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Background The authors developed a longitudinal curriculum for teaching third- and
fourth-year undergraduate medical students evidence-based medicine (EBM). This curriculum
involved substantial librarian involvement, the use of formative assessment as a teaching
method, and progressive repetition of skills.

Methods Students in three clinical clerkships (Medicine, Pediatrics, OB/GYN) completed
EBM assignments based on real-world scenarios in this quasi-experimental study. Each
clerkship required students to submit an EBM plan, from which they received directed
feedback from both the clerkship director and a librarian after submitting preliminary EBM
plans. This study tracked student PICO and search submissions to determine if repeated
exposure to EBM feedback resulted in improved summative assessments, both in isolation
and longitudinally.

Results Students’ PICO and searching performance improved between mid-clerkship
formative feedback and end-clerkship summative assessment in all three clerkships using
rubrics developed by the authors for each clerkship derived from existing literature. When
examining student performance sequentially over three clerkships, there was significant
improvement between the first and second clerkships, but this did not carry into the third
clerkship.

Discussion Our findings suggest that the significant inclusion of a librarian and feedback
appears to have positive effects on student performance. While it may seem obvious that
feedback results in improved outcomes, this method doesn’t appear widespread in medical
education. Repetition, while not having a lasting increase in performance, may still be
warranted to increase exposure to authentic cases and evidence types.

Introduction
In medical education, enhancing the ability to make well-informed clinical decisions is crucial
to improving patient care. Central to this decision-making process is evidence-based medicine
(EBM), a methodology that integrates clinical expertise, patient values, and the best available
evidence to guide healthcare decisions. EBM is traditionally described as “the conscientious,
explicit, and judicious use of current best evidence in making decisions about the care of
individual patients.”1 The use of EBM requires a holistic understanding of question formation,
searching, critical appraisal, and clinical application.2 The acquisition of these skills is a
fundamental aspect of healthcare provider education and a lifelong learning skill that has been
identified by multiple medical education accreditation organizations at both undergraduate
and graduate levels.3,4 While medical education has evolved to include EBM as a fundamental
component, there remains a pressing need to ensure that students grasp the theoretical aspects
and develop the skills to apply EBM in real-world clinical scenarios.

In this context, several studies have examined different methods of teaching EBM to medical
trainees. An important area of exploration in these studies is the timing, duration, and
intensity of EBM instruction within the undergraduate curriculum. Some studies have focused
on implementing EBM instruction early during preclinical years,5,6 while others have opted to
delay until clinical-based years.7,8 A common rationale in studies that advocated for delay was
implementation at a time when students were interacting with patients in the clinical setting to
give more context to EBM learning. In another case, faculty have utilized other approaches,
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such as the use of peer instructors, a capstone course for fourth-year undergraduate medical
students, and dedicated seminars.9-11 Although these studies include an array of teaching
methods, it is notable that none were conducted in a clinical setting. Both clinical and
non-clinical-based instruction demonstrated an improvement in skills and attitudes compared
to pre-instruction. Despite the gains noted in several studies, there does not appear to be a
consensus about the best methods for instructing trainees in EBM. Ilic and Maloney note that
most instructional methods show some level of improvement in competencies; there is no
clear benefit of one method over others.12

A notable trend in many studies of EBM in both graduate and undergraduate medical
education has been the inclusion of librarians in various roles. While it has been noted that
librarians are an underutilized resource for EBM instruction,13 several studies have shown that
librarians are adept in instructing students on question formulation and the best methods for
searching clinical databases for evidence.14,15 In one example of librarian involvement, Minuti
et al. described a flipped-classroom module that used readings, video, and exercise in support
of sessions with first-year students that focused on PICO formulation and searching and later
with second-year students where additional searching techniques were taught and clinical
faculty followed with critical appraisal instruction.16 Minuti et al. noted that librarian
involvement was significant for assisting in meeting accreditation requirements and the
positive impressions that faculty had after the course. Another notable example of librarian
integration in EBM instruction is from a study of trainees’ skills and attitudes in an
emergency medicine course.17 This course incorporated significant levels of librarian
involvement and emphasis on searching skills. Trainees reported significant improvements in
searching-related skills, but they noted that additional instruction is necessary for sustained
application and reinforcement.

The present study is a further exploration of the benefits of both varied methods in teaching
EBM to medical trainees as well as the significant incorporation of librarians within EBM
instruction. Both of these areas of inquiry for teaching EBM are unresolved in the current
literature and vital for the future development of EBM instruction to medical trainees. With
this in mind, the objectives of this study are to evaluate the effectiveness of our EBM
curriculum within each clerkship, as well as longitudinally between the first and third
clerkships.

Methods
Study population and characteristics
This quasi-experiment focused on EBM instruction within three clinical clerkships: Medicine,
Pediatrics, and Obstetrics and Gynecology (OB/GYN). The study was conducted at Weill
Cornell Medicine – Qatar (WMC-Q) in Doha, Qatar. WMC-Q follows a four-year,
American-based medical curriculum from the main Weill Cornell Medicine campus in New
York, USA. These three clerkships were specifically chosen because they are the only three
that have explicit EBM curricular elements. Data from 32 students who completed all three
clerkships were analyzed in this study. Approval for this study was granted by the WCM-Q
institutional review board on February 10, 2022 (21-00026). Because this was a retrospective
analysis, the study team requested and was granted a waiver of informed consent of subjects.
Before entering these clerkships, students received preliminary EBM instruction during their
first year of preclinical education. In this context, students took a course on clinical
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epidemiology and research methods, followed by a 10-hour, face-to-face, course utilizing
lectures and labs to emphasize EBM fundamentals, question formulation, searching, and
critical appraisal. While the EBM curriculum of the three clerkships in this study followed a
similar track, each clerkship employed slight variations to attain their EBM objectives. The
distribution and progression of students through the three clerkships is shown in Table 1. It is
noteworthy that the EBM instructional model introduced in the Pediatrics Clerkship was
implemented during the second clerkship of the academic year. As a result, none of the
students included in this study had pediatrics as their initial clerkship.

Table 1: Student progression through clerkship with EBM instructions

OB/GYN Pediatrics Internal Medicine
First Clerkship 13 0 9

Second Clerkship 12 10 10
Third Clerkship 7 22 3

Internal Medicine Clerkship
Students in the Internal Medicine Clerkship began the course by completing an asynchronous
eLearning module that reviewed EBM fundamentals. The eLearning module in the Internal
Medicine Clerkship is a gamified experience, mimicking the structure of the TV game show
Jeopardy, where students select from four levels of questions across five categories that
increase in difficulty and point value. The module was internally produced using standard web
development tools, such as HTML and CSS. The eLearning module’s content included 20
total questions on PICO formation, searching techniques, evidence appraisal, and EBM
question type (i.e., Harm, Therapy, Diagnosis, Prognosis). Each category included four
questions that escalated in the level of difficulty and point value for correct answers (range 2-8
points). Each question offered feedback for both correct and incorrect answers. The main
objective of the eLearning module is to refresh students on EBM fundamentals and highlight
potential gaps in EBM comprehension. Students received a final score, with a maximum of
100 points possible, and the module concluded with a leaderboard of the top score for every
iteration of the course. All eLearning module data is available to both the librarian and
clerkship director.

At the midpoint of the clerkship, students were grouped into teams of three to four students by
faculty and each team was required to submit a group EBM plan. The content of the EBM
plan must be drawn from the clinical experience of at least one of the students in the team.
The plan included the case details, PICO, and search strategy. After submission, each EBM
plan underwent two reviews. First, the clerkship director reviewed the plan for clinical
viability, either approving it or requesting revisions. In parallel, the librarian evaluated each
EBM plan’s PICO and search strategy. Additionally, each team met with the librarian to
receive feedback on their PICO and search strategy and discussed potential amendments for
various aspects of each team’s EBM plan. The summative assessment for EBM in the Internal
Medicine Clerkship was a team-based oral presentation. Teams had to provide details about
their patient’s case, PICO, search strategy, appraisal of a selected research article, and how
they could apply the evidence from their selected article to their patient. After the
presentation, fellow students, the librarian, and the director were invited to ask the presenting
team questions about their presentation. The librarian assessed the PICO and search strategy,
while the director evaluated the clinical and team-based components of each team’s EBM
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presentation. All assessments used a rubric with four levels, from inadequate to exceeds
expectation, with each level receiving a score of 0 to 5 (see appendices for detailed rubric).

Pediatrics Clerkship
Students in the Pediatrics Clerkship started the course with a required short asynchronous
eLearning module that reviewed key aspects of EBM, such as searching and constructing a
PICO. Students completed four “knowledge check” questions at various points in the tutorials
to verify content comprehension. Each question offered feedback for both correct and
incorrect answers. All students’ responses were available to both the librarian and clerkship
director. At the midpoint of the clerkship, each student submitted an individual EBM plan
based on a clinical encounter they had experienced during the clerkship. The EBM plan
included the details of their case, PICO, and preliminary search strategy. Each EBM plan was
reviewed by the clerkship director for clinical content and relevance. The clerkship director
then either approved each plan or asked the student to submit a revised plan before the student
could proceed. The librarian reviewed the PICO and search strategy. Both the clerkship
director’s and the librarian’s feedback were sent to the student via email. Although no
individual meetings were required, students were highly encouraged to set up individual
meetings with either the librarian or clerkship director, if they felt this was needed. At the end
of the clerkship, students submitted a written EBM project. Student projects introduced their
patient’s case, PICO, search strategy, and appraisal of a selected research article, and
explained how they could apply the evidence from their article to their patient. The librarian
reviewed each EBM project, provided comments on the PICO and search strategy, and then
forwarded these to the clerkship director, who completed the grading of clinical and appraisal
content. All assessments used a rubric with four levels, from inadequate to exceeds
expectation, with each level receiving a score of 0 to 3 (see appendices for detailed rubric).

Obstetrics and Gynecology (OB/GYN) Clerkship
Students started the OB/GYN Clerkship by completing an asynchronous eLearning module
that reviewed EBM fundamentals ranging from question formation, searching, and appraisal,
to application. At the start of the eLearning module, students were presented with an
OB/GYN-based case. Students then worked through ten questions from three domains,
searching/PICO, appraisal, and application, based on the case and reviewed a systematic
review relevant to the case. Each question offered feedback for both correct and incorrect
answers. Students received a final score with a maximum of ten points. This eLearning
module is notable for giving students additional exposure to appraisal and application of
systematic reviews, as much of their previous instruction had focused on primary studies,
such as randomized controlled trials.

At the midpoint of the clerkship, each student submitted an individual EBM plan based on a
clinical encounter they had experienced during the clerkship. The EBM plan included the
details of their case, PICO, and preliminary search strategy. Each student’s EBM plan was
reviewed by the clerkship director for clinical content and either approved or not approved
with revisions required. The librarian reviewed the PICO and search strategy. Students met
with the librarian to receive feedback on their PICO and search strategy and discussed any
general questions they had about their project. At the end of the course, students submitted a
write-up project that included a significant section devoted to EBM. Students introduced their
patient’s case, PICO, search strategy, and appraisal of a selected research article, and
explained how they could apply the evidence from their article to their patient. Students were
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required to incorporate a minimum of five references to support their arguments and all
references were suggested to be no older than five years old. All assessments used a rubric
with four levels, from not observed to achieved, with each level receiving a score of 0 to 3
(see appendices for detailed rubric).

Table 2: Comparison of EBM instruction between clerkships

eLearning
Format Individual/Group Mid-clerkship

Plan
Feedback
Format

Summative
Assessment

Format
Internal

Medicine Gamification Group Mandatory In-person
Oral

presentation

Pediatrics Case-based Individual Mandatory
Asynchronous

text-based Written

OB/GYN Case-based Individual Mandatory In-person Written

Collaboration between librarians and clinical faculty
A notable feature of this EBM curriculum is the significant interaction between the librarian
and clerkship directors. In each clerkship, the librarian worked with the clerkship directors to
develop eLearning cases and materials. Materials were selected by the librarian and clerkship
directors to address noted deficiencies from students in past course iterations. Additionally,
the librarian maintained a continuous dialogue with each clerkship director when assessing
students’ mid-clerkship EBM plans. For instance, there were several occasions where clinical
aspects, such as if the student’s EBM plan utilized appropriate interventions, affected the
assessment of the student’s search. During these occasions, the librarian and clerkship
director would discuss these and similar aspects of student plans to offer the most useful and
appropriate feedback. Finally, each clerkship director made an effort to incorporate the
librarian into the summative assessment phase of each EBM project. For instance, in the
Internal Medicine Clerkship, the librarian attended EBM presentation sessions and offered
feedback about PICO, searching, and other relevant aspects of the presentations. Finally, the
librarian and each clerkship director met annually to review the EBM session for that year and
discuss revisions, as needed, for the following year’s sessions.

Project data
Eligible students for this project were limited to students who completed all three clerkships
during the July 2020 to June 2021 clerkship cycle. This time frame was selected because it
was the first complete cycle of clerkship rotations for an academic year in which the present
curriculum was delivered. Since midpoint feedback data was not originally scored using a
rubric, the librarian retrospectively reviewed each midpoint plan using the summative rubric
of the respective clerkship. The librarian was blinded to the summative score of each student
during retrospective scoring. Both midpoint and summative data were then compiled using
Excel and included each student’s score for PICO and searching. Data was also included to
indicate the sequential order in which each student completed the three clerkships.

Statistics
For each clerkship, students’ scores on PICO and searching individually, and then a combined
PICO plus searching score were summarized using means and standard deviations (SD). To
check for improvement in such scores within a clerkship, mid-clerkship scores were
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compared to the scores at the end of the clerkship using the paired t-test. The effect of the
interventions in this study made more sense when using mid-clerkship scores as the pre-test
scores so that the actual interventions could be better isolated for analysis. As a sensitivity
analysis, each of these comparisons were repeated using the Wilcoxon signed rank test. To
check if student scores improved over time; that is, from first to second to third clerkship, the
Friedman’s test was used to compare the scores over the sequence of clerkships. If differences
in scores over time existed, then the paired t-tests were used to test if scores were different
between first and second, first and third, or second and third clerkships. There were no
adjustments for multiple tests. As a sensitivity analysis, all the pairwise comparisons above
were repeated using the Wilcoxon signed rank test. To check on the effect of clerkship type on
student scores, we compared the three clerkships, Internal Medicine, OBGYN, and Pediatrics
using Friedman’s test with Wilcoxon signed rank test for multiple comparisons if needed. A
p-value of 0.05 or less was considered statistically significant. All analyses were done using
IBM-SPSS (version 26, Armonk, NY).

Results
Overall, 32 student records with complete data from all three clerkships were used for
analysis. For their first clerkship, 19 students had Medicine and 13 had OBGYN. For their
second clerkship, 10 had Medicine, 12 had OB/GYN and 10 had Pediatrics, and for their third
clerkship, 3 students had Medicine, 7 had OB/GYN and 22 had Pediatrics. The EBM
instructional model for the Pediatrics Clerkship that is described above was introduced during
the second clerkship of the academic year used here, thus no students in this study had
pediatrics as their first clerkship.

Comparing searching and PICO scores over time
In this study, we investigated whether the inclusion of a librarian in EBM instruction could
lead to improvements in student scores in EBM over time during their clinical clerkships in
Internal Medicine, OB/GYN, and Pediatrics. Our analysis focused on three key variables:
PICO scores, searching scores, and overall scores. We compared these scores from
mid-clerkship feedback (mid-clerkship score) to the end of clerkship summative EBM
assessment (end clerkship score). We observed significant increases in all three variables (See
Table 3, column 5 for detailed data). Importantly, these improvements were consistent across
all clerkships, regardless of whether it was the student’s first, second, or third clerkship.
Sensitivity analysis using the nonparametric alternative confirmed the significance of these
findings (See Table 3, column X for p-values).

We found significant changes in mid-clerkship scores for search (Table 3, paired t-test
P=0.001) and overall (paired t-test P=0.018, Table 3) over time but not for PICO (paired t-test
P=0.158, Table 3). However, we have not found any significant changes in end clerkship
scores over time (column 7 for p-values, Table 3).

There were significant increases in student scores on formulating the PICO, search strategy,
and total PICO/search, from mid-clerkship feedback to end-of-clerkship summative EBM
assessment. These significant increases were observed in all clerkships regardless of whether
the clerkship sequence was the student’s first, second, or third (see Table 3). Sensitivity
analysis using the nonparametric alternative resulted in the same significance levels (p-values
<0.001). There were significant changes over time in mid-clerkship scores on search and
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overall. Students scored significantly higher on the second and third clerkships as compared
to the first clerkship (see Table 3). There were no significant changes in end clerkship scores
over time.

Table 3: Comparing scores within and between the sequence of clerkships

Mid-clerkship
Score

End
Clerkship

Score

Mid-
clerkship

Score

End
Clerkship

Score

Clerkship Order Variable Mean±sd Mean±sd p-value
p-value
Over Time

p-value
Over Time

First clerkship PICO 1.92±0.38 2.64±0.48 <0.001 0.158 0.383
Second clerkship PICO 2.11±0.40 2.48±0.47 <0.001
Third clerkship PICO 2.00±0.40 2.52±0.43 <0.001
First clerkship SEARCH 1.31±0.28 2.39±0.52 <0.001 0.001* 0.275
Second clerkship SEARCH 1.63±0.51 2.28±0.55 <0.001
Third clerkship SEARCH 1.66±0.41 2.16±0.63 <0.001
First clerkship Overall 3.23±0.49 5.03±0.74 <0.001 0.018* 0.142
Second clerkship Overall 3.73±0.68 4.77±0.75 <0.001
Third clerkship Overall 3.66±0.53 4.67±0.8 <0.001
*Significant at the 5% level

Comparing searching and PICO scores at mid-clerkship and end of clerkship
In addition to examining student progression over time through the three clerkships, we
wanted to examine if student performance improved within each clerkship.

We found that the increase in scores on PICO from mid-clerkship feedback to the end of
clerkship summative EBM assessment was significantly higher in the first clerkship compared
to the second clerkship (paired t-test P=0.005, Table 4) but not the third clerkship (paired
t-test P=0.167, Table 4). Additionally, the increase in search score and the overall score was
significantly higher in the first clerkship compared to both the second clerkships (Search,
paired t-test P=0.005, Overall, paired t-test P=0.001, Table 4) and the third clerkships
(Search, paired t-test P=0.001, Overall, paired t-test P=0.003, Table 4).

The increase in scores on PICO from mid-clerkship feedback to end-of-clerkship summative
EBM assessment was significantly higher in the first clerkship as compared to the second one
but not the third one. As for the increase in search score and overall score, they were
significantly higher in the first clerkship than both the second and the third clerkships. See
Table 4.
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Table 4: Comparing the increase in scores over the sequence of clerkships

First
Clerkship

Second
Clerkship

Third
Clerkship

Mean±sd Mean±sd Mean±sd
p-value 1

vs. 2
p-value 1

vs. 3
p-value 2

vs. 3
Increase in PICO
Score 0.72±0.49 0.38±0.54 0.52±0.56 0.005* 0.167 0.354

Increase in Search
Score 1.08±0.56 0.66±0.50 0.50±0.67 0.005* <0.001* 0.245

Increase in Overall
Score 1.80±0.78 1.03±0.67 1.02±0.89 <0.001* 0.003* 0.931
*Significant at the 5% level

Comparing student performance by clerkship
Students’ scores on PICO in the Internal Medicine Clerkship were significantly higher than
those in the other two clerkships (p=0.001). On the other hand, there were no significant
differences in student search scores between the three clerkships (p=0.327) (see Table 5).

Table 5: Comparing the scores between the different types of clerkships regardless of
sequence

MED OB/GYN PEDS
Mean±sd Mean±sd Mean±sd p-value

PICO
Score 2.77±0.34 2.47±0.51 2.41±0.45 0.001*

Search
Score 2.28±0.33 2.38±0.71 2.17±0.6 0.327

Overall
Score 5.05±0.41 4.84±0.95 4.58±0.79 0.170
*Significant at the 5% level

Discussion
Our results in this study align with previous studies that indicate the benefits of including
librarians in EBM instruction for medical students.18-21 The librarian in this study provided
support for question formulation and database searching in addition to providing feedback to
clerkship directors that was used in summative assessment. As many studies have noted, the
inclusion of librarians in health science instruction can offer immediate and long-term benefits
to students. For example, librarian inclusion allows faculty to design instruction that reflects
the team-based modeling that many students will encounter when providing care for
patients.22 As other studies have noted, the inclusion of librarians and other similar
professionals in the instruction of medical trainees has both affective and cognitive
benefits.12,22,23,24 Although not the focus of this study, the increased participation of librarians
in EBM instruction does provoke two important questions: what level of training is sufficient
and needed for this level of inclusion, and what level of burden is required from the librarian
due to this level of course support?
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Another major finding of this study is that implementing a curricular design that utilizes
formative assessment of student question formation (PICO) and searching had consistent
benefits for students between formative and summative assessment. While it may seem
obvious to suggest that feedback leads to improvements in summative assessment, it should
be noted that this is one of the first reported EBM courses that incorporated formative
assessment as a fundamental element of curricular design. The only EBM course that was
identified as using feedback was Atwa and Abdelaziz,25 and information on the methods and
nature of the feedback to a take-home assignment in this study is unclear. Many of the studies
we surveyed here utilized lectures, workshops, or a combination of the two.26

Our results suggest that while there were initial gains between mid-clerkship feedback and
final assessments between a student’s first and second clerkship, this progression was not
sustained into the third clerkship. One reason for this could be that students had reached a
learning plateau after their second clerkship and any subsequent instruction was generally not
as effective for most students after this point in the sequence. Alternatively, this result could
indicate that students suffered some level of fatigue from the repletion of EBM instruction.
With this said our results suggest that students retained the knowledge and skills needed for
EBM over time. Our study also supports the idea that providing repetitive, longitudinal
instruction in EBM, despite the risk of fatigue, is beneficial for medical trainees.

Limitations
Our study revealed that the inclusion of a librarian in EBM instruction positively impacted
students’ scores, but also has its limitations. EBM assessments in the Internal Medicine
Clerkship were given as a group. Because of this, there is the possibility that a student who
would have otherwise scored higher or lower in each student’s group was either aided or
hindered by their group members. In subsequent studies it would be interesting to see the
effect of a control group that could demonstrate how the lack of a librarian’s involvement
might impact students’ scores. This study utilized only one scorer (librarian) to assess
students. In future iterations of similar studies, it would be beneficial to have multiple scorers
trained in advanced search skills, as this would limit potential bias during assessment. This
study focused on student searching and PICO formation; however, it would be interesting to
also examine how the instruction detailed in this study affects student evidence assessment
and clinical application scores. A final limitation of this study involves the use of PICO as an
assessment measure. While PICO has been used as a method in the formulation of clinical
questions, it does have its limitations and opponents. For instance, studies have cited PICO’s
limited utility for non-therapy questions27, ability to effectively translate to database
searches28, and non-superiority to alternative methods for formulating questions.29

Conclusion
The results of this study suggest that students benefit from varied teaching methods for EBM
instruction. Specifically, the use of formative feedback appears to lead to positive outcomes in
summative assessments. Our results reiterate and expand on previous studies that indicate that
repeated instructional efforts to teach EBM to trainees are beneficial and result in increased
knowledge and skills. Finally, our study advocates for greater inclusion of information
professionals in EBM instruction, specifically in the areas of PICO/question formation and
searching.
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