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A b s t r a c t Objectives: Study comparatively (1) concept-based search, using documents pre-indexed by a
conceptual hierarchy; (2) context-sensitive search, using structured, labeled documents; and (3) traditional full-text
search. Hypotheses were: (1) more contexts lead to better retrieval accuracy; and (2) adding concept-based search
to the other searches would improve upon their baseline performances.

Design: Use our Vaidurya architecture, for search and retrieval evaluation, of structured documents classified by a
conceptual hierarchy, on a clinical guidelines test collection.

Measurements: Precision computed at different levels of recall to assess the contribution of the retrieval methods.
Comparisons of precisions done with recall set at 0.5, using t-tests.

Results: Performance increased monotonically with the number of query context elements. Adding context-
sensitive elements, mean improvement was 11.1% at recall 0.5. With three contexts, mean query precision was 42%
6 17% (95% confidence interval [CI], 31% to 53%); with two contexts, 32% 6 13% (95% CI, 27% to 38%); and one
context, 20% 6 9% (95% CI, 15% to 24%). Adding context-based queries to full-text queries monotonically
improved precision beyond the 0.4 level of recall. Mean improvement was 4.5% at recall 0.5. Adding concept-
based search to full-text search improved precision to 19.4% at recall 0.5.

Conclusions: The study demonstrated usefulness of concept-based and context-sensitive queries for enhancing the
precision of retrieval from a digital library of semi-structured clinical guideline documents. Concept-based
searches outperformed free-text queries, especially when baseline precision was low. In general, the more
ontological elements used in the query, the greater the resulting precision.
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Introduction
Full-text search using a set of keywords is probably the best
known and most widely used search method, whether in
general-interest documents or in medically oriented ones.
The general idea behind the method involves searching
through the document group, looking for the keywords.
This is typically achieved by search engines in an efficient
manner, by constructing an index of keywords extracted
from the documents. The process of indexing documents
refers to a construction of an index in which the documents
are represented efficaciously, thus enabling an efficient
future search-and-retrieval operation.1 The previously cre-

ated indices are matched syntactically to the search words
when queries are performed. The main advantage of a
full-text search is the fast automated indexing process,
which extracts the words automatically from the documents,
thus requiring no human manual intervention. A general
disadvantage of the full-text search is the potentially poor
retrieval performance. In many cases, most of the full-text
search results are irrelevant or incomplete, since only a
statistical match is guaranteed. Not only is the quality of the
results poor, but also the number of results may be large.
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In specific domains in which a meta-thesaurus is available,
such as the medical one (UMLS),2 documents can be annotated
according to the domain concepts. This approach was adopted
also in more general document repositories, such as the Web,
in which a hierarchical conceptual structure is designed by
domain experts and documents are classified according to their
contents, along several concepts in the hierarchy. Exploiting
this hierarchical organization for search and retrieval purposes
is termed concept-based search.3,4

A major disadvantage of full-text search, which leads to
poor results and a high level of recall, is the potential
existence of one or more of the keywords in a document in
contexts other than the one the searcher had in mind. This
disadvantage can be ameliorated by querying for keywords
within specific parts of the document, by explicitly stating in
which context (e.g., the Introduction) they should be found,
an idea that has previously been exploited for improving the
precision of the retrieval of medical studies.5,6 Exploiting a
contextual representation of documents for search and re-
trieval purposes is termed context-sensitive search.

In our previous studies, we designed and implemented
Vaidurya,7 a concept-based and context-sensitive search en-
gine specialized for search and retrieval of documents, such
as clinical guidelines, that are represented in a hierarchically
organized library that also supports document structuring.
The original motivation for designing Vaidurya was to
provide a support for the process of effective search and
retrieval of clinical guidelines, in particular for the purpose of
application of one or more of the guidelines most relevant to
the patient at hand. Vaidurya is intended for use, for
example, by residents or general practitioners who are not
necessarily familiar with, or are not experts in, the use of all
potentially applicable guidelines. (See the discussion of the
DeGeL digital-guideline architecture8 later in this paper.)
However, the design and implementation of Vaidurya are
quite generic and have the potential of supporting any type
of document content, any classification hierarchy, and any
internal hierarchical structure.

Underlying an effective use of the Vaidurya search engine
are the following two assumptions: (1) the documents are
classified externally by multiple semantic indices, which
supports a concept-based search; (2) the documents are
structured internally by some (known) hierarchical ontol-
ogy, which supports a context-sensitive search. One (or
more) of the assumptions can be false, in which case the
Vaidurya engine uses only the available external or internal
ontology, or even falls back on standard full-text search.

In this study, we focus on the investigation of the two major
types of search, in addition to full-text search, which we
implemented within Vaidurya: (1) concept-based search,
which relies on the hierarchical classification, or pre-index-
ing, of the documents in a clinically meaningful fashion by
one or more of the concepts from the predefined “external”
ontology (essentially, a taxonomy of concepts); and (2)
context-sensitive search, which relies on the documents first
being semistructured by a human editor or automated
means, using a predefined “internal” ontology, such as the
one used to structure clinical guidelines for purposes of
automated application at the point of care; the search for
specific terms is then performed only within text that is

labeled by a semantically meaningful ontological tag speci-
fied by the user or suggested automatically during the
structuring phase (e.g., “eligibility conditions,” in the case of
clinical guidelines).

In the following paper, we start by surveying the relevant
literature, after which we introduce the Vaidurya search and
retrieval architecture. We then proceed to describe a set of
experiments we have performed, discuss their results, and,
based on these experiments, assess the contribution of
concept-based and context-sensitive search methods in ad-
dition to the traditional full-text retrieval approach.

Background
The original motivation for designing the Vaidurya search
engine was to support search within the Digital Electronic
GuidelinE Library (DeGeL),8 although Vaidurya is a generic
concept-based and context-sensitive search engine, in addi-
tion to having standard full-text search capabilities.

DeGeL8 consists of a distributed architecture and a set of
Web-based software tools for incremental conversion
(“markup”) of Clinical Practice Guidelines (CPGs) into a
representation in one or more CPG-specification formats
(the equivalent of an internal document ontology). The
output of the incremental structuring process is what we
term a hybrid representation of a CPG, which contains one
or more of the following three formats: Semi-structured
Text—text fragments assigned to the semantic knowledge-
roles of a top-level target CPG ontology, such as GEM,9

Asbru,10 or GLIF11 (e.g., the “Filter Condition” knowledge
role, a type of compulsory eligibility condition, in the case of
Asbru ontology); Semi-formal representation (which in-
cludes control information); and Formal representation
(which is fully executable). Only the Semi-structured Text
representation, which is exploited by the context-sensitive
search, is relevant to this study. (See further discussion of
the use of knowledge roles in Section II.B, which describes
context-sensitive search.)

The combination of a hierarchical indexing taxonomy and
an internal ontological structure made the DeGeL architec-
ture into an ideal platform for the implementation and initial
functional evaluation of the Vaidurya search engine. Indeed,
although the detailed evaluation described in this study was
not performed within the DeGeL architecture, it was carried
out within another repository of hierarchically organized,
internally structured CPGs, the National Guideline Reposi-
tory, as we describe in the Methods section.

Concept-based Search
Many digital libraries are indexed in a hierarchical structure;
examples include the well known Web portal Yahoo!†, using
its own hierarchical concepts structure, and the National
Guideline Clearinghouse (NGC‡) library, using hierarchical
conceptual structures, Disease/Condition and Treatment/Inter-
vention, based on Medical Subject Headings (MeSH)12 and
Unified Medical Language System (UMLS).2 NGC uses MeSH
produced by the U.S. National Library of Medicine (NLM) for
both hierarchies, along with other controlled vocabularies,
such as the International Classification of Diseases (ICD), incor-

†www.yahoo.com
‡www.ngc.com
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porated into NLM’s UMLS to classify disease concepts
related to NGC guidelines and the U.S. Health Care Financing
Administration (HCFA) Common Procedure Coding System and
ECRI’s Universal Medical Device Nomenclature System
(UMDNS), incorporated into NLM’s UMLS to classify treat-
ment/intervention concepts related to NGC guidelines.

These sites allow browsing through the concepts using the
hierarchical structure, starting from the root and ending at
the most specific concepts, located at the leaves. Such a
browsing method forces the user to navigate the conceptual
hierarchical structure. In these directories, searches can be
limited to a specific concept13,14 and its subconcept contents.
However, while in Web directories documents are classified
along one, two, or a small number of categories, in the
medical domain documents are often classified by a multi-
tude of concepts, often as many as a dozen or even tens of
concepts, a property which can be further exploited for
better retrieval.

In the medical domain, concept-based search refers to a text
retrieval approach where the document is mapped to con-
cepts based on its contents. Hersh’s SAPHIRE system3 uses
an approach in which concepts used for indexing are auto-
matically extracted from the document. Both documents and
queries are often mapped, in the case of documents within
biomedical domains into large vocabularies such as MeSH
or UMLS, which is one of the major resources offered by the
NLM. The concepts in these vocabularies are represented in
a hierarchical structure, at the top of which the concepts are
general, while their subconcepts are more detailed. How-
ever, users are not always familiar with the concepts in these
vocabularies, rendering it somewhat limited. (The user’s
query can also be mapped into a concept query, and matched
against all the indexed documents.) It has been previously
noted that the particular implementation of concept-based
search described above does not necessarily improve the
retrieval performance,3,4 compared to traditional text (word-
based) retrieval techniques. Other studies have tried to
exploit the UMLS meta-thesaurus to expand queries, thus
extracting the concepts from the query terms.4 The authors
found that query expansion degraded aggregate retrieval
performance, but some specific instances of synonyms and
hierarchy-based query expansion improved individual
query performance.

Context-sensitive Search
Purcell suggested representing the clinical literature using
contextual models.5,6 In her study, a group of domain
experts marked up the text within a set of clinical journal
articles using labels originating from a contextual model
specific to the clinical research literature.6 Purcell then
showed that an improvement in retrieval performance could
be achieved by using contextual search.

In our study, the CPG representation using any particular
target ontology is used as a contextual model, and a context-
sensitive search, inspired by Purcell’s approach, is first
specified by the user, and then performed by Vaidurya. For
example, the user might wish to search for the term “hyper-
tension” only within the filter condition knowledge role, in
the case of the Asbru CPG ontology, or within the target
population element, in the case of the NGC ontology, which
was used in this study.

The Vaidurya Search and Retrieval Model
Vaidurya offers a highly flexible query structure, in which
both very simple and highly sophisticated queries can be
built and applied. A query may contain specifications lim-
iting the search to a subgroup of documents that are indexed
by a conjunction or disjunction of one or more requested
semantic axes within the concept-based search method. The
query may include also ontology elements (contexts) from a
selected ontology (in the case that the document was struc-
tured by that ontology) in which certain terms should
appear within the context-sensitive search. These search
methods are offered in addition to the full-text search,
commonly used by search engines. In this section we very
briefly describe Vaidurya. (A more complete description
appears elsewhere.)15

To perform a concept-based search, Vaidurya enables the
user to optionally specify one or more concepts or subcon-
cepts that might potentially be indexing the relevant guide-
line(s), using two logical operators, one defining the relations
between the concepts appearing within the same semantic axis,
and one defining the relationship between concepts appear-
ing in different semantic axes. A concept-based search query is
thus a collection of concepts and logical relations between
them (conjunction or disjunction), explicitly specified by the
user. When a query is executed, all of the documents
classified by the specified concept and its descendent con-
cepts (subconcepts), exploiting the is-a relations within the
concept hierarchy, are retrieved. All of the documents re-
trieved using concepts that belong to the same semantic axis
are either unified or intersected, depending on the logical
relation specified by the user regarding concepts appearing
in the same semantic axis, into a set of documents retrieved
for the respective semantic axis. In our study, documents
indexed by concepts belonging to the same semantic axis were
always unified. (That is, all of the documents indexed by any
of the internal concepts within the same semantic axis were
retrieved for that axis.) Regardless of the logical operator
used to combine documents indexed by concepts appearing
within the same semantic axis, a set of documents is re-
trieved for that axis.

After retrieving several sets of documents, each indexed by
a semantic axis appearing in the query, the documents are
combined, based on the logical operator used to combine
sets of documents retrieved from different axes. In the case
of the conjunction (AND) operator, the document sets are
intersected; in the case of the disjunction (OR) operator, the
document sets are unified. In our evaluation, as we shall see,
we examined the effect of both options regarding the
method of combining documents retrieved from different
semantic axes.

To perform a context-sensitive search, Vaidurya assumes the
existence of an internal hierarchical structure of the docu-
ment (i.e., an ontology that defines an internal contextual
model). That is, it assumes that, whether manually or
automatically, segments of the text have been labeled by
elements from this internal hierarchical structure. The inter-
nal structure enables the user to query for keywords appear-
ing only in specific contexts (i.e., within segments of text
labeled only by the specified tag), thus potentially improv-
ing the search and retrieval accuracy.
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Free-text queries, referring either to the full-text or to spec-
ified context elements, are ranked using the traditional
approach in full-text information retrieval. In Vaidurya, each
free-text content element is indexed by the terms appearing
in that element content. Each text segment goes through a
“stopping” procedure, in which common “stop-words” such
as AND, OR are eliminated and the rest of the terms are
stemmed16 down to their linguistic root. Each term is
assigned a term frequency-inverse document frequency (tfidf)
value representing a combination of the term frequency in
the document and in the entire collection.1,15 The ranking
process is based on similarity functions, which measure the
relevancy of each document element’s content to the queried
element. Similarity functions differ for each search type. We
used mostly the cosine similarity function, suggested by
Salton.1 Eventually, after a rank is computed for each
queried context and for the concept-based query, a total rank
of each document is computed, based on the subquery ranks
and their weights (representing their contribution, in terms
of retrieval).

In order to implement the ranking algorithm in Vaidurya, in
which a query is a collection of different ontology elements, a
weight was defined for each one. The Ontology Element Weight
(OEW) is defined by an expert and represents the relative
contribution and reliability of an ontology element. For exam-
ple, elements containing a larger segment of text constitute a
better presentation of the term frequency than those containing
smaller segments of text, in which most of the terms have the
same frequency (in such segments all the terms have the same
appearance). An element should be more reliable if it has a
larger segment of text, and as a result will have a greater
weight. There are also other aspects involved in defining the
relative ontology element weight; for example how clear the
meaning of the element is to any user.

The Vaidurya Ranking Algorithm
Each query Q can be viewed as a collection of queries
regarding various elements of the guideline ontology (in-
cluding the indexing concepts). Thus, Q 5 {qelem1, qelem2},
where qelemi, is a query on an ontology element whose ID is
i. Each ontology element i has a weight OEWelemi. The rank
computed for each document is based on a similarity func-
tion that measures the relevance of the document to each
queried element. Equation 4 shows how the rank of a
document is computed based on each single ontology ele-
ment similarity measure (rank) and its weight in query Q.

Rank(CPG, Q) 5 oi51¡|Q|
OEWi 3 Sim(qi, CPG . elemi) (4)

A preliminary pre-evaluation of the Vaidurya engine was
performed using part of the TREC-6 collection17 in order to
determine whether Vaidurya’s full-text baseline retrieval
performance was reasonable. The results were comparable
to those of other search engines applied to the TREC-6
collection. However, the TREC-6 collection is not in the
medical domain, and is a flat one, supporting evaluation of
only the full-text search method. Thus, neither the concept-
based search nor the context-sensitive search methods could
be evaluated by the TREC-6 collection.

The National Guideline Clearinghouse CPGs
Collection
For our detailed evaluation of the relative value of concept-
based and context-sensitive search, we have used the Na-
tional Guideline Clearinghouse (NGC) CPGs collection. The
NGC Web site is a repository of CPGs classified by MeSH
concepts. The CPGs are classified along two tree-like hier-
archical concepts, Disorders and Therapies. Each concept tree
has roughly 2,000 unique concepts in a tree-like structure;
overall, 5,407 concepts were used at the time of the evalua-
tion. In several regions, the concept trees were 10 levels
deep, but the average depth was around 4–6 levels. There
were 1,136 CPGs; each CPG might have multiple classifica-
tions indexed by both of the concept trees, including indices
that belong to the same tree but at different levels (nodes),
not necessarily leaves. CPGs have on average 10 classifica-
tions per guideline; there were CPGs that were classified by
90 concepts.

Methods

The Evaluation Data-set
In order to use the NGC collection for an information-
retrieval evaluation, we created a set of information needs,
queries, and corresponding judgments. Several physicians at
the Palo Alto Veterans Administration Health Care System
and E&C-Medical Intelligence Ltd Company, and a physi-
cian from the Division of Medical Informatics of the Israeli
Defense Forces defined 13 information needs (e.g., treatment
of hypothyroidism in a particular population subset). Alto-
gether, six physicians participated in the creation of the
information needs, queries, and judgments. Each time, a
subset of the physicians defined an information need; that
group then agreed on the final information need. When the
information need definitions were ready, these physicians
scanned all of the guideline collection and identified CPGs
that were relevant to the information needs (i.e., judgments).
In order to evaluate the concept-based search and context-
sensitive search methods, in addition to the full-text search,
each information need was queried through a combination
of a full-text query (FTQ), i.e., a list of keywords searched
within the whole document, a context-sensitive query
(CSQ), i.e., a query that searches for terms within three
predefined context elements (knowledge roles that exist in
the NGC ontology), and a concept-based query (CBQ), i.e.,
a list of concepts, all at the kth level of the concept tree. Thus,
each query consisted of three components, each in a differ-
ent format, each of which could be used, on its own or in
combination with one or more other components, to query
the guideline database. The typical FTQ consisted of two or
three terms after stop-word removal. (The FTQ can also be
viewed as a private case of the CSQ, in which the context is
the whole document.) Thus, each query could be applied by
formulating it as an FTQ, CBQ, or CSQ, as well as in any of
their combinations, including different logical operators
(disjunction, conjunction) among the query’s terms.

We selected three elements from the NGC document structure:
“Target Population,” “Intervention and Practices considered,” and
“Diseases and condition(s)” for the CSQ and full-text query.
“Target Population” defines population of interest such as
“Patients undergoing noncardiac surgery” or “Children and
adolescents through 18 years residing in the United States.”
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“Intervention and Practices considered” covers diagnostic pro-
cedures such as “Pelvic ultrasonography” and management
strategies such as “pneumoccocos vaccine.” “Diseases and
condition(s)” lists conditions covered in the guideline such as
“Measles” or “Angina.” These elements are particularly
meaningful when searching for a guideline to answer a
clinical question that applies to one’s patient, and thus were
suggested by the participating clinicians. Each query ele-
ment included different keywords, while the FTQ some-
times included keywords from all of the elements. The CBQ
had four possible formulations applying: (1) concepts from
the 2nd level of the conceptual hierarchy, using the disjunc-
tion logical operator; (2) concepts from the 2nd level of the
conceptual hierarchy, using the conjunction logical operator;
(3) concepts from the 3rd level of the conceptual hierarchy,
using the disjunction operator; and (4) concepts from the 3rd

level of the hierarchy, using the conjunction operator.

For example, a query using only full-text search would
simply include the terms: “hypothyroid disease treatment.”
The context-sensitive formulation of the query included the
terms: “hypothyroidism” required for inclusion in the “Dis-
eases and condition(s)” context, “hypothyroidism adult dry
skin” required for inclusion in the “Target Population” con-
text, and “TSH THERAPY” required for inclusion in the
“Intervention and Practices considered” context.

The concept-based query formulated at the second level of
the concept hierarchy included the concepts “Diseases” and
“Chemicals and Drugs.” When formulated at the third level
of the concept hierarchy, the concept-based query included,
instead, the more specific concepts “Endocrine Diseases”
and “Immunologic Diseases.”

Evaluation Measures
In order to evaluate the retrieval performance, we used the
traditional precision and recall metrics. Precision is the pro-
portion of relevant CPGs (defined for a specific query within
the entire collection, also called judgments) within the set of
the retrieved CPGs, and recall is the proportion of relevant
CPGs (judgments) retrieved from the set of relevant CPGs
(judgments), for a specific query. We also interpolated the
averaged precision at eleven points of recall levels 0.0,
0.1,. . .,1.0.

Statistical-Significance Tests
In order to perform hypotheses significance tests and facilitate
a comparison of the results across multiple experiments, we
used the 0.5 level of recall. At low levels of recall, the
differences in performance are commonly great and do not
necessarily indicate a real difference, while at high levels of
recall, there is almost no difference in precision. Thus we
chose to use the 0.5 level, which measures an intermediate
level of recall. In each experiment, we calculated the mean of
the 0.5 recall level and compared the different means using
t-tests, a procedure often recommended for the evaluation of
information retrieval systems.18

Significance Tables for the Precision of Different
Query Types
The tables in the Results section corresponding to the results
figures mentioned in the text. Each table presents the results
of the t-test comparisons performed. Each column and row
refers to a search mode, including the mean performance
and standard deviation at the 0.5 level of recall in brackets

(mean 6 SD). In addition we display below the mean and
SD and also the 95% confidence interval. Each cell presents
the t-test comparison result as described in the index below:

,,,(pv)—denotes that the method listed at the header of
the column of the cell outperforms the one listed at the
header of the row of the cell, having a p-value lower than
0.05, indicating the p-value in the brackets.

,,(pv) —denotes that the method listed at the header of the
column of the cell outperforms the one listed at the header of
the row of the cell, having a p-value lower than 0.1 (and
higher than 0.05), indicating the p-value in the brackets.

,(pv) —denotes that the method listed at the header of the
column of the cell outperforms the one listed at the header of
the row of the cell, indicating the p-value in the brackets.

.—denotes that the method listed at the header of the row
of the cell outperformed the method listed at the header
of the column of the cell.

The Evaluation
In this experimental design, we posed two hypotheses.

Hypotheses
Hypothesis I: The more contextual elements used within a
context-sensitive query, the better the performance.

Hypothesis II: Concept-based search, in addition to full-text or
context-sensitive search, improves performance, especially
when concepts in the query appear deeper within the
concept hierarchy, and when using the conjunction logical
operator.

Experimental Plan
In order to test the hypotheses within a wider scope, we
defined subhypotheses within each one of the hypotheses. In
hypothesis I, we wanted to learn whether the retrieval per-
formance increases as more ontology elements (contexts) are
included in the query. Thus, we evaluated it first using only
CSQ queries by increasing the amount of elements each time
(hypothesis I.1), while in a second experiment we used the
CSQ in addition to the FTQ (hypothesis I.2).

In hypothesis II, we wanted to learn whether concept-based
search in addition to context-sensitive (full-text is an in-
stance of context-sensitive search) improves performance,
especially when concepts in the query appear deeper within
the concept hierarchy, and when using the conjunction
logical relation rather than the disjunction operator. Thus,
we evaluated the contribution of the concept-based search in
relationship to several different baselines: full-text (hypothe-
sis II.1), single-context query (hypothesis II.2), and three-
contexts query (hypothesis II.3).

To test the set of hypotheses II, in which we wanted to assess
the contribution of the concept-based search when using
concepts from deeper levels of the hierarchy and when using
the conjunction and disjunction logical operators, we formu-
lated the same queries using five querying options. The first
was the baseline formulation (1), which is the only search
that varies within this set of hypotheses: full-text, single
context, or three contexts. The second (2) and third (3) query
formulations are CBQs that include concepts from the second
level of the concept hierarchy (the depth of a concept being
measured as levels downwards from level 0, which is the
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taxonomy root), and which use the disjunction and conjunc-
tion operators, respectively, in addition to the baseline
querying method. The fourth (4) and fifth (5) options are
CBQs that include concepts from the third level of the
concepts hierarchy, and which use disjunction and conjunc-
tion operators, respectively, in addition to the baseline
querying method. Thus, we had three experiments for each
hypothesis, in which the four concept-based subqueries
were used in addition to the given baseline.

Results

Context-sensitive Search Results
In the first phase of the experiments, we wanted to test
hypothesis I. At the beginning we ran each element sepa-
rately, followed by a set of queries including two and three
elements, where only context elements were queried. At the
second step we used context queries in addition to the
full-text search to assess its contribution. The results repre-
sent the mean performance over all queries.

Results of Queries Based Only on One or More
Context Elements

Figure 1 shows precision-recall curves of the averaged single
element queries (1 CSQ), in which each query contained terms
to be searched within only a single context (i.e., an NGC
ontological element). Two-element queries (2 CSQ) and three-
element queries (3 CSQ) are shown as well. It can be seen that
a monotonic increase in precision was achieved as more context
elements were used in the query. Comparing the means of the
precision values at the 0.5 recall level, within each querying
option, showed that queries using three ontological elements
outperformed statistically significantly the queries using only a
single ontological element, as well as the queries using two
ontological elements (see Table 1). The two-element queries
outperformed the single-element query (see Table 1).

Adding Context-sensitive Search to Full-text Search
Figure 2 shows the performance achieved in this experiment, in
which we assessed the potential contribution of a context-
sensitive search when added to an FTQ. It can be seen that
when the contexts were queried in addition to the full-text
queries (FTQ & 1,2,3 CSQ), the performance improved for all
the options, compared to the full-text queries (FTQ) baseline.

While all the context-sensitive queries applied in addition to the
FTQ outperformed the baseline (full-text), all the context queries
which were used in addition to the full-text search performed
similarly, and not one of them was significantly superior to the
others. A comparison of the means of the precision at a 0.5 recall
level, within each querying option, did not reveal any significant
difference in performance, as shown in Table 2.

Intermediate Conclusions: Context-sensitive Search
In the evaluation of the context-sensitive search mode, we
examined the contribution of adding a context to a query,
first when the queries included only CSQs, and then in
addition to an FTQ. When only CSQ is used, a monotonic
increase in performance was achieved as an increasing
number of context elements were used in the query, with
a mean of 11.1% improvement in the precision at the 0.5
recall level, when using two, as opposed to one, and three,
as opposed to two contexts in the query. The highest mean
precision at the 0.5 recall level was when using three
contexts—a mean of 41%. When CSQs were used in

F i g u r e 1. Precision and recall
results for the mean performance
of single-context queries (Legend:
1 CSQ), two-context queries (Leg-
end: 2 CSQ), and three-context
queries (Legend: 3 CSQ), demon-
strating that as more ontological
elements were used as contexts
within the query, a better perfor-
mance level was achieved.

Table 1 y Context-sensitive Search Using Three, Two,
and Single Contexts

Options

2 CSQ
(0.32 6 0.13)
[0.27, 0.38]

3 CSQ
(0.42 6 0.17)
[0.31, 0.53]

1 CSQ (0.2 6 0.09)[0.15, 0.24] ,,(0.05) ,,,(0.02)
2 CSQ (0.32 6 0.13) [0.27, 0.38] ,(0.2)
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addition to full-text queries, a monotonic improvement in
precision was observed beyond the 0.4 level of recall (i.e.,
when adding one, two, or three contexts to the query),
with a mean of 4.5% at the 0.5 recall level. The highest
precision at the 0.5 recall level was for the use of three
contexts in addition to full-text search. The mean preci-
sion in this case was 48.4%.

Concept-based Search Results
Note: the results of the experiments shown below are repre-
sented each time as five curves; in each case, only the meaning
of the baseline query-formulation method changes; the other
four curves are the same as described above (section IV.B), and
are used in addition to the baseline query-formulation method.

Adding Concept-based Search to Full-text Search
Figure 3 shows the precision-recall curves. Curve (FTQ)
presents the baseline performance of the full-text search.
Curves (FTQ & 2,3 lvls Conj/Disj CBQ) present the results
of a CBQ in addition to the full-text search, as explained
earlier in Section IV.B (namely, querying using terms from
the top 2 or 3 concept-hierarchy levels and, in each case,
using disjunction or conjunction logical operators, respec-
tively). The results shown in Figure 3 demonstrate a
monotonic improvement in precision as the CBQ uses
terms from a deeper level of the concept hierarchy, and
when using the conjunction logical operator. Comparing
the means of the precision at a 0.5 recall level within each
querying option, showed a significant improvement when
the CBQs were used with terms from the third level of the

concept hierarchy in addition to a full-text query, com-
pared to the use of terms from the second level and to
using full-text queries alone, as shown in Table 3.

Using Concept-based Search in Addition to a Single-
context Query

In the third set of experiments, our aim was to assess the
contribution of the concept-based search to a single on-
tology element (in addition to a single context). The
baseline performance in this case (1 CSQ) was the result of
a CSQ including terms to be searched within a single-
context element. As explained earlier, Figure 4 shows the
retrieval performance achieved when adding the CBQ to a
single CSQ. In this set of experiments, adding a CBQ
using terms from the second level of the concept hierarchy
and using either the disjunction or the conjunction logical
operators (2, 3, respectively) increased the retrieval per-
formance at the low levels of recall and decreased it at the
high levels. Curves (1 CSQ & 3 lvl Disj CBQ) and (1 CSQ
& 3 lvl Conj CBQ) show the performance achieved for a
query combining CBQ at the third level of the concepts
hierarchy, with a specification of disjunction or conjunc-
tion within the concepts, respectively, in addition to a
single CSQ. It can be seen that when a CBQ used concepts
from both levels of the hierarchy (curves (1 CSQ & 2 lvl
Disj/Conj CBQ) and (1 CSQ & 2 lvl Disj/Conj CBQ), an
increase in retrieval performance was achieved at low
levels of recall, and a decrease at high recall levels. Note
that at both levels, the use of the disjunction logical

F i g u r e 2. Precision and recall
results for various combinations
of context-sensitive queries
(CSQs) in addition to the full-text
query, which is used as the base-
line (“FTQ”). Results signify the
mean precision over all queries.
The second curve (“FTQ & 1
CSQ”) represents the mean perfor-
mance achieved when a single-
context element was added to the
full-text query. The third curve
(“FTQ & 2 CSQ”) represents the
mean performance achieved for
all two-context element combina-
tions, in addition to the full-text.
The fourth curve (“FTQ & 3 CSQ”)
represents the mean performance
when three-context elements were
added to the query in addition to
the full-text. As can be seen, at
recall levels beyond 0.4, a mono-
tonic improvement is achieved as
more context elements are queried
in addition to the full text (see
text).

Table 2 y Context-sensitive Query in Addition to Full-text Queries

Options
FTQ & 1 CSQ (0.43 6 0.1)

[0.38, 0.48]
FTQ & 2 CSQ (0.47 6 0.13)

[0.41, 0.53]
FTQ & 3 CSQ (0.48 6 0.17)

[0.37, 0.60]

FTQ (0.35 6 0.06) [0.28, 0.41] ,(0.19) ,(0.13) ,(0.15)
FTQ & 1 CSQ (0.43 6 0.1) [0.38, 0.48] ,(0.30) ,(0.32)
FTQ & 2 CSQ (0.47 6 0.13) [0.41, 0.53] ,(0.45)
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operator was superior to the use of the conjunction
operator.

Comparing the means of the precision at the 0.5 recall level
within each querying option showed a statistically significant
improvement in performance when the CBQ included con-
cepts from the third level of the concept hierarchy using the
disjunction logical operator, in addition to the single CSQ,
compared to the queries using terms from the second level, or
to the FTQ, as shown in Table 4.

Concept-based Search in Addition to a Three-element
Single-context Query

In this set of experiments, which tests the part of the second
hypothesis which refers to the contribution of the concept-
based search, the baseline performance was defined as the
precision based on answering a CSQ including terms to be
searched within three context elements as shown in Table 5.
Figure 5 shows that in this combination, the CBQ decreased
the retrieval performance for all the CBQ querying options and
at all recall levels. (See our comments in the Discussion).

Intermediate Conclusions: Concept-based Search
In the evaluation of the contribution of concept-based
search, we examined the contribution of concept-based
queries, represented by two sets of concepts, one set from
the second level of the concept hierarchy and another set
from the third level of that hierarchy, using two types of

logical operators. We examined the contribution of the CBQs
in addition to a full-text search, a single-context query, and
a three-contexts query.

Using concept-based search in addition to a full-text search
improved precision by up to 19.4% at the 0.5 recall level. The
highest precision at the 0.5 recall level was when using a
concept-based query with concepts from the third level of
the hierarchy and with a disjunction operator, in addition to
the use of a full-text search. The mean precision in this case
was 54.2%. Using concept-based search in addition to only a
single context in the query improved the performance only
at the low levels of recall, while decreasing it at high recall
levels. Using CBQ in addition to a three-context query
decreased precision at any level of recall, possibly due to the
initial relatively high level of precision when using three
contexts in the query (which was 41.7%, in that case), as
opposed to the lower initial precision achieved by the
single-context query, in which the mean initial precision was
19.5%.

Discussion
Our main objective in this study was to compare quantita-
tively free-text, concept-based, and context-sensitive search,
in particular for clinical documents. The framework within
which we worked, namely the DeGeL digital guideline

Table 3 y The Effect of Adding a Concept-based Query to a Full-text Query

Options

FTQ & 2 lvl Disj
(0.41 6 0.07)
[0.34, 0.48]

FTQ & 2 lvl Conj
(0.35 6 0.14)
[0.26, 0.46]

FTQ & 3 lvl Disj
(0.54 6 0.07)
[0.47, 0.62]

FTQ & 3 lvl Conj
(0.38 6 0.16)
[0.28, 0.50]

FTQ (0.34 6 0.06) [0.28, 0.41] , (0.27) , (0.47) ,,(0.03) , (0.38)
FTQ & 2 lvl Disj (0.41 6 0.07) [0.34, 0.48] . ,(0.11) .

FTQ & 2 lvl Conj (0.35 6 0.14) [0.26, 0.46] ,(0.15) ,(0.43)
FTQ & 3 lvl Disj (0.54 6 0.07) [0.47, 0.62] .

F i g u r e 3. Mean precision and
recall curves representing the re-
sults of various combinations of
concept-based queries (CBQs) in
addition to the baseline full-text
queries. Curve (FTQ) presents the
baseline performance of the full-
text search. Curves (FTQ & 2,3 lvls
Conj/Disj CBQ) present the result
of a CBQ in addition to the full-
text search, as explained in the text
(namely, querying using the top 2
or 3 concept-hierarchy levels and,
in each case, using disjunction or
conjunction operators, respec-
tively). A monotonic improve-
ment can be seen as the concept-
based queries include concepts
from the deeper levels of the con-
cept hierarchy. At low recall lev-
els, queries using the conjunction
operator perform better than que-
ries using the disjunction opera-
tor.
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library and the Vaidurya search engine, enabled us to test
explicitly several hypotheses regarding the relative added
value of each search type.

The DeGeL guideline library, although highly suitable for
the Vaidurya search engine’s purposes, does not yet have by
itself a sizable collection of clinical guidelines, and so could
not be used directly in the evaluation. One option for
evaluation of the concept-based search might have been to
use the OHSUMED test collection,19 which is based on the
clinical literature, and is composed mainly of clinical journal
articles. The documents in the OHSUMED collection include
a MeSH concepts field extracted from each document, and
thus, could be used for evaluation of the concept-based
search. However, the OHSUMED documents are not struc-
tured; thus, we could not evaluate the context-sensitive
search method. We preferred a test collection of semi-
structured documents, which are also classified along mul-
tiple hierarchical concepts. The NGC guideline repository
was quite suitable for that purpose. Thus, we downloaded
guidelines from that repository into the DeGeL architecture
to test our various research hypotheses, using the Vaidurya
search engine.

The markup process of a document into a predefined
ontology that represents a meaningful structure of the
document, as in the case of the NGC repository or the
DeGeL architecture, presents us with an exceptional oppor-
tunity to query a digital medical document library using
context-sensitive methods. Furthermore, indexing the docu-

ments along multiple hierarchical semantic axes, either
manually, as in the case of the DeGeL framework, or
automatically, as we have shown in another study,20 en-
abled us to apply the concept-based search, where the user
explicitly indicates one or more concepts from one or more
semantic axes, in the query.

Our experimental results show that concept-based search
improved the retrieval performance mainly when used in
addition to full-text queries, as well as leading to partial
improvement when used in addition to context-sensitive
queries. Even in the context of a naturally limited small set
of clinician queries and judgments, several of the results
were found statistically significant (see Statistical-Signifi-
cance Tests), especially when comparing concept-based que-
ries using concepts from the third level of the hierarchy, to
queries using concepts from the second level of the hierar-
chy, and when comparing both cases to the results of the
baseline full-text query. When concept-based queries were
used in addition to context-sensitive queries, the results
were typically not statistically significant. However, mean-
ingful trends were observed; in particular, concept-based
queries consistently improved the baseline level of single
element context-sensitive queries at low levels of recall.

Furthermore, as hypothesized, a monotonic increase in
performance was achieved as an increasing number of
context elements were used in formulating the query, up to
the use of three contexts in the query (see Figure 1). When
context-based queries were used in addition to full-text

F i g u r e 4. Mean precision and
recall curves representing the re-
sults for various combinations of
concept-based queries with terms
coming from various levels of the
concept hierarchy and using the
conjunction or disjunction logial
operators, in addition to a single-
context-sensitive query. In gen-
eral, using a CBQ improved the
retrieval performance, when used
in addition to the single CSQ (1
CSQ), at low levels of recall, but
decreased it at high recall levels.
At high levels of recall a decrease
can be seen especially when using
terms from the second level of the
conceptual hierarchy (1 CSQ & 2
lvl Disj/Conj CBQ) (see text).

Table 4 y The Effect of Adding a Concept-based Query to a Query Including a Single Context Element

Options

1 CSQ & 2 lvl Disj
(0.16 6 0.06)

[0.12, 0.2]

1 CSQ & 2 lvl Conj
(0.11 6 0.06)
[0.08, 0.15]

3 CSQ & 3 lvl Disj
(0.25 6 0.09)
[0.21, 0.31]

3 CSQ & 3 lvl Conj
(0.2 6 0.1)
[0.15, 0.26]

1 CSQ (0.19 6 0.09) [0.15, 0.24] . . ,(0.18) ,(0.44)
1 CSQ & 2 lvl Disj (0.16 6 0.06) [0.12, 0.2] . ,,,(0.06) ,(0.24)
1 CSQ & 2 lvl Conj (0.11 6 0.06) [0.08, 0.15] ,,,(0.01) ,,(0.08)
1 CSQ & 3 lvl Disj (0.25 6 0.09) [0.21, 0.31] .
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queries, a monotonic improvement in Precision (with re-
spect to adding one, two, or three contexts to the query) was
also observed, as more contexts were used in the query
formulation (see Figure 2).

In the case of adding concept-based search to a context-
sensitive query using three ontological elements, the result
seemed actually to decrease the precision at all levels of recall;
this phenomenon was observed to a much lesser degree
when adding a CBQ to a single-element context-sensitive
query, appearing especially at high levels of recall. The
reason for the difference between these two scenarios might
be that the initial, baseline precision in the first case (i.e.,
when using the three context elements) was much higher
than that when using a single-element context query (see
Figures 4 and 5).

It should be noted that studies examining concept-based
retrieval have shown that it does not necessarily improve,
and might even worsen, the search-engine’s perfor-
mance.21,22 This phenomenon might be due to the fact that
current automated extraction modules are not yet suffi-
ciently accurate, and users usually are not familiar with all
the concepts when entering keywords. In the case of our
concept-based search and retrieval setup, the CPGs of the
NGC repository were indexed manually by a multiple-
hierarchy indexing scheme, and the query concepts were
chosen explicitly from the conceptual hierarchy by the user,
demonstrating significant improvements in the retrieval
performance in several cases.

A previous study by Purcell6 of contextual modeling for
retrieval of clinical literature demonstrated slight improve-
ments in the precision of the retrieved documents when
contexts were used in the query. In the current study, we
used the knowledge roles (e.g., entry conditions) of the
ontologies which were used to structure the clinical guide-
lines as the contextual elements. The results seem to validate
and extend the intuition suggested by Purcell.

Our context-sensitive evaluation indicated that a search
based on a single ontology element alone results in a poorer
performance than one based on the full text; however, for
specific queries, we noticed significant improvement in
precision. As mentioned, the more contexts were used in
formulating the query, the better the resulting precision.

Thus, given the experience gained through the evaluation,
our suggestion is that initially a full-text search should be
used. When this option fails, or results in low performance,
it seems beneficial to use the concept-based search, which
usually improves performance, especially when the baseline
precision seems low. Further use of context-sensitive queries
may then improve the precision significantly when several
elements (knowledge roles) of the ontology are queried
simultaneously, especially in addition to the full-text search.

Our experience indicates that this querying approach en-
ables performance of a more specific search that may limit
the search and retrieval process while avoiding the multiple
irrelevant results from which most search engines suffer.

Table 5 y The Effect of Adding a Concept-based Query to a Query Including Three Contexts Query

Options

3 CSQ & 2 lvl Disj
(0.26 6 0.16)
[0.16, 0.38]

3 CSQ & 2 lvl Conj
(0.36 6 0.15)
[0.26, 0.47]

3 CSQ & 3 lvl Disj
(0.37 6 0.13)
[0.28, 0.48]

3 CSQ & 3 lvl Conj
(0.27 6 0.16)
[0.16, 0.38]

3 CSQ (0.41 6 0.17) [0.31, 0.53] . . . .

3 CSQ & 2 lvl Disj (0.26 6 0.16) [0.16, 0.38] ,(0.26) ,(0.23) ,(0.48)
3 CSQ & 2 lvl Conj (0.36 6 0.15) [0.26,

0.47]
,(0.46) .

3 CSQ & 3 lvl Disj (0.37 6 0.13) [0.28, 0.48] .

F i g u r e 5. Precision and recall
curves representing the results for
various combinations of concept-
based queries using terms from
different levels of the concept hi-
erarchy and the disjunction and
conjunction logical operators, in
addition to three-context elements
queries. The baseline curve (3
CSQ) represents the three-context
elements queries’ performance. In
this case, using concept-based
queries decreased the perfor-
mance relative to this baseline (see
text).
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The disadvantages of a context-sensitive query are the need
for a more complex query interface and a higher demand on
the user’s time. The concept-based search, however, enables
the user to limit the search to a specific subset of the
repository, which increases the precision of the returned
results, while the necessary interface, although not trivial, is
not overly cumbersome.

The main limitations of this study result from its test
methods. Our test collection, compared to common informa-
tion retrieval test collections, such as the TREC repository,17

in which there are millions of documents, is relatively small.
However, in contrast to the case of using huge test collec-
tions, such as TREC, in which judgments (i.e., decisions of
which documents are relevant to a query) are specified
automatically, based on an ensemble of search engines, in our
test collection the reviewers browsed manually each of the
CPGs in the test collection and indicated their relevance to
the query. Another limitation was the number of queries,
which was relatively low; however, this amount of queries
was usually sufficient for performance of statistically mean-
ingful comparisons, although we expect that additional
queries would have resulted in more statistically significant
results. Although the use of structured clinical guidelines
might limit somewhat the ability to generalize the results of
the context-sensitive search, the results of the concept-based
search can be quite easily generalized, since they are based
on a generic indexing approach that is independent of the
explicit contents of the documents.

Conclusions
We have demonstrated the usefulness of concept-based and
context-sensitive queries for enhancing the precision of
retrieval of documents from a large digital library, in this
case a repository of clinical guidelines semi-structured by
predefined ontological knowledge roles. A concept-based
search usually improved performance over the use of free-
text queries, especially when the baseline precision was low.
Further use of context-sensitive queries might significantly
improve the retrieval precision when several elements
(knowledge roles) of the ontology are queried simulta-
neously. In general, the more ontological elements used, the
greater the resulting precision.

Although this study has focused on searching within a
library of procedural clinical knowledge, namely clinical
guidelines, its methodology and results are potentially rel-
evant to other types of clinical documents. In particular, it is
relevant whenever a concept-based search is applicable;
namely, when a hierarchical indexing scheme exists (such as
when indexing medical research papers using MeSH), or
when a manual or automated internal markup (structuring)
of the document by a hierarchy of meaningful context
elements was performed.

We are in the process of experimenting with a possible
generalization of the concept-based search to search in
libraries indexed along domain taxonomies, in which the
user is not required to specify explicitly the concepts by
which the documents she is looking for might be indexed, to
avoid the complicated query interface and the familiarity
with the concepts hierarchies. We plan to evaluate this
approach on a significantly wider test collection, such as the
TREC-Genomics repository.
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