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Abstract
Quantitatve evaluationof parsershastraditionally centeredaroundthe PARSEVAL measure®f crossingbrackets, (labeled)precision
and(labeled)recall. However, it is well known thatthesemeasureslo not give anaccuratepictureof the quality of the parsers output.
Furthermorewe will shav thatthey areespeciallyunsuitedor partialparsersin recentyears researcthasconcentratedn dependeng
basedvaluationmeasureswWewill shawv in this paperthatsuchadependenebasedevaluationschemes particularlysuitablefor partial
parsersTuBa-D,thetreebankusedherefor evaluation,containsall the necessargependencinformationsothatthe conversionof trees
into adependengcstructuredoesnot have to rely on heuristics. Thereforethe dependencrepresentationarenot only reliable,they are

alsolinguistically motivatedandcanbe usedfor linguistic purposes.

1. Intr oduction

Quantitatie evaluationof parserdastraditionally cen-
teredaroundthe PARSEVAL measure®of crossingbrack-
ets, (labeled)precision and (labeled)recall (Black et al.,
1991). However, it is well known that thesemeasuresio
not give an accuratepicture of the quality of the parsers
output(cf. ManningandSchitze(1999)),e.g.in case®f at-
tachmentrrors.Additionally, mary phenomentéik e nega-
tion or unarybranchesreignoredin the original measures
in orderto allow a comparisonbetweenparsersthat use
incompatiblegrammars. For this reason,researchin re-
centyearshasconcentratedn dependeng-basedevalua-
tion measuregcf. e.g.Lin (1995), Lin (1998)). We will
shaw in this paperthatsuchadependeng-basedvaluation
schemeis particularly suitablefor partial parserssinceit
doesnotleadto disproportionateljhigh lossedn precision
andrecallfor partial parses.Furthermorethe dependeng
representationarenot only reliable,they arealsolinguis-
tically motivatedand can be usedfor linguistic purposes
sincethetreebankusedherefor evaluationcontainsall the
necessargependenginformation.

2. Deficienciesof Constituency-Based
Precisionand Recall

It is a well known fact that the PARSEVAL measures
do not always give an accuratepicture of the quality of a
parsers output. Carroll and Brisoce(1996), for example,
note that the crossingbradkets measureis too lenientin
caseof errorsinvolving the disambiguatiorof arguments
and adjuncts,which in somecasesare not recognizedas
errors. The failure to attacha constituentwhich shouldbe
embeddedh levels deepleadsto n crossingerrors,while
this constituentmay not be very importantto the overall
structure.Manningand Schitze (1999) shav that this be-
havior is mirroredin precisionandrecall If aconstituents
attachedvery highin a comple right branchingstructure,
but the parserattachedt at a lower pointin the structure,

bothprecisionandrecallwill begreatlydiminished.An ex-
ampleof sucha parsingerror for the sentencéich nehme
denZug nachFrankfurtan der Oder” (I will take thetrain
to Frankforton the Oder)is shavn in Figure1!. Therethe
prepositionaphrase‘an der Oder” is erroneouslygrouped
asanadjunctof theverbinsteadof beingattachedisapost-
modifier to the noun phrase‘nach Frankfurt” (cf. the fol-
lowing sectionfor a descriptionof theannotationrscheme).
Thecorrecttreeis shovn in Figure2. Whenusingthe PAR-
SEVAL measuresthe outputof the parsershavn in Figure
1 resultsin 10/13 = 76.92% recalf and10/12 = 83.33%
precisiontheonly errorbeingthe wrongattachmenof the
lastprepositionaphrase.

The samebehaior canbe obsenedwhenthe parserat-
tachesa constituentery highin a complex right branching
structureinsteadof very low, or if the constituenis not at-
tachedatall. Thelatteris oftenthe casefor chunkparsers
(Abney, 1991; Abney, 1996) or partial parsers(cf. e.qg.
Ait-MokhtarandChanod(1997)). Theseparsergyenerally
aim at annotatingonly partial, reliably discoverabletree
structures,.e. basephrasesand clausalstructures. Post-
modificationsaregenerallynot attachedsincethis decision
cannotbe taken reliably basedon very limited local con-
text. TUSBL (KublerandHinrichs,2001a;K iblerandHin-
richs, 2001b),e.g., a similarity-basedparserfor German,
annotatesyntacticstructuresncluding function-agument
structurein a two-level architecture:in the first phase,a
deterministicchunk parser(Abney, 1996)is usedto anal-

LAl syntactictreesshawn in this paperfollow the dataformat
for treesdefinedby the NEGRA projectof the Sonderforschungs-
bereich378 at the University of the SaarlandSaarbiicken. They
were printed by the NEGRA graphicalannotationtool Annotate
(BrantsandSkut,1998;Plaechn,1998).

2Contraryto the original PARSEVAL measuresyve do count
theroot nodeaswell sincethereexist differentroot nodesin the
annotationscheme and there are caseswhen a sentencen the
treebankis annotatedvith more than one tree (e.g. interjectve
utterances).
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ysemajor syntacticconstituentsuchasnon-recursie base
phrasesand simplex clauses. As a consequencejepen-
deng relationsbetweenindividual chunks,suchasgram-
maticalfunctionsor modificationrelations,within a clause
remainunspecifiedIn the secondstep,the attachmenam-
biguitiesareresohed,andthe partialannotatiorof thefirst
stepare enrichedby dependeng information. A typical
output of this phaseis shovn in Figure 3. The second
phaseof analysisis basedon a similarity-basedmachine
learningapproachwhich usesasimilarity metricto retrieve
themostsimilar sentenceo theinput sentencérom thein-
stancebaseandadaptsthe respectie treeto theinput sen-
tence. (For a more detaileddescriptionof the algorithm
cf. Kuibler and Hinrichs (2001a)and Kuibler and Hinrichs
(2001b).) The parseris designedo preferpartial analyses
over uncertainones. In somecasesthis stratgy leadsto
unattacheghrasesmostly at the end of sentencesyhich
resultsin high lossesn precisionandrecall. We therefore
proposeo useadependeng-basedvaluationasdescribed
by Lin (1995)andLin (1998),in which boththe gold stan-
dardandtheparsers outputaretransformednto dependen-
ciesandthencomparednthe basisof dependenciesather
thanon the basisof the constituenstructure.

3. The TUBA-D Treebank

The dependeng-basedevaluation was basedon the
GermancorpusTiuBa-D (Stegmannet al., 2000; Hinrichs

etal., 2000a;Hinrichsetal., 2000b),which consistsof ap-
proximately38,000syntacticallyannotatedsentenceskFor
thistreebankatheory-neutrahndsurface-oriente@nnota-
tion scheméhasbeenadoptedhatis inspiredby thenotion
of topologicalfields— in the senseof Herling (1821),Erd-
mann(1886),Drach(1937),Reis(1980),andHbdhle (1985)
—andenrichedby alevel of predicate-agumentstructure,
which guidesthe corversioninto dependenciesThe lin-
guistic annotationgertainto the levels of morpho-syntax
(part-of-speecttagging) (Schiller et al., 1995), syntactic
phrasestructure andfunction-agumentstructure.

The tree structurecontainsdifferenttypesof syntactic
informationin the following way: As the primary cluster
ing principlethetheoryof topologicalfields (Hohle,1985)
is adoptedwhich captureghefundamentalvord orderreg-
ularitiesof Germarsentencatructure.In verb-seconden-
tencesthefinite verb constituteshe left sentencéraclet
(LK) andtheverbcomplex theright sentencéraclet(VC).
This sentencéraclet dividesthe sentencénto the follow-
ing topologicalorderof fields: initial field (VF), LK, mid-
dle field (MF), VC, final field (NF). This structuringcon-
ceptin additionfavorsbracletingsthatdonotrely oncross-
ing branchesandtracesto describediscontinuousdepen-
dencies.

Below this level of annotation,i.e. strictly within the
boundsof topologicalfields, a phraselevel of predicate-
argumentstructureis establishedwith its own descriptie
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Figure4: Thedependengstructureof thetreein Figure3. Thecrossingdependengis shovn in gray.

inventorybasedon a minimal setof assumptiongoncern-
ing constituenthoodphraseattachmentand grammatical
functionsthat have to be capturedby ary syntacticthe-
ory: nodesare labeledwith syntacticcategorieson four

different levels of annotation(sentencdevel, field level,

phraseevel, andlexical level), edgesdenotegrammatical
functionson the phraselevel (i.e. immediatelybelov the
topologicalfields) and head/non-headistinctionswithin

phrases.Theintegratedconstituentanalysiswith its infor-

mationaboutgrammaticafunctionsensureshattheresult-
ing dependeng structuresarelinguistically motivatedand
canalsobeusedfor linguistic purposes.

An exampleof suchatreefor thesentencéwir missen
janocheinenBerichtabfasserilberdieseReisenachHan-
nover” (we still needto write a reporton this journey to
Hanover)is shavn in Figure3 (for moreinformationabout
theannotatiorschemecf. Stegmannetal. (2000)).

Two specificedgelabelsdenotewhethera constituent
hasthe function of a head(HD), e.g. a phrase(NX, PX,
ADJX, ADVX, VXFIN, VXINF), or a non-head(-), e.g.
a determineror a modifier attachedto a phrase. On ary
annotationlevel, thereis at mostonehead. The headof a
sentencestructure(e.g. SIMPX) is alwaysthe finite verb,
which can be found in the left sentencébraclet (LK). If
thereis no LK, the headis representedy the finite verb
in theverbcomplec (VC). In coordinationsgachconjunct
depend®n the headof the whole construction.Therefore,
conjunctsaredenotedwith thenon-headedgelabel.

The constituentsbelown the topological fields are as-
signedgrammaticalffunctions. A subsetof the edgelabel
setconsistf labelsdenotingthe grammaticafunction of
complementand modifiers,which dependon the headof
thesentenceAnothersubsetonsistf labelsdetermining

long distancedependencieamongthesecomplementsor
modifiersaswell asbetweenconjunctsof split-up coordi-
nations.

In Figure3, e.g.,thefirst constituentis marked assub-
ject(ON), thefinite verbis thehead(HD), thetwo adwerbs
are modifiers(MOD), andthe secondnoun phraserepre-
sentsthedirectobject(OA). The constituentfollowing the
verbcomplex modifiesthedirectobject(OA-MOD). Since
the annotationschemefor the TiiBa-D treebankfacilitates
atheory-neutrahndsurface-orientedepresentationf syn-
tactic trees, this long distancerelation is marked by the
label OA-MOD (modifier of the accusatie object) which
refersto OA (accusatie object)in the sametree; instead
of using crossingbranchesand traces. This shows that
long distancedependenciesyhich canevengo beyondthe
borderof topologicalfields, are encodedby specialnam-
ing corventionsfor edgelabels. Unambiguousedgela-
bels, referring to exactly one non-adjacentonstituentin
the sametree, are usedeither for long distancemodifica-
tions (X-MOD) like in the exampleabove or for the right-
mostconjunctof split-upcoordinationgXK) (for anexam-
ple cf. Figure5). In both patterns X is a variablefor the
grammaticafunctionof theconstituento which it refers.

4. Converting TuBa-D into Dependencies

For TuBa-D,the corversionof the constituenstructure
into dependenciégs in generableterminedy thehead/non-
headdistinctionin the tree. The dependeng relationsare
labeledwith the functional labels of the governedcon-
stituents. Using thesestratajies, the tree showvn in Figure
3 is corvertedinto the dependeng structurein Figure 4.
Here,thenounphrasé‘einenBericht” is corvertedinto one
dependengrelation,which denoteghatthenoun“Bericht”
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Figure6: Thedependengstructureof thetreein Figureb.

governsthearticle“den”.

It is evidentthatthe dependeng structurecontainstwo
differenttypesof dependencieshead/non-headependen-
cies within phrases(-) and dependenciefrom the finite
verb, i.e. from the headof the clause,to its complements
and adjuncts,which arelabeledby the grammaticalfunc-
tions of the governedconstituent§ON, MOD, OA, QV).
This is why e.g.the directobject“einen Bericht” is repre-
sentedhsadependentf themodalverb“mussen’although
it constitutesanargumentof the embeddeadnainverb“ab-
fassen”.However, the dependeng relationsamongthe fi-
nite verb and the (possibly multiple) infinite verbsis ex-
plicitly annotatedn the syntacticandthereforein the de-
pendenyg structure. And sinceinformation aboutclausal
boundariesis presentin the trees, even in this surface-
orientedstructure the predicate-agumentstructurecanbe
recovered.

Thelong-distancelependengbetweerthedirectobject
andits modifying prepositionaphrasevasmodeledin the
syntactictreeby the function label “OA-MOD” insteadof
by the attachmenbf the prepositionaphraseto the direct
objectbecauséhe latter would have resultedin a crossing
brand. In thedependengstructure this restrictionis sus-
pended,andthe dependeng is explicitly marked and has
now resultedn crossingdependenciedNotethatthisis the
only type of phrase-internallependengthatis notlabeled
by the head/non-headistinction but by unambiguousda-
belswhich denotetheir specificreference.

Sinceheadinformationis presenton all levels for the
majority of constituentsspecificdecisiongor determining
dependenghaveto betakenonly in thefew casesvhende-
pendeny relationsarenot clearly definedin thetreestruc-
ture,i.e. for thefollowing syntacticpohenomena:

1. Conjunctionswithin coordinationsdo not dependon
the headof the whole construction. Therefore,they

are attachedo the conjuncton their right handside.
An exampleof suchacoordinationis shavn in Figure
5, the correspondinglependeng structurein Figure
6. Here,thethird conjunctis positionedafterthe verb
complec andthusis assignedhelabel “OAK”.

Similar constructionswith a prepositioninsteadof a
conjunctionlik e “der achtebis neunte”(theeighthun-

til the ninth) are treatedin the sameway. In order
to stresgheidenticalsyntacticstatusof conjunctsall

conjunctsdependontheheadgoverningthe coordina-
tion. This analysisis in contrastto Lin (1998), who

relieson the SingleHead Assumptiorandproposes
dependeng relationbetweenthe first andthe second
conjunct.

. Sentence-initiacoordinative particlessuchas “und”

(and)or “oder” (or) in the KOORD-field dependon
theheadof the sentence.

. The annotationof prepositionalphrasesin the syn-

tactictreesis basedon the principlesof Dependeng
GrammarHeringer 1996);thereforethenounphrase
constitutesthe head. For an example of the depen-
deng structureof a prepositionaphrasecf. thephrase
“nach Hannover” in Figure4. Circumpositionsand
postpositiongaretreatedsimilarly.

. The single elementsof propernames,split cardinal

numbersthespellingof words,andcomplex conjunc-
tionsin theC-field,e.g.“so daR”(sothat),areattached
onthesamdevel carryinganon-headdgelabeltoin-
dicatethatthereis no obviousdependengrelationbe-
tweenthem. Thereforethey aretreatedik e conjuncts
in coordinations.

. A heuristicanalysishasto be appliedwhenlong dis-

tancerelationsareunderspecified- a MOD-MOD la-
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bel (modifier of a modifier), e.g., may refer to one
of several modifiersin the sentencesuchasfor the
sentencéheute misserwir um finfzehnUhr wieder
nachFrankfurtfliegen” (todaywe needto fly againto

Frankfort)in Figure7. Here,the long-distancenod-
ifier MOD-MOD might modify the V-MOD “heute”
or theV-MOD “nachFranfurt”. A closeinspectionof

suchambiguoussentence TuBa-Drevealedthatin

a majority of all casesthe MOD-MOD label refers
to the first V-MOD in the clause,or the first MOD if

thereis noV-MOD presentExceptiondo thisrule are
MOD-MODs in resumptve constructionswhich gen-
erally referto themodifierin the VF. AmbiguousOA-

MODs generallyreferto the closestOA in theclause.
By applying theseheuristics,the ambiguitiesare re-
solvedin thedependengstructureasshavnin Figure
8 for the syntactictreein Figure?.

5. Dependency-BasedParser Evaluation

Lin (1998)proposedh procedurdor corvertingsyntac-
tic treesfrom thegold standargandfrom the parseiinto de-
pendeny structures.From thesestructuresprecisionand
recallarecalculated.

Anothersimilar evaluationprocedurevassuggestedy
Srinivasetal. (1996),they first corverthierarchicaphrasal
constituentsnto chunks,andthencomputethe dependen-
ciesbetweerthesechunks.Thisis a valid approacHor the
Penntreebankannotatiorstyle, which assumes complete
flat annotatiorof complex nounphrasesuchasnouncom-
pounds.Parserdasedn manuallydevelopedrulestendto
assignmoreinternalstructureto suchnounphrasesyhich
leadsto decreasegrecision.Reducingsuchphrasego flat
chunksalleviatesthis problemof comparinghesedifferent
structuresThe TUiIBa-D annotationshowever, assignmore
comple&, non-trivial structuresto comple< noun phrases.

Usingthe methodof Srinivasetal. (1996)would therefore
leadto a significantlossin information. Additionally, the
flatteningof phrasesnto chunksmightintroduceerrorsin
thedatain suchcasesin which the cornversioninto chunks
is not obvious, suchasfor the nounphrase‘wichtige Kon-
ferenzenund Besprechungenin the sentenceé'da haben
wir nochwichtige Konferenzerund Besprechungen{we
still have important conferencesand businessmeetings)
shavn in Figure9.

Basili etal. (1998)developedasimilarapproacHor the
Italian language. But insteadof parsinga sentencecom-
pletely andthenreducingthis parseto chunksand depen-
dencieshetweenchunks,Basili et al. apply a chunkparser
combinedwith a modulethat calculatesdependenciebe-
tweenthesechunks. For this approachthe samerestric-
tionshold asfor the evaluationprocedureof Srinivasetal.
(1996).

Theevaluationmethodpresentedhereis basednLin’s
(Lin, 1998)approach.Following Lin’s procedurewe first
convertboththe gold standardreeandthe parsers output
into dependeng structuresandcomparetheseby applying
(labeled)precisionand(labeled)recallto thesedependeng
structures.

TUSBLs analysegdependheaily on the syntactically
annotatedsentencegontainedin the instancebase. It is
thereforedifficult to give examplesof errorsfor specific
sentence®r linguistic phenomena.lt is, however, possi-
ble to characterizethe typical behaior of the parserand
give typical examplesof errors.

Attachment errors. Attachmenterrors as describedin
Sectionl. arenot very commonfor TUSBL. SinceTUSBL
usesthe completesentenceas context to retrieve the most
similar tree, it either finds the correct spanninganalysis
or it doesnot attachall constituents. In the few cases
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whereattachmenerrorsareintroducedby incorrectadap-
tations of the retrieved treesor in caseswhen a wrong
treeis found as the mostsimilar one, the parsersevalua-
tion basedon constituentsuffers from the sameproblems
asdecribedin Section2. above. The parsers outputcon-
taining the wrong attachmenin Figure 1 would resultin
10/13 = 76.92% recalland10/12 = 83.33% precision
when using a constituent-basedvaluationscheme. The
dependeng structureof the wrong andthe correctattach-
mentis shovn in Figure 10. With the dependeng-based
evaluation bothprecisionandrecallwould becalculatedas
7/8 = 87.50%.

Coordination. Coordinationphenomenaare in general
verydifficult to treatwith deterministigartialparsersince
thistypeof parsersieed€o make thedecisiononthescope
of a coordinationearly on whenthereis not enoughin-
formationavailable. Two examplesof coordinationcanbe
foundin Figurel1l. For bothcasesTUSBL would typically
retrieve thesetreesbut not be ableto attachthe conjunc-
tion andthe secondconjunct,asshovn in Figure12 for the
secondexample. For the first example,“am siebtenund
achten”(on the seventhandthe eighth), this would leadto
2/4 = 50.00% recalland2/3 = 66.67% precision.For the
secondexample,“das ware Mittw och der dritte und Don-
nerstagder vierte August” (that would be Wednesdayhe
third and Thursdaythe fourth of August),recall would be
9/12 = 75.00% andprecision9/11 = 81.82%. If theeval-
uationis basedon dependencies[USBL s analysiswould
deviate from the gold standardby the missingdependen-
ciesof theconjunctionandthesecondconjunct. Therefore,
recallwouldbe1/3 = 33.33% , for thefirst example,and
7/9 = 77.78% for thesecondexample.Precisiorwould be
1/1 = 100% for thefirst exampleand7/7 = 100% for the
seconcdexample.

Anotherproblematiccoordinationphenomenortonsti-

tutesplit-upcoordinationsuchasin thesentencédasHo-
tel hatsogarein Schwimmbadind ein Solariumdabeiund
einenFitnessraum’(the hotel even hasa swimming pool
and a tanning booth — and a fithessroom) in Figure 5.
A typical error that might occur when parsingsuchsen-
tenceswith TUSBL is thatthe split-up conjunct‘und einen
Fitnessraum’would not be attached. This would result
in 12/14 = 85.71% recalland12/13 = 92.31% preci-
sion. The evaluationbasedon the dependeng structure
shawvn in Figure 6 leadsto 11/12 = 91.67% recall and
11/11 = 100% precision.

The comparisonshovs that dependeng-basedrecall
tendsto suffer lessthan constituent-basetecall sincethe
unattachedpart of the coordinationdoes not contribute
to errorson higher levels, such as the MF and SIMPX
in the secondexample, which are in principle correct.
Dependeng-basedprecision,on the otherhand,doesnot
dependon the level of embeddingof the coordinationsout
only on the numberof conjunctsthat were correctly at-
tached.

Unattached phrases. The failure to attachconstituents
at the end of aninput sentences the mostcommonerror
typewhenevaluatingpartial parserslt is generallypart of
thedesigndecisiongo preferpartialanalysesvhich canbe
gainedwith a smallamountof effort but which will be cor-
rectin a majority of casego completeanalysesvhich in-
volve a high degreeof manuallaboranda highererrorrate
for attachmentlecisions.A typical analysisof TUSBL for
the input sentencéwir milssenja noch einenBericht ab-
fasseniberdieseReisenachHannover” would be similar
to thetreein Figure3; onepossibleerror might bethatthe
lastPX (“nachHannaoer”) couldnotbeattachedo the NX
(“diese Reise”). Thus,the NX node513 would be miss-
ing, andthe PX node514 would thenimmediatelydomi-
natetheNX node506. Usingthe PARSEVAL measureghis
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errorwould resultin 13/17 = 76.47% labeledrecalland
13/16 = 81.25% labeledprecision. The evaluationbased
on the dependeng structurewould give 10/11 = 90.90%

labeledrecalland10/10 = 100% labeledprecision.Con-
sideringthatonly the attachmenof thefinal PX is missing
andthat the analysisof the sentencas otherwisecorrect
andcomplete the latter figuresgive a betterpicture of the
quality of the partial parse.

6. Conclusion

We have shavn thatthe PARSEVAL measuresio not al-
low a suitableevaluationof partial parsers. If the evalu-
ationis basedon constituenyg, missinginformationin the
partial parsedeadsto precisionandrecall errorsin several
constituentsandthelossedn bothmeasuresredispropor
tionatelyhigh. We thereforeproposech dependeng-based
evaluation.TuBa-D,thetreebankusedhere containsll the
necessargependenginformationsothatthecorversionof
treesinto a dependeng structuredoesnot have to rely on
heuristics. Therefore,the dependeng representationare
notonly reliable,they arealsolinguistically motivatedand
canbe usedfor linguistic purposesUsing thesestructures
for evaluationensureshatmissinginformationwill notde-
creasethe evaluation measureslisproportionatelywhich
allows a moresuitableevaluationof partialinformation.
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