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Abstract

Objectives This research project aims to
determine the potential differential impact of two
curricular approaches to teaching evidence-based
medicine (EBM) on student performance on an
EBM assignment administered during the first
year of clerkship. A meaningful result would be
any statistically significant difference in scores
on the assignment given to measure student
performance.

Design In order to assess and compare student
learning under the different curricula, the
principal investigator and a team of five

faculty members blinded to assignment date

and other possibly identifying details used a
modified version of the previously validated
Fresno rubric to retrospectively grade 3years’
worth of EBM assignments given to students

in clerkship rotations 1-3 (n=481) during the
Internal Medicine clerkship. Specifically, EBM
performance in three separate student cohorts
was examined.

Setting The study took place at a large
Midwestern medical school with nine campuses
across the state of Indiana.

Participants Study participants were 481 students
who attended the medical school and completed
the Internal Medicine clerkship between 2017 and
2019.

Interventions Prior to the inception of this
study, our institution had been teaching EBM
within a discrete 2-month time period during
medical students’ first year. During a large-

scale curricular overhaul, the approach to
teaching EBM was changed to a more scaffolded,
integrated approach with sessions being taught
over the course of 2years. In this study, we assess
the differential impact of these two approaches
to teaching EBM in the first 2 years of medical
school.

Main outcome measures We used clerkship-level
EBM assignment grades to determine whether
there was a difference in performance between
those students who experienced the old versus
the new instructional model. Clerkship EBM
assignments given to the students used identical
questions each year in order to have a valid
basis for comparison. Additionally, we analysed
average student grades across the school on the
EBM portion of step 1.

Results Four hundred and eighty-one
assignments were graded. Mean scores were
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Summary box

What is already known about this

subject?

» Evidence-based medicine (EBM)
instructional interventions improve
medical student skills based on
pretest and post-test data.

» Instructional approaches to teaching
EBM are varied throughout the clinical
and preclinical years.

» Whether or not medical students
retain EBM skills and knowledge is
unclear in the long term.

What are the new findings?

» Students who experienced an updated
version of an EBM curriculum during
their first and second years of medical
school focused on progressive,
scaffolded learning perform better
on a measure of EBM competency in
clerkships.

» Step 1 EBM scores increased when the
updated version of the curriculum was
implemented.

How might this impact practice in the

foreseeable future?

» Medical educators and administrators
should consider moving away from
an isolated or one-shot approach to
teaching EBM to medical students.

» EBM instruction should be integrated
into the existing curriculum and
reinforced regularly throughout the
preclinical years.

compared for individual questions and
cumulative scores using a one-way Welch
Analysis of Variance test. Overall, students
performed 0.99 of a point better on the
assignment from year 1 (Y1), prior to EBM
curriculum integration, to year 3 (Y3), subsequent
to EBM integration (p<0.001). Statistically
significant improvement was seen on questions
measuring students’ ability to formulate a clinical
question and critically appraise medical evidence.
Additionally, on the United States Medical
Licensing Examination (USMLE) step 1, we found
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that student scores on the EBM portion of the examination
improved from Y1 to Y3.

Conclusions Results of this study suggest that taking a
scaffolded, curriculum-integrated approach to EBM instruction
during the preclinical years increases, or at the very least

does not lessen, student retention of and ability to apply EBM
concepts to patient care. Although it is difficult to fully attribute
students’ retention and application of EBM concepts to the
adoption of a curricular model focused on scaffolding and
integration, the results of this study show that there are value-
added educational effects to teaching EBM in this new format.
Overall, this study provides a foundation for new research and
practice seeking to improve EBM instruction.

Trial registration number IRB approval (Protocol number
1907054875) was obtained for this study.

Introduction

Faculties are increasingly being called on to teach medical students
the skills necessary to have a strong foundation in evidence-based
medicine (EBM) before the students move from the classroom to
the clinical phase of their education. All too often, the expectation
is that these skills can be imparted in a class or two when the
curriculum allows. Rarely is EBM instruction intentionally scaf-
folded and implemented throughout the curriculum, let alone has
the impact of such an approach been assessed.' * Recently, the
Indiana University School of Medicine (IUSM) had the opportu-
nity to redesign its EBM curriculum. Prior to the inception of this
study, IUSM had been teaching EBM within a discrete 2-month
time period during medical students’ second year. During a large-
scale curricular overhaul, the approach to teaching EBM was
changed to a more scaffolded, integrated approach with sessions
being taught over the course of 2years.

In this paper, we assess the updated curriculum in compar-
ison to the previous approach. Our specific question is as follows:
Do undergraduate medical students who received an EBM curric-
ulum in a new instructional model focused on scaffolding, critical
thinking and longitudinal integration perform better on measures
of EBM competency than students who received the (same) curric-
ulum in a prior instructional model?

This research project demonstrates the differential impact of
two instructional models for teaching EBM on student perfor-
mance, measured by grades, on an EBM assignment adminis-
tered during the first year of clerkships/clinical rotations. One
approach features a scaffolded, progressive model of EBM instruc-
tion over the first 2years of medical school. This is compared
with the previous model of instruction, which consisted of an
isolated, 2-month EBM course taught in the first year. In order
to compare these approaches, the principal investigator (PI) anal-
ysed clerkship-level EBM assignment grades to determine whether
there was a difference in performance between those students
who experienced the old year 1 (Y1) versus the new year 3 (Y3)
instructional model with one rollout year of mixed instructional
approaches in between year 2 (Y2). The clerkship EBM assign-
ments given to the students used identical questions each year
(Y1, Y2 and Y3) in order to have a valid basis for comparison.
The PI and a curriculum team responsible for EBM content also
analysed student performance on the EBM section of USMLE step
1 to determine potential differences. The USMLE step 1 examina-
tion is typically taken by medical students at IUSM before they
begin their required clerkship courses (also known as clinical rota-
tions). Taken together, the results of this research should be used
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by academic health sciences faculty and administrators to plan
and implement EBM curriculum in the future.

This study took place at [USM. [USM is currently the largest
medical school in the USA with nine campuses across the state
of Indiana. Prior to 2016, EBM was taught within the curriculum
in 12 discrete 1-hour sessions that were spread over a 2-month
period during the first year of medical school. Once again, IUSM
is unique, in that it has nine campuses, and during the previous
curriculum, the method by which EBM was presented was deter-
mined by each campus. At some of the campuses, the material was
presented in didactic sessions, while other campuses had students
complete online modules. Critical appraisal of medical literature
and application to patient care were briefly discussed, but there
was no ongoing assessment of the students’ ability to apply the
EBM processes that they had learnt.

It was clear from examining student evaluations of EBM
education submitted during the previous curriculum that isolating
EBM into a separate course or classes led to a disconnect in iden-
tifying the role of EBM in patient care. The isolated nature of the
previous curriculum’s approach to teaching EBM led to margin-
alisation of the content as well as a student learning approach
of ‘dump and purge’, whereby the material was only seen by the
students as important for step 1 and was not viewed as vital to
their future careers as practicing physicians. It was agreed that
when it came to EBM skills, students needed more practice with
critical thinking and application to patient care.

With these issues in mind, a new curriculum was implemented
at [USM in 2016 for all newly matriculating students. The curric-
ulum was centralised so that equivalent EBM curriculum was
taught at all nine campuses. Initially, most of the EBM content
was introduced to the new students through 14 hours of instruc-
tion provided during the first 2 weeks of medical school with EBM
assignments taking place during the second year. The content was
created by content experts and included biostatistics, literature
searching and critical analysis.

As the new curriculum was being rolled out, IUSM also devel-
oped an EBM Thread programme. The programme was designed to
identify EBM topics that needed to be vertically and horizontally
integrated across the 4years of students’ undergraduate medical
education. A group of content experts, headed in part by a medical
librarian, developed a set of EBM-related learning objectives for
students to achieve as a result of this new curriculum. The EBM
learning objectives were developed and subsequently mapped to
institutional learning objectives, Liaison Committee on Medical
Education accreditation standards,’ the Accreditation Council for
Graduate Medical Education’s entrustable professional activities*
and EBM standards and best practices. The members of the thread
then explored the curriculum to identify gaps and appropriate
courses for EBM integration as well as to develop curricular inter-
ventions and assessments to help address those gaps. At this time,
it was decided that students should be exposed to critical appraisal
of a prognosis and systematic review/meta-analysis article, and
three additional contact hours covering these topics were added
to the curriculum.

After this process was complete, the EBM Thread developed an
educational framework to determine where and how EBM content
would be delivered. The overall goal was to develop a longitu-
dinal, stratified and integrated EBM curriculum. EBM activities
were developed to be appropriate for the students’ learning and
experience level and were integrated into the educational goals
of each course and clerkship. Formative assessments were added
to each session, and the results of these assessments were used
to inform concepts to be reviewed in upcoming sessions. As the
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students advanced through their education, more emphasis was
progressively placed on practical applications of EBM principles
to actual patients. See table 1 and online supplemental appendix A
for more information on curriculum content, delivery and timing.

The IUSM EBM framework has been progressively imple-
mented since 2017. At this point, intentional EBM learning activ-
ities have been added to most classes in phase 1 (preclinical) and
phase 2 (clerkships) at [USM. Below, we review the extant national
literature for understanding curricular change in EBM.

Literature review
Scholarship focused on teaching and assessment of EBM skill
sets in medical students’ preclinical years is somewhat estab-
lished; however, consensus on the most efficacious approach has
yet to be achieved.' > Most EBM instruction in medical schools is
provided as a stand-alone course or as modules usually early on
in the curriculum rather than developed as a longitudinal, scaf-
folded, integrated curriculum.” Some studies focus on medical
students’ self-reported attitudes and perceived competencies,
which is helpful for developing curricula but may not measure
actual skills.® Medical students’ knowledge of and ability to apply
EBM concepts in their clerkship years indicates that current curric-
ular approaches to teaching EBM during students’ preclerkship
years leave students struggling with literature searching, critical
appraisal and appropriate application of evidence to patient care.”
While there is not consensus regarding the most effective
instructional model for teaching EBM, individual studies suggest
that longitudinal EBM instruction throughout the course of
undergraduate medical education improves students’ knowledge
and skills.> ®° One study shows that integration of EBM concepts
throughout the clinical or clerkship years has also shown to have
an impact on knowledge and practices of learners.”® Another
study discusses the improvement of student knowledge after the
rollout of a longitudinal EBM curriculum evaluated using informal
reports and preliminary USMLE step 1 scores.” Additionally,
evidence shows that even first-year medical students can benefit
from EBM integration into the curriculum in the form of a short
course or stand-alone assignment, at least in the short term.""?
Most current assessments of an EBM-based interventions are
limited to examining a stand-alone course or project and tend
to use either a validated instrument such as the Fresno test'* or
Berlin questionnaire,'® although some develop their own assess-
ment tool." >° Preliminary assessments of these types of inter-
ventions show improvement from a pretest to post-test as well as
learners’ perceptions of their skills. However, additional evidence
shows that educational interventions employed during undergrad-
uate medical education intended to teach EBM skills do not result

in substantial retention or application of vital EBM concepts.'® In
light of these findings, better evidence is needed to measure the
impact of different curricular approaches to teaching EBM skill-
sets to medical students.

Methods

In order to assess and compare student learning under the
previous, rollout and updated curricula (see table 1 for details),
the PI and a team of five library faculties used a modified version
of the previously validated Fresno rubric (see online supplemental
appendix B) to grade 3years’ worth of EBM assignments given
to students in clerkship rotations 1-3 (n=481) during the Internal
Medicine clerkship. Students generally complete the required
Internal Medicine clerkship during their third year of medical
school. The Fresno rubric was originally developed and validated
by Ramos, Schafer and Tracz in 2003'* and is widely accepted
as an appropriate instrument for examining student learning in
EBM. The Fresno rubric was chosen for this project over other
assessment instruments due to the fact that it was developed
to assess open-ended answers to clinical questions, which most
closely matches the format of the assignment that students in our
programme are required to complete.

The Internal Medicine clerkship at I[USM implemented the
focused EBM assignment that we graded in order to provide feed-
back to students on their EBM skills. The assignment was designed
to assess students’ ability to complete tasks showcasing their skills
in identifying gaps in their knowledge, asking clinical questions,
acquiring information to answer those questions, assessing avail-
able evidence and applying evidence to patient care. The assign-
ment questions are included in online supplemental appendix
B. While the current assignment questions were finalised during
2017, some form of the EBM assignment has been used with third-
year medical students at [USM since 2002. Since its inception, the
librarians at the Ruth Lilly Medical Library have provided feed-
back on the assignment directly to students.

The decision to analyse the first three rotations from each
year was made to avoid potential confounding caused by student
burnout, as the students complete the same EBM assignment
in each of their clerkships. The questions on the assignments
completed by students were the same year over year. The goal
of the assignment is to model real-life situations where clini-
cians seek to answer questions they have after encountering
different patients with the goal of decreasing the time it takes for
students to answer clinical questions through practice. However,
students have voiced feelings that the assignment is redundant.
It is possible that the quality of assignments diminishes over
the course of the third year, but this study did not address that

Table 1

Class start  Internal Medicine clerkship

year start date Curriculum details

2015 June 2017 Previous—2-month isolated course in year 1, 11 contact hours, taught by clinicians. Topics covered:
library resources, search strategies, and critical appraisal of therapy, diagnosis and prognosis studies.

2016 April 2018 Rollout—during the transition year, students received a mix of previous and new curricular approaches
comprising of a 2-month isolated course (described above) in year 1 plus three scaffolded sessions in year
2. Topics covered: library resources, search strategies and critical appraisal of diagnosis, prognosis, harm
and systematic review/meta-analysis studies.

2017 April 2019 Updated—Seven scaffolded sessions in years 1 and 2, 14 contact hours, taught by librarians. Topics

covered include library resources, search strategies and critical appraisal of therapy, diagnosis,
prognosis, harm and systematic review/meta-analysis studies.

*Table 1 deliniates curricular details for each of the three years studied. For more details on the updated curriculum, please see online supplemental

Appendix A.
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question. The questions on the assignments completed by students
were the same each year.

The PI exported all assignment data from the learning
management system and coded each assignment with a year 1-3.
Y1 corresponded with assignments completed by students who
received the previous curriculum, Y2 with students who received
the rollout curriculum and Y3 with students who received the
updated curriculum. Although third-year students completed the
assignments in three different years, assignment questions did
not change in wording or context. Assignments were anony-
mised before being randomly assigned to graders, and all possible
students and date-identifying information were removed. Prior to
grading, all graders were required to attend two norming sessions
in order to achieve consensus on interpreting and applying the
rubric consistently to sample assignments.

This project used a modified Fresno rubric to grade assign-
ments, adapted from the original to reflect the six questions
included in the clerkship-level EBM assignment and the variation
in patient cases presented by students. Please see online supple-
mental appendix B for the modified rubric and sample responses.
Fresno is a validated instrument developed for use in medical
education to assess a range of EBM skills.'*

Study design

Our study was intentionally designed to examine potential differ-
ences in student learning across 3 years of EBM curriculum imple-
mentation at IUSM. Curricular year represents the independent
variable: previous=Y1; rollout=Y2; updated=Y3. The educational
data set consisted of the graders’ scores of the Internal Medi-
cine Clerkship students’ EBM assignments (n=481) on the modi-
fied Fresno rubric. Once again, the graders scored students’” EBM
learning on six questions. A total rubric score was also produced.
Taken together, these seven scores represent the dependent varia-
bles (DVs). The rubric scores (DVs) ranged from 0 to 3.

A one-way Welch ANOVA with a Games-Howell post hoc
test was conducted on the DVs to determine whether there was
a statistically significant difference in EBM student learning, as
measured by the rubric scoring for each domain, across curric-
ular years. A Welch ANOVA with a Games-Howell post hoc test is
appropriate for examining mean differences across groups when
the homogeneity of variance assumption is not met. Put simply,
this version of the ANOVA helps to further ensure that there are
not type I errors.

We sought to examine each EBM learning domain inde-
pendently, and therefore did not use a multivariate analysis of
variance (MANOVA) procedure. We determined that examining
student learning gains in specific EBM domains would provide
faculty and other stakeholders with the most direct information
for improving teaching and learning. Notwithstanding, future
studies will benefit from examining the unique interactions that
may occur within and across EBM domains.

Our study design met several important statistical assump-
tions that are important for conducting a one-way ANOVA. For
example, the independence of observations assumption was met
because each student EBM score is only considered within one
category of the IV (ie, curriculum implementation year). Addi-
tionally, due in part to the nature of the scored rubric data, there
were no statistical outliers in the data set. The data were normally
distributed for each group of the instrumental variables. However,
the homogeneity of variance assumption was violated across
the seven DVs as determined by the Levene’s test (p<0.05). Once
again, for this reason, the Welch ANOVA test was used.

Results

All 481 graded assignments were included in the analysis. Students
were classified into three groups of the [IUSM EBM curriculum
implementation: previous=Y1, rollout=Y2 and updated=Y3.
Overall, the most notable improvements were seen from Y1 to Y3.
However, improvement continued from Y2 to Y3, although less
drastically. The highest mean total score for this assignment, 13.41
out of a possible 18 points, was seen in Y3, an improvement of
almost one full point scores for each individual question as well
as total score is shown in table 2.

Results from a one-way Welch ANOVA tests show statistically
significant differences in student learning gains across the curric-
ulum implementation years on question 3, question 6 as well as
the total rubric score. The following section details these specific
findings.

Question 3

Question 3 on the modified Fresno rubric assessed students’
ability to formulate a clinical question using the PICO format.
Gains on this question were modest but notable, especially given
that students began with a proficient score in Y1. Student scores
on question 3 were statistically significantly different between
curriculum implementation years, Welch's F(2, 280.591)=3.991,

Table 2 Students’ evidenced-based medicine (EBM) scores as assessed by modified Fresno rubric across curriculum implementation years

Year 1 Year 2 Year 3

previous rollout updated
Third-year student EBM scorest N M SD N M SD N M SD
Q1: case summary 123 2.93 0.29 181 2.96 0.23 177 2.98 0.15
Q2: learning gap 123 2.64 0.63 181 2.75 0.55 177 2.76 0.51
Q3: clinical question* 123 2.20 0.92 181 2.48 0.71 177 2.44 0.71
Q4: resources and citations 123 1.88 0.61 181 1.69 0.62 177 1.86 0.67
Q5: searching decisions 123 1.89 0.78 181 1.85 0.74 177 1.89 0.65
Q6: application to 123 0.89 0.92 181 1.45 0.95 177 1.45 0.82
patient care***
Total EBM score*** 123 12.42 2.26 181 13.19 2.18 177 13.41 1.91

Scale: 0= not evident, 1=limited, 2=strong, 3=excellent.
**p<0.05; **p<0.01; ***p<0.001.
tSee online supplemental appendix A for rubric.
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p<0.05. Student ability to formulate a clinical question increased
from Y1 of the EBM curriculum implementation (mean (M)=2.20,
SD=0.92) to Y2 (M=2.48, SD=0.71) and Y3 (M=2.44, SD=0.71). The
Games-Howell post hoc analysis revealed that the mean increase
from Y1 to Y2 (0.28, 95% CI (0.04 to 0.50)) was statistically signif-
icant (p<0.05) and the increase from Y1 to Y3 (0.24, 95% CI (0.00
to 0.47)) was statistically significant (p<0.05). These results are
displayed in figure 1. No statistically significant differences were
found in student scores between Y2 and Y3.

Question 6
Question 6 on the modified Fresno rubric assessed students’ ability
to apply information to patient care. Student scores on question
6 were also statistically significantly different between curricular
years, Welch's F(2, 293.241)=16.837, p<0.001. Student ability
to apply information to patient care increased from Y1 of the
EBM curriculum implementation (M=0.89, SD=0.92) to both Y2
(M=1.45, SD=0.95) and Y3 (M=1.45, SD=0.82). Similar to question
3, the Games-Howell post hoc analysis revealed that the mean
increase from Y1 to Y2 (0.56, 95% CI 0.31 to 0.80) was statistically
significant (p<0.001) and the increase from Y1 to Y3 was similar
(0.56, 959% CI 0.30 to 0.81) was statistically significant (p<0.001).
Although the Y2 and Y3 scores do not demonstrate mastery of
this skill, mastery is generally not expected for students in the
first year of clerkships.

These results are displayed in figure 2. Similar to question
3, no statistically significant differences were found in student
scores between Y2 and Y3.

Total rubric score

The total score on the modified Fresno rubric provided an assess-
ment of students’ overall EBM competency. These aggregate
student scores were statistically significantly different between
curricular years, Welch’s F(2, 290.016)=7.919, p<0.001. Student
EBM competency increased from Y1 of the curriculum imple-
mentation (M=12.42, SD=2.26) to Y2 (M=13.19, SD=2.18) and to
Y3 (M=13.41, SD=1.91). Similar to both question 3 and question
6, the Games-Howell post hoc analysis revealed that the mean
increase from Y1 to Y2 (0.77, 95%CI 0.15 to 1.38) was statistically
significant (p<0.001) and the increase from Y1 to Y3 (0.99, 95% CI
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Figure 2 : Mean scores for Question 6 year over year.

0.40 to 1.57) was statistically significant (p<0.001). These results
are displayed in figure 3. Once again, similar to the previous ques-
tions, no statistically significant differences were found in student
scores between Y2 and Y3.

Additional results and validity

It is interesting that students’ EBM scores improved overall, and
within two specific domains, as new EBM curriculum was imple-
mented at I[USM over the course of 3years. While there was some
variability in performance on individual questions, the ability of
the students to complete the process of assessing their patient,
asking a clinical question, acquiring the best evidence, appraising
the evidence and applying the evidence to patient care improved
as a result of the curricular update. Results from our study demon-
strate that many of the differences in students’ EBM learning
gains are statistically significant. Additionally, the ANOVA results
indicate that the statistical model accounts for a notable amount
of variance as measured by estimates of effect size: question 3

Total Score
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Figure 3 : Mean overall quiz scores year over year.
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(M?=0.021); question 6 (N*=0.069) and total score (n?=0.034). It is
also noteworthy that the findings from our study are congruent
with institutional data regarding student performance on EBM on
the USMLE step 1 examination. The box whisker plots provided
to IUSM by the National Board of Medical Examiners (NBME)
illustrate student growth in EBM over the same curricular years
examined in this study.

Discussion

These results indicate that the implementation of a scaffolded,
longitudinal EBM teaching intervention improves the students’
ability to perform tasks related to the EBM skillsets taught in the
preclinical years of medical school, particularly those related to
formulating a clinical question and appraising medical literature.
As a result of the novel curricular planning and implementation
process, we have shown that students are not only learning but
also retaining EBM knowledge and skills in key areas related
to patient care. This study has a large sample size (481 assign-
ments) and looks at data from students in three different years of
the curriculum at one institution. The results of this study have
implications for other schools that may want to improve student
competency in EBM skills by developing course-integrated
sessions that are scaffolded across all years of the undergraduate
medical school curriculum.

This study does have a few limitations. The Fresno test, while
validated in its original form, had to be slightly modified to fit the
assignment being used at IUSM (see online supplemental appendix
A) and therefore is not technically a validated instrument itself.
Additionally, experts may disagree with the questions asked by the
assignment and the rubric for the responses. The Fresno test, when
compared with other validated means of EBM assessment, tends to
result in lower scores on average.'”

Aswith all educational assessments, there could be confounding
factors that contribute to student competency. As discussed, the
switch from an isolated 2-month EBM curriculum to a scaffolded,
longitudinal model did entail the addition of two critical appraisal
sessions, totalling 3 contact hours. Therefore, it cannot be said
with total certainty that the improvements in EBM scores on
the assignment and on step 1 were due solely to the curricular
delivery modality. Due to time constraints, each assignment was
scored by one faculty member rather than two or more faculty
members. If this team is able to conduct further research on this
topic, we intend to have multiple faculty grade each assignment
and report on inter-rater reliability measures. Additionally, the
assignments analysed were from the first three rotations for each
of the academic years rather than all rotations.

Future plans include conducting additional analysis of the data
gathered from this study. We plan to analyse data for all rotations
rather than limiting to the first three, developing faculty devel-
opment sessions for medical educators at [IUSM and continuing
to improve the quality of our EBM curriculum. Preliminary
review of the text data for question 6 showed that students were
not always performing high-quality critical appraisals. Further
textual analysis of question 6 would provide [USM with a more
defined picture of the more commonly used critical appraisal
approaches and their strengths and weaknesses. As mentioned
in the literature review, other studies have shown that EBM skills
are not retained by medical students'® and as of this time, we
still lack data on whether or not students retain these concepts
into residency and beyond. By examining data from all rota-
tions, we may be able to determine whether EBM skills improve
or deteriorate between the first rotation and the last rotation. This
information may be helpful to educators in the clinical setting
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as they model EBM skills for clerkship students. This could also
inform future efforts to provide faculty development and train-
the-trainer sessions for our medical educators. Finally, [USM is
invested in continuous quality improvement. We will continue to
build on the work that has been done and monitor our students’
progress to ensure that students are improving in their EBM and
lifelong learning skills.
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Appendix A — Curriculum Details

First Year

Phase One Year One

Human Structure

Fundamentals of

Health & Disease Host Defense Neuroscience

& Behavior

Molecules to Cells & Tissues

Vacation
Vacation

Foundations of Clinical Practice (FCP) |

Trans 1 — Students receive an introduction to the library and library materials. This class is 2 contact hours, standardized, assessed using a pre-
and post-test, and has the following learning objectives.

1.) Students will identify and formulate background and foreground questions.

2.) Students will determine appropriate resources for answering background and foreground questions.

3.) Students will use appropriate resources to find answers to background and foreground questions.

4.) Students will run a simple keyword search using PubMed.

FCP1 (Fall) — Students receive a session on advanced searching using PubMed. This class is 2 hours, standardized across campuses, assessed
using a pre-and post-test, and has the following learning objectives.

1.) Students will demonstrate the ability to choose between searching using keywords and subject headings (MeSH) in PubMed

2.) Students will conduct a search with the goal of answering a clinical question using subject headings in PubMed.

3.) Students will successfully use PubMed filters to narrow the results of their search.

4.) Students will understand plagiarism and be able to cite a source correctly.
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FCP1 (Spring) — Students receive a session introducing them to critical appraisal. This session focuses on a clinical question pertaining to patient
therapy, and uses a randomized control trial as the study type. The session is 2 hours, standardized across campuses, assessed using a pre- and
post-test, and has the following learning objectives.

1.) Students will identify resources to help make evidence-based decisions pertaining to patient therapy based on a sample case.

2.) Students will use PubMed to locate a randomized control trial.

3.) Students will conduct a critical appraisal of a selected article pertinent to the patient case.

4.) Students will calculate RR, RRR, ARR, EER, CER, and NNT based on numbers given in the article and explain what these measures

mean/how they can be used to inform patient care.

Second Year

Phase One Year Two

Vacation

Endocrine Reproductive
Musculoskeletal & Dermatologic

Renal & Respiratory

USMLE Step 1

Cardiovascular & Hematology
Vacation
NBME CBSE

Gastrointestinal & Nutrition

FCP2 (Fall 1) — Students are prompted to explore different study designs and expand their knowledge of critical appraisal. This session focuses on
diagnosis and employs a flipped classroom modality. Students are asked to complete a pre-work module consisting of interactive videos and a
pre-test. Then, in a classroom setting they are asked to apply what they learning to critically appraising an article based on a sample patient case.
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This session is 1 hour of class work and 1 hour of prep, standardized across campuses, assessed using a pre- and post-test, and has the following
learning objectives.

1.) Students will be able to identify study designs that will help them answer clinical questions about diagnosis.

2.) Students will conduct a critical appraisal of an article pertaining to a diagnostic test.

3.) Students will calculate sensitivity and specificity given numbers in the article.

4.) Students will calculate PPV and NPV and explain their clinical value.

5.) Students will calculate positive and negative likelihood ratios and use them in conjunction with a nomogram to find post-test

probability.

FCP2 (Fall 2) - This session focuses on prognosis and employs a flipped classroom modality. Students are asked to complete a pre-work module
consisting of interactive videos and a pre-test. Then, in a classroom setting they are asked to apply what they learning to critically appraising an
article based on a sample patient case. This session is 1 hour of class work and 1 hour of prep, standardized across campuses, assessed using a
pre- and post-test, and has the following learning objectives.

1.) Students will be able to identify study designs that will help them answer clinical questions about prognosis.

2.) Students will conduct a critical appraisal of an article pertaining to prognosis.

3.) Students will correctly interpret a Kaplan-Meier curve.

4.) Students will apply information learned in the given article to a sample patient case.

FCP2 (Fall 3) - This session focuses on harm and employs a flipped classroom modality. Students are asked to complete a pre-work module
consisting of interactive videos and a pre-test. Then, in a classroom setting they are asked to apply what they learning to critically appraising an
article based on a sample patient case. This session is 1 hour of class work and 1 hour of prep, standardized across campuses, assessed using a
pre- and post-test, and has the following learning objectives.

1.) Students will be able to identify study designs that will help them answer clinical questions about harm.

2.) Students will conduct a critical appraisal of an article pertaining to harm.

3.) Students will calculate EER, CER, RR, ARI, and NNH and explain what these measures mean and how they may apply to patient care.
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Third Year (Clerkships/Clinical Rotations)

Phase Two

Transitions 2 — This is the final session in the updated curriculum, and occurs just before students begin their first clinical rotation/clerkship
placement. This session focuses on critical appraisal of a systematic review/meta-analysis, as well as reviewing point of care resources. The
session is 2 hours, standardized across campuses, assessed using a pre- and post-test, and has the following learning objectives.

1.) Students will identify and use resources that will be relevant to their clerkship experiences.

2.) Students will be able to search for and locate systematic reviews and meta-analyses using PubMed.

3.) Students will conduct a critical appraisal of a SR/MA.

4.) Students will interpret a forest plot and be able to understand the results of a SR/MA.

5.) Students will apply the results of a SR/MA to a sample patient case.

Transitions 2
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Appendix B — Assignment Grading Rubric with Examples

Question 1 - Patient Summary: Please provide a 2-3 line summary of the patient case. Please ensure that all patient identifying information
has been removed.

Rubric Example
Excellent (3 points) Multiple relevant case decriptors Excellent (3 points) Patient is 55 year old female with diabetes & blood
= - sugar level of [specific masure]. Presents with
Strong (2 points) A few relevant case descriptors shotriess of baath and dhest fal. No'other
Limited (1 point) Only minimal case descriptors comorbidities to note.
Not Evident (0 points)  No description of case attempted Strong (2 points) Pateint is 55 year old female with diabetes &
elevated blood sugar levels
Limited (1 point) Patient has diabetes complications
Not Evident (0 points) No description attempted

Question 2: Summarize a learning gap that you have identified that relates to the diagnosis or management of this patient.

Rubric Example
Excellent (3 points) Well-articulated learning gap applies to patient case summary Excellent (3 points) | want to know whether Warfarin is better than Aspirin for
Strong (2 points) Learning gap is slightly broad but still applies to patient or case stroke prevention in patients with diabetes.
Limited (1 point) Learning gap doesn't pertain to patient case summary
Not Evident (0 points)  No learning gap identified Strong (2 points) Are there medications that work well for stroke
prevention in patients with diabetes?
Limited (1 point) How do you treat possible stroke?
Not Evident (0 points) Not attempted.

Question 3: Formulate a specific foreground question that will allow you to address the learning gap, using the PICO format.

Rubric
P | C 0
Excellent (3 points) Multiple relevant descriptors (e.g. specific age group, sex, description of Specific intervention of interest Identifies specific alternative treatment of interest Identifies specific, quantifiable outcome
disease state, comorbidities)
Strong (2 points) 1-2 general descriptors (see above) Mentions type of intervention w/o specifics Mentions type of comparison w/o specifics Mentions outcome, may not be quantifiable
Limited (1 point) 1-2 broad descriptors (see above) Intervention mentioned but unlikely to contribute Mentions comparison but unlikely to contribute to Outcome is vague
to search search
Not Evident (0 points)  None of the above present None of the above present No comparison mentioned No outcome mentioned
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Example

Excellent (3 points)
Strong (2 points)

Limited (1 point)

Not Evident (0 points)

P
Middle-aged female with diabetes and possible stroke

Diabetic female with chest pain

Stroke patient

not attempted

I
Warfarin

Anticoagulant

Medication

Not attempted

C
Aspirin

Placebo

Placebo

Not attempted

o}
Stroke/CV event

Medication efficacy

Effect/Better treatment

No outcome mentioned

Written

In middle aged patients with
diabetes, is warfarin or aspirin better
for preventing stroke?

In diabetic stroke patients, does an
anticoagulant perform better than a
placebo?

For a stroke patient, what effect does
medication have?

Question 4 - Specify what resources were used to investigate your question. (For example: PubMed, ClinicalKey, etc. Please list
citations using the Vancouver format.

Rubric

Example

Excellent (3 points)

Strong (2 points)

Limited (1 point)

Not Evident (0 points)

Student identifies 2 or more relevant resources and includes at least one Excellent (3 points)

citation in a format that lends itself to easy location of the selected

article(s).

Student identifies one relevant resource and includes at least one
citation that lends itself to easy location of the selected article(s).

Strong (2 points)
Limited (1 point)

Student identifies resource or citation, may not be relevant or Not Evident (O points)

descriptive.

No identification of resources used or citations.

| used PubMed and UpTo Date [citation]

| used PubMed [citation]

I looked for articles published in reputable journals like
Lancet OR [citation only]

Search not attempted.

Question 5 - Briefly describe how you chose your resource. Copy and paste your search strategy below. Include MeSH (if
applicable) and keywords.

|Rubﬁc

Example
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Excellent (3 points)

Strong (2 points)

Limited (1 point)

Not Evident (0 points)

Student discusses progression of information gathering and includes a
search strategy that could be easily duplicated given details provided.
Search strategy is a thorough reflection of at least 2 terms identified in
PICO portion of assignment (Q3). Student applies at least one
appropriate limit (article type, age, sex, etc.)

Student may discuss progression of information gathering. Search
strategy may be replicated given some assumptions on the part of the
grader. At least 2 terms identified in PICO portion of the assignment are
included.

Student does not discuss reasoning behind choice of resource. At least 1
term identified in PICO portion of the assignment is included in search,
but strategy is unclear and could not be replicated based on information
given. Relevant to prompt, student may discuss only how they chose
their resource OR their search strategy, not both.

Student does not discuss search strategy or give examples of
keywords/MeSH used.

Excellent (3 points)

Strong (2 points)

Limited (1 point)

Not Evident (O points)

| used the search string copied below, which includes a
combination of relevant terms from my PICO, then narrowed my

results using the search filters. | applied the SR/MA filter and the

RCT filter, since these are the two highest levels of evidence.
[search copied and easy to duplicate]

| searched for "diabetes", "aspirin" and "stroke prevention". |
scanned the abstracts of the results to find my article.

| ran my search and came up with several articles. | picked this
one because it was recent and published in a reputable journal.
No reasoning provided.

Question 6: Can you apply this information to your patient? You should provide a brief critical appraisal of the literature as part of
your justification. What relevant data did you extract from those resources? Based on your analysis, what is the answer to your

specific question? Please be sure to justify your answer.

Rubric

Example

Excellent (3 points)

Strong (2 points)

Limited (1 point)

Not Evident (0 points)

Well-reasoned and thoughtful discussion of the relevance of the chosen study
to the patient case. This should include a critical appraisal of the article
selected and discuss at least two of the following: internal validity of the
study, possible sources of bias, cost/feasibility of a given intervention,
magnitude and certainty of treatment effect, etc.

Reasoned discussion of the relevance of the chosen study to the patient case.
This should include a critical appraisal of the article selected and discuss at
least one of the above considerations.

Less thoughtful/reasoned discussion of the relevance of the chosen study to
patient case, no discernable aspects of critical appraisal present. Student may
invoke less-relevant considerations, such as journal impact factor.

Discussion and application to patient case not attempted or very minimal.
Student may simply summarize chosen article.

Excellent (3 points)

Strong (2 points)

Limited (1 point)

Not Evident (O points)

This article is a SR/MA, which is the highest level of evidence available. It was published
recently and uses the PRISMA guidelines for conducting the search. A risk of bias
assessment in the article shows a low risk of bias in the individual studies included. For
anticoagulant vs. placebo, the combined RR for stroke in patients with diabetes is .7 with a
Cl of .65-.85, which shows that the intervention confers a statistically significant benefit.
My patient matches the study population, and the intervention carries a low risk of
finalncial or medical harm/burden, so | would recommend that these results be applied to
my patient.

This article is a SR/MA, which is the highest level of evidence available. For anticoagulant
vs. placebo, the combined RR for stroke in patients with diabetes is .7 with a Cl of .65-.85,
which shows that the intervention confers a statistically significant benefit. My patient
matches the study population, so | would recommend that these results be applied to my
patient.

Ths study has a large n and was published in the NEJM, which is a reputable journal. The
results of the study show that the anticoagulant performs better than the placebo, so |
would put my patient on the anticoagulant going forward.

This is a peer reviewed article, so it is good evidence for patient care.
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