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Abstract
In this paperwe presentthe resultsof a quantitative evaluationof the discrepanciesbetweenthe Ital-
ian andEnglish lexica in termsof lexical gaps.This evaluationhasbeencarriedout in the context of
MultiWordNet,an ongoingproject that aimsat building a multilingual lexical database.The quantita-
tive evaluationof theEnglish-to-Italianlexical gapsshows thattheEnglishandItalian lexica arehighly
comparableandgivesempiricalsupportto theMultiWordNetmodel.

1 Introduction

Theliteratureon contrastive analysisis rich of classificationsandexemplificationsof thelexi-
cal divergenciesthatcanoccurbetweenpairsof languages.It is quitedifficult, instead,to find
systematicquantitativeanalysesof thedifferencesbetweenlexica.Thiscomeswith nosurprise
given the hugeamountof lexicographicwork that a quantitative evaluationof lexical diver-
genciesimplies. However, thanksto the availability of machinereadabledictionaries,this is
now a morefeasibletask.In this paperwe presenttheresultsof a semi-automaticquantitative
evaluationof thediscrepanciesbetweentheItalianandEnglishlexica in termsof lexical gaps.

Theevaluationhasbeencarriedout in thecontext of MultiWordNet(MWN), anongoingproject
thataimsat building a multilingual lexical database[Ciravegnaet al. 1994].Thereareat least
two modelsfor building amultilingualwordnet.Thefirst model,adoptedwithin theEuroWord-
Net project(EWN), consistsin building languagespecificwordnetsindependentlyfrom each
other, trying in a secondphaseto find correspondencesbetweenthem[Vossen1998].Thesec-
ondmodel,adoptedwithin theMWN project,consistsin building languagespecificwordnets
keepingas much as possibleof the semanticrelationsavailable in the PrincetonWordNet
(PWN) [Fellbaum1998]. This is doneby building the new synsetsin correspondencewith
thePWNsynsets,wheneverpossible,andimportingsemanticrelationsfrom thecorresponding
Englishsynsets;i.e. we assumethat, if therearetwo synsetsin PWN anda relationholding
betweenthem,thesamerelationholdsbetweenthecorrespondingsynsetsin thenew language.
This strategy makessenseonly if thestructuraldifferencesbetweenEnglishandthelexicon of
theotherlanguagearesmall,i.e. therearerelatively few caseswhenthesynsetof onelanguage
hasno correspondentin theotherlanguage.This motivatesour interestin a quantitativeevalu-
ationof the lexical divergenciesbetweenpairsof languages.See[Bentivogli et al. 2000] for a
discussionof theprosandconsof theEWN andMWN approaches.

In therestof thispaperwewill presentamethodologyfor thesemi-automaticquantitativeevalu-
ationof lexical gapsmostlybasedonabilingualmachinereadabledictionary. Themethodology,
appliedto acontrastiveanalysisof EnglishandItalian,showsthatthenumberof Englishlexical
conceptswhichdonothavea lexicalizedtranslationequivalentin Italianamountsto lessthan8
percent.Thisresulthasanautonomouslexicographicrelevanceandgivesempiricalevidenceof
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thefeasibilityof theMWM model.Moreover, with appropriatebilingualresources,thismethod-
ology canbeappliedto otherlanguages.Froma practicalpoint of view, this approachreduces
thehumanlexicographicwork andspeedsup theMWN building process,showing in advance
wheretherewill be problemsin the mappingbetweenconceptsacrossthe two wordnetsand
thereforemanualinterventionwill benecessary.

2 Lexical idiosyncrasies

Theliteratureon contrastive analysisshows that,givena sourceanda target language,various
typesof idiosyncrasies(or discrepancies)canoccur. Hereis asummaryof themostcommon:

� Syntacticdivergencies: the translationequivalent(TE) doesnot have thesamesyntactic
orderingpropertiesof thesourcelanguageword.Ex: themanenteredtheroom= l’uomo
entrònellastanza. See[Dorr 1993].

� Lexicalizationdifferences: the sourceand target languageslexicalize the sameconcept
with a differentkind of lexical unit (word, compoundor collocation)or oneof the two
languageshasno lexicalizationfor aconcept(lexical unit vs.freecombinationof words).
In the lattercasewe have a so-calledlexical gap. Ex: private= soldatosemplice(collo-
cation);to dam= sbarrare conunadiga (gap).See[Marello 1989,Vinay andDarbelnet
1977].

� Divergencesin connotation: the TE fails to reproduceall the nuancesexpressedby the
sourcelanguageword.Ex: fanciullo(literary)= child. See[Brown 1995].

� Denotationdifferences: the denotationof the the sourcelanguageword only partially
overlapsthe denotationof the TE. Ex: convento= monastery(for monks),convent(for
nuns).See[Lo Cascioet al. 1995].

Only someof theseidiosyncrasiesarerelevant for the informationcodedin MWN. In MWN,
twosynsetsbelongingto twodifferentlanguagesarecorrespondentif thewordsof onelanguage
arecross-linguisticsynonymsof the wordsof the otherlanguage.For this reasonwe focused
our work on thoseidiosyncrasiesthatimply a lack of cross-linguisticsynonymy. MWN adopts
for both the intra- andcross-linguisticsynonymy the samecriteria that areusedto build the
PWNsynsets,i.e.:

� only cognitivesynonymy is required,i.e. wordsthathave thesamedenotationbut differ-
entconnotationor syntacticbehaviour aretakento besynonyms;

� idioms andrestrictedcollocationsareconsideredlexical units andthuscanbe synony-
mouswith simpleor compoundwords.

Given such criteria only two of the above mentionedidiosyncrasiesimply lack of cross-
linguisticsynonymy andthusarerelevantfor our purposes.Theseare:
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� lexical gaps:alanguageexpressesin alexical unit whattheotherlanguageexpresseswith
a freecombinationof words(borrower= chi prendein prestito);

� denotationdifferences:theTE of a sourcelanguageexistsbut it is moregeneral(gener-
alization)or morespecific(specification).In the former casethe TE is a sort of cross-
linguistic hypernym of the sourcelanguageword and in the latter caseit is a cross-
linguistic hyponym (bell

��
(small/electricbell) campanello+ (churchbell) campana+

(on cats)sonaglio).

In this paperwe take into considerationonly lexical gapsfrom English to Italian and show
how it is possibleto developa procedurefor identifying themin a semi-automaticway, using
knowledgeavailablein electronicdictionaries.

3 What is a lexical gap?

A lexical gapoccurswhenever a languageexpressesa conceptwith a lexical unit whereasthe
other languageexpressesthe sameconceptwith a freecombinationof words. For a suitable
evaluationof lexical gapswe first needto distinguishidiomsandrestrictedcollocationsfrom
freecombinationsof words.While idiomsandrestrictedcollocationscanbeconsideredascom-
positelexical units,freecombinationsdo not belongto a languagelexicon andimply a lexical
gap.Weadoptthefollowing definitions[Cowie 1981]:

� An idiom is a frozenexpressionwhosemeaningcannotbebuilt compositionallyfrom the
meaningsof its componentwords.Also, thecomponentwordscannotbesubstitutedwith
synonyms.

� A restrictedcollocation is a sequenceof words which habitually co-occurand whose
meaningcanbebuilt compositionally. They allow only a limited substitutionof its com-
ponentwords,which have a kind of semanticcohesionmainly dueto use.Collocations
springto mindreadily, arepsychologicallysalient,anddonotusuallyhavea literal trans-
lation in otherlanguages.

� A freecombinationis a combinationof wordsfollowing thegeneralrulesof syntax:the
elementsarenot boundspecificallyto eachother andso they occurwith other lexical
itemsfreely.

In practice,the boundariesbetweenidioms, restrictedcollocationsandfree combinationsare
not clear-cut. In many casesa distinction can be drawn relying on knowledgecontainedin
dictionariesthat explicitly mark idioms andcollocations.Also, the threesetsexhibit certain
structuralregularitiesthat canbe exploited to automaticallydistinguishthemfrom eachother
with acertaindegreeof confidence.In thefollowing wewill referto bothidiomsandrestricted
collocationswith thegenerictermof collocations.
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4 Finding lexical gaps

To make a quantitative evaluationof theEnglish-to-Italianlexical gapswe usedtheelectronic
versionof theCollins bilingual dictionaryandof theDISC monolingualItalian dictionary. The
bilingual Collins is a mediumsizedictionary, including in the Englishsection40,959head-
wordsand60,901translationgroups.By translationgroup (TGR) we meana groupof Italian
synonyms translatinga senseof an Englishword. In bilingual dictionaries,TGRsareusually
separatedby semicolons.Wetakethemastherelevantsenseunit asthey correspondto WordNet
senses.In thefollowing example"wood",asanoun,has5 TGRs.

wood [wUd] 1. n a. (material) legno; (timber) legname(m) b. (forest)boscoc. (Golf) mazza
di legno; (Bowls)boccia2. adj a. (madeof wood)di legno b. (living etc. in a wood)di
bosco,silvestre.

Giventhis information,we tried to determinein how many casestheItalian TE is a freecom-
bination,which impliesa gap.Of coursetheCollins doesnot containall Englishlexical units.
However the60,901TGRslisted in theCollins canbeconsidereda significantsampleto esti-
matethepercentageof English-to-Italianlexical gaps.

To this extentwe developeda procedurethataimsat classifyingall Italian TGRsaccordingto
thekind of TEswhich constitutethem:simplewords,collocationsor freecombinations.As a
preliminarystep,we singledout a numberof subclasseswhosememberscanbe enumerated
automatically. Thesesubclassesarerelevant for our purposesbut mayalsobesignificantfrom
agenerallexicographicpointof view.

� TheTGRincludesonesimpleword. If anEnglishwordhasaTGRin thissubclass,wecan
excludetheexistenceof a lexical gap.Grammaticalcollocations,i.e.collocationsformed
by a word followed by a prepositionintroducingan argument(answer= rispondere a),
havebeenconsideredequivalentto simplewords.See[Benson1986].

� The TGR includesa phraseexplicitly listed as collocation in the Italian monolingual
dictionary. GiventheMWN criteriafor decidingwhetheraphraseis a lexical unit or not,
alsoTGRsin this subclassallow us to excludetheexistenceof a lexical gap.Note that,
if a phraseis not listedascollocation,we cannotinfer that it is a freecombination.It is
known in factthatdictionarieslist only apartof existingcollocations[Cowie 1981].

� TheTGR includesonly a phraseexplicitly marked asfree combinationof wordsin the
Collins. The Collins markssomeTEs with a specialtag (TRGL = translationgloss)to
signalthattheTE is anexplanationof themeaningof theEnglishword ratherthana true
translation(butterscotch= caramelladura a basedi burro e zucchero di canna). Note
thatTEstaggedastranslationglossesby theCollinscoveronly apartof TEsthatarefree
combinationsof words.

� The TGR includesa multiword adverb with the structurein + modo/maniera + ADJ or
con+ N, or amultiwordverbwith structurefare+ V. Thisclassincludesanumberof gaps
correspondingin asystematicwayto Englishsimplewordswith specificmorphologicalor
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syntacticfeatures(alarmingly= in modoallarmante, admiringly= conammirazione). The
Italianadverbialpatterncorrespondsto aproductiveEnglishmechanismderiving adverbs
from adjectivesby addingthe "ly" suffix. As for theverbalpattern,this is explainedby
thefactthata considerablenumberof verbscanoccuraseitherinchoativesor causatives
in Englishbut canonly beusedasinchoativesin Italian. Italian expressesthecausative
sensethroughaparaphrase(start= far partire).

� The TGR includesa verb phrasewith the following structure:Support-V+ (Art) + N
+ (Prep)or Support-V+ Prep+ (Art) + N [Renzi 1988]. The so called supportverb
constructionsareinterestingfor usbecausethey representa typical structuralpatternin
whichcollocationscanbefound[Heid 1994].For instance:to brief = dare istruzionia.

� TheTGR includesa multiwordphrasewith anumberof wordscomparableto that of the
Englishheadword. Thishappenswhenthenumberis thesame(roller coaster= montagne
russe) or theEnglishentry is formedby two wordsandtheTE by three.Thelattersitu-
ationoccurswhena nominalspecifieris translatedin Italian with a prepositionalphrase,
see"agony column= postadel cuore". By manuallycheckinga significative sampleof
this class,we noticedthat,asa matterof fact, this classincludescollocationsin 90%of
cases.

� TheTGRincludesa two wordTE andis labelledwith aglossspecifyingasemanticfield.
In specializeddomains,many fixedexpressionscanbeclassifiedasidiomsor collocations
(armour(MIL) = mezziblindati). In a significative sampleof this class,TGRsincluded
collocationsin morethan90%of all cases.

On the basisof theseseven subclasseswe designeda procedurethat classifiesall TGRs in
threemain classes:lexical units, lexical gapsand TGRs that needto be manuallychecked.
This procedurecanbe representedasa decisiontreeasillustratedin figure1. The subclasses
areorderedby first taking into accountthoseallowing a morecertaindecision.Thedegreeof
certaintyis never lesserthan90%.

The TGRsrequiringhumancheckhave beenmanuallyclassifiedascollocationsor gapsfol-
lowing the criteria illustratedin Section3. Table1 summarizesthe quantitative evaluationof
English-to-Italianlexical gapssummingup the resultsof the applicationof the decisiontree
andthemanualcheck.

TranslationGroups Simplews. % Collocations % Gaps %
Nouns (31,978) 23,800 74.4 6,394 20.0 1,784 5.6
Verbs (12,939) 10,226 79.0 1,755 13,6 958 7.4
Adjectives (13,113) 10,455 79.7 1,217 9.3 1,441 11.0
Adverbs (2,871) 1,890 65.8 426 14.9 555 19.3
Total (60,901) 46,371 76.1 9,792 16.1 4,738 7.8

Table1: Distributionof lexical gaps
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dictionary gap

noyes

(gap: 448)

Figure1: A decisiontreeto identify translationgroupsthatrequiremanualcheck

5 Conclusion and future work

In this paperwehavepresentedageneralmethodologyto find lexical gapsin asemi-automatic
way, usingknowledgeavailable in electronicdictionaries.The resultsof the researchgive a
quantificationof theEnglish-to-Italianlexical gapson a largescaleandthereforeanindication
aboutthe overlappingof the lexical structuresof the two languages.The procedureidentified
4,738lexical gapsout of 60,901sensestakeninto consideration(7.8%of thetotal), showing a
goodoverlappingbetweenthetwo lexical structures.Theseresultsprovideempiricalsupportto
theMultiWordNetmodel.Moreover, theprocedurecanreducethe lexicographicwork needed
to build alignedwordnets,by showing in advancewheretherewill beproblemsin themapping
betweenthelexical conceptsof two languages[Bentivogli etal. 2000].
We arecurrentlyinvestigatingItalian-to-Englishlexical gapsandwe plan to developanauto-
maticprocedureto identify anothertypeof idiosyncrasy, i.e. thedenotationdifferences.Also,
weplanto applytheproposedmethodologyto a largesizebilingualdictionary.
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