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Objective.— Despite the proliferation of electronic information retrieval (IR) sys-
tems for physicians, their effectiveness has not been well assessed. The purpose
of this review is to provide a conceptual framework and to apply the results of pre-
vious studies to this framework.

Data Sources.— All sources of medical informatics and information science lit-
erature, including MEDLINE, along with bibliographies of textbooks in these areas,
were searched from 1966 to January 1998.

Study Selection.— All articles presenting either classifications of evaluation
studies or their results, with an emphasis on those studying use by physicians.

Data Extraction.— A framework for evaluation was developed, consisting of fre-
quency of use, purpose of use, user satisfaction, searching utility, search failure,
and outcomes. All studies were then assessed based on the framework.

Data Synthesis.— Due to the heterogeneity and simplistic study designs, no
meta-analysis of studies could be done. General conclusions were drawn from data
where appropriate. A total of 47 articles were found to include an evaluation com-
ponent and were used to develop the framework. Of these, 21 articles met the in-
clusion criteria for 1 or more of the categories in the framework. Most use of IR sys-
tems by physicians still occurs with bibliographic rather than full-text databases.
Overall use of IR systems occurs just 0.3 to 9 times per physician per month,
whereas physicians have 2 unanswered questions for every 3 patients.

Conclusions.— Studies comparing IR systems with different searching features
have not shown that advanced searching methods are significantly more effective
than simple text word methods. Most searches retrieve only one fourth to one half
of the relevant articles on a given topic and, once retrieved, little is known about how
these articles are interpreted or applied. These studies imply that further research
and development are needed to improve system utility and performance.
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THE USE OF computerized informa-
tionretrieval (IR)systemsbyphysicians

has been increasingly advocated for en-
hancing the quality of patient care,1 pro-
viding better use of evidence,2,3 and al-
lowing generalist physicians to keep up
with health information.4 A growing
numberofproductsareavailableatmod-
est cost on computer networks (includ-
ing the Internet) and CD-ROM. Despite
the easy availability of these products, it
is not clear how well physicians use
them, whether they are cost-effective,
or how often they lead to better clinical

decisions. The goals of this article are to
examine studies of the clinical use of
these products by developing a frame-
workforevaluationandtodescribeprior
studies and their limitations.

METHODS
The data sources for this review were

obtained in January 1998 by searching
back to 1966. Citations came from the
medical informatics and information sci-
ence literatures via the MEDLINE and
Library and Information Science (LISA,
RR Bowker, New Providence, NJ) data-
bases.Allsearchingandanalysiswereper-
formed by the first author (W.R.H.).
MEDLINEwassearchedusingtheMedi-
cal Subject Headings (MeSH) terms in-
formation storage and retrieval, infor-
mation systems, and evaluation studies
(exploded to include more specific terms).
In addition, bibliographies of textbooks
and conference proceedings not indexed
in MEDLINE and LISA were searched
byhand.Articleswereselectedif theypre-
sented either classifications of IR evalu-
ation studies or results that assessed the
use of systems by physicians or medical
students.Aframeworkforevaluationwas
then developed by starting with previ-
ously described theoretical models.5,6 The
framework was subsequently modified on
the basis of the classification of articles re-
trieved for this study. After the new
framework was developed, the retrieved
studies were assessed based on whether
they satisfied methodologic criteria de-
fined by the classification.

The framework for IR system evalu-
ation was composed of 6 criteria, which
are covered in the 6 parts of the “Re-
sults” section:
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1. Frequency of use. Measurement of
IR system access by the users to whom
it is made available.

2. Purpose of use. The clinical ques-
tions posed to IR systems.

3. User satisfaction. Measured by in-
struments such as questionnaires.

4. Searching utility. The effective-
ness of IR systems for searching.

5. Search failure. The retrospective
determination of the problems that led
to the system not performing as antici-
pated (known as failure analysis).

6. Outcomes.Measurementofwhether
the IR system leads to some type of im-
provedhealthcaredeliveryoutcome,such
as better quality or cost-effectiveness.

The initial literature searching fo-
cused on finding articles that were on
the topic of information or library
retrieval systems in medicine. Of the
619 articles assessed for possible inclu-
sion,only47werefoundtohaveanevalu-
ationcomponent(completereference list
available from authors on request).
These articles were then used to develop
the above framework. When the frame-
work was completed, each article was
assigned to 1 or more of the criteria cat-
egories above, and each was assessed to
determine whether the methodology
was sufficient to warrant generalizable
conclusions. Articles were excluded if
studies assessed completely outdated
technology (eg, studies from the 1960s
assessing MEDLINE by queries mailed
to a regional library) or used inadequate

methodology (eg, extremely small
samples of users or queries, exclusive
reliance on retrospective questionnaire
data, or study designs yielding dubious
causal relationships). Of the 47 articles
with an evaluation component, 21 met
the inclusion criteria of 1 or more of the
6 evaluation factors.1,7-26

RESULTS
Frequency of Use

Certainly a valuable measure of a
technology such as IR is whether a sys-
tem is actually used by its intended au-
dience. While several studies have mea-
sured use by questionnaire,27-29 these are
potentially subject to recall bias. Hence,
this section focuses on studies in which
use was directly tracked by the com-
puter system. Six long-term evaluation
studieshavemeasureduse inclinicalset-
tings by direct monitoring, as follows:

1. Horowitz et al7 made the Paper-
Chase system (Beth Israel Hospital,
Boston, Mass) available on terminals
available throughout the hospital and
clinics at Beth Israel Hospital.

2. Collen and Flagle8 provided
MEDIS (no longer available), a system
featuring access to MEDLINE refer-
ences as well as the full text of several
journal titles and textbooks at 7 hospi-
tals nationwide, with a mix of academic
and community settings.

3. Markert et al9 made MEDIS avail-
able to students and faculty at 6 hospital

sites and via modem from home at
Wright State University, Dayton, Ohio.

4. Haynes et al10 observed the use of
Grateful Med (National Library of Medi-
cine [NLM], Bethesda, Md) in 5 sites at
McMaster University Medical Centre
(Hamilton, Ontario): the emergency de-
partment, intensive care unit, ambula-
toryclinic,and2inpatienthospitalwards.

5. Abate et al11 performed a random-
ized comparative trial making BRS (now
Ovid, Ovid Technologies, New York, NY)
or Dialog (Dialog, Palo Alto, Calif) avail-
able in 3 office-based practices, a clinical
pharmacy group, and a university-based
familymedicinepracticeinWestVirginia.

6. Hersh and Hickam12 assessed a
multiapplicationworkstation intheGen-
eral Medicine Clinic at Oregon Health
Sciences University, featuring access to
Knowledge Finder (KF, Aries Systems,
North Andover, Mass), MEDLINE,
Stat!-Ref electronic textbooks (Teton
Data Systems, Jackson, Wyo), the Year-
book Series (CMC Research, Portland,
Ore), and the decision support system
Quick Medical Reference (QMR, First
Databank, San Francisco, Calif).

The results of physician use in these
studies are summarized in Table 1. While
the different study situations (ie, differ-
entdatabases,clinicalenvironments,spe-
cialties, and period of observation) make
direct comparison difficult, overall use of
systems is small. This is particularly true
since other studies have shown that phy-
sicians have an unmet information need
for 2 of every 3 patients seen,30,31 and that
about half of these needs can be met by
searching MEDLINE.32 The studies
summarized in Table 1 show that medical
IR systems are consulted during clinical
care only a few times a month or less.
While an IR system is not needed to an-
swer every clinical question that arises,
clearly these systems are not playing a
major role in meeting overall physician
information needs.

Thesestudiesalsoaddresswhetherda-
tabases other than MEDLINE might en-
hance use of IR systems. The study by
Abate et al11 offered access to all 100 to
200databasesontheBRSandDialogsys-
tems, yet MEDLINE was used 53% to
71% of the time, followed by the biblio-
graphic database EMBASE (14%) and
thefull-textjournalsonBRS(11%).Like-
wise, Hersh and Hickam12 found that
MEDLINE was used substantially more
frequently (68%) than electronic text-
books (19%), QMR (6%), or the Yearbook
Series (2%). Thus, bibliographic data-
bases,especiallyMEDLINE,arestill the
flagship IR applications in health care.

Purpose of Use
Three articles met the inclusion crite-

ria for purpose of use evaluation fac-

Table 1.—Comparison of Studies of Measured Use of Information Retrieval Systems in Clinical Settings

Study
(Retrieval System Assessed)

No. of
Users

Length of
Observation, mo

Use per
Person-Month

Horowitz et al7

(MEDLINE via PaperChase)
3654 36 0.3*

Collen and Flagle8

(MEDLINE and full-text journals via MEDIS)
508 4 6.1*

Markert et al9

(MEDLINE and full-text journals via MEDIS)
187 11 7.2*

Students 75 9.0

Residents 22 .8

Full-time faculty 46 6.7

Volunteer faculty 44 5.0

Haynes et al10

(MEDLINE via Grateful Med)
158 8 2.7

Students 30 3.2

Interns 22 3.0

Residents 45 2.6

Fellows 14 1.5

Attending staff 47 0.9

Abate et al11

(BRS and Dialog)
43 19 0.7

Hersh and Hickam12

(MEDLINE via Knowledge Finder,
textbooks, QMR, and Yearbook Series)

31 10 1.2

Interns 8 0.6

Junior residents 9 1.2

Senior residents 8 1.3

Attending staff 6 2.1

*Use per person-month from these studies was estimated from data reported in the articles.
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tor.9,10,12 Ofthestudiesthatmeasureduse
in clinical settings, Haynes et al10 and
Hersh and Hickam12 attempted to clas-
sify users’ statements of information
need. Both studies found questions of
therapy to be most frequent (26%-41%)
followed by overview or review (12%-
23%). Markert et al9 and Haynes et al10

also asked users their reason for search-
ing. The former found that medical
students were most likely to search for
patient care (87%), whereas full-time
faculty searched most frequently for re-
search and/or scholarly writing (72%)
and volunteer faculty searched most of-
ten for conference or other presenta-
tions (64%). Haynes et al10 reported that
56% of searches were done for patient
care, with the rest distributed among
rounds (8%), research (7%), teaching
(1%), and miscellaneous or unstated rea-
sons (28%).

User Satisfaction
Another method of evaluating the im-

pact of an IR system is to measure user
satisfaction. Six articles met the inclu-
sion criteria for user satisfaction.7-12 In 3
of the 6 studies that measured use fre-
quency, user satisfaction was reported to
be high. For example, Collen and Flagle8

found that 75% of users planned to con-
tinue using the system after its initial pi-
lot implementation. Likewise, the clini-
cians studied by Haynes et al10 responded
in general that the MEDLINE system
was convenient and easy to use, that
searching was not time-consuming, and
that it was preferable to other informa-
tion sources. In addition, Hersh and
Hickam12 found that the multiapplica-
tion system was easy and quick to use.
They also found that users felt more com-
fortable using MEDLINE and im-
proved their skills in finding relevant
articles during the study.

Other studies, however, provided
data counter to the high degree of user
satisfaction reported in the studies de-
scribed above. It can be seen in Table 1
that system use tended to correlate in-
versely with length of the study. While
this could be an artifact of the discordant
study designs, it may also represent a
novelty effect, in that system use may
fall off when the excitement of a new
technologyfades.Thedeclineofuseover
time has been noted elsewhere; Mar-
shall13 followed up a group of “early
adopters” of Grateful Med, revisiting
them after 3 years. She found that one-
third had given up searching, with the
most frequent reasons cited including
system too difficult to use (24%), content
poor or inappropriate (21%), system too
slow (17%), and user too busy to search
(14%). Another insight into the value of
online searching was the observation by

Haynes et al14 that searching decreased
by two thirds when user fees were
added. While MEDLINE is now freely
available and universally accessible on
theInternet,monetaryvalue iscertainly
one method of assessing value of an IR
system, and these results suggest that
satisfaction may have been more modest
than the self-reported questionnaire
data from the studies in Table 1.

Searching Utility
Although the use frequency and sat-

isfaction of users is important, it is also
beneficial to understand how effectively
users search with IR systems. A total of
10 studies met the inclusion criteria for
searchingutility.10,12,15-22 Twoapproaches
to assess effectiveness of searchers and
their searching have been used. Prob-
ably the most clinically pertinent of
these measures is whether systems can
actuallyhelpcliniciansanswerquestions
concerning patient care. Another ap-
proach has been to assess the quantity of
articles retrieved that are relevant to
the search topic.

Answering Clinical Questions.—As-
sessing how well medical users answer
clinical questions with IR systems was
firstperformedbyWildemuthetal,15 who
assessed factors associated with search-
ing success by medical students in factual
databases. They found that the number
of relevant items retrieved, term overlap
(ie, students selecting terms overlapping
with those known to lead to retrieval of
records containing the answer), and effi-
ciency (as measured by time) had a posi-
tive correlation with successful answer-
ing of questions, while personal domain
(preexisting) knowledge did not.

Hersh et al16 implemented a question-
answer approach to compare 2 different
MEDLINE systems that represent the
ends of the spectrum in terms of using
Boolean searching on human-indexed
thesaurus terms (Ovid) vs “natural lan-
guage” searching on words in the title,
abstract, and indexing terms (KF). Medi-
cal students were recruited and random-
ized to 1 of the 2 systems and given 3 clini-
calquestionsfromacollectionofcritically
appraised topics to answer. The students
were able to use each system success-
fully, with no significant differences in
questions correctly answered. On these
yes-no questions, students were able to
answer about 85% of questions using ei-
thersystem,withmostincorrectanswers
concentrated among a few difficult ques-
tions. There was also no difference be-
tween systems in time taken to answer
the question, number of relevant articles
retrieved, or user satisfaction between
the systems. Another insight from this
study was that the time taken to answer
questions using MEDLINE averaged

close to 30 minutes, demonstrating the
impracticality of its routine use in the
busy clinical setting.

Retrieval of Relevant Articles.—The
most frequently used measures to as-
sess the effectiveness of searchers and
their searching have been recall and pre-
cision. These measures estimate the
quantity of relevant articles retrieved,
althoughthismaynotalwaysbethemost
important aspect of a search done for
clinical care. Clinicians may instead be
interested in how effectively searches
answer clinical questions. Nonetheless,
these measures have been used exten-
sively, and many large IR evaluation
studies have used them.

For a query, recall is the proportion of
relevant documents retrieved from the
databasecalculatedasthenumberofrel-
evant documents retrieved in the search
divided by the total number of relevant
documents in the entire database.

One problem with the measure of re-
call is that the denominator implies that
the total number of relevant documents
for a query is known, which is impossible
for large databases. In this situation, a
measurethatapproximatesrecall, called
relative recall, is used. This measure
uses in the denominator the total num-
ber of unique relevant documents re-
trieved in 3 or more different searches
on the same topic.33

Precision is the proportion of all re-
trieved documents that are relevant cal-
culated by the number of relevant docu-
ments retrieved in the search divided by
the number of documents retrieved.

Relevance-Based Measures in Biblio-
graphic Systems.—With the advent of
manyapproachestoaccessingMEDLINE
and promises about their capability and
ease of use, Haynes et al17 undertook a
study comparing the performance and
time required of 14 different front ends to
theMEDLINEdatabaseavailable in1986
for 6 clinical topics. They used the same
query formulation for each system and
found that most systems yielded the same
quantity of relevant articles, although
there were substantial differences in cost,
online time required, and ease of use. This
study was repeated with 27 MEDLINE
products available in 1994, including on-
line and CD-ROM systems.18 The repeat
study showed more substantial variation
than the original study in the numbers of
relevant (between 0.8-6.4 per search) and
nonrelevant (between 1.1-9.0 per search)
articles retrieved. As the queries en-
tered into each system and the underly-
ing MEDLINE database were identical,
themarkeddifferencesappearedtobedue
to the divergent features of each system.
Forexample,somesystemssearchagainst
the entire MEDLINE record with words
from MeSH terms in the user’s query,
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whileothers limitthemselvestotheMeSH
headings themselves.

Otherevaluationstudieshavefocused
on comparing the searching perfor-
mance of 2 user groups: inexperienced
end users who are knowledgeable about
the subject domain vs medical librarians
or experienced clinician users who are
skilled in the advanced features of IR
systems. The first comparison of these
groups was performed by Haynes et al.10

Inthisstudy,78searcheswererandomly
chosen for replication by both a clinician
experienced in searching and a medical
librarian. During this study, each origi-
nal (“novice”) user had been required to
enter a brief statement of information
need before entering the search pro-
gram. This statement was given to the
experienced clinician and librarian for
searching on MEDLINE. All of the re-
trievals for each search were given to a
subject domain expert who was blinded
astowhichsearcherretrievedwhichref-
erence. Recall and precision were calcu-
lated for each query and averaged. The
results showed that experienced clini-
cians and librarians achieved compa-
rable recall (48%-49%), although the li-
brarians had significantly better preci-
sion (58% vs 49%). The novice clinician
searchers had lower recall (27%) and
precision (38%) than either of the other
groups. This study also found, however,
that the novice searchers were satisfied
with their search outcomes. A follow-up
study showed that with minimal train-
ing, physicians could improve their per-
formance to the level of experienced
searchersbytheir fourthonlinesearch.19

Providing them with a specially trained
clinical preceptor did not improve their
searching; physicians without such
training improved equally as well after
the fourth search.

Hersh and Hickam12 also carried out a
comparison of recall and precision in cli-
nicians and librarians. Novice searchers
were also provided with access to
MEDLINE via KF, which does not use
Boolean (AND and OR) operators, opt-
ing instead for natural language searches.
The latter allow the user to enter free text
and retrieve articles based on the over-
lap of words in the search statement and

article. Hersh and Hickam12 also com-
pared the performance of the experi-
encedsearchersusingthefullMEDLINE
feature set vs just using text words from
the title, abstract, and MeSH heading
fields. As with Haynes et al,10 state-
ments of information need were col-
lected online and given to experienced
searchers for replication. Likewise, rel-
evance was assessed by clinicians blinded
to the searcher.

Oneproblemforthisstudywasthatcon-
ventional Boolean systems tend to re-
trieve smaller document sets, but natu-
ral language systems such as KF retrieve
a large set and rank the output by “rel-
evance” (as measured by frequency of
query words in the citation). This makes
direct comparison of recall and precision
between Boolean and natural language
systems difficult. As seen in Table 2, the
noviceclinicianswereabletoachievemuch
higherrecall thananyoftheexpertsearch-
ers, although they paid a price in preci-
sion(andmost likelywereunwillingtolook
at all 100 references on the retrieval list
anyway). To compare the novice search-
ers with retrieval of comparable num-
bers of references retrieved by the expe-
rienced searchers, a second set of recall
and precision values were calculated with
KF’s default retrieval lowered to 15, the
average size of Boolean retrieval sets. At
this level of output, recall and precision
were comparable to all groups of expert
searchers, with no statistically signifi-
cant differences. This study, like the one
of Haynes et al10 before it, attempted to
assess whether articles rated as relevant
were actually able to answer the clinical
question that prompted the search, but
poor user response precluded a reliable
analysis of the data.

Hersh and Hickam12 also found that
there was no benefit of advanced
MEDLINE searching features (eg, ex-
plosions, subheadings) for experienced
clinician or librarian searchers, as each
achieved comparable recall and preci-
sion using individual word searching
with Boolean operators. This latter
searching method included searching on
the words in the title, abstract, and
MeSH terms, indicating that MeSH
terms themselves are beneficial but fea-

tures using them, such as explosions and
subheadings, are not universally so.

Relevance-Based Measures in Full-
Text Systems.—Full-text searching sys-
tems are less well studied. McKinin et al20

compared searching in 2 collections of full-
text journals (MEDIS and the Compre-
hensive Core Medical Library [CCML],
the latter from BRS) and MEDLlNE.
They took 89 search requests from a uni-
versity medical library and performed
them on each of the 3 systems. Only docu-
mentspresent inall3databaseswereused
for recall and precision calculations. Their
results showed that full-text searching by
word-basedBooleanmethodsledtohigher
recall (76%-78% vs 41%-42%) at the ex-
pense of lower precision (37% vs 55%-
62%) when compared with abstract (ie,
MEDLINE) searching.

HershandHickam21 assessedfull-text
searching of an online medical textbook,
comparing the recall and precision of
medical students searching Scientific
American Medicine (Scientific Ameri-
can Inc, New York, NY) with 2 different
user interfaces. One interface featured
Boolean searching modeled on the
NLM’s Grateful Med system, while the
other used natural language searching
similar to what is available in KF. The
recall and precision results were virtu-
ally identical between the 2 systems.

As noted above, measuring the num-
ber of relevant documents yields insight
into how successfully systems are used,
but does not provide a complete picture.
This approach does not measure whether
the relevant articles retrieved actually
satisfied the user’s information need. Cli-
nicians typically do not need anywhere
near 100% recall but really only need
enough information to answer the ques-
tion that motivated use of the system. In
fact, it has not been determined what dif-
ference in recall or precision could be con-
strued as “clinically significant.” It has
also been found that there is consider-
able disagreement in blinded relevance
judgments.22

Search Failure
Another line of research has been to

determinewhysearchesdonotworkwell.
Four studies met the inclusion criteria for
this factor.20,23-25 Kirby and Miller23 as-
sessed end-user searching on BRS Col-
league at the Medical College of Penn-
sylvania in Philadelphia. Library users
who performed their own searches were
offered a free search on the same topic
by an intermediary. Users deemed the
searches “successful” (39%) or “incom-
plete” (61%). There were no differences
between the 2 categories of searches in
terms of time spent or system features
used. The successful searches tended to
have a simple search statement of 2 to 3

Table 2.—Comparison of Novice and Expert Searchers*

Group
Mean No. of

Articles Retrieved

Definitely Relevant
Only, %

Definitely/Possibly
Relevant, %

Recall Precision Recall Precision

Clinic physicians using KF 88.8 68.2 14.7 72.5 30.8

Clinic physicians, KF top 15 14.6 31.2 24.8 25.5 43.8

Librarians, full MEDLINE 18.0 37.1 36.1 30.8 59.4

Librarians, text words only 17.0 31.5 31.9 27.0 50.3

Physicians, full MEDLINE 10.9 26.6 34.9 19.8 55.2

Physicians, text words only 14.8 30.6 31.4 24.1 48.4

*Data from Hersh and Hickam.12 KF indicates Knowledge Finder.
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concepts. Incomplete searches were
mostly due to problems of “search strat-
egy,” such as failure to use MeSH terms
(eg, using the text word hypertension and
retrieving articles that used it in a differ-
ent context, such as portal hypertension)
or tospecifyalternativeapproachesto for-
mulating the question (eg, not trying new
strategies when an initial one was not suc-
cessful).

Many studies have focused on NLM’s
Grateful Med, which is designed for end
users. A large study of Grateful Med us-
ers at the NLM focused on searches re-
trieving no articles (“no postings”).24

This was found to occur with 27% to 37%
of Grateful Med searches. Fifty-one per-
cent of such searches used excessive
ANDs, in that no documents contained
all of the search terms selected by the
searcher. Other reasons for empty sets
included inappropriate entering of au-
thor names (15%), term misspellings
(13%), punctuation or truncation errors
(11%), and failed title searches (6%). The
investigators did not assess how many
no postings occurred due to nothing on
the topic being present. Other errors
made included the following:

1. Inappropriate use of specialty
headings (eg, using the term pediatrics
to search for children’s diseases when it
is intended to represent the medical spe-
cialty).

2. Incorrect use of subheadings (eg,
use of management, which refers more
to the business sense of the word, in-
stead of therapy).

3. Not using related terms, either in
the form of text words (eg, adding a term
like cerebr: or encephal: to the MeSH
heading brain) or MeSH terms (eg, add-
ing terms like bites and stings or dust to
allergens).

Walker et al25 evaluated 172 “unpro-
ductive” Grateful Med searches at
McMaster University in 1987 and 1988,
dividing problems into the categories of
search formulation (48%), the Grateful
Med software itself (41%), and search
failure (11%). While half of search for-
mulation problems were due to no ma-
terial occurring on the topic, the most
common errors were found to be use of
low-frequency terms, using general
terms instead of subheadings, and ex-
cessive use of AND. Problems specific to
GratefulMedincludedinappropriateuse
of the title line (eg, unwittingly typing a
term on the title line, thus limiting re-
trieval to all articles with that term in
the title) and the software’s automatic
combination of words on the subject
line(s) with OR, so that the phrase in-
flammatory bowel disease was searched
as inflammatory OR bowel OR disease.

Not all failure analyses have looked at
bibliographic databases. In their study of

full-textretrievalperformancedescribed
above, McKinin et al20 also assessed the
reasons for full-text retrieval failures.
About two thirds of the problems were
due to search strategy, in that the con-
cepts from the search were not explicitly
presentinthedocumentoranexcessively
restrictivesearchoperatorwasused.The
remaining third were due to natural lan-
guage problems, such as word variants,
more general terms, synonyms, or acro-
nyms used in the documents.

These analyses of failure show that us-
ers make frequent errors while searching
these systems. Among the approaches to
help avoid them include the improved
MeSH look-up capability now present in
most systems as well as more focused ef-
forts like the COACH system built into
the NLM’s Internet Grateful Med, which
detects the kinds of errors discovered by
the NLM analysis described above.24

Outcomes
TheultimatemeasureofanIRsystem’s

success, likethesuccessofanyothermedi-
cal intervention, should be its impact on
care, such as improved patient outcome
or reduced cost, usually via a randomized
controlled trial (RCT). Since IR systems
are used on an infrequent basis and for
heterogeneous purposes, conducting an
RCT would be quite difficult. There have
been RCTs of other computer systems,
namely decision support (or expert) sys-
tems, which tend to provide information
and/or advice on specific events, such as
the diagnosis of abdominal pain, remind-
ers to order specific preventive interven-
tions, or the proper prescription of anti-
biotics.34 It is much more difficult, on the
other hand, to devise patient or cost out-
come measures for an IR system that
might be used for all of the above situa-
tions and more. If RCTs are to be done
with IR systems, they will need to be per-
formed with focused databases and user
questions.

Three studies have assessed whether
use of libraries or IR systems led to
changes in patient care decisions.1,10,26

Veenstra26 found that a medical librar-
ian added to the teaching services staff
at Hartford Hospital in Connecticut was
able to find information that affected pa-
tientcare40%to59%ofthetime.Intheir
study of Grateful Med introduced in
clinical settings, Haynes et al10 found
that clinicians reported use changed the
course of patient care 47% of the time.
One of the most comprehensive assess-
ments of the impact of MEDLINE used
the “critical incident technique,” in
which users were prompted to recall a
recent search that was effective or not.1
The analysis of this survey focused on
the 86% of searches that were deemed
effective by a sample of 552 end-user

physicians, scientists, and others. The
most common impact of the information
obtained was to develop an appropriate
treatment plan (45%), followed by rec-
ognizing or diagnosing a medical prob-
lem or condition (22%), implementing a
treatment plan (14%), and maintaining
an effective patient-physician relation-
ship (10%). These studies imply that IR
systems are useful but that the magni-
tude of their benefit is unknown.

COMMENT
This review has developed a frame-

work and described studies that have as-
sessed the performance of clinical IR sys-
tems. Even with the limitations of the
studies, it can be seen that IR systems
have had a modest but important impact
in the health care domain, but that there
are many unanswered questions about
howwelltheyareused.Clearlysomegen-
eralizations can be made. For example,
current IR systems have had limited use
in direct patient care settings, and they
are used to meet only a tiny fraction of
clinicians’ information needs.30,31,35 This
does not mean the systems are not valu-
able when they are used, but it does chal-
lenge developers to implement systems
that have more clinically pertinent infor-
mation and are easier to use. It is cer-
tainly possible that changing technolo-
gies may increase the use of IR systems,
but this has not yet been documented.

While clinicians tend to use nonjournal
literature sources (such as textbooks) to
answerthemajorityoftheirclinicalques-
tions,31,35 most IR system use still occurs
with bibliographic databases aiming to
identify articles in journals. Whether
computer-basedinformationsystemsare
more amenable to bibliographic informa-
tion or, rather, that adequate nonjournal
sources have yet to be developed is not
clear. One problem with current ap-
proachestobibliographicsearchingisthe
time required to search for articles, find
them, and appraise their content. At an
averageof30minutesperquestion,using
the journal literature on a routine basis is
impractical formostclinicalquestions,es-
pecially at the point of care.

Mostbutnotall studieshaveshownthat
various system factors, such as type of in-
dexingoruserinterface,donotmakemuch
difference. While many systems and their
features have their advocates, most stud-
ies show that physicians can find informa-
tion to meet their needs with basic index-
ing and user interfaces. It is also clear that
no matter how skilled or with what type
ofdatabase,searchersareunlikelytocome
closetoretrievingallof thepotentiallyrel-
evant material on a given topic.

Finally, while health care IR systems
are widely distributed and commercially
successful, the magnitude of their impact
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on health care professionals and patient
carehasnotbeenwellquantified.While it
is not necessary to prove benefit to advo-
cate their use (no one argues that text-
books should not be used because their

benefit is unproven), there is a need for
further research examining the content
and delivery methods of IR systems. De-
spite the limitations in existing medical
IR systems, their use is likely to continue

to grow, and the technology will continue
to evolve. The evaluation framework and
results presented in this article show,
however, that continued assessment of
use and performance are warranted.
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