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Abstract

In this papemweinvestigatehephenomenoiwof verb-particleconstructionsgdiscussingheir
characteristicand their availability for usewith NLP systems.Combinationsautomatically
extractedfrom corporagreatlyimprove the coverageof availableresourcesHowever, thedata
sparsenesproblemis particularly acutefor theseconstructionsand even using a corpusas
large asthe British National Corpus,a greatproportionof combinationshave a very low fre-
gueng, while othersnever occurin it. In this paperwe proposeusingthe World Wide Web
asaway to validatecandidatecombinationgminimising the problemof datasparsenessrhis
methodcanbe useto extendthe coverageof existing lexical resourcesdy validating combi-
nationsautomaticallygeneratedrom classesf verbs,andto improve the reliability of those
combinationsautomaticallyextractedfrom corpora.

Keywords: Verb-Rarticle Constructions|evin® VerbalClassesWorld Wide Web.

1 Introduction

In this paperwe investigateverb-particleconstructiongVPCs) in Englishandtheir availability
for NLP systems.Due to their complex characteristicandtheir 3exible nature,they provide a
challengefor NLP in general.In particular thereis a lack of adequateesourcego identify and
treatVPCs,andmary applicationgendto ignorethem.However, dueto their frequeng in natural
languagenteractionsit is clearthatsuccessfuapplicationseedto dealwith themappropriately
if they wantto capturenaturallanguages.

VPCsarecombinationof verbsandprepositionabr adwerbialparticles suchaseatupin Bobate
up all the chocolate In theseconstructiongarticlesare characterisedby containingfeaturesof
motion-through-locatiomndof completionor resultin their coremeaningBolinger1973. How-
ever, VPCscanrangefrom idiosyncraticor semi-idiosyncraticombinationssuchasgivein (in
e.g. Her sonwasso determinedo get what he wantedthat shebnally gavein), to moreregular
ones,suchascleanup (in e.g. He needgo cleanup his Rat). Caseof Oidiomatic@PCslike give
in, meaningto agree to what someonevantsafter a period whenyou refuseto agree, wherethe
meaningof the combinationcannotbe straightforvardly inferred from the meaningof the verb
andthe particle,fortunatelyseenmto be a smallminority [Side1990].Most caseseento be more
regular, with the particle compositionallyaddinga specic meaningto the constructionandfol-
lowing a productve pattern. Indeed,Side notesthat particlesin VPCs seemto fall into a setof
possiblecategories,dePnedaccordingto their meaningsn VPCs. For instancejn his analysisof



VPCsinvolving off, which is dePnedasindicating distancein time or space departue, removal,
disconnectionsepaation, mostVPCsconsideredgeenmo bt into this category. Examplesaretake
off meaningto depart,cutoff meaningto disconnectindstrain off to remove. A threeway clas-
sibcationis adoptedn [Dehe2002],[Emonds198pand[Jaclendof2002, wherea VPC canbe
classbedinto compositionaljdiomaticor aspectualgependingnits senseln thecompositional
VPCsthe meaningof the constructionis determinedoy the literal interpretationf the particle
andtheverb (e.g. throw out). Idiomatic VPCs,on the otherhand,cannothave their meaningde-
terminedby interpretingtheir componentsiterally (e.g. go off meaningOtaexplodeO)The third
classof aspectual/PCs,have the particleproviding theverbwith anendpointsuggestinghatthe
actiondescribedy theverbis performedcompletelythoroughlyor continuously(e.gtearup). In
theinvestigatiordescribecherewe focuson compositionabhndaspectuaVPCs.

VPCshave beenthe subjectof a considerabl@mountof interestandsomeinvestigatiorhasbeen
doneon the subjectof productve VPCs. Bame[Bame1999]analysesomeof theseproductie
casesn theframevork of Head-Drven PhraseStructureGrammar:namelythoseof aspectuahnd
resultatve combinationausingthe particleup. For examplein Kim carried the television up the
resultatve up indicatesthatthe argumentis affected(i.e., at the endof the actionthetelevisionis
up). In contrastthe aspectuatpin Kim ate the sandwit up suggestshatthe actionis takento
someconclusion(i.e.,thesandwichs totally consumedttheendof theaction). Villavicencioand
Copestak|[VillavicencioandCopestak2002 proposedebningafamily of lexical rules,organised
in adefaultinheritancehierarchyto captureproductve patternf verb-particleconstructiongik e
these Fraserpointsoutthatsemantigropertieof verbscanaffecttheir possibilitiesof combining
with particles[Fraser197% For examplebolt, cementclam, glue pasteandnail all aresemanti-
cally similar verbswherethe objectsspecbed by the verbsareusedto join materialandthey can
all productvely combinewith down Thereis clearlya commonsemantidhreadrunningthrough
thislist, sothata new verbthatis semanticallysimilar to themcanalsobe reasonablyassumedo
combinewith down Moreover, Sidenotesthatfrequentlynev VPCsareformedby analogywith
existing ones,with oftenthe verb beingvariedandthe particleremaining(e.g. hangon, hold on
andwait on).

As theseworks suggestmary VPCsfollow productve patternswheresemanticallyrelatedverbs
are combinedwith a given senseof a particle. By identifying classesf verbsthat follow pat-
ternssuchasthesein VPCs, we are able to maximisethe useof the information containedin
lexical resources. In this way, we can make use of regular patternsto productvely generate
VPCsfrom verbsalreadylisted in a lexical resourceaccordingto their verbal classesand the
particleswith which they cancombine.For example,theresultatve combinationsvalk/run/jump
up/down/out/in/faway/aundfrom themotionverbswalk, run andjumpandthedirectional/locatre
particlesup, down out, in, awayandaround Theuseof Levin@classbcationof verbs[Levin1993
to productvely generatecandidate/PCsfrom semanticallyrelatedverbsis a possiblealternatve
to extendthecoverageof lexical resourcesassuggesteddy Villavicencio[Villavicencio200R The
verbalclasseseemso begoodindicatorsof productvity in verb-particleconstructionsHowever,
the datasparsenesproblem, which is particularly acutefor multiword expressiondike VPCs,
meansthatthe full contribution madeby the candidateVPCs needsyet to be determinedsince
notevena 100 million word corpusis enoughandmary of the combinationgproposedctannotbe
veribed. Fromthesecombinationsomemaybevalid, but simply donotoccurin thecorpuswhile
otheraregenuinelyinvalid. In this paperwe proposeo verify the validity of VPCsautomatically
generatedrom classef verbsby searchingor themusingthe World Wide Web as corpus,in
orderto minimisethe problemof datasparsenes$ollowing Grefenstett¢Grefenstette199%nd
Kelleretal. [Kelleretal.2003.

We startby discussingsomecharacteristic®f VPCsthat make themso challenging. Thenwe



analysehecoverageprovidedby someavailablelexical resourcesandtheuseof corporato extend
the coverageprovided by themin sections3 and4. We thendiscusd_evin@ classef verbsand
thecombinationghey productvely generatevith the particleup, whichis the mostwidely usedof
particles.Next we addressheissueof how thesecanbe validatedusingthe World Wide Web, to
avoid the problemof datasparsenes$nalisingwith a discussiorof theresultsobtainedandfuture
work.

2 VPCs in a Nutshell

In this sectionwe discusssomeof the characteristicthat make VPCs so challengingfor NLP.

VPCsareoftenhighly polysemouswith for instancegightsense®einglistedfor male up in the
CollinsColuild Dictionaryof PhrasaVerbs(e.g.to formsomethingndto inven). They alsoshowv

syntacticvariation, whereeachcombinationcantake partin several differentsubcatgorisation
frames. For example,add up canoccurasan intransitive verb-particlecombinationin It@ a few

calorieshere andthere, andit all quickly addsup or asa transitve onein We needto add these
marksup.

In transitve VPCs,wherean NP complements required,someparticleshave a bxed positionin
relationto theverb,suchascomeup in Shecameup with theidea, wherethe particleis expected
immediatelyafter the verh Thuswe cannothave *She camewith the ideaup. Othercombina-
tions have a more [3exible orderin relationto the verb, and canequallywell occurafter another
complementr immediatelyaftertheverb: e.g. Johnate his cereal up andJohnate up his cereal.
In the latter, the particlecomesbeforea simpledebnite NP without takingit asits object(unlike
e.g. It consistsof two parts which is a prepositionalerb). Whethera particle canbe separated
or not from the verb may dependon the degreeof bondageof the particle with the verb, on the
sizeof the NP, andon the kind of NP. Thus,whenthe NP is an unstressegersonalronoun,in
a transitve VPC, it mustprecedethe particle(e.g. They ateit up but not *They ateupit). This
is alsothe casefor VPCssubcatgorisingfor otherverbalcomplementslike PPsand sentential
complementsywherethe particle mustcomeimmediatelyafter the verh Besidescomplements,
certainadwerbsarealsoacceptedetweertheverbandthe particle,suchasright in He cameright
bad.

3 VPCs and Dictionaries

In this sectionwe analysesomeof thelexical resourcesvailablefor NLP systemsin termsof the
VPCsthey contain.In tablel we canseethecoverageof phrasalverbs(PVs)in severaldictionaries
andlexicons: Collins Coluild Dictionary of PhrasaMerbs(Collins-PV),Cambridgenternational
Dictionary of PhrasaNVerbs(CIDE-PV), the electronicversionsof the Alvey Natural Language
Tools(ANLT) lexicon[Carroll andGrover1989 (whichwas derived from theLongmarDictionary
of Contemporarfnglish,LDOCE),the COMLEX lexicon[MacleodandGrishman199B andthe
LinGO EnglishResource&GrammarnERG) [Copestak andFlickinger200Q versionof November
2001.Thistableshownsin thesecondcolumnthe numberof PV entriesfor eachof thesedictionar
ies, including not only verb-particleconstructionsut alsoprepositionalverbs. The third column
shavsthe numberof VPC entries(availableonly for the electronicdictionaries).

Thesedictionarieshave a considerableaumberof PV entriespotentiallyproviding uswith a good
startingpointfor handlingVPCs. Eachof themusesa slightly differentsetof verbsandparticles
in its VPCs,andtable2 shavs someof their characteristicsyherethe seventhcolumnshaws the



Tablel: PhrasaVerb Entriesin Dictionaries

| Dictionary | PV Entries| VPC Entries|
ANLT 6,439 2,906
CIDE-PV | over 4,500 | -
Collins-PV | over 3,000 | -
Comlex 12,564 4,039
ERG 533 337

Table2: VPCsin Dictionaries

Dictionary | Verbs| VPCs | Distinct | Particles| Verbs | Proportionof
Entries| VPCs in VPCs | Verbsin VPCs
ANLT 5,667| 2,906 | 2,250 |44 1,135 | 20%
Comlex 5577| 4,039 | 1,909 |23 990 17.75%
ERG 1,223 337 270 25 176 14.39%
A+C 6,043 - 3,107 | 44 1,394 | 23.07%
ANC 5,201 - 1,052 |23 731 14.05%
A+C+E 6,113 - 3,156 |45 1,400 | 22.90%

proportionof verbsusedin VPCsfrom all theverbsin thedictionary In thistableA+C represents
theunionof ANLT andComlex, ANC theirintersectiorand A+C+E theunionof ANLT, Comlex
andERG

Whenwe rankthe particlesaccordingto thefrequeng with whichthey occurin theVPCs,we get
similar patternsfor all of the dictionaries,lbgure 1. This bgure shavs the 5 top ranked particles
for eachof thedictionariesandfor all of themupis the particleinvolvedin the largestnumberof

combinations.

In eachof thesedictionariesonly a small proportionof the total numberof verbsis usedin its
VPCs,ascanbe seenin table2 andbgure2. For example,only 20% of the verbslistedin the
ANLT form atleastoneVPC. For the otherdictionariesthis proportionis evenlower. Thesetend
to beverywidely usedandgeneralerbs,suchascome go, get, put, bring andtake. Which of the
remainingverbsdo not form valid VPCsandwhich verbsform VPCsthat were simply omitted
needdo beinvestigatedandin this paperwe attemptto go onestepin this direction.

Top Particles

Dictionaries

Figurel: Top Particlesin Dictionaries
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Figure2: Verbsin VPCsandVerbsin Dictionaries

The numberof VPCslisted in eachdictionaryis shown in table 2, wherewe can also seethe
increasan the numberof VPCsobtainedby the union of the dictionaries. Even thoughthereis

a large numberof entriesalreadyobtainedby combiningthe two largestdictionaries ANLT and
Comlex, aconsiderablg@roportion(16%)of theentriesin theLinGO ERGlexiconarenotlistedin

ary of them(this proportionwould increasef we took subcatgorizationetcinto account)! Most
of theseare at leastsemi-compositionak.g.,crisp up, cometogether, tie on, andwereprobably
omittedfrom the dictionariesfor thatreasor? thoughsomeothers,suchashad up, areprobably
recentcoinagesDictionariesarestaticresourceshattendto list idiosyncraticcombinationsatthe
expenseof omitting the more productve ones,so we cannotrely only on the combinationghey

provide.

4 VPCs and Corpora

Thenumberof VPCsis constantlygrowing, andwe needwaysof extendingthe coverageprovided
by lexical resources.The useof corporato extract VPCscan contribute to extendingtheir cov-
erage.An investigationof the automaticextractionof combinationdrom corporais describedn
[Baldwin andVillavicencio2002 In this sectionwe useVPCsextractedfrom the British National
Corpus(BNC), asdescribedn [Bannardetal.2003 and[McCarthyetal.2003, andwe compare
these/PCswith thosecontainedn thecombinedictionariefA+C+E-VPCs) andhow theformer
canbeusedto complementhe coverageprovidedby thelatter.

The BNC is a 100 million word corpuscontainingsampleof written text from a wide variety of
sourcesgdesignedo represenaswide a rangeof modernBritish Englishaspossible.It includes
texts from newspapersjournals,books,andmary othersources.Usingthe methodsdescribedn
[Baldwin andVillavicencio2002, 8,751VPC entrieswereextractedfrom the BNC. Theseentries
areclassbedinto intransitve and/ortransitve VPCs,dependingn their subcatgorisationframe,
andthey resultin 7,078distinctVPCs. Someof theseentriesarenot VPCsbut rathernoise,such
as**** off, @down etc. After removing the mostobviouscase®f noise therewere7,070VPCs
left. Theseareformedby 2,542verbsand48 particles.McCarthy®methodMcCarthyetal.2003
resultedin 4,482VPCs, after the mostobvious casesf noisewereremoved. They areformed
by the combinationof 1,999verbsand9 particles,amongwhich thereare casesof prepositional
verbs.

Thesedifferentextractionmethodsyieldeddifferentsetsof VPCs,aswe canseein table3. This

1The LinGO ERG lexicon was manuallyconstructedvith mostof the verb-particleentriesbeingempirically mo-
tivatedby the Verbmobil corpus. It is thus probablyreasonablyepresentatie of a moderate-sizelomain-spedic
lexicon.

2The Cohuild Dictionaryexplicitly stateghatliteral meaningsindcombinationsarenotgiven for all verbs.



tableshavs somecomparisonsihereBNC-1representthesetof VPCsextractedusingthemeth-
odsdescribedy Baldwin andVillavicencio,BNC-2 thoseextractedoy McCarthyetal.,andBNC
the union of both. Eventhoughthesetwo methodsoperatein the samecorpus,their resultsare
guitedistinct,with onecomplementinghe othet

Table3: ComparisorbetweervPCsautomaticallyextractedfrom corpora

| Resources | VPCEntries| Verbs| Particles|
BNC-1 7,070 2,542 | 48
BNC-2 4,482 1,999 9
BNC-1- BNC-2 | 4,429 956 39
BNC-2- BNC-1 | 1,841 413 0
BNC-1n BNC-2 | 2,641 1,586| 9
BNC 8,911 2,955| 48

In termsof the VPCs,by joining A+C+E-VPCswith all the VPCsextractedfrom theBNC (BNC-

VPCs)thereis anincreaseof 209%in the numberof VPCs,sincefrom the 8,911VPCsin BNC,

only 2,318arealsoin thecombineddictionariesascanbe seenn table4. A considerableumber
of theextractedvVPCsform productve combinationssomecontaininga moreinformal or arecent
useof verbs(e.g. hop off, kangaoo downandskateboad away). TheseVPCsprovide a useful
additionto theinformationcontainedn thedictionaries.Thus,whenthecombinedlictionariesare
joinedwith the BNC, thereis a majorincreasan the numberof VPCs,to atotal of 9,745distinct
combinations.

Thesemethodsprovide us with a larger setof VPCs and someinformation abouttheir syntac-
tic behaiour, like their subcatgorisationframes.However, they suffer from the problemof data
sparsenesandagreatproportionof theextractedvVPCshave averylow frequeng. For instancejn
BNC-240.52%0f thecombination®ccuronly once.Amongthesewe have genuinecombinations
but therearealsoinstance®f falsepositives or noise,andit is difbcult to decidewhichis which
on the basisof oneoccurrence Onepossibleway of minimisingthis problemis to usethe World
Wide Web as an extremelylarge corpus,sinceaspointedout by Grefenstett¢Grefenstette1999
andKelleretal. [Kelleretal.2003 thewebis thelargestdatasetavailablefor NLP: in December
2002the web containedat least3,033million pageswhich wereindexed by the searchengine
Google, accordingto the SearchEngine Shavdown (http://www.searchenginesihaown.com).
Several researchertiave startedto explore this idea, making useof this hugeresourceto over-
comethe problemof datasparsenesdg-or instanceKeller et al usethe webto obtainfrequencies

Table4: ComparisorbetweerVPCsfrom CombinedDictionariesandthosefrom BNC

| Resources | VPCEntries| Verbs| Particles]
A+C+E 3,156 1,400| 45
BNC 8,911 2,955| 48
A+C+E-BNC | 834 160 17
BNC - A+C+E | 6,593 1,715| 20
A+C+EN BNC | 2,318 1,240| 28
A+C+E+BNC | 9,745 3,115| 65




for adjectve-nounnoun-nourandverb-objectigrams testingif thewebcouldbe usedto obtain
frequenciedor bigramsthatareunseenn a givencorpus. They suggesthatthe large amountof
dataavailablein theweblargely outweighsarny problemthatmayderive from it beingunbalanced
andcontainingnoise. Grefenstettemploy/s the web to do example-basednachinetranslationof
compounddrom Frenchinto English. The methodhe employs would suffer considerablyfrom
datasparseness§ it wereonly to rely on corpusdata,sofor compoundshataresparsen theBNC
he alsoobtainsfrequenciesrom the weh In the next sectionswe investigatehow the web can
help us bnd evidenceto distinguishbetweervalid VPCsandnoisein automaticallygeneratedr
extractedcombinationsin orderto dothatwe employ averbalclassbcationto generateandidate
VPCs,which canbe usedto extendthe coverageof the availableresourcesandhow thewebcan
be usedto Plter andobtainfrequenciedor the candidate/PCs.

5 VPCsin the Web

We now discusghepossibilityof automaticallygeneratingandidate/PCsfrom a setof verbsand
particles andhow thevalidity of thecombinationg€anbedeterminedisingthewebasacorpus.In
thisinvestigationwe concentrat®n VPCsgeneratedy combininga classipcationof semantically
relatedverbsandthe particleup.

5.1 The Candidate VPC Set

Fraser [Fraserl976]noted how semantic properties of verbs can affect their possibilities
of combination with particles. For example verbs of hunting and the resultatve down
(hunt/track/trail/follow down) andverbsof cookingandthe aspectualip (bake/cook/fry/boil up).
As semantigropertieof verbscaninfBuencethe patternsof combinationwith particlesthatthey
follow, by having a semanticclasscation of verbswe caninvestigatehow they combinewith
certainparticles.This canbe usedto extendthe coverageof the availableresource®y generating
VPCsfrom classesof relatedverbsthat follow productve patternsof combinations.One such
classbcationwas proposedy Levin [Levin1993, whereverbsaregroupednto classesccording
to semanti@andsyntacticpropertiespasedntheassumptiorthatthe syntacticoehaiour of verbs
is semanticallydetermined.In this sectionwe discussthe possibility of usingLevin@ classef
verbsto generateandidateverb-particlecombinationsassuggestedh [Villavicencio2003

In Levin@® classbcationthereare 190 classesand subclasseshat capture3,100differentverbs
listed,resultingin 4,167entries sinceeachverb canbelongto morethanoneclass.For example,
theverbto run belonggo classe26.3(Verbsof Preparing)47.5.1(SwarmVerbs),47.7(Meander
Verbs)and51.3.2(RunVerbs). The numberof elementsn eachclassvariesconsiderablyso that
60% of all of theseclassedhave morethan 10 elementsaccountingfor 88% of the verbs,while

the other40% of the classesave 10 or lesselementscapturingthe remaining22% of the verbs.
Theb largerclassesreshavn in tableb.

All the combinationsformed by Levin@® classesand the particle up were produced. The com-
binationswere generateddy taking eachverb and appendingthe particleto it. It is necessary
to testthe validity of a candidateVPC, sincenot all verbscanbe combinedwith particles. For
example,Frasernotesthe generalisatiorthat statve verbsalmostnever combinewith a particle
(e.g. know want, hope resembleetc) [Fraser1976].Someotherverbsseemto occurwith only
one particle (e.g. chicken out andsoberup). Moreover, althoughthereare somecaseswvhereit
appearseasonabléo treatverb-particlecombinatiorasfully productie (within fairly Pnely spec-
ibPedclasses)therearealsocase®f semi-productiity. For instancemary verbsdenotingcooking



Table5: VerbEntriesin Levin® Classes

| Class | Entries|

45.4 | 257
31.1 | 220
51.3.2| 124
43.2 | 119
9.9 109

processesanoccurwith aspectualip: e.g.,boil up, fry up, brew up, heatup. But someother
combinationseemodde.g.,?saut up. This problemof semi-producitiity is furtherdiscussedn
[VillavicencioandCopestak2002. Nonethelesssomeverbalclasseqandparticles)seemto be
goodindicatorsof VPC acceptability For example,in Class11.3(Verbsof Bring and Take), all
verbsform valid combinationswith all the particlesinvestigatedin, down,out, up), accordingto
thecombinedresource$Villavicencio200R

5.2 Looking for VPCs in the Web

Fromthe 4,167 verbslistedin Levin@ classbcationthe majority, 3,933,arein the combinedre-
sources However, from the 4,167possibleVPCsgeneratedrom combiningthe verbsin Levin®
classeswith up, only 1,674arein the combinedresourcegA+C+E+BNC-VPCs). Eventhough
the combinedresourcediave a large numberof VPCs,this coverageis still limited. For instance,
in a manualanalysisof the combinationgnvolving the classof motionverbs,a greatproportion
of the VPCsarenot attestedn theseresourcesgvenif mostof the combinationsare considered
acceptabldy native spealers. It is necessaryo establishwhetherthe unattested/PCsgenuinely
do notform valid combinationspr whetherthey do notoccurdueto the datasparsenessroblem.
In this sectionwe discusshow to usethewebto verify if the candidateVPCsaregenuineon the
basisof the frequeng with which they occut

As not all verbsin Levin@ classeswill form valid VPCs,eachof the combinationthat was unat-
testedin the combinedresourcesvas searchedn the web usingthe searchengineGoogle. For
eachcombinationsearchedGoogleprovided us with a measureof frequeng in the form of the
numberof pagesn whichthatcombinatiorappearedSincewe wantto be ableto identify andex-
cludetheinvalid caseswe assumehatif aVVPCis notattesteckitherin thewebor in thecombined
resourcesthenit is notavalid VPC. In orderto provide a uniform searchpatternfor all the VPCs,
we searchedor all of themasintransitve VPCs,which is oneof the mostcommonsubcatgori-
sationframesfor VPCs. We thusabstractedway from the problemof searchingnstanceswith
Pxedf3exible word orderanddifferentsubcatgorisationframes. Furthermorejn orderto ensure
thatonly VPCs,andnot prepositionalverbswereretrieved, we usedthefollowing contet for the
searches®/eErB up forQ.It ensureshatup is notfollowed by an NP, which would be ambiguous
betweena transitve VPC (Verb Particle NP) anda prepositionalverb, wherethe PPis headedy
up (Verb PP).Only pagescontainingthis exactterm areretrieved. For instance slim up, which
was unattestedh thecombinedresourceshadl1,500,00Qpagegetrieved with slimup for, andone
of themcontaingthe sentenceWWhydo we needto spendtax mone to corvinceyouto slim up for
your owngood?

Usingthewebascorpus,atotal of 2,0940f the candidate/PCswereconsideredralid. For these
the maximumnumberof pagesetrieved was 9,330,000 or mail up andthe minimumwas 11 for



despoutup. Amongtheunattestedombinationsve have genuectup andsalaamup. Asaresult
atotal of 3,768VPCsout of the4,167candidate/PCswas attestedn the combinedresource®r
in the web, correspondindo 90% of the possiblecandidatesFromthese 890arecasef VPCs
containingverbsthatwerelistedin the combinedresourcedut werenot usedin arny VPC listed
in them. In termsof the classe$6% of themhadall of its candidate/PCsconsideredalid; 24%
had50% or moreof its VPCsasvalid. In theremainingl10% of the classespnly 3 of themhad
no attestedVPCs: Classes37.9 (Advise Verbs),39.4 (Devour Verbs)and40.1.3(ExhaleVerbs),
which containatotal of 15VPCs.By joining themwith A+C+E+BNC-VPCswe have anincrease
of 21%in thenumberof VPCswith atotal of 11,796VPCs.

6 Discussion

In this paper we investigatedhe useof a verbalclassbcationto productvely generateeandidate
VPCs, usingthewebasa way of verifying the validity of VPCsandbltering out unattesteadases.
Searchinghewebfor candidate/PCsgeneratedrom Levin® classe®n the basisof their seman-
tic/syntacticinterrelationsratherthansearchingor ary possibleoccurrenceof a word followed
by a particle,meanghatwe ensuredhatonly genuineverbswereusedin thecombinationsvoid-
ing randomnoisecausedy misspelledvords,non-natve spealers,pagesn otherlanguagesetc.
Thus,we usedLevin@ classesisa meansof constrainingthe possiblecombinationsandthe web
asa meansof Pltering unattested/PCs. We usedthis methodto extendthe coverageof lexical
resourcesvith automaticallygenerated/PCs, andit canalsobe usedto verify which VPCsau-
tomaticallyextractedfrom corporathathada low frequeng aregenuineones,while atthe same
time reinforcingtheir frequenciesisingtheweh

TheseresultssuggesthatLevin@ classesireindeeda goodstartingpointfor obtainingproductive
patternsn verb-particleconstructionsThis investigationfocusedonly on the particleup asatest
casebut it is alreadypossibleto seeanimprovementin the coverageof the lexical resourcesA
morewideinvestigatiorusingalargersetof verbsandparticlesandhumanannotatorss ernvisaged,
to extendevenfurtherthe coverageof existing lexical resourcesThis investigationwill continue
to addresghe questionof the greatnumberof the verbalentriesin a lexical resourcenot used
in its VPCs,usingthe webto searchfor candidateVPCsgeneratedy theseverbs. Nonetheless,
the resultsobtainedso far are encouragingand conbrm thatwe canstraightforvardly extendthe
coverageof lexical resourcedy usinga semanticclassbcationof verbsto productvely generate
possibleVPCs,andvalidatingthemusingthewebasa very large corpus.

Acknowledgments

|@ lik e to thank Timothy Baldwin andDianaMcCarthyfor kindly makingavailablethe combina-
tionsextractedfrom the BNC. This researctwas supportedn partby the NTT/StanfordResearch
Collaborationresearchprojecton multiword expressions.

References

[Baldwin andVillavicencio2002] Timothy BaldwinandAline Villavicencio.2002.Extractingthe
unextractable:A casestudyonverb-particlesln Proceeding®f the 6th Confeenceon Natural
Language Learning(CoNLL-2002) Taipei, Taiwan.



[Bamel1999]Ken Bame. 1999. Aspectualandresultatve verb-particleconstructionswvith Up.
Handoutfor talk presentedat the Ohio StateUniversity Linguistics GraduateStudentCollo-
quium,May.

[Bannardetal.2003] Colin Bannard,Timothy Baldwin, andAlex Lascarides2003. A statistical
approacho thesemantic®f verb-particlesin FrancisBond,AnnaKorhonenDianaMcCarthy
andAline Villavicencio,editors,Proceeding®f the ACL 2003Workshopon Multiword Expres-
sions: Analysis Acquisitionand Treatmentpage$5bD72Sapporo,Japan.

[Bolinger1971] Dwight Bolinger. 1971. ThePhrasalVerbin English Harvard University Press,
Harvard, USA.

[Carroll andGrover1989] JohnCarrollandClaire Grover. 1989. Thederivationof alargecompu-
tationallexiconof Englishfrom LDOCE. In B. Bogura® andE. Briscoe editors,Computational
Lexicographyfor Natural Languaye ProcessingLongman.

[Copestak andFlickinger2000] Ann Copestak andDanFlickinger. 2000.An open-sourcgram-
mardevelopmentervironmentandbroad-ceerageEnglishgrammarnsingHPSG. In Proceed-
ingsof the2ndInternationalConfeenceon Languaye ResoucesandEvaluation(LREC2000)

[Dehe2002] Nicole Dehe. 2002. Particle Verbsin English: Syntax,Information Structue and
Intonation JohnBenjamins Amsterdam/Philadelphia.

[Emonds1985]JoseplE. Emonds.1985. A Unibed Theoryof SyntacticCategories Dordrecht:
Foris.

[Fraser1976]Bruce Fraser 1976. TheVerb-Farticle Combinationin English AcademicPress,
New York, USA.

[Grefenstette1999(Gregory Grefenstette1999. TheWorld Wide Webasaresourcdor example-
basedmachinetranslationtasks. In Proc. of ASLIB,Confeenceon Translatingand the Com-
puter, London.

[Jaclendof2002] Ray Jaclendof. 2002. English particle constructionsthe lexicon, and the
autonomyof syntax.In A. McintyreN. Dehe, R. Jaclendof andS. Urban,editors Merb-Farticle
Explorations Berlin: Moutonde Gruytet

[Kelleretal.2002] Frank Keller, Maria Lapata,and Olga Ourioupina. 2002. Usingthe web to
overcomedatasparsenesdn JanHaji§ andYuji Matsumoto editors,Proceeding®f the Con-
ferenceon Empirical Methodsin Natural Languaye Processingpages230D237Philadelphia.

[Levin1993] BethLevin. 1993.English\Verb Classesand Alternations- A PreliminaryInvestiga-
tion. TheUniversityof ChicagoPress.

[MacleodandGrishman1998]CatherineMacleodand Ralph Grishman. 1998. Comlex syntax
referencananual ProteusProject.http://nlp.cs.nyu.edu/comlex.

[McCarthyetal.2003] DianaMcCarthy Bill Keller, andJohnCarroll. 2003. Detectinga contin-
uumof compositionalityin phrasalerbs. In FrancisBond, AnnaKorhonenDianaMcCarthy
andAline Villavicencio,editors,Proceeding®f the ACL 2003Workshopon Multiword Expres-
sions: Analysis Acquisitionand Treatmentpages/3D80Sapporo,Japan.

[Side1990] RichardSide. 1990. Phrasalerbs:sortingthemout. ELT Journal, 44(2):144D52.



[VillavicencioandCopestak2002] Aline Villavicencioand Ann Copestak. 2002. Verb-particle
constructionsn a computationagrammarof English. In JongbokKim andStephenNechsley
editors,Proceedingsf the Ninth International Confeenceon Head-DrivenPhrase Structue
Grammar Kyung-HeeUniversity, Seoul,Korea.CSLI Publications.

[Villavicencio2003]Aline Villavicencio. 2003. Verb-particleconstructiongndlexical resources.
In FrancisBond, AnnaKorhonenDianaMcCarthy andAline Villavicencio,editors,Proceed-
ings of the ACL 2003Wbrkshopon Multiword Expressions:Analysis,Acquisitionand Treat-
ment pageH7b64 Sapporo,Japan.



