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Abstract

In this paper we describethe design,im-

plementation,and evalutation of a sys-
tem for checkingNP agreemenin Ger

mantexts. We useshallov parsingbased
on finite state automatain combination
with constraintrelaxationand a method
for parserankingbasedn optimality the-
ory. Thesystems grammamvasdeveloped
andtestecoverareferenceorpusof about
800,000words to ensurerobustnessand
broadcoverage Whenevaluatedagainsta
corpusof approximately200,000words,
the systemreachedrecall and precision
valuesaroundthe 67% mark.

1 Overview

Grammarcheclersarecomputersystemghattry to
find grammaticalerrors(andsometimesalsostylis-
tic infelicities) in texts andpresenthemto the user
generallyalso suggestinga repair The first gram-
mar checlerswereimplementedn the late 1970%
(Jensenet al., 1993). Since then, more than two
dozensystemsave beendevelopedfor afairly large
numberof differentlanguagegBredenkampet al.,
2000;0liva, 1997;Povisenetal., 1999).

Sofar, grammarcheclersarestill notbeingwide-
ly usedin the ‘real world’. Evaluations (Wedb-
jer Rambell,1999) and userinterviews (Bernth,
2000) suggesthat amongthe mostimportantrea-
sonsfor this are the low ratesfor both recall (i. e.
too few of the actualerrorsare discosered by the

system)andprecision(i. e.too mary spuriouserrors
areflagged)thatthesesystemsexhibit. In addition,
usershave frequentlycomplainedthat applications
run too slowly to processseriousamountsof text

(Oliva, 1997).

We have implementeda prototypeof a grammar
checkingsystenmfor GermanThesystemwasmain-
ly designedn orderto investigatea novel combina-
tion of existingtechniqueso addressheissuesnen-
tionedabove. The systemdesignrelieson the inter-
action of the following: fast, large coveragemor-
phology finite-statebasedparsingwith addedex-
pressie power to allow self-embeddinggconstraint
relaxation,and parseranking basedon optimality
theory For errorsthatarefound by the system,one
or morerepairsaresuggested.

Since the implementationof a full grammar
checler for all phenomenaf Germanwas beyond
the scopeof our project,we decidedto confineour
selesto checkingNP-internalagreementaind case
assignmenby the prepositionin PPs.Both arelo-
cal phenomenayovernedby a relatively small set
of rules(in principle,atleast).Moreover, agreement
errorsandcaseerrorsin PPsoccurin texts relative-
ly frequently sowe could hopeto collectsufiicient
datafor the project. Among the errorsin NPs/PPs
thatwe obsered, agreemenerrorswerethe major
ity, therestmostly madeup by punctuationcapital-
izationandspellingerrors.

Oneimportantgoal of our projectwasto imple-
menta systenthatis ableto copenotonly with arti-
ficial testsentencedyut with ‘dirty’ realworld texts,
i. e.to ensureobustnessandbroadcoverage.

We have choserto hand-codeggrammarandparse



ranking constraintsinsteadof using statisticalap-
proaches.The rather complex Germaninflection
paradigmslead to a large numberof featuresand
thusto a sparsedataproblemwhenit comesto re-
liably identifying comple, nestedNPs. We found
ahand-codedrammarnobustenoughfor thetaskin
hand.Futurework is plannedhowever, on usingsta-
tistical part of speechdisambiguatiorprior to pars-
ing with the hand-code@yrammar

For developing and testing the systemwe have
thereforeuseda boot-strappingapproach:we col-
lectedareferencecorpusof about800,000wordsof
Germantexts, mostly not proof-readstudentswork
(assignmentghesesyandvarioustexts from the In-
ternet,both by native and non-natve spealers. We
haverepeatedlyestedhesystemandthecoregram-
maronthecorpusandincrementallyimprovedthem.
The final systemwas then evaluatedover anothey
similar corpusof another200,000words.

2 NP Agreement in German

In German,all words in a noun phrase(NP) that
canbe declined(namelynouns,adjectives,and de-
terminers)mustagreein case,number andgender
Moreover, adjectvesshav a differentinflection de-
pendingon whetherthey areprecededy a definite,
indefinite,or zerodeterminerThesedifferentinflec-
tion paradigmsave traditionallybeencalledstrong,
weak and mixed inflection. In addition, certainde-
terminersratherarbitrarily requirea following ad-
jective to carry eitherstrongor weakinflection. NP
agreemenhasfrequentlybeendescribedas one of
themostdifficult issuedn Germangrammar

Thecorrectautomatiaecognitionof GermarnNPs
is madedifficult by the fact that complementsand
adjunctsof adjectvesmustbe positionedinsidethe
NP right beforetheadjectie, thusforming anadjec-
tive phrase(AP). In general,adjectvesin German
may be modifiedby PPs.alot of themalsosubcate-
gorizefor NP or PPcomplementsThus,in German
NPsandPPscanbe (theoretically)arbitrarily deeply
nestedAn exampleis shovnin (1).

In thecorporawe usedor implementingandeval-
uatingthe systemwe have foundquitealargenum-
berof agreemengrrors(aboutl,500).A few of them
areshowvn in (1)—(3) asanimpressionof the kinds
of mistalesthatoccurin texts. The examplesshov

thefollowing typesof mistales:adjective declension
(1), wrongnouninflection paradigm(2), andwrong
PPcase(3).

(1) *die [[fur diesen Prozesypp notiges,]ar
the for this  process required
Tempeatureny,
temperatures
‘the temperaturesequiredfor this process’,
correct:notigen,

*durch den Autoren
by the author(s)

Correct:denAutor or die Autoren

(2)

(3)

*mitsamt seiner Argumente
togethemwith his,., argumentg,,

Correct:seinen,; Argumenteg,;

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://ww. | ingsoft.fi/doc/
gertwol /intro/gertwol.txt). This mor
phology tool has beendevelopedby the Finnish
compamy Lingsoft Oy, Helsinki.

This tool analyzesand stemsGermanwords us-
ing inflection, derivation, and compositionrules. It
comprisesa lexicon of approximately300,000Ger
manword stems- sufficient for mostgenerakexts.

4 Parsing

As GermarnNPstendto have a‘flat’ structure(apart
from embedding),the obvious choice of a gram-
mar type for describingthem seemsto be finite
stateautomatgFSA, HopcroftandUIiman (1979)).
They have anumberof interestingeaturegintuitive
grammarsglosedundermary setoperationslinear
time parsing).

However, as mentionedin section2 abore, NPs
andPPscanbenestedn thecaseof APsin German.
Thereis no theoreticallimit to the depthof embed-
ding (thoughthereare, of course limits by perfor
mance).Thereforefo properlydescribenested\Ps,
FSAsareinsufiicient,asthey arenot suitedto repre-
sentsuchnestingstructuregHopcroft and Uliman,
1979).



To consere as mary of the advantagesas pos-
sible, we still choseFSAs as a basisfor the sys-
tem’s grammay slightly extending them to allow
self-embeddingWe have calledthis type of automa-
ton finite stateautomatawith recursion(FSAR for
short).UsingcascadedSAswith severalparselev-
els,wheretheresultsof onelevel feedthe next lev-
el, would have beenanothempossibleapproachCas-
cadedautomatahowever, needseveral passesven
for ‘flat’ structureswhereasurapproachjust pars-
esonce.

Figure 1: Toy FSAR for GermanNPs with self-
embeddingsin (1); theedgelabelledNP/PPallows
embeddingan NP/PP

Wewill only describehedifferencebetweerFSA
(Hopcroftand Ullman, 1979) and FSAR informal-
ly here:In additionto normal edgeslabelledwith
a single input symbol, an FSAR can have ‘self-
embedding’edges/abelledby a specialsymbol S
notin the setof input symbols.

Wheneer suchan S-edgeis encounteredh pars-
ing (i. e.whenanembeddedtructurestarts),ts goal
stateis pushedonto a stack.Thenthe automatoris
setinto its initial state andparsingcontinuesWhen
a final stateis reached(i. e. when the embedded
structureends),a stateis poppedfrom the stackand
madethe currentstate.This is resumeduntil afinal
stateis reachedvith anemptystack.Figurel shovs
anexampleof aFSARfor atypeof GermanNPs.

Though at first glance, FSARs resembleRe-
cursive TransitionNetworks (RTN, Woods(1970)),
thereis an importantdifference:an RTN consists
of a setof namedautomatahat may call eachoth-
er, so that their expressie power is exactly equal
to push-devn automata(Woods,1970) andthusto
contet free grammargCFG). With FSARs,anau-
tomatonmay only call itself. We could shov by
an adaptedoumpinglemma (similar to the one for
CFGs, HopcroftandUllman (1979) that there are
CFGsthat cannotbe representedy a FSAR (the
CF languagea™b™c™d™, e.g., cannotbe described
by FSARs).FSARsthereforeprovide an expressie

power that canbe called‘mildly context free’. The
proofis beyondthe scopeof this paper

FSARscanthusdescribesxactly thekind of self-
embeddingwe needfor parsingGermanNPs/PPs.
Dueto the constrainimentionecabove, we expected
themto parsemoreefficiently thanCFGs.Sofar, a
formal proofis still outstandingHowever, the pars-
erwe have implementedallows efficient parsing(cf.
section?).

Using FSARswe developedtwo grammarspne
of them a simple sentencestructuregrammay the
othertheNP/PPgrammarproper Theformeris used
to determinghe sentencetructurej. e.to find rela-
tive andothersubordinateclausesThis hasproven
necessarjor disambiguationasthereis anambigu-
ity in Germarbetweernrelatve pronounsandarticles
(for mostinflectionforms)andbetweersubordinat-
ing conjunctionsandprepositions.

The NP/PP grammaris usedto describemost
commontypesof GermanNPsandPPs alsoinclud-
ing comple pre-nominalAPs(chunler). TheNP/PP
grammarcurrently containssome 300 nodesand
7,500 edges,the sentencestructuregrammarcon-
tainssome60 nodesand500edges.

5 Constraint Relaxation

In grammarchecking,oneis confrontedwith anim-
portantissue:Whereasn ‘normal’ applicationsthe
aim of parsingis to find out whetheror not a giv-
en input belongsto somelanguageL, in grammar
checkingoneexpectsto find ungrammaticainputs.
Sincethe userwantsto be told whatis wrong with
the input, a grammarcheckingsystemmust, more-
over, try to find out what the intendedinput was,
guidedonly by anerroneoustructure.

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

When parsingwith constraintrelaxation,gram-
matical constraintssuchas agreementare relaxed
at somelevel of the process.This allows the sys-
tem to recognizethe input’s structureevenif it is
not fully grammaticallf aninput canbe parsedon-
ly when someconstraintis relaxed, one can infer



thatthis constrainhasbeernviolated,indicatingboth
typeandpositionof thegrammaticakrror.

We have decidedto useconstraintrelaxationin
our system,as anticipatingand describingall pos-
sible error patternsfor agreemenin GermanNPs
would have beentediousanderrorpronedueto their
large number Therehave beendifferentapproaches
to constraintrelaxation,amongthemrepeatecars-
eswith differentconstraintsrelaxed (Jenseret al.,
1993)andparsingwithout constraintsWe have cho-
senfirstto parsewithout constraintsi. e. basedsole-
ly onthewordsof theinputandtheirpartsof speech,
and only then checkingthe constraintsin the re-
sultantanalyses.The dangerof this approachlies
in its potentiallyleadingto a hugenumberof pos-
sible parses since the constraintsthat would nor
mally rule out most of them are not immediately
checled. It hasstill proven feasiblein the caseof
agreementhecking,sincethe structureof German
NPsis ratherstraightforvardwith comparatiely lit-
tle ambiguityandsincewith agreemenive have on-
ly relaxed one constraintWith morethanone pos-
sible parse parserankingis neededo resole ambi-
guities.

6 ParseRanking

Parseranking,i. e. selectinga bestparseor a small
numberof bestparsedrom a‘parseforest’,is espe-
cially importantwhen grammaticalconstraintsare
relaxed, asthe numberof possibleparsesmay be-
come quite large. Different techniqueshave been
usedin differentsystemsmostof themassigninga
numberdesignatingbadnessto eachpossibleparse
(Jenseretal., 1993;Genthialetal., 1994).

We have basedour techniquefor parseranking
onoptimality theory(OT, Kager(1999)).0T is used
to rank differentanalysesf a given input by their
markednesselative to ahierarcly of constraintsas-
sumingthatoneor moreof theconstrainthave been
violated. The hierarcly startswith the mostimpor
tant constraints(giving rise to very marked input
whenviolated),followedby thelessimportantones.

To find the best analysis,the different analy-
sesyielded by the parsey consistingof POStags,
agreemenfieaturesandinformationonwhichwords
shouldagree,are first comparedby the numberof
violationsof constraintof the highestlevel. For all

analyseghatshowv the sameJowestnumberof vio-
lations, this processs continuedon the next-lowest
level in the constrainthierarcty until only onebest
analysids left.

We have manuallychoseranumberof constraints
to rank parses.Constraintsand constraintweight-
ing were chosento fit the examplesfrom the ref-
erencecorpus.The mostprominentamongthemis,
of course agreementTo exemplify the hierarcly of
constraintave have usedfor ranking,we give some
exampledfor theinteractionof the main constraints.

Firstly, analysesvhereno constraintareviolated
areobviously ranked highest.This is usefulin cas-
eswhereoneanalysiscontaininganagreemengrror
andanalternatve, errorfree analysisexist. Suchan
alternatve analysiscould be basedon anambiguity
An articlecould,e.g., beanalyzedasarelative pro-
nounby the sentencestructuregrammarmentioned
in section4. In sucha casethe errorfree analysis
would be preferred.

This is shavn in (4): in this phrase,das Autos
would (erroneouslybe identified asa possibleNP
(structuredetn) with anagreemengrror(dasis sin-
gular, Autosis plural). Sincean alternatve analysis
of dasasrelative pronounexists, this is preferred,
andnoerroris flagged.

(4) das Kind, das Autos sammelt, ...
the child, who cars collects,

‘the child who collectscars’

Secondlyanalysespanninghe sameinput with
alowernumberof NP/PPchunksarepreferred This
is neededn casesof agreemenerrorslike the fol-
lowing:

(5) *der,.,+ Kunstliche Intelligenz.,,
the Artificial  Intelligence

Here an alternatve errorfree analysiswith two
chunksis imaginable but highly improbable#[der
Kunstlidhg [Intelligen3 (‘the aritificial one’ ‘intel-
ligence’). Sincethe constraintprefer lower number
of chunks’ ranks higher than agreementthe ‘one
chunk’ analysisis preferred,andthusthe erroris,
correctly flagged.

Thirdly, in the caseof NPs containingan agree-
menterror, parserankingis usedto find the bestre-
pair suggestion:



(6) *die ahnlichen Text
the, similar, texts,

Here, we could assumethat numberagreement
is violated and either plural or singularis intended
(actually amongseveral other possibilitiesinvolv-
ing caseagreementviolation). In the former case
agreemenis violatedonce(andonly oneword must
be changednamelyText to Texte), in thelattercase
twice (andtwo wordsmustbe changednamelydie
ahnlichento der ahnliche). Therefore only the first
repairis suggestedo the user asfewer constraint
violationson the samelevel have beencounted.

7 Evaluation

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

It is notoriouslydifficult to evaluatenaturallan-
guage processingsystemsand, even more so, to
comparethe results (EAGLES, 1995). Only very
few of the groupswho have implementedgrammar
checlers have actually reportedtheir results (e.qg.
Wedbjer Rambell(1999)). For all systemsevaluat-
ed in thesereports,either precisionor recall value
werebelaov the 50%-mark.Quite often,bothvalues
werebelow 50%.

Evengiventhe figures,comparisorbetweersys-
tems remainsdifficult: first, there is the obvious
guestion,whethergrammarcheclers for different
languagesare comparableat all. Then, evaluation
corporamaynot becomparablerealworld corpora,
e.g. producequite differentresultsfrom ‘artificial’
testsentencegasin Wedbjer Rambell(1999)).

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

For this evaluation,recallandprecisionwerede-
termined. To determineprecision, all errors that
wereflaggedby the systemwereextractedandthen
annotatedy two ratersindependentlhyof eachoth-
er (both of themstudentsof computationalinguis-
tics). The raterswere asled to classify flaggeder
rors as corrector spuriousandthento classify the
error by its assumedource In casesvherethe two
ratersdisagreeda third wasusedasan ‘expert’ to

arbitrate Theresultsareshovn in Tablel. Precision
varied accordingto text type between34% (news-
papersand91% (NNS), with professionallyproof-
readtexts shaving lower precisionrates.

real | spurious| errors | pre-
errors| errors | flagged| cision

NS 252 154 406 62%
NNS | 239 25 264 | 91%
by 491 179 670 73%

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

Of the precisionerrors,about40% were dueto
the wrong assignmenbf NP boundariegi. e. two
NPswereerroneoushtreatedasone).Hereadding
subcatgorizationinformation to the systemcould
help (cf. section8). Another20% areaccountedor
by unknavn words,mostly foreignwords,especial-
ly in themiddle of 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%

Table 2: Recall, precisionand F'-valuesfor two se-
lected texts; comparisonwith Grammatik (S: our
SystemG: Grammatik)

To determinerecall, we first had to establisha
baselinej. e.try to find all errorsin thetext. As this
hasto bedonemanuallyit is averytime-consuming
task.We thereforechoseto annotateonly two texts,
oneby a native spealer of German,one by a non-
native spealer. Both texts wereaboutequalin length
(i. e. some20,000words). For determiningthe re-
call, we then addedup all ‘real’ errorsthat were
foundin the text by eitherof the ratersor the sys-
temto form the baselindor therecallfigures.Table
2 shavstheresults.

About half of therecallerrorsof the systemwere
due to missing coverageof the morphology e.g.
technicalterms.Most casesof the other half have
to do with the coverageof the grammar:here,work
onthegrammarshouldbe continued.



We have comparedthese figures with those
achieved by a commercialkspellingchecler for Ger
man.We choseGrammatik’,lastdevelopedanddis-
tributedby Lernhout&HauspigBelgium). The sys-
tem hasreacheda wide distribution, asit is part of
theMicrosoft Word 2000distribution. Grammatikis
a generalpurposegrammarchecler, soit shouldbe
ableto handlethe sortof texts in thecorpus.We on-
ly evaluatederrorsflaggedby Grammatikthatwere
due to NP/PPagreemenerrors. As mentionedin
section2, theseerrorstendto be (comparatrely) lo-
cal phenomenandwell distinguishabldrom other
grammaticakrrors.Theresultsareshovnin table2.

The systemspeedhas beenevaluatedover both
referenceand evaluation corpus on different ma-
chineconfigurationsThe averageprocessingpeed
is approximately225 words/seconan an industry
standardPC with a Pentiumlll processorat 400
MHz (128 MByte RAM, Microsoft Windows NT),
including morphologicalanalysisand parsing.So,
anaveragepagecanbe processeih aboutl.2 sec.

8 Conclusionsand Future Work

We have presentedh this articlea systentfor check-
ing NP agreementn Germandesignedfor robust-
nessand broad coverage.The systemusesa newv
combinationof existing techniquego improve re-
callandprecisionThisis achiezedby acombination
of constraintrelaxationwith parserankingbasedon
optimality theory

One interestingquestionis, how well the sys-
tem scalesup when additional grammaticalphe-
nomenaareadded We believe thatthe combination
of constraintrelaxationand parseranking offers a
very goodbasisto addnen phenomenavithoutlos-
ing performanceUsingthis techniqueallows to de-
scribethe constraintdocally, but still memgingthem
into aoverallrankingaccordingto their severeness.

As all checkingis donelocally inside the NPs
so far, one importantimprovementthat we have
plannedis the additionof a mechanisnfor check-
ing subcatgorization.Thiswould bevery helpful to
predictthenumberandtherequiredcasesor NPsin
asentence.

It is alsoplannedin the nearfuture to implement
acommercialgrammarcheckingsystemfor foreign
languagdearnerdfor language®therthanGerman

basednthetechniquesandfindingsof this system.
Especiallybeaginnerstendto find suchcheckingsys-
temshelpful, even if they are not perfect(Bernth,
2000).This shouldgive usa goodideaof how well

our ideasandimplementatiortransferto otherlan-
guages.
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