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Abstract

In this paper, we describethedesign,im-
plementation,and evalutation of a sys-
tem for checkingNP agreementin Ger-
mantexts. We useshallow parsingbased
on finite state automatain combination
with constraintrelaxationand a method
for parserankingbasedon optimality the-
ory. Thesystem’sgrammarwasdeveloped
andtestedoverareferencecorpusof about
800,000words to ensurerobustnessand
broadcoverage.Whenevaluatedagainsta
corpusof approximately200,000words,
the systemreachedrecall and precision
valuesaroundthe67% mark.

1 Overview

Grammarcheckersarecomputersystemsthat try to
find grammaticalerrors(andsometimesalsostylis-
tic infelicities) in texts andpresentthemto theuser,
generallyalso suggestinga repair. The first gram-
mar checkerswere implementedin the late 1970’s
(Jensenet al., 1993). Since then, more than two
dozensystemshavebeendevelopedfor afairly large
numberof different languages(Bredenkampet al.,
2000;Oliva,1997;Povlsenetal., 1999).

Sofar, grammarcheckersarestill notbeingwide-
ly used in the ‘real world’. Evaluations (Wedb-
jer Rambell, 1999) and user interviews (Bernth,
2000) suggestthat amongthe most importantrea-
sonsfor this are the low ratesfor both recall (i. e.
too few of the actualerrorsare discoveredby the

system)andprecision(i. e. toomany spuriouserrors
areflagged)that thesesystemsexhibit. In addition,
usershave frequentlycomplainedthat applications
run too slowly to processseriousamountsof text
(Oliva,1997).

We have implementeda prototypeof a grammar
checkingsystemfor German.Thesystemwasmain-
ly designedin orderto investigatea novel combina-
tionof existingtechniquestoaddresstheissuesmen-
tionedabove.Thesystemdesignrelieson theinter-
action of the following: fast, large coveragemor-
phology, finite-statebasedparsingwith addedex-
pressive power to allow self-embedding,constraint
relaxation,and parseranking basedon optimality
theory. For errorsthatarefoundby thesystem,one
or morerepairsaresuggested.

Since the implementationof a full grammar
checker for all phenomenaof Germanwasbeyond
thescopeof our project,we decidedto confineour-
selvesto checkingNP-internalagreementandcase
assignmentby the prepositionin PPs.Both are lo-
cal phenomenagovernedby a relatively small set
of rules(in principle,at least).Moreover, agreement
errorsandcaseerrorsin PPsoccurin texts relative-
ly frequently, sowe couldhopeto collectsufficient
datafor the project.Among the errorsin NPs/PPs
thatwe observed,agreementerrorswerethemajor-
ity, therestmostlymadeup by punctuation,capital-
izationandspellingerrors.

Oneimportantgoal of our projectwasto imple-
mentasystemthatis ableto copenotonly with arti-
ficial testsentences,but with ‘dirty’ realworld texts,
i. e. to ensurerobustnessandbroadcoverage.

Wehavechosento hand-codegrammarandparse
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ranking constraintsinsteadof using statisticalap-
proaches.The rather complex German inflection
paradigmslead to a large numberof featuresand
thusto a sparsedataproblemwhenit comesto re-
liably identifying complex, nestedNPs.We found
ahand-codedgrammarrobustenoughfor thetaskin
hand.Futurework is planned,however, onusingsta-
tistical partof speechdisambiguationprior to pars-
ing with thehand-codedgrammar.

For developing and testing the systemwe have
thereforeuseda boot-strappingapproach:we col-
lecteda referencecorpusof about800,000wordsof
Germantexts,mostlynot proof-readstudents’work
(assignments,theses)andvarioustexts from theIn-
ternet,both by native andnon-native speakers.We
haverepeatedlytestedthesystemandthecoregram-
maronthecorpusandincrementallyimprovedthem.
The final systemwas then evaluatedover another,
similar corpusof another200,000words.

2 NP Agreement in German

In German,all words in a noun phrase(NP) that
canbe declined(namelynouns,adjectives,andde-
terminers)mustagreein case,number, andgender.
Moreover, adjectivesshow a differentinflectionde-
pendingon whetherthey areprecededby a definite,
indefinite,or zerodeterminer. Thesedifferentinflec-
tion paradigmshavetraditionallybeencalledstrong,
weakandmixed inflection. In addition,certainde-
terminersratherarbitrarily requirea following ad-
jective to carryeitherstrongor weakinflection.NP
agreementhasfrequentlybeendescribedasoneof
themostdifficult issuesin Germangrammar.

Thecorrectautomaticrecognitionof GermanNPs
is madedifficult by the fact that complementsand
adjunctsof adjectivesmustbepositionedinsidethe
NPright beforetheadjective,thusforminganadjec-
tive phrase(AP). In general,adjectives in German
maybemodifiedby PPs,a lot of themalsosubcate-
gorizefor NP or PPcomplements.Thus,in German
NPsandPPscanbe(theoretically)arbitrarilydeeply
nested.An exampleis shown in (1).

In thecorporaweusedfor implementingandeval-
uatingthesystem,wehave foundquitea largenum-
berof agreementerrors(about1,500).A few of them
areshown in (1)–(3) asan impressionof the kinds
of mistakesthatoccurin texts. Theexamplesshow

thefollowing typesof mistakes:adjectivedeclension
(1), wrongnouninflectionparadigm(2), andwrong
PPcase(3).

(1) *die
the

[[ für
for

diesen
this

Prozess] ���
process

nötige��� ] � �
required

Temperaturen���
temperatures

‘the temperaturesrequiredfor thisprocess’,
correct:nötigen���

(2) *durch
by

den
the

Autoren
author(s)

Correct:denAutor or dieAutoren

(3) *mitsamt
togetherwith

seiner
his�
	��

Argumente
arguments�
	��

Correct:seinen�
��� Argumenten�
���
3 Morphology

As a basis for the syntactic analysis in our
system, we have used the commercially avail-
able German two-level morphology GERTWOL
(also see http://www.lingsoft.fi/doc/
gertwol/intro/gertwol.txt). This mor-
phology tool has been developed by the Finnish
company LingsoftOy, Helsinki.

This tool analyzesandstemsGermanwordsus-
ing inflection, derivation, andcompositionrules.It
comprisesa lexicon of approximately300,000Ger-
manwordstems– sufficient for mostgeneraltexts.

4 Parsing

As GermanNPstendto havea ‘flat’ structure(apart
from embedding),the obvious choice of a gram-
mar type for describingthem seemsto be finite
stateautomata(FSA,HopcroftandUllman (1979)).
They haveanumberof interestingfeatures(intuitive
grammars,closedundermany setoperations,linear-
timeparsing).

However, as mentionedin section2 above, NPs
andPPscanbenestedin thecaseof APsin German.
Thereis no theoreticallimit to thedepthof embed-
ding (thoughthereare,of course,limits by perfor-
mance).Therefore,to properlydescribenestedNPs,
FSAsareinsufficient,asthey arenotsuitedto repre-
sentsuchnestingstructures(Hopcroft andUllman,
1979).



To conserve as many of the advantagesas pos-
sible, we still choseFSAs as a basisfor the sys-
tem’s grammar, slightly extending them to allow
self-embedding.Wehavecalledthistypeof automa-
ton finite stateautomatawith recursion(FSAR for
short).UsingcascadedFSAswith severalparselev-
els,wheretheresultsof onelevel feedthenext lev-
el, wouldhavebeenanotherpossibleapproach.Cas-
cadedautomata,however, needseveral passeseven
for ‘flat’ structures,whereasour approachjust pars-
esonce.
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Figure 1: Toy FSAR for GermanNPs with self-
embeddingasin (1); theedgelabelledNP/PPallows
embeddinganNP/PP

Wewill only describethedifferencebetweenFSA
(Hopcroft andUllman, 1979)andFSAR informal-
ly here: In addition to normal edgeslabelledwith
a single input symbol, an FSAR can have ‘self-
embedding’edges,labelledby a specialsymbol

�
not in thesetof input symbols.

Wheneversuchan
�

-edgeis encounteredin pars-
ing (i. e.whenanembeddedstructurestarts),its goal
stateis pushedontoa stack.Thenthe automatonis
setinto its initial state,andparsingcontinues.When
a final state is reached(i. e. when the embedded
structureends),a stateis poppedfrom thestackand
madethecurrentstate.This is resumeduntil a final
stateis reachedwith anemptystack.Figure1 shows
anexampleof aFSARfor a typeof GermanNPs.

Though at first glance, FSARs resembleRe-
cursive TransitionNetworks (RTN, Woods(1970)),
there is an important difference:an RTN consists
of a setof namedautomatathat may call eachoth-
er, so that their expressive power is exactly equal
to push-down automata(Woods,1970)andthusto
context freegrammars(CFG).With FSARs,anau-
tomatonmay only call itself. We could show by
an adaptedpumpinglemma(similar to the onefor
CFGs,HopcroftandUllman (1979)) that there are
CFGsthat cannotbe representedby a FSAR (the
CF language� ����������� � , e.g., cannotbe described
by FSARs).FSARsthereforeprovide anexpressive

power that canbe called‘mildly context free’. The
proof is beyondthescopeof this paper.

FSARscanthusdescribeexactly thekind of self-
embeddingwe needfor parsingGermanNPs/PPs.
Dueto theconstraintmentionedabove,weexpected
themto parsemoreefficiently thanCFGs.So far, a
formal proof is still outstanding.However, thepars-
erwehave implementedallowsefficientparsing(cf.
section7).

Using FSARswe developedtwo grammars,one
of them a simple sentencestructuregrammar, the
othertheNP/PPgrammarproper. Theformeris used
to determinethesentencestructure,i. e. to find rela-
tive andothersubordinateclauses.This hasproven
necessaryfor disambiguation,asthereis anambigu-
ity in Germanbetweenrelativepronounsandarticles
(for mostinflectionforms)andbetweensubordinat-
ing conjunctionsandprepositions.

The NP/PP grammaris used to describemost
commontypesof GermanNPsandPPs,alsoinclud-
ing complex pre-nominalAPs(chunker).TheNP/PP
grammarcurrently containssome 300 nodesand
7,500 edges,the sentencestructuregrammarcon-
tainssome60nodesand500edges.

5 Constraint Relaxation

In grammarchecking,oneis confrontedwith anim-
portantissue:Whereasin ‘normal’ applications,the
aim of parsingis to find out whetheror not a giv-
en input belongsto somelanguage! , in grammar
checkingoneexpectsto find ungrammaticalinputs.
Sincethe userwantsto be told what is wrong with
the input, a grammarcheckingsystemmust,more-
over, try to find out what the intendedinput was,
guidedonly by anerroneousstructure.

Two maintechniqueshavebeenusedto overcome
this problem:error anticipation,i. e. explicitly cod-
ing all error patternsthat the systemis supposed
to recognizeinto the grammar(Bredenkampet al.,
2000;Povlsenetal.,1999),andconstraintrelaxation
(Oliva,1997;Povlsenetal., 1999).

When parsingwith constraintrelaxation,gram-
maticalconstraints,suchasagreement,arerelaxed
at somelevel of the process.This allows the sys-
tem to recognizethe input’s structureeven if it is
not fully grammatical.If aninput canbeparsedon-
ly when someconstraintis relaxed, one can infer



thatthisconstrainthasbeenviolated,indicatingboth
typeandpositionof thegrammaticalerror.

We have decidedto useconstraintrelaxationin
our system,as anticipatingand describingall pos-
sible error patternsfor agreementin GermanNPs
wouldhavebeentediousanderror-pronedueto their
largenumber. Therehave beendifferentapproaches
to constraintrelaxation,amongthemrepeatedpars-
es with different constraintsrelaxed (Jensenet al.,
1993)andparsingwithoutconstraints.Wehavecho-
senfirst to parsewithoutconstraints,i. e.basedsole-
ly onthewordsof theinputandtheirpartsof speech,
and only then checkingthe constraintsin the re-
sultantanalyses.The dangerof this approachlies
in its potentially leadingto a hugenumberof pos-
sible parses,since the constraintsthat would nor-
mally rule out most of them are not immediately
checked. It hasstill proven feasiblein the caseof
agreementchecking,sincethe structureof German
NPsis ratherstraightforwardwith comparatively lit-
tle ambiguityandsincewith agreementwehaveon-
ly relaxed oneconstraint.With morethanonepos-
sibleparse,parserankingis neededto resolveambi-
guities.

6 Parse Ranking

Parseranking,i. e. selectinga bestparseor a small
numberof bestparsesfrom a ‘parseforest’, is espe-
cially importantwhen grammaticalconstraintsare
relaxed, as the numberof possibleparsesmay be-
come quite large. Different techniqueshave been
usedin differentsystems,mostof themassigninga
numberdesignating‘badness’to eachpossibleparse
(Jensenetal., 1993;Genthialet al., 1994).

We have basedour techniquefor parseranking
onoptimality theory(OT, Kager(1999)).OT is used
to rank differentanalysesof a given input by their
markednessrelativeto ahierarchy of constraints,as-
sumingthatoneor moreof theconstraintshavebeen
violated.The hierarchy startswith the most impor-
tant constraints(giving rise to very marked input
whenviolated),followedby thelessimportantones.

To find the best analysis, the different analy-
sesyielded by the parser, consistingof POStags,
agreementfeatures,andinformationonwhichwords
shouldagree,arefirst comparedby the numberof
violationsof constraintsof thehighestlevel. For all

analysesthatshow thesame,lowestnumberof vio-
lations,this processis continuedon thenext-lowest
level in the constrainthierarchy until only onebest
analysisis left.

Wehavemanuallychosenanumberof constraints
to rank parses.Constraintsand constraintweight-
ing were chosento fit the examplesfrom the ref-
erencecorpus.Themostprominentamongthemis,
of course,agreement.To exemplify thehierarchy of
constraintswe have usedfor ranking,we give some
examplesfor theinteractionof themainconstraints.

Firstly, analyseswherenoconstraintsareviolated
areobviously ranked highest.This is useful in cas-
eswhereoneanalysiscontaininganagreementerror
andanalternative,error-freeanalysisexist. Suchan
alternativeanalysiscouldbebasedon anambiguity.
An articlecould,e.g., beanalyzedasa relative pro-
nounby thesentencestructuregrammarmentioned
in section4. In sucha casethe error-free analysis
wouldbepreferred.

This is shown in (4): in this phrase,das Autos
would (erroneously)be identifiedasa possibleNP
(structure:detn) with anagreementerror(dasis sin-
gular, Autos is plural). Sinceanalternative analysis
of das as relative pronounexists, this is preferred,
andnoerroris flagged.

(4) das
the

Kind,
child,

das
who

Autos
cars

sammelt,
collects,

. . .

. . .

‘the child whocollectscars’

Secondly, analysesspanningthesameinput with
a lowernumberof NP/PPchunksarepreferred.This
is neededin casesof agreementerrorslike the fol-
lowing:

(5) *der�"	�#$�
the

Künstliche
Artificial

Intelligenz% 	��
Intelligence

Here an alternative error-free analysiswith two
chunksis imaginable,but highly improbable:#[der
Künstliche] [Intelligenz] (‘the aritificial one’ ‘intel-
ligence’).Sincetheconstraint‘prefer lower number
of chunks’ ranks higher than agreement,the ‘one
chunk’ analysisis preferred,and thus the error is,
correctly, flagged.

Thirdly, in the caseof NPscontainingan agree-
menterror, parserankingis usedto find thebestre-
pair suggestion:



(6) *die
the�
�

ähnlichen
similar�
�

Text
text���

Here, we could assumethat numberagreement
is violatedandeitherplural or singularis intended
(actually, amongseveral other possibilitiesinvolv-
ing caseagreementviolation). In the former case
agreementis violatedonce(andonly onewordmust
bechanged,namelyText to Texte), in the lattercase
twice (andtwo wordsmustbechanged,namelydie
ähnlichento der ähnliche). Therefore,only thefirst
repair is suggestedto the user, as fewer constraint
violationson thesamelevel havebeencounted.

7 Evaluation

After testing and improving our systemover the
800,000word referencecorpus,we have evaluated
it usinganothercorpusof similar texts comprising
about200,000words.

It is notoriouslydifficult to evaluatenaturallan-
guageprocessingsystemsand, even more so, to
comparethe results (EAGLES, 1995). Only very
few of thegroupswho have implementedgrammar
checkers have actually reportedtheir results (e.g.
Wedbjer Rambell(1999)).For all systemsevaluat-
ed in thesereports,eitherprecisionor recall value
werebelow the50%-mark.Quiteoften,bothvalues
werebelow 50%.

Evengiven thefigures,comparisonbetweensys-
tems remainsdifficult: first, there is the obvious
question,whethergrammarcheckers for different
languagesare comparableat all. Then, evaluation
corporamaynotbecomparable:realworld corpora,
e.g. producequite differentresultsfrom ‘artificial’
testsentences(asin Wedbjer Rambell(1999)).

For wantof a standardizedtestbedand/orevalua-
tion corpus,we have thereforetried to evaluatethe
systemasfairly aspossibleusinga previously un-
seencorpusof ‘real world’ texts.

For this evaluation,recallandprecisionwerede-
termined. To determineprecision, all errors that
wereflaggedby thesystemwereextractedandthen
annotatedby two ratersindependentlyof eachoth-
er (both of themstudentsof computationallinguis-
tics). The raterswere asked to classify flaggeder-
rors ascorrector spuriousand then to classify the
errorby its assumedsource.In caseswherethetwo
ratersdisagreed,a third wasusedasan ‘expert’ to

arbitrate.Theresultsareshown in Table1. Precision
variedaccordingto text type between34% (news-
papers)and91% (NNS),with professionallyproof-
readtexts showing lowerprecisionrates.

real spurious errors pre-
errors errors flagged cision

NS 252 154 406 62%
NNS 239 25 264 91%&

491 179 670 73%

Table 1: Precisionvaluesfor the whole evaluation
corpus(NS: texts by native speakers,NNS: text by
non-natives)

Of the precisionerrors,about40% weredue to
the wrong assignmentof NP boundaries(i. e. two
NPswereerroneouslytreatedasone).Hereadding
subcategorization information to the systemcould
help(cf. section8). Another20% areaccountedfor
by unknown words,mostlyforeignwords,especial-
ly in themiddleof complex NPs.

Recall Precision F-Value
NS NNS NS NNS NS NNS

S 67% 83% 78% 73% 72% 77%
G 42% 49% 42% 26% 42% 34%

Table2: Recall,precisionand ' -valuesfor two se-
lected texts; comparisonwith Grammatik (S: our
System,G: Grammatik)

To determinerecall, we first had to establisha
baseline,i. e. try to find all errorsin thetext. As this
hasto bedonemanually, it is averytime-consuming
task.We thereforechoseto annotateonly two texts,
oneby a native speaker of German,oneby a non-
nativespeaker. Bothtextswereaboutequalin length
(i. e. some20,000words).For determiningthe re-
call, we then addedup all ‘real’ errors that were
found in the text by eitherof the ratersor the sys-
temto form thebaselinefor therecallfigures.Table
2 shows theresults.

About half of therecallerrorsof thesystemwere
due to missing coverageof the morphology, e.g.
technicalterms.Most casesof the other half have
to do with thecoverageof thegrammar:here,work
on thegrammarshouldbecontinued.



We have compared these figures with those
achievedby a commercialspellingchecker for Ger-
man.Wechose‘Grammatik’,lastdevelopedanddis-
tributedby Lernhout&Hauspie(Belgium).Thesys-
tem hasreacheda wide distribution, asit is part of
theMicrosoftWord2000distribution.Grammatikis
a generalpurposegrammarchecker, so it shouldbe
ableto handlethesortof texts in thecorpus.Weon-
ly evaluatederrorsflaggedby Grammatikthatwere
due to NP/PPagreementerrors.As mentionedin
section2, theseerrorstendto be(comparatively) lo-
cal phenomenaandwell distinguishablefrom other
grammaticalerrors.Theresultsareshown in table2.

The systemspeedhasbeenevaluatedover both
referenceand evaluation corpus on different ma-
chineconfigurations.Theaverageprocessingspeed
is approximately225 words/secondon an industry
standardPC with a PentiumIII processorat 400
MHz (128 MByte RAM, Microsoft Windows NT),
including morphologicalanalysisand parsing.So,
anaveragepagecanbeprocessedin about1.2sec.

8 Conclusions and Future Work

Wehavepresentedin thisarticleasystemfor check-
ing NP agreementin Germandesignedfor robust-
nessand broad coverage.The systemusesa new
combinationof existing techniquesto improve re-
call andprecision.Thisis achievedby acombination
of constraintrelaxationwith parserankingbasedon
optimality theory.

One interestingquestionis, how well the sys-
tem scalesup when additional grammaticalphe-
nomenaareadded.We believe thatthecombination
of constraintrelaxationand parseranking offers a
verygoodbasisto addnew phenomenawithout los-
ing performance.Usingthis techniqueallows to de-
scribetheconstraintslocally, but still merging them
into aoverall rankingaccordingto their severeness.

As all checkingis done locally inside the NPs
so far, one important improvement that we have
plannedis the additionof a mechanismfor check-
ing subcategorization.Thiswouldbeveryhelpful to
predictthenumberandtherequiredcasesfor NPsin
asentence.

It is alsoplannedin thenearfuture to implement
a commercialgrammarcheckingsystemfor foreign
languagelearnersfor languagesotherthanGerman

basedon thetechniquesandfindingsof this system.
Especiallybeginnerstendto find suchcheckingsys-
temshelpful, even if they are not perfect(Bernth,
2000).This shouldgive usa goodideaof how well
our ideasandimplementationtransferto otherlan-
guages.
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