
A Comparative Study ofQuery and Document Translation forCross-Language Information RetrievalDouglas W. Oard1College of Library and Information ServicesUniversity of Maryland, College Park, MD 20742oard@glue.umd.eduWWW home page: http://www.glue.umd.edu/~oard/Abstract. Cross-language retrieval systems use queries in one naturallanguage to guide retrieval of documents that might be written in an-other. Acquisition and representation of translation knowledge plays acentral role in this process. This paper explores the utility of two sourcesof translation knowledge for cross-language retrieval. We have imple-mented six query translation techniques that use bilingual term listsand one based on direct use of the translation output from an exist-ing machine translation system; these are compared with a documenttranslation technique that uses output from the same machine transla-tion system. Average precision measures on a TREC collection suggestthat arbitrarily selecting a single dictionary translation is typically noless e�ective than using every translation in the dictionary, that querytranslation using a machine translation system can achieve somewhatbetter e�ectiveness than simpler techniques, and that document transla-tion may result in further improvements in retrieval e�ectiveness undersome conditions.1 IntroductionAs international markets and rapidly expanding trans-national information net-works interact, an imperative for access to information written in many lan-guages is becoming increasingly apparent. Cross-Language InformationRetrieval(CLIR), the detection of relevant documents in one natural language usingqueries expressed in another, provides an important capability that can helpmeet that challenge [9]. Two principal lines of CLIR research have emerged, ap-proaches which exploit explicit representations of translation knowledge (such asbilingual dictionaries or machine translation lexicons) and those which seek toextract useful translation knowledge from training corpora using representationssuch as cooccurrence matrices that are not designed for direct human interpre-tation. We refer to the approaches in the �rst group as \knowledge-based" andthose in the second group as \corpus-based." Carbonell, et al. have reportedexcellent results when corpus-based techniques are evaluated on a held-backportion of the corpus from which the translation knowledge was extracted [3].



On the other hand, we have previously investigated the retrieval e�ectivenessof corpus-based CLIR and found that domain shift e�ects can adversely a�ectretrieval e�ectiveness when translation knowledge is acquired from one corpusand then used for retrieval from a di�erent collection [7]. Knowledge-based tech-niques that exploit broad coverage resources such as dictionaries and machinetranslation lexicons appear to be less sensitive to this e�ect, so their use may bepreferred when domain-speci�c training corpora are not available. Rather thanfocus further on corpus-based techniques, in this paper we explore the perfor-mance of several knowledge-based CLIR approaches.There are four fundamental strategies for knowledge-based CLIR: directmatching of terms in di�erent languages without translation, translation ofeach query into every document language, translation of each document intoevery possible query language, and translation of each query and each docu-ment into some common representation. Cognate matching, in which knowl-edge about related word forms in a pair of languages is encoded directly intothe query-document matching algorithm, is an example of the �rst strategy(c.f., [2]), and controlled vocabulary retrieval using indexing and search termschosen from a domain-speci�c multilingual thesaurus is an example of the laststrategy (c.f. [12]). Although cognate matching o�ers a useful way of handlingunknown words, the semantically meaningful lexical regularities on which it de-pends are presently known in only a few language pairs so we have not yetchosen to focus a study on that approach. Similarly, although controlled vo-cabulary retrieval has proven to be useful in limited domains, achieving broadcoverage using a controlled vocabulary is di�cult. We have thus chosen to focusthis study on query translation and document translation strategies.Over the past several years, query translation has emerged as the most popu-lar strategy for fully automatic broad coverage CLIR [8]. Query translation canbe quite e�cient when short queries are presented, but simple query transla-tion approaches su�er a severe penalty in e�ectiveness, usually achieving abouthalf of the retrieval e�ectiveness of corresponding monolingual techniques whentypical measures such as average precision are used. A number of studies havereported that simple linguistic processing such as limiting candidate transla-tions for query terms to those with the same part of speech, or indexing phrasesas well as individual words, can raise this performance to perhaps 75% of themonolingual e�ectiveness (c.f., [4, 6]). In this paper we describe a query trans-lation technique based on the output of an existing Machine Translation (MT)system and compare that approach with some more e�cient dictionary-basedquery translation techniques.A document translation strategy in which fully automatic MT is used totranslate each document into a single language (the query language) at indexingtime may be attractive for interactive applications if the users need to rapidlyskim retrieved documents in their preferred language. This is a requirement thatquery translation strategies can not presently support (with translation rates ata substantial fraction of a minute minute per page on typical workstations). Bycontrast, a document translation strategy in which the full text of the transla-



tions is available for immediate display could easily provide adequate responsetimes. Document translation may also improve retrieval e�ectiveness if the MTsystem is able to exploit linguistic context to choose correct translations moreoften in documents than in queries. Since queries are sometimes quite short andare often not well formed sentences, there is reason to suspect that the promisedimprovement may be realized. We have tested this hypothesis by implementinga document translation technique and comparing it with our query translationtechniques.In addition to the query translation and document translation techniques, wealso implemented two baseline techniques without any translation component:query construction in the same language as the documents, and the presentationof queries in a language di�erent from that of the documents. We expect the �rstto provide an upper bound for CLIR e�ectiveness and the second to provide alower bound.The next section presents our experiment design and describes the tech-niques we have implemented in detail. We have learned that arbitrarily selectinga single translation from a bilingual dictionary can be as e�ective as more com-monly implemented techniques based on retaining every possible translation,that techniques based on loosely coupling machine translation and informationretrieval perform somewhat better than simple dictionary-based techniques, andthat document translation can outperform query translation under some condi-tions. Section 3 describes these results in detail, and the paper concludes witha discussion of the implications for further work on cross-language informationretrieval.2 Experiment DesignEarlier CLIR evaluations have been hampered by inadequate test collections,but the Text REtrieval Conference (TREC-6) recently developed the �rst large-scale multilanguage collection that is designed speci�cally to support CLIR ex-periments. We have used the German documents (\SDA/NZZ") from that col-lection for the majority of our experiments, supplemented where practical by thecorresponding English collection (\AP").The TREC-6 CLIR SDA/NZZ collection contains 251,840 German newswirearticles from two Swiss news agencies. The SDA documents are from 1988,1989 and 1990, and the NZZ documents are from 1994. Some information needspeci�cations (topic descriptions) are available in German, English, and threeother languages. Relevance judgments were made for each topic by at the Na-tional Institutes of Standards and Technology (NIST) using a pooled assessmentmethodology in which each of the top one hundred documents from four dif-ferent monolingual German retrieval systems were evaluated for relevance to atopic description similar to that in Figure 1. Documents not in that set werepresumed not to be relevant for the purpose of computing recall and precision.The process was repeated for 22 topics and relevant documents were discovered



for 21 of those topics.1 Three standard sources for query terms were de�ned atTREC-6: \title queries" are formed from the one to three words in the \title"�eld, \short queries" are formed from only the one or two sentences or sentencefragments in the \desc" �eld, and \long queries" are formed using every wordin the \title," \desc," and \narr" �elds. We report results below for title queriesand long queries.2<top><num> Number: CL1<E-title> Waldheim Affair<E-desc> Description: Reasons for controversy surrounding Waldheim's WorldWar II actions.<E-narr> Narrative: Revelations about Austrian President Kurt Waldheim'sparticipation in Nazi crimes during World War II are argued on both sides.Relevant documents are those that express doubts about the truth of theserevelations. Documents that just discuss the affair are not relevant.</top> Fig. 1. The English version of TREC-6 topic CL01.The TREC-6 CLIR AP collection contains 242,918 articles from the Associ-ated Press newswire service in the United States that were generated in 1988,1989 and 1990. The collection has been assessed at NIST for the same 22 topicsusing a pooled assessment methodology based on the top one hundred documentsfrom �ve di�erent monolingual English retrieval systems. Relevant documentsare known in the AP collection for the same 21 topics as for the SDA/NZZcollection.For text retrieval we ran version 3.1p1 of the Inquery system from the Uni-versity of Massachusetts on a single SPARC 20 under the Solaris 2.5 operatingsystem. The Inquery \kstem" stemmer and the standard English Inquery stop-word list were used when processing the AP documents and when processingEnglish translations of the SDA/NZZ documents. No stemmer or stopword list1 The TREC-6 CLIR evaluation originally included 25 topics. No relevant documentswere discovered in the SDA/NZZ collection for topic CL22, and relevance judgmentsare not available for topics CL03, CL15 and CL25.2 We omit results for short queries on the SDA/NZZ collection because we discov-ered at TREC-6 that the \desc" �eld often fails to perform well in monolingualGerman evaluations, presumably because the topic descriptions were constructed byamplifying rather than repeating earlier information [10].



was used when processing SDA/NZZ documents in the original German, and notechniques for splitting German compounds were implemented.32.1 Same Language Query (SLQ)To approximate an upper bound for the performance of any CLIR system, wecompared the retrieval e�ectiveness of our four experimental approaches withthe retrieval e�ectiveness achieved by using queries that are given in the samelanguage as the documents. For example, the CL01 \title query" would be pre-sented as [waldheim affair] when retrieving English AP documents and as[die affaire waldheim] when retrieving German SDA/NZZ documents.2.2 Dictionary-Based Query Translation (DQT)By far the most commonly used query translation approach is to replace eachquery term with appropriate translations that are automatically extracted froman online bilingual dictionary (c.f., [6, 1]). The usual approach is to automaticallyextract a bilingual term list from the dictionary entries, so for translating queriesfrom English into German for retrieval from the SDA/NZZ collection we usedan online bilingual term list developed by Stefan B�udenbender.4 That term listcontains 131,274 bilingual pairs in which each pair consists of one word or phrasein English and the corresponding word or phrase in German. The number ofunique words in the list is far smaller than 131,274 because many words appearin several bilingual pairs and the number of unique stems is smaller still becausethe dictionary contains multiple morphological variants for many of the words.The pairs were initially sorted in lexicographic order based on the English termsand we used the same dictionary to translate queries from German into Englishfor retrieval from the AP collection after resorting the pairs by the Germanterms.It is common for a single word to have several translations, some with verydi�erent meanings. Bilingual dictionaries typically seek to help users select ap-propriate translations of individual words by embedding the word in a represen-tative phrase, and this practice was present in the bilingual term list that weused. 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 sixsimple dictionary-based query translation techniques that together explore thee�ects of winner-take-all, word-match and stem-match approaches. We illustratethe e�ect of each technique with a German translation of the English CL01 titlequery given above.Single Word (SW) Bilingual term lists provide no obvious basis for selectinga single translation when more than one alternative translation for a word3 We tried a small German stopword list in our TREC-6 experiments and found thatit hurt average precision somewhat in most cases [10].4 The bilingual term list is available at http://www.bg.bib.de/�a2h6bu/



is encoded in the list. In SW we arbitrarily choose the �rst exact singlewhole-word match in the list.5 The list is sorted in alphabetical order, andwe expect this technique to perform about as well as any other arbitrarychoice of a single word. Words which are not found in the dictionary areretained unchanged, a simple cognate matching strategy that often workswell for proper names.[waldheim aff�are]Single Word, Stemmed (SWS) The bilingual term list we have used con-tains several morphological variants for each word rather than a single entryfor a root form, but it is possible that some required morphological variantsmay not be present. Accordingly, for the SWS technique we �rst seek an ex-act match for each term, and if that fails we stem every word in the bilingualterm list and in the query and then try the matching again.6 If that fails weretain the word unchanged in the hopes of a cognate match.[waldheim aff�are]Every Word (EW) SW involves arbitrary choices, but information retrievalalgorithms are able to accept multiple possibilities. Thus, the more commontechnique for using bilingual term lists has been to retain every possibletranslation when more than one alternative is present in the list. In the EWtechnique we replace each word with every exact single whole-word matchin the bilingual term list.[waldheim aff�are angelegenheit ereigneis gesch�aft handlungsache]Every Word, Stemmed (EWS) EWS is the stemmed variant of EW, in whichwe retain every exact single stem match in the dictionary. This is done ina single pass, rather than the two pass approach used in SWS, since thatapproach seems to better match the idea of \every" possible translation.[waldheim aff�are angelegenheit angelegenheiten ereigneisgesch�aft handlung sache]Every Phrase (EP) Like many dictionaries, our bilingual term list containsphrases in addition to single words. Phrases are ignored, however, on thesource language side of the bilingual term list in the preceding techniquessince only single word matches are used. Because some query words may ap-pear only as part of a phrase, in the EP technique we include the translationany time the query word exactly matches any word in the bilingual termlist, regardless of whether that word appears alone or as part of a phrase. Inorder to prevent an explosion of nuisance matches, words which appear inour stopword list are not translated.75 An \exact" match is one in which the two character strings are the same lengthand each character in the two strings matches. A \whole word" is any whitespace-delimited string of characters that appears in the document.6 Stemming is an automatic su�x removal technique. We used the Porter stemmer forEnglish that is available from ftp://ftp.vt.edu/pub/reuse/IR.code/ for this purpose.7 Stopwords are common words that are of little bene�t to information retrieval. Weused the standard English stopword list supplied with the Inquery system for thispurpose.



[waldheim aff�are angelegenheit ereigneis gesch�aft handlungsache ehrensache familienagelegenheit liebesgl�uck es war eineabgekartete sache es ging heiss her liebesaff�are liebeserlebnistechtelmechtel staatsangelegenheit das ist meine sache]Every Phrase, Stemmed (EPS) EPS is the stemmed analogue of EP in whichwe retain every exact stem match in the bilingual term list, regardless ofwhether the stemmed word appears alone or as part of a phrase. Again, onlyone pass is needed.[waldheim aff�are angelegenheit angelegenheiten ereigneisgesch�aft handlung sache ehrensache familienagelegenheitliebesgl�uck es war eine abgekartete sache es ging heiss herliebesaff�are liebeserlebnis techtelmechtel meinprivatangelegenheiten staatsangelegenheit staatsangelegenheitenbescherung das ist meine sache seine angelegenheiten in ordnungbringen gesch�afte abwickeln]In every case we replace each word in the query with the corresponding word orphrase in every matching bilingual pair to produce a version of the query thatcan be compared with the documents in the collection. In addition to simpleword-to-word mappings, word-to-phrase mappings are possible (and, in fact,common), so translated queries are typically longer than untranslated queriesand the translated queries sometimes contain repeated words. Furthermore, thetranslated queries often contain multiple words with the same stems, and inEnglish (but not in German) these words will be treated by our informationretrieval system as if they are identical.2.3 MT-Based Query Translation (MQT)Machine translation systems seek to translate documents from one languageto another, either as an aid for human translators or for direct use as a fairlyrapid and inexpensive rough translation. This provides an obvious approach toquery translation, but we are aware of only one prior experiment to use such atechnique [11]. In that experiment, Radwan and Fluhr compared the retrievale�ectiveness of queries translated from French into English by the SYSTRANmachine translation system with the e�ectiveness of their EMIR dictionary-based query translation system using a version of the small Cran�eld collectionfor which French queries were available. In that study they found that the EMIRwas more e�ective than their MT-based query translation technique using SYS-TRAN. Our experiments o�er some insight into the performance of a MT-basedquery translation approach on larger test collections.The Logos machine translation system that we used for our experiments isa commercial product that is designed to assist human translators by automati-cally preparing fairly good translations of individual documents.8 The system is8 Logos Corporation, 111 Howard Boulevard, Suite 214, Mount Arlington, NJ 07856USA



typically used by translation bureaus and other organizations as the �rst stage ofa machine-assisted translation process, and we have previously used it for cross-language routing experiments [7]. The Logos system includes extensive facilitiesfor adding domain-speci�c technical terminology and new linguistic constructs,but for the experiments reported here we used only the machine readable dic-tionaries and semantic rules that are delivered as standard components of theproduct.We used the Logos system to translate English queries into German for usewith the SDA/NZZ collection and to translate German queries into English foruse with the AP collection. Since the Logos system is designed to generate read-able translation, it generates only a single \best guess" translation for any input.Thus MT-based query translation is most similar to the DQT-SW technique inwhich a single candidate translations is retained.2.4 MT-Based Document Translation (MDT)Our MT-based document translation approach parallels the design of our MT-based query translation design. We have selected English as a query language andtranslated each SDA/NZZ document into English as a preprocessing step. Wethen indexed the translated document collection and used English queries for theretrieval experiments. Essentially the preprocessing step reduces cross-languageretrieval to a (possibly degraded) monolingual case. We used four SPARC 20workstations and a �fth workstation that was upgraded from a SPARC 5 to aSPARC Ultra 1 after about three quarters of the documents had been trans-lated.9 Translation of the 48 months of newswire stories contained in the SDAand NZZ collections using these machines required approximately 10 machine-months, and successful translations were obtained for 251,572 documents. Theremaining 268 documents were omitted from the translated collection.2.5 Foreign Language Query (FLQ)Monolingual information retrieval systems sometimes produce useful results be-cause of fortuitous matches between words in di�erent languages, proper namesthat are rendered in the same way in di�erent languages, and foreign languageterms in the documents that happen to be in the query language. For example,the English version of the CL01 title query shown above contains the propername \Waldheim" which also often appears in relevant German documents. Inorder to establish a practical lower bound on retrieval e�ectiveness we have usedboth untranslated queries and untranslated documents to reveal the e�ect ofthese cognate matches.3 ResultsTable 1 summarizes the non-interpolated average precision results for the SDA/NZZcollection using every technique, averaged over the 21 topics for which relevant9 The translated documents are available to TREC participants from NIST.



documents are known. For title queries the advantage of same language queriesover four of the eight CLIR techniques is statistically signi�cant (with 95% con-�dence), as is the di�erence between three of the CLIR techniques and foreignlanguage queries, but the available 21 queries are not su�cient to produce sta-tistically signi�cant di�erences among the CLIR techniques that we have tested.It does appear, however, that DQT-SW is no worse than the more commonlyimplemented DQT-EW technique, and that the same pattern is evident in thestemmed variant of each technique and with long query as well. These �gures areaveraged over 21 queries, however, and that obscures query-by-query variations.DQT-SW obtains this average performance by doing quite well on some queriesand quite poorly on others. Since the average precision is much closer to zero(the minimum possible) than to one (the maximum), the potential gain for anindividual query is far greater than the potential loss. Thus, a few exceptionallygood translations could account for this e�ect. So in one sense, this result pointsup a weakness in the average precision measure. Viewed from another perspec-tive, however, our result suggests that seeking an improvement over arbitrarychoice may be as useful as the more common approach of seeking to cut downon the number of translations selected (c.f., [1]).Query LengthTechnique Title LongSLQ 0.2480 0.2396DQT-SW 0.1749 0.1342DQT-SWS 0.1542 0.0969DQT-EW 0.1778 0.1312DQT-EWS 0.1363 0.0827DQT-EP 0.1152 0.0165DQT-EPS 0.1172 0.0182MQT 0.1668 0.1561MDT 0.1761 0.2171FLQ 0.0307 0.0117Table 1. Non-interpolated average precision for the SDA/NZZ collection, averagedover 21 topics.Machine translation also seems to be doing well. On long queries, MT-basedquery translation outperforms every DQT technique. Title queries, which are allthree words or less, lack the same e�ect. That is not surprising, since the ma-chine translation system that we used is designed to perform best on well formedsentences. The e�ect of greater context is also apparent in the performance ofMT-based document translation, which outperforms MT-based query transla-tion on both title and long queries. This di�erence may, in fact, be understatedsomewhat because our experience suggests that English to German translations



are noticeably better in many cases than German to English translations withthe system that we used. Since MT-based query translation used English toGerman translations and MT-based document translation used German to En-glish translations, we might have seen an even bigger advantage for MT-baseddocument translation with a more evenly balanced translation performance.In order to seek con�rmation for these results we applied three of our CLIRtechniques to the English AP collection. Table 2 summarizes the non-interpolatedaverage precision results for that collection, using DQT-SW, DQT-EW and MT-based query translation. DQT-EP was omitted because we lacked a usable stop-word list in German, the stemmed variants were omitted because both Germanstemming software and a compound splitting technique would have been needed,and replicating MT-based document translation was impractical within the timeframe of this study. For those techniques that we were able to easily implement,the same trends were evident on the AP collection as on the SDA/NZZ collec-tion. Again, DQT-SW was no worse than DQT-EW, and that MT-based querytranslation performs somewhat better than either of those techniques on longqueries. Thus although we have not obtained statistically signi�cant results, wenow have some reason to believe that two of our most important observationsare repeatable. Query LengthTechnique Title LongSLQ 0.3449 0.3958DQT-SW 0.1982 0.1154DQT-EW 0.1805 0.0710MQT 0.1928 0.2455FLQ 0.0105 0.0132Table 2. Non-interpolated average precision for the AP collection, averaged over 21topics.4 ConclusionsWe have conducted an extensive evaluation of eight cross-language informationretrieval techniques and found some interesting results. When using a bilingualterm list that contains morphological variants rather than root forms, we haveseen that matching exact words is better than matching stems. We have seen thesame result with a di�erent bilingual term list in a di�erent language pair (En-glish and Spanish) [5], so there is reason to believe that this result will generalizeto other bilingual term lists and evaluation collections. Perhaps our most surpris-ing result is that arbitrarily choosing a single translation for each term produces



the same average precision as the more common use of every possibly transla-tion. Although we believe that to be an artifact of the average precision measure,it does o�er an interesting perspective from which to think about the design ofdictionary-based query translation techniques. Finally, and perhaps most im-portantly, we have observed that a sophisticated machine translation systemcan outperform simpler techniques for cross-language information retrieval. Ourinability to easily replicate the MT-based document translation experiment onthe AP collection (an estimated 10 machine-months of computation would havebeen required) speaks volumes about the practical limitations of that approach,however. But as machine translation becomes faster, we have demonstrated oneway in which those powerful capabilities might be used. It is clearly possibleto exploit these same resources that we have used to craft more sophisticatedtechniques. For example, we could take advantage of redundancy in the bilin-gual term list to improve our translation choices in the DQT-SW method. Andin MT-based query translation and MT-based document translation we couldpreserve some additional terms in the face of unresolvable ambiguity by cou-pling the translation and retrieval systems more tightly. Our encouraging resultssuggest that these would be promising directions for future work.AcknowledgmentsThis work has been supported in part by DARPA contract N6600197C8540, theUniversity of Maryland General Research Board, and the Logos Corporation.The author is grateful to Bonnie Dorr for her extensive comments on an earlyversion of this paper, Paul Hackett for implementing dictionary-based querytranslation, Scott Bennett and Harriet Leventhal for their assistance with theLogos translation system, James Allan for help with Inquery con�guration, andFred Gey for making us aware of the German bilingual term list that we used.References1. Ballesteros, L. and Croft, W. B. (1997). Phrasal translation and query expansiontechniques for cross-language information retrieval. In Proceedings of the 20th In-ternational ACM SIGIR Conference on Research and Development in InformationRetrieval. http://ciir.cs.umass.edu/.2. Buckley, C., Mitra, M., Walz, J., and Cardie, C. (1997). Using clustering andSuperConcepts within SMART: TREC 6. In The Sixth Text REtrieval Confer-ence (TREC-6). National Institutes of Standards and Technology. To appear.http://trec.nist.gov/.3. Carbonell, J., Yang, Y., Frederking, R., Brown, R. D., Geng, Y., and Lee, D.(1997). Translingual information retrieval: A comparative evaluation. In Pro-ceedings of the Fifteenth International Joint Conference on Arti�cial Intelligence.http://www.cs.cmu.edu/afs/cs.cmu.edu/user/ralf/pub/WWW/papers.html.4. Davis, M. and Ogden, W. C. (1997). Quilt: Implementing a large-scale cross-language text retrieval system. In Proceedings of the 20th International ACM SIGIRConference on Research and Development in Information Retrieval.
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