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1.  Background
Since an overwhelming amount of human knowledge is encoded in natural language texts 
opposed to databases), the grand challenge in information technology is reliable and effec
management of this knowledge, and this notion is reflected in a Report of the Board of Rege
the National Library of Medicine, Long Range Plan (1987):

Processing information faster or more efficiently--which today’s technology can easily
accomplish--is not sufficient. More intelligent processing, logical aggregation of informat
synthesis and analysis, and the development of knowledge systems that serve purposef
are needed. That is the fundamental task of medical informatics. (p. 31)

Lindberg (1996) supplements the Board’s position by noting the importance of the represen
of knowledge in text for biomedical information management.

The practical application of automatic techniques to the task of recovering meaning from te
rooted in the philosophy of language, formal linguistics, and natural language processing as
cialty in computer science. Since antiquity the philosophy of language has concerned itself
the nature of meaning (Waismann 1971). Plato and St. Augustine had essentially the same
cept of meaning and language, which can be summarized as: (a) the words of language are
for entities; and (b) the essence of language consists of combining these names. More rec
these notions have been formalized in semantic theory by Montague (1974) based heavily 
work of Frege (see Geach and Black 1960). (Also see, for example, Chierchia and McConn
Ginet 1990 for an overview of formal semantics.)

Maida and Shapiro (1982) provide one viewpoint which sets the theoretical scene for imple
ing the above notions. In particular they provide a formal mechanism for representing the rel
ship between the assertions made in text and the interaction of entities expressed in a dom
model of some possible world:

...a semantic network models the belief structure of a thinking, reasoning, language usi
being (e.g., a human). In this case, nodes represent the concepts and beliefs such a be
would have. (p. 172)

Three Unified Medical Language System (UMLS) knowledge sources, the SPECIALIST Le
con, the Metathesaurus, and the Semantic Network (Lindberg et al. 1993, Humphreys et al.
embody the semantic network referred to by Maida and Shapiro and represent concepts an
tionships in the biomedical domain. Looked at from another point of view, these UMLS kno
edge sources instantiate the Platonic model of meaning in that the Lexicon and the Metathe
taken together represent names for things, while the Metathesaurus and the Semantic Net
together represent relationships. Natural language processing techniques are then called u
provide a link between this domain model and text.

Natural language processing is a cross-disciplinary endeavor bringing together linguistics, 
puter science, and cognitive psychology; it has as its goal automatically interpreting natura
guage text and thereby recovering the information encoded therein (see Rindflesch 1996 fo
overview of current research). Bates and Weischedel (1993) emphasize the importance of d
knowledge as a basis for significant progress in natural language processing effectiveness
Sowa (1991, for example) discusses a number of important aspects of the interaction of do
knowledge and linguistic analysis. Rosner and Johnson (1992) provide an overview of curr
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research aimed at implementing notions of formal semantics in natural language processin
tems, while Saint-Dizier and Viegas (1995) concentrate on lexical semantics in this regard. Z
(1992) discusses a practical semantic analysis in a particular subject area.

There is currently a considerable amount of interest in natural language processing of biom
text. Several approaches are being explored to provide reliable automatic analyses which c
port practical applications (See, for example, Haug et al. 1995, Hripcsak et al. 1995, Friedm
al. 1995, Rassinoux et al. 1995, Zweigenbaum et al. 1995.).

2.  Project Objectives
The Semantic Knowledge Representation Project was recently initiated at NLM in order to
develop programs to provide usable semantic representation of biomedical free text by bui
on resources currently available at the Library.

Access to biomedical information depends on reliable representation of the knowledge cont
in text. For significant advances to be achieved a richer representation will be required than
rently available. As an example of the type of enhanced representation we are proposing, (
tains the semantic propositions which represent some of the information contained in the te
(1).

(1) We used hemofiltration to treat a patient with digoxin overdose complicated by refrac
hyperkalemia.

(2) Hemofiltration-TREATS-Overdose
Digoxin-CAUSES-Overdose
Overdose-OCCURS_IN-Patients
Hyperkalemia-COMPLICATES-Overdose

Each of the propositions in (2) is a predication whose predicate (in upper case) is a relation
the UMLS Semantic Network. Each of the arguments is a concept from the UMLS Metathe
rus. The set of propositions in (2) considered as the semantic representation of (1) is not com
however, it represents the major relationships and concepts contained in the text.

3.  Project Significance
We can consider some specific examples of applications that become possible on the basi
enhanced semantic representation of text. A representation of semantic knowledge, such a
given in (2) above, supports automatic indexing for enhanced information retrieval (IR) effe
ness and document profiling. If such representation could be reliably and accurately impos
free text, improvement in other applications would also be possible: such as question answ
(Chakravarthy and Haase 1995), retrieval of images (Chakravarthy 1994), structured brows
and navigation facilities (Wiesener, Kowarschick, and Bayer 1996; Schatz 1995), and know
mining, for example, gathering information from the research literature and computerized pa
records. In addition, semantic knowledge representation applied to complex Metathesauru
cepts can play a role in the continued development of the UMLS.
SKR Project 3
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4.  Methods and Procedures

4.1  Introduction
This project fits within the research context of the Natural Language Systems Program and
on the resources being developed in the SPECIALIST system (McCray et al. 1993), which 
vides a framework for exploiting the resources of the UMLS in processing biomedical text. 
addition to the Metathesaurus and Semantic Network, the SPECIALIST Lexicon and assoc
lexical variant programs (McCray, Srinivasan, and Browne 1994) as well as the Knowledge
Source Server (McCray et al. 1996) support syntactic analysis and semantic interpretation o
text in the biomedical domain.

Preliminary to the current project, we have developed two programs, MetaMap (Aronson, R
flesch, and Browne 1994, Rindflesch and Aronson 1994, Aronson 1996) and SemRep (Rind
and Aronson 1993, Rindflesch 1995), which work in concert to provide the semantic repres
tion given in (2) above. These programs work well enough to provide proof of concept but req
improvement for reliability in the general case.

4.2  Underlying technology
The SPECIALIST system begins analysis of biomedical text by consulting the Lexicon to d
mine syntactic information for each lexical entry in the input. A stochastic tagger (Cutting e
1992) is called to resolve part-of-speech ambiguities, and an underspecified syntactic anal
produced as the basis for further processing. For example, input textablation of pituitary glandis
given the following analysis:

(3) [[head(ablation)] [prep(of), head(pituitary gland)]]

Although noun phrases are correctly identified, this analysis is underspecified in the sense
overall structure is not provided. That is, no commitment has been made to the exact relati
between the two constituent phrases produced. A further example of the characteristics of 
type of analysis is given in (4), which is the underspecified analysis of the input textpancreatic
secretory trypsin inhibitor.

(4) [[mod(pancreatic), mod(secretory), mod(trypsin), head(inhibitor)]]

In particular, note that, although the head of the noun phrase and its modifiers have been i
fied, no indication is given of the internal syntactic structure of such phrases. It is our hypot
that this attenuated analysis is sufficient to serve as the basis for usable semantic interpret

The next step in processing calls MetaMap to get to concepts in the Metathesaurus. This pr
takes advantage of syntactic analysis and considers each noun phrase individually as it pro
For example, it takes as input the underspecified syntactic analysis ofablation of pituitary gland
and finds the following Metathesaurus concepts:

(5) Excision, NOS (‘Therapeutic or Preventive Procedure’, ‘Research Activity’)
Pituitary Gland (‘Body Part, Organ, or Organ Component’)

MetaMap accomplishes its task in four steps:
SKR Project 4



4.  Methods and Procedures

ning-

xt
ness;

ined

cepts
f pro-

 rule

this

 con-
a-

ted by
ents
 cor-
 Net-

vesti-
iomedi-
both

l-
tion,
ents
ed
• Variant generation: Each input word (or multi-word item, such aswood alcohol) generates a list
of morphological variants, synonyms, and (optionally) acronyms/abbreviations plus mea
ful combinations of these variants. For example,aortic andarteria aorta are variants ofaorta;

• Candidate retrieval: Metathesaurus strings containing one or more of the input words are
retrieved as candidates for a mapping. Some candidates foraorta (in browse mode) are “Aorta
operations,” “Aorta, abdominal,” and “Aneurysm, aorta, congenital”;

• Candidate evaluation: Each candidate is evaluated for how closely it matches the input te
according to a function with four components, centrality, variation, coverage and cohesive
and

• Mapping formation: Finally, candidates matching different parts of the input text are comb
into a single mapping and re-evaluated to compute a total mapping score.

SemRep is called next and depends on both syntactic analysis and the Metathesaurus con
provided by MetaMap. In addition, it consults the Semantic Network as part of the process o
ducing a final semantic interpretation. For example, in assigning an interpretation toablation of
pituitary gland,SemRep notes the syntactic analysis given for this input and then consults a
which states that the prepositionof corresponds to the Semantic Network relation
LOCATION_OF, and further notes that one of the relationships in the Semantic Network with
predicate is

(6) Semantic Type 1: ‘Body Part, Organ, or Organ Component’
Relation: LOCATION_OF
Semantic Type 2: ‘Therapeutic or Preventive Procedure’

The MetaMap output for this input is then consulted, and it is noted that the Metathesaurus
cept for the text phraseablation is “Excision, NOS.” The semantic type for this concept is ‘Ther
peutic or Preventive Procedure,’ while the type for “Pituitary Gland” is ‘Body Part, Organ, or
Organ Component.’ Since these semantic types match those found in the relationship indica
the prepositionof (LOCATION_OF) and since the relevant noun phrases are allowable argum
of the prepositionof, (7) is produced as the semantic interpretation for this phrase, where the
responding Metathesaurus concepts are substituted for the semantic types in the Semantic
work relationship.

(7) Pituitary Gland-LOCATION_OF-Excision, NOS

The preceding methodology serves as the basis for a number of research projects which in
gate the use of semantic knowledge representation of text for enhanced management of b
cal information. These projects have often been conducted in collaboration with investigators
in the Library and at other institutions.

4.3  Completed work
MetaMap was initially developed for improved retrieval of MEDLINE citations. The methodo
ogy was tested by applying this program to the queries and citations of the NLM Test Collec
replacing text with the Metathesaurus concepts discovered by MetaMap. Retrieval experim
using SMART were performed both on the unmodified test collection and on the MetaMapp
SKR Project 5



4.  Methods and Procedures

esch

pro-
ee
ith a

ron-
also

oject.
M’s
 in

d
esau-
prepa-

e

,
ly

spec-
ative
eing
ked

ing
nt
ted

 of
plying
sion,

ur
on
 the

lore the
e-
n of a
ssed

98)
version of the collection. The result was a 4% increase in average precision (Aronson, Rindfl
and Browne 1994).

Other information retrieval projects involving the application of MetaMap include its use as a
totype interface to the Information Sources Map (with Lawrence W. Wright), where users’ fr
text queries are expanded with Metathesaurus concepts. Focused use of MetaMap along w
number of rules describing findings in medical text formed the core of the FINDX program,
which was developed to identify findings in patient records (Sneiderman, Rindflesch, and A
son 1995) and MEDLINE abstracts (Sneiderman, Rindflesch, and Aronson 1996). MetaMap
served as the basis for research exploring full-text retrieval in a recent Library associate pr
Combined with techniques for hierarchical indexing, MetaMap was applied to a subset of NL
Health Services/Technology Assessment Text (HSTAT) database. The results are reported
Wright, Grossetta Nardini, Aronson, and Rindflesch, submitted 1998.

In UMLS development, MetaMap has been used (with William T. Hole) for finding unmarke
synonymy in the Metathesaurus. This method was applied to four categories of 1995 Metath
rus strings: disorders, procedures, functions, and findings and aided manual review during 
ration of the 1996 edition of the Metathesaurus. Finally, the algorithm underlying MetaMap
served as the basis for the approximate matching methodology (Guy Divita) employed in th
Large Scale Vocabulary Test (McCray et al. 1997).

4.4  Ongoing projects
The MetaMap Indexing (MMI) Project is part of the Indexing Initiative project. In this project
MetaMap is applied to the task of automatically indexing the biomedical literature, especial
MEDLINE citations. Concepts discovered by MetaMap for a given citation are proposed as
indexing terms on the basis of a ranking function which emphasizes presence in the title and
ificity of the concept. Extensive testing of this methodology has been conducted. As an altern
to this completely automatic approach, semiautomatic indexing experiments are currently b
conducted (with James Marcetich and Toby Port) in which NLM indexers are shown MMI-ran
concepts as suggested indexing terms during the process of MEDLINE indexing. An index
prototype is currently being developed to incorporate the results of several of the constitue
projects of the Indexing Initiative, and MMI is one of the projects which will contribute sugges
indexing terms for the prototype.

Recent work (including that of Srinivasan 1996a - 1996d) has demonstrated the importance
query expansion based on retrieval feedback for improving retrieval effectiveness when ap
statistically-based systems to MEDLINE citations. As an alternative method of query expan
we have used MetaMap for associating Metathesaurus concepts with the original query. O
experiments show that this methodology compares favorably with retrieval feedback (Arons
and Rindflesch 1997). We are currently pursuing research with Srinivasan which combines
two query expansion techniques.

MetaMap and SemRep together serve as the basis for several ongoing projects which exp
application of focused semantic interpretation to problems in biomedical information manag
ment. Sneiderman, Rindflesch, and Bean (submitted 1998) report on the formative evaluatio
program for accurately identifying terminology associated with the coronary arteries as expre
in coronary catheterization reports, while Bean, Rindflesch, and Sneiderman (submitted 19
SKR Project 6



5.  Evaluation

ntify
applica-
 to
ole
ally
ain

Rep.
roce-
nce.
 mea-

le num-
to the

ues-
n-
e
ap

essing
ed. In
tracts

ences,
 deter-
 76%

he
 map
entifi-
Sem-

abili-
tation

pply

ced
INE
tion
ses.

sis for
discuss two experiments which assess the ability of an enhanced version of SemRep to ide
and characterize physico-spatial semantic relationships in these same reports. A separate 
tion (with Larry Hunter) addresses the ability of MetaMap and a special version of SemRep
discover molecular binding relations in biomedical text. Finally, Rindflesch, Aronson, and H
(submitted 1998) report on the use of MetaMap and SemRep together to process syntactic
complex Metathesaurus strings, where the goal is to determine the relationships which obt
among the components of such strings.

5.  Evaluation
Evaluation is a central concern in this project and is applied separately to MetaMap and Sem
Because MetaMap development has been driven by IR considerations, formal evaluation p
dures have primarily consisted of standard measurements of its effect on retrieval performa
On the basis of retrieval experiments, a recall-precision curve is computed, and a summary
sure (usually average precision) is used to characterize the experimental result with a sing
ber. Comparison with comparable baseline measures shows the degree of improvement due
experiment. In addition to formal evaluation measures, informal evaluation consisting of a q
tionnaire given to participating indexers was used in the MEDLINE indexing experiments co
ducted as part of the MMI project. Finally, the evaluation procedures being developed for th
indexing prototype of the Indexing Initiative will serve as an indirect evaluation of the MetaM
indexing methodology.

Evaluation of SemRep is based on the number of semantic propositions retrieved when proc
text. Increasing precision by eliminating incorrect interpretations is currently being address
a recent test, SemRep was run on 970 sentences, which were drawn from 70 MEDLINE abs
(500 sentences) and extracts from four medical textbooks (470 sentences). For these sent
SemRep identified 843 semantic relationships. Each interpretation was checked by hand to
mine whether it accurately reflected the content of the text. The overall precision score was
(81% for MEDLINE only, 75% for the textbook extracts). An initial analysis of the etiology of t
errors noted that 50% were due to word-sense ambiguity, 20% were due to the rules which
from syntactic phenomena to Semantic Network relations, and 30% were due to incorrect id
cation of syntactic arguments. Addressing these error types drives current development of 
Rep.

6.  Project Plan
In addition to ongoing evaluation efforts, short-term project objectives are to extend the cap
ties of the two programs, MetaMap and SemRep, which together produce semantic represen
of biomedical text; to continue development of the MetaMap Indexing methodology; and to a
the programs and methods being developed.

The current tokenization regime used by MetaMap and other NLS programs is being enhan
based on an analysis of a variety of token sequences occurring in four collections of MEDL
citations. The ultimate goal is the specification and implementation of a hierarchical tokeniza
scheme which provides multiple, coherent tokenizations of text for related but different purpo
In order to increase the efficiency of MetaMap, Metathesaurus strings inappropriate as a ba
SKR Project 7
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semantic interpretation are being considered for possible elimination from the underlying ind
which serve MetaMap. This task is aided by the overt marking in the Metathesaurus of som
strings assuppressible synonyms.

The ranking function used by MetaMap Indexing is being improved in various ways. First, b
normalizing frequency counts based on global counts, in a way analogous to inverse docum
frequency used in statistically-based retrieval systems. Second, the computation of specifici
concept is being extended to additional UMLS vocabularies possessing hierarchies, not jus
MeSH as is currently done. Finally, the ranking function can adjust scores of concepts base
the scores of semantically similar concepts by taking advantage of the knowledge gained in
Semantic Locality project (which is part of the Indexing Initiative project).

Development in SemRep concentrates on the three areas of deficiency noted during the eva
process. These include addressing word-sense ambiguity, expanding the rules which map 
syntactic phenomena to Semantic Network relations, and improving syntactic argument ide
cation. We are currently exploring machine-learning and other statistically-based technique
resolving word-sense ambiguity. We have developed a semi-automated methodology for id
ing semantic rules in a training corpus (the NLM Test Collection) and are using this to expan
set of rules which map from syntactic phenomena to Semantic Network relations. More agg
sive use of the SPECIALIST Lexicon serves as the basis for improved identification of synt
arguments. There is a wealth of syntactic information regarding argument identification in t
Lexicon which is relevant to the problems being addressed by SemRep and methods are cu
being developed for directly exploiting this information.

7.  Summary
The Semantic Knowledge Representation project seeks to provide usable semantic represe
of biomedical text by building on resources currently available at the Library, especially the
UMLS knowledge sources and the natural language processing tools provided by the SPE
IST system. Two existing programs, MetaMap and SemRep, are being evaluated, enhance
applied to a variety of problems in the management of biomedical information. These inclu
automatic indexing of MEDLINE citations, concept-based query expansion, analysis of com
Metathesaurus strings, accurate identification of anatomical terminology and relationships in
ical records, and the mining of biomedical text for chemical binding relations.
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