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Evidence-based Medicine (EBM) has been increasingly inte-
grated into medical education curricula. Using an observa-
tional research design, we evaluated the feasibility of
introducing a 1-month problem-based EBM course for 139
first-year medical students at a large university center. We
assessed program performance through the use of a web-based
curricular component and practice exam, final examination
scores, student satisfaction surveys, and a faculty question-
naire. Students demonstrated active involvement in learning
EBM and ability to use EBM principles. Facilitators felt that
students performed well and compared favorably with resi-
dents whom they had supervised in the past year. Both faculty
and students were satisfied with the EBM course. To our
knowledge, this is the first report to demonstrate that early
introduction of EBM principles as a short course to preclinical
medical students is feasible and practical.
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he teaching of evidence-based medicine (EBM) has

been increasingly integrated into curricula at all
levels of medical education.'™ During residency and in
practice, clinicians are reinforcing principles of clinical
decision making by asking relevant clinical questions,
interpreting medical literature, and applying principles of
biostatistics and clinical epidemiology to the care of
individual patients. The Medical School Objectives Pro-
gram developed by the Association of American Medical
Colleges (AAMC) advocates incorporation of EBM princi-
ples throughout undergraduate education.®>® Published

Received from the Departments of Medicine (MS, MW) and
Pediatrics (PPB, GW), the Ruth Lilly Medical Library (FB), and
the Office of Medical Student and Curricular Affairs (KLD),
Indiana University School of Medicine; the Regenstrief Institute
for Health Care (MS, MW); and the Indiana University Center for
Aging Research (MW), Indianapolis, Ind.

This work was presented at the Midwest Regional Society of
General Internal Medicine meeting in September 2000 in
Chicago, Ill.

Address correspondence and requests for reprints to Dr.
Srinivasan: Department of Medicine; University of California—
Davis, 4150 V St., Sacramento, CA 95817.

58

reports of EBM curricula in medical schools describe
teaching that occurs predominantly in the third and
fourth year of medical school,”® perhaps because of
students’ increased experience with patient case studies.
Yet increasingly, medical educators are finding innovative
ways of integrating aspects of EBM techniques throughout
the 4-year medical school experience, e.g., by teaching
search strategies and evidence assessment during pre-
clinical classes, then reviewing strategies for evaluating
different types of articles (diagnosis, harm, prognosis, etc.)
during clinical rotations.'°

At our institution, we began formal introduction of
EBM to fourth-year medical students during a required
1-week clerkship in Medical Informatics. This clerkship
received the highest clerkship rating in 1999 compared to
all other clinical clerkships. Students strongly recom-
mended introducing the material before their third-year
clinical rotations. To address their recommendations, we
developed an EBM course for first-year medical students,
using a format similar to McMaster University’s problem-
based learning format.''! We hypothesized that first-year
medical students could master EBM principles even
without clinical backgrounds, since EBM involves tech-
niques of critically appraising information, rather than
comprehensive mastery of a specific field. Therefore, we
sought to determine whether first-year medical students
could master introductory EBM principles through a
short course. Secondarily, we sought to assess whether
web-based curricula were useful adjuvants in teaching
EBM.

PROGRAM DESCRIPTION

Indiana University School of Medicine instructs the
second largest medical student body in the country.'? For
their first 2 years, 139 of the 279 students in each class are
instructed at the Indianapolis center, while all others are
instructed at 8 regional centers throughout Indiana. All
students pursue their clinical instruction in Indianapolis.
Our EBM intervention was implemented only in Indiana-
polis, since each center locally controls methods employed
to teach the statewide core curricula.

After review of AAMC’s Medical School Objectives
Program,®® United States Medical Licensing Examination
Step 1 guidelines,’® and Indiana University School of
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Medicine’s life-long learning competency and biostatistics
requirements,'* we developed a short EBM course for our
first-year students, consisting of 8 student contact hours.

In January 2000, our EBM course was conducted as
two 1-hour lectures and three 2-hour small-group ses-
sions. Sixteen small-group facilitators with EBM experi-
ence included faculty in emergency medicine (8), pediatrics
(5), internal medicine (2), and library sciences (1). Small-
groups consisted of 1 to 2 facilitators and 10 to 11
students. A facilitator’s handbook was developed to provide
consistent small-group experiences, with detailed objec-
tives, timelines, commonly asked questions and answers,
sample dialog, completed “Users’ Guides to the Medical
Literature” worksheets, %9 critical concept summaries,
background reading material, small-group teaching stra-
tegies, and references. Prior to the course, facilitators met
to review the facilitator's handbook, and to discuss
teaching/learning strategies.

A 1-hour introductory lecture reviewed standard
biostatistical concepts and construction of clinical ques-
tions (Table 1). The class was then introduced to clinical
questions that would be discussed in small group, after
watching Viagra commercials (Pfizer, Washington, D.C.)
and part of an “ER” television episode (October 1999).
Three small-group, problem-based learning sessions
focused on evaluation skills frequently used by clinicians°:
assessment of risks/benefits of therapeutic interventions
and diagnostic tests, and of causation of harm. During
each interactive session, groups discussed a clinical
vignette, developed a relevant question, and evaluated a
corresponding article: Session 1, therapeutic interventions:
Among diabetic patients with erectile dysfunction, how
efficacious is Viagra versus placebo in improving successful
intercourse??'; Session 2, diagnostic tests: Among head
trauma patients with brief loss of consciousness, how well
does head CT versus physical examination rule out
intracranial hemorrhage???; and Session 3, causation of
harm: Among patients with depression, how strong is
the evidence for an associated sexual abuse history?23
Students completed worksheets with questions from
“Users’ Guides to the Medical Literature.”'>1® We empha-
sized standard EBM concepts such as question formula-
tion, study design, bias, and statistical test interpretation
(Table 1). All classrooms were internet accessible, and
during the third small-group session, we demonstrated
searching strategies to access MEDLINE and Cochrane
articles. At each session’s end, critical concepts were
reviewed, and students received pocket cards with formu-
las and key concepts for reference. A final lecture reviewed
all major EBM concepts covered in the initial lecture and
small groups. Further, the course director (GW) sent out
weekly “teaser” clinical questions via a first-year electronic
discussion group. Dedicated secretarial support facilitated
course coordination.

Students were encouraged to pursue self-directed
learning using supplemental online EBM curricula. Using
WebCT (University of British Columbia, Vancouver, British

Columbia), a program that builds educational websites
with graphical and testing capabilities, the course director
developed a 20-page web-based EBM curriculum and a
practice examination. The website was colorful and easy to
navigate. It provided access to a moderated electronic
discussion group.

PROGRAM EVALUATION METHODS

A multidimensional approach to assessing course
performance was used, examining student preparation,
performance, and participation, student/facilitator satis-
faction, and utilization of supplemental web curricula.

Student performance was assessed using an online
practice examination and written final examination. The
60-item online practice exam was programmed through
WebCT. Participation was voluntary, as part of formative
self-evaluation. Four exam components paralleled the
course structure: basic biostatistics, evaluation of thera-
pies, diagnostic tests, and study design. Students could
sign on from any internet-accessible site, and could
repeatedly submit exam components. The multiple-choice
practice exam was open book. Once submitted, incorrect
answers were explained, and links to relevant website
sections were provided. WebCT stored submitted answers
for each attempt by log-in ID, and generated score
distributions for each submitted attempt.

Summative performance evaluation was obtained
through a proctored written final examination. The 30-item
multiple-choice final exam paralleled course objectives and
practice exam content, and was felt to reflect relevant
problems encountered by practicing physicians. We
emphasized understanding EBM concepts, and practical
EBM applications to clinical problems, rather than formula
memorization. Since clinicians have ready access to
statistical formulas in clinical practice, the final exam
was open book, with formulas provided. The questions on
the final examination were different from those asked
during the online examination, although the same concepts
and applications were covered. Students chose among 4
answers per question; incorrect answers reflected common
errors likely to be made while answering the question
(Table 2).

Student participation was noted through small-group
attendance and facilitator assessment of student prepara-
tion/participation, on the basis of 15 questions in a
50-item written facilitator questionnaire. Student utiliza-
tion of web-based supplemental curriculum was noted
through WebCT, which tracks unique log-in IDs per
student, number of times pages are accessed (“hits”) and
time spent per page.

Student satisfaction was assessed through anon-
ymous online and written questionnaires. Students com-
pleted a 23-item online questionnaire anytime during the
course, focusing on their course preparation and satisfac-
tion. After the final examination, a 40-item written ques-
tionnaire was distributed, focusing on online curriculum
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utility, course assessment, and satisfaction. Items were
scored from strongly agree (1) to strongly disagree (4).

Facilitator satisfaction and experiences while facilitat-
ing were determined through a 50-item questionnaire
administered postcourse. Facilitators reported their teach-
ing responsibilities, prior EBM experience, course prepara-
tion time, and satisfaction with course content and
structure. Further, 15 questions assessed facilitators’
impression of student performance and preparation,
scored from strongly disagree (1) to strongly agree (5).
Eight questions asked facilitators to rate their students’
abilities using EBM in relationship to residents whom they
had supervised in the previous year. We calculated means
and standard deviations, t tests, or x2 tests as appropriate
for each data set.

PROGRAM EVALUATION RESULTS
Small-group Attendance

All 139 first-year medical students in Indianapolis took
the EBM course. From attendance data, only 1 student
missed and then rescheduled a single small-group session.

Small-group Preparation and Participation

Student small-group preparation was assessed using
the voluntary student online questionnaire, completed by 82
students (59%). All responding students indicated that they
prepared in advance for their small groups, and prepared on
average slightly over 1 hour per session. Most (70%) did not
have significant prior biostatistical experience. Since the
questionnaire was anonymous, we could not assess differ-
ences between respondents and nonrespondents.

Fifteen of 16 (94%) facilitators completed the written
facilitator questionnaire. Facilitators reported preparing
3.6 = 1.5 hours per session. Facilitators reported that on a
5-point scale (5 = strongly agree), students were well pre-
pared for class (4.5 * 0.7), were interested in learning EBM
(4.5 = 0.6), participated in EBM topics (4.3 = 0.5), and
demonstrated responsibility in learning material (4.2 + 0.6).

Knowledge Acquisition

Knowledge acquisition by students was assessed using
formative and summative testing. The formative, online
practice exam was used by 123 (88%) students (Table 2).
Students submitted exams once (66% of users), twice
(29%), three times (3%), or more than three times (2%).
Students who submitted their tests more than once
significantly improved their scores between first and
second attempts (P < .0001; 2-tail paired t test). However,
since answers were available once the exam was submitted,
we report percentages of correct answers for first-time test
takers only.

All 139 students took the summative final examina-
tion. The average score was 28.3 = 1.9 points, out of a
perfect 30. Final exam and practice exam component
scores are compared in Table 2. We were able to match

the log-on ID numbers used for the practice exam with the
identification used for the final exam for all but 7 students.
The average score of these 112 identified students
improved significantly between the first practice exam
and the final exam (P < .05; 2-tail paired t test).

Use of Web-based Curriculum

Students used the website extensively, with 133 (96%)
students using the site. Overall, the 20-page supplemental
curriculum totaled 1,505 hits, or 11.3 hits per student who
logged on (range, 1 to 85). The site was used for over 110
student-hours, or 5.8 hours per page. Three pages each
had over 100 hits: Glossary of Practical Epidemiologic
Concepts (116 hits, total 19 hours), Diagnostic Tests (113
hits, total 10.5 hours), and Expanded Answers on Therapy
Tests (110 hits, total 14 hours). The number of hits and
time spent per page provide some evidence that students
were reading and not just browsing through the program
material. Further, website use increased during the last
week, and especially before the final exam.

The written student questionnaire was completed by
98 (71%) students. In this questionnaire, 94% agreed or
strongly agreed that the web curricula enhanced their
understanding of course content.

Student Satisfaction

Online student survey data are presented as a
combination of “agree and strongly agree” responses.
Students reported enjoying the course (98%) and felt the
material was appropriate for their training level (95%).
Students found small groups helpful (97%) and preferred
not to have a self-paced, computer tutorial course without
small-group sessions (95%). Students felt that their facil-
itators were enthusiastic (93%) and extremely knowledge-
able (92%). According to the written survey, students
understood how course material related to clinical practice
(100%), and felt the course encouraged application of EBM
knowledge (99%).

Facilitator Satisfaction and Opinions

Facilitators reported that they had taught 15 + 6 years,
supervising students, residents and fellows 10 + 3 months/
year. Facilitators taught their learners in clinics (7), in-
patient units (6), or in emergency departments (5). Facil-
itators had participated in formal EBM courses (77%),
taken biostatistics courses (69%), previously taught EBM
(69%), conducted critical literature reviews for journals
(46%), held MPH degrees (31%), and had written about
EBM for peer-reviewed journals (23%).

Facilitators felt that students performed well in 8
specific EBM-related areas, with mean item scores over 4
on a 5-point scale (Table 3). Further, facilitators felt that
students could use EBM concepts as well as or better
than residents whom they had supervised in the past
year. Overall, facilitators felt that course material was
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Table 1. EBM Course Content for First-year Medical Students

Learning Objectives

USMLE Step 1
Content

Method of Instruction

Reading Material

Lecture

Small Group
Session

Website

1. Students will be able to describe the fundamental
concepts of measurement and the description of
scientific data.

Describe each of the following types of data and correctly
identify the type when described in a study
Discrete, dichotomous
Continuous
Nominal
Ordinal
Interval
Ratio
Describe each of the following types of variables and
identify the variable when used in a study
Independent
Dependent
Describe and identify the following sample distributions
when presented with a data set
Nominal
Binomial
Calculate and describe the limitations of each of the
following measures of central tendency
Mean
Median
Mode
Explain how measures of variability will change with
sample size and measurement tool precision
Standard deviation
Confidence interval
Identify the appropriate rule of probability to use when
approaching a data set
Additive rule
Multiplicative rule
Binomial expansion

2. Students will use the medical literature to determine
whether a clinical article advocating or dismissing a
treatment contains conclusions about the efficacy
that are valid and could be applicable (sensible and
feasible) in one’s own practice.

State the null hypothesis for a proposed treatment
Null hypothesis
Explain why each of the following is important when
assessing the validity of a study
Randomization
Blinding
Bias
Assess disease outcomes
Identify meaningful outcomes
Control event rate
Experimental event rate
Intention to treat
Measure impact on health by calculating and
understanding each of the following
Relative risk
Relative risk reduction
Absolute risk reduction
Number needed to treat
Number needed to ham
Assess accuracy by understanding the application of
each of the following
Confidence Intervals

NENENENENEN

INENEN SNEN

TNENEN

SNENEN

NENENENEENENEN ENENEN INENEN ANEN ANENENENENEN

ANENENENEN

<

ANENENENENEN

INENEN

INENEN

ANENENENEN

<

ENENENENEN RN NN

<

INENEN

SNENENEN

A NENENENEN

v

(Continued)



62 Srinivasan et al., Evidence-based Medicine Course for Preclinical Medical Students JGIM

Table 1. (Continued)

Learning Objectives

USMLE Step 1
Content

Method of Instruction

Small Group

Reading Material Lecture Session Website

Statistical significance

Statistical power

Type I Error

Type II Error

Sample size calculation

3. Students will use the medical literature to determine

whether a clinical article has drawn valid and
applicable conclusions about disease causality or
clinical efficacy.

Understand the fundamental concepts of study design
and describe the hierarchy of evidence for each of the
following designs

Randomized controlled trials

Case-control

Cohort (retrospective and prospective)

Case series

Calculate each of the following

Incidence

Prevalence

Nominal and adjusted disease rates

4. Students will use the medical literature to determine

whether clinical data (signs, symptoms, or test results)
are likely to be valid and applicable in practice.

Calculate and understand the use and limitations of
each of the following,.

Sensitivity

Specificity

Likelihood ratio

Positive predictive value

Negative predictive value

Odds ratios

Convert pre-test probability to pre-test odds

Calculate post-test odds using pre-test odds and LR

Understand the selection and use of reference
standards

5. Students will be able to use library resources to access

original research in the medical literature.

Formulate a well designed clinical question

Describe a population
Describe an intervention or test
Describe a desired outcome

Use computer program with standard graphical interface
to search the medical literature for articles related to
the clinical question

Access PUBMED or Ovid on the internet
Complete a literature search

Use Cochrane Collection to access systematic reviews
Retrieve appropriate article from Cochrane database
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USMLE, United States Medical Licensing Examination.

appropriate for first-year medical students (4.5 + 0.5) and
that EBM should first be taught during preclinical years
(4.5 = 1.0). Three facilitators felt that they had not directly
assessed residents’ EBM utilization, and therefore did not
compare residents to students. Most facilitators reported
that discussing articles about diagnostic tests was their
greatest teaching challenge, particularly teaching pre/
post-test probability and likelihood-ratios. All facilitators

reported that they enjoyed teaching the course and would
teach it again.

DISCUSSION

Abilities to analyze data critically, evaluate study
methods, and evaluate study outcomes are essential
cognitive skills used by physicians in caring for their
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Table 2. EBM Practice and Final Examination: Questions and Student Performance

Topic

Sample Questions and Responses*

Online Practice Exam
(Voluntary, First Submission)

Mandatory Final Exam
(139 Students)

Average
Number of Number of Correct,
ltems Students % +SD

Average
Number of Correct,
ltems % +SD

Basic
biostatistics

Therapy

Diagnosis

Study design

A randomized, placebo controlled, double-blinded
trial reports that patients treated with Snoreeze
have a relative risk = 0.25 for snoring compared
to control with 95% confidence intervals 0.10—
1.25. Which of the following statements is true?

A. If the investigators enrolled more patients, the
95% confidence interval for the relative risk would
most likely increase.

B. You can be 95% confident that the reported point
estimate of the relative risk (0.25) is the true
relative risk for the whole population from which
the study sample was drawn.

C. You can be 95% confident that Snoreeze
decreases the risk of snoring.

D. You can be 95% confident that the true value for
the RR for the whole population from which the
study sample was drawn lies between 0.10
and 1.25.

Answer: D

In a trial of prophylactic Ineffectol to prevent
depression in teenagers, 20% of CONTROL
patients develop depression and 15% of
TREATED patients develop depression. How
many teenagers would need to be treated
with prophylactic Ineffectol in order to prevent
one teenager from developing depression?

A5

B. 20

C. 50

D. 75

Answer: B

You have decided to use a new early-detection test
for melanoma on a group of professional
sunbathers, with a family history of malignant
melanomas. The prevalence of melanoma in this
population is 60%. In this population, what is the
chance (probability) that an individual with a
positive test will develop a malignant melanoma?
Your test is 90% sensitive and 90% specific.

A. 60%

B. 72%

C. 85%

D. 93%

Answer: D

The State Health Department questioned 100
people who got sick after a picnic and 100 people
who did not. They asked them if they ate the egg
salad. Sixty of those who got sick ate the egg
salad. Twenty of those who did not get sick ate the
egg salad. What is the correct measure of the
association between eating egg salad and
getting sick?

A. 6.0 Odds Ratio

B. 3.0 Odds Ratio

C. 2.27 Relative Risk

D. 0.16 Relative Risk Reduction

Answer: A

20 119 77 £ 17

14 123 79 = 20

20 121 75 + 16

5 119 77 £ 23

5 917

* Answers provided in italics. Students improved significantly between first practice exam and final exam, per section, P < .05, paired t test.

RR, relative risk.
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Table 3. Facilitators’ Assessment of First-Year Medical Students’ Abilities

Facilitators’ Perception of First-Year
Medical Students*
(15 respondents)t
“...Overall, my first year students. ..”

Facilitators’ Perception of Students’
Ability to Use EBM Skills, in Comparison to
Previously Supervised Residents!

(12 respondents)?

Content Area Mean £ SD Mean £ SD
Understood EBM principles 4.3+0.5 3.4+0.7
Are interested in learning EBM 4.5+0.6 3.9x09
Can structure clinical questions 4.5+0.7 3.8+0.7
Can apply EBM to evaluate an

article about therapy 3.8+0.8 3.3+0.9
Can apply EBM to evaluate an

article about diagnosis 3.7+0.8 3.1+x1.0
Can apply EBM to evaluate an

article about causation/harm 4.0+ 0.5 33+1.0
Can engage in discussions

about articles 4.1 0.8 3.6x1.2
Can self-assess areas of EBM

knowledge deficits 3.7+0.8 3.56+x0.7

* 1 = Strongly disagree; 3 = average; 5 = strongly agree.

 The number of respondents per item may have varied, since 3 faculty did not attend some small-group sessions and therefore did not complete

the corresponding sections.

# 1 = Worse than residents; 3 = same as residents; 5 = better than residents.
§ Three faculty did not feel that they had sufficient opportunities to gauge resident EBM abilities.

patients. To our knowledge, this is the first report
demonstrating that most EBM principles can be intro-
duced to preclinical medical students in a short first-year
course. Longer interventions have been reported in clinical
rotations, and 1 report has discussed a preclinical search
strategy that extends into clinical rotations.'° Introduction
of EBM principles earlier in medical school curricula may
encourage students to think more critically about ther-
apeutic and diagnostic decisions that they make upon
entering their third- and fourth-year rotations,?*?° and
may motivate students to learn more content during
concurrent, preclinical courses. The short length of our
course provides one template by which EBM skills can be
introduced into an already busy preclinical curricula.
This EBM course demonstrated reasonable measures
of success. Overall, students and facilitators felt that the
curriculum was well-conceived and well-implemented. Both
experienced educators and students felt that the material
was appropriate for this level of learner, contrary to
conventional wisdom that EBM should be taught primarily
in the clinical years. Final examination results indicated
mastery of course concepts and their application to clinical
problems. Facilitators felt that students performed at the
same level or better than residents whom they had
supervised over the past year. This suggests that the
practice of EBM depends less on learners’ medical knowl-
edge and more on the ability to apply methodology to clinical
studies. Further, the website was successful, providing
interactive, independent-study in a user-friendly manner.
Students spent hundreds of hours on the website, and
indicated a learning preference for combined small-group
session and web curricula instruction. We speculate that
this supplemental curriculum was a valuable factor for

course success. Further, such portable websites can
facilitate sharing interactive material among institutions.
Although our EBM course is a good introductory first
step, like most cognitive skills, EBM principles need to be
reinforced through application and integrated repetition.
After introduction, educators have multiple opportunities to
reinforce EBM techniques. For instance, during preclinical
years, EBM examples can be included when discussing
sensitivity /specificity of examination findings during phy-
sical examination classes, effectiveness of medications
during pharmacology, or causal relationships during phy-
siology and pathophysiology. One study reported includ-
ing search strategies and basic evidence assessment in the
first 2 years of medical school, then using these strategies
to identify unknown products in a microbiology class'®
before expanding those EBM skills during clinical rota-
tions. Other reports have focused on EBM skKills of students
and residents in predominantly clinical venues, such as
morning report,26 obstetric rounds,® journal clubs,?” and
ambulatory care blocks.?® Reinforcement of introductory
and advanced EBM principles through these methods and
through journal clubs, patient presentations, and most
importantly, role-modeling can be powerful tools in assist-
ing our students to become more critical clinicians.
Several limitations of our study should be acknowl-
edged. Most notably, our assessment of EBM skills acquisi-
tion was performed immediately after the course, so long-
term outcomes were not measured. Assessing students’
long-term retention of EBM principles, and application of
those principles during clinical rotations would be a
desirable next step. Second, we used an uncontrolled
evaluation design. Because we had no authority over the
biostatistics/epidemiology courses at 8 other regional
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centers associated with our medical school, we had no
suitable comparison group with sufficient numbers or an
appropriate alternative intervention. Third, facilitators’
comparison of students with residents was limited by
variation in their experiences interacting with residents
and by variation in residents’ training in EBM. Fourth,
online student survey results may have been affected by
volunteer bias. Fifth, final exam scores were quite high,
probably due to the open-book format. However, we feel that
the test reflects the level of difficulty encountered by
practicing clinicians, and simulates normally available
clinician resources. Additionally, our course had sufficient
numbers of skilled educators with significant EBM experi-
ence. Availability of these resources might limit application
of our small-group method elsewhere. Finally, our assess-
ment does not allow us to determine the relative effectiveness
of different curricular components. Future work should
focus on minimizing these limitations and, in particular, on
tracking the EBM skills of trainees and controls long-
itudinally through 4 years of medical school and beyond.

Despite these limitations, the test performance and
satisfaction of our students, their high use of our web-
based curricular component, and the positive evaluations
provided by our experienced facilitators provide encour-
aging evidence that introduction of clinically relevant EBM
material early in the career of medical students is practical,
feasible, and desirable.
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