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Abstract
Quantitative evaluationof parsershastraditionallycenteredaroundthe PARSEVAL measuresof crossingbrackets,(labeled)precision,
and(labeled)recall. However, it is well known thatthesemeasuresdo not give anaccuratepictureof thequality of theparser’s output.
Furthermore,wewill show thatthey areespeciallyunsuitedfor partialparsers.In recentyears,researchhasconcentratedondependency-
basedevaluationmeasures.Wewill show in thispaperthatsuchadependency-basedevaluationschemeis particularlysuitablefor partial
parsers.TüBa-D,thetreebankusedherefor evaluation,containsall thenecessarydependency informationsothattheconversionof trees
into adependency structuredoesnothave to rely on heuristics.Therefore,thedependency representationsarenotonly reliable,they are
alsolinguisticallymotivatedandcanbeusedfor linguistic purposes.

1. Intr oduction
Quantitativeevaluationof parsershastraditionallycen-

teredaroundthe PARSEVAL measuresof crossingbrack-
ets,(labeled)precision, and (labeled)recall (Black et al.,
1991). However, it is well known that thesemeasuresdo
not give an accuratepictureof the quality of the parser’s
output(cf. ManningandScḧutze(1999)),e.g.in casesof at-
tachmenterrors.Additionally, many phenomenalike nega-
tion or unarybranchesareignoredin theoriginalmeasures
in order to allow a comparisonbetweenparsersthat use
incompatiblegrammars. For this reason,researchin re-
centyearshasconcentratedon dependency-basedevalua-
tion measures(cf. e.g. Lin (1995), Lin (1998)). We will
show in thispaperthatsuchadependency-basedevaluation
schemeis particularly suitablefor partial parserssinceit
doesnot leadto disproportionatelyhigh lossesin precision
andrecall for partialparses.Furthermore,thedependency
representationsarenot only reliable,they arealsolinguis-
tically motivatedand can be usedfor linguistic purposes
sincethetreebankusedherefor evaluationcontainsall the
necessarydependency information.

2. Deficienciesof Constituency-Based
Precisionand Recall

It is a well known fact that the PARSEVAL measures
do not alwaysgive an accuratepictureof the quality of a
parser’s output. Carroll andBrisoce(1996), for example,
note that the crossingbrackets measureis too lenient in
caseof errorsinvolving the disambiguationof arguments
andadjuncts,which in somecasesare not recognizedas
errors.The failure to attacha constituentwhich shouldbe
embedded� levels deepleadsto � crossingerrors,while
this constituentmay not be very importantto the overall
structure.ManningandScḧutze(1999)show that this be-
havior is mirroredin precisionandrecall: If aconstituentis
attachedvery high in a complex right branchingstructure,
but the parserattachedit at a lower point in the structure,

bothprecisionandrecallwill begreatlydiminished.An ex-
ampleof sucha parsingerror for thesentence“ich nehme
denZug nachFrankfurtanderOder” (I will take the train
to Frankforton theOder)is shown in Figure11. Therethe
prepositionalphrase“an derOder” is erroneouslygrouped
asanadjunctof theverbinsteadof beingattachedasapost-
modifier to the nounphrase“nach Frankfurt” (cf. the fol-
lowing sectionfor a descriptionof theannotationscheme).
Thecorrecttreeis shown in Figure2. WhenusingthePAR-
SEVAL measures,theoutputof theparsershown in Figure
1 resultsin �������	��

����� ����� recall2 and �	��������
������ �����
precision,theonly errorbeingthewrongattachmentof the
lastprepositionalphrase.

Thesamebehavior canbeobservedwhentheparserat-
tachesaconstituentveryhigh in acomplex right branching
structureinsteadof very low, or if theconstituentis not at-
tachedat all. The latter is often thecasefor chunkparsers
(Abney, 1991; Abney, 1996) or partial parsers(cf. e.g.
Aı̈t-MokhtarandChanod(1997)).Theseparsersgenerally
aim at annotatingonly partial, reliably discoverabletree
structures,i.e. basephrasesand clausalstructures. Post-
modificationsaregenerallynot attachedsincethis decision
cannotbe taken reliably basedon very limited local con-
text. TüSBL(KüblerandHinrichs,2001a;KüblerandHin-
richs, 2001b),e.g., a similarity-basedparserfor German,
annotatessyntacticstructuresincludingfunction-argument
structurein a two-level architecture:in the first phase,a
deterministicchunkparser(Abney, 1996) is usedto anal-

1All syntactictreesshown in this paperfollow thedataformat
for treesdefinedby theNEGRAprojectof theSonderforschungs-
bereich378at theUniversityof theSaarland,Saarbr̈ucken. They
wereprintedby the NEGRA graphicalannotationtool Annotate
(BrantsandSkut,1998;Plaehn,1998).

2Contraryto the original PARSEVAL measures,we do count
theroot nodeaswell sincethereexist differentroot nodesin the
annotationscheme,and thereare caseswhen a sentencein the
treebankis annotatedwith more than one tree (e.g. interjective
utterances).
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Figure1: Wrongattachmentof theprepositionalphrase“an derOder”.
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Figure2: Correctattachmentof theprepositionalphrase“an derOder”.

ysemajorsyntacticconstituentssuchasnon-recursivebase
phrasesand simplex clauses. As a consequence,depen-
dency relationsbetweenindividual chunks,suchasgram-
maticalfunctionsor modificationrelations,within a clause
remainunspecified.In thesecondstep,theattachmentam-
biguitiesareresolved,andthepartialannotationof thefirst
stepare enrichedby dependency information. A typical
output of this phaseis shown in Figure 3. The second
phaseof analysisis basedon a similarity-basedmachine
learningapproach,whichusesasimilarity metricto retrieve
themostsimilarsentenceto theinputsentencefrom thein-
stancebaseandadaptstherespective treeto the input sen-
tence. (For a more detaileddescriptionof the algorithm
cf. Kübler andHinrichs (2001a)andKübler andHinrichs
(2001b).)Theparseris designedto preferpartialanalyses
over uncertainones. In somecases,this strategy leadsto
unattachedphrases,mostly at the endof sentences,which
resultsin high lossesin precisionandrecall. We therefore
proposeto useadependency-basedevaluationasdescribed
by Lin (1995)andLin (1998),in which boththegold stan-
dardandtheparser’soutputaretransformedinto dependen-
ciesandthencomparedonthebasisof dependenciesrather
thanon thebasisof theconstituentstructure.

3. The TüBA-D Treebank

The dependency-basedevaluation was basedon the
GermancorpusTüBa-D (Stegmannet al., 2000; Hinrichs

et al., 2000a;Hinrichset al., 2000b),which consistsof ap-
proximately38,000syntacticallyannotatedsentences.For
this treebank,a theory-neutralandsurface-orientedannota-
tion schemehasbeenadoptedthatis inspiredby thenotion
of topologicalfields– in thesenseof Herling (1821),Erd-
mann(1886),Drach(1937),Reis(1980),andHöhle(1985)
– andenrichedby a level of predicate-argumentstructure,
which guidesthe conversioninto dependencies.The lin-
guistic annotationspertainto the levels of morpho-syntax
(part-of-speechtagging) (Schiller et al., 1995), syntactic
phrasestructure,andfunction-argumentstructure.

The treestructurecontainsdifferenttypesof syntactic
informationin the following way: As the primarycluster-
ing principlethetheoryof topologicalfields(Höhle,1985)
is adopted,whichcapturesthefundamentalwordorderreg-
ularitiesof Germansentencestructure.In verb-secondsen-
tences,the finite verb constitutesthe left sentencebracket
(LK) andtheverbcomplex theright sentencebracket(VC).
This sentencebracket dividesthesentenceinto thefollow-
ing topologicalorderof fields: initial field (VF), LK, mid-
dle field (MF), VC, final field (NF). This structuringcon-
ceptin additionfavorsbracketingsthatdonotrely oncross-
ing branchesand tracesto describediscontinuousdepen-
dencies.

Below this level of annotation,i.e. strictly within the
boundsof topologicalfields, a phraselevel of predicate-
argumentstructureis establishedwith its own descriptive
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Figure3: A treeannotatedaccordingto theTüBa-Dtreebankannotationscheme.
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Figure4: Thedependency structureof thetreein Figure3. Thecrossingdependency is shown in gray.

inventorybasedon a minimal setof assumptionsconcern-
ing constituenthood,phraseattachment,and grammatical
functions that have to be capturedby any syntacticthe-
ory: nodesare labeledwith syntacticcategorieson four
different levels of annotation(sentencelevel, field level,
phraselevel, andlexical level), edgesdenotegrammatical
functionson the phraselevel (i.e. immediatelybelow the
topological fields) and head/non-headdistinctionswithin
phrases.The integratedconstituentanalysiswith its infor-
mationaboutgrammaticalfunctionsensuresthattheresult-
ing dependency structuresarelinguistically motivatedand
canalsobeusedfor linguistic purposes.

An exampleof sucha treefor thesentence“wir müssen
ja nocheinenBerichtabfassen̈uberdieseReisenachHan-
nover” (we still needto write a report on this journey to
Hanover) is shown in Figure3 (for moreinformationabout
theannotationschemecf. Stegmannet al. (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 any
annotationlevel, thereis at mostonehead.The headof a
sentencestructure(e.g.SIMPX) is alwaysthe finite verb,
which can be found in the left sentencebracket (LK). If
thereis no LK, the headis representedby the finite verb
in theverbcomplex (VC). In coordinations,eachconjunct
dependson theheadof thewholeconstruction.Therefore,
conjunctsaredenotedwith thenon-headedgelabel.

The constituentsbelow the topological fields are as-
signedgrammaticalfunctions. A subsetof the edgelabel
setconsistsof labelsdenotingthegrammaticalfunctionof
complementsandmodifiers,which dependon the headof
thesentence.Anothersubsetconsistsof labelsdetermining

long distancedependenciesamongthesecomplementsor
modifiersaswell asbetweenconjunctsof split-upcoordi-
nations.

In Figure3, e.g.,thefirst constituentis markedassub-
ject (ON), thefinite verbis thehead(HD), thetwo adverbs
aremodifiers(MOD), and the secondnounphraserepre-
sentsthedirectobject(OA). Theconstituentfollowing the
verbcomplex modifiesthedirectobject(OA-MOD). Since
theannotationschemefor the TüBa-Dtreebankfacilitates
atheory-neutralandsurface-orientedrepresentationof syn-
tactic trees, this long distancerelation is marked by the
label OA-MOD (modifier of the accusative object)which
refersto OA (accusative object) in the sametree; instead
of using crossingbranchesand traces. This shows that
longdistancedependencies,which canevengo beyondthe
borderof topologicalfields, areencodedby specialnam-
ing conventionsfor edgelabels. Unambiguousedgela-
bels, referring to exactly one non-adjacentconstituentin
the sametree,areusedeither for long distancemodifica-
tions (X-MOD) like in theexampleabove or for the right-
mostconjunctof split-upcoordinations(XK) (for anexam-
ple cf. Figure5). In both patterns,X is a variablefor the
grammaticalfunctionof theconstituentto which it refers.

4. Converting TüBa-D into Dependencies
For TüBa-D,theconversionof theconstituentstructure

intodependenciesis in generaldeterminedby thehead/non-
headdistinctionin the tree. The dependency relationsare
labeledwith the functional labels of the governedcon-
stituents.Using thesestrategies,the treeshown in Figure
3 is convertedinto the dependency structurein Figure 4.
Here,thenounphrase“einenBericht” is convertedinto one
dependency relation,whichdenotesthatthenoun“Bericht”
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Figure6: Thedependency structureof thetreein Figure5.

governsthearticle“den”.
It is evidentthat thedependency structurecontainstwo

differenttypesof dependencies:head/non-headdependen-
cies within phrases(-) and dependenciesfrom the finite
verb, i.e. from the headof the clause,to its complements
andadjuncts,which are labeledby the grammaticalfunc-
tions of the governedconstituents(ON, MOD, OA, OV).
This is why e.g.thedirectobject“einenBericht” is repre-
sentedasadependentof themodalverb“müssen”although
it constitutesanargumentof theembeddedmainverb“ab-
fassen”.However, the dependency relationsamongthe fi-
nite verb and the (possiblymultiple) infinite verbsis ex-
plicitly annotatedin the syntacticandthereforein the de-
pendency structure. And sinceinformation aboutclausal
boundariesis presentin the trees, even in this surface-
orientedstructure,thepredicate-argumentstructurecanbe
recovered.

Thelong-distancedependency betweenthedirectobject
andits modifying prepositionalphrasewasmodeledin the
syntactictreeby the function label “OA-MOD” insteadof
by the attachmentof the prepositionalphraseto the direct
objectbecausethe latterwould have resultedin a crossing
branch. In thedependency structure,this restrictionis sus-
pended,and the dependency is explicitly marked andhas
now resultedin crossingdependencies.Notethatthis is the
only typeof phrase-internaldependency that is not labeled
by the head/non-headdistinction but by unambiguousla-
belswhich denotetheir specificreference.

Sinceheadinformation is presenton all levels for the
majorityof constituents,specificdecisionsfor determining
dependency haveto betakenonly in thefew caseswhende-
pendency relationsarenot clearlydefinedin thetreestruc-
ture,i.e. for thefollowing syntacticphenomena:

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

areattachedto the conjuncton their right handside.
An exampleof suchacoordinationis shown in Figure
5, the correspondingdependency structurein Figure
6. Here,thethird conjunctis positionedaftertheverb
complex andthusis assignedthelabel“OAK”.
Similar constructionswith a prepositioninsteadof a
conjunctionlike“der achtebisneunte”(theeighthun-
til the ninth) are treatedin the sameway. In order
to stresstheidenticalsyntacticstatusof conjuncts,all
conjunctsdependon theheadgoverningthecoordina-
tion. This analysisis in contrastto Lin (1998),who
relieson the SingleHeadAssumptionandproposesa
dependency relationbetweenthe first andthe second
conjunct.

2. Sentence-initialcoordinative particlessuchas “und”
(and)or “oder” (or) in the KOORD-fielddependon
theheadof thesentence.

3. The annotationof prepositionalphrasesin the syn-
tactic treesis basedon the principlesof Dependency
Grammar(Heringer, 1996);therefore,thenounphrase
constitutesthe head. For an exampleof the depen-
dency structureof aprepositionalphrasecf. thephrase
“nach Hannover” in Figure 4. Circumpositionsand
postpositionsaretreatedsimilarly.

4. The single elementsof propernames,split cardinal
numbers,thespellingof words,andcomplex conjunc-
tionsin theC-field,e.g.“so daß”(sothat),areattached
onthesamelevel carryinganon-headedgelabelto in-
dicatethatthereis noobviousdependency relationbe-
tweenthem.Therefore,they aretreatedlikeconjuncts
in coordinations.

5. A heuristicanalysishasto beappliedwhenlong 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 sentence,suchas for the
sentence“heutemüssenwir um fünfzehnUhr wieder
nachFrankfurtfliegen” (todaywe needto fly againto
Frankfort) in Figure7. Here,the long-distancemod-
ifier MOD-MOD might modify the V-MOD “heute”
or theV-MOD “nachFranfurt”. A closeinspectionof
suchambiguoussentencesin TüBa-Drevealedthatin
a majority of all cases,the MOD-MOD label refers
to the first V-MOD in the clause,or the first MOD if
thereis noV-MOD present.Exceptionsto thisruleare
MOD-MODs in resumptiveconstructions,whichgen-
erally referto themodifierin theVF. AmbiguousOA-
MODs generallyreferto theclosestOA in theclause.
By applying theseheuristics,the ambiguitiesare re-
solvedin thedependency structure,asshown in Figure
8 for thesyntactictreein Figure7.

5. Dependency-BasedParser Evaluation
Lin (1998)proposedaprocedurefor convertingsyntac-

tic treesfrom thegoldstandardandfrom theparserinto de-
pendency structures.From thesestructures,precisionand
recallarecalculated.

Anothersimilar evaluationprocedurewassuggestedby
Srinivasetal. (1996),they first converthierarchicalphrasal
constituentsinto chunks,andthencomputethe dependen-
ciesbetweenthesechunks.This is a valid approachfor the
Penntreebankannotationstyle,which assumesa complete
flat annotationof complex nounphrasessuchasnouncom-
pounds.Parsersbasedonmanuallydevelopedrulestendto
assignmoreinternalstructureto suchnounphrases,which
leadsto decreasedprecision.Reducingsuchphrasesto flat
chunksalleviatesthisproblemof comparingthesedifferent
structures.TheTüBa-Dannotations,however, assignmore
complex, non-trivial structuresto complex noun phrases.

Usingthemethodof Srinivaset al. (1996)would therefore
leadto a significantlossin information. Additionally, the
flatteningof phrasesinto chunksmight introduceerrorsin
thedatain suchcases,in which theconversioninto chunks
is not obvious,suchasfor thenounphrase“wichtige Kon-
ferenzenund Besprechungen”in the sentence“da haben
wir nochwichtige Konferenzenund Besprechungen”(we
still have important conferencesand businessmeetings)
shown in Figure9.

Basili etal. (1998)developedasimilarapproachfor the
Italian language.But insteadof parsinga sentencecom-
pletely andthenreducingthis parseto chunksanddepen-
denciesbetweenchunks,Basili et al. applya chunkparser
combinedwith a modulethat calculatesdependenciesbe-
tweenthesechunks. For this approach,the samerestric-
tionshold asfor theevaluationprocedureof Srinivaset al.
(1996).

Theevaluationmethodpresentedhereis basedonLin’s
(Lin, 1998)approach.Following Lin’s procedure,we first
convert both thegold standardtreeandtheparser’s output
into dependency structuresandcomparetheseby applying
(labeled)precisionand(labeled)recallto thesedependency
structures.

TüSBL’s analysesdependheavily on the syntactically
annotatedsentencescontainedin the instancebase. It is
thereforedifficult to give examplesof errors for specific
sentencesor linguistic phenomena.It is, however, possi-
ble to characterizethe typical behavior of the parserand
give typical examplesof errors.

Attachment errors. Attachmenterrors as describedin
Section1. arenot very commonfor TüSBL.SinceTüSBL
usesthe completesentenceascontext 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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whereattachmenterrorsareintroducedby incorrectadap-
tations of the retrieved treesor in caseswhen a wrong
tree is found as the most similar one, the parsersevalua-
tion basedon constituentssuffers from thesameproblems
asdecribedin Section2. above. The parser’s outputcon-
taining the wrong attachmentin Figure1 would result in
�������	�?
@����� ����� recall and �������	�?
A����� ����� precision
when using a constituent-basedevaluationscheme. The
dependency structureof the wrong andthe correctattach-
ment is shown in Figure10. With the dependency-based
evaluation,bothprecisionandrecallwouldbecalculatedas
���B�C
D���E� F���� .

Coordination. Coordinationphenomenaare in general
verydifficult to treatwith deterministicpartialparserssince
this typeof parsersneedsto makethedecisiononthescope
of a coordinationearly on when there is not enoughin-
formationavailable. Two examplesof coordinationcanbe
foundin Figure11. For bothcases,TüSBLwould typically
retrieve thesetreesbut not be able to attachthe conjunc-
tion andthesecondconjunct,asshown in Figure12 for the
secondexample. For the first example,“am siebtenund
achten”(on theseventhandtheeighth),this would leadto
����GH
IFB��� ����� recalland ������
J����� ����� precision.For the
secondexample,“das wäreMittwoch der dritte und Don-
nerstagder vierte August” (that would be Wednesdaythe
third andThursdaythe fourth of August),recall would be
���E�	�C
D��FE� ����� andprecision�������K
D����� ����� . If theeval-
uationis basedon dependencies,TüSBL’s analysiswould
deviate from the gold standardby the missingdependen-
ciesof theconjunctionandthesecondconjunct.Therefore,
recallwould be ���B�L
M����� ����� , for thefirst example,and
���B�C
����E�N�B��� for thesecondexample.Precisionwouldbe
���E�O
M�	����� for thefirst exampleand �����H

�	����� for the
secondexample.

Anotherproblematiccoordinationphenomenonconsti-

tutesplit-upcoordinationssuchasin thesentence“dasHo-
tel hatsogarein Schwimmbadundein Solariumdabeiund
einenFitnessraum”(the hotel even hasa swimming pool
and a tanning booth – and a fitnessroom) in Figure 5.
A typical error that might occur when parsingsuchsen-
tenceswith TüSBL is that thesplit-upconjunct“und einen
Fitnessraum”would not be attached. This would result
in �����E�PGQ
R��FE�S����� recall and �	�����	�T
U����� ����� preci-
sion. The evaluationbasedon the dependency structure
shown in Figure 6 leadsto �����E�	�Q
V����� ����� recall and
���������W
M������� precision.

The comparisonshows that dependency-basedrecall
tendsto suffer lessthanconstituent-basedrecall sincethe
unattachedpart of the coordinationdoes not contribute
to errors on higher levels, such as the MF and SIMPX
in the secondexample, which are in principle correct.
Dependency-basedprecision,on the otherhand,doesnot
dependon the level of embeddingof thecoordinationsbut
only on the numberof conjunctsthat were correctly at-
tached.

Unattached phrases. The failure to attachconstituents
at the endof an input sentenceis the mostcommonerror
typewhenevaluatingpartialparsers.It is generallypartof
thedesigndecisionsto preferpartialanalyseswhichcanbe
gainedwith asmallamountof effort but whichwill becor-
rect in a majority of casesto completeanalyseswhich in-
volvea high degreeof manuallaboranda highererrorrate
for attachmentdecisions.A typical analysisof TüSBL for
the input sentence“wir müssenja nocheinenBericht ab-
fassen̈uberdieseReisenachHannover” would be similar
to thetreein Figure3; onepossibleerrormight bethat the
lastPX (“nachHannover”) couldnotbeattachedto theNX
(“dieseReise”). Thus, the NX node513 would be miss-
ing, andthe PX node514 would thenimmediatelydomi-
natetheNX node506.UsingthePARSEVAL measures,this
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Figure11: Two treescontainingcoordination.
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Figure12: Thedependency-basedrepresentationof thesecondexamplein Figure11. TüSBL’sanalysisis shown in black,
themissingdependenciesin gray.

error would result in �	���E���Y
Z�B��� G���� labeledrecall and
�������	�[
\����� ��F�� labeledprecision.Theevaluationbased
on the dependency structurewould give ���������]
^����� �����
labeledrecalland �	�����	�L
_�	����� labeledprecision.Con-
sideringthatonly theattachmentof thefinal PX is missing
and that the analysisof the sentenceis otherwisecorrect
andcomplete,the latterfiguresgive a betterpictureof the
qualityof thepartialparse.

6. Conclusion
We haveshown thatthePARSEVAL measuresdo not al-

low a suitableevaluationof partial parsers. If the evalu-
ation is basedon constituency, missinginformationin the
partialparsesleadsto precisionandrecallerrorsin several
constituents,andthelossesin bothmeasuresaredispropor-
tionatelyhigh. We thereforeproposeda dependency-based
evaluation.TüBa-D,thetreebankusedhere,containsall the
necessarydependency informationsothattheconversionof
treesinto a dependency structuredoesnot have to rely on
heuristics. Therefore,the dependency representationsare
not only reliable,they arealsolinguistically motivatedand
canbeusedfor linguistic purposes.Usingthesestructures
for evaluationensuresthatmissinginformationwill notde-
creasethe evaluationmeasuresdisproportionately, which
allowsa moresuitableevaluationof partial information.

7. Acknowledgments
The researchreported here was supported by the

German ResearchCouncil (DFG) as part of the Son-
derforschungsbereich441“LinguistischeDatenstrukturen”
(Linguistic Data Structures). The authorsare grateful to
StevenAbney, whomadethechunkparseravailable,andto
Prof. HansUszkoreit andhis colleaguesat the Universiẗat
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Foundationsof StatisticalNatural LanguageProcessing.
MIT Press,Cambridge,MA.

Oliver Plaehn,1998. AnnotateBedienungsanleitung. Uni-
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