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Abstract
WeapplytheC4.5decisiontreelearnerin interpret-
ing Japaneserelative clauseconstructions,based
aroundshallow syntacticandsemanticprocessing.
In parameterisingdatafor usewith C4.5, we pro-
pose and test various meansof reducing intra-
clausalinterpretationalambiguity, andcrossindex-
ing the overall analysisof cosubordinatedrelative
clauseconstructions. We additionally investigate
the disambiguatingeffect of the differentparame-
ter typesused,andestablishupperboundsfor the
task.

1 Intr oduction
Japaneserelativeclauseconstructionshavethegen-
eral structure[[S][NP]], andconstitutea noun
phrase.We will termthemodifyingS the“relative
clause”, the modified NP the “head NP”, and the
overallNP a “relativeclauseconstruction”or RCC.
ExampleRCCsare:1

(1) kinō
yesterday

katta
bought

bōsi
hat

“the hatwhich ( ) boughtyesterday”

(2) bōsi-o
hat-ACC

katta
bought

riyū
reason

“the reason( ) boughta hat”

(3) taterareta
built

yokutosi
nextyear

“the yearafter ( ) wasbuilt”

Dif ferentclaimshave beenmadeasto the roles
of syntax,semanticsandpragmatics(or framese-
mantics)in the construalof JapaneseRCCs (e.g.
Teramura(1975–78),Sirai andGunji (1998),Mat-
sumoto(1997)). We considertwo basicsyntactico-
semanticselectionprocessesto govern RCC con-
strual: selectionof the relative clauseby the head
NP and selectionof the headNP by the relative

1The following abbreviationsareusedin glosses:NOM =
nominative, ACC = accusative, PRES = non-pastandPOT = po-
tential. ( ) is usedto indicatezero(anaphoric)arguments.

clause. Theseprocessescanbe seento be at play
in theexamplesabove: in (1), theheadverbof the
relative clauseselectsfor the headNP, and a di-
rect object case-slotgappinginterpretationresults
(i.e. bōsi is the direct object of katta); in (2), the
headNP selectsfor the relative clause,resultingin
an attributive interpretation(i.e. bōsi-o katta is an
attributive modifier of riyū); and in (3) an attribu-
tive interpretationsimilarly results,with the quali-
fication that while yokutosiselectsfor the relative
clause,therelativeclausemustin turnbeableto se-
lect for a temporalmodifier (e.g.stative verbssuch
as soNzai-suru“exist” are incompatiblewith this
construction).Thereis a closerelationshipbetween
syntaxandsemanticshere,in that syntaxprovides
the basicargumentand modifier positionsfor the
headverb of the relative clause,which semantics
fleshesout by way of selectionalrestrictions.Prag-
maticsalsohasarole to play in ratingtheplausibil-
ity of different interpretations(Matsumoto,1997),
althoughwe ignore its effects,and indeedthe im-
pactof context,in this research.

Our objective in this paperis, givena taxonomy
of JapaneseRCC semantictypes(Baldwin, 1998)
anda gold-standardsetof JapaneseRCCinstances,
to investigatethesuccessof variousparametercon-
figurationsin interpretingRCCs.Onefeatureof the
proposedmethodis thatit is basedonshallow anal-
ysis,centringprincipally arounda basiccaseframe
andverb classdescription. That is, we attemptto
makemaximumuseof surfaceinformationin per-
formingadeepsemantictask,in thesamevein,e.g.,
as Joanisand Stevenson(2003) for English verb
classificationandLapata(2002)in disambiguating
nominalisations.

Relativeclauseinterpretationis acorecomponent
of text understanding,asdemonstratedin the con-
text of the MUC conferenceseries(Cardie,1992;
Hobbset al., 1997). It also hasimmediateappli-
cationsin, e.g.,Japanese–Englishmachinetransla-
tion: for case-slotgappingRCCssuchas(1),weex-
traposetheheadNP from theappropriateargument
position in the English relative clause(producing,



e.g., “the hat� [ � � boughtyesterday]”),and for at-
tributiveRCCssuchas(2), wegeneratetheEnglish
relative clausewithout extrapositionandselectthe
relativepronounaccordingto theheadNP (produc-
ing, e.g.,“the reasonthatthehatwasbought”).

RCC interpretationis doggedby analyticalam-
biguity, in particular for phraseboundary, phrase
head/attachmentand word senseambiguity. The
first two of theseconcernscanbe dealtwith by a
parsersuchasKNP (KurohashiandNagao,1998)
or CaboCha(KudoandMatsumoto,2002),or alter-
natively atagsequence-basedtechniquesuchasthat
proposedby Siddharthan(2002)for English. Word
senseambiguityis anissueif we wish to determine
thevalenceof theverbandmakeuseof selectional
restrictions.We sidestepfull-on verbsensedisam-
biguationby associatinga uniquecaseframewith
eachverbstemtypeandencodingcommonalterna-
tionsin theverbclass.Evenhere,however, wemust
have somemeansof dealingwith verb homonymy
andintegratinganalysesfor cosubordinatedrelative
clauses. We investigatevarioustechniquesto re-
solvesuchambiguityandcombinethe analysisof
multiple componentclauses.

In the following, we define the RCC semantic
types(

�
2) andoutline the parametersusedin the

proposedmethod(
�

3). We thendiscusssourcesof
ambiguity and disambiguationmethods(

�
4), be-

fore evaluatingthe proposedmethods(
�

5), andfi-
nally comparingthe resultswith thoseof previous
research(

�
6).

2 Definitions
Wedefinerelativeclausemodificationasfalling into
threemajor semanticcategories, indistinguishable
orthographically:case-slotgapping,attributive and
idiomatic.

Case-slotgapping RCCs(aka “internal”/“inner
relation” (Teramura, 1975–78) or “clause host”
RCCs(Matsumoto,1997)),arecharacterisedby the
headNP having beengapped(or extraposed)from
a caseslot subcategorisedby the main verb of the
relativeclause(see(1)). Forour purposes,case-slot
gappingis consideredto occurin 19sub-categories,
which can be partitioned into 8 argument case
slot types(e.g. SUBJECT, DIRECT OBJECT, INDI-
RECT OBJECT) and 11 modifier case slot types
(e.g. INSTRUMENT, TEMPORAL, SOURCE LOCA-
TIVE: Baldwin (1998)).Notethatthecasemarking
on theslot from which gappinghasoccurredis not
preservedeitherwithin therelative clauseor on the
headNP.

Attrib utive RCCs (aka “external”/“outer rela-
tion” (Teramura,1975–78)or “noun host” RCCs

(Matsumoto,1997))occurwhentherelative clause
modifiesor restrictsthe denotatumof the headNP
(see(2)). Theycomein 7 varietiesaccordingto the
natureof modification(e.g. CONTENT, RESULTA-
TIVE, EXCLUSIVE).

Idiomatic RCCsareproducedwhenthe overall
RCCproducesaconstructionallyidiomaticreading,
e.g.:

(4) mite
to see

minu
not see

huri
pretend

“looking theotherway”

Onefeatureof idiomatic RCCsis that they canbe
describedby a largelylexicalisedconstructiontem-
plate, and are incompatiblewith conjugationalal-
ternationandmodifier caseslots. Due to the non-
compositionalnatureof idiomatic RCCs,we make
no attemptto analysethemby way of thecase-slot
gapping/attributiveRCCdichotomy, or sub-classify
themfurther.

JapaneseRCCinterpretationasdefinedin thispa-
per is accordingto the 27 interpretationtypessub-
sumedby these3 basiccategoriesof RCCconstrual.
It is important to realise that theseinterpretation
typesarelexically indistinguishable.Thesemantic
type of the RCC is thereforenot readily accessible
from asimplestructuralanalysisof theRCCascon-
tainedwithin a standardtreebank.

3 Parameterdescription
Featuresusedin theinterpretationof RCCsinclude
a generalisedcaseframe description,a verb class
characterisation,headnounsemantics,morphologi-
cal analysisof theheadverb,andvariousconstruc-
tional templates. Thesecombineto form the 49-
featureparametersignatureof eachRCC. Unless
otherwisementioned,all featuresarebinary.

Caseframes are applied in determiningwhich
argumentcaseslotsaresubcategorisedby thehead
verb of the relative clauseandinstantiated—hence
making them unavailable for case-slotgapping—
andconverselywhich caseslotsaresubcategorised
by theheadverbanduninstantiated—makingthem
availablefor caseslot gapping.The rangeof argu-
mentcaseslotscoincidesexactlywith thesetof ar-
gumentcase-slotgappingRCC typesfrom

�
2 (8

featuresin total).
Argumentcaseslot instantiationfeaturesareset

by comparingagivencaseframeto theactualinput,
andaligning caseslotsbetweenthe two according
to casemarkercorrespondence.In the caseframe
dictionary, a singlegeneralisedcaseframeis given
for eachverb stem. Caseframeswere generated



from the Goi-Taikei pattern-basedvalency dictio-
nary(Ikeharaet al., 1997)by manuallymergingthe
majorsensesfor eachdistinctverbstem.In essence,
caseframesaresimply a list of the argumentcase
slotsfor the verb in questionin their canonicalor-
dering(caseframesincludeno modifiercaseslots).
Eachcaseslot is markedfor canonicalcasemarking
andcaseslot type.

Caseframescan contain lexicalisedcaseslots,
whichmustbeovertly realisedfor thatcaseframeto
betriggered.Examplesof fixedexpressionsareki-o
tukeru(mind-ACC fix/attach)“to becareful/keepan
eyeout for (something)”andyume-omiru (dream-
ACC see)“to dream”. We manuallyannotatedeach
fixed argumentfor “gapability”, i.e. the potential
for extrapositionto the headNP position suchas
with theRCCkinō mita yume“the dreamI hadlast
night”. If a gapablefixedargumentoccurs(unmod-
ified) in headNPposition,weusethe“gappedfixed
argumentheadNP” featureto returnthe argument
type of gappedfixed argument(e.g. DIRECT OB-
JECT).

The unique caseframe descriptionis comple-
mentedby verb classes. Verb classesareusedto
describesucheffectsas:(1) modifiercaseslotcom-
patibility, e.g.PROXIMAL verbssuchaskaeru“re-
turn” are compatiblewith target locative modifier
caseslots; (2) caseslot interaction, e.g. INTER-
PERSONAL verbssuchas au “meet” have two co-
indexed argumentslots to indicate the interacting
parties;and(3) potentialfor valency-modifying al-
ternation,e.g.INCHOATIVE verbssuchaskaisi-suru
“start” arelistedwith the(unaccusative) intansitive
caseframebut undergo thecausative-inchoative al-
ternationto producetransitive caseframes(Jacob-
sen,1992).A totalof 27verbclassesareusedin this
research,which incorporatea subsetof the verbal
semanticattributes(VSAs) of NakaiwaandIkehara
(1997)aswell asclassesindependentlydeveloped
for thepurposesof this research.

Head noun semantics are used to morpho-
semanticallyclassify the headnoun (of the head
NP) into 14 classes(e.g. AGENTIVE, TEMPORAL,
FIRST-PERSON PRONOUN), basedontheGoi-Taikei
nountaxonomy. Ratherthanattemptingto disam-
biguatenounsense,theheadnounsemanticfeatures
aredeterminedastheunionof all sensesof thehead
noun of the headNP. For coordinatedheadNPs,
we take the intersectionof the headnoun feature
vectors.Oneheadnounsemanticfeatureparticular
to RCCsis the classof functionalnouns(e.g. riyū
“reason”,kekka“result” andmokuteki“objective”)
which generallygive riseto attributiveRCCs.

In processingeach unit relative clause, we

carry out morphological analysis of the head
verb of the relative clause, returning a listing
of verb morphemesand tense/aspectaffixes: e.g.
the verb okonawareteita “to have been held” is
analysedas okona-ware-te-ita “to hold-PASSIVE-
PROGRESSIVE-PAST”. Thishasapplicationsin case
frame transformation(e.g. passivisation), as trig-
ger conditionsin constructionaltemplates,and in
theresolutionof caseframeambiguity. Caseframe
transformationis carriedout prior to matchingcase
slotsbetweenthe input andcaseframe,producing
a descriptionof the surfacerealisationof the case
framewhich reflectsthevoice,causality, etc.of the
main verb. Caseframe transformationcan poten-
tially producefan-outin thenumberof clauseanal-
yses,particularlyin thecaseof the(r)areverbmor-
pheme,which has passive, potential/spontaneous
andhonorific readings(Jacobsen,1992). We pro-
duceall legal caseframesin this case,and leave
the selectionof the correctverb interpretationfor
later processing.Note that the only morphological
verb featureto makean appearanceasan indepen-
dentfeatureis POTENTIALITY, asit combineswith
nominalisedadjectives to produceCOMPARATIVE

RCCssuchastob-eruhirosa(jump-POT size)“(of)
sizebig enoughto jump (in)”.

In additionto simplefeatures,thereareanumber
of constructional templates, namelytwo features
for theattributiveRCCtypesof EXCLUSIVE andIN-
CLUSIVE, andalsoonefeaturefor idiomaticRCCs.
The constructionaltemplatefor EXCLUSIVE RCCs
operatesover the EXCLUDING verb class(contain-
ing nozoku“to exclude”, for example),and stipu-
latessimplepastor non-pastmainverbconugation
andtheoccurrenceof only anaccusatively-marked
caseslot within therelativeclause.Thesatisfaction
of theseconstraintsresultsin the EXCLUSIVE RCC
compatibilityfeaturebeingset,asoccursfor:

(5) nitiyōbi-o
Sunday-ACC

nozo-ku
exclude-PRES

mainiti
everyday

“everydayexceptSundays”

IdiomaticRCCtemplatesconstrainthe lexical type
and modifiability of the head NP, verbal conju-
gation, casemarkeralternationand modifier case
slots/adverbials.A total of 11 templatesareutilised
in thecurrentsystem,which aremappedontoasin-
gle featurevalue.

4 Analytical ambiguity and
disambiguation

As with anyNLP task,ambiguityoccursat various
levelsin thedata.In thissection,weoutlinesources



of ambiguityandproposedisambiguationmethods
for each.

4.1 Analytical ambiguity
Analytical ambiguity arises when multiple
clause analysesexist, as a result of verb ho-
mophony/homography or fixedexpressioncompat-
ibility .

For the purposesof our system, verb ho-
mophony occurswhenmultiple verbentriesin the
caseframedictionarysharethe samekanacontent
(andhencepronunciation),suchthat a kana-based
orthographywill leadto ambiguitybetweenthedif-
ferent entries. Verb homography, on the other
hand,occurswhenmultiple verbentriescoincidein
kanji content,leadingto ambiguityfor akanji-based
orthography. Both verb homophony andhomogra-
phy canbe either full or partial, i.e. all forms of a
givenverbpair canbehomophonous/homographic,
or therecanbe partial overlap for particulartypes
of verb inflection. For example,the verbs �����
kawaru“change”and ����� kawaru“replace”are
fully homophonous,whereas�	� kiru “wear” and
 � kiru “cut” arepartially homophonous(e.g.,in
the simple non-pastthey diverge in kana orthog-
raphy, producingkita andkitta, respectively). For
verb homography, �	��� tomeru“stop” and ��
� yameru“quit” are fully homographic,whereas���

okonau“carry out” and
���

iku “go” arepar-
tially homographic(with overlapproducedfor the
simplepasttense,e.g.,in theform of

�����
, which

canbe readaseitherokonattaor itta). Suchover-
lap in lexical form leadsto thesituationof multiple
verbentriesbeingtriggered,producingindependent
analysesfor theRCCinput.

Fixed expressionslead to analyticalambiguity
as, in mostcases,the main verb of the expression
will alsobe compatiblewith productive usages,by
wayof ageneralisedcaseframeentry. Forexample,
in additionto thefixed expressionasi-oarau (foot-
ACC wash)“quit”, arau “wash” hasa(unique)non-
lexicalisedcaseframeentry, which will becompat-
ible with any lexical contextsatisfyingthe lexical
constraintson thefixedexpression.

4.2 Resolvinganalytical ambiguity
Here, we presenta cascadedsystemof heuristics
which resolvesanalytical ambiguity arising from
multiple verb entries,producinga unique feature
vectorcharacterisation.

We selectbetweenmultiple analysesfor a given
relative clausein the first by preferring analyses
stemmingfrom fixed expressions,over thosecon-
forming to constructionaltemplates,in turn over
thosegeneratedthroughgeneralisedtechniques.We

define each such stratum as comprising a dis-
tinct expressionaltype, similarly to Ikeharaet al.
(1996).

Expressionaltype is on the whole a simple but
powerful disambiguationmechanism,but is not in-
fallible. The main areain which it comesunstuck
is in giving fixed expressionsabsolutepriority over
otheranalyses.Many fixedexpressionscanalsobe
interpretedcompositionally:e.g.asi-o arau (foot-
ACC wash)“quit” canmeansimply “wash (one’s)
feet”. In the caseof asi-o arau, the caseframe
is identical betweenthe fixed and generalisedex-
pression,but theverbclassesaresignificanlydiffer-
ent, potentially leadingto unfortunateside-effects
whentrying to interpretanRCCinvolving thenon-
idiomaticsenseof theverb.

Fixed expressionsand RCCs compatible with
constructionaltemplatestend to be relatively rare,
soin mostcases,ambiguityis not resolvedthrough
expressionaltype preferences.In this case,we ap-
ply a successionof heuristicsof decreasingrelia-
bility, until we producea uniqueanalysisandfea-
ture vector characterisation.Theseheuristicsare,
in orderof application: minimum verb morpheme
content,bestcaseframematchandrepresentational
preference.

Minimum verb morphemecontent involvesde-
terminingthe morphemiccontentof the headverb
of the relative clausefor eachverb stemit is com-
patiblewith, andselectingthe verb stem(s)which
are morphologically least complex. Morphologi-
cal complexity is determinedby simply counting
the numberof morphemes,auxiliary verbsandaf-
fixes in the verb composite. Given the verb com-
posite ����� mieru e.g., we would generatetwo
analyses:mie-ru“can see-PRES” andmi-e-ru“see-
POT-PRES”, of which we would (correctly) select
the first. In essence,this methodologypicks up on
more highly stem-lexicalisedverb entries,and ef-
fectively blocksmorecompositionalverbentries.

With best case frame match, we analysethe
degreeof correspondencebetweenthe caseframe
listed for eachdictionaryentry, andtheactualcase
slot contentof theinput. In following with theshal-
low processingobjectiveof thisresearch,wesimply
calculatethenumberof caseslotsin theinputwhich
align with caseslots in eachcaseframe(basedon
casemarkeroverlap),anddivide this by thesumof
thecaseslotsin thecaseframeandin theinput. We
additionallyaddoneto the numeratorto give pref-
erenceto caseframesof lower valency (i.e. fewer
caseslots)in the casethat thereis no overlapwith



theinput. This canbeformalisedas:

���������	��
������� ����� �	���� ��� �
� �	� ����� ��� �

where ��� is the setof caseslotsin the input,  "!
thesetof caseslotsin thecurrentcaseframe,and #$
thecaseslotoverlapoperator. Notethattheordering
of thecaseslotsplaysno part in calculations,in an
attemptto capturethe relative freedomof caseslot
orderin Japanese.

Thefinal heuristicis of high recallbut lesserpre-
cision, to resolveany remainingambiguity. It is
basedon the representationalpreference for the
currentverbto takedifferentlexical forms.Therep-
resentationalpreference( %'& ) of lexical form ( of
verbentry ) (i.e. (+* ) is definedasthelikelihood of
) beingrealisedas ( :

,.- �0/213�4� �+� *65�798 �0/616�
���;:=<?>@BA *65C7D8 � � 13�

This is normalisedover the representationalpref-
erencefor all sourceentries( � , producingtheverb
score( EGF ) for each(+* :

HJI �0/213�4� ,K- �0/ 1 �
:=< ,L- �0/ < �

All frequenciesare calculatedbasedon the EDR
corpus(EDR, 1995), a 2m morphemecorpusof
largely technicalJapaneseprose.

In thecaseof a tie in representationalpreference,
we selectoneof thetiedanalysesrandomly.

4.3 Clausecosubordinationand
disambiguation

Japanesecosubordinatedclauses(i.e.dependentbut
not embeddedclauses,asindicatedby the useof a
conjunctionsuchasnagara, te, tutuor si, or through
continuativetype conjugation: Van Valin (1984))
offer anadditionalavenuefor disambiguation:

(6) [[ Kim-ga
Kim-NOM

kōaN-si,
design

] seisaku-sita
produced

]

kikai
machine

“a machinedesignedandproducedby Kim”

(7) [[ kyoneN
lastyear

hatumei-sare
invented

] ryūkō-sita
gotpopular

]

mono
thing

“things whichwereinventedandgainedpopularity
lastyear”

As is apparentin (6) and (7), a consistentRCC
interpretationis maintainedacrosscosubordinated
clauses,e.g. in (6), kikai “machine” is the DIRECT

OBJECT of bothkōaN-siandseisaku-sita.2 It is pos-
sibleto putthisobservationto usewheninterpreting
cosubordinatedRCCs,by coordinatingthe feature
vectorsfor theunit clausesto producea unique,co-
herentinterpretationfor theoverall RCC.We apply
this in two ways:byOR’ing andAND’ing thefeature
vectorstogether.

5 Evaluation
In evaluation,we comparedifferent clausalinter-
pretationselectiontechniques.We furthergo on to
investigate the efficacy of differentparameterpar-
titions on disambiguation,andgeneratea learning
curve.

Evaluationwas carriedout by way of stratified
10-fold crossvalidationthroughout,usingtheC4.5
decisiontreelearner(Quinlan,1993).3 As C4.5in-
ducesa uniquedecisiontreefrom the training data
and then appliesthis to the test data,we are able
to evaluateboth training andtestclassificationac-
curacy, i.e. the relative successof the decisiontree
in classifyingthetrainingdataandtestdata,respec-
tively.

The data used in evaluation is a set of 5143
RCCinstancesfrom theEDR corpus(EDR,1995),
of which 4.7% included cosubordinatedrelative
clauses(i.e. thetotalnumberof unit relativeclauses
is 5408). EachRCC instancewasmanuallyanno-
tatedfor default interpretationindependentof sen-
tential context. The 10 most-frequentinterpreta-
tions(outof 27) in this testsetarepresentedbelow:

Interpretation RCC supertype Freq
SUBJECT case-slotgapping .640
CONTENT attributive .135
DIRECT OBJECT case-slotgapping .074
IDIOMATIC idiomatic .024
EXCLUSIVE attributive .023
LOCATIVE case-slotgapping .022
TEMPORAL case-slotgapping .021
CO-SUBJECT case-slotgapping .012
STATIVE TOPIC case-slotgapping .010
TIME DURATIONAL case-slotgapping .009

Basedon this, we canderive a baselineaccuracy
of 64.0%,obtainedby allocatingtheSUBJECT inter-
pretationto everyRCCinput.

2Note that in (7), the SUBJECT interpretationis sharedbe-
tweena passive andactive clause.It is becausethe interpreta-
tionalparallelismoccursatthegrammaticalrelationlevel rather
thancase-rolelevel thatweselectgrammaticalrelationsfor our
argumentcase-slotgappingtypes.

3We also ran TiMBL 5.0, TinySVM and Rob Malouf’s
MaxEnt toolkit over the data,but found C4.5 to producethe
bestresults.
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5.1 Evaluation of analytical disambiguation
First, we evaluateanalyticaldisambiguationby de-
composingeachRCCinto itscomponentcosubordi-
natedRCCsandselectingmostplausibleinterpreta-
tion for eachunit clause(UC). We compare:(a) a
randomselectionbaselinemethod(RandomUC); (b)
a methodwhereall featurevectorsfor theunit rela-
tive clausearelogically AND’ed together(ANDUC);
(c) a methodwhereall featurevectorsfor the unit
clauseare logically OR’ed together(ORUC); and
(d) thecascaded-heuristicmethodfrom

�
4.2above

(HeuristicUC). The resultsfor the variousmethods
arepresentedin Fig. 1. Note that28.8%of clauses
occurringin the dataareassociatedwith analytical
ambiguity, andfor the remainder, thereis only one
verbentryin thecaseframedictionary.

HeuristicUC outperformsthe RandomUC baseline
to alevel of statisticalsignificance,4 in bothtraining
andtesting.ORUC lagsbehindHeuristicUC in testing
in particular, but is vastlysuperiorto ANDUC, which

4All statisticalsignificancejudgementsare basedon the
paired� test(������� �	� ).
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Figure3: Evaluationof differentparametercombi-
nations(C = caseslot instantiation,N = headnoun
semantics,andV = headverbclass)

is marginally worsethanRandomUC in bothtraining
andtesting.

Basedon theseresults,we concludethatour sys-
temof cascadedheuristics(HeuristicUC) is thebest
of thetestedmethodsandusethisasourintra-clause
disambiguationmethodin subsequentevaluation.

5.2 Disambiguation via cosubordination
Next, we test the cosubordination-baseddisam-
biguationtechniques.The two coreparadigmswe
considerare: (1) unit clause(UC) analysis,where
eachcosubordinatedclauseis consideredindepen-
dently, as in

�
5.1; and (2) clause-integrated(CI)

analysis,wherewe actively usecosubordinationin
disambiguation.

For unit clauseanalysis, we replicatethe basic
HeuristicUC methodologyfrom above andalsoex-
tend it by logically AND’ing togetherthe caseslot
instantiationflagsbetweenunit clausefeaturevec-
tors to maintaina consistentlyapplicablecase-role
gappinganalysis(Heuristic
UC).

For clause-integrated analysis, we apply
Heuristic in intra-clausal analysis, then either
logically OR or AND the componentunit clause
featurevectorstogether, producingmethodsORCI

andANDCI , respectively.
Thetrainingandtestaccuraciesfor thedescribed

methodsover thefull datasetaregivenin Fig. 2.
Heuristic
UC (incorporatinginter-clausal coordi-

nationof only caseslotdata)appearstoofferaslight
advantageover HeuristicUC, but the two clause-
integratedanalysismethodsof ORCI andANDCI are
significantly superiorin both testingand training.
Overall, the best-performingmethodis ANDCI at a
testaccuracy of 88.9%.

It is difficult to gaugethe significanceof the
resultsgiven that coordinatingRCC’s accountfor
only 4.7% of the total data. One referencepoint



is the performanceof the HeuristicUC methodover
only simple(non-cosubordinated)RCCs.Thisgives
a training accuracyof 90.6% and test accuracy
of 89.3%, suggestingthat we are actually doing
slightly worseovercosubordinatedRCCsthansim-
ple RCCs, but that we gain considerablyfrom
employinga clause-integratedapproachrelative to
simpleunit clauseanalysis.

An absolutecapon performancefor the original
systemcan be obtainedthroughnon-deterministic
evaluation,wherebythe systemis adjudgedto be
correct in the instancethat the correctanalysisis
producedfor any one unit clauseanalysis(out of
the multiple analysesper clause). This produces
anaccuracyof 90.2%,which is presentedasUpper
Bound in Fig. 2. Given that all that the proposed
methodis doing is choosingbetweenthe different
unit clauseanalyses,it cannothopeto betterthis.
Relative to thebaselineandupperbound,theerror
reductionfor theclause-integratedANDCI methodis
96.6%,averystrongresult.

5.3 Additional evaluation
We further partitionedup the parameterspaceand
ranC4.5overthedifferentcombinationsthereof,us-
ing ANDCI . The particularparameterpartitionswe
target are caseslot instantiationflags (C: 11 fea-
tures), headnoun semantics(N: 14 features)and
verbclasses(V: 27 features).

Thesystemresultsover the individual parameter
partitions,andthevariouscombinationsof caseslot
instantiation,headnounsemanticsandverbclasses
(e.g.N+V = headnounsemanticsandverbclasses),
arepresentedin Fig. 3.5

Thevalueof headnounsemanticsis borneoutby
thehightestaccuracyfor N of 76.0%.Wecanaddi-
tionallyseethatcaseslotinstantiationandverbclass
featuresprovideapproximatelyequivalentdiscrim-
inatory power, both well above the absolutebase-
line of 64.0%. This is despitecaseslot instantia-
tion flags being lessthanhalf the numberof verb
classes,largelydueto thedirectcorrelationbetween
caseslotinstantiationjudgementsandcase-slotgap-
ping analyses,which accountfor around80%of all
RCCs.

Theaffinity betweencaseslotinstantiationjudge-
mentsand the semanticsof the headnoun is evi-
dencedin thestrongperformanceof C+N, although
evenhere,verbclassesgainusanadditional5% of
performance.Essentiallywhat is occurringhereis
thatselectionalpreferencesbetweenparticularhead
nounsemanticsandcertaincase-slot/analysistypes

5NotethatC+N+V correspondsto thefull parameterspace,
andis identicalto ANDCI in Figure2.

are incrementallyenhancedas we add in the ex-
tra dimensionsof caseslot instantiationand verb
classes.The orthogonalityof the threedimensions
is demonstratedby the incrementalperformance
improvementas we add in extra parametertypes.
Thisfindingprovidesevidencefor ourearlierclaims
aboutselectionin RCCsbeingbasedon the com-
binationof headnounsemantics,verb classesand
informationaboutwhatcaseslotsarevacantin the
relativeclause.

To determineif the 90.2%upperboundon clas-
sificationaccuracyfor thegivenexperimentalsetup
is dueto limitations in the particularresourceswe
areusing or an inherentboundon the RCC inter-
pretationtask as definedherein, we performeda
manualannotationtaskinvolving 4 annotatorsand
100randomly-selectedRCCs,takenfrom the5143
RCCsusedin this research.The meanagreement
betweenthe annotatorswas90.0%,coinciding re-
markably well with the 90.2% figure. This pro-
videsextraevidencefor thesuccessof theproposed
method,andsuggeststhatthereis little roomfor im-
provementgiventhecurrenttaskdefinition.

6 Discussion
Perhapsthe most directly comparableresearchto
thatoutlinedin this paperis thatof Abekawa et al.
(2001),who disambiguateRCCsaccordingto sim-
plex dependencydataandKL divergence.That is,
theyextractout
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triples

from corpusdata,anddisambiguateRCCsaccord-
ing to which caseslot theheadnounoccursin most
commonlyin simplex data. The accuracyfor their
methodover a task where they distinguishedbe-
tweenattributive and6 typesof case-slotgapping
RCCs(definedaccordingto casemarker)wasa rel-
atively modest65.3%. For a binary attributive vs.
case-slotgappingtask,theaccuracy wasa morere-
spectable88.8%,but still considerablylower than
thatachievedin this research.

An alternatepoint of referenceis found in the
work of Li et al. (1998)on KoreanRCCs,which
displaythesamestructuralambiguitiesasJapanese
RCCs.Li et al. (1998)attainanaccuracyof 90.4%
through statistical analysisof the distribution of
verb-casefiller collocates,exceptthat they classify
relative clausesaccordingto only 5 categoriesand
consideronly case-slotgappingRCCs. With our
method,restrictinganalysisto only gappingRCCs
(still retaininga total of nineteenRCC types)pro-
ducesan accuracy of 94.1%for the ANDCI system
with C4.5.

In conclusion,wehaveproposedamethodfor in-



terpretingJapaneserelativeclauseconstructionsac-
cording to surfaceevidenceand a generalisedse-
mantic representation.The methodis designedto
copewith analyticalambiguityin theheadverband
headnoun,andalso interpretationalparallelismin
cosubordinatedRCCs.In evaluationusingC4.5,we
showedoursystemto haveaclassificationaccuracy
of 89.3%,marginally below the 90% upperbound
for thedescribedtask.

Wehave totally ignoredtheeffectsof pragmatics
andcontextin this research,andin doingso,shown
that it is possibleto reliably derive a defaultRCC
interpretationusingonly shallow syntacticandse-
mantic features. In future research,we are inter-
estedin exploringmethodsof incorporatingprag-
maticandcontextualfeaturesinto our method,and
the impactof thesefactorson bothhumanandma-
chineRCCinterpretation.
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