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Objectives: Constructing an answerable question and
effectively searching the medical literature are key
steps in practicing evidence-based medicine (EBM).
This study aimed to identify the effectiveness of
delivering a single workshop in EBM literature
searching skills to medical students entering their first
clinical years of study.
Methods: A randomized controlled trial was
conducted with third-year undergraduate medical
students. Participants were randomized to participate
in a formal workshop in EBM literature searching
skills, with EBM literature searching skills and
perceived competency in EBM measured at one-week
post-intervention via the Fresno tool and Clinical
Effectiveness and Evidence-Based Practice
Questionnaire.
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Results: A total of 121 participants were enrolled in
the study, with 97 followed-up post-intervention.
There was no statistical mean difference in EBM
literature searching skills between the 2 groups (mean
difference50.007 (P50.99)). Students attending the
EBM workshop were significantly more confident in
their ability to construct clinical questions and had
greater perceived awareness of information resources.
Conclusions: A single EBM workshop did not result
in statistically significant changes in literature
searching skills. Teaching and reinforcing EBM
literature searching skills during both preclinical and
clinical years may result in increased student
confidence, which may facilitate student use of EBM
skills as future clinicians.

INTRODUCTION
Highlights
Competency in evidence-based medicine (EBM) provides clinicians with the ability to identify, evaluate,
and integrate evidence into clinical decision making.
Two of the five critical steps in achieving competency
in EBM are to (1) construct an answerable question
from the clinical environment and (2) effectively and
efficiently search the medical literature to identify the
best available evidence to answer the question [1].
EBM users must be proficient in these skills before
evidence can be appraised (step 3), integrated into
clinical practice (step 4), and evaluated (step 5).
Various training modules and courses in EBM are
now commonly implemented in medical schools
worldwide [2]. The aim of such EBM programs is to
provide an integration of knowledge, cognitive skills,
and behaviour that promotes lifelong learning for
future medical graduates [3]. There is a small, but
growing evidence base evaluating how to best educate
medical students and clinicians in the principles of
EBM [3, 4]. The limitation of the current evidence base
is that majority of these studies have focused on
evaluating critical appraisal skills, with few focused on
training medical undergraduates in the critical steps of
constructing an answerable question and effectively
searching the literature. Those studies that have been
published report an improvement in the EBM skills of
undergraduate medical students using a variety of
interventions [5–7].
A before and after study of sixty third-year medical
students in 2000 reported improvement in EBM skills
following a mini-course in EBM, consisting of four
sessions about writing clinical questions, searching
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single workshop did not improve the medical
literature searching skills of third-year medical undergraduate students.
Students taking a workshop were more confident in
constructing answerable clinical questions and identifying information gaps.
Student confidence in writing a clinical question, identifying information sources, and performing a literature search was high six-months post-workshop.

Implications

N Students’ perceptions of competency may not be
accurate reflections of their skills.
N Workshops may be valuable for the increase in
confidence they provide.

MEDLINE, appraising articles critically, and applying
evidence [5]. A 2005 non-randomized controlled trial
reported the positive impact of a single MEDLINE
workshop delivered to fourth-year medical students
[6]. Students were provided with a clinical scenario
and asked to develop a search strategy, which was
assessed by a librarian using a search strategy analysis
instrument. Students who attended the workshop
produced higher quality search strategies, compared
to those who did not attend the workshop. Similarly, a
1998 randomized controlled trial (RCT) allocating firstyear medical students to a single training session on
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formulating questions and searching also identified
improvement in question design and search skills for
students receiving the intervention [7].
Although these various studies have identified the
positive impact of EBM workshops on students, none
have identified when specific EBM skills, such as
effectively searching the medical literature, should be
taught—be it during a medical student’s preclinical or
clinical years of study. The level of ‘‘clinical maturity’’
of students can affect their perception of the importance and uptake of EBM principles in practice. A
study of junior doctors’ (postgraduate trainees in
obstetrics and gynaecology) knowledge of and beliefs
in EBM identified a belief that EBM was an essential
skill relevant to their clinical practice, despite few
having partaken in formal training in the principles of
EBM [8]. Conversely, first-year medical students who
have not been exposed to the clinical environment
have been reported to perceive EBM as a static
discipline, not relevant to clinical medicine [9].
Many medical courses have adopted the spiral
curriculum, in which specific topics, skills, themes, or
concepts are continuously revisited throughout the
curriculum [10]. This spiral approach to learning
aims to revisit past experience and promote deeper
learning by building on existing knowledge. Obtaining a high level of knowledge and mastery of EBM
skills requires a combination of formal education and
application of these principles in a clinical context.
This RCT aimed to determine the effectiveness of
delivering a single formal workshop in EBM literature
searching skills to undergraduate medical students
who had received prior training in EBM. The specific
objectives of the study were to:
1. compare the EBM literature searching skills of
medical students who participate in a single formal
workshop during their first clinical year of studies,
compared to medical students who have only received informal EBM training during their preclinical
years of study; and
2. determine medical students’ self-perceived competency in EBM literature searching skills.
METHODS
Study design and setting
A single-centre, single-blinded RCT with intention-totreat analysis was performed with third-year medical
students undertaking the undergraduate bachelor of
medicine/bachelor of surgery (MBBS) degree at
Monash University, a five-year undergraduate course.
Students spend the first two years based at the
university, outside of the clinical environment. In
these first two preclinical years, students undertake
core subjects in anatomy, physiology, and pharmacology. During the preclinical years of the Monash
MBBS degree, all students also participate in several
sessions about medical information sources, using
the population, intervention, comparison, outcomes
(PICO) framework to write answerable clinical questions and searching the medical literature. During
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years three to five of the course, students are placed in
a clinical learning environment. Students spend their
entire third year of the degree at one clinical site but
rotate between sites for the remainder of their clinical
years. The Monash MBBS undergraduate degree, and
by extension the students, are comparable to similar
MBBS degrees in Australia and internationally that
train undergraduate students in the principles of EBM
across preclinical and clinical years of the degree [11].
Recruitment
Third-year medical students were recruited from
three teaching hospitals associated with the course
(Monash Medical Centre, Dandenong, and Casey)
from the Southern Health network of hospitals. To
meet eligibility, participants were required to be a
third-year Monash MBBS student at the time of the
study. Students who were unwilling to participate in
the study or did not wish to provide consent were
excluded from the study.
Randomization
Participants were randomly assigned independently
by the Southern Health clinical site administrator by
block randomization to either the intervention or
control groups (Figure 1). A computer random number generator was used to generate a randomization
list in blocks of four.
Intervention
Students randomized to the intervention participated in
an EBM literature searching skills (EBM-LSS) workshop.
The EBM-LSS workshop was two hours in duration and
was delivered in the training room of the HargraveAndrew Library at the Clayton campus of Monash
University. The EBM-LSS workshop began with a
formal presentation by the subject librarian, which
covered (i) how to construct an answerable question
from the clinical environment, (ii) major sources of
medical information, and (iii) how to effectively and
efficiently search the medical literature to identify the
best available evidence to answer the question.
The studies, syntheses, synopses, summaries, and
systems (5S) model was used to compare and contrast
the content and structure of the medical information
sources and to highlight approaches to searching
them effectively [12]. Students then completed an
interactive, computer-based searching session and
concluded the workshop by completing self-directed
learning tasks (with the subject librarian providing
support when requested).
Control
Students allocated to the control group did not attend
the EBM-LSS workshop during the study period.
These students had the opportunity to attend the
EBM-LSS workshop once the study had concluded
(i.e., once competency in EBM literature searching
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Figure 1
Flow diagram of randomized controlled trial

skills and self-perceived competency in EBM had
been assessed).
Outcome measures
The primary outcome to be measured in this study
was competency in EBM literature searching skills,
which was measured by using the previously validated Fresno tool [13]. The Fresno tool provides users
with a clinical scenario and a series of open-ended
questions relating to the five EBM steps. The Fresno
tool evaluates skills in question formulation, knowledge of information sources, choice of study design,
search strategy development, and relevance of selected evidence. Rather than using the clinical scenario in
the Fresno tool, students were presented with the
following scenario to avoid recall bias from previous
exposure to the Fresno tool:
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Your patient is a 50 year old man with a family history of
colorectal cancer. The patient recently received a pamphlet
in the post advertising the National Bowel Cancer Screening
program. You explain to your patient that the Screening
program uses the Faecal Occult Blood Test (FOBT). Whilst
understanding that no test is 100% accurate, the patient
wants to know whether it would be useful for him to
undertake the FOBT—will it save his life?

Based on this scenario, students were assessed for
their ability to construct a clinical question (step 1 of
the EBM process) and effectively search the medical
literature to identify the best evidence to answer the
clinical question (step 2 of the EBM process). The
maximum score attainable for the Fresno tool was
adjusted to reflect that only the first 2 steps of the
EBM process were being evaluated in this study.
Therefore, the maximum overall score possible was
29, with the maximum subcomponent scores of
J Med Lib Assoc 100(3) July 2012
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Table 1
Student competency scores across evidence-based medicine (EBM) literature searching skills as identified by the Fresno tool
Mean (SD) score
Component

Intervention (n=60)

Control (n=37)

Mean difference

P
value

Overall EBM literature searching skills

10.51

(5.10)

10.50

(4.53)

0.007

0.99

Subcomponents
Writing a focused clinical question
Identifying information sources
Identifying an appropriate study type
Performing a literature search

1.73
2.31
4.33
2.12

(0.66)
(1.84)
(2.85)
(2.39)

1.76
2.78
3.80
2.14

(0.76)
(1.77)
(2.77)
(2.51)

20.029
20.478
0.535
20.019

0.82
0.15
0.30
0.96

writing a clinical question, identifying information
sources, identifying appropriate study types, and
performing an effective literature search being 3, 6,
12, and 8 points, respectively.
Student self-perceived competency in EBM literature
searching skills was assessed using the previously
validated Clinical Effectiveness and Evidence-Based
Practice Questionnaire (EBPQ) [14]. The EBPQ is a selfreported measure of implementation of EBM in the
clinical environment. It can be used to evaluate educational programs as questions relate to the measurement of the practice, attitudes, and knowledge/skills
associated with EBM. Only the knowledge/skills
domain of the EBPQ was utilized in this study, as
measuring students’ practice of and attitudes toward
EBM would be unnecessary since they do not practice
medicine in a clinical setting.
These outcomes were measured across both intervention and control groups at 1 week post-implementation of the intervention. Control students were given
the opportunity to attend the EBM-LSS workshop at
the conclusion of the initial study period (study phase
1) to ensure equivalence among the student cohort. All
students who attended the EBM-LSS workshop completed a questionnaire, six months after attending the
workshop (study phase 2) that evaluated their confidence in (i) writing a clinical question, (ii) identifying
information sources, (iii) identifying appropriate
study designs to answer a clinical question, and (iv)
performing a literature search efficiently. Students
were asked to evaluate their confidence on a 5-point
Likert scale (15poor, 55excellent). Students were also
asked to reflect whether the EBM-LSS workshop
improved their EBM competency on a 5-point Likert
scale (15strongly disagree, 55strongly agree).
Blinding
Blinding of investigators and participants was not
possible as the subject librarian and students were
aware of their allocation. The outcome assessor and
data analyst were blinded to the allocation.
Analyses
Sample size calculation. A previous study, which
implemented the Fresno test to assess searching skills,
was referred to when estimating the sample size for
this trial [15]. This previous study identified a mean
J Med Lib Assoc 100(3) July 2012

difference of 13 points on the Fresno test to be
statistically significant in identifying competency
between groups in effective EBM literature searching.
A mean difference of 13 points, with a standard
deviation of 10, is meaningful to discriminate between
‘‘novice’’ and ‘‘expert’’ users of EBM principles [13]. It
was determined that with a power of 90%, alpha of
0.05, the required sample size per group was 21, for a
total sample size of 42 participants.
Analyses. Data were analyzed using the principle of
intention-to-treat. Mean difference in EBM literature
searching skills competency between the intervention
and control groups, as determined by the Fresno tool,
were explored using a Student’s t-test. Descriptive
statistics were used to characterize participants’ selfperceived competency in EBM literature searching skills at one week and six months post-intervention.
Ethical approval for this study was granted by the
Monash University Human Research Ethics Committee.
RESULTS
A total of 121 of 134 eligible students were enrolled in the
study, with 62 participants (51.2%) allocated to the
intervention and 59 participants (48.8%) allocated to the
control group (study phase 1). There was no statistical
mean difference in EBM literature searching skills
between the participants who attended the formal
workshop and participants who did not (mean difference50.007 (P50.99). There was no statistically significant difference between the 2 groups with respect to
writing a focused clinical question (step 1 of the EBM
process), identifying information sources, or performing
a structured literature search (step 2 of the EBM process)
(Table 1). Students who received the EBM-LSS workshop
were more likely to choose a systematic review (as it is
perceived to offer the best level of evidence) to answer
the question in the clinical scenario; however, this was
not a significantly statistical difference between groups
(RR51.26, 95% CI 0.91, 1.74).
Participants in the EBM-LSS workshop were significantly more confident in completing step 1 of the
EBM process (converting a clinical scenario into a
question) and had a greater perceived awareness of
information resources (step 2 of the EBM process)
(Table 2). Students in the EBM-LSS workshop also
had a greater confidence in identifying gaps in their
professional practice.
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Table 2
Student self-perceived competency across EBM literature searching skills as identified by the Clinical Effectiveness and Evidence-Based
Practice Questionnaire
Mean (SD) score
Intervention (n=60)

Component
Research skills
Information technology skills
Monitoring and reviewing of practice skills
Conversion of your information needs into a research question
Awareness of major information types and sources
Ability to identify gaps in your professional practice
Knowledge of how to retrieve evidence
Ability to critically analyze evidence against set standards
Ability to determine how valid (close to the truth) the material is
Ability to determine how useful (clinically applicable) the material is
Ability to apply information to individual cases
Sharing of ideas and information with colleagues
Dissemination of new ideas about care to colleagues
Ability to review your own practice

4.72
5.08
4.53
5.15
5.20
5.10
5.10
4.67
4.68
4.88
5.08
5.45
5.16
5.05

A total of 97 (80.2%) participants were followed-up
post-intervention (60 in the intervention group and 37 in
the control group) (study phase 2). Twenty-four participants (2 intervention and 22 control group) declined to
complete the follow-up survey. The remaining students
completed a 6-month post-workshop follow-up survey,
which assessed their confidence in EBM skills such as
preparing an answerable clinical question and literature
searching skills. More than 75% of respondents believed
that their EBM literature searching skills were very
good or excellent across the 4 measured competencies
(Table 3). This contrasts with the scores obtained from
the Fresno tool 6 months earlier, which indicated that
students in both groups exhibited ‘‘novice’’ rather than
‘‘intermediate’’ or ‘‘expert’’ skill in EBM literature
searching. Despite the absence of any measureable
improvement after the EBM-LSS workshop, more than
70% of participants (both intervention and control
groups) agreed that the EBM-LSS workshop was
effective in improving their EBM literature searching
skills (Table 4).
DISCUSSION
This study indicated that the delivery of a single EBMLSS workshop to third-year undergraduate medical
students did not significantly improve student ability
to perform the first two steps of the EBM process.
Students who had been randomized to an EBM-LSS
workshop had greater confidence in their ability
to write answerable clinical questions and in their
awareness of relevant information sources, compared

Control (n=37)

(0.94)
(1.10)
(1.01)
(1.02)
(0.90)
(0.98)
(1.03)
(1.14)
(1.18)
(1.09)
(1.02)
(1.01)
(1.10)
(1.09)

4.45
4.83
4.33
4.56
4.73
4.63
4.86
4.72
4.61
4.91
4.75
5.38
5.02
4.71

(1.14)
(1.34)
(1.17)
(1.32)
(1.42)
(1.12)
(1.15)
(1.16)
(1.27)
(1.22)
(1.05)
(1.12)
(1.20)
(1.17)

Mean
difference

P value

0.269
0.245
0.201
0.582
0.473
0.461
0.235
20.055
0.072
20.033
0.334
0.061
0.138
0.336

0.21
0.33
0.38
0.01
0.04
0.03
0.30
0.81
0.77
0.89
0.12
0.78
0.57
0.16

to students who did not receive the EBM-LSS workshop. Although no data were collected before the
implementation of the EBM-LSS workshop, student
confidence in performing critical EBM literature
searching was significantly higher immediately after
the intervention group took the workshop in the
intervention group than in the controls. However, this
self-perceived increase in confidence should be viewed
with caution, since it does not necessarily correlate
with a higher competency in practicing EBM [16].
A recently published study documented the effectiveness of combining an online educational intervention with clinical rotations in a cohort of third-year
undergraduate medical students [17] and involved
extended, faculty mentored instruction throughout
the year. The authors concluded that there was a
significant improvement in EBM skills after the
educational intervention (as measured by the Fresno
tool). The results of our study might differ from this
and previously published studies for a variety of
reasons. Our study evaluated the impact of a single
workshop, while other studies evaluated the impact
of a series of workshops [5, 17]. Delivering a series of
workshops, rather than a single workshop, would
promote reinforcement and development of student
skills over a period of time and, therefore, be more
likely to result in significant improvements.
The EBM-LSS workshop in our study did not focus
solely on MEDLINE, as a number of other studies
reported [5, 6], but highlighted a range of different
information sources. Focusing on more than one
source limits the time available to explore specific

Table 3
Student confidence in EBM literature searching at 6 month after the EBM literature searching skills (EBM-LSS) workshop attendance (n597)
Confidence in EBM literature searching skills
Poor

Writing a focused clinical question
Identifying information sources
Identifying an appropriate study type
Performing a literature search
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Below average

Average

Very good

Excellent

n

n

(%)

n

(%)

n

(%)

n

(%)

0
0
0
0

1
2
2
3

(1.0%)
(2.1%)
(2.1%)
(3.1%)

9
14
19
19

(9.3%)
(14.4%)
(19.6%)
(19.6%)

43
51
53
50

(44.3%)
(52.6%)
(54.6%)
(51.5%)

44
30
23
25

(45.4%)
(30.9%)
(23.7%)
(25.8%)
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Table 4
Student perceived worth of the EBM-LSS workshop at 6 month post-EBM-LSS workshop attendance (n597)
Strongly
disagree

EBM-LSS workshop improved
EBM competency

Disagree

Neither agree or disagree

Agree

Strongly agree

n

n

(%)

n

(%)

n

(%)

n

(%)

0

8

(8.2%)

20

(20.6%)

34

(35.1%)

35

(36.1%)

sources in depth, which may also have limited the
potential for significant improvements in student
literature searching skills. However, this approach
was used to highlight to students that it is not always
necessary to start their search with MEDLINE, as they
may be able to locate reliable evidence using another
source, such as the Cochrane Library. The different
approaches to practicing EBM—the ‘‘doing,’’ ‘‘using,’’
and ‘‘replicating’’ modes [18]—were also highlighted
as this may influence which source they choose to
search first.
Previous research has indicated that clinical maturity, perceived relevance of EBM in the clinical
environment, and continued practice of evidencebased skills in this context may influence a medical
student’s competence in EBM skills [8, 9, 19, 20].
Whilst there is no significant difference in EBM skills
between the intervention and control groups in this
study, the results indicate that students who are
taught these skills during the clinical years of their
study demonstrate greater self-confidence in adopting
the first two EBM steps. This increased confidence
may be attributed to observing how practicing
clinicians use these skills in the clinical environment
and positively influence the manner in which these
students implement EBM skills during their clinical
years of study and beyond [21].
Integrating a formal workshop during the clinical
years of study provides students with opportunities
to practice searching for and identifying evidence that
can be directly related to the clinical context. It is
important that students are aware that they can adjust
their approach to suit the clinical environment and do
not always have to carry out all five steps of EBM,
the ‘‘doing’’ mode [18]. They may also incorporate evidence in a ‘‘using’’ or ‘‘replicating’’ mode, in
which one or more of the five steps are not carried out
by them directly [18].
Limitations
There was no assessment of EBM literature searching
skills before and after the intervention. This is
important to note as the authors were not able to
measure the impact of previous training programs
implemented during the preclinical years of student
training and the potential confounding effect on this
trial. Given that it was not possible to blind the
students in this study, it is possible that contamination between the two arms of the study (with students
sharing knowledge about the EBM-LSS workshop
intentionally or indirectly) might have been a conJ Med Lib Assoc 100(3) July 2012

founding factor in this study. Whilst it did not affect
the power of the study, it must also be noted that
twenty-two students from the control arm did not
complete the outcome assessment.
The Fresno tool evaluates skills in question formulation, knowledge of information sources, choice of
study design, search strategy development, and
relevance of selected evidence. Students were not
directed to use MEDLINE but were given the choice
to select a relevant source. The Fresno tool assigns an
‘‘excellent’’ score if three PICO elements are used in
the search strategy. However, for the scenario that the
students completed in the intervention, a relevant
Cochrane systematic review was able to be located in
the Cochrane Library with a basic search using only
one PICO element. This may have resulted in students
obtaining low scores in the ‘‘performing a literature
search’’ component of the Fresno tool, even though
they might have located a Cochrane systematic
review.
It can be argued that the most important outcome is
to ensure that students can locate and identify the best
evidence; how many PICO elements they include or
where they look may be secondary to this. A clinical
scenario in which there was limited evidence (i.e., no
Cochrane systematic review) might have been better
at discriminating skill levels between the students. It
should also be noted that the authors used adapted
versions of the Fresno and EBPQ tools, both of which
have been validated on practicing health professionals, rather than undergraduate medical students.
CONCLUSIONS
Medical students may develop effective, if not
efficient, skills in searching the medical literature
and finding evidence during the preclinical years.
However, as students transfer into the clinical years of
their medical education, it is valuable to reinforce and
develop these skills further in the clinical environment. Increased confidence may be an important
factor in students continuing to search for and use
evidence effectively and efficiently in their practice in
the future.
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