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Abstract

To provide optimal care for their patients, clinicians must be able to locate and interpret the most cur-
rent literature.  Teaching the necessary skills to medical students is essential, if we wish to train clini-
cians to be able to keep up with the expansion of biomedical knowledge for their entire working lives.
In this paper, we describe our school’s four-year curriculum in evidence-based medicine and the per-
formance of three senior classes on the summative evaluation exercise devised to measure the pro-
gram’s success.  Key Words: Evidence-based medicine, curriculum, library skills.

Introduction

THE RAPID EXPANSION of biomedical knowledge
makes it difficult to keep up with new develop-
ments.  While physicians have always needed the
skills to acquire and evaluate current information,
the volume of information, with its variable qual-
ity and clinical relevance, has created a formida-
ble challenge.  Evidence-based medicine (EBM),
which consists of formulating clinical questions,
retrieving and evaluating the evidence from the
literature, and applying the obtained information
to the clinical problem at hand, has gained wide
acceptance as an important strategy to meet these
challenges (1, 2).

We have incorporated the teaching of EBM
into our four-year curriculum as part of our over-
all goal of training medical students to be lifelong
learners, the importance of which was under-
scored in the 1984 GPEP Report (3).  We are
unaware of any published examples of compre-
hensive four-year medical school programs in
EBM.  In this paper, we describe the program
introduced in 1996, and report the performance
by senior students on the summative evaluation
developed to assess the program’s success.

Methods

The initial step in introducing EBM into all
four years of our medical school curriculum was
the creation, in the fall of 1995, of an Evidence-
Based Medicine Working Group.  It consisted of
faculty from the Dean’s Office, the Library, and
the departments of Medical Education, Medicine,
Pediatrics, Surgery, Geriatrics, Health Policy, and
Community Medicine.  Members met with all
preclinical course and clinical clerkship directors
to determine the extent to which EBM was taught
in our traditional curriculum, and to explore new
strategies for instruction and evaluation.  The
four-year curriculum (Table 1) was introduced in
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academic year 1996 – 1997; the Class of 2000 is
the first to be exposed to this program in its
entirety.  Faculty development occurred on a
number of different levels, including a full-day
retreat at which four faculty members from
McMaster University trained twenty-four course
and clerkship directors to teach EBM.  These
individuals acted as trainers for the remainder of
the faculty in their departments.

The preclinical years introduce the students to
medical informatics and the skills needed to
appraise the literature, and allow them to practice
their presentation skills.  The Library Science and
Medical Informatics Course, presented in the first
month of the first year, was expanded from 4 to
71/2 hours to allow for more comprehensive
small-group, hands-on discussions of information
resources and services, the use of the MEDLINE
database, computer-assisted instruction, and
Internet applications.  Librarians teach advanced
on-line search strategies for evidence-based medi-
cine prior to the Epidemiology course, which
teaches critical appraisal skills in its environmen-
tal medicine module (4).  In 1998, the Library
staff began assisting in the Microbiology course,
providing small-group, hands-on instruction in
MEDLINE searching and assisting students in
finding articles needed to identify unknown labo-
ratory specimens.

The curriculum for the clinical years is based
on the principles developed at McMaster
University and published in the “Users’ Guides to
the Medical Literature” (5 – 14).  Their group has
developed a model that teaches medical students
how to ask a clinical question based on an indi-
vidual patient, search for articles in a database,
appraise the articles retrieved, and apply the
information to the patient’s problem, for a variety
of issues (therapy, harm, diagnostic tests, etc.).  A
one-hour session during orientation to the third
year is used to define the goals and objectives of
the curriculum and to describe the components in
each rotation.  Since the students in the classes of
1998 and 1999 were not exposed to the expanded
Library Science curriculum during their first two
years, library staff provided those students
instruction on MEDLINE use during the Surgery
and Pediatrics third-year clerkships.

The curriculum in the third year uses a two-
pronged approach.  Each department teaches one
of the McMaster modules, and students must
demonstrate proficiency in the application of evi-
dence-based medicine to patient care.  In
Pediatrics, students are taught the methodology
for appraising an overview article, in a large
group lecture.  The preceptors help each student
define a clinical question related to a case presen-
tation.  Students are required to do a literature

TABLE 1
Evidence-Based Medicine Program Components

Courses EBM Component

Library Sciences 2-hour small-group session on MEDLINE, demonstrating basic search strategies, as part of
7.5 hour course; advanced instruction integrated into the Epidemiology/Biostatistics 
curriculum.

Epidemiology Students must critique articles offered as evidence in the environmental medicine module.

Microbiology Use of the literature is required to identify unknown laboratory specimens.

Clerkships All students attend library module on question/search formulation in first rotation of the third year.

Medicine Each student presents the answer to a clinical question based on one of their own patients,
with a critique of the evidence (3 – 4 students/group preceptor session); Prognosis module.

Pediatrics Each student presents the answer to a clinical question based on one of their own patients,
with a critique of the evidence (3 – 4 students/group preceptor session); Overview module.

Psychiatry Each student presents the answer to a clinical question based on one of their own patients,
with a critique of the evidence (3 – 4 students/group preceptor session); Therapy module.

Surgery Course director and library staff present sessions on basic EBM topics; Harm module.

Ob/Gyn Three oral presentations require use of primary sources.  Students attend a housestaff journal
club and 3 one-hour student journal clubs; Diagnostic Test module.

Neurology Students perform searches based on patient encounters.

Community Medicine Students present an in-depth critique of one article used in a research paper; MEDLINE
review by Library staff in preparation for research project; small-group EBM session.

Geriatrics Small group preceptor prepares a clinical question; students give a 15-minute oral presentation
of search findings, including a critique of one article.



Vol. 67 No. 2 EVIDENCE-BASED MEDICINE PROGRAM—BARNETT 165

search and present the findings, including a cri-
tique of the evidence, at a small group session
later in the rotation.  In Medicine, students are
given an article on the prognosis of untreated
hypercholesterolemia, a handout explaining the
appraisal methodology for this type of article, and
a worksheet.  Preceptors review student critiques
one week later, in a small-group session, and also
evaluate their ability to apply EBM in an exercise
identical to the one described above.  In
Psychiatry, a small-group session is devoted to
the analysis of an article on the therapy of obses-
sive-compulsive disorder; EBM is applied clini-
cally as it is in Pediatrics and Medicine.  The
harm module is taught in the Surgery clerkship.
Students generate a clinical question, identify per-
tinent articles from MEDLINE, and critique the
evidence, using the McMaster methodology.  The
methodology needed to evaluate an article on
diagnostic tests in taught by lecture in Obstetrics/
Gynecology, and students use the literature to
prepare presentations for rounds, small groups,
and journal club.  Students use the literature to
prepare for case-based presentations in
Neurology.

Small-group sessions on evidence-based med-
icine have been added to the curriculum of the
fourth-year Community and Preventive Medicine
course, and students must now provide a formal
critique of one of the articles used to prepare their
required preventive medicine papers.  The library
staff provides an additional two hours of instruc-
tion in MEDLINE use during this course.  In the
fourth-year Geriatrics clerkship, a question pre-
pared by the course director is the basis of a
small-group discussion.

Evaluation Strategies

In collaboration with the clerkship directors,
the Working Group developed strategies to ana-
lyze students’ exposure to medical informatics
both prior to and during medical school, and to
assess the success of the new curriculum.  A ques-
tionnaire was developed to assess incoming and
senior students’ computer literacy and the extent
of exposure to formal instruction.  Student perfor-
mance in each of the EBM exercises described
earlier is evaluated, and the result contributes to
the overall grade for the course or clerkship.

We created an exercise designed to quantify
fourth-year students’ skil ls in information
retrieval and critical reasoning.  In order to allow
standardization of the exercise, clinical questions,
with known answers that could be searched using
EBM strategies, were designed.  The Working

Group developed four clinical questions (Table
2), identified relevant articles with good study
design, and determined appropriate answers to
each question.  These questions were based on
cases in the fourth-year Clinical Competency
Examination, a mandatory standardized patient
exercise that assesses students’ communication,
history taking, physical examination and clinical
reasoning skills.  Each student was randomly
assigned one question and given four weeks to
submit a printout of their literature search strategy
and five relevant citations, along with a one para-
graph answer to the question which must include
a critique of the single most relevant article.

Staff librarians use a five-point scale (not
demonstrated/limited/good/very good/excellent) to
rate the efficiency and accuracy of students’ search
strategies.  A five-point scale (not demonstrated/
poor/adequate/very good/complete) is also used to
rate how well the student addressed three core
issues: validity (whether the relevant methodologi-
cal questions were addressed), results (the findings
of the study), and relevance (whether the study
applied to the question at hand).

The class of 1997 served as a baseline group
because they had completed their first three years
of medical school prior to the introduction of for-
mal EBM instruction.  Participation was optional
for this class, and only 56 of the 120 students in

TABLE 2
Evidence-Based Medicine Exercise Questions

1. JR is a two-year-old child with asthma.  You have rec-
ommended treatment with beta- adrenergic agonists, but the
mother is concerned that these drugs may have an adverse
effect on her child’s health.  Conduct a MEDLINE search to
determine if there is any evidence which refutes or supports
her concerns.

2. KB is a forty-one-year-old woman with acute right
upper quadrant pain.  As the surgical consultant, you need to
determine if she has a gallbladder disorder.  Using the most
recent MEDLINE segment, formulate and run an effective
search to determine the best way to diagnose gallbladder dis-
ease in this patient.

3. MH, a patient with sickle cell anemia, presents in
painful crisis to the Emergency Room (ER).  He has been in
the ER six times in the past two months, and received oxygen
and IM Demerol.  You need to determine an alternative pain
management regimen that will keep him out of the ER and
shorten the duration of his crisis.  Use MEDLINE to identify
literature on this topic, and formulate a treatment plan.

4. JT is a fifty-one-year-old patient with Type II diabetes
mellitus.  He has concerns about the likelihood that he will
have loss of vision or a heart attack.  Conduct a MEDLINE
search to help you answer his concerns about developing
either of these complications.
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the class (47%) participated; subsequent classes
have been required to perform the exercise.

Results

Medical Informatics questionnaires:
Beginning with the class of 2000, incoming stu-
dents have filled out a medical informatics ques-
tionnaire.  The classes of 2000, 2001, and 2002
have reported extensive experience with comput-
ers, e-mail, and literature searches.  However,
more than 60% of the students received no formal
instruction in the skills required for evidence-
based medicine.

At graduation, more than 97% of the senior
students in the classes of 1997 and 1998 reported
extensive experience with literature searching.
Not surprisingly, only 3% of the class of 1997,
which served as the baseline year, reported for-
mal instruction in evidence-based medicine
skills.

Fourth-Year EBM Exercise: The fourth-
year exercise has been given to the classes of
1997, 1998, and 1999; data were analyzed using
chi-square.  Fig. 1 presents the results of the
library skills’ evaluation.  Overall, there has been
a slow but steady improvement in search skill
strategies used to locate articles needed to answer
the clinical question.  We have seen statistically
significant improvement in student use of key-
words to identify main concepts, appropriate

MeSH headings (Medical Subject Headings), sub-
headings, combined multiple headings, and limit-
ing search strategies by publication type and to
English-language journals.

Fig. 2 presents the data for the classes of
1997, 1998 and 1999 on the use of EBM method-
ology.  Over the course of the years, the students
have shown increasing ability to address issues of
validity and results.  The class of 1998 addressed
the relevance of the articles better than did the
baseline class; this improvement was not sus-
tained for the class of 1999.

As demonstrated in Table 3, more than 95% of
students in the three cohorts submitted the full-text
articles used as the basis for their answer.  There
was improvement over the three years in the per-
centage of students performing a critique, but there
was not a significant improvement in the number
of students who reached the correct conclusion.
The percentage of students in the class of 1999
who omitted relevant articles tended to be smaller.
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Fig. 1. Library Skills Evaluation.  The graph shows data from the classes of 1997 through 1999.  The n’s are as shown in Table
3.  The five-point scale described in the body of the paper was collapsed by grouping under the heading of “limited” those stu-
dents who did not demonstrate usage of the MEDLINE filters with those who showed limited ability.  There appears to be a
trend toward improvement in the use of keywords, MeSH, subheadings, combined multiple headings and limiting to English lan-
guage journals.  There is not much difference in the ability to identify relevant citations or in the use of checktags.

TABLE 3
EBM Exercise Evaluation

1997 1998 1999
% n = 56 n = 100 n = 100

full-text article submitted 95 97 97
correct answer 66 87 75
critique done 71 75 91
relevant articles omitted 69 79 57
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Discussion

We have developed a four-year, integrated
EBM curriculum that uses the basic science
courses to teach basic EBM skills and the clinical
clerkships to teach a more sophisticated approach.
The ability to use EBM in patient care is one of
the factors used by the preceptors when they
grade the students.  Finally, an outcome measure
was developed to gauge the success of our pro-
gram and to identify weaknesses to be addressed
in the future.

To our knowledge, this is the first attempt at a
four-year, integrated EBM curriculum.  There are
a few reports that describe the integration of EBM
skills into selected components the preclinical
years (15 – 19).  Other reports describe the teach-
ing of information retrieval skills as part of the
curricula for the cl inical years (20 – 25).
Furthermore, a four-year curriculum limited to
teaching information retrieval skills has been
described (26, 27), as have instructional programs
limited to critical appraisals (28 – 33).

It is also apparent that EBM cannot be taught
dependably in residency training programs.
Residents currently in training do not have these
skills (34), there are few published curricula for
housestaff (34, 35), and residents exposed to criti-
cal appraisal curricula have not shown significant
improvement in their skills (33).

Our ability to create an EBM curriculum
resulted from two factors.  Most important, both
basic science and clinical faculty cooperated to

develop and implement a comprehensive EBM
curriculum.  Second, the faculty development that
preceded implementation was an important foun-
dation.  There is, however, much work that
remains to be done.  Although students seemed to
have performed better on our assessment mea-
sures, we believe that more data in subsequent
years will be required before any definite conclu-
sions can be made regarding the effectiveness of
our current approach.  We believe that students
must identify the relevance of articles and
improve their ability to reach the appropriate con-
clusions.  Furthermore, the reliability and validity
of the fourth-year assessment tool that we created
has not been formally assessed.  Like many
schools, we are in the process of implementing a
new curriculum, which will include a longitudinal
cl inical component from the f irst day.
Incorporating the teaching of EBM into all com-
ponents of the new curriculum, increasing the use
of literature articles instead of textbooks as pri-
mary sources, and nurturing and rewarding teach-
ers who use EBM in an innovative manner are
challenges we are eager to meet.

In conclusion, using data from the EBM exer-
cise, we will continue to refine and expand our pro-
gram in evidence-based medicine. We believe that
through this curriculum, we will be able to train stu-
dents who will be more effective residents and, ulti-
mately, practicing physicians, best able to handle
the explosive growth of biomedical knowledge.
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