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Abstract. This paper deals with the problem of information retrieval on the
Web and present the CISMeF project (acronym of Catalogue and Index of
French-speaking Medical Sites). Information retrieval in the CISMeF catalogue
is done with a terminology that is similar to ontology of medical domain and a
set of metadata. This allows us to place the project at an overlap between the
present Web, which is informal, and the forthcoming Semantic Web. We aso
describe an ongoing work, which consists of applying three knowledge-based
methods in order to enhance information retrieval.

1 Introduction

Nowadays the problematic is intelligent information retrieval on the Web. The
Semantic Web [1] is an infrastructure that has to be built. It aims at creating a web
where information semantics are represented in a form that can be understood by
human as well as machines in order to enable computers and people to work in co-
operation. One of its advantagesis to bring sufficient information on the resources, by
adding annotations in the form of metadata and to describe formally and significantly
their content according to an ontology. Ontologies are considered to be powerful tools
to lift ambiguity by providing a controlled vocabulary of terms and some specification
of their meaning and are very useful for interoperability and for browsing and
searching. Metadata describe Web information resources enhancing information
retrieval.

In this paper we present the CISMeF! project [2] (acronym of Catalogue and Index
of French-speaking Medical Sites) developed since 1995. The objective of CISMeF is
to help health professionals, as well as students and the general public, during their
search for electronic health information. The CISMeF catalogue describes and
indexes a large number of health information resources (h=11,504). A resource can
be a Web site, Web pages, documents, reports and teaching material: any support that
may contain health information. The resources are selected according to strict criteria
by the librarian team and are indexed according to a methodology. The resources
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indexed in the CISMeF catalogue are described according to a terminology that is
similar to an ontology of the medical domain, and a set of metadata elements. This
structure enables us to place the project at an overlap between the present informal
Web, mainly composed by HTML pages, and the forthcoming Semantic Web. We
also describe in this paper an ongoing work which consists of applying three
knowledge-based methods (natural language processing, knowledge discovery in
databases and reasoning on ontologies) to enhance information retrieval into CISMeF.

2 Towards a Medical Semantic Web

Metadata is data about data and specifically in the context of the Web, it is data that
describe Web resources. When properly implemented, metadata can enhance
information retrieval. In CISMeF several sets of metadata elements are used. The
resource indexed are described the Dublin Core (DC) elements set [3] (e.g. author,
date). DC is not a complete solution, it cannot be used to describe the quality or
location of aresource. To fill these gaps, CISMeF uses its own elements to extend the
DC standard. Eight elements are specific to CISMeF [2](e.g. institution, target

public). Two additional fields are in the resources intended for the health
professionals. indication of the evidence-based medicine and the method used to
determine it. In the teaching resources eleven elements of the IEEE 1484 LOM

(Learning Object Metadata) “Educational” category are added. The metadata format
was the HTML language in 1995. Since December 2002, the format used is RDF, a
Semantic Web language, within the ongoing MedCIRCLE project [4], developed to
qualify health information quality.

The catalogue resources are indexed according to the CISMeF terminology, which
is based on the MeSH [5] concepts and its French translation. We have not used the
UMLS [6] because there is no available French translation. Approximately 22,000
keywords (e.g. hepatitis) and 84 qualifiers (e.g. complications) compose the MeSH
thesaurus, in its 2003 version. These concepts are organized into hierarchies going
from the most general on the top to the most specific in the bottom of the hierarchy.
The qualifiers, organized into hierarchies, specify which particular aspect of a
keyword is addressed. The keywords and the qualifiers that are dispersed in several
trees but are semantically related in CISMeF are gathered according to metaterms
(n=66). They concern medical specialties. In addition, a hierarchy of resource types
(n=127) describes the nature of the resource (e.g. clinical guidelines). The metaterms
and resource types enhance information retrieval into the catalogue when searching
for “guidelines in cardiology”, where cardiology is a metaterm and guidelines is a
resource type, which is not possible using the MeSH thesaurus.

The CISMeF terminology has the same structure as a terminological ontology [7].
The vocabulary describes major terms of the medical domain and is well known by
the librarians and the health professional. Each concept has a preferred term to
express it in natural language, a set of properties, a natural language definition that
allows to differentiate it from the concepts it subsumes and those that subsume it, a
set of synonyms and a set of rules and constraints.



3 Enhancing Information Retrieval

The submitted queries over the search engine are seldom matched to the terms of the
ontology. We have extracted and analyzed 1,552,776 queries of the http server log
and their associated number of answers (between the 08/15/02 and the 02/06/03).
892,591 queries (58.62%) were submitted via the free text search interface [2] and
365,688 (40.97%) had no answer.

3.1 Natural Language Processing

We apply here a morphological analysis of the queries. A preliminary work [8]
showed that using morphological knowledge enhance information retrieval. The
proposed algorithm consists in correcting the user query by eliminating stop words
(the, and, when) and replacing each word of the query by adisjunction of all theterms
of its morphological family. A morphological family of a term is composed by its
inflexions {accident, accidents} and derivations {probability, probabilistic}. If the
user query is “interaction between the drugs’ it will be replaced by the MeSH term
“drug interactions” . There is not yet an available French Medical Lexicon, such as
the Specialist Lexicon of the UMLS, so we have used a terminological resource
Lexique [9] that is not related to the medical domain. Nevertheless, it allowed us to
obtain 31,016 derived terms that match exactly 1,292 CISMeF terms.

Table 1. Structure of the terms used for indexing the resources.

Number of words | Keywords | Qualifiers | Resource Types | Terms

1 1437 55 28 1520

2to7 2516 24 99 2 639

TOTAL 3953 79 127 4159

Table 2. Matching the vocabulary

Keywords | Qualifiers | Resource Types [ Terms

Nb terms matched 1207 55 28 1292

1 word matching 83.99% 100% 100% 85%
Semi-matching 78.57% 79.74% 39.37% 77.59%
Total matching 30.53% 69.62% 22.04% 31.06%

The analysis of the other terms composed by 2 or more words showed that 1,935
terms (1,899 keywords; 8 qualifiers; 22 resource types) are semi-matched. A term is
semi-matched if at least one of the words that compose it is matched. In addition to
morphological knowledge, semantic knowledge is necessary, for example heart and
cardiac are semantically related. A set of synonyms has been created with the
collaboration of several patients associations and we are currently analyzing the user
queriesto complete it.



3.2 Knowledge Discovery in Database

We want to discover “new” knowledge from the CISMeF database to exploit it in the
process of information retrieval. We apply a Data Mining technique called
Association Rules to extract interesting associations, previously unknown, from the
database. A Boolean association rule AR is expressed as:

AR:ilU |ZUU ij p ij+1 UUIn (1)
Thisformula states that if an object hastheitems{iy, i>..., ij} it tends aso to have the
items{ij+1, ..., in}. The AR support represents its utility. This measure corresponds to
the proportion of objects which contains at the same time the rule antecedent and
consequent. The AR confidence represents its precision. This measure corresponds to
the proportion of objects that contains the consequent rule among those containing the
antecedent. The extraction context is the triplet C= (O, I, R) where O is the set of
objects, | the set of all theitems and R abinary relation between O and |. The objects
are the annotations used to describe the indexed resources. The relation R represents
the indexing relation between an object and an item. We first consider two cases for
theitems: 1,={ Keywords} and l,={ (Keywords/Qualifiers)}. An itemset is frequent in
the context C if its support is higher than the minimal threshold initially fixed. We use
the A-Close algorithm [10], which deduces bases for association rules. We have
tested our algorithm on few examples. The first step of the algorithm allowed us to
find for example the following rules: Hepatitis Cbp AIDS with support=14 for |, and
AlDS/prevention and control b condom with support=6 for I,. The second step is to
extract all the other association rules and to apply them in the information retrieval
process by a query expansion.

3.3 Reasoning on Ontologies

In order to compl ete the CISMeF ontology with more refined links between concepts,
we have decided to exploit the UMLS Semantic Network, which is composed by
medical concepts and semantic relations between concepts. They take the form of
Complications (Hepatitis, Liver Cirrhosis) denoting that the concept Hepatitis is
related to the concept Liver Cirrhosis by the relation Complications. These relations
correspond to the MeSH qualifiers and the concepts correspond to the MeSH
keywords. These relations won’t be used to annotate the resources but they will be
converted into inference rules enriching by that the ontology by other links between
concepts. In our example, the only one information available from the ontology is that
the concepts Hepatitis and Liver Cirrhosis are subsumed by the concept Liver
Diseases. In order to enable content reasoning over the resources, we will convert a
part of the CISMeF ontology into RDF Schema by transforming keywords and
resource types into concepts and the qualifiersinto roles (or relations). The resources
will be transformed into RDF according to the CISMeF RDF Schema. RDFS doesn’t
include reasoning mechanisms such as those included in the Description Logics
Systems but unlike RDFS, the query languages for the other ontology standards are
still ongoing. Writing inference rules with RDFS is possible with TRIPLE [11]: it has
been developed for knowledge-based intelligent information retrieval. It enables to



carry out complex reasoning on RDF resources that represent the concepts’ instances.
In our case, for example, if aresource R is an instance of Hepatitis/Complicationsand
the user is searching for resources related to Liver Cirrhosis, the system would infer
that the resource R is also an answer to the query. We will use the TRIPLE query
engineto carry out higher level queries over the CISMeF catalogue.

4 Conclusion and Future Work

We have discussed in this paper the problems of information retrieval on the Web.
We have presented particular aspects of the CISMeF project. We have also proposed
different methods to enhance information retrieval. The natural language processing is
used to build morphological knowledge base. Data Mining enables association rules
discovery between concepts. Finally, reasoning onontologies will offer a higher level
for the ontology (consistency and coherence checking, exploitation of the Semantic
Network of the UMLS) and for information retrieval. To our knowledge, no existing
work has combined these methods in order to enhance information retrieval. The next
step of this study is to evaluate the contribution of each method separately and
conjointly: we will apply an automatic and an interactive query expansion over the
users' queries. The evaluation on a real scale will allow us to deduce a process,
according to the type of the query, to apply amethod with a particular order.
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