (EBM) course
engaging students at the transition from undergraduate to graduate medical education.
Materials and Methods An elective course was offered during the required 1-month Capstone medical school curriculum.
Participants included one hundred sixty-eight graduating fourth-year medical students at Emory University School of
Medicine who completed the course from 2012 to 2018. Through interactive didactics, small groups, and independent work,
students actively employed various electronic tools to navigate medical literature and engaged in structured critical appraisal of
guidelines and meta-analyses to answer clinical questions.
Results Assessment data was available for 161 of the 168 participants (95.8%). Pre- and post-assessments demonstrated students’
significant improvement in perceived and demonstrated EBM knowledge and skills (p < 0.001), consistent across gender and
specialty subgroups.
Discussion The Capstone EBM course empowered graduating medical students to comfortably navigate electronic medical
resources and accurately appraise summary literature. The objective improvement in knowledge, the perceived improvement
in skill, and the subjective comments support this curricular approach to effectively prepare graduating students for pragmatic
practice-based learning as resident physicians.

Keywords Evidence-based medicine . Medical education . Evidence-based curriculum . Evidence-based practice . Applied
informatics

Introduction

Within the practice-based learning and improvement compe-
tency, the Accreditation Council of Graduate Medical
Education (ACGME) mandates that resident physician
trainees learn how to search for and apply scientific knowl-
edge efficiently in order to guide medical decisions at the
point of care [1]. With the exponential growth of peer-
reviewed medical publications—annually greater than 1 mil-
lion new PubMed references [2]—clinicians cannot become
familiar with all relevant publications in their field. To excel in
practice-based learning, future clinicians must develop skills
to locate resources rapidly and stay current with published
literature affecting their individual practice. Many medical
schools have adopted evidence-based medicine (EBM)
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curricula that teach students to interpret literature; however,
less often do such curricula train students how to efficiently
use electronic tools to locate high-quality evidence among
available resources and how to rapidly critically appraise lit-
erature to immediately impact clinical practice at the point-of-
care.

Recognizing the need for a consistent approach to teaching
EBM, in 2003, the Conference of Evidence-Based Health
Care Teachers and Developers outlined the minimum criteria
necessary for evidence-based practice curricula. Their Sicily
Statement maintains that curricula must contain core elements
of the five-step model of evidence-based practice, including
“translation of uncertainty to an answerable question, system-
atic retrieval of best evidence available [and] critical appraisal
of evidence.” [3] Since that time, EBM courses have contin-
ued to address students’ knowledge, skills, and attitudes
through various didactic methods and in many different learn-
ing environments [4]. Unfortunately, how best to teach EBM
to future practitioners remains unclear. A recent systematic
reviewwas unable to determine the most effective educational
theory on which to base EBM courses, in part because of
profound variability in course duration, population, content,
and timing [5]. Due to this heterogeneity, as well as inadequate
descriptions of curricula and lack of validated test measures,
researchers have been unable to draw conclusions about the
superiority of particular EBM educational methods [4, 6–8].
Furthermore, a recent study demonstrated that performance in
EBM deteriorates during the fourth year of medical school,
further suggesting a need for curricular reform in this cohort of
students [9]. We describe the “Capstone Evidence Based
Medicine” course (henceforth calledCapstone EBM) for grad-
uating medical students as a novel and pragmatic approach to
teach students transitioning to graduate medical education
how to effectively maintain engagement with high-quality
published literature at the point of care.

Materials and Methods

In 2011, Emory University School of Medicine incorporated a
required 1-month “Capstone” curriculum for all graduating
medical students to better facilitate their transition from stu-
dent to physician. As part of this curriculum, faculty proposed
“Selectives” (elective workshops during the Capstone curric-
ulum), with themes that included “How to Be a Good Doctor,”
“Communicating Effectively,” and “Professional & Personal
Well-being.” Students personalized their Selective schedules
in addition to participating in other required portions of the
Capstone curriculum. From 2012 to 2018, 168 graduating
students (representing approximately 18% of all graduates
over 7 years) chose the Capstone EBM course as part of their
Capstone curriculum.

Faculty with expertise in EBM designed the Capstone
EBM course (Fig. 1) as a selective offering that aimed to help
graduating students develop the more advanced and practical
EBM skills that are necessary for clinical practice as physi-
cians. Learning objectives anticipated that upon completion of
the course, students would be able to (1) use high-quality
electronic “pull” resources to find evidence-based answers to
clinical questions at the point of care; (2) use electronic “push”
resources to help keep up with the relevant literature in their
field or within topic(s) of interest; (3) identify and utilize mo-
bile device applications to help make point-of-care practice
efficient, evidence-based, and practical; and (4) critically ap-
praise meta-analyses and guidelines to incorporate evidence
into clinical practice. While students had received limited por-
tions of the Capstone EBM curriculum much earlier in their
training as part of the medical school’s larger EBM curriculum
(Fig. 2), our Capstone course offered the novel opportunity to
apply practical searching skills and summary-literature inter-
pretation to clinical practice.

In preparation for the course, students were assigned back-
ground reading from (a) selected chapters of JAMA Evidence
Users’ Guides to the Medical Literature [10], and (b) a repre-
sentative faculty-selected meta-analysis and guideline. During
day 1 of the course, faculty facilitated interactive didactic ses-
sions focused on electronic resources, as well as small group
sessions, composed of 10–16 medical students and an over-
seeing clinical faculty member, where students practiced
structured critical appraisal of a meta-analysis and a clinical
practice guideline.

During the intersession between day 1 and day 2 of the
course, students individually investigated different online
“push” resources (e.g., ACP Journal Wise®, NEJM Journal
Watch) and “pull” resources (e.g., DynaMed Plus®,
UpToDate®). They also designed clinical questions, searched
for summary literature to answer these questions, and worked
in small groups (2–4 students per group) to critically appraise
literature for application to clinical scenarios.

During day 2 of Capstone EBM, individual students pre-
sented the positives and negatives of various “pull” and
“push” resources they had investigated. Then, student small
groups presented critical appraisals of self-selected meta-anal-
ysis or guideline—used to answer their clinical questions—
followed by peer and faculty discussion.

Program Evaluation

In order to gauge the effectiveness of achieving course objec-
tives, a 10-item pre-assessment and a similar but distinct 10-
item post-assessment were administered before and after com-
pletion of the Capstone EBM course, respectively (Appendix
Fig. 1 and Appendix Fig. 2). Four 5-point Likert scale ques-
tions assessed students’ self-efficacy to use online “push” re-
sources; to search for high-quality summary literature
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efficiently and effectively; and to interpret guidelines and
meta-analyses to answer clinical questions. Additional ques-
tions assessed students’ knowledge of the quality of various
evidence-based resources and their ability to critically ap-
praise summary literature.

Statistical Methods

Categorical comparisons of demographics were tested with
the Chi-square test. Comparisons between Likert scale opin-
ions by subgroups including time, graduation year, gender,
and specialty were conducted using the Mann-Whitney test
or Kruskal-Wallis test. The one-sample t-test was used to com-
pare knowledge scores between pre- and post-course.

Differences in pre-course knowledge by subgroup were
tested with a 2-sample t-test or the Wilcoxon signed-rank test
when the normality assumption was not upheld. Knowledge
gain by subgroup was tested with analysis of covariance
(ANCOVA) with pre-course knowledge scores used as covar-
iate. Tests for interactions were also conducted.

This project was granted exemption status by its institution-
al review board.

Results

Complete assessment data was available for 161 of the
168 participants (95.8%). Capstone EBM students were
well represented across specialties, with 71% of students
matched to generalist specialties to start residency train-
ing. There was approximately equal gender distribution in

the Capstone EBM course, but a significantly higher pro-
portion of the women (compared with men) had matched
to generalist specialties (81% vs. 63%, p = 0.02). Fourteen
percent of students were graduating with dual degrees
(Table 1).

Students’ self-efficacy to use push resources, to search
the literature, and to interpret guidelines and meta-analyses
to answer clinical questions significantly improved after
course completion (p < 0.001 for each Likert scale ques-
tion; Fig. 3) compared with before the course. Overall,
students’ average knowledge assessment score significant-
ly improved (47% vs. 68% correct on pre- vs. post-assess-
ments, p < 0.001); these gains in knowledge were signifi-
cant for accessing literature and interpreting meta-analyses
(p < 0.001), but not for interpreting guidelines (p = 0.72)
(Fig. 4). Pre- to post-course changes in self-efficacy and
improvements in knowledge were not impacted by year,
gender, or future specialty; furthermore, there was no in-
teraction between gender and the generalists group with
respect to post-assessment knowledge scores (p = 0.21 for
interaction).

Representative student comments about the EBM
Capstone course included the following: “one of the most
useful things I had in medical school,” “I feel much more
comfortable with searching the literature,” and “Incredibly
helpful and something I will use as a resident.” Based on
independent Capstone course evaluations and the School of
Medicine’s formal exit interview and survey comments, cur-
riculum leadership recently incorporated portions of the
Capstone EBM course into an earlier phase of the 4-year med-
ical school curriculum for all students.

Fig. 2 Schematic of 4-year integrated evidence based medicine curricu-
lum, by year (M1 to M4) and by curricular phase (foundations to trans-
lation). Timeline of the Emory University School ofMedicine curriculum
from the first (M1) through fourth (M4) years. Capstone, during which
the Capstone EBM course is offered, is included on the upper right of the
figure. 1st row (blue) = EBM training throughout the curriculum. 2nd row

(yellow) = year of medical school training. 3rd row = phase of medical
school curriculum (foundations = pre-clinical; applications = traditional
core clinical rotations; discovery = research 5 months; translations = tra-
ditional senior year clinical rotations and electives; Capstone = 1-month
required Capstone course for all students). The asterisk indicates very
limited/minimal structured EBM training during core clinical rotations

Fig. 1 Schematic of Capstone evidence-based medicine (EBM) curriculum. Depicts the organization of the two half-day sessions of the Capstone EBM
course
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Discussion

In this study, we hypothesized that our undergraduate medical
education Capstone EBM course would lead to significant
improvement in participants’ EBM knowledge, skill, and con-
fidence. Our findings demonstrate that an interactive and prag-
matic EBM course can empower students to comfortably nav-
igate electronic medical resources and accurately appraise
summary literature—skills that are vital to trainee success as
they transition from students to resident physicians.

We designed this Capstone course with the support of lit-
erature in educational theory that explores the most effective
ways to teach EBM. For example, our course incorporated all
four components that Maggio et al. [11] suggest as successful
EBM teaching methods, including learning tasks (answering a
clinical question using relevant literature); supportive infor-
mation (pre-reading JAMAevidence®); procedural informa-
tion (providing a step-by-step outline for how to critically
appraise guidelines and meta-analyses); and part-task practice
(quickly searching resources using the PICO format). Our
course utilized a variety of teaching methods, including clas-
sical didactic, interactive audience participation, small-group
collaborative learning sessions, case-based clinical scenarios,
and student-led teaching of their peers. Our ability to achieve
success in improving students’ knowledge and skill by using a
blended approach is in line with the current medical education

Fig. 3 Changes in student self-efficacy (perceived comfort level) with
each component of the Capstone EBM course. Objective domain from
pre-assessment to post-assessment, questions 1–4 (Q1–Q4). Pre, pre-
assessment question average Likert scale (1–5) score; Post, post-
assessment question average Likert scale (1–5) score. Questions (5-point
Likert scale from strongly disagree to strongly agree): Q1, question 1
reflects comfort level with utilizing electronic resources that send infor-
mation to users automatically (i.e., “push” resources). Q2, question 2
reflects comfort level with utilizing electronic resources to search for
high-quality evidence answers to clinical question (“pull” resources).
Q3, question 3 reflects comfort level with interpreting practice guidelines.
Q4, question 4 reflects comfort level with interpreting meta-analyses

Fig. 4 Graph of changes in evidence based medicine knowledge and
skills scores, by topic, from pre-assessment to post-assessment of the
Capstone EBM Course: Pre, pre-assessment score (%); Post, post-
assessment score (%); Push/Pull, searching focused pre- and post-
assessment questions; Guide, Guideline-focused pre- and post-
assessment questions; Meta-analysis, Meta-analysis focused pre- and
post-assessment questions

Table 1 Basic demographics of student participants in capstone
evidence based medicine course, by gender, general category, and dual
degree designation

Variable by gender Overall Female Male P

Participants (n (%)) 0.91

Years 2012–2018 161 (100) 78 (48.4) 83 (51.6)

General categorya (n (%)) 0.02

Generalistb 115 (71.4) 63 (80.8) 52 (62.7)

Non-generalistc 46 (28.6) 15 (19.2) 31 (37.3)

Dual degreed (n (%)) 0.87

Yes 23 (14.3) 12 (15.4) 11 (13.3)

a Generalist category: matched field of student was in a generalist special-
ty (defined below)
b Generalist fields (N): emergency medicine (7), family medicine (5),
internal medicine (59), obstetrics and gynecology (8), pediatrics (12),
psychiatry (10)
c Non-generalist fields (N): anesthesiology (3), cardiothoracic surgery (1),
dermatology (2), neurology (3), neurosurgery (2), orthopedics (9), oph-
thalmology (5), otolaryngology/ENT (4), pathology (2), radiology (9),
radiation oncology (6)
d Dual degrees: students graduating with one of the following degrees in
addition to MD—MBA, MPH, MSCR, or PhD
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literature. Systematic reviews have found that no single edu-
cational method to teach EBM is superior to another, suggest-
ing that a combination might be the best approach [4, 6, 8].
Indeed, Kyriakoulis et al. [12] found that using a “multiface-
ted approach” may be the most effective method of teaching
EBM. This is further supported by an overview of systematic
reviews that suggested that a blended curriculum such as ours,
that integrates clinical scenarios, leads to improvements in
students’ EBM knowledge, attitude, and skills [13].

Our study’s strengths include a relatively large student
sample size, which allowed us to detect a significant effect
for improvement in both student perceptions of their own
skills and objective knowledge gains. Graduating students
participating in the course spanned many years (2012–2018)
and pursued a variety of specialties (17 total), indicating gen-
eralizability of our findings to all medical students.

Our study has several limitations. First, pre- and post-test
data were missing on several individuals who completed the
course, although they represent less than 5% of our sample
size and are thus unlikely to have affected our overall results.
Second, while we measured the effectiveness of our course by
comparing students’ EBM self-efficacy, knowledge, and skills
before and after completion of the elective, we did not use a
validated instrument to do so. Unfortunately, a large system-
atic review demonstrated that there is a paucity of validated
instruments that assess EBM education comprehensively, and
development of these tools is needed [14]. Third, we did not
investigate the underlying motivations behind why some stu-
dents, but not others, chose to be enrolled in this course.While
there is risk that underperformingmedical students might have
selected this course to augment their skills to match other
graduating medical students, we believe that the relatively
high enrollment of students attaining dual degrees (14%,
Table 1) suggests that course enrollment included students
with sufficient, or even strong, baseline EBM skillset prior
to the course. Fourth, we did not include an assessment of
the impact of our course on students’ practical application of
EBM skills once they became resident physicians. This has
been a limitation noted by other EBMmedical education stud-
ies [6, 15], and is most likely due to the difficulty of maintain-
ing contact with students after graduation.

Lastly, we did not incorporate a control group to compare
pre- and post-course EBM knowledge and skills between
those who enrolled in the course and those who did not.
Incorporation of a control group would have allowed us to
assess selection bias, as it is possible that those who voluntar-
ily enrolled in the course were more confident and skilled than
their peers in EBM at baseline, or vice versa. One way to
compensate for this lack of a control group would be to assess
students’ prior exposure to biostatistics, epidemiology, or their
general electronic literacy, elements of “clinical maturity” that
might affect EBM competency [16]. Since biostatistics and
epidemiology are integrated into the first 2-year curricula at

our institution (Fig. 2), we are fairly confident that students in
our study had comparable exposure to basic EBM concepts
prior to enrolling in the Capstone EBM course.

Conclusion

A Capstone EBM course led to significant improvement in
graduating medical students’ practical EBM knowledge, atti-
tudes, and skills as they entered postgraduate training. These
improvements were consistent across gender and various
matched specialties, suggesting generalizability of our find-
ings. We provide a detailed description of our intervention
so that others might consider applying this framework to their
own EBM courses.
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