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Objectives: This literature review examines the
effectiveness of literature searching skills instruction
for medical students or residents, as determined in
studies that either measure learning before and after
an intervention or compare test and control groups.
The review reports on the instruments used to
measure learning and on their reliability and validity,
where available. Finally, a summary of learning
outcomes is presented.

Methods: Fifteen studies published between 1998 and
2011 were identified for inclusion in the review. The
selected studies all include a description of the

intervention, a summary of the test used to measure
learning, and the results of the measurement.

Results: Instruction generally resulted in improvement
in clinical question writing, search strategy construction,
article selection, and resource usage.

Conclusion: Although the findings of most of the
studies indicate that the current instructional methods
are effective, the study designs are generally weak,
there is little evidence that learning persists over time,
and few validated methods of skill measurement have
been developed.

INTRODUCTION

Librarians have been teaching users how to search
online medical literature databases for almost twenty
years. In the early years, classes were usually stand-
alone sessions on how to access resources and
conduct database searches. More recently, literature
searching skills have been integrated into the curric-
ulum in undergraduate and graduate medical educa-
tion, often as part of learning about the practice of
evidence-based medicine (EBM). Lessons on literature
searching are taught using a variety of pedagogical
methods including lectures, hands-on workshops,
and online tutorials [1].

As medical education focuses more on self-directed
and lifelong learning [2] and as governing associa-
tions and accrediting bodies are adding information
literacy and retrieval competencies to their objectives
[3-5], the need to measure the success of literature
search skills training becomes critical. This literature
review will focus on articles that attempt to answer
the question “how effective is the training we are
offering?”’

METHODS

This review summarizes current literature measuring
the impact of literature searching skills training in
medical education. Relevant literature was identified
by searching PubMed for articles on training medical
students and residents to search the literature. The
initial search strategy used was:

(““evidence-based medicine”’[MeSH Terms] AND “educa-
tion, medical”’[MeSH Terms] AND (medline[MeSH Terms]
OR medline[Title/ Abstract] OR fresno test))

Additional articles were retrieved by searching for

related citations and reviewing the reference lists of
relevant articles. The studies selected for inclusion in
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the review all described (1) literature searching skills
instruction provided to medical students or residents,
(2) an objective measurement of the impact of the
intervention, and (3) the statistical significance of the
measured outcomes. Studies reporting self-rated skills
or knowledge and those measuring only knowledge
without skills were excluded.

A total of fifteen studies published between 1998
and 2011 are included in the review (Table 1). Twelve
of the studies used a cohort design with pre- and post-
testing, seven of the studies included a control or
comparison group (three of the control groups were
randomized), and five studies measured searching
skill retention over time.

RESULTS

Methods of instruction

Interventions represented in the studies included
short online searching tutorials, in-person small
group hands-on workshops, multi-week courses,
and year-long curriculum-integrated instruction. Five
of the studies featured stand-alone, hands-on MED-
LINE searching or EBM workshop interventions
taught by librarians or in one case by physicians.
Ten studies described intensive, interactive instruc-
tional sessions offered over multiple weeks designed
to impart the knowledge and skills required to
practice EBM. Unlike the stand-alone sessions, liter-
ature searching skills were only a part of the overall
curriculum in the EBM-focused sessions and were just
as likely to be taught by physicians as by librarians.

Five studies specifically taught Ovid MEDLINE,
one taught SilverPlatter MEDLINE, and the rest did
not specify the MEDLINE interface used. Evidence-
based resources mentioned in the studies included
Cochrane Database of Systematic Reviews, DynaMed,
InfoPOEMS, FirstConsult, ACP Journal Club, Guide-
lines.gov, and Tripdatabase.com.
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Highlights

® Medical students and residents who participate in a
literature searching skills workshop demonstrate
improved searching abilities post-intervention.

® There is a trend away from stand-alone literature
searching skills instruction toward instruction that
is integrated into the evidence-based medicine
curriculum.

® The Fresno test is a validated measurement of the
steps of evidence-based practice. In addition to mea-
suring the ability to ask an answerable clinical question,
choose appropriate resources, and develop a MED-
LINE search strategy, it requires users to demonstrate
the ability to think critically about information.

Implications

® Additional research is needed to determine whether
improvements in literature searching skills are dura-
ble over time.

® Additional research is needed to determine whether
there is a relationship between literature searching
skills and practices and patient outcomes.

Validated instruments

Most instruments used to measure searching skills
were created locally for the purpose of measuring the
impact of a locally developed intervention. Therefore,
most of the instruments described in this review were
used only once, and few efforts were made to test the
instruments’ reliability or validity. Only one of the
instruments included in this review, the Fresno test,
was utilized in more than one study. It and four
additional instruments or methods reported here
included measurements of reliability and validity.
The University of Michigan MEDLINE Search
Assessment (UMMSA) tool is a matrix that assigns
points for the inclusion of various required search
elements [6]. With UMMSA, points are assigned for
elements such as identifying appropriate Medical
Subject Headings (MeSH), exploding MeSH, adding
subheadings, focusing one or more MeSH terms, and
limiting properly. To establish reliability and validity,
the authors ran several tests. One test established
inter-rater reliability among multiple faculty search
raters. Construct validity was established by verifying
the expected significant differences in scores between
novices and experienced searchers and the similarity
between experienced searchers and experts. The tool
was also analyzed to show internal consistency
among the test items. Because this article focused
only on validation of the tool and did not include
results, it was excluded from the rest of the review.
The Literature Searching Skills Assessment (LiSSA)
tool measures both the process of searching, by
awarding points for required search elements, and
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the outcome of searching, by awarding points for
article selection [7]. LiSSA was also tested for
reliability and validity. Inter-rater reliability was
measured, and significant correlation between grad-
ers was found. Validity was measured by the tool’s
ability to differentiate between poor, adequate, good,
and expert searchers on outcome measures for recall,
precision, and F-measure (a harmonized mean of
recall and precision). A significant difference was
found between all levels of searchers on all measure-
ments of success. Finally, the relationship between the
measures of search ability and search outcome was
examined, and weak to moderate but significant
correlations were found between the two.

UMMSA and LiSSA are designed to measure search
strategies. In contrast, Holloway et al. developed an
instrument for measuring all of the steps in the EBM
process, including but not limited to, search strategies
[8]. Reliability and validity of the tool were measured
using a variety of methods. Test-retest measures
revealed weak to moderate statistically significant
correlations between the overall score and the
individual sub-scores for asking clinical questions
and critically appraising the evidence, but not for
MEDLINE search skills. No significant correlations
were found between any of the steps in the tool, nor
between the tool and the students’ self-assessments.

The Holloway, UMMSA, and LISSA tools were
designed to assess search strategies using the Ovid
MEDLINE interface. The Ovid interface encourages
users to conduct their searches in a logical and discrete
sequence of steps. None of these tools would be ideal for
grading search strategies from PubMed, where many of
the steps that the tools measure happen automatically as
part of the PubMed database search algorithm.

The next validated tool, the Fresno test, does not
require the use of a particular MEDLINE interface,
which allows for greater applicability. It was devel-
oped to measure the knowledge and skills required to
practice EBM [9]. The tool was designed to measure
performance on all steps in the EBM process as
described by Sackett et al. [10]. The instrument
requires students to complete a series of short-answer
questions, and a grading rubric is used to assign
scores to each question. The Fresno test includes items
that specifically measure the literature searching skills
portion of the EBM process, including writing an
answerable clinical question, selecting relevant and
valid sources of information, and conducting an
appropriate MEDLINE search with keywords or
MeSH and limits. Verification of the reliability and
validity of the Fresno test has been achieved through
an analysis of inter-rater reliability, internal reliability
through test item comparison, and construct validity
through the tool’s ability to differentiate between
novice and expert searchers [9].

Recall and precision have long been measured by
librarians in literature search results. McKibbon et al.
studied whether recall and precision rates differed
significantly among novice, experienced, and expert
searchers [11]. The Fresno test study validated that
expert searchers demonstrated significantly better
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Table 1
Summary of study design, subjects, interventions, measurement instrument, and measured skills
Measurement
Study Study design Subjects Intervention instrument Measured skills
Argimon-Pallas, Pre-post, cohort Residents Evidence-based medicine (EBM) Fresno test Formulate clinical question, sources
2011 [17] course, sessions on clinical of information, search strategy
questions and searching
Aronoff, 2010 [14] Pre-post, cohort Students EBM course (online), module on Fresno test Formulate clinical question, sources
clinical questions and searching of information, search strategy
Dinkevich, 2006 [15] Pre-post, cohort Residents EBM course, sessions on clinical Fresno test Formulate clinical question, sources
questions and searching of information, search strategy
Dorsch, 2004 [20] Pre-post, cohort Students EBM course, sessions on clinical Locally designed  Formulate clinical question, sources
questions and searching rubric of information, search strategy
Gruppen, 2005 [21] Pre-post, Students EBM course, optional MEDLINE Locally designed  Search strategy
nonrandomized training session rubric
controlled
Holloway, 2004 [8] Test-retest Students EBM course, sessions on clinical Locally designed  Formulate clinical question, search
questions and searching rubric strategy
Just, 2007 [7] Test-retest Students Stand-alone MEDLINE search skills  Locally designed  Recall and precision, durability of
training rubric skills
Kim, 2008 [18] Pre-post, randomized  Residents EBM course, sessions on clinical Fresno test Formulate clinical question, sources
controlled questions and EBM resources of information, resource usage
Lai, 2009 [16] Pre-post, cohort Students EBM course, sessions on clinical Fresno test Formulate clinical question, sources
questions and searching of information, search strategy,
durability of skills
Rosenberg, 1998 [22]  Pre-post, randomized  Students Stand-alone MEDLINE search Locally designed  Search strategy, article selection
controlled skills training rubric
Sastre, 2011 [27] Pre-post, cohort Students Stand-alone EBM session on Locally designed Inclusion of evidence in impatient
clinical questions and searching rubric notes (number, type, quality),
resource usage
Schilling, 2006 [23] Randomized Students Stand-alone MEDLINE and EBM Locally designed  Search strategy, article selection,
controlled resource search skills training rubric resource usage
Smith, 2000 [19] Pre-post, test-retest, Residents, EBM course, sessions on clinical Locally designed  Formulate clinical questions, search
nonrandomized faculty questions and searching rubric strategy, durability of skills
controlled
Vogel, 2002 [24] Pre-post Residents Stand-alone MEDLINE search Locally designed  Search strategy, article selection,
skills training rubric durability of skills
West, 2011 [12] Pre-post, test-retest, Students EBM course, sessions on clinical Fresno test Formulate clinical question, sources

cohort

questions and searching,
follow-up journal clubs

of information, search strategy,
durability of skills

search recall and precision rates than novice search-
ers, and that recall improved with searcher experi-
ence. Although precision also increased, performance
of experienced users remained suboptimal.

A fifth validated tool was identified and used in the
study by West et al. in this review [12]. However, that
instrument, the Berlin questionnaire, is a multiple-
choice test that measures EBM knowledge [13]. Since
the tool does not provide a measurement of skills, it
falls outside the scope of this review. Accordingly, the
findings related to the Berlin questionnaire reported
in the West et al. article are excluded here.

Measurements of learning

Search skills measurement. Searching skills encom-
pass a range of competencies including the ability to
form a searchable clinical question; conduct a logical,
efficient, and thorough database search; and select the
most relevant articles. All of the studies measuring
search performance included an examination of at
least one of these skills.

Searchable clinical questions. One of the first steps of
EBM is developing a well-built clinical question based
on the patient case [10]. Accordingly, most of the
studies identified for this review included a measure-
ment of the clinical question. Six studies reported
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question development results using the Fresno test.
Of the six Fresno test articles, three reported a
significant increase in the ability to form a clinical
question [14-16], one reported no significant change
[17], and two reported only an overall score [12, 18].
Although the overall scores improved significantly,
there was no separate reporting on the question
specific to formulating a clinical question. Two
additional studies [19, 20] reported significant im-
provement in clinical question formation following
intervention, and one additional study found no
change [8].

Search strategies. In studies where search strategies
were graded, there was almost universal improve-
ment in skills. Seven studies measured search
strategies using locally developed tools [8, 19-24],
and six used the Fresno test [12, 14-18].

Only one study reported mixed results [20].
Students demonstrated significant improvement on
the overall score of an EBM skills tool, but only two
search-related questions—"‘research methodology,
terms, and publication types” and “subheadings,
Boolean, and limits”’—showed significant improve-
ment. Other search-related questions—"'search strat-
egy logical,” ““MeSH correlated with question,” and
“correct keywords and title words”’—showed no
significant improvement.
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The remainder of the studies using locally devel-
oped tools all measured searching success based on
the use of various database elements including using
MeSH, exploding, applying subheadings, using Bool-
ean operators, and applying appropriate limits for
publication type, language, or age [8, 19, 21-24]. Two
studies employed a checklist to identify appropriate
search elements [22-24], and both reported statisti-
cally significant increases in skills. One study ranked
search skills on a 4-point scale from poor to excellent
and reported a significant increase in skill level [23].
Three studies used a point system to measure skills
and reported results as percent correct [8, 19, 21]. All 3
reported significant differences in percentage points
between the first and second test or between the
intervention and control groups, ranging from 13.4
[21] to 31 [19].

The literature searching skills portion of the Fresno
test grading rubric measures some of the same
elements as the locally developed tools [25, 26]. For
example, points are awarded for the correct use of
MeSH and keywords, the inclusion of all relevant
search concepts, and the appropriate use of limits and
publication types. Additionally, the Fresno test
awards points for a skill none of the other instruments
measure: critical thinking. To receive an “excellent”
rating on the Fresno test MEDLINE search question,
test takers must be able to articulate why search
choices were made. For example, to receive full credit,
a user might choose an appropriate MeSH term and
explain why searching with that MeSH term is better
than performing a keyword search. All six studies
reporting Fresno test scores showed a significant
increase in overall scores post-intervention [12, 14—
18]. Four of the studies also separately reported
performance on the subsections of the test; all four
reported significant skill improvement on the MED-
LINE searching question [14-17].

Article selection. In addition to asking the right
question and performing a good search, students and
residents should be able to select the best literature to
answer a clinical question. Only two studies reported
a measurement of article selection, and results were
mixed. In one study, students reported selected
articles, and a score was assigned to the highest
quality article in the set [22]. Quality was determined
by physician experts, based on a predetermined
hierarchy. Students conducted a search on one of
two predetermined clinical scenarios, then submitted
their search strategies and selected articles. The group
assigned to clinical scenario one improved their
selection significantly following training. The group
assigned to scenario two showed no improvement,
but the pretest article selection was already high. The
authors concluded that the second question was too
easy, making it difficult to improve from the high
baseline. The second study showed a statistically
significant improvement in students’ abilities to
identify high-quality articles (defined in this study
as randomized controlled trials and meta-analyses)
from the full set of articles retrieved [23]. This study
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also revealed a significant positive correlation be-
tween MEDLINE searching scores and article selec-
tion quality. A third study included two elements
related to article selection on the search performance
checklist but did not report the findings of those
elements in the study results [24].

Durability of searching skills

Five studies examined the retention of searching skills
over time. Results from the follow-up studies were
mixed, with some showing retention of skills over
time and others showing a clear decay. In one study,
residents were tested on their EBM skills either six or
nine months after the intervention [19]. Both groups
maintained their scores, indicating that learning was
durable over time.

One study was designed to measure students’ skill
retention from the first to the fourth year of medical
school [7]. Students received training on MEDLINE
searching early in their first year and completed a
series of three graded assignments throughout their
first year of medical school. In a clerkship rotation in
their fourth year, students again completed a similar
graded search assignment. Comparisons of search
skills and article retrieval were made between the
scores at the two test points. The study found that the
mean search strategy score increased from year one to
year four; however, the difference was not statistically
significant. There was a significant difference between
the year one and year four search output. Unfortu-
nately, the scores for the fourth year were lower than
those for the first year. So although students retained
their searching skills over time, their ability to retrieve
the best articles diminished.

Two studies used the Fresno test to measure skill
retention over time. One study was designed to
measure skills immediately following and one year
post-intervention [12]. During the post-intervention
year, students practiced their EBM skills during each
clinical rotation and received feedback from instruc-
tors. The mean scores increased significantly from
pre- to post-intervention, then increased significantly
again from immediately post-intervention to one year
post-intervention. Students not only maintained their
learning, but improved their skills during the year
with practice and feedback.

The other Fresno test study measured decay over
time indirectly [16]. Students were divided into five
groups. Each group participated in an EBM training
course, one group a month for five consecutive
months. A pretest was administered before the first
group training session and a posttest after all groups
had completed the training. Depending on the group
assignment, the gap between the end of the training
and the posttest ranged from zero to five months.
Although all groups scored significantly higher on the
posttest than on the pretest, the group tested closest to
the end of their training scored highest and the
groups trained earlier scored lowest. Because the
pretest scores were all similar, indicating a consistent
baseline, and all groups were taught by the same
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instructor, the authors attributed the difference in
mean score to decaying skills over time.

In another study with a similar design, residents
were given a pretest, a posttest, and a third test at the
end of the academic year [24]. Because the interven-
tion was offered to different groups throughout the
year, the follow-up test was anywhere from one to
eleven months post-intervention. Residents scored
significantly higher on both the posttests and follow-
up tests, compared to the pretests. However, the
follow-up results were significantly lower than the
posttest scores in some areas. It would appear that at
least some skills decayed after the intervention,
though they did not return to the pre-intervention
level. One notable issue with the study is that the
individual group means were not reported; only an
overall follow-up mean was provided. It would have
been interesting if the authors had plotted the means
over time to see if a pattern of skill decay emerged.

Resource usage

Three studies reported the impact of the intervention
on actual database usage. One study logged click-
throughs from the electronic medical record system
to determine how often students were accessing
electronic resources to make evidence-based notes in
the patient chart [27]. The use of electronic resources
increased significantly, from an average of 0.12 click-
throughs per week to 0.66 click-throughs per week.
Also, prior to the intervention, only 13% of the click-
throughs were to critically appraised resources.
Following the intervention the percentage increased
to 59%. In another study, Ovid search logs were
examined to determine how many searches were
conducted by students in intervention and control
groups over the course of a 6-week clerkship [23].
Logs revealed that students participating in an online
EBM course conducted an average of 12.4 MEDLINE
and 1.6 Cochrane searches during the clerkship,
compared to 2.6 MEDLINE and 0.2 Cochrane
searches in the control group. The differences in
searching rates of both databases were statistically
significant.

The third study measured how often residents
would use electronic resources to answer questions
on an exam of clinical vignettes [18]. The intervention
group participated in formalized EBM training
sessions during an elective month, while the control
group received no formalized EBM training. Resi-
dents were given an exam with fifteen clinical
questions and asked to complete the exam without
accessing any resources. Then, they were asked to
retake the exam, but the second time, they were
allowed to consult online resources. Logging soft-
ware was used to capture how often the residents
accessed various online resources. When allowed to
access resources, both the intervention and control
group consulted online resources with similar fre-
quency (mean of sixteen times for the intervention
group and seventeen times for the control group).
The intervention group chose evidence-based
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resources significantly more often than the control
group. However, both groups improved their scores
from the first test (without access to resources), and
the final scores of the intervention and control group
were not significantly different, implying that the
residents performed better after consulting online
resources, regardless of the types of resources
accessed.

Patient notes

One study examined the content of patient intake notes
in an electronic medical records system to measure
whether an EBM workshop would alter students’
behavior [27]. In the inpatient portion of an internal
medicine clerkship, students wrote history and phys-
ical notes for two to three patients per week. All
student write-ups were expected to include references
to the literature. Notes were evaluated before and after
a mandatory EBM resources tutorial to measure impact
on the quantity and quality of references included in
the notes. No significant differences were found in the
number of citations included in the notes pre- and post-
intervention. Post-intervention notes showed an in-
crease in citations to evidence-based resources, but the
increase was not statistically significant. Although the
quantity of citations did not increase, the quality of the
notes improved. Students were better able to incorpo-
rate the evidence into their notes about the patients’
problems.

CONCLUSIONS

All of the studies in this review reported a significant
increase in at least one measure of literature searching
skills, regardless of the type of intervention provided.
However, the differences between the studies make it
difficult to draw meaningful conclusions or generalize
the findings to other groups and populations. The
studies varied considerably in study design, subjects,
settings, timing, interventions, and measurements.
The lack of articles demonstrating little or no
improvement in skills after intervention may be
attributable to the fact that studies with negative
results are unlikely to be documented for publication.
Most of the studies that measured learning of
literature searching skills tested students soon after
the intervention, when retention would be highest.
The few reported studies that measured the durability
of literature searching skills learning over time
reported less favorable results, and none of the
studies had rigorous experimental design. The need
to design literature searching skills interventions that
demonstrate durable learning presents an opportuni-
ty for future research. Other research opportunities
include the measurements of literature searching
and use in physician practice, especially outside of
academic medicine and the impact of literature
searching and use on patient care outcomes.
Literature searching skills instruction appears to
be moving away from stand-alone workshops that
focus on specific MEDLINE interfaces and toward
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curriculum-integrated instruction that ties literature
searching to evidence-based practice. The elements
measured by the Fresno test reinforce the idea that
literature searching is an important and integral part
of a self-directed learning process that ultimately
leads to better answers to clinical questions. A recent
review of evidence-based practice instructional mod-
els and adult learning theories resulted in a proposed
hierarchy of evidence-based teaching and learning
[28]. Based on the findings of that review, the most
effective EBM courses would be interactive and
clinically integrated. If librarians want to be part of
this type of instruction, we need to redouble our
efforts to become embedded members of the clinical
team to ensure that the use of information resources is
a seamless part of providing clinical care.
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