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Abstract

Our goal is to evaluate the utility of a lexical resource containing Lexical Conceptual Structures (LCS) for use in cross-language
information retrieval. Our evaluation makes use of a combination of techniques from interlingual machine translation (Dorr, 1993) with
conventional information retrieval techniques (Oard, 1996; Oard and Dorr, 1996). Given a query in one language, we transform the query
into the corresponding terms in a second language. We evaluate this approach by comparing the resulting retrieval effectiveness with two
translation-based techniques as well as two techniques for determining the lower and upper bound. The main innovation of this work is
that it provides a principled framework for controlling translation ambiguity in cross-language information retrieval applications. Our
focus is on the construction of disambiguated (target-language) queries by using verb-based entries in our lexicon to construct Lexical
Conceptual Structures (LCS). We view our approach as a crucial step toward the evaluation of the utility of our LCS-based multilingual
lexicon. In addition, this work provides a basis for measuring the extent to which disambiguation can enhance cross-language information
retrieval effectiveness.

1 Introduction for dealing with the translation ambiguity problem. Our fo-
cus for initial experimentation is on construction of disam-
biguated (target-language) queries from verb-based entries
inourlexicon. We evaluate the effectiveness of our approach
translating 17 queries from English into Spanish, using the
Inquery text retrieval system to retrieve a ranked list of the
documents best matching each translated query, comparing
the top ranked documents to the set of documents that have
been judged to be relevantto that query, and then computing
standard IR effectiveness measures such as recall and pre-
cision.

In order to establish a sound basis for comparison, we
implemented two additional approaches: MT-based query
translation (translation of each query into the documentlan-
guage using an existing fully automatic MT system) and dictionary-
based query translation (replacementof each query term with
approrpiate translation from an online bilingual dictionary).
Finally, we implemented two baseline techniques without
any translation component: query construction in the same
(Efarf uage as the documents, and the presentation of queries
ina language different from that of the documents. We take
the rst to provide an upper bound for CLIR effectiveness
and the second to provide a lower bound. The lower bound
is important because proper names, foreign language terms
embedded in the documents, and words with the same writ-
ten form in the each language can result in fortuitous cog-
nate matches that might, if undetected, produce the impres-
sion of better performance from a CLIR technique than would
be justi ed.

We have constructed a large database of lexical entries for
English, Spanish, and Arabic using a combination of auto-
matic and semi-automatic techniques. The database presently
contains approximately 60,000 entries per language. Each
entry consists of alinguistically-motivated representation called
Lexical Conceptual Structure (LCS). Our goal is to evalu-
ate the utility of this representation in the context of cross-
language information retrieval (CLIR), using techniques from
bothinterlingual machine translation (MT) (Dorr, 1993) and
conventional IR (Oard, 1996; Oard and Dorr, 1996). As such,
we view this endeavoras a rststep toward establishing our
LCS-based lexicon as a large-scale lexical resource that has
applicability to multilingual problems other than machine
translation.

We adoptan approach to CLIR that uses NLP techniques
based on the LCS representation to transform a query in one
language into the corresponding terms for documentretrieval
in a second language. Query translation has emerged as the
most popularstrategy for fully automatic broad coverage CLIR, (
1997b). This technique can be quite ef cient when short
queries are presented, butsimple query translation approaches
suffer a severe penalty in effectiveness, usually achieving
about half of the retrieval effectiveness of corresponding mono-
lingual techniques when typical measures such as average
precision are used. Research on CLIR has shown that trans-
lation ambiguity compounds the problem, producing a sig-
ni cantadverse effecton retrieval effectiveness (Oard, 1997¢).
A number of studies have reported that simple linguistic pro-
cessing such as limiting candidate translations for query terms
to those with the same part of speech, or indexing phrases as
well as individual words, can raise this performance to per- ~ The Text REtrieval Conference (TREC) has developed large-
haps 75% of the monolingual effectiveness (c.f., (Davisand ~ scale multilanguage collections designedspeci cally to sup-
Ogden, 1997; Hull and Grefenstette, 1996)). port CLIR experiments. We have evaluated our LCS database

We describe a new LCS-based query translation tech- as lexical resource for CLIR using the Spanish collection
nique that takes advantage of this key insight. The mainin- ~ from TREC-4 ( El Norte ) for which English queries are
novation of this technique is that it provides a framework available. This collection contains 57,780 Spanish newswire

2 Experiment Design



articles from a Mexican news service that were generated
in 1994. The collection has been assessed at NIST for 25
topics using a pooled assessment methodology based on the
top one hundred documents from 10 different monolingual
Spanish retrieval systems. Topic descriptions in TREC-4
lacked title and narr elds, so only short queries can
be constructed for the TREC-4 El Norte collection. The orig-
inal topic descriptions are in Spanish and human-prepared
English translations of the topic descriptions are available.
When two English translations were provided with the TREC-
4 El Norte collection, we chose the rstone which was gen-
erally the more direct (although frequently somewhat awk-
ward) translation.

For text retrieval we ran version 3.1pl of the Inquery
system from the University of Massachusetts on asingle SPARC
20 underthe Solaris 2.5 operating system. The Inquery kstem
stemmer and the standard English Inquery stopword list were
used when processing the AP documents and when process-
ing English translations of the SDA/NZZ documents. The
Inquery Spanish stemmer and Spanish stopword list were
used when processing the Spanish El Norte documents.

Thenext vesections summarize the ve CLIR approaches
that we have implemented.

3 LCS-Based Query Translation (LCSQT)

Lexical conceptual structures are automatically constructed
linguistic representations that are based on lexicalized reg-
ularities that reveal meaningful semantic relationships. Our
LCS-Based query translation approach involves the construc-
tion of disambiguated (target-language) queries from event-
based entries in our lexicon. The rststage of this approach
involves asentence analysis componentthat builds a syntac-
tic structure produced by a parser called REAP (Right Edge
Adjunction Parser) (Weinberg et al., 1995). For example,
the parse tree produced for the sentence  What are Mexico’s
attitudes toward press censorship has the following struc-
ture:
[ CP Wat i
[S are
[ NP nexico
[N attitudes
[PP toward
[NP press censorship]]]]

[ VP e ]]

The nextstage of query translation involves the construc-
tion of a language-independent, compositional representa-
tion called Lexical Conceptual Structure (LCS) (Dorr, 1993;
Dorr and Olsen, 1997). For example, the LCS representa-
tion for the verb be is:

(be ident (* thing x)

(at ident (thing x) (* thing y)))

This LCS is uninstantiated, i.e., ithas un 1led argument po-
sitions (as indicated by the * marker). During the process of
LCS composition, argument positions are 1lled. For exam-
ple, the sentence above would correspond to the following
composed representation:

(be ident
(attitude

(mexico (toward (censorship (press)))))
(at ident
(attitude

(mexico

(toward (censorship (press)))))
(wh-thing)))

We have developed a technique for representing instan-
tiated LCS forms as queries in the Parka-DB knowledge rep-
resentation system (Evett, Hendler, and Spector, 1994). Parka-
DB providesanef cienttechnique for matching graph struc-
tures that we use to generate the terms for the target-language
query. The system produces a collection of terms in the tar-
get language based on the structure of the composed LCS.
The scalability of the Parka-DB system allows us to repre-
sent large lexicons for the languages of interest. The gener-
ation of target-language terms entails lexical selection from
the composed LCS associated with each event-based term.

Our evaluation of LCSQT is based on topics SP26-50
from the TREC-4 El Norte collection.! For example, the
English short query for topic SP45 is:

Mxico’s attitudes toward

press censorship
The LCS for this query would be:

(attitude (mexico (toward

(censorship (press)))))
and the Spanish terms generated for this LCS are:

[actitud nexico hacia]

censura pulse prensa]

For comparison, the of cial Spanish version of the SP45 short,
query is:

Actitudes en Mxico sobre

la censura de la prensa

3.1 MT-Based Query Translation (MTQT)

Machine translation systems seek to translate documents from
one language to another, either as an aid for human transla-
tors or for direct use as a fairly rapid and inexpensive rough
translation. This provides an obvious approach to query trans-
lation, but we are aware of only one prior experiment to use
such a technique (Radwan and Fluhr, 1995). In that exper-
iment, Radwan and Fluhr compared the retrieval effective-
ness of queries translated from French into English by the
SYSTRAN machine translation system with the effective-
ness of their EMIR dictionary-based query translation sys-
tem using a version of the small Cran eld collection for which
French queries were available. In that study they found that
the EMIR was more effective than their MT-based query trans-
lation technique using SYSTRAN. Our experiments offer
some insightinto the performance of a MT-based query trans-
lation approach on larger test collections.

The Logos machine translation system that we used for
our experiments is a commercial product that is designed

LOf these queries, we were able to achieve full syntactic and
semantic analysis for 17 case. The remaining 8 cases were not an-
alyzable by the REAPparser. Modi cations to REAPare currently
underway to accommodate the syntactic phenomena that occur in
those sentences. The queries that were handled were: SP26, SP27,
SP28, SP29, SP30, SP33, SP34, SP35, SP36, SP37, SP40, SP41,
SP44, SP45, SP48, and SP49.



to assist human translators by automatically preparing fairly
good translations of individual documents.? The system is
typically used by translation bureaus and other organizations
as the rst stage of a machine-assisted translation process,
and we have previously used it for cross-language routing
experiments (Oard, 1997a). The Logos system includes ex-
tensive facilities for adding domain-speci c technical ter-
minology and new linguistic constructs, but for the experi-
ments reported here we used only the machine readable dic-
tionaries and semantic rules that are delivered as standard
components of the product.

We used the Logos system to translate English queries
into Spanish for use with the El Norte collection. Since the
Logos system is designed to generate readable translation, it
generates only a single best guess translation for any in-
put. Thus MTQT is most similar to the DQT-SW technique
in which a single candidate translation is retained.

3.2 Dictionary-Based Query Translation (DQT)

By far the most commonly used query translation approach
is to replace each query term with appropriate translations
that are automatically extracted from an online bilingual dic-
tionary (c.f., (Hull and Grefenstette, 1996; Ballesteros and
Croft, 1997)). For translating queries from English into Span-
ish we used a Spanish-English bilingual dictionary that was
produced speci cally for this evaluation from a lexicon that
had originally been developed for a foreign language tutor-
ing application (Dorr, 1997; Weinberg et al., 1995). The
original lexicon contained 12,885 unique Spanish stems cor-
responding to 171,164 morphological variants and 29,360
bilingual pairs. We used a two-level Kimmo-based morphol-
ogy system (Antworth, 1990) to generate all morphological
variants of terms matching the English terms (stemmed and
unstemmed) for the subset of the topics that we processed
in the El Norte collection.

It is common for a single word to have several trans-
lations, some with very different meanings. It is not at all
clear how one should design an algorithm to extract only
the appropriate translations using this information, so we
have implemented four simple dictionary-based query trans-
lation techniques that together explore the effects of winner-
take-all, word-match and stem-match approaches.> We il-
lustrate the effect of each technique with a Spanish transla-
tion of query SP45 above:

Single Word (SW) The 1stexactsingle whole-word match
in the dictionary.*

[]

Single Word, Stemmed (SWS) The rstexactsingle whole-
word match if present, otherwise the rstexactsingle

%Logos Corporation, 111 Howard Boulevard, Suite 214, Mount
Arlington, NJ07856 USA
3Bilingual dictionaries typically provide phrasal level entries
as well. We were limited in the current experiment to single-word
entries. Subsequent experiments will make use of an enhanced
lexicon that contains phrasal level translations entries for both the
source and target languages.
“An exact matchis one in which the two character strings are
the same length and each character in the two strings matches and a
whole word is a string of characters that appear in the document.

stem match.?

[]

Every Word (EW) Every exact single whole-word match
in the dictionary.
[]

Every Word, Stemmed (EWS) Every exactsingle stem match
in the dictionary.

[]

In every case we replace each word in the query with the
corresponding word in every matching bilingual pair to pro-
duce a version of the query that can be compared with the
documents in the collection. Words that appear in the stan-
dard English Inquery stopword list are not translated and thus
do not affect the translated query, but words that do not match
any dictionary entry are included unchanged in the trans-
lated query. Because our dictionaries are sorted in alpha-
betical order rather than with regard to the predominance of
a give translation within a known domain, the semantic ef-
fectof techniques SW and SWS are likely to be close to that
achieved by random selection of a single translation from
the sets produced in techniques EW and EWS respectively.

3.3 Upper Bound: Same Language Query (SLQ)

To approximate an upper bound for the performance of any
CLIR system, we compared the retrieval effectiveness of our
three experimental approaches with the retrieval effective-
ness achieved by using queries that are given in the same
language as the documents. For example, query SP45 would
be presentedas [ Actitudes en Mexico sobre la
censura de la prensa] whenretrieving El Norte doc-
umentsandas [ Mexico’s attitudes toward press
censorship] when retrieving English documents.

3.4 Lower Bound: Foreign Language Query (FLQ)

Monolingual information retrieval systems sometimes pro-
duce useful results because of fortuitous matches between
words in differentlanguages, proper names that are rendered
in the same way in differentlanguages, and foreign language
terms in the documents that happen to be in the query lan-
guage. Forexample, the English version of query SP45 shown
above contains the proper name Mexico which also often
appears in relevant Spanish documents. In order to establish
a practical lower bound on retrieval effectiveness we have
used both untranslated queries and untranslated documents
to reveal the effect of these cognate matches.

4 Results

Table 1 summarizes the non-interpolated average precision
results for the El Norte collection. The average precision
for the LCSQT was better than that achieved by any DQT
technique and comparable to that achieved by MTQT. From
this we conclude that further investigation of the LCSQT
approach is justi ed.f

5We used the Porter stemmer for English that is available from

ftp: /ftp.vt.edupubfeuse IR.code/ for this purpose.
®Interestingly, the average precision of LCSQT surpassed that
of even SLQ on topic SP34. A closer examination reveals that



Topic
Technique || SP34 | SP35 | SP45 | Average
[ SLQ | 0.1762 | 0.0114 [ 0.1875 | 0.1250 ||
DQTSW 0.1270 | 0.0001 | 0.1015 | 0.0762
DQT-SWS || 0.0887 | 0.0000 | 0.0944 | 0.0611
DQT-EW 0.1981 | 0.0002 | 0.0081 | 0.0688
DQTEWS || 0.0373 | 0.0003 | 0.0309 | 0.0152
MTQT 0.1288 | 0.0000 | 0.1699 | 0.0996
LCSQT 0.2398 | 0.0086 | 0.1448 | 0.1310
|| FLQ || 0.0000 | 0.0000 | 0.0000 | 0.0000 ||
Table 1: Non-interpolated average precision for three

queries in the El Norte collection.

5 Conclusions

We have examined the question of whether LCS-based lex-
icons are a useful lexical resource for CLIR. Our evalua-
tion of the utility of the LCS representation consisted of a
comparison of the LCS-based query translation technique
with several alternative CLIR techniques. Itis clearly possi-
ble to craft more sophisticated techniques. For example, we
could take advantage of redundancy in the dictionary to im-
prove our translation choices in the DQT-SW method. And
in MTQT we could preserve some additional terms in the
face of unresolvable ambiguity by coupling the translation
and retrieval systems more tightly. But we have shown that

documenttranslationis apractical approach for cross-language

textretrieval on moderately large collections, that MT-based
query translation performs well, and that arbitrary transla-
tion selection appears to work as well as any other technique
for dictionary-based query translation. As cross-language
test collections improve these results should provide a sound
basis for further research on knowledge-based techniques
for cross-language information retrieval.
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