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Competence in evidence-based medicine of senior
medical students following a clinically integrated
training programme

Objective To assess the impact of a structured, clinically integrated
evidence-based undergraduate medicine training programme

using a validated tool.

Design Before and after study with no control group.

Setting A medical school in Malaysia with an affiliated district clinical
training hospital.

Participants Seventy-two medical students in their final 6 months of training
(senior clerkship) encountered between March and August

2006.

Intervention Our educational intervention included two plenary lectures at
the beginning of the clerkship, small-group bedside question-

generating sessions, and a journal club in the paediatric posting.

Main outcome measures Our primary outcome was evidence-based medicine knowledge,
measured using the adapted Fresno test (score range, 0-212)
administered before and after the intervention. We evaluated
the performance of the whole cohort, as well as the scores
of different subgroups that received separate small-group
interventions in their paediatric posting. We also measured the
correlation between the students’ evidence-based medicine
test scores and overall academic performances in the senior

clerkship.

Results Fifty-five paired scripts were analysed. Evidence-based medicine
knowledge improved significantly post-intervention (means:
pre-test, 84 [standard deviation, 24]; post-test, 122 [22]; P<0.001).
Post-test scores were significantly correlated with overall senior
clerkship performance (r=0.329, P=0.014). Lower post-test
scores were observed in subgroups that received their small-

group training earlier as opposed to later in the clerkship.

Conclusions Clinically integrated undergraduate evidence-based medicine
training produced an educationally important improvement in
evidence-based medicine knowledge. Student performance in
the adapted Fresno test to some extent reflected their overall
academic performance in the senior clerkship. Loss of evidence-
based medicine knowledge, which might have occurred soon
after small-group training, is a concern that warrants future

assessment.

Introduction

Nearly two decades after its introduction, evidence-based medicine (EBM) has become a
core training domain in postgraduate and undergraduate medical curricula." However, to
date, EBM training especially at undergraduate level has been driven mainly by enthusiasm
and belief, rather than clear evidence of benefits.2 One possible reason is the difficulty in
establishing the role of EBM among myriad of other factors that change clinical decision-
making behaviour and lead to improved patient care.* The other reason might be that
in its early days, there was a lack of a validated tool to assess a comprehensive range of
knowledge and skills in EBM, as most reports focused either on specific domains like
critical appraisal, or relied on subjective measures like confidence and self-perception.*

Although strong empirical evidence is still lacking, it is widely agreed that EBM
training should be integrated into actual clinical practice, rather than solely as classroom
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teaching.® A study conducted in a community hospital
suggests that teaching residents EBM on-the-ground
leads to more clinical decisions in line with high-level
evidence, lending support to a clinically integrated
approach in teaching the subject® On the other
hand, limited evidence shows that undergraduates
appear to enjoy a greater learning gain in specific
EBM-related skills compared to practising clinicians.
This provides support for initiating EBM training at
the undergraduate level.?

Recently, EBM assessment tools that are reported
to be valid and reliable have emerged.”® The Fresno
test, developed by Ramos et al in 2003,® purports to
assess a comprehensive range of knowledge in EBM.
The test comprises seven open-ended, four short-
answer, and one multiple-choice questions. There
are published reports describing its administration
to medical residents’ and occupational therapists."

At the International Medical University,
Malaysia, a basic level of competence in EBM is
expected of all medical graduates. To achieve this,
students are progressively exposed to EBM in their
undergraduate training from the pre-clinical phase.
Such exposure consists of lectures, problem-based
learning, research projects,and short EBM summaries.
In the final 6 months of training—the senior clerkship,
these activities culminate in a structured, clinically
integrated training programme encompassing all
major tenets of EBM. In the senior clerkship, students
consolidate their clinical experience predominantly
through independent bedside learning, akin to a
shadow housemanship, supplemented by more
focused and in-depth learning via the development
of detailed structured case reports, which form their
portfolios.” The EBM reports with critical appraisal
of patient-relevant journal articles are incorporated
into the portfolios, which serve as examination
documents in each student’s final oral assessment.

To assess the impact of our structured, clinically
integrated EBM training programme, we evaluated a
cohort of medical students in their senior clerkship.
We measured their EBM knowledge before and
after EBM training (about 5 months apart), using an
adapted version of the Fresno test of competence in
EBM.® We hypothesised that our training programme
would produce a significant, educationally important
gain in EBM knowledge, as measured by the adapted
Fresno test. As a secondary objective, we assessed
the correlation between student competence in EBM
and overall performance in the senior clerkship. We
postulated that competence in EBM would show
a significant correlation with overall performance
in the senior clerkship. As our EBM training was
predominantly conducted in small groups, we also
compared the performance of different subgroups
that received the small-group training at different
periods, so as to assess retention of the EBM
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Methods
Study design

A before and after study design was used. Our
subjects were a cohort of final-year medical students
(n=72) posted to a peripheral district hospital
(affiliated to our clinical school), during their final 6
months of training (senior clerkship), from March to
August 2006. All students were invited to participate
in the study. They received a study information leaflet
and briefing from the first author before the pre-test.
Written consent was obtained from students who
agreed to participate. The signing of consent was
overseen by an independent administrator, without
any investigator being present. Whether or not
they participated in the study, all students received
the educational intervention, which was a standard
programme in the university curriculum.

Educational intervention

The students received a structured, clinically
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integrated EBM training programme first developed
in May 2003, in accordance with the university
curricular requirements in the senior clerkship, and
used principles delineated by Sackett et al.”

There were two major parts in the programme.
Part | consisted of two introductory plenary lectures
in the first week of clerkship. These provided an
overview of EBM, and covered searching for evidence
and critical appraisal using two case scenarios, one
on therapy and one on prognosis. Part Il entailed
intensive, small-group training, during which each
subgroup of 13 to 15 students rotated to the 4-week
paediatric posting. This comprised six bedside
clinical sessions with exercises on formulating
clinical questions (averaging 2 hours per session),
and three journal club sessions (averaging 2 hours
per session) where students presented the clinical
articles that they acquired following the clinical
queries generated from the bedside discussion.
Each journal club presentation included a clinical
question, search strategies, a critical appraisal of the
article(s) retrieved, followed by discussion on how
the findings apply to patients. We used a modified
critical appraisal worksheet developed by the Centre
for Evidence Based Medicine, Toronto.” Where
applicable, the sessions also included role-playing of
physician-patient communication. On average, four
students presented in each session. The journal club
presentations were adapted by the students as their
EBM portfolio reports. Each student was required
to develop at least five EBM reports in different
disciplines in the senior clerkship.

Although the small-group training was conducted
at different periods for different student groups, we
expected all students to acquire and maintain their
EBM knowledge throughout the clerkship, whatever
the timing of their small-group training. This was
because they were required to apply EBM principles
to all disciplines and produce corresponding reports
in their portfolios. In the introductory plenary
lectures, all students were directed on the use of
EBM learning resources, including critical appraisal
tools with comprehensive explanatory notes, made
available in the virtual drive (“1” Drive) of the clinical
school, and that the drive could be accessed anytime
by students and staff. We expected all students to
have a similar level of competence in EBM at the end
of the clerkship, regardless of when they received
their small-group training.

The training programme was jointly developed by
both authors who were tasked with developing the EBM
curriculum in the clinical phase student training. All
training sessions in the senior clerkship, including the
introductory lectures and small-group sessions, were
facilitated by the first author, who was then the resident
coordinator and assigned teacher of EBM in the senior
clerkship programme. Resident supervisors from other
disciplines also received prior instructions on EBM.
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Outcome measurement

The adapted Fresno test of competence in evidence-
based medicine

The primary outcome, the change in EBM knowledge
was measured using an adapted version of the Fresno
test of competence in EBM (score, 0-212).8 We made
the following adaptations:

1. Both clinical scenarios on question 1 were
changed to reflect common clinical conditions
in Malaysia, with corresponding changes made
in question 3.

2. Theorder of questions from 5 to 7 was reversed
to reflect the format in which critical appraisal
was taught in our training programme, namely
assessing validity, clinical importance, and
finally, applicability.

3.  The order of questions was re-arranged so
all open-ended (questions 1-7), short-answer
(questions 8-11), and multiple-choice questions
(question 12) were grouped together.

4. For questions 10 and 11, while all the statistical
concepts tested remained unchanged,
clinical scenarios were simplified to the level
appropriate for undergraduates.

5. For question 12, while the concept tested
remained unchanged (ie understanding of
95% confidence interval [Cl]), the format of
question was changed from short-answer to
multiple-choice, with two acceptable answers
out of the seven choices offered.

6.  The wording of some questions was simplified
to improve readability for our undergraduates.

7. Grading rubrics were revised according to the
above changes.

The adaptation was undertaken by the first author
with editorial input from the second author. After the
adaptation, a pilot test was conducted on 12 final-year
medical students in December 2005, which resulted in
further changes to the wording of some questions.

We also determined a ‘pass mark’ appropriate
for undergraduate students, first independently
using the principles of the Angoff method of standard
setting,™ and then through discussions leading to a
consensus, aided by the results of the pilot test. The
final ‘pass mark’ was set at 106 (50%).

The pre-test was conducted in the first week
of March 2006, and the post-test in the last week of
July 2006. The conduct of our study is graphically
illustrated in Figure 1.

Scoring

Both authors independently scored all test scripts. We
analysed inter-rater difference in the final scores and
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FIG 1. lllustration of the educational interventions and assessment within the senior clerkship period

Plenary lectures
(whole cohort)

Small-group training Small-group training

Small-group training Small-group training

Small-group training

(Group A) (Group E) (Group D) (Group C) (Group B)
March 2006 April 2006 May 2006 June 2006 July 2006

obtained a mean difference and standard deviation
(SD). If the inter-rater difference was more than
two SDs apart, we discussed the scripts concerned
question by question, leading to a consensus score.
We averaged the final scores of all other scripts. We
took the following measures to ensure blinding of
the raters to the status of the completed scripts:

1. Prior to the study, an independent administrator
pre-coded all empty scripts with a 3-digit serial
number (000 to 150). The scripts were hand-
reshuffled so the serial numbers were no longer
in order. After reshuffling, the first 75 scripts
were assigned as “pre” scripts, and next 75 “post”
scripts. Their serial numbers and corresponding
“pre” or “post” status were only released to the
investigators after scoring was completed.

2. ldentical test scripts were used for both pre-
and post-tests.

3. No investigator was present during the tests.

4. Scoring was commenced only after completion
of the post-test.

5. Prior to scoring, completed scripts from both
tests were combined and hand-reshuffled again
by the independent administrator.

Pairing of the scripts

To enable pairing while preserving script anonymity
for the investigators, students recorded their
identification numbers beside their script serial
numbers on a recording sheet, during both rounds
of the test. An independent administrator performed
the pairing by matching the pre- and post-serial
numbers using the student identification numbers.
Student’s grades in three major assessments in the
senior clerkship were also collated using the student

identification numbers, which were then deleted and
released to the authors for analysis.

Overall performance in the senior clerkship

The students’ overall performance in the senior
clerkship was determined from three major
assessments: community and family case study (0-
100%), in-course continuous assessment (6-scaled
global rating), and portfolio-based oral assessment
(4-scaled global rating). All global ratings were
converted to percentages, and the average percentage
of these three assessments was taken as the overall
performance.

Sample size estimation

We referred to the validation study to estimate
our sample size.! We assumed that senior medical
students had slightly lower levels of EBM knowledge
than practising health care staff who were new to
EBM. We therefore estimated a pre-test mean score
of our sample as 40%, 5% lower than that of the
novice group in the validation study. We considered
an improvement of at least 15% to be educationally
important. To demonstrate this with a power of 90%,
alpha of 0.05, and assuming an SD of the difference
of 30%, the required sample size (number of paired
readings) was 44, following the approach of Dupont
and Plummer™ using the PS Power and Sample Size
Calculation software (Vanderbilt University Medical
Centre, Nashville [TN], US).

Statistical analyses

The following tests were used: paired t tests to analyse
the pre- and post-test scores, Chi squared tests for
the proportion that attained the pass mark, Kruskal-
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FIG 2. Score distribution of the adapted Fresno test of competence in evidence-based medicine pre- and post-intervention
TABLE. Performance in each question in the adapted Fresno test of competence in evidence-based medicine
Question Area of knowledge tested (format) Total score Mean (SD*) Mean (SD) P value
No. allocated pre-test score post-test score
1 Formulation of clinical questions (open-ended) 24 17.6 (3.2) 22.7 (1.6) <0.001
2 Sources of evidence (open-ended) 24 9.7 (4.4) 12.0 (5.1) 0.001
& Study design to answer clinical question in No.1 (open-ended) 24 9.9 (5.8) 15.5 (4.1) <0.001
4 Search techniques (open-ended) 24 10.6 (4.2) 14.0 (4.0) <0.001
) Critical appraisal: internal validity (open-ended) 24 7.0 (5.7) 17.0 (5.5) <0.001
6 Critical appraisal: clinical importance (open-ended) 24 5.5 (4.6) 7.7 (6.0 0.014
7 Critical appraisal: applicability (open-ended) 24 7.0 (5.6) 13.4 (5.5) <0.001
8 Study design: study on diagnosis (short-answer) 0.8(1.6) 0.6 (1.4) 0.315
9 Study design: study on prognosis (short-answer) 2.5(2.0 3.0(1.8) 0.182
10 Statistical expression on the value of diagnosis/screening tools 20 9.3 (6.9 10.1 (6.4) 0.462
(short-answer)
11 Statistical expression on the value of therapeutic tools (short- 12 3.7 (2.7) 4.5 (3.4) 0.136
answer)
12 Understanding of 95% confidence interval (multiple-choice) 4 0.4 (0.9 0.8 (1.4) 0.129

* SD denotes standard deviation
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Wallis tests to compare scores of subgroups that
received the small-group intervention at different
periods, Wilcoxon'’s signed rank tests to compare the
pre- and post-test scores within each subgroup, and
Pearson’s product-moment correlation for inter-rater
agreement and correlation between the test scores
and students’ overall clerkship performance. The
Statistical Package for the Social Sciences (Windows
version 11.0; SPSS Inc, Chicago [IL], US) was used to
conduct these analyses.

Research and Ethics Committees approval

This study was approved by the Research and Ethics
Committees of the International Medical University,
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Malaysia.

Results

Sixty-three (88%) and 60 (83%) of the students sat for
the pre- and post-tests, respectively. Only 55 pairs of
scripts were analysed as identifying information for
pairing was incomplete for the remainder. Overall,
inter-rater correlation was 0.90 (95% CI, 0.87-0.93).
Excluding question 12 for which inter-rater correlation
was perfect as expected, correlation for individual
questions ranged from 0.52 to 0.98. The scores from
the two raters differed by an average of 13 points (SD,
13). Overall internal reliability of the test (Cronbach’s
alpha from the average of all possible split-half
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FIG 3. Pre- and post-test scores for each subgroup that received the small-group training in the paediatric posting at different periods in the senior

clerkship training

correlations) was 0.55.

Overall, we found significantly improved test
scores post-intervention (mean: pre-test, 84 [SD, 24];
post-test, 122 [SD, 22]; P<0.001). This represented an
improvement of 18%, from 40% to 58%. The proportion
that attained the ‘pass mark’ of 106 increased from
16% to 77% (P<0.001) [Fig 2]. As illustrated in the
Table, most improvements were in questions 1to 7.

’

For our secondary outcome, the students
overall score in the senior clerkship, as indicated by
the average of the three major clerkship assessments,
was 74% (SD, 3%). There was a significant correlation
between EBM test scores and their senior clerkship
assessment scores (r=0.329, P=0.014).

Figure 3 shows the scores of different subgroups
that separately received the small-group training in
their paediatric posting. As illustrated, among these
subgroups pre-test scores were similar (P=0.563).
However, despite significant post-test improvements
from the pre-test for all the subgroups (P value, 0.001-
0.017), the scores varied considerably; lower scores
being observed in subgroups that received the small-
group training earlier in the clerkship (P=0.03). The
overall clerkship performance, as indicated by the
average scores of three major assessments, was
similar among the subgroups (P=0.992).

Discussion

This study shows that a period of structured, clinically
integrated undergraduate training in EBM produces
significant, educationally important gains in EBM
knowledge, measured using an objective tool. This
finding was consistent with previous studies on
physicians and occupational therapists."*'® Senior
medical students were chosen for our educational

intervention based on our belief that their clinical
maturity relative to junior students would enable them
to better appreciate the clinical relevance of EBM, and
hence they would be more receptive to our educational
intervention. Notably, our students’ post-test scores
compared favourably with those of practising health care
staff in the validation study, ie mid-way between the
novice and the expert groups.®

The first seven questions of our test script
covered core EBM concepts, including “asking clinical
questions”, “searching”, and “critical appraisal”. The
next five questions covered relatively more in-depth
concepts, like study design and statistical expressions
with calculations. In this study, significant improvements
were observed only in relation to the first seven
questions. The greatest improvement was noted in
question 5, which covered internal validity aspects of
critical appraisal. These findings clearly reflect our EBM
curricular design, with emphasis on core EBM concepts
and critical appraisal in preference to more complex
statistical concepts. Whether such selective emphasis
is appropriate or a weakness in our curriculum merits
ongoing evaluation. The moderate agreement between
student performance in the adapted Fresno test and their
overall performance in the senior clerkship implies that
to some extent competence in EBM reflects the overall
academic ability of a student, although there might be
important differences between the ways competence in
EBM is acquired as compared to clinical competence in
general.

Comparison of different subgroups that
received the small-group training separately yielded
an interesting finding. Although all of them had
improved test scores post-intervention, those that
received training earlier seemed to score lower
than those that received training later, ie nearer the
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post-test. This could not be explained by differing
academic abilities between subgroups, as their pre-
test scores and overall academic performance in the
senior clerkship were similar. Inconsistent teaching
during the small-group training was also an unlikely
contributing factor, as all the training sessions were
facilitated by a single individual (the first author).
To us, the finding suggests that contrary to our
expectations, students were not able to retain their
EBM knowledge for long after their small-group
training. The loss of knowledge within such a short
period of time is a concern about EBM knowledge
acquired from this training programme. A possible
reason may be a lack of consistent application of
EBM principles across all disciplines in the senior
clerkship, due to variable input from the supervisors,
despite students being required to produce EBM
reports in their portfolios. It was possible that the
supervisors had different levels of confidence and
motivation in practising EBM, despite receiving prior
instructions. It appears that regular instructions and
support of supervisors, as well as their feedback are
necessary to maintain a culture to EBM throughout
the clerkship. This may facilitate application and
retainability of EBM knowledge in the long run.

We acknowledge the following limitations in
our study. First, as this was not a controlled trial, we
cannot exclude the effect of senior clerkship training
in general on the observed improvements. Second, in
our setting EBM was a standard curricular requirement
and a component in the summative assessment. Our
findings may not be applicable to settings without
a similar emphasis on EBM. Third, we could not
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