
Preface

The papers in this volume were presented at the workshop Heterogeneity in
Linguistic Databases, which took place on July 9, 2004 at Potsdam University.
The workshop was organized by project D1: Linguistic Database for Informa-
tion Structure: Annotation and Retrieval, a member project of the SFB 632,
a collaborative research center entitled Information Structure: the Linguistic
Means for Structuring Utterances, Sentences and Texts.1

A prominent feature of the SFB 632 is that it unites projects that base their
research on empirical data. The individual projects collect and annotate lin-
guistic data of various types, which then constitutes the ground for further
research. A central project provides the technical infrastructure for building,
maintaining, and retrieving this data. Similar to many current comparable re-
search projects, the SFB deals with very heterogeneous linguistic data. This
heterogeneity results from a number of factors: First, primary data itself is het-
erogeneous, differing with respect to size (e.g., single sentences vs. sentences
in context), modality (monologue vs. dialogue, text vs. speech), and language.
Second, rich, multi-level annotations often require data structures of various
types (attribute-value pairs, trees, pointers, etc.). Third, data is often annotated
by means of different, task-specific annotation tools (e.g., by tools for syntax,
discourse, or co-reference annotation). Furthermore, similar to the data, the
needs and backgrounds of potential users of the data vary: Researchers come
with tasks of diverse types—ranging from manual exploration to automatic sta-
tistical computations—and differ with regard to their computer skills. This
diversity must be reflected by the retrieval facilities.

The workshop brought together developers and users of linguistic databases
from a number of research projects that work on an empirical basis, all of which
have to cope with some of the issues sketched out above. The first four papers
address aspects of heterogeneous data from the point of view of database de-
velopers; the remaining three papers focus on data exploitation by the users.

In his paper Unity in Diversity: Integrating Differing Linguistic Data in
TUSNELDA, Andreas Wagner presents the TUSNELDA corpus, a collection of
diverse sub-corpora, which differ with regard to object languages, text types,

1For more information about the SFB 632, visit http://www.sfb632.uni-potsdam.de/,
for project D1, see http://www.sfb632.uni-potsdam.de/projects/d1.



annotation types, and underlying linguistic theories. The underlying, XML-
based annotation scheme TUSNELDA is both sufficiently flexible to cover the
diversity of the data as well as uniform enough to enhance data (re)usability.

Thomas Schmidt’s paper EXMARaLDA und Datenbank ,Mehrsprachigkeit’
— Konzepte und praktische Erfahrungen (in German, with extended abstract
in English) addresses concepts and principles in the development of a database
for heterogeneous speech data, such as the importance of standardization at
different levels of data processing. He also reports practical experiences with
users and technologies, including time costs in developing the database.

In her paper Heterogeneity and Standardization in Data, Use, and Anno-
tation: a Diachronic Corpus of German, Anke Lüdeling describes problems
specific to diachronic corpora, such as the highly variable orthography of old
texts. She proposes a flexible corpus design that encompasses this variability
and, at the same time, supports standardized annotation.

Multiple Hierarchies: New Aspects of an Old Solution by Andreas Witt
addresses problems posed by data annotations with (i) multiple/overlapping hi-
erarchies and (ii) heterogeneous tagsets. He discusses different SGML/XML-
based solutions and proposes a redundant encoding, which replicates the pri-
mary data for each hierarchy and tagset and makes use of Prolog facts for data
representation.

Roland Meyer’s paper VP-Fronting in Czech and Polish—A Case Study in
Corpus-Oriented Grammar Research shows how corpus data can be used for
the examination of a specific linguistic phenomenon. He examines VP-fronting
in Czech and Polish and its information-structural facets. Referring to different
corpora with varying types of annotation, he discusses user requirements with
regard to annotations and search facilities.

George Smith (Refining Queries on a Treebank with XSLT Filters. Ap-
proaching the Universal Quantifier) argues for the importance of the univer-
sal quantifier in query languages, which is a prerequisite for (easy) retrieval
of many linguistic phenomena but is often not implemented due to efficiency
reasons. He presents XSLT stylesheets that implement the universal quanti-
fier; these stylesheets can be used, for example, to further filter the results of a
TIGERSearch query.



In their paper Exploring Lexical Patterns in Text: Lexical Cohesion Anal-
ysis with WordNet, Elke Teich and Peter Fankhauser present an analysis and
exploration of lexical cohesion. First, lexical chains are annotated in a corpus,
based on WordNet. A specific tool then allows the user to analyze the chains
manually. Statistic analyses of the data show, among other things, that length
and type of lexical chains depend on the register of the text.

We are very grateful to the authors for their contributions to this volume.
We would also like to thank them for their presentations at the workshop, which
stimulated some very interesting and fruitful discussions.

Stefanie Dipper
Michael Götze
Manfred Stede
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Unity in Diversity:

Integrating Differing Linguistic Data in TUSNELDA

AndreasWagner

Universiẗat Tübingen

This paperdescribesthe creationand preparationof TUSNELDA, a
collection of corpusdatabuilt for linguistic research.This collection
containsa numberof linguistically annotatedcorporawhich differ in
variousaspectssuchas language,text sorts/ datatypes,encodedan-
notationlevels,and linguistic theoriesunderlyingthe annotation.The
paperfocuseson this variationon theonehandandtheway how these
heterogeneousdataareintegratedinto oneresourceon theotherhand.

1 Intr oduction

Theprincipal concernof thecollaborative researchcentre(Sonderforschungs-

bereich)SFB 441 at University of Tübingenare the empiric datastructures

which feed into linguistic theory building. In order to approachthis general

issuefrom a considerablevarietyof researchperspectives,SFB441comprises

different projectseachof which empirically investigatesa particular linguis-

tic phenomenonin a particular languageor languagefamily. The respective

researchinterestsrangefrom suboptimalsyntacticstructuresin German,lo-

calandtemporaldeicticexpressionsin Bosnian/Croatian/Serbianor Portuguese

andSpanish,tosemanticroles,caserelations,andcross-clausalreferencesin Ti-

betan,to mentionjustafew. As empiricalbasisfor theirresearch,many projects

createelectronicallyaccessiblecollectionsof linguistic dataandpreparethem

to fit their particularneeds.In mostcases,thesecollectionsarecorpora.How-

ever, a coupleof projectsdealwith data(e.g. lexical information) which are

moreadequatelyrepresentedby an Entity-Relationshipbaseddatamodeland

thusareimplementedin relationaldatabasesratherthancorpora.
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2 AndreasWagner

All datacollectionsbuilt within SFB 441 projectsare assembledin one

repositorycalledTUSNELDA (= TUebinger SammlungNutzbarer Empirischer

LinguistischerDAtenstrukturen, Tübingencollectionof reusable,empirical,lin-

guistic datastructures).Especially, the differentcorporaare integratedinto a

commonXML-basedenvironmentof encoding,storage,andretrieval. This in-

tegrationis particularlychallengingdueto the heterogeneityof the individual

corpora,whichdiffer with regardto thefollowing aspects:

languages(e.g.German,Russian,Portuguese,Tibetan,...)

text types/ datatypes(e.g.newspapertexts, diachronictexts, dialogues,

treebanks,...)

categoriesof informationcoveredby the annotation/ annotationlevels

(e.g.layout,textual structure,morpho-syntax,syntax,...)

underlyinglinguistic theories

This paperdescribestheapproachpursuedto integratetheseheterogeneous

corpusdata.Section2 providesan overview of the corporabuilt by the indi-

vidual projects.This overview illustratesthe diversity of the data.Section3

addressestheir integrationin TUSNELDA. In particular, aspectsof theannota-

tion process,theannotationschemesandtheunderlyingdatamodel,aswell as

corpusmanagementandretrieval arediscussed.

2 SFB 441Corpora

This sectionprovidesanoverview of thedifferentcorporacreatedin SFB441.

In the following listing, eachprojectengagedin corpusbuilding is mentioned

togetherwith the investigatedlanguageand the respective corpora.For each

corpus,a shortgeneraldescriptionis given, including its sizeanda list of the

annotationlevelsencodedin it.
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Project A1: “Repr esentationand automatic acquisition of linguistic data”

German

TüBa-D/Z (Tübinger Baumbank desDeutschen/ Zeitungstexte)

manuallyannotatedtreebank(approx.15,000sentences)

– syntacticstructures

TüPP-D/Z (Tübinger Partiell GeparstesKorpusdesDeutschen/

Zeitungstexte

newspapercorpus;syntacticallyanalysedby meansof arule-basedchunk

parsercreatedin the project (approx.200 million words;only partially

integratedin TUSNELDA)

– text structures(paragraphs,sentenceboundaries,etc.)

– syntacticstructures

Project A3: “Suboptimal syntacticstructur es”

German

Databaseof Grammaticality Judgements

manuallyannotatedexamplesentencesoriginatingfrom linguistic litera-

tureincludinggrammaticalityjudgements(approx.1,000sentences)

– morphologicalfeatures(e.g.case)

– syntacticstructures

Project B1: “Cor pusbasedstudy of addressand linguistic politenessin the

Slavonic languages”

Russian

RussianInter views

interviews in newspapers(approx.290,000words)

– text structures
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UppsalaCorpus of Modern Russian

balancedRussiancorpuscompiled in Uppsala;extendedby morpho-

syntacticannotationby meansof a POStaggercreatedin the project(1

million words)

– text structures

– morphologicalfeatures/ POStags

Project B3: “Modal verbsand modality in German”

German

Goetzvon Berlichingen

Early New High Germantext, digitisedfor the TITUS project (approx.

43,000words)

– text structure

– layout(pageandline breaks)

Project B8: “Cor pus-basedanalysisof local and temporal deicticsin

(spontaneously)spokenand (reflected)written language”

Bosnian/Croatian/Serbian

Tübinger BKS-Korpus

Comic Corpus,BosnianInterviews, Novosadskikorpusof Spoken Lan-

guage(approx.127,000words)

– text structure/ dialoguestructure

– markingandclassificationof deicticexpressions

– situationalcontext (accompanying gesture)

Project B9: “Local and temporal deixis in the Romancelanguages—

History and variation”

Portuguese,Spanish
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TüPoDia (Tübinger PortugiesischeDiachroneTexte)

Portuguesediachronictexts (approx.260,000words)

– text structure

– markingandclassificationof deicticexpressions

BraToLi (Brasilien ToledoLima)

transcriptionsof spokendialogs(includingsituationaldescriptions)from

Brasil,Toledo,andLima (approx.10,000words)

– dialoguestructure

– markingandclassificationof deicticexpressions

– situationalcontext

Project B11: “Semantic roles,caserelations,and cross-clausalreferencein

Tibetan”

Tibetan

Tibetan Corpus

texts from differentregionsandepochs(currentlyapprox.700clauses,to

beextended)

– text structure

– layout(pagebreaks)

– morphologicalfeatures(e.g.case)

– syntacticstructures

– verb–argumentstructures

– cross-clausalreferences(anaphoricreferencevia emptyarguments

andpronouns)

For someof thesecorpora,substantialextensionsareenvisagedto coverad-

ditionalannotationlevels.For example,theGermantreebankTüBa-D/Zwill be

extendedby co-referenceannotation;theTibetancorpuswill beaugmentedby
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lexical resourcesandEnglish translations,which will be alignedto the anno-

tatedtexts.

3 Integration in TUSNELDA

All the corporamentionedin the previous sectionform the components(sub-

corpora)of the TUSNELDA corpus.This meansthat they are integratedinto

a commonenvironment regarding annotation,datamanagement,and corpus

querying.This environmentis basedon XML technology. This hastwo major

advantages.Firstly, XML offerstheflexibility requiredto encodeall thepecu-

liarities of theheterogeneousdatasketchedabove. Secondly, varioussoftware

for encoding,managingandqueryingXML documentsis availableandcanbe

employed. The alternative, developingand implementingsuchsoftware from

scratch,appearsinfeasiblein view of thediversityof requirementsfor encoding

andprocessingthedifferentcorpora.

In detail,theintegrationof thedifferentcorporainvolvesseveralstages:

1. developmentof unified annotationschemeswhich cover all (combina-

tionsof) annotationlevelsrealisedin theTUSNELDA sub-corpora

2. transformationof the individual corporainto a format which obeys the

respectiveannotationschemes

3. storingandmanagingtheTUSNELDA sub-corporain anXML database

4. implementationof query interfaceswhich are tailored to the respective

annotationlevelsto besearched

3.1 Annotation Process

As notedin section1, theindividual sub-corporaof TUSNELDA arebuilt sep-

arately in the respective SFB 441 projects.Moreover, their diversity implies
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that differentannotationproceduresaremostadequateandefficient in the re-

spective corpusbuilding activities. In this respect,two basicscenarioscanbe

distinguished:

In one scenario,a proprietarydataformat and correspondingproprietary

softwareis employedfor annotation.This is appropriatein casethereis anes-

tablishedway of annotatingthe informationto be coveredby the corpus,and

in casea commonandconvenientannotationtool is availablewhich supports

thisannotation.For example,theprojectsthatcreatesyntactictreebanksemploy

annotate(cf. Plaehn(1998))for thattask.This tool is widely usedfor building

collectionsof syntactictrees.It providesanumberof convenientfeatureswhich

speedup annotation,suchasa graphicalinterfaceandfacilities for interactive

semi-automaticannotation.annotateencodesthe datain the proprietaryNE-

GRA format.A specialcaseof this scenariois the useof tools for automatic

annotation,suchas POStaggersor shallow parsers,which of courserequire

specificinput andoutput formats.Integratingcorporabuilt that way in TUS-

NELDA comprisestwo steps.Firstly, annotationschemeshaveto bedeveloped

and/oradaptedto cover all informationencodedin the corpora.Secondly, the

corporahaveto beconvertedfrom their respectiveproprietaryformatinto XML

structureswhich areconformingto thecorrespondingTUSNELDA annotation

scheme.As ageneralrule, this formatconversioncanbedoneautomatically.

In the alternative scenario,annotationimmediatelyrestsupon the TUS-

NELDA annotationschemes,i.e. TUSNELDA-conforming XML markup is

createddirectly. This procedureis appropriateif a commonpracticefor an-

notatingthesortof informationto beencodedin thecorpusdoesnot yet exist.

Guidedby their specificresearchinterests,someprojectscreatecorporawhich

covercertainpeculiaraspects(or combinationsof aspects)for whichneitheran

establishedannotationschemenor a tailoredannotationtool is available.For

example,it wasall but clearin advancehow to adequatelyencodethe closely

interrelatedaspectsof syntacticstructure,verb–argumentstructureandcross-
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clausalreferencein the Tibetancorpus.To handlesuchcases,a preliminary

annotationschemeis developedin advance(asa DTD), andannotationis per-

formedaccordingto this scheme,usinga generalXML editor. In thecourseof

the annotationprocess,with growing experienceregardingthe data,it usually

turnsout thatrevisionsandextensionsof theprovisionalschemearenecessary

to appropriatelyencodecertainpeculiaritiesand/orto improve thepossibilities

of retrieving interestinginformation.Thus,theschemeis incrementallyadapted

to theseemergingrequirements.In thisscenario,theannotationgenerallyhasto

beperformedmanually. However, to increaseefficiency, weaimatautomatising

annotationstepswherever possible(e.g.assigninguniqueIDs to elements).As

annotationsoftwarewemainlyusetheCLaRKsystem(cf. Simov etal. (2001)),

an XML editor which hasbeendevelopedespeciallyfor encodinglinguistic

resources.On the onehand,this tool is not restrictedto specificformatsbut

supportsany XML DTD. On theotherhand,it comprisesanumberof facilities

to performannotationstepsautomaticallyor semi-automatically, suchasregular

grammarenginesor constraintmechanismswhichaddspecificmarkupdepend-

ing onthecontext. Thesefacilitiesareflexibly configurableandadaptableto the

particularannotationschemein use.1

3.2 TUSNELDA Annotation Scheme

Variousgeneralrequirementsguide the definition of annotationschemesfor

TUSNELDA. First of all, theseschemeshave to be exhaustive, i.e. they must

captureall kinds of informationwhich is encodedwithin the differentannota-

tion levels in the TUSNELDA corpora.As a secondcrucial requirement,the

schemesshouldbe convenientwith respectto both annotationand retrieval.

This meansthey shouldbe designedin a way which facilitatesmanualanno-

1 WagnerandZeisler(2004)outlinehow thesefacilitiesareemployed for annotatingtheTi-
betanCorpus.
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tationandallows the specificationof “intuiti ve” searchqueries.Thesecriteria

imply two further requirements,which in a sensearecomplementaryto each

other. On the onehand,the schemeshave to be openfor different languages

andlinguistic theories.This is necessarysinceTUSNELDA is multilingualand

its corporaarebasedupondiffering theoreticapproaches.On the otherhand,

analogousstructuresandphenomenain thedifferentcorporashouldbeencoded

in analogousways.Thisenhancesreusabilitybecauseit allows for thedevelop-

mentof commonmechanismsfor annotationor formatconversionaswell asthe

implementationof analogousretrieval interfaces(includingthespecificationof

similar—if not identical—searchqueries)for thedifferentcorpora.In addition,

keepingthe annotationschemesasuniform aspossiblerevealscommonalities

anddeviationsof theinformationencodedin thedifferentcorpora.

Despitethediversityof thecorporain TUSNELDA, they all sharethesame

genericdatamodel: hierarchicalstructures.It is most appropriateto encode

the phenomenacapturedin the TUSNELDA corporaby meansof nestedhi-

erarchies,augmentedby occasional“secondaryrelations” betweenarbitrary

nodesin thesehierarchies.ThisdistinguishesTUSNELDA fundamentallyfrom

corporawhoseannotationis basedon other datamodelssuchas, for exam-

ple, timeline-basedmarkupof speechcorporaor multimodalcorpora(e.g.cf.

Schmidt(2004)).Suchcorporaencodethe exact temporalcorrespondencebe-

tweeneventsonparallellayers(e.g.thecoincidenceof eventsin speechandac-

companying gestureor theoverlapof utterances)whereashierarchicalaspects

aresecondary. In TUSNELDA, however, hierarchicalinformation(e.g.textual

or syntacticstructures)is prevalent,while capturingtheexact temporalcoinci-

denceof differenteventsin generalis not of primaryrelevancein theresearch

within SFB441.

Guidedby theserequirements,we decidedto develop annotationschemes

whichencodeinformationasembeddedannotation(i.e.themarkupis placedlo-

cally ator aroundthecorrespondingtext) ratherthanstandoff annotation(where
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the markupis storedin a separatefile, includingpointersto theprimary text).

Essentially, thisdecisionrestson two majorconsiderations.

Thefirst considerationconcernstherequiredsuitability of theschemesfor

manualannotationin particularandcorpusprocessingin general.While stand-

off annotationappearsto becomea “quasi standard”paradigmfor linguistic

annotation,thereis still a lack of generalsoftwaresupportingthis paradigm.

Usually, projectsengagedin standoff annotationdevelop their own software

which is tailoredto their specificneeds.Suchsoftwarewould, if at all, beonly

of limited usefor annotatinga corpusin TUSNELDA. Furthermore,dueto the

diversity of our corpora,we needgeneralXML-aware tools which areadapt-

ableto particularrequirementsof eachindividual corpus.Currently, suchtools

(XML editors,formatconversiontools,XML databasesandqueryengines)are

optimisedfor processinghierarchicalXML structures,i.e. they arewell suited

for embeddedannotation,whileprovidingatbestrudimentarysupportfor stand-

off annotation.

The secondconsiderationis the fact that embeddedannotationindeedis

sufficient for encodingour data.Standoff annotationwould benecessaryif the

structuresto beencodedformedoverlappinghierarchies,whichcannotbemod-

elled within a single XML document.Actually, this problemdoesnot arise

for our data.Thestructuresprimarily encodedin theTUSNELDA corporaare

at the textual and/orsyntacticlevel. Sincesyntacticstructuresconstitutesub-

sententialhierarchieswhile text structuresdefinesuper-sententialhierarchies,

thesestructuresdonotoverlapsothatthey canbecapturedwithin asingledoc-

umenthierarchy. Concurrenthierarchicalunits occuronly marginally andare

not of primary importance.Theseunitsconcernthephysical (layout)structure

of the annotatedtexts, e.g.pageboundaries.Suchboundariesare marked by

emptyXML elements(e.g. � pb/� for a pagebreak),which do not violate the

well-formednessof thedocument.
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� s�
� clause�
� ntNode�
� tok �
� orth� khra phru gu � /orth�
� pos� NOM:anim pers� /pos�
� /tok �
� ntNodeCat� NP� /ntNodeCat�
� desc�
� case� Abs� /case�
� /desc�
� /ntNode�
� tok id=”v6” �
� orthn=”2” � med-tshug� /orth�
� pos� VFIN � /pos�
� desc�
� featuretype=”part” � NEG� /feature�
...
� /desc�
� /tok �
� clauseCat� simple� /clauseCat�
� /clause�
� punct� � /punct�
� /s�

Figure1: Exampleannotationfrom Tibetancorpus(1)

3.3 Examples

This sectionprovidesseveral exampleswhich illustratediverse(combinations

of) annotationlevelscapturedin theindividual corporaandhow thesedifferent

sortsof informationareencoded.Theseexampleswill also illustratehow the

balancebetweenthedesireduniformity andtherequiredflexibility w.r.t. differ-

entlanguagesandtheoriesis achieved.
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Figure1, taken from theTibetanCorpus,exemplifiestheencodingof syn-

tactic structures.� tok � elementsmark the tokens(i.e. words)of a text with

their orthographicor phonemicrealisation( � orth� ) andpart-of-speechclassi-

fication ( � pos� ). A phraseis encodedby an � ntNode� (non-terminalnode)

element;� ntNodeCat� marksits category. For clausalconstituents,thereis a

specialelement� clause� (including � clauseCat� specifyingtheclausecate-

gory).2 � ntNode� and � clause� elementsmayberecursively nested.Tokens,

phrases,andclausesmayreceiveafurtherlinguisticdescription( � desc� ). Such

descriptionsmay containsimplefeatureslike case3 or complex specifications

like theargumentstructureof averb.

An examplefor theencodingof argumentstructuresin theTibetanCorpus

is shown in figure2.Thisencodingbelongsto theannotationdisplayedin figure

1. In fact it is locatedwithin the � desc� elementof theverb token(at thepo-

sition indicatedby thedots)andpresentedherein a separatefigure just for the

sakeof clarity. (Thisexemplifiestheintegrationof differentannotationlevels—

syntacticconstituentstructuresandverb–argumentstructures—inoneXML hi-

erarchy.) In detail,thedescriptioncomprises(a)the“canonical”argumentstruc-

ture(a list of � complement� elementswithin a � frame� element),and(b) the

“real” frame,i.e. therealisationof theargumentsin theclause,includingaddi-

tionalarguments(a list of � realComplement� elementswithin a � realFrame�

element).Each � complement� elementwithin � frame� hasa corresponding

� realComplement� elementwithin � realFrame� (possiblymarkedasnot re-

alisedin the respective clause,seebelow). The orderof � realComplement�

itemscorrespondsto the orderof the respective � complement� items;addi-

tionalcomplementswhichoccurin theclausebut arenot includedin thecanon-

2 In somecorpora,no explicit distinctionis madebetweenclausalandotherconstituents;in
thesecorpora,clausesareannotatedas � ntNode� insteadof � clause� .

3 A certainsetof commonfeaturesis definedin theannotationschemeby specificelements
suchas � case� , � number� , or � person� . Furthermore,ageneralelement� feature� (with
a ‘type’ attribute)allows thespecificationof any kind of feature.
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...
� frame�
� complement�
� role� POSS� /role�
� case� Aes� /case�
� /complement�
� complement�
� role� EXST2� /role�
� case� Abs� /case�
� /complement�
� /frame�
� realFrame�
� realComplementid=”v6c1” status=”empty” �
� role� POSS� /role�
� ref target=”v5c1” ��� /ref �
� /realComplement�
� realComplementid=”v6c2” �
� role� EXST2� /role�
� /realComplement�
� /realFrame�
...

Figure2: Exampleannotationfrom Tibetancorpus(2)

ical framearerepresentedby � realComplement� elementsappendedattheend

of the � realFrame� list. In casethe orderof complementsasrealisedin the

clausedeviatesfrom the canonicalcomplementorderasdefinedin � frame� ,

� realFrame� receivestheattribute‘order’, whichencodesthecomplementor-

derin theclause(asasequenceof role labels).

For eachcanonicalandrealcomplement,thesemanticrole is specified.Fur-

thermore,eachcanonicalcomplementreceivesa specificationof its case.The

encodingof argumentstructurealsocapturesinformationaboutcross-clausal

references,especiallytherelationbetweenemptyarguments(i.e.argumentsnot
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� figureid=”s45b3” �
� figTrans�
� spwho=”Komandant” �
� spokenPar�

Nadamseda govori š istinu . . . Idite , potražite taoca,
a � markedtype=”deic-dem” � ovu � /marked� dvojicu u
zatvor !
� /spokenPar�
� situation�
� keywords�
� term� openhand� /term�
� term� stretchedout� /term�
� /keywords�
� /situation�
� /sp�
� /figTrans�
� /figure�

Figure3: Exampleannotationfrom BKS Korpus(ComicCorpus)

overtly realisedin a clause)andtheir antecedentsin previousclauses.4 To cap-

ture this kind of cross-clausalreference,each � realComplement� receivesa

uniqueID. Emptyarguments(e.g.thefirst � realComplement� in theexample)

receive an attribute markingemptinessanda pointerto the correspondingan-

tecedentin the text, which in mostcasesis a � realComplement� specifiedin

theargumentstructureof somepreviousclause.Sucha pointeris encodedasa

referencetag( � ref � ) with anattribute‘target’ thatpointsto theID numberof

thecorrespondingreferee.

Figure3 displaystheencodingof a singlecomicpicturein theBKS Comic

Corpus.This encodingsignificantlydiffers from the previous examplesin the

4 Theinvestigationof this phenomenonis oneof themajor researchinterestsof projectB11,
which is building theTibetanCorpus.
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coveredannotationlevels;insteadof entirelycapturingcomplex syntacticstruc-

tures,it providespunctualinformationaboutspecificexpressions(in this case

deictics)and the situationalcontext of their usage,especiallyaccompanying

gesture.A comicpicture(capturedby a � figure� element)is representedby a

transcription( � figTrans� ) of the dialoguetaking placein this picture.5 Each

dialogueturn is encodedby a � sp� elementwith anattribute‘who’ indicating

the speaker. The utteranceis capturedby a � spokenPar� (spoken paragraph)

element.Expressionsof specificinterest,asdeicticexpressionsin theBKS Cor-

pus,canbe markedby the element� marked� ; the attribute ‘type’ providesa

classificationof the expression.In the example,the word “ovu” is marked as

demonstrative deictic (“deic-dem”). The element � situation� containsinfor-

mationaboutthe situationalcontext. In the ComicCorpus,this informationis

encodedasasetof keywords(a list of � term� elementswithin a � keywords�

element)specifyinggestureaccompanying deictics.Notethatthis kind of tran-

scriptionbasicallymakesuseof a hierarchicalschemeratherthana timeline-

basedschemeemployedfor othertranscriptionsof dialogue.Theresearchpur-

posewhich guidedthe creationof the Comic Corpus,i.e. the examinationof

deicticexpressionsandco-occurringpointinggesture,doesnot requiretheen-

codingof exacttemporaloverlapsbetweendifferentutterancesand/ornonverbal

events.For thisreason,thetranscriptionof comics,wheresuchtemporaloverlap

is notdeterminable,is suitablefor theresearchintended.

Figures 4 and 5 illustrate the opennessof the TUSNELDA annotation

schemesfor different linguistic theories.Eachof thesefiguresshows a syn-

tactic treeof a sentence:figure 4 from the TüBa-D/Z treebank,figure 5 from

the Databaseof GrammaticalityJudgements.Both sentencesare in German

andhave considerablecommonalities(wh-element“wie”, “dass”-clausewith

5 Moreexactly, this transcriptionincludesall writtenmaterial,i.e.spokenutterancesaswell as
text displayedonsomeartefact,e.g.aboard,and“meta-situational”commentsof theauthor
locatedon topor bottomof thepicture.
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Figure5: Exampletreefrom theDatabaseof GrammaticalityJudgements
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transitive verb).However, they areassignedvery differentsyntacticstructures,

which reflect the linguistic theoriesandassumptionsunderlyingthe two tree-

banks.Theannotationin TüBa-D/Zis guidedby thetheoryof topologicalfields

(a traditionaldescriptive theoryaccountingfor theconstituentorderin German

sentences)andtherestrictionto context-freestructures,whichresultsin compa-

rably flat structureswithout traces.In contrast,theDatabaseof Grammaticality

Judgementsis intendedto comprisetreesin accordancewith generative syn-

tax,characterisedby highly nested(usuallybinary-branched)structuresandthe

commonuseof traces.TheTUSNELDA annotationschemefor syntacticstruc-

turesis compatibleto bothapproaches,i.e. bothtreescanberepresentedby an

XML structureasin figure1. TheTUSNELDA schemeneitherprescribesaset

of POStagsandconstituentlabelsnor constrainstheconfigurationof syntactic

trees.The only restrictionsit imposeson the encodingof syntacticstructures

is thedistinctionbetweentokens(words)andnon-terminalnodes(with thead-

ditional possibility to identify clausenodesby a specialelement)andthelimi-

tationto treestructureswith possiblesecondaryedges.Theseconstraintsmark

thebalancebetweenthedesirableuniformity andtherequiredflexibility which

is appropriatefor TUSNELDA andits corpora.

3.4 CorpusManagementand Querying

After the stepof annotation(and, if necessary, format conversion),a corpus

canbe importedinto a databasewhich servesasthecentralplatformfor man-

aging and queryingthe TUSNELDA corpora.As databasesoftware we em-

ploy TaminoXML Serverdevelopedby SoftwareAG. Taminois a native XML

databaseandimplementsseveraltechniquesfor indexing XML documents.This

allows an efficient searchin the data.Furthermore,Taminoprovidesa query

languagewhich is a subsetof XQuery (cf. Boaget al. (in progress)).XQuery

is beingdevelopedto serve asthe standardlanguagefor queryingXML data.
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As Sasakiet al. (2004)point out, XQuery is particularlysuitedfor retrieving

hierarchicalaspectsof annotatedmaterial,which rendersit lessusefulfor cor-

porawhicharenotbaseduponhierarchicaldatamodels.However, asdiscussed

above, theannotationin TUSNELDA essentiallyis hierarchicallyorganisedso

thatXQueryis anappropriatequerylanguage.

The datain the TUSNELDA collection are madepublicly accessiblevia

a WWW interface(www.sfb441.uni-tuebingen.de/tusnelda.html).The Tamino

softwareoffersvariousfacilitiesto configureHTTP-basedinterfacesfor search-

ing the XML databaseandformattingthe queryresults.We employ thesefa-

cilities to realiseweb interfaceswhich take into accountthe respective pecu-

liarities of the individual corpora.The core of the searchmechanismis the

XQuery engineof the database.The usercan formulatequeriesin a format

basedon XPathandXQuery. Concerninggeneralaccessibilityof theinterface,

it makesmoresenseto rely onthesestandardlanguagesfor queryingXML data

thanon proprietaryquerylanguages.However, the prospective usersof TUS-

NELDA, i.e. linguistic and philological researchers,are usually not familiar

with theselanguages.Therefore,we extendthe interfacewith variousmecha-

nismswhich renderthe interfacemoreuser-friendly. For instance,we provide

corpus-specificexamplequeriesaswell astemplatesandsyntacticabbreviations

which facilitatetheformulationof “typical” queries.Furthermore,theusercan

choosebetweenalternative formatsof outputdisplay(e.g.syntacticstructures

can be viewed as graphicaltrees,labelledbracket structures,or XML struc-

turesasannotatedin thecorpus).Suchfacilitiesandtheir suitability to improve

user-friendlinesswill besubjectto thefeedbackby actualandprospectiveusers

insideandoutsideSFB 441. In this sense,the currentWWW interfaceis in a

preliminarystateandwill continuallybe refinedto improve its benefitfor the

linguistic researchcommunity.
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EXMARaLDA und Datenbank ‚Mehrsprachigkeit’ – 
Konzepte und praktische Erfahrungen*

Thomas Schmidt 
SFB 538 ‚Mehrsprachigkeit’, Universität Hamburg 

This paper presents some concepts and principles used in the devel-
opment of a database of multilingual spoken discourse at the Univer-
sity of Hamburg. The emphasis of the first part is on general consid-
erations for the handling of heterogeneous data sets: After showing 
that diversity in transcription data is partly conceptually and partly 
technologically motivated, it is argued that the processing of transcrip-
tion corpora should be approached via a three-level architecture which 
separates form (application) and content (data) on the one hand, and 
logical and physical data structures on the other hand. Such an archi-
tecture does not only pave the way for modern text-technological ap-
proaches to linguistic data processing, it can also help to decide where 
and how a standardization in the work with heterogeneous data is pos-
sible and desirable and where it would run counter to the needs of the 
research community. It is further argued that, in order to ensure user 
acceptance, new solutions developed in this approach must take care 
not to abandon established concepts too quickly.  

The focus of the second part is on some practical experiences with 
users and technologies gained in the four years’ project work. Con-
cerning the practical development work, the value of open standards 
like XML and Unicode is emphasized and some limitations of the 
“platform-independent” JAVA technology are indicated. With respect 
to users of the EXMARaLDA system, a predominantly conservative 
attitude towards technological innovations in transcription corpus 
work can be stated: individual users tend to stick to known functional-
ities and are reluctant to adopt themselves to the new possibilities. 
Furthermore, an active commitment to cooperative corpus work still 
seems to be the exception rather than the rule.  

It is concluded that technological innovations can contribute their 
share to a progress in the work with heterogeneous linguistic data, but 
that they will have to be supplemented, in the long run, with an ade-
quate methodological reflection and the creation of an appropriate in-
frastructure.  

 
* Ich danke den Teilnehmern des Workshops für die fruchtbaren Diskussionen.  
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1 Einleitung 

In diesem Aufsatz geht es um die Datenbank ‚Mehrsprachigkeit’ und das Sys-

tem EXMARaLDA, die am SFB 538 ‚Mehrsprachigkeit’ der Universität Ham-

burg entwickelt werden. Da deren konzeptuelle und technische Details bereits an 

anderer Stelle ausführlich dargestellt worden sind (z.B. Schmidt 2004), soll der 

Schwerpunkt hier einerseits auf solchen Aspekten liegen, die – gemäß dem 

Thema des Workshops – mit allgemeineren Fragen zum Umgang mit computer-

verwertbaren, heterogenen linguistischen Datenbeständen zu tun haben. Ande-

rerseits soll versucht werden, aus den praktischen Erfahrungen der nunmehr 

vierjährigen Projektarbeit einige Erkenntnisse abzuleiten, die über den konkre-

ten Projektzusammenhang hinaus für die weitere Arbeit auf diesem Gebiet inte-

ressant sein könnten. 

2 Daten am SFB ‚Mehrsprachigkeit’ 

2.1 Überblick 

Der Sonderforschungsbereich 538 „Mehrsprachigkeit“ vereinigt in seinen vier-

zehn Teilprojekten eine Vielzahl von Forschern, die sich unter verschiedenen 

Herangehensweisen dem Thema der Mehrsprachigkeit widmen. In der derzeit 

laufenden zweiten Förderungsphase (2002-2005) ist der SFB in drei thematische 

Teilbereiche – „Erwerb der Mehrsprachigkeit“, „Mehrsprachige Kommunika-

tion“ und „Historische Aspekte der Mehrsprachigkeit“ – gegliedert. In aus-

nahmslos allen Projekten dieser Teilbereiche wird auf empirischer Basis gear-

beitet, d.h. Ausgangspunkt der linguistischen Analysen bilden jeweils mehrspra-

chige Korpora geschriebener oder transkribierter gesprochener Sprache. Die fol- 
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genden Ausführungen beziehen sich auf die Korpora derjenigen Projekte, die 

mit gesprochener Sprache arbeiten, genauer: 
Projekt Sprachen Arbeitsgebiet, 

theor. Hintergr. 
Datentypen (Transk.-

System) 
K1: Japanische und deutsche 
Expertendiskurse  

Japanisch 
Deutsch 

Diskursanalyse 
Funktionale Pragmatik 

Vortrags- und Planungs-
diskurse 
(HIAT / syncWriter) 

K2: Dolmetschen im Kranken-
haus 

Portugiesisch 
Türkisch 
Deutsch 

Diskursanalyse 
Funktionale Pragmatik 

Gedolmetschte Arzt-
Patienten-Gespräche 
(HIAT / syncWriter) 

K5: Semikommunikation und 
rezeptive Mehrsprachigkeit im 
heutigen Skandinavien 

Dänisch 
Schwedisch 
Norwegisch 

Diskursanalyse 
Funktionale Pragmatik 

Radiosendungen,  Inter-
views, Gruppen- und Un-
terrichtsgespräche  (HIAT 
/ HIAT-DOS)  

E2: Simultaner und sukzessiver 
Erwerb von Mehrsprachigkeit 

Französisch 
Portugiesisch 
Baskisch 
Spanisch 
Deutsch 

Syntax 
Generative Grammatik 

Spracherwerbsdaten (In-
terviewer-Kind-
Interaktion) 
(LAPSUS) 

E3: Prosodische Beschränkungen 
zur phonologischen und morpho-
logischen Entwicklung im bilin-
gualen Erstspracherwerb 

Spanisch 
Deutsch 

Phonologie 
Optimalitätstheorie 

Spracherwerbsdaten (In-
terviewer-Kind-
Interaktion) 
(IPA / WordBase) 

E4: Spezifische Sprachentwick-
lungsstörung und früher L2-
Erwerb 

Deutsch 
Türkisch 

Syntax 
Generative Grammatik 
 

Spracherwerbsdaten (In-
terviewer-Kind-
Interaktion) 
(DIGITRAIN / DACO-
DA) 

E5: Sprachliche Konnektivität 
bei bilingual türkisch-deutsch 
aufwachsenden Kindern 

Türkisch 
Deutsch 

Diskursanalyse 
Funktionale Pragmatik 

Spracherwerbsdaten (E-
vokative Feldexperimente) 
(HIAT / syncWriter) 

2.2 Heterogenität von Transkriptionsdaten 

Die obige Tabelle deutet bereits an, dass hinsichtlich der Transkriptionsdaten am 

SFB eine große Heterogenität besteht. Diese resultiert teils aus konzeptuellen 

Motiven, also aus Unterschieden, die eher (gegenstands-)theoretisch begründet 

sind, teils aus technologischen Motiven, also aus Unterschieden, die eher mit der 

konkreten technischen Umgebung der praktischen Korpusarbeit zu tun haben. 

Ein Beispiel für eine überwiegend konzeptuell bedingte Heterogenität fin-

det sich in den Transkriptionssystemen, nach deren Vorgaben Aufnahmen ge-

sprochener Sprache in digitale „Verschriftlichungen“ überführt werden. Z.B. 

benötigen Projekte, die an diskursanalytischen Fragestellungen interessiert sind, 

für ihre Untersuchungen eine möglichst präzise und nachvollziehbare Repräsen-
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tation des zeitlichen Gesprächsablaufs. Sie wählen daher ein Transkriptions-

system, das angemessene Mittel zum Abbilden simultaner Gesprächsbeiträge 

und non-verbaler Kommunikation beinhaltet – für die diskursanalytisch arbei-

tenden SFB-Projekte ist dies das mit der Partiturnotation arbeitende System HI-

AT (Rehbein et al. 2004). Für Projekte, deren Hauptaugenmerk auf phonologi-

schen Fragestellungen liegt, ist hingegen vor allem eine möglichst exakte Reprä-

sentation der lautlichen Gestalt isolierter Redebeiträge wichtig, während der ge-

naue zeitliche Gesprächsablauf in der Transkription modellhaft ausgeblendet 

werden kann. Das betreffende Projekt E3 arbeitet daher mit einfachen Listen 

von IPA-transkribierten Äußerungen. 

Ausschließlich technologisch bedingt ist hingegen ein Unterschied in der 

verwendeten Transkriptionssoftware: obwohl die Projekte K1, K2 und E5 einer-

seits und das Projekt K5 andererseits gleiche Arbeitsgebiete und theoretische 

Hintergründe aufweisen und folglich auch das gleiche Transkriptionssystem 

(HIAT) verwenden, bewerkstelligten sie die Transkriptionsarbeit ursprünglich 

mit unterschiedlicher Software (syncWriter bzw. HIAT-DOS); und dieser Un-

terschied lag ausschließlich in der Rechnerausstattung, genauer: in den jeweils 

bevorzugten Betriebssystemen (MAC OS bzw. Windows), der Projekte begrün-

det – eine betriebssystemübergreifend einsetzbare Software zum Transkribieren 

in Partitur-Notation existierte nicht. 

Wie die folgende Abbildung illustriert, ordnen sich weitere Aspekte der 

Heterogenität von Transkriptionsdaten auf einem Spektrum zwischen rein kon-

zeptuell und rein technologisch motivierten Unterschieden ein. 

Konzeptuell Technologisch

Objektsprache(n)
Diskurstypen
Transkriptionssysteme

Notationsformen
Datenstrukturen
Software-Typen

Software
Datenformate
Betriebssysteme

... ...
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Weiterhin sind diese diversen Aspekte der Heterogenität nicht unabhängig von-

einander: Beispielsweise zieht die (rein konzeptuell motivierte) Wahl eines be-

stimmten Transkriptionssystems oft unweigerlich die (teils konzeptuell, teils 

technologisch motivierte) Wahl einer bestimmten Notationsform nach sich, die 

wiederum eine Software erforderlich machen mag, die nicht plattformübergrei-

fend implementiert ist und somit zwangsläufig auch die (eigentlich rein techno-

logisch zu motivierende) Wahl eines Betriebssystems vorbestimmt.  

3 Prinzipien und Systemarchitektur der Datenbank ‚Mehrsprachigkeit’ 

Die Heterogenität der Transkriptionsdaten am SFB erschwert deren Austausch 

zwischen einzelnen Projekten und stellt somit ein Hindernis für die kooperative 

Forschung dar: es ist meist nicht ohne Weiteres möglich, die Projektdaten eines 

Projektes in den Arbeitsumgebungen eines anderen Projektes anzusehen oder 

auszuwerten, geschweige denn verschiedene Projektkorpora zu vereinen oder 

mit anderen als den ursprünglich vorgesehenen Werkzeugen zu bearbeiten. Dar-

über hinaus verhindert die Vielfalt der Formate eine einheitliche und effektive 

Archivierung der Daten und birgt so die Gefahr, dass aufwändig erstellte Korpo-

ra auf lange Sicht unbrauchbar werden. 

Ziel des SFB-Projekts ‚Datenbank Mehrsprachigkeit’ ist daher die Konzep-

tion und Implementierung einer Plattform für die Erstellung und Auswertung 

von Korpora gesprochener Sprache, die die älteren projektspezifischen Lösun-

gen ablösen und eine flexible Verarbeitbarkeit, Austauschbarkeit und Archivier-

barkeit von Transkriptionsdaten gewährleisten soll.  

3.1 Prinzipien 

Jenseits der Details der konkreten Implementierung haben sich im Laufe der nun 

vierjährigen Projektarbeit einige grundlegenden Prinzipien herauskristallisiert, 

die als Leitlinien bei der Entwicklung der Datenbank Mehrsprachigkeit dienen 
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und von denen wir glauben, dass sie auch in anderen Zusammenhängen, in de-

nen es um die computergestützte Verarbeitung heterogener linguistischer Daten 

geht, von Nutzen sein mögen. Diese Prinzipien sind im Folgenden zusammenge-

fasst. 

3.1.1 Drei-Ebenen-Architektur 

Die Datenbank Mehrsprachigkeit geht von einer Drei-Ebenen-Architektur der 

computergestützten Datenverarbeitung aus:  

Visualisierungs-
werkzeuge

XML-
Dateien

Eingabe-
Werkzeuge

Zeitbasiertes
Datenmodell

Auswertungs-
WerkzeugeAnwendungs-

ebene

Logische
Ebene

Physikalische
Ebene

"Form"

"Inhalt"

 
Diese beinhaltet zunächst eine Trennung von Form und Inhalt von Dokumenten, 

die im Rahmen texttechnologischer Verfahren mittlerweile als selbstverständlich 

gilt, innerhalb der methodologischen Grundlagen linguistischer Transkription 

aber bislang noch weitestgehend unbeachtet geblieben ist. Die Form von 

Transkriptionen betrifft ihre graphische Darstellung, z.B. für eine gedruckte 

Ausgabe auf Papier oder für die Anzeige in einem Transkriptions- oder Auswer-

tungswerkzeug auf dem Computerbildschirm. Viele Gegensätze bestehender 

Transkriptionsverfahren, beispielsweise die jeweils favorisierte Notationsform 

(z.B. Partitur- vs. Zeilennotation) oder die Darstellung spezifischer Gesprächs-

phänomene (z.B. „Pausenzeichen“), sind allein der Formebene zuzurechnen. Der 

Inhalt von Transkriptionen besteht hingegen aus einer Menge von symbolisch 

beschriebenen Gesprächseinheiten sowie deren Beziehungen zueinander. Rele-

vante Unterschiede zwischen Transkriptionssystemen auf der Inhaltsebene be-
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treffen beispielsweise die Definition und Benennung von Gesprächseinheiten 

(z.B. Äußerungen vs. Phrasierungseinheiten) und den Detailliertheitsgrad der 

Markierung von zeitlichen Relationen (s.o.). Durch eine konsequente Trennung 

von Form und Inhalt kann bereits eine wesentlich erhöhte Flexibilität im Um-

gang mit Transkriptionsdaten erzielt werden, denn sie ermöglicht es, ein und 

dasselbe Dokument für unterschiedliche Zwecke auf unterschiedliche Weise zu 

visualisieren. Darüber hinaus bietet sie die Möglichkeit, rein formbasierte Diffe-

renzen zwischen verschiedenen Transkriptionssystemen durch eine einheitliche 

Repräsentation auf der Inhaltsebene aufzuheben. 

Über die Trennung von Form („Anwendungsebene“) und Inhalt („Daten-

ebene“) hinaus sieht die Drei-Ebenen-Architektur eine weitere Unterscheidung 

zwischen logischer und physikalischer Datenstruktur vor. Die logische Struktur 

beschreibt unabhängig von konkreten technologischen Umgebungen die grund-

legenden Organisationsprinzipien für Transkriptionsdaten in Form eines Daten-

modells. Beispielsweise wird im Annotationsgraphen-Formalismus 

(Bird/Liberman 2001) vorgeschlagen, Transkriptionsdaten auf der logischen E-

bene als azyklische gerichtete Graphen zu beschreiben, während das NITE-

Object-Model (Evert et al. 2003) von einem System überlappender Hierarchien 

als grundlegender struktureller Organisationsform ausgeht. Auf der physikali-

schen Ebene hingegen wird festgelegt, wie diese abstrakten Datenstrukturen als 

computerlesbare Dateien zu kodieren sind. Wie Bird/Liberman (2001) feststel-

len, ist nur durch eine Trennung von logischer und physikalischer Datenebene 

sicherzustellen, dass Transkriptionsdaten über spezifische technologische Um-

gebungen hinaus langfristig nutzbar und austauschbar bleiben.1

                                           
1  Gegenwärtig überdeckt der flächendeckende Einsatz von XML diesen Umstand häufig. Da 

XML oft nicht nur als Standard für die physikalische Repräsentation strukturierter Daten 
angesehen wird, sondern eng mit einem zugehörigen logischen (OHCO-)Datenmodell as-
soziiert ist, vernachlässigen einige aktuelle Ansätze diese essentielle Unterscheidung. Ge-
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3.1.2 Aspekte der „Standardisierung“ 

Im Zusammenhang mit der computergestützten Verarbeitung heterogener Da-

tenbestände wird oft deren „Standardisierung“ als grundlegendes Desiderat ge-

nannt. Die obigen Ausführungen zu konzeptuell vs. technologisch bedingter He-

terogenität und zur Drei-Ebenen-Architektur der Datenverarbeitung können hel-

fen, verschiedene Aspekte dieses Begriffs zu differenzieren: 

Für diejenigen Unterschiede zwischen Daten, die sich aus konzeptuellen 

Überlegungen motivieren, verbietet sich eine Standardisierung. Weil unter-

schiedliche Forschungsziele und theoretische Hintergründe teilweise unter-

schiedliche Datenformen zwingend erfordern, kann das Ziel einer projektüber-

greifend einsetzbaren Lösung nicht sein, eine vollständig vereinheitlichte Form 

für Transkriptionsdaten vorzuschlagen. Vielmehr muss sich eine solche Lösung 

darauf beschränken, auf der Basis struktureller Gemeinsamkeiten verschiedener 

Systeme ein abstraktes „Framework“ zu erarbeiten, das möglichst wenige onto-

logische Festlegungen2 trifft und für verschiedene theoretische Herangehenswei-

sen parametrisierbar ist. 

Während auf der logischen Ebene der Datenverarbeitung eine Standardi-

sierung also auf ein solch abstraktes Framework begrenzt bleiben muss, bieten 

sich auf der physikalische Ebene weit reichende Möglichkeiten für die Nutzung 

von Standards: viele praktische Probleme in der Arbeit mit heterogenen Daten-

beständen ergeben sich weniger aus deren prinzipieller konzeptueller Inkompa-

tibilität, sondern vielmehr aus der Tatsache, dass sie in proprietären (binären o-

der textbasierten) und damit schwer zu verarbeitenden Formaten vorliegen. Der 

                                                                                                                                    
rade für Transkriptionsdaten, deren grundlegende strukturelle Merkmale (insb. parallele 
Strukturen) sich nicht vollständig in das „Standard-XML-Datenmodell“ einordnen, ist es 
m.E. jedoch wichtig anzuerkennen, dass mit der Wahl von XML als Speicherformat noch 
keine Entscheidung über eine logische Datenstruktur getroffen ist.  

2  Auch Bird/Liberman (2001) bezeichnen ihren Annotationsgraphen-Ansatz als „ontologi-
cally parsimonious“. 
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einheitliche Einsatz von XML und Unicode kann daher auf dieser Ebene bereits 

zu einer entscheidenden Erleichterung der Verarbeitung beitragen.3

Auf der Anwendungsebene hingegen scheint eine Standardisierung weder 

wünschenswert noch notwendig. Eine Vielfalt von Darstellungsmöglichkeiten 

für Transkriptionsdaten kommt der Forschungspraxis ebenso entgegen wie die 

Möglichkeit, ein und dasselbe Datum mit unterschiedlichen Software-

Werkzeugen bearbeiten zu können, und die Trennung von Form und Inhalt von 

Dokumenten stellt sicher, dass diese Vielfalt auf der Anwendungsebene keine 

Inkompatibilitäten auf der Datenebene nach sich ziehen muss.  

3.1.3 Berücksichtigung bewährter Arbeitsweisen 

Die Konstruktion der Datenbank Mehrsprachigkeit findet in einem Umfeld statt, 

in dem sich bereits viele verschiedene Ansätze für die computergestützte Verar-

beitung von Transkriptionen gesprochener Sprache – teilweise über viele Jahre 

hinweg – etabliert haben. Zwar verspricht das Projektziel einen offensichtlichen 

qualitativen Sprung gegenüber all diesen Ansätzen; dennoch ist die Akzeptanz 

der entwickelten Lösungen in hohem Maße davon abhängig, dass bewährte Ar-

beitsweisen nicht übergangslos über Bord geworfen werden.  

So müssen bereits beim Entwurf von Datenmodellen und -formaten Zuge-

ständnisse an Unzulänglichkeiten älterer Datenbestände gemacht werden, denn 

deren Überführbarkeit stellt eine unabdingbare Voraussetzung für das Erreichen 

der Projektziele dar. Die Konvertierung von „Legacy Data“ ist daher alles ande-

re als eine triviale, rein technologische Aufgabe – sie führt notgedrungen zu ei-

                                           
3  Tatsächlich ist nach unserer Erfahrung der Schritt von einem beliebigen textbasierten oder 

binären Format zu einem XML-basierten Format in der Regel um ein Vielfaches aufwän-
diger als eine Überführung eines XML-Datums in ein anderes XML-Datum. Da XML sich 
flächendeckend durchzusetzen scheint, steht zu hoffen, dass viele der momentan akuten 
Probleme im Umgang mit digitalen Sprachressourcen in Zukunft obsolet sein werden. 
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ner Reihe von Kompromissen und bestimmt so in entscheidender Weise die Ar-

chitektur des zu entwickelnden Systems mit. 

Unter den Aspekt der Beibehaltung bewährter Arbeitsweisen fällt auch 

die Berücksichtigung solcher Analyseschritte, die nur am Rande einer compu-

tergestützten Korpusarbeit zuzurechnen sind: so beinhalten diskursanalytische 

Verfahren als einen wichtigen methodischen Schritt eine intensive qualitative 

Analyse eines gedruckten Transkripts. Die üblicherweise bildschirmzentrierten 

Verfahren computergestützter Korpusarbeit müssen daher um die (insbesondere 

im Falle der Partiturnotation technisch anspruchsvolle) Möglichkeit der Ausgabe 

gedruckter Visualisierungen ergänzt werden.Schließlich hat die Orientierung an 

bewährten Arbeitsweisen auch dazu geführt, dass für die Datenbank Mehrspra-

chigkeit generell ein „Bottom-Up“-Konzept verfolgt wird, das eine verteilte Er-

stellung von einzelnen Transkriptionen und Korpora einer „zentralistischen“ Da-

tenverwaltung vorzieht. Die in vielen vergleichbaren Projekten angestrebte 

„Top-Down“-Lösung, nach der die Zusammenführung verschiedener Datenbe-

stände in einer gemeinsamen Oberfläche ein übergeordnetes Ziel darstellt, hat 

sich für die Forschungspraxis am SFB 538 als nicht praktikabel erwiesen. Aus-

schlaggebend dafür waren einerseits Vorbehalte der einzelnen Forscher, die 

teilweise ihre Kontrolle über Persönlichkeits- und Urheberrechte bzgl. der Daten 

gefährdet sahen. Andererseits ließ auch die Prämisse, entwickelte Werkzeuge 

möglichst einfach Personen außerhalb des SFB zur Forschung und Lehre zur 

Verfügung stellen zu können, eine Lösung sinnvoll erscheinen, in der einzelne 

Bestandteile des Systems möglichst unabhängig von einer übergeordneten Ar-

chitektur nutzbar sind.4  

                                           
4  Natürlich schließt eine solche „Bottom-Up“-Lösung nicht aus, dass dezentral erstellte Da-

ten in übergeordneten Strukturen zusammengefasst und zugänglich gemacht werden. Sie 
beschränkt sich aber darauf, die Voraussetzungen für einen solchen Schritt zu schaffen und 
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3.2 Systemarchitektur 

Folgende Abbildung illustriert die Systemarchitektur der Datenbank Mehrspra-

chigkeit: 
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Auf eine detaillierte Darstellung der Einzelkomponenten soll an dieser Stelle 

verzichtet werden. Statt dessen mögen die folgenden Ausführungen deutlich 

machen, wie diese Architektur mit den im vorigen Abschnitt angeführten Prin-

zipien zusammenhängt: 

Die zentrale Komponente der Systemarchitektur ist das EXMARaLDA-

Datenmodell. Dieses stellt eine eingeschränkte und spezifizierte Version des 

Bird/Libermannschen Annotationsgraphen-Datenmodells dar, geht also davon 

aus, dass sich Transkriptionsdaten angemessen als azyklische gerichtete Gra-

phen auffassen lassen, deren Knoten den gemeinsamen Zeitbezug aller transkri-

bierten Einheiten repräsentieren und deren Kanten die nicht-zeitlichen Informa-

tionen tragen. Diesem zeitbasierten Datenmodell auf der logischen Ebene ent-

sprechen auf der physikalischen Ebene drei aufeinander aufbauende XML-

                                                                                                                                    
belässt die Entscheidung und Kontrolle über die konkrete Form einer übergeordneten Da-
tenverwaltung bei den Einzelprojekten. 
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Formate: Die volle strukturelle Komplexität des Datenmodells kann in einer 

Segmented-Transcription repräsentiert werden. Basic-Transcription und List-

Transcription bilden jeweils strukturell vereinfachte Untermengen einer solchen 

Segmented-Transcription. Die primären Eingabeinstrumente (insb. der Partitur-

Editor) können der Effizienz halber zunächst auf diesen vereinfachten Unter-

mengen operieren und nach Abschluss des Eingabeprozesses die Daten automa-

tisch in das mächtigere Segmented-Transcription-Format überführen.5 Die Über-

führung vorhandener Datenbestände besteht zunächst in der Abbildung von de-

ren Strukturen auf das zeitbasierte Datenmodell und dann in der konkreten Kon-

vertierung der jeweiligen Dateien in die entsprechenden XML-Formate. 

Datenmodell und -formate sind gemäß den obigen Überlegungen prinzi-

piell unabhängig von Präsentationsformaten und Bearbeitungssoftware. Geeig-

nete Ein- und Ausgabewerkzeuge werden teilweise im Projekt selbst entwickelt 

(EXMARaLDA Partitur-Editor), die Systemarchitektur sieht aber ausdrücklich 

vor, dass auch andernorts entwickelte Software, die auf ähnlichen Datenmodel-

len operiert (Praat, TASX-Annotator und ELAN), für die Erstellung von EX-

MARaLDA-Daten verwendet werden kann. 

Zusammen mit solchen Ein- und Ausgabewerkzeugen bildet EXMARaL-

DA bereits ein selbstständig, d.h. ohne weitere übergeordnete Komponenten, 

nutzbares System und wird als solches auch vielfach in Forschung und Lehre 

eingesetzt. Um dem Ziel gerecht zu werden, eine gemeinsame Plattform für die 

verschiedenen SFB-Projekte zu bilden, kann es jedoch durch weitere Kompo-

nenten ergänzt werden: Ein Korpus-Werkzeug (CoMa, EXMARaLDA Corpus-

Manager) erlaubt die Bündelung mehrerer EXMARaLDA-Transkriptionen zu 

                                           
5  Der in der Praxis hierfür benutzte Mechanismus ist eine Finite State Machine (FSM), die 

sich die Regelmäßigkeiten der verwendeten Transkriptionssysteme zunutze macht, um in 
den transkribierten Symbolketten implizite Markierungen in explizite Strukturrepräsentati-
onen umzuwandeln. 
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einem Korpus, das wiederum in Form einer XML-Datei physikalisch repräsen-

tiert wird. Ein in der Entwicklung befindliches Analysewerkzeug (SQUIRREL, 

Search and Query Instrument for EXMARaLDA) operiert dann auf Untermen-

gen solcher Korpora, die anhand einer Suche auf Meta- und Konstellationsdaten 

(z.B. Sprechereigenschaften, verwendete Sprachen, Diskurstyp) ausgewählt 

werden. 

4 Praktische Erfahrungen 

Obwohl ein erheblicher Teil der sprachwissenschaftlichen Methoden sich heut-

zutage auf eine computergestützte Verarbeitung von Sprachkorpora stützt, und 

obwohl innerhalb der vergangenen fünfzehn Jahre eine Vielzahl entsprechender 

Werkzeuge und Datenformate entstanden ist, bleibt die Entwicklung von com-

putergestützten Systemen für die linguistische Forschung ein Thema, das bislang 

kaum Eingang in die wissenschaftliche Literatur gefunden hat. Bei Beginn des 

Projekts „Datenbank Mehrsprachigkeit“ bestanden demzufolge lediglich vage 

Vorstellungen über den zeitlichen und personellen Aufwand und die potentiellen 

inhaltlichen und technologischen Schwierigkeiten, die ein solches Vorhaben mit 

sich bringt. Im Laufe der nunmehr vierjährigen Projektarbeit haben sich diese 

Vorstellungen – in einem teilweise mühsamen Lernprozess – konkretisiert, und 

das Folgende ist der Versuch, einige der wesentlichen diesbezüglichen Erfah-

rungen festzuhalten. 

4.1 Entwicklungsarbeit 

4.1.1 Technologien 

Hinsichtlich der zu verwendenden Technologien wurden bereits zu Projektbe-

ginn drei verbindliche Entscheidungen getroffen:  

Grundlage der physikalischen Datenrepräsentation sollten XML und Uni-

code sein, weil beide als offene Standards und aufgrund ihrer sich anbahnenden 
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Akzeptanz in der gesamten Internet-Welt einen Ausweg aus dem Problem der 

mangelnden Archivierbarkeit von Transkriptionsdaten versprachen. Dieses Ver-

sprechen ist eingehalten worden. XML- und Unicode-Technologie wird mittler-

weile zuverlässig von einer Vielzahl von Werkzeugen und Programmierbiblio-

theken unterstützt, und der weitaus größte Teil vergleichbarer Projekte weltweit 

sieht ebenfalls XML- und Unicode-basierte Lösungen für die physikalische Rep-

räsentation von digitalen Sprachdaten vor. Gegenüber der Ausgangssituation, in 

der die Vielfalt an proprietären (und teilweise kaum dokumentierten) Formaten 

und Kodierungen einfachste Verarbeitungsschritte oft unmöglich machte, stellt 

dies einen kaum zu überschätzenden Fortschritt dar. Weitere wesentliche Ver-

besserungen wären aus unserer Sicht vor allem dann zu erwarten, wenn auf 

XML aufbauende Technologien (insbesondere XSLT, XSL:FO, SMIL) einen 

der XML-Kerntechnologie vergleichbaren Grad der Unterstützung und Zuver-

lässigkeit erreichen würden. 

Als Grundlage für die Implementierung der Software wurde JAVA aus-

gewählt. Damit verband sich vor allem die Erwartung, mit vertretbarem Auf-

wand Werkzeuge entwickeln zu können, die plattformübergreifend – insbeson-

dere in der Windows- und der Macintosh-Welt – einsetzbar sind. Grundsätzlich 

ist auch diese Erwartung erfüllt worden – alle EXMARaLDA-Werkzeuge sind 

auf verschiedenen Betriebssystemen lauffähig –, allerdings hat sich die JAVA-

Philosophie des „Write once, run anywhere“ stellenweise nicht bewahrheitet. 

Dies liegt einerseits darin begründet, dass die Macintosh-Implementierung der 

Java-Maschine bis heute unter gelegentlicher Instabilität und mangelnder Do-

kumentation leidet, was entsprechende fortwährende betriebssystemspezifische 

Anpassungen des Codes notwendig macht. Andererseits scheint besonders die 

im Zusammenhang mit der Transkription gesprochener Sprache wichtige Arbeit 

mit digitalisierten Medien-Signalen (Audio und Video) ein Teilbereich zu sein, 

der von „hardware-fernen“ Technologien wie JAVA prinzipiell nicht optimal 
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unterstützt werden kann.6 Auf lange Sicht wünschenswert wären in dieser Hin-

sicht plattformspezifische Lösungen mit entsprechenden Interfaces zu JAVA. 

4.1.2 Entwicklungsphasen / Zeitlicher Aufwand 

Eine weitestgehend unbekannte Größe zu Projektbeginn war der für die einzel-

nen Phasen der Entwicklungsarbeit zu veranschlagende zeitliche Aufwand. Un-

terscheidet man nach der gängigen Praxis des Software-Engineering in etwa die 

folgenden Phasen der Entwicklungsarbeit – Planung/Analyse/Entwurf, Imple-

mentierung, Test, Dokumentation, Wartung, Benutzersupport –, so hat die Pro-

jektarbeit deutlich gezeigt, dass der zeitliche Aufwand für die „eigentliche“ Pro-

grammierung (d.h. Implementierung und Wartung) der Software von den übri-

gen Größen um ein Vielfaches übertroffen wird. 

Zu Projektbeginn gestaltete sich zunächst die Definition eines Anforde-

rungsprofils für die zu entwickelnden Systemkomponenten sehr aufwändig. Die 

Erwartungen der potentiellen Benutzer beschränkten sich zunächst auf sehr all-

gemeine Anforderungen (wie „Benutzerfreundlichkeit der Software“, „Hilfe bei 

quantitativen Analysen“) und konnten auch in mehreren „Brainstorming“-

Treffen nicht hinreichend spezifiziert werden. Es wurde daher zunächst auf der 

Basis einer vorläufigen Liste von wünschenswerten Merkmalen ein Prototyp ei-

nes Transkriptionseditors implementiert und interessierten Personen zur Verfü-

gung gestellt. Dabei (und auch im folgenden Projektverlauf) zeigte sich, dass 

das Testen und kritische Begutachten von Beta-Software eine Tätigkeit ist, die 

einer Aufmerksamkeit und Sorgfalt bedarf, für die in der alltäglichen For-

schungspraxis kaum Raum zu sein scheint – es erwies sich als sehr schwierig 

und zeitaufwändig, Forscher zur Auseinandersetzung mit einer Software zu be-

                                           
6  Technologien wie das „Java Media Framework“ und „Java Sound API“ bieten zwar eine 

durchaus brauchbare Unterstützung für grundlegende Funktionen in dieser Hinsicht. Sie 
arbeiten nach unserem Eindruck jedoch merklich weniger präzise und zuverlässig als Lö-
sungen, die in Sprachen wie C++ o.ä. implementiert wurden.  
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wegen, die aufgrund ihres frühen Entwicklungsstadiums keinen unmittelbaren 

praktischen Nutzen für die aktuell anstehende Forschungsarbeit zu versprechen 

vermochte. In diesem Sinne hat sich die ursprüngliche Erwartung, dass der all-

seits geäußerte dringende Bedarf an einer zeitgemäßen Transkriptions-Software 

von sich aus zu einer Vielzahl von Testern führen würde, als trügerisch erwie-

sen. Entscheidende Abhilfe schuf hier erst die Einstellung von Hilfskräften, die 

explizit mit dem Abfassen von Test-Berichten beauftragt wurden. 

Nach diesen anfänglichen Schwierigkeiten hat sich inzwischen ein zirka 

drei- bis viermonatiger Zyklus etabliert, in dem neue Software-Versionen über 

die Projekt-Website veröffentlicht, anschließend Rückmeldungen über Bugs und 

Verbesserungsvorschläge gesammelt und diese in die Software eingearbeitet 

werden. Zu beobachten ist dabei, dass grundlegende Funktionserweiterungen 

wesentlich langsamer wahrgenommen werden als Umgestaltungen in bereits 

vorhandenen Komponenten. Die Zahl der „Power-User“, also  von Personen, die 

neue Programmfunktionen in ihrem vollem Umfang frühzeitig und intensiv nut-

zen, ist vergleichsweise gering; der Großteil der Benutzer zeigt sich eher an der 

Optimierung von Vorhandenem interessiert. Der wichtigste zeitliche Faktor bei 

der Weiterentwicklung der Software ist aber mittlerweile weniger die Definition 

und Implementierung der Änderungen und Erweiterungen selbst, sondern deren 

Dokumentation in Form von Benutzerhandbüchern und Beispielen. Ähnliches 

gilt für die individuelle Beratung von Nutzern (vornehmlich über E-Mail), die 

einerseits zwar häufig nur die in der schriftlichen Dokumentation enthaltene In-

formation dupliziert, anderseits aber auch entscheidend dazu beigetragen hat, 

dass mittlerweile eine wesentlich konkretere Vorstellung über den tatsächlichen 

und potentiellen Nutzerkreis der Software besteht. 
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4.2 Benutzer 

Obwohl das Kernziel des Projektes in der Entwicklung einer Lösung für die Pro-

jektarbeit am SFB 538 besteht, hat die EXMARaLDA-Software (insb. der Parti-

tur-Editor) inzwischen eine recht weite Verbreitung über den SFB hinaus gefun-

den. Da bis vor kurzem der Download eine schriftliche Anmeldung voraussetzte 

(und über die Erfahrungen aus dem individuellen Benutzersupport, s.o), besteht 

zumindest eine ungefähre Vorstellung darüber, wie sich der derzeitige EXMA-

RaLDA-Benutzerkreis zusammensetzt: Nach einer vorsichtigen Schätzung wur-

den seit Dezember 2001 (Version 1.0. des Editors) ca. 800 Benutzerkennungen 

angefordert. Weit über die Hälfte davon stammten von Studierenden, die EX-

MARaLDA im Rahmen einer sprachwissenschaftlichen Lehrveranstaltung nutz-

ten, dies zum allergrößten Teil an deutschen Universitäten, teilweise aber auch 

im Ausland, vor allem in der Schweiz und den USA. Ebenfalls in der Lehre 

kommt EXMARaLDA bei der Lehramtsausbildung für Mathematiker und in der 

Kommunikationsforschung zum Einsatz. Projekte, die EXMARaLDA in der 

Forschung einsetzen, verfolgen zum überwiegenden Teil gesprächsanalytische 

Fragestellungen, weitere Anwendungsfelder finden sich in der Spracherwerbs-

forschung und in handlungsanalytisch orientierten erziehungswissenschaftlichen 

Projekten. 

Wie bereits erwähnt, hat sich die aus dieser weiten Verbreitung resultie-

rende hohe Zahl von kritischen Rückmeldungen bereits positiv auf die  Entwick-

lungsarbeit ausgewirkt. Darüber hinaus erlaubt sie erste Mutmaßungen darüber, 

wie die Entwicklung computergestützter Systeme in der derzeitigen Forschungs-

landschaft aufgenommen wird.  Zwei Aspekte scheinen mir hierbei besonders 
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wichtig, und das Folgende ist ein Versuch, diese in der gebotenen Kürze (und 

Vorsicht7) zu formulieren: 

4.2.1 Die Rolle des Computers in der linguistischen Methode 

Man kann den Einsatz des Computers für sprachwissenschaftliche Untersuchun-

gen unter zwei Gesichtspunkten betrachten: zum einen kann der Computer als 

ein technisches Instrument gesehen werden, das vornehmlich dazu dient, gewis-

se Arbeitsschritte, die prinzipiell auch ohne seine Hilfe durchführbar wären, zu 

vereinfachen.8 Zum anderen können computergestützte Verfahren aber auch als 

eine grundsätzliche Erweiterung des wissenschaftlichen Methodenrepertoires 

aufgefasst werden, etwa indem der Rechner als ein Instrument zum Anfertigen 

und Manipulieren wissenschaftlicher Modelle gesprochener Sprache betrachtet 

wird.9 Nach unserer Erfahrung ist im Bereich der Gesprächs- und Spracher-

werbsforschung, in denen EXMARaLDA vornehmlich zum Einsatz kommt, die 

erste Sicht die eindeutig vorherrschende. Der Nutzen neuer Lösungen wird we-

niger danach beurteilt, welche neuen Möglichkeiten sie bieten, sondern eher da-

nach, wie sie bestehende Methoden zu unterstützen vermögen. Konkret äußert 

sich dies in der bereits angesprochenen Zurückhaltung der Nutzer beim Erpro-

                                           
7  Die hierbei unvermeidlichen und eigentlich unzulässigen Verallgemeinerungen bitte ich 

nachzusehen. Dass sich diese subjektiven Eindrücke kaum „objektiv“ durch Verweise auf 
eine öffentliche wissenschaftliche Diskussion belegen lassen, ist Teil des Problems, das 
hier thematisiert werden soll. 

8  Beim Transkribieren betreffen solche Vereinfachungen z.B. die (auf dem Papier aufwändi-
geren) iterativen Korrekturschritte, das (auf dem Papier teure und u.U. nicht verlustfreie) 
Vervielfältigen und Verteilen von Transkripten, das (bei analogen Geräten oft umständli-
che und verschleißbehaftete) Abspielen der zu transkribierenden Aufnahme oder das (ohne 
Computerunterstützung mühselige und u.U. unzuverlässige) Suchen nach sprachlichen 
Phänomenen in größeren Korpora. 

9  Orlandi (2002) bringt diese unterschiedlichen Auffassungen wie folgt zum Ausdruck: 
“[Some] colleagues refer to the computer as ‘just a tool’ or ‘simply a bunch of techniques’, 
as if ways of knowing did not have much to do with what is known. Because the computer 
is a meta-instrument – a means of constructing virtual instruments or models of knowing – 
we need to understand the effects of modelling on the work we do as humanists.” Vgl. da-
zu auch Schmidt (i.V.) 
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ben solcher Funktionalitäten, die nicht bereits aus vorhandenen Systemen be-

kannt sind, aber auch darin, dass – bis auf wenige Ausnahmen – die Rolle com-

putergestützter Verfahren in den methodologischen Grundlagen der genannten 

Gebiete bislang weitestgehend unreflektiert bleibt.10  

4.2.2 Kooperative Korpusarbeit 

Ein leitender Gedanke bei der Konstruktion der Datenbank Mehrsprachigkeit ist 

die Überwindung von Hindernissen, die einem projektübergreifenden Zugriff 

auf Korpora gesprochener Sprache derzeit im Wege stehen. Dies erscheint ei-

nerseits aus rein ökonomischen Gesichtspunkten wünschenswert, denn die Er-

stellung von Aufnahmen und Transkriptionen ist bekanntermaßen mit hohem 

finanziellem und personellem Aufwand verbunden, der sich umso eher rechtfer-

tigen lässt, je mehr Forschende auf die solchermaßen entstandenen Ressourcen 

zugreifen können. Andererseits sprechen auch gegenstandstheoretische Gründe 

dafür, Korpusarbeit als eine kooperative Aufgabe wahrzunehmen, denn oft kann 

nur durch die Zusammenlegung verschiedener Korpora die „kritische Masse“ 

erzielt werden, die für eine aussagekräftige (u.U. statistisch untermauerte) quan-

titative Analyse sprachlicher Phänomene notwendig ist. 

Im Bereich der Sprachtechnologie hat diese Erkenntnis bereits zu einer 

ganzen Reihe von Initiativen und Institutionen geführt, die sich der Bereitstel-

lung einer organisatorischen und technischen Infrastruktur für den Austausch 

von digitalen Sprachressourcen widmen.11 Innerhalb der nicht technologisch 

ausgerichteten Linguistik wird die Zweckmäßigkeit solcher Bemühungen zwar 

nicht grundsätzlich in Frage gestellt; es hat bis heute aber weder eine nennens-

                                           
10  Hingegen mangelt es nicht an Reflexionen über die Methode der Transkription als solcher. 

Gerade auf diesem Gebiet versprechen moderne texttechnologische Methoden – z.B. die 
o.g. Trennung von Inhalt und Form von Transkriptionen – aber eine grundlegende Erweite-
rung der Möglichkeiten etablierter Verfahren.  

11  Z.B. Organisationen wie ELDA oder LDC und Projekte wie EAGLES/ISLE oder ATLAS. 
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werte Anbindung an solche Initiativen stattgefunden, noch existieren eigenstän-

dige Konzepte, um die mancherorts entwickelten Einzellösungen (zu denen z.B. 

die CHILDES-Datenbank zählt) in praktikabler Weise miteinander zu verbin-

den. Projekte wie das hier vorgestellte (und weitere der auf dem Workshop prä-

sentierten Arbeiten) können zwar gewisse Voraussetzungen für eine solche Inf-

rastruktur schaffen, indem sie zumindest innerhalb der Institutionen, an denen 

sie angesiedelt sind, einen gemeinsamen Überbau für die Korpusarbeit entwer-

fen. Mindestens ebenso wichtig wäre jedoch eine dezidierte Bereitschaft der be-

teiligen Forscher, Fragen der Austauschbarkeit und Archivierbarkeit von 

Sprachdaten von vorneherein in die Korpuserstellung einzubeziehen, und die 

Entwicklung von Infrastrukturen, innerhalb derer Korpora anderen Interessierten 

zur Verfügung gestellt werden können, aktiv zu unterstützen. Die in 

Bird/Simons (2002) ausgeführte Beobachtung, dass diese Bereitschaft nicht un-

eingeschränkt gegeben ist, weil viele Forscher die Nachteile kooperativer Kor-

pusarbeit höher bewerten als die sich aus ihr ergebenden Vorteile12, können wir 

bestätigen. 

5 Zusammenfassung und Ausblick 

Wie andere vergleichbare Arbeiten zeigt auch das Beispiel der Datenbank Mehr-

sprachigkeit und EXMARaLDA, dass die Anwendung texttechnologischer Me-

thoden und Konzepte und der Einsatz standardisierter und plattformübergreifend 

nutzbarer Technologien einen wesentlichen Fortschritt für die Arbeit mit hetero-

genen linguistischen Daten mit sich bringen kann. Das vornehmliche Ziel des 

vorliegenden Aufsatzes ist jedoch darauf hinzuweisen, dass dadurch nach unse-

                                           
12  Dies betrifft ganz besonders die Frage der Zitierfähigkeit wissenschaftlicher Primärdaten.  

Bird/Simons (2002) sagen dazu: „Commonly, a researcher wants to derive recognition for 
the labor that went into creating primary language documentation, but does not want to 
make the materials available to others until deriving maximum personal benefit.” 
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rer Erfahrung mindestens ebenso viele neue Fragen aufgeworfen wie alte beant-

wortet werden. Die nunmehr vierjährige Projektarbeit hat nämlich immer deutli-

cher werden lassen, dass technologische Innovation (sprich: Softwarewerkzeu-

ge, Datenmodelle und -formate) nur eines von drei Standbeinen ist, auf die sich 

eine solcher Fortschritt stützt. Weitere entscheidende Verbesserungen sind zu 

erwarten, wenn die Möglichkeiten, die durch technische Weiterentwicklungen 

eröffnet werden, von einer entsprechenden methodologischen Reflexion beglei-

tet und durch den Aufbau einer geeigneten Infrastruktur innerhalb der betroffe-

nen Forschergemeinden unterstützt werden. Idealerweise würde dazu die Ar-

beitsteilung zwischen Texttechnologen und Informatikern, die Software und Da-

tenformate entwickeln, und Sprachwissenschaftlern, die diese anwenden, teil-

weise aufgehoben oder zumindest stärker als bisher durch einen interdis-

ziplinären Dialog ergänzt. 
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Heterogeneity and Standardization in Data, Use, and Annotation:  
a Diachronic Corpus of German*

Anke Lüdeling 
Humboldt-Universität zu Berlin 

This paper describes the standardization problems that come up in a 
diachronic corpus: it has to cope with differing standards with regard 
to diplomaticity, annotation, and header information. Such highly het-
erogeneous texts must be standardized to allow for comparative re-
search without (too much) loss of information. 

1 Introduction 

Most of the corpora in linguistics are fairly large corpora of modern lan-

guages (or language stages) that are characterized by a high degree of standardi-

zation in three areas: (a) the input data, (b) the annotation, and (c) the intended 

use.  

Input Data In modern languages/language stages orthography is standard-

ized, and texts of the same text type adhere to certain conventions or rules, 

which makes these texts similar to each other. Most of the tools and mechanisms 

for collection, pre-processing and evaluation of corpora⎯symbolic or quantita-

tive⎯exploit such regularities.  

Annotation Most corpora are also standardized with respect to the annota-

tion⎯be it header information, positional annotation, or structural annotation. 

Standardization efforts like TEI, OLAC, or IMDI1 concentrate on these layers.  

 
* I want to thank Stefanie Dipper, Lukas Faulstich, Michael Götze, Ulf Leser, Thorwald 

Poschenrieder, the DDD project members, and the audience of the Potsdam workshop for 
valuable comments.  



Anke Lüdeling 44

Intended Use Corpora are usually collected with a given goal in mind and 

are tailored to fit that goal. This is true even of seemingly ‘multi-purpose’ cor-

pora like the British National Corpus or the American National Corpus, which 

are collected specifically for synchronic linguistic research. 

On the other hand, we have many less ‘well-behaved’ corpora: corpora of 

less studied languages with sometimes little orthographic standardization, or 

corpus collections that encompass different languages and annotation needs that 

do not easily conform to corpus-linguistic standards.  

 

The goal of this paper is the description of the problems arising in standard-

izing the highly variable and heterogeneous data for a diachronic corpus of 

German. I point to solution strategies and approaches for the representation of 

the data.  

In the following section, I describe the characteristics of our corpus 

DEUTSCHDIACHRONDIGITAL, a diachronic corpus of German. In Sec. 3, I argue 

that in addition to a maximally flexible corpus architecture and data model we 

need a ‘corpus model’ that ensures standardization and homogeneity wherever 

possible.  

2 DeutschDiachronDigital  

The project DEUTSCHDIACHRONDIGITAL2 (henceforth DDD) aims at the collec-

tion, annotation, and presentation of a diachronic corpus of German, covering 

                                                                                                                                    
1  The URLs and references for all corpora, tools and other resources mentioned in this paper 

are given in Section 5.2. 
2  DeutschDiachronDigital is a Germany-wide interdisciplinary project with 12 partners 

(universities and research institutions). It is still in its beginning phase, with the final 
funding decision pending. The architecture was developed in a preparatory project funded 
by the Senatsverwaltung für Wissenschaft, Forschung und Kultur, Berlin. For more 
information refer to http://www.deutschdiachrondigital.de/. 

http://www.deutschdiachrondigital.de/
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the language stages Old High German (OHG), Old Saxon (Old Low German; 

OS), Middle High German (MHG), Early Modern German (EMG), Middle Low 

German (MLG), and Modern German (MG). DDD thus contains texts from 

about 800 to about 1900 AD, the focus being on the older texts. The corpus is 

designed in such a way that it can be used by scholars from (historical) linguis-

tics, (historical) philology, lexicography, history etc. This means that it must be 

possible to annotate and search for very different kinds of information. Possible 

research questions include: (i) how did the meaning or form of a specific word 

change, (ii) how did a given syntactic construction change, (iii)  what case do 

the arguments of a given verb feature,  (iv) how did a given genre (let’s say, the 

novel) evolve, (v) what did a given author say about some philosophical con-

cept, (vi) how do letters written by women in the 17th century differ from letters 

written by men?  

At the moment there are quite a number of digitized texts and corpora of 

older language stages of German, mostly collected in small individual projects 

with differing standards with regard to diplomaticity, annotation, and header in-

formation. Because of these differences, it is at present not possible to conduct 

qualitative or quantitative research across more than one language stage.  A 

further obstacle is that coverage of the languages stages is very different (for 

MHG, for example,  there are relatively large balanced corpora while for EMG 

there are almost no electronic resources available, see the survey of Kroyman et 

al. 2004 for details). 

In the following section I describe different kinds of variation within the 

data and present some ideas of how DDD will cope with them.  



Anke Lüdeling 46

3 Standardization Problems and Methods of Resolution  

There are  in principle two different strategies to deal with the diversity of the 

data: 

(1) normalization or categorization (that is loss of information) 

(2) the preservation of different readings3 (either by explicit coding or by 

underspecification). 

The DDD project uses both strategies, for different types of problems.  

3.1 Corpus Architecture  

The problem of combining different kinds of texts and annotations in one 

corpus or database has been tackled in a number of projects (see EXMARaLDA, 

TUSNELDA, ANNIS etc.; for an overview see Dipper et al. 2004b). Many of 

them achieve high flexibility by following stand-off models (first developed in 

multi-modal corpora, see for example Carletta et al. 2003), where the annotation 

of a text is independent of the text itself and therefore even conflicting hierar-

chies in different levels of annotation can be accommodated. In some of these 

tools, the individual texts in the corpus may have differing annotation levels that 

are in principle totally independent of each other. The flip side of this flexibility 

is often lack of standardization so that these corpus collections are simply that: 

collections of texts with no common properties.4

                                           
3  I use the term ‘readings’ to refer to differences in form or meaning, not just to semantic 

differences. 
4  This is, of course, due to the situations in which these environments are developed⎯ 

typically large research groups (Sonderforschungsbereiche) which work on one specific 
research question in many different languages and approaches; for them it is not a 
requirement that these resources be directly comparable.  

Another problem in conjunction with systems like EXMARaLDA, TUSNELDA, or 
ANNIS is that they are solutions to very specific problems and cannot easily be transferred 
to other situations.  
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For the DDD corpus architecture we use a multi-layer stand-off corpus 

design with a diplomatic text version as the timeline. Thus, our architecture is as 

flexible as EXMARaLDA etc.: new texts and new annotation layers can be 

added at any time. The corpus is stored in a central relational database, import 

and export to different XML formats is provided via web-clients. The data 

model is based on an ODAG (ordered directed acyclic graphs) model (see 

Carletta et al. 2003). Details of the DDD corpus architecture are described in 

Dipper et al. (2004a) and Faulstich, Leser & Lüdeling (2005). In the remainder 

of this paper I want to focus on standardization. 

3.2 Input Data: Non-Standardized & Multilingual Data 

DDD is a historical and diachronic corpus. Historical corpora, even if they con-

sist of texts of one period only, have to deal with non-standardized texts. Not 

only are there no or little orthographic conventions (depending on the age of the 

text), there are also many special characters, abbreviations, etc. that are particu-

lar to one text. For some historical periods of German (e.g. MHG) it has long 

been customary to normalize in editions and textbooks. Normalization has a 

number of advantages: it facilitates readability, and eases access for lexico-

graphical purposes, etc. However, it ‘throws away’ information about spelling 

differences and paleographic specifics. Most existing historical corpora designed 

for linguistic purposes normalize to a certain extent (e.g. the HELSINKI CORPUS) 

or digitize from already normalized editions of the text instead of original manu-

scripts or early prints (Rissanen et al. 1993). An exception is the MENOTA 

PROJECT, which aims at high diplomaticity and is therefore well-suited for pale-

ographical research (however, because corpus composition is not standardized it 

is less suited for linguistic or lexicographical questions).  
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Instead of opting for one or the other variant, DDD’s multi-layer archi-

tecture  refers to a highly diplomatic version of the text as a sort of time line and 

aligns a semi-diplomatic version. 

Often there is more than one witness (manuscript, copy) for a given text. 

DDD digitizes from originals (manuscripts or early prints) rather than critical 

editions and the focus is on representativity. Hence, it is often necessary to pick 

one manuscript out of several candidates. In some special cases, however, we 

will digitize two or more witnesses of the same text (for example, two manu-

scripts or a manuscript and a critical edition). In these cases we treat each text as 

a separate text, which comes with its own annotation layers. The witnesses can 

then be aligned. 

Besides being a historic corpus, DDD is a diachronic corpus. A diachronic 

corpus can be seen as a multilingual corpus (with some parallel portions due to 

texts that exist across different language stages, such as biblical texts). In addi-

tion to standardization on one level, a multilingual corpus has to deal with stan-

dardization across different levels, which causes standardization problems in 

particular at the level of annotation.  

3.3 Annotation 

Most texts will be annotated with basic structural information, part of speech, 

lemma, and inflectional morphology. The most relevant standardization prob-

lems arise from the fact that tags in any tag set will change their denotation over 

time. For example, the properties of what would be classified as an ‘adverb’ are 

not stable from OHG to MG. This will be dealt with in two ways: the tag sets 

will be built up hierarchically so that information can be left underspecified if 

necessary. It will also be possible to explicitly code alternatives.  

 



Heterogeneity and Standardization  49

Standardizing the annotation of lemmas causes particular problems. Ideally, 

lemmas should be standardized within each language level. Because of the or-

thographic variance (there are at least 17 spellings of the lemma und ‘and’ in 

MHG: undi, unnti, vnnti, vnte, ...), this is difficult. For some language stages 

(especially for MHG), there is a well-established normalizing tradition that can 

be adopted. For other stages, standards have to be developed; cf. the situation in 

OHG: it is customary to base the normalization on the lemmas as they occur in 

the largest available OHG text, ‘Tatian’. However,  this means that many lem-

mas (namely all those that do not occur in Tatian’s text) have to be made up ‘in 

the way Tatian would have written them’. Poschenrieder (2004) suggests a dif-

ferent way of normalizing by representing different but related sounds by ab-

stract ‘hyper letters’.  

There are no conventions for lemma correspondence that hold across all 

language stages. Lexical change occurs on the semantic, morphological, and 

stratic level (or combinations thereof, see Gévaudan 2002 and Gévaudan & 

Wiebel 2004 for a discussion and a modelling proposal). Therefore, it is not a 

trivial task to decide which elements (i.e., normalized lemmas)  correspond to 

each other across language stages.  

3.4 Intended Use: Corpus Composition 

As stated above, DDD will be used by scholars from different fields such as 

(historical) linguists, (historical) philologists, lexicographers, historians etc. as 

well as by interested laypeople. In this way it already differs from most available 

corpora. The existing historical and diachronic corpora are usually compiled 

either for linguistic purposes or for special philological, lexicographic, or his-

torical purposes (for an overview over historical and diachronic corpora see 

Kroymann et al. 2004). This is reflected by the corpus composition:  historical 

corpora for linguistics or lexicography, such as the HELSINKI CORPUS or the cor-
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pora for the MITTELHOCHDEUTSCHES WÖRTERBUCH, are in some way ‘repre-

sentative’, e.g., they cover language stages, authors, genres, etc. in given pro-

portions (Klein 1991, Biber 1993). Corpora for philological purposes, on the 

other hand, are often much more specialized⎯they cover the work of one author 

only, or sometimes even only one work (the CANTERBURY TALES PROJECT), or 

one genre (LANCASTER NEWSBOOK CORPUS), for an overview see Burch et al. 

(2003).  

To make diachronic research possible, a diachronic corpus must be ‘rep-

resentative’ with respect to time, dialect, text type, etc. This is difficult to 

achieve in diachronic corpora because categories like ‘text type’ or ‘dialect’ are 

not stable across time. Some genres or text types5 only develop during the sam-

pling time (like the category ‘novel’) and others appear and then disappear again 

(like minne songs). Even if the categories were stable and one could draw a ma-

trix of different parameters, it would not be possible to fill all the cells in such a 

matrix because there is simply not enough material (this is, of course, especially 

true for the early stages).  

The DDD project deals with these problems in two ways: a very detailed 

common set of parameters (time, genre, dialect, information about the author, 

register, purpose of the text etc.) is chosen, which is represented in hierarchies 

so that it is possible to always use the most specific category. The categories 

form a matrix, and corpus selection aims at filling as many of the matrix cells as 

possible (many will remain empty). If there are several texts that fit a cell, the 

most well-known is chosen.  

For the early language stages (OHG, OS), all available texts are included 

in the corpus. From the time of MHG/MLG on, there are too many texts avail-

                                           
5  The problem of defining a ‘genre’ or ‘text type’ is ignored here. I assume that there is some 

kind of available definition. 
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able so that there has to be a selection. For even later language stages (older 

Modern German), the matrix would become too complex since many more gen-

res develop. Therefore DDD concentrates on three genres (letters, newspaper 

text, novels) and leaves other cells empty (they can be filled later).  

The categories and their values are represented in a TEI-conform header so 

that it is possible to construct sub-corpora for different purposes. 

4 Conclusion 

In order to make a corpus out of very different texts from different language 

stages, a maximally flexible corpus architecture is necessary as well as stan-

dardization in many ways. In a diachronic corpus, it must be possible to make 

use of as much information as possible from every text (because there are so few 

texts to begin with).  

DDD deals with this situation by using a multi-layer architecture where text 

versions of different degrees of diplomaticity are aligned (see Lüdeling, 

Poschenrieder & Faulstich 2005). The tag sets are hierarchically ordered so that 

information can be left underspecified where necessary. In addition, different 

hypotheses can be coded explicitly. This architecture is able to cope with many 

of the challenges arising from the specific needs of diachronic data. 
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• ANNIS (a Linguistic Database for Exploring Information Structure):  

http://www.sfb632.uni-potsdam.de/annis/ 

• The CANTERBURY TALES PROJECT: http://www.cta.dmu.ac.uk/projects/ctp/  

• EXMARaLDA (Extensible Markup Language for Discourse Annotation): 

http://www.rrz.uni-hamburg.de/exmaralda/  

• The Diachronic Part of the HELSINKI CORPUS, delivered by ICAME, user 

manual:  http://khnt.hit.uib.no/icame/manuals/HC/INDEX.HTM 

• IMDI (Isle Metadata Initiative): http://www.mpi.nl/IMDI/  

• The LANCASTER NEWSBOOK CORPUS:  
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http://khnt.hit.uib.no/icame/manuals/HC/INDEX.HTM
http://www.mpi.nl/IMDI/
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• MITTELHOCHDEUTSCHES WÖRTERBUCH: 

http://gaer27.uni-trier.de/MWV-online/MWV-online.html  

• The MENOTA PROJECT: http://gandalf.aksis.uib.no/menota/  

• NITE http://nite.nis.sdu.dk/aboutNite/  

• OLAC (Open Language Archives Community): 

http://www.language-archives.org/  

• TEI (Text Encoding Initiative): http://www.tei-c.org/  

• TUSNELDA (Tübinger Sammlung nutzbarer empirischer, linguistischer 

Datenstrukturen): http://www.sfb441.uni-tuebingen.de/tusnelda.html  

 

Anke Lüdeling 
Korpuslinguistik 
Institut für deutsche Sprache und Linguistik 
Humboldt-Universität zu Berlin 
Unter den Linden 6 
10099 Berlin 
Germany 
anke.luedeling@rz.hu-berlin.de
http://www.linguistik.hu-berlin.de/korpuslinguistik/  
 

http://bowland-files.lancs.ac.uk/newsbooks/project.htm
http://gaer27.uni-trier.de/MWV-online/MWV-online.html
http://gandalf.aksis.uib.no/menota/
http://nite.nis.sdu.dk/aboutNite/
http://www.language-archives.org/
http://www.tei-c.org/
http://www.sfb441.uni-tuebingen.de/tusnelda.html
mailto:anke.luedeling@rz.hu-berlin.de
http://www.linguistik.hu-berlin.de/korpuslinguistik/


 
Interdisciplinary Studies on Information Structure 02 (2005): 55–85 

Dipper, S., M. Götze and M. Stede (eds.): 
Heterogeneity in Focus: Creating and Using Linguistic Databases  

©2005 Andreas Witt 

                                          

Multiple Hierarchies: New Aspects of an Old Solution1*

Andreas Witt 
Universität Bielefeld 

In this paper, we present the Multiple Annotation approach, which 
solves two problems: the problem of annotating overlapping 
structures, and the problem that occurs when documents should be 
annotated according to different, possibly heterogeneous tag sets. This 
approach has many advantages: it is based on XML, the modeling of 
alternative annotations is possible, each level can be viewed 
separately, and new levels can be added at any time. The files can be 
regarded as an interrelated unit, with the text serving as the implicit 
link. Two representations of the information contained in the multiple 
files (one in Prolog and one in XML) are described. These 
representations serve as a base for several applications.  

 

1 Introduction 

Markup expresses characteristics or interpretation of text. It is obvious that there 

is, at least potentially, more than one view for a given text. Often it is necessary 

to express these different or alternative views of text explicitly, i.e. by markup. 

At the moment, it seems to be a tendency to annotate more and more 

information. This development definitely takes place in the field of linguistics, 

where language data is associated with information from several linguistic levels 

of description, e.g. semantics, syntax, morphology, phonology − levels which 
 

1  This paper is a slightly modified reprint. (Originally published in the Online-Proceedings 
of the Extreme Markup Languages 2004, see http://www.extrememarkup.com).  

* The different aspects of this approach are used within several projects of ‘Research Group: 
Text-technological Modeling of Information’ which is funded by the German Research 
Foundation (DFG).  I would like to thank Harald Lüngen and Neill Kipp for their help and 
all the reviewers of this paper for their helpful comments. 
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are (relatively) independent of each other. But also text simply published on the 

web is combined with more and more meta-information. Since markup 

expresses meta-information about text, the amount of markup will increase, 

especially if the semantic web will emerge. And, of course, more markup 

implies that it becomes more likely to encounter multiple hierarchies. 

This paper deals with two different problems: 

1. the problem of annotating overlapping structures, and 

2. the problem that occurs when documents should be annotated according 

to different, possibly heterogeneous tag sets. 

As a solution of both problems the technique of annotating documents in 

multiple forms is proposed and described in detail. The paper also discusses the 

disadvantages of the approach, disadvantages that are definitely the reason why 

a lot of projects reject this solution: “An obvious and also simple solution would 

be to make a separate file for each transcription. However, this makes 

comparison between levels unnecessarily cumbersome, and it is notoriously 

difficult to keep track of revisions in parallel files.” (Haugen, 2004) 

This paper shows how it is possible and what is needed to overcome these 

problems. 

2 Multi-hierarchically Structured Text 

Publishing, especially print publishing, was the driving force behind the 

development of markup languages. Text was viewed as an ordered hierarchy of 

content objects (OHCO). Consequently most markup languages are based on the 

OHCO assumption. The term and the acronym were introduced by DeRose et al. 

(1990) and were further discussed by Renear et al. (1996). 
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2.1 Problems of OHCO-based Markup-Languages and Possible Solutions 

From a formal point of view, SGML-based markup systems allow for the 

representation of exactly one hierarchy. Hence, in principle, only one structure 

can be represented in one document. In practice, this restriction often does not 

receive special attention as different structures often can be expressed within 

one hierarchy. Thus, e.g., the logical structure of a text, i.e. the division into 

captions, lists, sections etc., differs completely from the syntactic structure such 

as the division of the text into sentences and phrases. Especially, none of the 

elements belonging to the different tag sets overlap. Hence, it is possible to 

project both structures into one hierarchy without problems. The disadvantage 

is, however, that this necessarily results in a mixture of these structures, in the 

annotated text as well as in the corresponding document grammar. 

The problem of multiple hierarchies is often discussed. The main reason 

for this might be the view of document engineers, who are faced with the fact 

that ranges of text marked up by SGML or XML elements must not overlap. 

Single-hierarchically structured text is a consequence of this restriction. If 

overlapping does not occur, the problem of combining heterogeneous tag sets is 

often ignored. Hence, a mixture of structures can be found quite often in text 

represented in one syntactic hierarchy. One example was already given, another 

example is HTML. Even in its ‘strict’ version, different structures can be mixed, 

at least through the often promoted use of the elements span and div 

combined with an assignment of a class information. 

To avoid confusion when talking about multiply structured text and text 

ideally organized by multiple hierarchies, the terms ‘level’ or ‘level of 

description’ are used when referring to a logical unit, e.g. visual document 

structure or logical text structure. When referring to a structure organizing the 

text technically in a hierarchically ordered way, the terms ‘layer’ or ‘tier’ are 
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used. A level can be expressed by means of one or more layers and a layer 

may/can include markup information on one or more levels (cf. Bayerl et al., 

1999). 

2.1.1 SGML/XML Approaches 

The problem of representing multiple hierarchies has often been addressed and 

several solutions have been proposed, especially in the field of humanities 

computing, which is by nature concerned with text and its interpretation or its 

description. Consequently, the best collection of techniques is presented by the 

Text Encoding Initiative (TEI, see ACH/ACL/ALLC (1994) and Barnard et al. 

(1995)). The TEI describes the techniques for using SGML for annotating 

multiple hierarchies. (1) CONCUR: an optional feature of SGML (not available in 

XML) which allows multiple hierarchies to be marked up concurrently in the 

same document, (2) milestone elements: empty elements which mark the 

boundaries between elements, in a non-nesting structure, (3) fragmentation of an 

item: the division of what logically is a single element into two or more parts, 

each of which nests properly within its context, (4) virtual joins: the recreation 

of a virtual element from fragments of text, (5) redundant encoding of 

information in multiple forms.  

With the exception of the extremely rarely implemented option CONCUR, in 

effect, all of these techniques are workarounds:  

- Milestones do not allow for making use of a key concept of XML, namely 

elements containing a range of text. This leads to several consequences: 

o No content model restriction can be stated by a document grammar 

for the range of text between the milestones marking the begin and 

the end of the region. This results in not being able to use an XML 

editor for annotating these regions. 
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o Standard SGML parsers cannot check whether milestone elements 

marking the begin and the end of a region match. 

o It is more difficult or impossible to process these regions by means 

of a style sheet, e.g. by XSLT or, respectively, by CSS. 

- The technique of fragmentation results in ‘containers’ containing only a 

part of the text. So for instance, an element sentence or para that is 

fragmented simply does not contain a sentence or a paragraph. 

- The technique of virtual joins requires a separate interpretation of the 

SGML document. 

- Redundant encoding in multiple forms results in multiple files which are 

not integrated in a larger unit containing all the information of the 

different layers. 

Another technique not mentioned directly by the TEI guidelines is stand-off 

annotation, i.e. (new) layers of annotation are added by building a new tree 

whose nodes are SGML elements which do not contain textual content 

(#PCDATA in terms of the DTD syntax), but links to another layer. 

In some respects stand-off annotation is a generalization of virtual joins, 

because not only contents of elements are joined, but also ranges between points 

within the document. Sometimes these ranges make use of markup already 

contained in a layer, sometimes special pointers are used to refer to the specific 

text elements which are the object of the annotation (Pianta and Bentivogli, 

2004). With the first introduction of this concept (Thompson and McKelvie, 

1997) this second approach was described. 

In practice, however, most often an already-annotated layer is taken as the 

primary annotation tier, to which the stand-off annotation is linked. In the case 

of linguistic annotation often the annotation level ‘word’ is used as the primary 

annotation layer. In most of its applications, stand-off annotation makes use of 
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one layer as the link target of the new tier, but it is also possible to link to 

several already existing layers (see Carletta et al., 2003). 

In any case, stand-off annotation results in new hierarchies established by 

new annotation layers that are linked to already existing annotations. Sometimes 

the new layer is included in the same document, sometimes the layers are 

separated. 

This approach has the advantage that it is based on SGML/XML and that 

different levels of description are kept separate. However, this approach has 

some drawbacks too: 

- The new layers require a separate interpretation. 

- The layers, although separate, depend on each other. They can only be 

interpreted by reference to the layer(s) they point to. 

- Although all information is included, the information is difficult to access 

using generic methods. As a consequence, standard parsing or editing 

software cannot be employed. 

- Standard document grammars (e.g. the TEI Relax NG scheme, the 

XHTML-DTD, or the W3C Schema for DocBook) can only be used for 

levels containing both markup and textual data. 

- Linking to a sub-element range, or to textual data not annotated at all is 

difficult. The pointing mechanism defined by the TEI or by XPointer can 

be used, but requires another special software solution. 

- The primary layer should be a (primary) level. The choice of such a 

primary level is not an easy task. Often its declaration is arbitrary and 

artificial. 

Despite these disadvantages the technique of stand-off annotation is used in a lot 

of projects faced with the problem of multiple hierarchies, especially in the area 

of annotating linguistic data. 
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2.1.2 Namespaces 

The Namespace standard provides a mechanism to specify where a specific 

element has been defined (Bray et al. 1999). Connecting elements with their 

defining document grammars is done by adding a prefix to the element or the 

attribute names. The prefix points, at least conceptually, to a document 

grammar, in which the element or the attribute is defined. Thus the logical 

structure of a text can be marked up with e.g. XHTML elements for captions, 

sections, lists etc. and its syntactic structure can be marked up by using an 

adequate module of the DTD of the TEI. If a corresponding namespace has been 

defined, a caption belonging to the logical structure of the text can be referenced 

by html:h2 instead of only h2, whereas a word or a morph can be marked up 

by tei:w or tei:m instead of w or m. This enrichment of the annotation 

facilitates the recognition of the relation between the annotation and a specific 

level (here text structure and morphology). 

Unfortunately, some problems remain. Sometimes a document grammar 

defines several different structures, possibly in a modular way. The document 

grammars defined by the TEI-DTD are a good example of this. As an ad-hoc 

solution, one could try to define different namespaces for the same document 

grammar. A first prefix teins1 and a second prefix teins2 could be defined. 

Because the prefixes have only the function of a place holder for the expanded 

name spaces, it is necessary to declare several different ‘real’ namespaces for 

one DTD. But this would definitely be against the intention of the standard. 

Nonetheless namespaces are an important help when using markup that 

belongs to different levels of description, since it provides a means to refer to an 

element not only by its name or its generic identifier but additionally by its 

defining document grammar. 
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A minor problem of namespaces might occur when using schema 

languages which allow for context-sensitive definitions of content models. With 

this technique it is possible to define a different content model for regions 

marked up with elements with the same element name. For example, Relax NG 

and XML Schema allow for such definitions. The (slightly) different definitions 

of an element para in sections and para in the context footnote, where 

(embedded) footnotes should be prohibited, is an often used example of the use 

of this option. But since the namespace points to the document grammar and not 

to the element definition, context-sensitively defined elements cannot be 

distinguished. 

One problem has not been addressed by the namespace recommendation 

at all: the problem of overlapping hierarchies. 

2.1.3 Non SGML-based Markup languages 

Some non-SGML-based markup languages have been proposed in the last few 

years. An example of such a markup language is the Multi-Element Code 

System (MECS, Sperberg-McQueen and Huitfeld 1999) or TexMECS (Huitfeldt 

and Sperberg-McQueen, 2001). Its major extension with respect to SGML and 

XML is that overlapping ranges are admitted within documents. 

In 2002 another markup language was proposed, called Layered Markup 

and Annotation Language (LMNL, Tennison and Piez (2002)). LMNL is a 

markup language which not only allows for annotating overlapping elements but 

also for connecting the element names to corresponding annotation levels. All 

structures modeled by XML can also be modeled by LMNL. 

2.1.4 Discussion 

The problem of annotating multiple hierarchies can be divided into two different 

and relatively independent problems: (1) SGML-based markup systems cannot 

handle ‘overlapping hierarchies’ and (2) the tag sets used or needed for a certain 
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annotation task are sometimes quite heterogeneous. The first problem is 

addressed by the solutions proposed in the TEI guidelines, by stand-off 

annotation, and by the TexMECS markup language, which does not conform to 

SGML. The second problem is addressed by the namespace recommendation. 

LMNL provides a solution for both problems: regions marked up by 

different elements may overlap and its layered annotation approach is specially 

designed for this task. But, since LMNL does not conform to SGML, not to 

mention XML, it has not been applied up to now.2

Another possibility mentioned above is redundant encoding in multiple 

forms. This approach is rarely used by the markup community. The reasons for 

this seem to be clear: First, most people try to avoid redundancy. Second, and 

more important, multiple encodings in different forms are independent of each 

other, but people who deal with annotated text are only interested in an 

integrated format. 

On the other hand, it is also an advantage if one annotated document is not 

related to another document, because then the document is an independent unit 

of information. This leads to several more advantages. 

- If a document is used for separate annotation levels, this results in each 

level being able to be viewed separately and new levels to be added at any 

time, without reference to and dependence on existing files. 

- Standardized document grammars can be used for some annotation levels 

and specialized document grammars can be defined in an intuitive way, 

i.e. declaring that an element can contain text and not only attributes 

whose values point to some other element in some other annotation layer. 

                                           
2  One exception is described by Alexander Czmiel (2004). He implemented a subset of 

LMNL in an XML-conformant way. Of course, some of the advantages of LMNL cannot 
be achieved by such an XML-based representation.  
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Moreover, the approach (as well as stand-off) has additional advantages over the 

milestones and the fragmentation approach: 

- The modeling of alternative annotations based on different theoretical 

assumptions is possible (see Sasaki et al. (2003) for the usefulness of this 

point in the field of linguistics). 

- Each document instance uses its own DTD (or Schema), i.e. document 

grammars are not mixed up. 

We therefore conclude that this approach has a lot of advantages with respect to 

the aspects of editing, maintenance, interchange, and reusability of XML-

annotated data. What remains to be solved is the main drawback of independent 

annotations: How is it possible to connect these layers? 

We also conclude that a special representation model for these data is 

needed, because of the redundancy in the data. This representation format is 

desired for storing and processing this information. From a theoretical point of 

view, LMNL would be an ideal format. From a practical viewpoint a stand-off 

annotation approach is most suited for these tasks and, in fact, is used most 

frequently. 

2.2 Multiple Annotations and their Representation 

Beside the advantages of the annotation in multiple form, the main problem of 

this approach has been addressed: the independence of the tiers. But 

interrelations of annotation layers are of interest for many persons concerned 

with structuring and modeling of information. In this section a method is 

presented which complements the advantages of redundant encoding of 

information in multiple forms with possibilities to link these multiple forms and 

represent them uniformly. Furthermore, conversion tools for the annotation 

format and possible representation formats are described. 
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Fig.  1: Screenshot of the rendering of the HTML-version of the example-text 

2.2.1 XML-based Multi-layer Annotation  

One obvious way to interrelate different annotations of same textual data exists. 

The different annotations could be regarded as transformations of each other. 

Hence, the relations between the XML documents can be declared in an XSLT-

program or an XSLT-stylesheet. This stylesheet can be viewed as a description 

of relations between two XML vocabularies. But for composing such a 

stylesheet it is necessary to have information on the relation of the elements 

defined in the different vocabularies. Moreover, this approach could only be 

successful, if the relations between the elements can be stated unambiguously.  

Another way to link the different forms was proposed by Witt (2002). The 

central idea of this approach is that the annotated text itself serves as the link. 

This is achieved by annotating exactly the same text several times.  
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This approach is described by means of a simple example. Below the 

XHTML-source of a user’s manual is given (see also Fig.  1)  
 
<xhtml><h1>TROUBLESHOOTING</h1> 
... 
<table border="1"> 
 <tr> 
  <td align="center">Problem</td> 
  <td align="center">Cause</td> 
  <td align="center">Remedy</td> 
 </tr> 
 <tr> 
  <td valign="top">Tape does not run.</td> 
  <td valign="top"><ul> 
   <li>Power cord is off.</li> 
   <li>Tape is completely wound up.</li> 
   <li>Tape is loose.</li> 
   <li>Cassette is not loaded properly.</li> 
   <li>Defective cassette.</li> 
 </ul></td> 
 <td valign="top"><ul> 
   <li>Check power cord.</li> 
   <li>Rewind tape.</li> 
   <li>Tighten tape with a pencil, etc.</li> 
   <li>Load cassette properly.</li> 
   <li>Replace cassette.</li></ul></td> 
</tr> 
<tr> 
 <td valign="top">Tape is not recorded when recording button 
is pressed.</td> 
 <td valign="top"><ul> 
   <li>No cassette is loaded.</li> 
   <li>Erase prevention tab is broken off.</li> 
 </ul></td> 
 <td valign="top"><ul> 
   <li>Load cassette.</li> 
   <li>Cover hole with plastic tape.</li></ul> 
 </td> 
</tr> 
</table></xhtml> 
      
 

The same fragment of text can be annotated in a more content-oriented way or 

semantically:  
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<r><h1>TROUBLESHOOTING</h1> 
... 
<p-c-r> 
 <description> 
  <first>Problem</first> 
  <second>Cause</second> 
  <third>Remedy</third> 
 </description> 
 <case> 
  <problem>Tape does not run.</problem> 
  <potential_causes> 
   <cause>Power cord is off.</cause> 
   <cause>Tape is completely wound up.</cause> 
   <cause>Tape is loose.</cause> 
   <cause>Cassette is not loaded properly.</cause> 
   <cause>Defective cassette.</cause> 
 </potential_causes> 
 <potential_remedies> 
   <remedy>Check power cord.</remedy> 
   <remedy>Rewind tape.</remedy> 
   <remedy>Tighten tape with a pencil, etc.</remedy> 
   <remedy>Load cassette properly.</remedy> 
   <remedy>Replace cassette.</remedy></potential_remedies> 
</case> 
<case><problem>Tape is not recorded when recording button is 
pressed.</problem> 
 <potential_causes> 
   <cause>No cassette is loaded.</cause> 
   <cause>Erase prevention tab is broken off.</cause> 
 </potential_causes> 
 <potential_remedies> 
   <remedy>Load cassette.</remedy> 
   <remedy>Cover hole with plastic tape.</remedy> 
 </potential_remedies> 
</case> 
</p-c-r></r> 
 
As can be seen, the text content of both versions is identical, but the markup is 

different. 

2.2.2 Representation  

The multiply annotated XML documents are the basis of the representations. For 

further processing of the text it is necessary to represent them uniformly. Two 

alternative representations are described in the next subsections.  
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PROLOG 

Sperberg-McQueen et al. (2001) discuss the meaning and interpretation of 

markup. For explaining their approach, annotated documents are represented in 

the programming language Prolog. In their representation, every element, 

attribute, and the content are saved as so-called Prolog facts. This approach has 

been extended, so that multiple annotations as described in the previous section 

can be represented. Through this all separate annotations can be associated in a 

data basis, which then can be used e.g. for automatic detection of relations 

between the annotation levels (see section 3.2).  

In the simplest setting, for any element, attribute and text node of each 

annotation level a Prolog fact is built which contains the following information:  

1. a cross reference to the annotation level; 
2. the absolute start position of the text passage which is marked up;  
3. the end position of that text passage; 
4. the position of the unit in the tree representation of the annotation level;  
5. the element name or — if necessary — the attribute name, respectively  

Some Prolog facts containing information from the two levels of the above 

examples should serve as an illustration.  
 
 
node('tape-xhtml.xml', 729, 786, [1,5,3,2], element('td')). 
node('tape-xhtml.xml', 729, 786, [1,5,3,2,1], element('ul')). 
node('tape-xhtml.xml', 729, 751, [1,5,3,2,…], element('li')). 
node('tape-thema.xml', 729, 786, [1,5,3,2], element('pot…’)). 
node('tape-thema.xml', 729, 751, [1,5,3,…], element('cause')). 
 
               
The first argument contains the name of a layer, i.e. tape-xhtml.xml and 

tape-thema.xml. The second element points to the beginning of a range 

annotated with the respective element (the fifth argument). In the example, all 

the ranges start at the same position. The end of each range is given as the third 
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argument. The position in the tree (argument four3) is given as a list, pointing to 

the nodes within the tree representation of the respective annotation layer.  

Attributes are represented in a similar way, using the Prolog predicate 

attr:  
attr('tape-xhtml.xml', 729, 786, [1, 5, 3, 2],  
     'valign', 'top'). 
         
The textual content is given by the predicate pcdata_node:  
pcdata_node(729, 730, 'N'). 
pcdata_node(730, 731, 'o'). 
pcdata_node(731, 732, ' '). 
pcdata_node(732, 733, 'c'). 
pcdata_node(733, 734, 'a'). 
pcdata_node(734, 735, 's'). 
pcdata_node(735, 736, 's'). 
         
Such a collection of Prolog facts contains all the information of the different 

annotations and can serve as a data basis for further developments of Prolog 

programs. 

 

XML-BASED REPRESENTATION 

Multiply annotated XML files can also be represented in an XML-based format. 

Such a presentation could be achieved by transforming the Prolog facts into 

XML elements, e.g. the predicate node with its five arguments could be 

transformed to an empty XML element node with five attributes. However, 

such a Prolog-in-XML representation would not make much sense.  

A representation using the technique of virtual joins, or stand-off 

annotation, is more interesting, because this technique is used to represent 

multiple hierarchies. Moreover, most of the above mentioned disadvantages of 

                                           
3 In first case this means: The element td is the second daughter of the third daughter of the 

fifth daughter of the root element.  
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this technique do not exist when this format is an add-on for the multiple 

annotation of XML layers.  

The European language technology project NITE developed a format for 

representing heavily annotated data. This format is well suited for this task.  

The NITE-format (Carletta et al., 2003) combines several files forming a 

corpus. These files are interrelated with each other. One way to represent the 

two annotation layers tape-xhtml.xml and tape-thema.xml is given in 

the next examples. The NITE-corpus consists of four separate files, in the 

examples these could be:  

- tape.corpus.xml contains meta-information, e.g. names of the files 

of the corpus, names of the defined elements and attributes etc.  

- o1.stream.xml contains the textual data supplemented with reference 

points for linking with the other layers  

- o1.tape-xhtml.xml comprises the markup of tape-xhtml..xml 

- o1.tape-thema.xml expresses the information provided by the 

markup of the file tape-thema.xml 

One possible representation of the textual stream would supply any character 

with an ID:  
<char nite:id="char_727">e</char> 
<char nite:id="char_728">d</char> 
<char nite:id="char_729">.</char> 
<char nite:id="char_730">N</char> 
<char nite:id="char_731">o</char> 
<char nite:id="char_732"> </char> 
<char nite:id="char_733">c</char> 
<char nite:id="char_734">a</char> 
<char nite:id="char_735">s</char> 
<char nite:id="char_736">s</char> 
         
Alternatively, in larger text single words could serve as the reference units.  

The next example shows how the elements of the thematic annotation are 

linked to the text.  
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  <nite:child href="o1.stream.xml#id('char_727')" /> 
  <nite:child href="o1.stream.xml#id('char_728')" /> 
  <nite:child href="o1.stream.xml#id('char_729')" /> 
</problem> 
<potential_causes nite:id="potential_causes_2" > 
  <cause nite:id="cause_6" > 
    <nite:child href="o1.stream.xml#id('char_730')" /> 
    <nite:child href="o1.stream.xml#id('char_731')" /> 
    <nite:child href="o1.stream.xml#id('char_732')" /> 
    <nite:child href="o1.stream.xml#id('char_733')" /> 
               
The elements potential_causes and cause begin at the character with 

the reference char_730, i.e. the first character of the string ‘No cassette is 

loaded’. The string itself is given by references to the characters in the file 

o1.stream.xml. 

2.2.3 Conversion  

The conversion from XML to Prolog is implemented in Python. The program 

xml2prolog.py receives as an input one or more XML documents and 

outputs a collection of Prolog facts.4  

The element <Root> is represented as the fact: 

 node(AnnotationLayer, 0, n, [1], element(Root)).  

where n refers to the last character in the textual data. The XML attributes of 

the root element att1 and att2 and their values val1 and val2 are 

represented as two facts:  
    
attr(AnnotationLayer, 0, n, [1], 'att1', 'val1'). 
attr(AnnotationLayer, 0, n, [1], 'att2', 'val2'). 
             
This representation contains some redundant information, because the pointers 

to the character (0 and n) could be inferred automatically by means of the 

                                           
4  This program is mainly written and maintained by Daniel Naber and Oliver Schonefeld. It 

is available via the project Web pages (http://www.text-technology.de; ‘Projekt Sekimo’). 
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information of the respective element, but the explicit indication of this 

information can speed up processing.  

Some options for the transformation process are:  

compare: the primary data, i.e. the PCDATA content of the elements of the XML 

files is compared; if the primary data is not identical, the first different character 

is shown; 

pcdata/pcdatanodes: character data is included; 

aggressive: whitespace is added or removed anywhere in the document if 

whitespace is the reason for differences of the primary data; 

filter: some elements in some files should be filtered (including their textual 

content), e.g. <script> within HTML-documents. 

That way it is possible to convert any number of identical but differently 

marked up texts into a collection of Prolog facts.  

For the conversion of text which is annotated in multiple forms according 

to the NITE-format, another program has been developed.5 This program is 

called nexus.pl and is implemented in the Perl programming language. The 

functionalities are similar to xml2prolog.py. The input is n annotations of 

the same text. The program outputs a NITE-corpus that consists of the n+2 files 

described above.  

2.2.4 Discussion  

It has been shown that the technique of annotating the same text in multiple 

forms has many advantages and that its main drawback can be avoided. 

However, exactly the same data has to be annotated several times. With this 

prerequisite the multiply annotated files can be regarded as a unit which is 

heavily interrelated, because the text serves as the implicit link.  

                                           
5   This program has been developed by Jan Frederik Maas. Also this program is available via 

the project Web pages. 
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After that, two different formats have been described. One format is an 

interrelated Prolog representation of the information contained in the multiple 

files. The other format is based on XML and was developed for the processing 

and the exchange of linguistic corpora annotated on several levels of description.  

Furthermore, programs for the automatic transformation of multiply 

annotated text to the integrated formats have been introduced.  

3 Aspects of Processing Multiply Annotated Text  

In this section, techniques and software implementations for editing, inferring 

and unifying separately annotated texts are presented. Moreover, a technique of 

unifying the multiple forms will be discussed.  

3.1 Editing  

The editing of copies of text, each annotated separately, definitely is not an easy 

task. One way to do this is annotating each file with the help of a standard XML 

editor. Since, at least in some scenarios, the text is given and need not be 

changed, this approach offers at least two advantages: standard XML-editing 

software is available and the automatic comparison of the textual content (e.g. 

by the option ‘compare’ of the transformation program xml2prolog described 

above) allows quality assurance, since it is highly unlikely that exactly the same 

modification of the textual data occurred twice (or even more times) in different 

files. Unfortunately, this has also several drawbacks. One of these is connected 

with the comparison of whitespace. Since sometimes whitespace matters, it 

makes no sense to collapse all whitespace. On the other hand, most often this 

difference should be ignored. Therefore a special whitespace normalization 
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program has been implemented.6 But if textual data must be changed, textual 

content must be changed in different files. This task requires special editing 

software.  

 

Fig. 2: Editor mode for changing textual content  

At the time of writing this paper two master’s thesis projects are concerned with 

implementing special editing software for this task.  

One editor is web-based (implemented in PHP) and allows for typing and 

changing the textual content of multiply annotated files. The two screenshots 

                                           
6  This program is written and maintained by Oliver Schonefeld. It is available via the project 

Web pages (http://www.text-technology.de; ‘Projekt Sekimo’). 
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give an impression of this program. Fig. 2 shows how text can be modified. As 

can be seen, the markup cannot be changed in this mode. 

Fig. 3 shows the non-XML-based markup employed internally by the 

editor. This format can be used by experts to modify not only the textual content 

but also the markup. 

 

Fig. 3: Editor mode editing textual content and markup  

 The existence of such an editor is important for this approach. Otherwise, it is 

very difficult to change multiply annotated text, because each modification of 

the text must be done in each layer.  

In a second master’s thesis an editor will be implemented in the Java 

programming language, using the Eclipse platform. The aim of this master’s 
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project is the implementation of an editor capable of associating several 

document grammars with one text. The insertion of elements is a two step 

process: first, the annotator refers to a document grammar the element belongs 

to and, second, (s)he can choose an element out of a list of elements that are 

allowed at this point according to the schema. When saving the document, for 

each associated schema one file will be saved. The validation will take place for 

each of these files.  

3.1.1 Relations Between Annotations  

The markup within a single document is hierarchically structured. The structure, 

leaving aside cross-references, can be represented as a tree. Between the nodes 

of the tree there exist certain relations, i.e. subordination, (direct) neighborhood, 

etc. These relations can be used for queries for structural characteristics in one 

layer. Such queries can be formulated in several ways, as e.g. with XSLT, in 

query languages like XQuery or (when using the appropriate library) in Prolog 

(see Sperberg-McQueen et al., 2002). 

 

Fig. 4: Example annotation with two layers 

When regarding more than one annotated layer more relations can be found. The 

figure above depicts the two layers of the example annotation, the XHTML 
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layer and the content-oriented annotation layer. This visualization shows some 

of these relations.  

An aligned representation of both layers shows that an identical range in 

the primary data is marked up with different elements.  
...<potential_causes><cause>No cassette is loaded.</cause>... 
...<td valign="top"><ul><li>No cassette is loaded.</li>... 
     

Durand (1999) and Durusau & O’Donnell (2002) assembled all the possible 

relations between elements of different layers. The visualization is based on the 

presentation of Durusau & O’Donnell (2002). 
Start-tag identity 
<a>..................................</a> 
<b>............</b>  
 
Full inclusion 
<a>..................................</a> 
           <b>.........</b> 
 
Total identity 
<a>..................................</a> 
<b>..................................</b> 
 
 
End-point identity 
            <a>......................</a>    
<b>..................................</b> 
 
 
Ranges annotated by different elements overlap 
<a>....................</a> 
              <b>..............................</b> 
 
 
The end-position of one element is shared by the start-tag of 
another element 
<a>.................</a> 
                    <b>................</b> 
 
etc.  
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Within our project, the Prolog fact base is used as a base for inferencing these 

relations. For this task, special Prolog predicates have been implemented.7  

Alternatively, the NITE XML search tools8 could be used for 

representations conforming to the NITE representation.  

3.2 Relations Between Annotation Layers  

More general information on the relations between element classes, i.e. the set 

of all instances of an element, is more interesting than a comparison of relations 

between single element instances. To do this, a set of meta relations have been 

defined. A meta relation holds under certain conditions.  

The meta relation identity between the element classes a and b 

holds, if for every occurrence of an element instance a the same range of text is 

annotated by an element instance b and vice versa.  
 
Meta-relation identity:  
<a>....................</a> 
<b>....................</b> 
           
The meta relation inclusion between the element classes a and b holds, if 

for every occurrence of an element instance a the same range of text is 

annotated by an element instance b, and if the meta-relation identity does 

not hold, i.e. for all occurrences, one of the following configurations can be 

found: 
<a>..................</a>   
<b>................................</b> 
 
                        <a>....................</a> 
<b>............................................</b> 
 

                                           
7  This program was mainly written by Daniela Goecke. It is available via the project Web 

pages. 
8  NXT Search is freely available (binaries, documentation, and source code) via 

http://www.ims.uni-stuttgart.de/projekte/nite/download.shtml. 



Multiple Hierarchies 79

 
         <a>....................</a> 
<b>.......................................</b> 
 
<a>....................</a> 
<b>....................</b> 
           
The meta-relation overlap between the element classes a and b holds, if for 

every occurrence of an element instance a the range annotated by a overlaps 

with the range annotated by an element instance b. For all occurrences of a, the 

following configuration can be found: 
<a>....................</a> 
           <b>....................</b>  
           
The inferred meta-relations indicate whether theoretical constructs modeled by 

(certain elements of) two document grammars are in some relation to each other. 

So it might be investigated whether certain constructs used by different 

linguistic theories (e.g. in traditional Japanese grammar and in ‘modern’ phrase 

structure grammars) are alphabetical variants of each other. Moreover, with 

these meta-relations, generalizations stated by researchers or inferred 

automatically on a small empirical basis can be falsified.  

Unfortunately, however, the research conducted by the projects of the 

DFG research group mentioned above showed that these meta-relations do not 

hold very often. The reason for this lies in the way they are defined: a meta 

relation between two elements holds if certain conditions hold for all 

occurrences of these elements. It would be interesting to explore whether certain 

meta relations exist under certain conditions.  

One possibility for a refinement of the meta relations is a description of 

specific contexts where these relations do hold. Context specifications allow for 

expressing such a condition.  

A context specification could be expressed by a set of XPath expressions, 

but XPath seems to be a language that is too powerful for context specifications. 
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Therefore, an alternative format to express structural properties, called "Context 

Specification Document" (CSD), has been developed (Sasaki and Pönninghaus, 

2003). 

3.3 Unification of Annotation Layers 

Of course, sometimes an integrated XML representation is necessary. Therefore 

a program for the unification of multiply annotated documents has been 

developed.9 With this Prolog program two document layers can be merged. The 

architecture of this program is visualized in the next figure. 

 

Fig. 5: Unification of annotation layers 

 

                                           
9  This program was mainly written by Daniela Goecke and is maintained by Harald Lüngen. 

It is called semt.pl and it is also available via the project web pages. It is also described 
by Witt et al. (2004). 
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The Prolog predicate (semt) receives four arguments:  

• layer1 (to be unified)  

• layer2 (to be unified)  

• list of elements which should be deleted in the process of unification 

The result of the merger (again a collection of Prolog facts) is written to a new 

file specified in the fourth argument. The new database contains a copy of all 

layers in the input database plus the result layer.  

In case the unification results in a layer where the elements are not 

properly nested, a second result layer (a difference list) is created. The resulting 

database is re-converted to XML, again using a Python program.  

If no difference list exists, the result of the merging of two layers can be 

linearised as an XML document straightforwardly. In case the resulting fact base 

contains a difference list, two different linearizations can be generated. The 

default processing uses milestone elements to mark the borders of incompatible 

elements. Alternatively, the technique of fragmentation of elements can be 

invoked.  

4 Conclusion  

In this paper it was argued that the problem of representing and processing 

multiply structured data should be subdivided into two separate problems. First, 

it is necessary to declare and/or apply to this data elements and attributes 

defined by different document grammars or belonging to different tag sets. It is 

desirable to be able to distinguish these elements according to their origins. 

Furthermore it can happen that the elements belonging to different tag sets mark 

overlapping regions, which would result in structures that are difficult to handle 

with SGML-based markup languages. Several proposed solutions for both 

problems have been discussed. It was argued that the most simple solution, i.e. 
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annotation of multiple structures or hierarchies in multiple files, can be a way to 

overcome both problems and that this approach offers many benefits. However, 

it is necessary to ensure that the multiple files can be represented as a single 

unit. For doing this, some preconditions have to be accepted by the users of this 

approach.  
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VP-Fronting in Czechand Polish—A CaseStudy in

Corpus-OrientedGrammar Research
�

RolandMeyer

Universityof Regensburg

Frontingof an infinite VP acrossa finite main verb—akinto German
“VP-topicalization”—canbe found alsoin CzechandPolish.The pa-
perdiscussesevidencefrom largecorporafor this processandsomeof
its properties,both syntacticandinformation-structural.Basedon this
case,criteriafor moreuser-friedly searchingandretrievalof corpusdata
in syntacticresearcharebeingdeveloped.

1 Intr oduction

Word order in Slavic languagesis commonlyclaimedto be free in the sense

that many permutationsof the wordsin a sentenceareacceptable,given suit-

ablecontext. While this is mostoftendemonstratedfor adjunctsandargument

expressions,it holdsequallyfor verbsandverbphrases,cf.1

(1) (Bez
without

wzgl̨edu
regard

na
on

to,
that

jaki
which

był
was

cel
aim

podjątej
undertaken-GEN

wyprawy,)
expedition-GEN

prowadzíc
lead

to
that

będzie
FUT-AUX

do
to

przedłu̇zania
extension

bałkańskiego
Balkan-GEN

dramatu.
drama

�
Thanksaredueto the Instituteof the CzechNationalCorpusandto the Instituteof Com-
puterScienceof thePolishAcademyof Scienceswhich kindly providedthedatasourcefor
this paper. I alsowish to thankDenisaLenertová andtheaudiencesof the PotsdamWork-
shopon Heterogenityin Linguistic Databasesandof the13thJungslavistInnen-Treffen for
discussion,andtheeditorsfor their friendly insistence.All errorsaremy own.

1 The glossesare abbreviated as follows: ACC=accusative, AUX=auxiliary, DAT=dative,
FUT=future, GEN=genitive, INS=instrumental, MASC=masculine, MP=modal parti-
cle, NEG=negation, NOM=nominative, PL=plural, PT=past tense, REFL=reflexive,
SBJ=subjunctive, SG=singular.
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‘(Disregardingwhatwasthegoalof theexpedition,)it will leadto pro-
longationof theBalkandrama.’ [Polish]

This type of inversionis reminiscentof the Germanconstructioncommonly

called“VP- topicalization”,asin

(2) a. Sie
she

hat
has

nicht
not

[VP den
the

Peter
P.

geküsst
kissed

]

‘Shehasnot kissedPeter.’
b. [VP den

the
Peter
P.

geküsst
kissed

] j hat
has

sie
she

nicht
not

t�

In both (1) and (2), a non-finite VP or V � headhasbeenmoved to the left,

crossingover the surfacepositionof the governingauxiliary.2 In (1), only the

verbalheadhasbeenshifted,leaving behindits directionalargumentPP, while

thewholeVP constituenthasfrontedin (2); but, as(3) and(4) indicate,Polish

alsoallowsfrontingof acompleteVP, andGermanalsoallowstopicalizationof

only apartialVP:

(3) (. . . leży
lies

i
and

o
about

Bȯzym
god’s

świecie
world

nie
not

wie!
knows

. . . ) —I
and

jadł
eat

kiełbasy
sausage

nie
not

będzie,
FUT-AUX

i
and

gorzałki
vodka

nie
not

posmakuje?
tastes

‘(he is lying aroundanddoesn’t know abouttheworld . . . ) — Hewon’t
eatsausage,andhewon’t try vodkaeither?’

(4) Geküsst
kissed

hat
has

sie
she

den
the

Peter
P.

nicht.
not

‘Shehasn’t kissedPeter.’ (ex.(2) and(4) afterFanselow (2004))

The two partial constituentfronting structures(1) and(4) posea harderana-

2 In (2), theauxiliary is, of course,itself in aderivedposition,GermanbeingaSOV language.
In Polish,I assumethatthefutureauxiliary is generatedin T� , from whereit hastheoption
of moving up to highferheadsin theextendedverbalprojection(seeMeyer 2004,ch. 4 for
explicit argumentation).For theremainderof thispaper, it is immaterialwhethertheauxilary
itself movesor not.
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lytical problemthan the full VP shift illustratedin (2). On oneplausibleap-

proach,theformeractuallyinvolve two movementsteps,namely(i) theextrac-

tion of asubconstituentof theVP—do przedłu̇zaniabałkańskiegedramatuand

Peter, respectively—and(ii) the fronting of the rest of the VP, the so-called

remnant(cf. Müller 1998).This analysisobviously presupposesthat the two

operations—Scrambling(or extraposition,asarguedby Müller 1998)asin step

(i) and fronting of a full VP as in step(ii)—exist independentlyin the lan-

guagein question,andthattheir characteristicpropertiesaresharedby thepar-

tial fronting construction.Fanselow (2004) developsa different approach,in

which thereis no remnantmovement.Instead,thesubcategorizationframesof

boththeauxiliaryandthemainverbaremergedandtheir requirementsfulfilled

on the syntacticlevel. The moved constituentis not a full VP, but a smaller

verbalprojection,whichdoesnot containa trace.

Themostrelevantsyntacticpropertiesof VP-frontingin Germanincludethe

following (cf. Müller 1998,Fanselow 2004):

A movedVP becomesitself anislandfor theextractionof oneof its sub-

constituents

Partial VP-frontingis only possibleif theVP targetstheSpecCposition.

Thus,(5-b) is scarcelyacceptablein German.

(5) a. dass
that

[ den
the

Peter
Peter

geküsst
kissed

] keiner
nobody

hatte
had

‘that nobodyhadkissedPeter’
b. ?-*dassgeküsstkeinerdenPeterhat

Thepresentpaperhastwo goals:First, it presentstherelevantevidencefor VP-

fronting in CzechandPolishwhichcanbegatheredfrom two large-scale,anno-

tatedcorpora,namely, theCzechNationalCorpus(ČNK) andtheCorpusof the

Instituteof ComputerScienceof thePolishAcademyof Sciences(IPI PAN).3

3 Seesection4 for informationon thesecorpora.Unlessmentionedotherwise,all Czechex-
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Second,it shows how this evidencemay be accessedand discussesselected

designfeaturesof thesetwo corporafrom theperspectiveof theuser.

2 ClauseStructure and Potential Landing Sitesin Czechand Polish

Therearea few pivotal elements,suchassententialnegation,verbalelements,

andclitic auxiliariesandpronouns,which canbe usedto delimit basicclause

structurein CzechandPolish.I will briefly presenttherelevantevidenceanda

topologicaloverview for orientation.

2.1 Czech

In Czech,sententialnegation immediatelyprecedesthe main verb, the future

auxiliary, andthepresentor futurecopula,while it obligatorily followstheclitic

pastandsubjunctive auxiliary, as long as the verb staysbelow the latter (cf.

Junghanns1999):

(6) a. To
this

(*ne)jsem/bych
not-AUX .PT.1SG/AUX .SBJ.1SG

(ne)̌rekl.
not-said

‘I didn’t/wouldn’t saythat.’
b. To

this
vám
you-DAT

(ne)budu
not-AUX-FUT

(*ne)říkat.
not-say

‘This, I won’t tell you.’

Themosteconomicalway to graspthesepositionalrestrictionsis to assumea

structurewith fixedslotsfor clitics, negation,thefutureauxiliary, andtheverb

phrase,in thisorder:

XP? že
‘that’

XP? aux. � refl. �
pron.clitics

XP* NEG AUX-FUT XP* VP

amplesin theremainderarefrom ČNK andall Polishonesfrom IPI PAN.
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Auxiliary andpronominalclitics4 principally occupy the “secondposition” of

the clause,following the first constituent.In colloquial Czech,they may also

occurclause-initially. In embeddedclauses,thereis an optionalslot between

the copulaandthe clitics, which may be filled by an emphasized,focusedor

topicalizedconstituent.

However, this is not theonly possiblestructure.Themainverb(in theform

of the so-calledl-participle),includingnegation,mayprecedethe clitics. This

canonly happenin matrix clauses,wherethereis nofirst constituentXP:

(7) (Ne)̌rekl
not-said-MASC

(*ne)bych
not-AUX-SBJ.1SG

to.
this

‘I wouldn’t saythat.’

The movementof the participlediffers fundamentallyfrom GermanVP-topi-

calizationin that it cannottake alongany furthermaterial(8); therefore,it has

beenarguedto involveV � headmovementratherthanphrasalmovement.

(8) a. *Posílal
sent

dopisy
letters

jsem
AUX-PT.1SG

ti
you

pravidelňe
regularly

každý
every

týden.
week

(Avgustinova& Oliva1997,40)
b. * ... že

that
nedal
not-gave

by
SBJ

mu
him

to.
this

(Veselovská1995,149)

Sinceparticiplemovementis so restrictedin Czech,I will concentrateon the

movementof infinitival VPs—includingpartialVPs—tothepre-cliticposition,

which is comparableto GermanVP-topicalization.However—aswe will see

below—thereis a furtherlandingsitefor thisVP-movementbetweentheclitics

andthenegationslot.5 I will refer to the formeras“high VP-fronting”, andto

thelatteras“low VP-fronting” in theremainder.

4 Theseincludethepastandsubjunctiveauxiliary, aswell astheshortformsof pronouns.
5 Cf. (5-b)above,whichshowsthatpartial VP-Scramblingto theleft edgeof themiddlefield

is excludedin German.
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A setof examplesfor VP-fronting to the left of theclitics is mentionedby

Avgustinova andOliva (1997,40), including infinitivesasin (9-a)andpassive

participlesasin (9-b):6

(9) a. Posílat
send

dopisy
letters

ti
you

budu
FUT-AUX

pravidelňe
regularly

každý
every

týden.
week

‘Sendlettersto you I shallregularly every week.’
b. Srděcně

cordially
uvítáni
greeted

domorodým
original-INS

obyvatelstvem
inhabitants-INS

jsme
AUX-PT.1PL

rozhodňe
certainly

nebyli.
not-been

‘For sure,wewerenotgreetedby theoriginal inhabitantscordially.’

2.2 Polish

Therearelessobviousstructuralmarkersin thePolishclausethanin theCzech

one.Clitic pronouns(so-calledweakforms),pasttenseverbalpersonandnum-

ber affixesandthe subjunctive marker by do not obey a strict second-position

requirement:

(10) Do
in

której
which

kategorii
category

pan
sir

by
SBJ

się
REFL

zaliczył?
counted

‘Into whichcategory wouldyouput yourself?’ (APTC)7

However, therearerestrictionson the relative linear orderamongtheseclitic

elements(cf. Witkoś 1996,165):

(11) a. Maria
M.-NOM

(go)
him

spotkała
met

(go)
him

w
on

środę.
Wednesday-ACC

6 The authorsrefer to theseas “partial VP-fronting”; actually, they ratherinvolve full VP-
fronting (maybeexceptfor theclitic raisingin (9-a)). However, truly partial VP-frontingis
alsopossiblein Czech(seebelow for examples).

7 Thisexamplestemsfrom AdamPrzepiórkowski’s“Toy Corpus”,anearlypredecessorof the
IPI PAN corpus,which hasbeendisconnectedrecently.
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‘Mary methim on Wednesday.’
b. Maria

M.-NOM

by
SBJ

(go)
him

(/*go
him

by)
SBJ

spotkała
met

(*go)
him

w
on

środę.
Wednesday-ACC

‘Mary would havemethim on Wednesday.’
c. Maria

M.-NOM

(*go)
him

spotkałaby
met-SBJ

(go)
him

w
on

środę.
Wednesday-ACC

The patternin (11) is commonlyaccountedfor via two assumptions(Witkoś

1996,Błaszczak2001):(i) thesubjunctive marker is generatedabove thepro-

nominalsandnoneof themmove, and(ii) the main verb may move up to the

positionof thesubjunctivemarker. Thebehaviour of theverbalpersonandnum-

ber(PN-)affixesis similar, but not identical,cf. Dornisch(1998)andBłaszczak

(2001):

(12) a. Myśmy
we-PT.1PL

(go)
him

(/*gósmy)
him-PT.1PL

widzieli
saw

(*go)
him

wczoraj.
yesterday

‘Wesaw him yesterday.’
b. My

we
(go)
him

widzielísmy
saw-PT.1PL

(go)
him

wczoraj.
yesterday

‘Wir sahenihn gestern.’

SincethepastPN-markercanfollow themainverbevenif theclitic pronominal

staysabove it (12-b), it seemsthatit mayoccupy eitherof two positions:ahigh

oneabove thepronominalclitics (but below thesubjunctivemarker),anda low

onenext to V � .8

Therelative orderof verbalelementsandnegationsupportsthis view: sen-

tentialnegationfollowsthesubjunctiveandpasttensePN-markersif they occur

in their high position,but it precedesthe main verb or the future auxiliary.9

Theseconsiderationslead to the following topologicalpicture of the Polish

8 In the lattercase,theverbhasto staylow, becauseotherwisetheexcludedsequence[go ...
-śmy... V] wouldbepredictedagain(cf. (12-b)).

9 If the main verb raisesup to the positionof the subjunctive or PN-marker as in (11-c), it
takesthenegationalong,resultingin theorderNeg+V+go.
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clause:

że
‘that’

XP* (verb+)PN- /
SBJ-marker

pron.
clitics

XP* NEG FUT-
AUX

XP* VP(+ PN-
marker)

Notethat—exactly asin Czech(cf. (8))—noVP, completeor partial,mayraise

to theslot of thefirst XP* in this schema:

(13) * [ Poszli
went

do
to

szkoły
school

] � -śmy
PT.1PL

t �

(Bański 2001,185)

To be sure,a detailedcorpussearchusingthe queryin (14-a)yieldedat least

oneexampleof this kind:10

(14) a. [pos=praet] [] "by" [pos=aglt] within s
b. . . . , pochował

hidden
ja
I

bym
SBJ-1SG

go
him

tak,
so

żeby
that

go
him

i
also

na
on

sąd
court

ostateczny
last

nie
not

znalézli.
found-3PL

‘. . . I wouldhidehim sothathewouldnotevenbefoundon judg-
mentday.’ (Sienkiewicz 1895,IPI PAN)

While (14-b)maybedoubtful(comingfrom anearlierstageof modernPolish,

colloquial in style), thereis no problemin the standardlanguagewith an XP

andtheverbraisingindependently, asin

(15) Co
what

radziłbýs
advise-SBJ-2SG

bliskiemu
close-DAT

sobie
REFL-DAT

młodemu
young-DAT

człowiekowi,
person-DAT

aby
that

zrobił
did

po
after

ukończeniu
finish

szkoły?
school

‘What wouldyouadviseayoungpersoncloseto youto doafterfinish-
ing school?’

10 The above querywould read“sequenceof a pasttenseform, an arbitrarytoken,by, anda
PN-marker within oneclause”in naturallanguage(cf. Przepiórkowski 2004).Thesyntaxis
obviouslysimilar to theoneof theCQPquerylanguage(Christ,1994).
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I concludethatparticiplesgenerallyraiseasheads,not asVPs,in modernPol-

ish (like in Czech),but themotivationfor their movementhasto becompletely

independentof therequirementto supporttheclitics (otherthanin Czech).Rel-

evantconstructionsfor thepurposesof thispapermainly includeinfinitival VPs

raisedto thepositionbeforethe futureauxiliary (“low VP-fronting” in the re-

mainder)or to theleft of thepreverbalPN- andsubjunctive marker (“high VP-

fronting”).

3 Resultsof the CorpusQuery

In this section,I will show someresultsof a corpus-orientedinvestigation of

infinitival VP-fronting constructionsin CzechandPolish,basedon the Czech

NationalCorpus(ČeskýNárodníKorpus,ČNK), and the IPI PAN corpusof

Polish (IPI PAN, Przepiórkowski 2004).Both corporahave beenlemmatized

andannotatedfor morphosyntacticcategoriesusinga stochastictagger. Nev-

ertheless,thereare importantdifferencesin the designof the annotation(see

section4). I usecorpusevidencein apurelyqualitativemannerhere,asanindi-

cationof whatconstructionscanbefoundwith somebasicfrequency in thetwo

corpora,andwhatcontexts they occurin. Needlessto say, somethingwhich is

not in acorpus,however largeit maybe,canstill bepartof thelanguageandits

grammar. But wecanat leastchallengerestrictive intuitive judgmentsby coun-

terevidencefrom the corpus,or supportan intuitive restrictionby the lack of

the latter. Given that the VP-fronting dataarevery context-dependentandnot

alwayseasyto judgefor informants,this is alreadyof somehelp.
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3.1 Czech

3.1.1 High VP-fr onting

High VP-frontingof aninfinitive in Czechmayeasilybesearchedin theČNK

usinganexpressionlike11

(16) [tag="Vf."] [tag!="Z.*" & word!="a"]*
"((js[iemt][me]?)|(sis)|(ses))" within s

We find that the infinitive maytarget theslot betweenthecomplementizerand

theclitic auxiliaries(17),aconfigurationwhich is known to bedisallowedwith

participleraising(8-b):

(17) Samožrejmě
certainly

uznávám,
acknowledge-1.SG

že
that

oháňet
beat

jsem
AUX-1SG

se
REFL

po
for

něm
him

nem̌el.
not-should
‘Of courseI acknowledgethatI shouldn’t havebeatenhim up.’

Second,therearemany casesof acompleteVP beingfrontedacrosstheclitics,

asin Avgustinova& Oliva’s (1997)examplesmentionedabove:

(18) [ zahodit
throw-away

ji
her

a
and

vydat
start-out

se
REFL

pěšky
on-foot

na
on

útěk
flight

k
to

východním
Eastern

hranicím
borders

sm̌er
direction

dom̊u
home

] k jsi
AUX-PT.2SG

nemohl
not-could

t �

‘Youcouldn’t throw herawayandstartouton foot, fleeingtowardsthe
Easternborders.’

Third, wealsoencountersomeclearcasesof partial VP-fronting,asin

(19) Usadit
settle-down

nastálo
constantly

jsem
AUX-PT.1SG

se
REFL

chtěl
wanted

v
in

Patagonii
P.

11 In ordinarylanguage,“a sequenceof aninfinitive,any numberof non-punctuationandnon-a
‘and’, andapastauxiliary, within onesentence”.
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‘I wantedto settledown constantlyin Patagonia.’

Interestingly, thesearchhitsshow alinearorderrestrictionsuchthattheinfiniti-

val verbalwaysprecedesits objects.Theonly casesin whichanother, sentence-

initial wordprecededtheinfinitive consistedof stackedinfinitives,asin

(20) [VP Pomoci
help

objasnit
explain

celý
whole

případ
case

] by
SBJ

mohli
could

taxiká̌ri,
taxi-drivers

ktěrí
who

napadení
attack

turistů
tourists-GEN.PL

viděli.
saw

‘The taxi drivers, who saw the attackon the tourists,could help to
clarify thewholecase.’

Intuitive judgmentssupportthis impression,cf.

(21) *celý
whole

případ
case

objasnit
explain

by
SBJ

mohli
could

taxiká̌ri
taxi-drivers

Obviously, thebaseorderwithin VP (this time, verbfinal) hasto bepreserved

alsoin analogousGermanexamples:

(22) a. Den
the

ganzen
whole

Fall
case

aufklären
clarify

könnten
could

die
the

Taxifahrer,
taxi-drivers

...

‘The taxi driverscouldclarify thewholecase...’
b. *Aufklären

clarify
den
the

ganzen
whole

Fall
case

könnten
could

die
the

Taxifahrer,
taxi-drivers

...

An explanationfor thispatterncouldbuild ontheideathatin theungrammatical

(22-b)and(21), two constituentsmove independently, while thereis only one

landingsite available.Underthe view of scramblingasA-movementto some

specifierin theAgr- or T-domain(Zybatow andJunghanns,1998),thederiva-

tion of (21) would have to involveanintermediatestepin which theobjectand

themainverbdo not form aconstitutentany more,sothey cannotmove asone

VP.

As concernsinformationstructuring,thecorpusexamplesdisplaya pattern
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of contrastive topicplussentence-finalfocusthroughout:

(23) (O
for

kolej
dormitory

žádá
ask

asi
probably

šestnáct
sixteen

set
hundred

lidí.)
people

[TOP

Nabídnout]
offer

jsme
AUX-PT.1PL

mohli
could

pouze
only

[FOC pět
five

set
hundred

sedmdesát
seventy

míst,
places

která
which

uvolnili
freed

letošní
this-year’s

absolventi.
alumni

]

‘(About 1600personsapply for the dormitory.) We could offer only
570places,(whichopenedafterthis year’salumnileft.)’

3.1.2 Low VP-fr onting

VP-fronting to a positionbetweenthe clitics andthe finite verb wassearched

usingaquerylike12

(24) "((js[iemt][me]?)|(sis)|(ses))" [tag!="Z.*" &
lemma!="a"]* [tag="Vf.*"] [tag!="Z.*" &
lemma!="a"]+ [tag="Vp."] within s

Theexamplein (25) illustratesthefronting of a completeVP to this area,with

thebaseorderverb� objectpreserved:

(25) (. . . pak
then

je
is

to
this

nejen
not-only

proto,)
because

že
that

jsem
AUX-PT.1SG

[VP udělat
make

kariéru
career

] chtěla
wanted

a
and

chci,
want-1SG

ale
but

také
also

proto,
because

že
that

. . .

‘(. . . thenthis is thecasenot only) becauseI wantedandwantto make
acareer, (but alsobecause. . . )’

Thelow landingsiteis below thesubjectposition,as(26) indicates:

12 In naturallanguage,“a sequenceof a clitic auxiliary, any numberof non-punctuationand
non-a ‘and’, aninfinitive,at leastonetokenwhich is not punctuationandnot a ‘and’, anda
finite verb,within onesentence.”



VP-Frontingin CzechandPolishCorpora 99

(26) Pokud
if

by
SBJ

zákonodárci
legislators

schválit
approve

misi
mission

nestihli,
not-managed

. . .

‘If thelegislatorswould notmanageto approveof themission...’

ThemovedVP canbepartial—e.g., if oneof its subconstituentsgoesinto topic

position:

(27) Zadarmo
for-free

jsem
AUX-PT.1SG

se
REFL

jí
her

[ vzdát
give-up

] 	 ale
but

nechtěla
not-wanted

t 	 .

‘But I didn’t wantto giveherup for free.’

As opposedto thepre-clitic,high landingsite,thelow landingsite imposesno

linearrestrictionsonthefrontedVP—e.g., theobjectcanprecedeits governing

infinite verb:

(28) . . . ale
but

dál
further

jsem
AUX-PT.1SG

se
REFL

politice
politics

[ věnovat
devote

] � skutěcně
really

nechtěl
not-wanted

t � .

‘. . .but I really did not wantto devotemyselfto politicsany further.’

This is not very surprising,given that scramblingto the front of the VP is it-

erablein Czechanyway, so that therearealwaysenoughstructuralpositions

availableto front a VP andoneof its elementsindependently. As far asinfor-

mationstructuraldistinctionsareconcerned,low VP-fronting seemsto serve

mainly one purpose:to move backgroundmaterialout of the focus domain,

which thenconsistsonly of theright-peripheral—mostlynegated—finiteverb.

All of the 106 relevant examplesextractedfrom the ČNK conformedto this

pattern.

(29) “. . .Za
during

druhou
second

půli
half

jsme
AUX-1PL

však
MP

[VP vyhrát]

win

určitě
certainly

[FOC

zasloužili
deserved

t
 ],” řekl
said

trenér
coach

‘ “But in thesecondhalf wesurelydeservedto win”, saidthecoach.’
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3.2 Polish

3.2.1 High VP-fr onting

The IPI PAN queryfor PolishVP-fronting illustratessomepecularitiesof the

annotationschemeusedby Przepiórkowski (2004):13

(30) [pos=inf] [pos!=interp & pos!=praet &
base!="((i)|(lub)|(albo))"]* "by" [pos=aglt]
within s

Somecommonword classesarebeingreplacedby morefine-graineddistinc-

tions(inf, praet), which correspondmorecloselyto differencesin inflec-

tional type. Furthermore,the PN-marker is alwaysanalyzedasa seperateto-

ken (of word classaglt), even if it occursimmediatelyafter the main verb.

Thesechangesresultfrom a carefulandlinguistically motivatedtagsetdesign

(cf. Przepiórkowski andWoliński 2003):As mentionedabove, thesubjunctive

marker andthe PN-marker, althoughintuitively part of the verbal inflectional

paradigm,mayattachto variousconstituentsphonetically, andalsoorthograph-

ically. It is thereforeeasiestto treattheseitemsastokensof theirown, ignoring

orthographicword boundariesat the level of morphosyntax(cf. section4 for

furtherremarkson thetagset).

The query in (30) mainly usesthe subjunctive marker to delimit the high

landingsiteof frontedinfinite VPs.Sincetheanalysisinvolving raisingof the

finite verb up to the subjunctive marker may be controversial, I will rely on

subjunctive markersoccurringseparatelyastopologicalmarkers.FrontedVPs

maybeeithercomplete(31)or partial(32):

13 Thequeryroughlyreadsas“a sequenceof aninfinitive,anarbitrarynumberof tokenswhich
are neitherpunctuationnor a pasttenseverb nor one of i ‘and’, lub ‘or (incl.)’ albo ‘or
(excl.)’, by, andanagglutinativeaffix (-śmy, -ście, etc.),all within onesentence”.
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(31) W
in

kȧzdym
every

bąd́z
possible

razie
case

bodaj
MP

na
on

cz̨ésci
part

zasobów
stock-GEN.PL

muzealnych
museum

uwłaszczýc
acquire

býsmy
SBJ-AUX-1PL

się
REFL

mogli,
could

. . .

‘But every singletime we couldhave acquiredat leastpartof themu-
seumstocks,. . . ’

(32) Żyć
live

bym
SBJ-AUX-1SG

bez
without

nich
them

nie
not

potrafił.
managed

‘I wouldnot havemanagedto livewithout them.’

As (31) shows, thereis no constrainton linearorderwithin the frontedVP, as

opposedto theanalogouscasein Czech.In fact,morethanoneconstituentmay

precedethefrontedVP, cf.

(33) . . . , ale
but

ja
I

niczego
nothing

absolutnie
absolutely

wykluczác
exclude

bym
SBJ-AUX-1SG

w
in

tej
that

materii
issue

nie
not

chciał.
wanted

‘. . .but I would not wantto excludeanything in this matter.’

In the light of (33), it is not surprisingthat several subconstituentsof the in-

finite VP may move independentlyto several stacked specifiersor adjunction

positions,resultingin a linearorderasin (31).

Regarding informationstructure,in the corpusexampleseither the whole

frontedVP (34) or at leasta subconstituentof it (35) functionsasa contrastive

topic:

(34) . . .bez
without

sieci
net

nie
not

potrafię
be-able

już
already

żýc,
live

a
and

pewnie
surely

[TOP umrzéc
die

] tėz
also

bym
SBJ-AUX-1SG

nie
not

potrafił.
be-able

‘. . .withoutanet(work) I cannotliveany more,andprobablyalsocould
not die (without it).’
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(35) (Ponieważ
because

jednak
however

los
fate

tej
this

ustawy
law-GEN

w
in

chwili
time

obecnej
present

jest
is

wysoce
highly

hipotetyczny,)
hypothetical

dalej
further

w
in

tej
this

kwestii
question

posunác
move

bym
SBJ-AUX-1SG

się
REFL

nie
not

mógl.
could

‘(But sincethefateof thislaw is highly hypotheticalatpresent,)I could
not go any furtherin this issue.’

3.2.2 Low VP-fr onting

Thequeryfor VP-fronting to the lower landingsite looksvery similar to (30),

exceptfor the infinite VP following the subjunctive andPN-marker. A partial

VP-frontingexamplefrom theIPI PAN corpuswouldbe

(36) . . . , ale
but

tėz
also

długo
long

bym
SBJ-AUX-1SG

leżéc
lie

nie
not

chciała,
wanted

(bo
because

bym
SBJ-AUX-1SG

chyba
probably

nie
not

wytrzymała.)
stand

‘. . .but I wouldn’t want to lie aroundfor long, (becauseI probably
couldn’t standit).’

As in Czech,thefrontedVP mostlymovesout of thedomainof focus,leaving

behinda minimally focusedmainverb. However, therearealsocasesin which

themostplausiblefocuswould beon thewholefinite VP or evenon thewhole

clause:

(37) (“Miasto
city

Lozanna
L.

zreszt̨a
by-the-way

dósć
rather

nudne.
boring

. . .byłoby
SBJ-3SG

nam
us

tu
here

dobrze,)
good

gdybýsmy
if- SBJ-AUX-1PL

przywykn̨ać
adjust

mogli
could

do
to

cudzej
foreign

ziemi!”
country

‘(“By theway, thecity of Lausanneis ratherboring . . .we would feel
goodhere,)if wecouldadjustto theforeigncountry.” ’

Theconstructionalsooccurswith enumerationsof non-minimalfocusdomains,
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as in (3) above. At leastin thesetwo cases,thereis no obvious information

structuralsideeffectof VP-frontingin Polish.

4 Corpora of Slavic Languagesasa Sourcefor Syntactic Research

In thissection,I will takeastepbackandconsidertheusabilityof theavailable

CzechandPolishcorporafor researchinto syntaxandinformationstructureof

thekind presentedin theprecedingsection.Theintentionis notaconfrontative

comparisonof theČNK andtheIPI PAN corpus,but ratheracollectionof ideas

for moreuser-friendlinessandsearchpower.

4.1 CorpusAnnotation (POS-Taggingand Mor phosyntacticAnalysis)

The two main featureswe usedin the querieswere regular expressionsover

word forms and part-of-speech(POS)tags.The query languageof the ČNK

is essentiallythe CQP language(cf. Christ 1994); the query languageof the

IPI PAN corpusis very similar, but offers someinterestingmodifications(see

below). Bothcorporaarefully lemmatized.

TheČNK (or rather, its publiclyaccessiblepartSYN2000)consistsof about

100 million tokens,with about60 % taken from the public press,20 % from

non-fictionalliterature,and15 % from fictional literature.Themixtureof texts

hasbeencarefully considered,andSYN 2000nowadaysfunctionsasa stable

referencecorpus.Around this core, two larger corporaof spoken Czechand

severalothercollectionshavebeenmadeavailable.

Ratherthan merePOS-tagging,a full morphosyntacticanalysiswas con-

ductedonSYN 2000,usingasetof morethan2000differenttheoreticallypossi-

bletags.Accuracy of thestochastictaggingwasestimatedatabout93% in 1998

(Hajič andHladká2000).The remainingerrors,partly accidental,partly sys-

tematic,have evokedharshcriticism by membersof the Instituteof theCzech

NationalCorpusandtheir colleagues.Effortsarebeingmadeto improveon the
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Figure1: TheCzechNationalCorpusandits queryinterfaceBonito

taggingby usinga mixtureof stochasticandrule-basedmethods((Hajič et al.,

2001)).The ČNK, just asthe IPI PAN corpusor the MULTEXT-Eastcorpora

(ErjavecandMonachini1997),usesa positionaltagset,i. e., thevalueof each

grammaticalcategory is encodedby one characterin a fixed position in the

stringwhichmakesupa tag.

TheIPI PAN corpuswasreleasedby theInstituteof ComputerScienceof the

PolishAcademyof Sciencesasafirst versionin June2004.It currentlyconsists

of about70 million tokens,or rather“segments”(Przepiórkowski 2004): the

clitic PN-andsubjunctivemarkerareregardedasunitsof theirown rightandare

written seperatelyfrom their prosodichosts.Half of thematerialscontainedin

thecorpusarenewspapertexts, 20%arefictional (prose),about10%scientific

writing, 5% law texts, and15% sessionprotocolsfrom the Polishparliament.

As Przepiórkowski (2004)stateshimself,this collectionis ratheropportunistic
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thanbalancedandwill have to beimproveduponat a laterstage.

Figure2: TheIPI PAN Corpusandits queryinterfacePoliqarp

The POS-andmorphosyntactictaggingwasdoneby stochasticmethods;

however, at leasttwo new ideassetthis corpusapartfrom otherstochastically

taggedsourceslike theBritish or theCzechNationalCorpus:

First, thesetof POStagshasbeendesignedin a somewhatnon-traditional

waywhichreliesaslittle aspossibleon lexical semanticgroups,andthuscould

make word classrecognitioneasier. Tokensweregroupedinto differentword

classeswhenever they differedsystematicallywith respectto their setsof pos-

siblegrammaticalcategories(i. e.,whenthey belongedto differentflexemesin

theterminologyof Przepiórkowski andWoliński (2003),originally attributedto

JanuszBień.).Thus,insteadof amixedbaglike“adjective”, therearetheclasses

adjective, ad-adjectivaladjective(e.g., ‘polsko-niemiecki’ Polish-German), and

post-prepositionaladjective(e.g., (po) polsku‘(in) Polish’), of which only the
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first one shows a completeinflectional paradigm(Przepiórkowski 2004,28).

Thenumberof possibletagsis reduceddramaticallyby disregardingall thelex-

ical semanticsub-distinctionsof pronominals(interrogative, relative, demon-

strative, etc.), groupingthemwith adjectives or nounsas far as possible,ac-

cordingto their inflectionalbehaviour. Mostof thelexical semanticdistinctions

canberegainedanywayby doingalemmasearch;andthereis virtually nohope

thatany automatictaggerwill beableto detectthecorrecttagsfor homonymous

pronounsbelongingto differentsemanticclasses.To give anexample,a search

of interrogativevs. (free)relative pronounsin theČNK yieldswordsfrom both

categorieswithout any obvious pattern.14 A similar rationaleasin the caseof

IPI PAN seemsto have playeda role in the designof the Stuttgart-Tübingen

Tagsetfor German.Unfortunately, successratesof theIPI PAN taggingarenot

yetavaliable.

Second,the setof possiblemorphosyntactictagsbeforestochasticdisam-

biguationis retainedandmaybesearched.Thiscanbeusefulandsometimessu-

periorto a forceddisambiguation.To give anexample,asearchwasconducted

for discontinuousNPsin dative case,which aresplit into theattributive adjec-

tive andtheseperateheadnoun(a so-calledLeft-Branch Extraction). Sincethe

dativecasecanbehomonymousto othercases,dependingon inflectionalclass,

a forcedstochasticdisambiguation—asin mostpresent-daycorpora,including

theČNK—will inevitably yield errors:

(38) ke
to

každé
every-DAT

otázce
question-DAT

z
from

přízemí
stalls-* DAT/ GEN

In this examplefrom ČNK, the genitive on přízemíhasbeenwrongly tagged

as a (homonymous)dative. All theseexampleswill have to be reconsidered

14 This is not very surprising,giventhehugenumberof homonyms: In thecaseof Russian,a
traditional,semanticallybasedclassificationpronouns,asit wasconsideredfor sometimefor
thecorporaof theTübingenSonderforschungsbereich441,would leadto about600different
morphosyntactictagsonly for thiscategory, whichis almosthalf thesizeof thewholetagset.
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“manually” by the user, in order to filter out the true datives. With the am-

biguoustaggingof IPI PAN, however, the querymaybe limited to only those

hits in which initial morphologicalanalysishasalreadyyieldeda single,non-

ambiguousform—disregardingall thepotentiallywrongtags.

Figure3: Searchingfor non-ambiguousformsin theIPI PAN corpus

From a user’s point of view, keepingtrack of ambiguousandunambigu-

ous tagsis thuscertainlyan advantage.At the sametime, however, the need

for bettersuccessratesof automaticdisambiguationis obvious andhasbeen

acknowledgedrepeatedlyby thecorpusdesigners.

4.2 Comfortable Querying

Given the rangeof corpususers(a part of the ČNK, SYNEK, is even being

propagated in secondaryschools),user friendlinesshas becomean increas-
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ingly importantissue.15 The ČNK hasbeendistributed togetherwith a com-

fortable and easily understandablesearchtool from the beginning; this tool,

calledG(raphical)CQP, which wasprogrammedby Pavel Rychlý of the NLP

laboratoryof BrnoUniversity, hasbeendevelopedfurtherinto thecorpusserver

ManateeandtheclientviewerBonito, offeringevenmorepossibilities.A purely

web-browserbasedversionhasbeenannouncedfor 2005.To namejust a few

of the many interestingfeaturesof Bonito, thereis (i) a graphicalrepresenta-

tion andconstructionof queries;(ii) Bonito offersa stepwiserefinementof the

queriesby imposingpositive andnegative filters on searchresults.Nicely, the

usercanalwaysreturnto aprevioussetof hits in caseafilter did notgivethein-

tendedresult.(iii) Bonito containsenhancedstatisticfunctionality for research

into collocations,(iv) handlingof user-definedsubcorpora,and(v) export func-

tions for searchresults.Thesepossibilitiesgreatly increaseaccessibilityand

would definitelybedesirablefor thecorporaof otherlanguagesaswell. Com-

paredto the searchtools of the British NationalCorpus,the recentlyinitiated

RussianNationalCorpus,andtheGermanCOSMAScorpus,thesearchtool of

theCzechNationalCorpusdefinitelysetsnew standards.

Neitherof (i)-(iv) haveyet beenrealizedin Poliqarp,thefirst versionof the

searchtool comingwith theIPI PAN corpus.However, at leastoneideawhich

increasessearchingcomfort in Poliqarpdeserves to be mentioned:the inclu-

sion of tag aliases.E. g., insteadof learningthat the fourth position of each

tag encodesnumberandthe fifth positioncase,thinking up a regular expres-

sion over tags,and then typing in [tag="...P3.*"], the usermay sim-

ply state[case=dat & num=pl]. Given the largenumberof theoretically

possibletagsand their sometimescounterintuitive positionalencoding(e. g.

[tag="Vf.*"] for verbsin the infinitive in ČNK), this is extremelyhelpful.

It wouldbeevennicerif theuserhadthealternative to input thevaluesof gram-

15 TheČNK andtheIPI PAN textual sourcedatais not handedover to theuser, so(s)hehasto
rely on thesearchtoolsprovidedby thecorpusdesigners.
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Figure4: Stepwisefiltering of queryresultsin Bonito

maticalcategoriesby selectingfrom menuesor simply checkingboxes(as in

thenew RussianNationalCorpus).

4.3 A ParsedCorpus for Czech:the PragueDependencyTreebank

BothVP-frontingconstructionsinvolvedisplacementfrom anassumedbasepo-

sition to theleft; in partialVP-fronting,evenmorecasesof discontinuouscon-

stituency occur. Wehaveseenabovethatinstancesof theseconstructionscanbe

found by relying on morphosyntactictagsandsomepost-editingandfiltering

by hand.However, it would be more comfortableto run a searchon discon-

tinuoussyntacticconstituentsdirectly. Queriesover syntacticstructurescanbe

conductedfor CzechusingthePragueDependency Treebank(PDT),apseudo-

randomselectionof about55000authenticsentencesfrom theČNK whichhave

beenhand-annotatedaccordingto thetheoryof Functional-GenerativeDescrip-
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tion (Sgall et al. 1986).This corpusmaybesearchedon-line,usingthesearch

tool Netgraph(developers:R. OndruškaandJ.Mírovský).Thesyntacticstruc-

turesin thePDTaretreeswhichencodedependency relationsandrelativelinear

orderbetweenwords.A samplequery for discontinuousVP constituentsand

oneof its hits is thefollowing:

(39) a. []([tag=Vf*,ord=1]([ord>=3]),
[afun=AuxV,ord=2])

b. Pomoci
help

by
AUX-SBJ

mu
him

v
in

tom
this

měli
should

i
also

noví
new

hráči.
players

‘Also thenew playersshouldhelphim with this.’

Thevaluesof thefeatureord in this caseencodethattheVP is supposedto be

split, i. e.,thequeryconcernsaninfinitive (first word)with anauxiliaryverbas

its sister(secondword)andadaughterof theinfinitive asthird or laterword.

Figure5: DiscontinuousVP-frontingin thePragueDependency Treebank
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A secondversionof thetreebank,includingannotationfor topic, focus,and

contrast(in thesenseof Hajičová et al. 2000),hasbeenannouncedfor 2005.It

may thenserve asa startingpoint for studiesof informationstructure,but the

userstill hasto gobackto theoriginal ČNK andperformasecondsearchto see

the context of a retrieved sentence;the searchtools of PDT andČNK arenot

integratedatpresent.AlthoughthePDTis definitelyvaluablefor alargescaleof

naturallanguageprocessingtasks,it seemsthatempiricallinguisticstudieswill

still haveto rely onsearchingtruly largecorporaby lower-level annotationsuch

aslemmataandmorphosyntactictags,aswell asby formsandcollocations.

4.4 Further FreelyAccessibleCorpora of Slavic Languages

Many modernSlavic languagescan alreadybe investigated on the basisof

large corporawith free online access.Among thoseoffering at leasta search

by regularexpressionsover word formsaretheOsloCorpusof BosnianTexts,

the CroatianNationalCorpus,the SerbianNationalCorpus,the RussianCor-

pora of the Sonderforschungsbereich441 (University of Tübingen),the Slo-

vak National Corpus,and the Polish Corpusof the PWN publishinghouse.

POSannotationhasbeenprovided for the CzechNationalCorpus,the Polish

IPI PAN Corpus,a small portion of the TübingenRussianCorpora,and, in-

creasingly, for the RussianNationalCorpus.The MULTEXT-Eastprojecthas

producedPOS-annotatedversionsof Orwell’s“1984” for Czech,Slovenian,and

Bulgarian.Syntacticallyanalyzedcorporaarecurrentlyavailablefor Bulgarian

(HPSGtreebank)and Czech(PragueDependency Treebank).16 Work on di-

achronic corporaof Slavic languageshasbeenstartedat CharlesUniversity,

Prague(Old ChurchSlavonic andCzech),theUniversityof Sofia(Bulgarian),

andthe University of Regensburg (Russian).This shortoverview is necessar-

16 IPI PAN hasdevelopeda “test suite” of HPSG-parsedPolishsentences,which is, however,
ratherintendedasan overview of possiblesentencestructuresthanasa corpusof natural
language.
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ily incomplete,updatedcollectionsandlinks to webpagesmaybe founde. g.

at www.uni-tuebingen.de/uni/nss/docs/Korpora.html andat

www-slavistik.uni-regensburg.de/Corpus.

5 Conclusion

CorpusevidencefromČNK andIPI PAN indicatesthatin Czech,highVP-front-

ing is thenon-iterablemovementof asingle—completeor partial—constituent,

which doesnot allow for internalword ordervariation.In theotherthreecases

considered,i. e. in Czechlow VP-frontingandin Polishin general,thereareno

suchrestrictions:VP-movementcanbeaccompaniedby further fronting oper-

ationsto thesamearea,andVP-internalword orderis basicallyfree.Theoret-

ically, high VP-fronting in Czechshouldthusbe analyzedasmovementto an

A’-specifier(SpecC),while the otherthreeoperationsendup in an adjunction

position—eitherabove T (Polishhigh VP-fronting)or betweenT andthemain

VP (PolishandCzechlow VP-fronting).In termsof contextual conditionsand

informationstructure,highVP-frontingin ourCzechexamplesalwaysinvolves

acontrastive topic,while low VP-frontingis movementof backgroundmaterial

to the left; both combinewith a minimimal, right-peripheralfocus.In Polish,

thehigh fronting alsofavorsan interpretationasa contrastive topic, while low

VP-scramblingseemsto becompatiblewith variousinformationstructuralpar-

titions of thesentence.

To arriveat thesegeneralizations,wemadeuseof corpusdatain thefollow-

ing ways:(i) Singleintuitive judgmentsweresupported(i. e.,not falsified)by a

largebodyof original data.This holdsfor mostof theevidenceon clitic place-

mentin section2. (ii) Naturallyoccurringcontexts wereevaluated,resultingin

statementsabouttheir relative frequency. This is the casefor the information

structuraleffectsof VP-frontingreportedabove. (iii) Of two theoreticallypos-

sibleconstructionalvariants,onecouldbefoundwith acertainbasicfrequency,
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but the otherdid not occurat all. The corpusthusindicatesa candidatefor a

restriction,whichhasto becheckedagainstintuitive judgments.Thiswasdone,

e. g., for the linearorderrestrictionwith Czechhigh VP-fronting.Technically,

we simply searchedby sequencesof regularexpressionsover words,lemmata,

andmorphosyntacticdescriptions.Theuser-friendlinessfor this processcould

be enhancedconsiderablyif the following features,partly realizedalreadyin

ČNK andIPI PAN, becamestandard:(i) retrieval of (un)ambiguoustagsbefore

automaticdisambiguation;(ii) stepwiserefinementof searchhits, handlingof

user-definedsubcorpora,easyexportof hits; (iii) statisticfunctionsfor research

into collocations;(iv) aliasesor agraphicinterfacefor theinput of tags.
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Refining Querieson a Treebankwith XSLT Filters.

Approachingthe UniversalQuantifier
�

GeorgeSmith

UniversiẗatPotsdam

This paperdiscussestheuseof XSLT stylesheetsasa filtering mecha-
nismfor refiningtheresultsof userqueriesontreebanks.Thediscussion
is within thecontext of theTIGER treebank,theassociatedsearchen-
gineandquerylanguage,but thegeneralideascanapply to any search
enginefor XML-encodedtreebanks.It will be shown that important
classesof linguistic phenomenacanbeaccessedby applyingrelatively
simpleXSLT templatesto theoutputof a query, effectively simulating
theuniversalquantifierfor asubsetof thequerylanguage.

1 Intr oduction

In theTIGER treebank(Brantset al., 2002),syntacticstructureis encodedvia

restricteddirectedacyclic graphs,henceforthsyntaxgraphs.Thesearetree-like

structureswith potentially crossingbranchesand labellededges.The corpus

is available in XML format. The searchengineTIGERSearch(König et al.,

2003)wasdevelopedto enablelinguistswith no previousexperiencein theuse

of eitherquery languagesor XML-encodedcorporato work with the corpus.

In TIGERSearch,theencodedstructuresarepresentedto theuserin a graphic

representationfamiliar to thisparticularconstituency. A speciallydesignedlan-

guage(König andLezius,2003)allows the userto query the treebankusing

conceptsalreadyfamiliar to linguists:immediatedominance,linearprecedence

andderived relations.The formulationof a query involvesdescribingdesired

structuralcharacteristics.Theresultof a queryis thesetof all structuresin the

corpuswhich have thosecharacteristics.
�
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Ihren
PPOSAT

Kunden
NN

bietet
VVFIN

sie
PPER

einen
ART

24−Stunden−Service
NN

für
APPR

Laborarbeiten
NN

NK NK

NP

AC NK

PP

NK NK MNR

NP

DA HD SB OA

S

Figure1: ThreePlaceVerb

2 Structural Search

This sectionwill demonstratetheimportanceof auniversalquantifierin a tree-

bank query language.A brief overview of one of the main mechanismsfor

searchingfor syntacticstructureusing the TIGER languagewill be provided

in 2.1. Oneimportantareaof syntaxwhich could be moreeasily investigated

via auniversalquantifierwill begivenin 2.2and2.3.

2.1 Immediate Dominance

This sectionwill provide a brief overview on searchingsyntacticstructuresin-

volving immediatedominance.

(1) Ihren
her

Kunden
customers

bietet
offers

sie
she

einen
a

24-Stunden-Service
24-hourservice

für
for

Laborarbeiten
labwork

‘Sheoffershercustomersa24-hour-servicefor labwork.’

The sentencein example(1) hasthe graphicalrepresentationin figure 1.

A usercouldbe interestedin variousstructuralcharacteristicsof thesentence.
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Severalsimplequerieswhichmatchstructuresin thesentencearegivenin (2).

(2) a. [cat="S"] >SB [pos="PPER"]

b. [cat="NP"] >MNR [cat="PP"]

c. [cat=("S"|"VP")] >DA []

The query (2-a) matchesall sentencesin which the subjectis a personal

pronoun.This is accomplishedby describingtwo nodesanda relationbetween

them.Theexpression[cat="S"] describesanodewith thevalueS (sentence)

for the featurecat (category). The expression[pos="PPER"] describesa

nodewith thevalue"PPER" (pronoun,personal)for the featurepos (partof

speech).The operator> definesa relationof immediatedominancein which

the nodedescribedto the left dominatesthe nodedescribedto the right. This

relationis labelledSB (subject).Thelabelindicatesthefunctionwhichthechild

nodehaswithin theconstituentformedby theparentnode.

Similarly, thequery(2-b)matchesall structuresin whichanounphrasehas

a prepositionalattribute, that is, in which a nodewith the value"NP" (noun

phrase)for thefeaturecat immediatelydominatesanodewith thevalue"PP"

(prepositionalphrase)for the featurecat andthe relationof immediatedom-

inancebetweenthemis labelledMNR (“modifier nominalright”: modifier of a

noun,to theright).

The final query (2-c) matchesany structurein which a nodewith either

the value"S" or "VP" (verb phrase)for the featurecat dominatesa node

whichis notfurtherspecified,andtherelationof immediatedominancebetween

themis labelledDA (dative), indicatingthatthechild nodefunctionsasadative

argumentwithin theconstituentformedby theparent.
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Den
ART

Herren
NN

Rao

NE

und
KON

Singh
NE

gebührt
VVFIN

ein
ART

Platz
NN

in
APPR

der
ART

Geschichte
NN

CJ CD CJ

CNP

AC NK NK

PP

NK NK NK

NP

NK NK MNR

NP

DA HD SB

S

Figure2: Two PlaceDative Verb

2.2 Ar gumentStructure and Agentivity

Thissectionwill discusstheargumentstructureof two classesof Germanverbs

with regard to agentivity, preparingthe argumentmadein section2.3 that a

universalquantifieris animportantpartof a treebankquerylanguage.

(3) Den
the

Herren
Messrs

Rao
Rao

und
and

Singh
Singh

geb̈uhrt
deserve

ein
a

Platz
place

in
in

der
the

Geschichte
history

‘MessrsRaoandSinghdeserveaplacein history.’

Let usnow take a look at anothersentence,given in (3) with thegraphical

representationin figure2, whichbearscertainsimilaritiesto thesentencein (1).

Both sentencescontainanargumentin dative,which canbeaccessedby query

(2-c). They alsoexhibit importantdifferenceswith regardto argumentstructure,

whichwill beexploredherewith referenceto ideaspresentedin Primus(1999)

andEisenberg (2004),in which argumentsareseenashaving varyingdegrees

of agentivity andpatientivity. Agentiveandpatientivepropertiesof anargument

aredeterminedcompositionallyusinga setof thematicrolespresentedherein

orderof decliningagentivity: control, cause, move, exper, possess.
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Example(1) hastheprototypicalstructureof a sentencewith a three-place

verbfrom thesemanticfield of giving andtaking.Theargumentwith thehigh-

estdegreeof agentivity is encodedin nominative. It is a prototypicalagentive

subject,excercisingcontrol,causingmovement.Theargumentencodedin ac-

cusative is a prototypicalpatient.The argumentencodedin dative hasa low

degreeof agentivity, hereexibiting a potentialfor possession.This weakagent

is aprototypicalrecipient.

Example(3) on the other handhasa ratherdifferent argumentstructure.

Thereis no argumentwith strongagentive properties,excercisingcontrol, or

beingacause.Theargumentwith thehighestdegreeof agentivity is apossessor.

This weakagentor recipientis again encodedin dative.Theargumentwith no

agentive properties,thepatient,is encodedin nominative, avoiding a sentence

with nosubject.Interestingclassesof Germanverbshave this typeof argument

structure,with apatientivesubjectandanargumentin dativeexhibiting adegree

of agentivity compatiblewith therecipientrole,oneimportantgroupbeingthe

psychologicalverbs,which have the slightly moreagentive exper encodedin

dative.

2.3 The Needfor the Universal Quantifier

While the queryin (2-c) is sufficient for a userwho simply wishesto find ar-

gumentswhich aredative recipientsas it will accessboth (1) and(3), a user

who wishesto capturethe differencesbetweenthe argumentstructuresof the

two sentenceswill needto furtherrefinethequery. To searchfor sentenceswith

three-placeverbssuchasin (1) is simple.

(4) #p:[cat=("S"|"VP")] >DA [] &
#p >OA []
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The queryin (4) usesa variable#p to extendthequery(2-c). It specifiesthat

thereis anode#p which immediatelydominatesonenodewhich hasthefunc-

tion DA aswell asanotherwhich hasthefunctionOA (object,accusative).

(5) #p:[cat=("S"|"VP")] >DA [] &
#p !>OA #c

It is thenpossibleto specifythepresenceof anargumentin acccusative. In

thecurrentimplementationof theTIGER languageit is, however, not possible

to specifythe absenceof one.Simply negating this relationof dominance,as

in (5), resultsin a querystatingthat in additionto thedative dominatedby #p,

thereis alsoanode#c, andthatthespecifiedrelationshipof labelledimmediate

dominancedoesnot hold between#p and#c. The node#p may dominate

the node#c, in which casethe edgelabel must not be OA, or #p may not

dominate#c atall. It canbeany nodein thetreefor whichthespecifiedlabelled

dominancerelationbetween#p and#c doesnot hold.

One option for accessingsuch structuresmight be to searchusing pre-

definedclassesof verbswhich can have the specifiedargumentstructure.In

TIGERSearchit is in principlepossibleto definea setof lexemesin a template

(König et al., 2003) and then usethat templatein a search.But this method

wouldbeindirectatbest,not takingthepotentialfor multivalency into account.

It also presupposesthat the useralreadyhasa list of all verbsin the corpus

which canhave therelevantargumentstructure,whereastheusermaywell be

interestedin findingverbswhichcanhavethatstructure.Besides,thereareother

importanttypesof structureswhich canonly bespecifiedby statingthata con-

stituentof a particulartypehasno childrenwith particularcharacteristics.Ex-

ampleswould besentenceswith no subject,including the impersonalpassive,

and noun phraseswhich are lacking a determiner, or have no attributesof a

specifictype,etc.Thereis clearly a needfor a generalmechanismwhich can

accomplishthis.
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(6) exists #p: forall #c: ((#p > #c) =>

(#p !>OA #c))

Themostcomfortableoptionfor theuserwould bea possibleextensionof

theTIGER languagewhich is discussedin König et al. (2003),theadditionof

theuniversalquantifier, exemplifiedherein (6). This queryspecifiesthat there

existsa node#p suchthat for all nodes#c which areimmediatelydominated

by #p, the dominancerelationis not labelledOA. The computationalexpense

incurredby theuniversalquantifieris notedasthe reasonwhy it hasnot (yet)

beenincludedin the language.It is indeedclearthat efficiently implementing

a full universalquantifierasa partof the languagewould bedifficult andtime

consuming.Anotheroption,discussedin section3, wouldbeto filter theresults

of userqueriessuchthattheundesiredstructuresareremoved.

3 Simulating the Universal Quantifier with XSLT Stylesheets

Thissectionwill discusstheuseof XSLT stylesheetsto filter theresultsof user

queriesas a meansof finding structureswhich would otherwiserequirethat

a universalquantifierapply to a relationof immediatedominance.XSLT was

chosenfor two reasons:The filtering canbe accomplishedwith a singletem-

plateanda varyingtest.TIGERSearchalreadyincludesaninterfacefor piping

the outputof queriesthroughXSLT. TheXML representationof thesyntactic

structuresinvolvedwill bedescribedin 3.1.Specificfilters will bedescribedin

3.2.

3.1 The XML Representationof SyntacticStructure

In this sectionwe will explore thoseelementsof the XML outputof a search

whicharerelevantfor furtherprocessingvia anXSLT filter.
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(7) #p:[cat=("S"|"VP")] >DA #da

(8) <match subgraph="s60 505">

<variable name="#p" idref="s60 505" />

<variable name="#da" idref="s60 503" />

</match>

Thequeryin (7) is avariationof thequery(2-c) from section2.1with vari-

ables.If we run this queryon the TIGER corpusandexport the resultsasan

XML file we find, amongotherstructures,a setof matches.Thesematchesare

encodedasin (8). A matchelementcontainsapointerto thematchingsubgraph

(thesubgraph attribute).Hereweseethattheelementmatch haschildrenof

typevariable. Theseelementscontainpointersto respective nodesof con-

stituentstructure(theidref attribute). The matchingnodesaregiven in (9)

and(10)

(9) <nt id="s60 505" cat="S">

<edge label="DA" idref="s60 503" />

<edge label="HD" idref="s60 6" />

<edge label="SB" idref="s60 504" />

</nt>

(10) <nt id="s60 503" cat="NP">

<edge label="NK" idref="s60 1" />

<edge label="NK" idref="s60 2" />

<edge label="NK" idref="s60 500" />

</nt>

Theindividual non-terminalnodeshave anatttributecat which encodestheir

grammaticalcategory, aswell aschild elementsof typeedge, which represent

theedgespointingto their respective child nodes.Theedge nodesthemselves
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have anidref attributewhich pointsto therespective child nodes,aswell as

a label attribute, which indicatesthe function of the child nodewithin the

constituentformedby theparentnode.

3.2 Filtering Matcheswith XSLT

This sectionwill describethe useof an XSLT templatewhich functionsasa

filter, blockingmatcheswhich do not meetcertainrequirements.First we will

examinefilters which remove matchesin which a node#p haschildrenwith

a particularsyntacticfunction, then we will examinea filter which removes

matcheswhichhavechildrenwith aparticularsyntacticcategory.

(11) <xsl:variable name="test">

0=count(key(’idkey’,

variable[@name=’#p’]/@idref)

/edge[@label=’OA’])

</xsl:variable>

(12) <xsl:template match="match">

<xsl:if test="xalan:evaluate($test)">

<xsl:apply-templates select="ancestor::s"

mode="print">

<xsl:with-param name="matchroot"

select="@subgraph"/>

</xsl:apply-templates>

</xsl:if>

</xsl:template>

The templatein (12) could be appliedto the outputof the query(7). It filters

outmatchesin whichthenode#p haschildrenwhichfunctionasOA. Undesired

resultsarefilteredby applyingatest$test beforeprinting.Examplesof XSLT
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stylesheetsthat print sentencesareincludedwith TIGERSearch(König et al.,

2003).Thework hereis donein thefilter1. Thefilter checksto make surethat

the nodepointedto by #p (namelyvariable[@name=’#p’]/@idref)

hasno childrenof typeedge with thevalueOA for theattributelabel. The

test string can then be varied with regard to the nameof the variableto be

checkedandthefunction(s)to beexcluded.A variationonthetestwhichwould

alsoexcludematcheswith objectclauses(OC) is givenin (13).

(13) <xsl:variable name="test">

0=count(key(’idkey’,

variable[@name=’#p’]/@idref)

/edge[@label=’OA’or @label=’OC’])

</xsl:variable>

Filters removing matchesin which a nodehasno children with a particular

syntacticcategory aremorecomplex dueto theneedfor anadditionalpointer.

(14) <xsl:variable name="test">

0=count(key(’idkey’,

(key(’idkey’,

variable[@name=’#p’]/@idref)

/edge/@idref))

[@pos=’ART’])

</xsl:variable>

Thefilter in (14) couldbeappliedto thematchesof a queryin which#p is

boundto nodeswith thesyntacticcategoryNP, to filter out nounphraseswhich

do not haveanarticle.Theinnerpointeris structuredanalogto thatin (11) and

(13). The outer pointer locateschild nodes.The predicate[@pos=’ART’]

1 Theuseof theXalanextensionfunctionevaluate is not crucialhere,but doesmake the
codemoremodularandthuseasierfor theinexperienceduserto modify.
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locatesthosechildrenwith thevalueART (article)for theattributepos.

(15) exists #p: forall #c: ((#p > #c) =>

(#c:[pos!="ART"]))

At thispoint it becomesexcruciatinglyclearthattherestrictionthatanodehave

nochildrenwith aparticularsyntacticcategoryor aparticularsyntacticfunction

is far betterstatedwith a representationasin (15), in thetypeof representation

envisionedby König etal. (2003)thanit is in raw XML.

4 Conclusionand Dir ectionsfor Further Research

This paperhasshown that relatively simpleXSLT stylesheetsarecapableof

providing importantfunctionalityneededby linguistsinterestedin typesof syn-

tacticstructurebestdescribedby statingthata nodeof a particulartypehasno

childrenof aparticulartypeor with aparticularfunction.While theXML struc-

turesandXSLT codepresentedhereis simplefrom aprogrammingstandpoint,

the constituency for whom TIGERSearchwas developedgenerallylacks the

experiencein computersciencenecessaryto formulateor even modify exam-

plestylesheets.Indeed,theuseof dataabstraction,thegraphicalrepresentation

of syntacticstructureasopposedto theraw XML representation,aswell asthe

developmentof aspecializedquerylanguagebasedonlinguisticconceptsasop-

posedto suggestingthatlinguistsaccessthecorpusvia agenericXML solution

suchasXPath,XSLT or XQuery, waspredicatedontheideathata treebankcan

only gain widespreadusewithin the linguistic communityif that community

canquerythetreebankusingtoolsit is comfortablewith.

Furtherresearchcouldbedirectedtowardbuilding agraphicaluserinterface

which would take expressionsformulatedin therepresentationof theuniversal

quantifierdescribedin König et al. (2003)andcreatean XSLT templatefilter

on thefly. This couldbea standaloneapplication,or it couldbe integratedin
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TIGERSearch.While extendingthe universalquantorto the immediatedomi-

nancerelationwouldbeby far themostusefultypeof extension,theideacould

be expandedto otherrelations,suchasthe relationof linearprecedence.This

typeof a solutionwould belessthanthemoreelegantsolutioninvolving a full

implementationof theuniversalquantifier, but it would provide a gooddealof

functionalityandwouldbeeasierto implement.
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Exploring Lexical Patterns in Text:

Lexical Cohesion Analysis with WordNet

Elke Teich∗, Peter Fankhauser∗∗

Technische Universität Darmstadt∗, FhG-IPSI, Darmstadt∗∗

We present a system for the linguistic exploration and analysis of lexical
cohesion in English texts. Using an electronic thesaurus-like resource,
Princeton WordNet, and the Brown Corpus of English, we have imple-
mented a process of annotating text with lexical chains and a graphical
user interface for inspection of the annotated text. We describe the sys-
tem and report on some sample linguistic analyses carried out using the
combined thesaurus-corpus resource.

1 Introduction

In recent years, there has been an increasing activity in building up corpora

annotated at multiple linguistic levels (syllable, word, clause, text) and strata

(phonology, grammar, semantics). With the growing interest in suchmulti-layer

corporacomes the need for tools that support corpus annotation and exploration

of the resulting annotations as well as facilitate further computational process-

ing.

For the lower levels of the linguistic system (grammatical units, such as

words, phrases, clauses), there are plenty of tools that provide the necessary

functionalities. For instance, at the stratum of grammar, part-of-speech tagging

and shallow phrase structure parsing can be carried out automatically at rea-

sonable accuracy, with hardly any human intervention. Also, there are some

rather mature tools for corpus inspection, such as special-purpose query (e.g.,

CQP (Christ, 1994a)), TIGERSearch (Lezius and König, 2000; K̈onig and Lez-

ius, 2003), concordancers (e.g., XKwic (Christ, 1994b)) and browsers for tree

structures (e.g., Annotate (Plaehn and Brants, 2000)).

Interdisciplinary Studies on Information Structure 02 (2005): 129–145
Dipper, S., M. G̈otze and M. Stede (eds.):

Heterogeneity in Focus: Creating and Using Linguistic Databases
c©2005 Elke Teich and Peter Fankhauser
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However, when it comes to the unit oftext and the analysis ofmeaning,

the situation is difficult in two respects. First, fully automatic annotation is of-

ten not possible; second, tools supporting annotation and exploration exist only

for selected aspects of textual analysis, e.g., for rhetorical structure (O’Donnell,

1997). Rhetorical structure is clearly an important aspect of a text’s organiza-

tion and vital for a full-blown interpretation of a text. But there are many other

meaning-creating features in a text, which are interesting from the viewpoints

of both linguistic theory and computational-linguistic processing. One such fea-

ture iscohesion.

1.1 Corpora Annotated for Cohesion: Motivation, Goals, Tools

Cohesion is defined as the set of linguistic means we have available for creating

texture(Halliday and Hasan, 1976, 2), i.e., the property of a text of being an in-

terpretable whole (rather than unconnected sentences). Cohesion occurs “where

the interpretation of some element in the text is dependent on that of another.

The one presupposes the other, in the sense that it cannot be effectively decoded

except by recourse to it.” (Halliday and Hasan, 1976, 4).

The most often cited type of cohesion isreference.1 Consider example (1)

(from Halliday and Hasan, 1976, 2).

(1) Wash and core six cookingapples. Puttheminto a fireproof dish.

In example (1), it is the cohesive tie of coreference betweenthemandapples

that gives cohesion to the two sentences, so that we interpret them as a text.

The detection of such referential ties is clearly essential for the semantic inter-

pretation of a text. Corpora annotated for reference relations are thus of inter-

est for both linguistics, e.g., for testing theories of information structure (loci

1 Also known ascoreferenceor anaphoraand often taken to include substitution and ellipsis,
i.e.,one-anaphora and zero-anaphora.
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of high/low informational load, informational statuses (Given/New)), and com-

putational processing, e.g., for applications such as information extraction or

information retrieval.

Another type of cohesion, coacting with reference to create texture, islexical

cohesion(cf. Halliday and Hasan, 1976). Lexical cohesion is the central device

for making texts hang together experientially, defining the aboutness of a text

(cf. Halliday and Hasan, 1976, chapter 6). Typically, lexical cohesion makes the

most substantive contribution to texture: According to Hasan (1984) and Hoey

(1991), around fourty to fifty percent of a text’s cohesive ties are lexical.

In its simplest incarnation, lexical cohesion operates withrepetition, ei-

ther simple string repetition or repetition by means of inflectional and deriva-

tional variants of the word contracting a cohesive tie. The more complex types

of lexical cohesion work on the basis of the semantic relationships between

words in terms ofsense relations, such as synonymy, hyponymy, antonymy

and meronymy (cf. Halliday and Hasan, 1976, 278–282). See examples of a

meronymic relation (highlighted in italics) and an antonymic relation (high-

lighted in bold face) in (2) below; the latter at the same time is a case of repeti-

tion.2

(2) Tone languages use forlinguistic contrastsspeechparameters which

also function heavily innon-linguistic use. [...] The problem is to dis-

entangle thelinguistic parameters ofpitch from the co-occurringnon-

linguistic features.

In a text, potentially any occurrence of repetition or relatedness by sense

can form a cohesive tie; but not every instance of semantic relatedness between

two words in a text does necessarily create a cohesive effect. For example, if a

word linguistsoccurring in sentence 1 of a text containing eighty sentences is

2 The example is taken from text j34 of the Brown corpus.
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repeated in sentence 76, a cohesive effect is rather unlikely. Also, there seem

to be stronger cohesive effects involving the register-specific vocabulary rather

than the “general” vobulary (cf. Section 3).

Detailed manual analyses of small samples of text (e.g., Hoey, 1991) can

bring out some tendencies of how lexical cohesion is achieved; but in order to

arrive at any generalizations, large amounts of texts annotated for lexical ties are

needed. Manual analysis is very labor-intensive, however, and the level of inter-

annotator agreement is typically not satisfactory. Thus, an automatic procedure

is called for. Fortunately, lexical cohesion analysis is a suitable candidate for

automization: Texts systematically make use of the semantic relations between

words and detecting lexical cohesive ties simply means checking the related-

ness of words in a text against a thesaurus or thesaurus-like resource. A few

additional constraints must be added to arrive at plausible lexical chains, such

as, e.g., the afore mentioned distance between words in a text or the specificity

of the vocabulary (see also Section 2).

Automatic lexical cohesion analysis has been applied in computational lin-

guistics for automatic text summarization (e.g., Barzilay and Elhadad, 1997).

Our own motivation for building a system that automatically annotates text in

terms of lexical cohesion has been to be able to explore the workings of lexical

cohesion in more detail, asking questions such as (cf. Fankhauser and Teich,

2004): In a given text, what are the dominant lexical chains (indicating what the

text is mainly about)? Are there differences in the strength of lexical cohesion

according to the register and/or genre of a text? In a given register/genre, are

there any patterns of lexical cohesion (e.g., hyponymy-hypernymy, holonymy-

meronymy) that occur significantly more often than others? Can the internal

make-up of lexical chains tell us anything about the genre of a text (e.g., narra-

tive vs. factual)?
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1.2 Summary; Overview of Paper

With the growing interest in richly annotated corpora, there is an increasing

need for tools supporting annotation as well as exploration of corpus resources,

both for linguistic and for computational purposes. The corpus processing of

grammatical units is pretty well understood, but there are many unresolved is-

sues when it comes to processing corpora at the level of text. The system we

present in this paper addresses one such issue, namely the annotation and ex-

ploration of lexical cohesion.

Section 2 introduces our approach to annotation of lexical cohesion and

describes the functionalities of the system. Section 3 provides some examples

of linguistic analysis that we have carried out using the data generated by our

system. Finally, we conclude with a summary and outlook on future research

(Section 4).

2 Automatic Analysis of Lexical Cohesion

The basic means for lexical cohesion analysis are so called lexical chains, which

consist of words that are related by a lexically cohesive tie. Using theSEMCOR

version of the Brown Corpus, which is sense tagged with so called synsets from

the Princeton WordNet (version 1.6), these ties can be determined by navigat-

ing along the relationships (synonymy, hypernymy, hyponymy, antonymy, and

various kinds of meronymy) in WordNet. In addition to the direct relationships

we also take into account indirect relationships, including transitive hypernymy,

hyponymy, and meronymy, co-hypernymy, and co-meronymy, and ties observ-

able directly from the text, including repetition of lemmas and of proper nouns.

A more detailed description of the resources and the processing steps is given

in Fankhauser and Teich (2004).

Not all the ties automatically determined in this way are necessarily cohe-



134 Teich, Fankhauser

Figure 1: Options for cohesion analysis

sive. A number of factors can help in ruling out non-cohesive ties:

• Specificity and part-of-speech: A specific noun liketonesystemis

more likely to contract a lexically cohesive tie than a general verb likebe.

• Kind of the semantic relationship: Repetition and synonymy form

stronger ties than hypernymy or meronymy.

• Strength of the relationship: The direct hypernymphonologicsystem

forms a stronger cohesive tie withtonesystemthan the remote hypernym

system.

• Distance in text: Words with many intervening words, sentences, or para-

graphs are less likely to contract a cohesive tie than close words.

Our system allows fine-tuning these factors as shown in Figure 1.

The depicted settings (Part Of Speech) take only into account ties between

specific nouns and verbs, which are at least at depth 3 in the WordNet hyper-

nymy hierarchy, and include adjectives and adverbs only if they are directly

related to an included noun or verb. Moreover, ties may not span more than

10 sentences (Lookahead), and transitive relationships may comprise at most 4

steps (Max Distance) with a branching factor of at most 100 alternative paths
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Figure 2: Text view on annotated text

(Max Branch). The kinds of relationships are not further constrained in the ex-

ample setting.

Lexical chains can then be inspected from three perspectives. In thetext

view (Figure 2), each lexical chain is highlighted with an individual color, in

such a way that chains starting in succession are close in color. In addition, for

each sentence its number, the number of preceding sentences and the number

of following sentences with a word in the same chain are given. This view can

give a quick grasp on the overall topic flow in the text to the extent that it is

represented by lexical cohesion.

Thechain view(Figure 3) presents chains as a table with one row for each

sentence, and a column for each chain ordered by the number of words con-

tained in it. In addition, each chain gives its most frequent word (domwf), and

the absolute and relative number of kinds of relationships forming a tie (repsyn

for repetition with synonymy,rep for repetition without synonymy, etc.). This

view also reflects the topical organization fairly well by grouping the dominant

chains closely.
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Figure 3: Chain view on annotated text

Finally, thetie view(Figure 4) displays for each word all its (direct) cohesive

ties together with their properties (kind, distance, etc.). This view is mainly

useful for checking the automatically determined ties in detail.

In addition, all views provide hyperlinks to the WordNet classification for

each word in a chain to explore its semantic neighborhood. Moreover, some

statistics, such as the number of sentences linking to and linked from a sen-

tence, and the relative percentage of ties contributing to a chain are presented.

These and some other statistics can then also be exported to a standard statistics

package, such as MS Excel or SPSS.
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Figure 4: Tie view on annotated text

3 Exploring lexical cohesion

On the basis of the annotated data, we have generated some statistics concerning

the averagechain lengths(in no. of sentences/words participating in a chain),

according to register, of both all the chains and the dominant (i.e., the longest)

chains and the distribution oftypes of lexical cohesion(repetition, synonymy,

hyponymy, etc.) according to register.

As will be seen, the dominant chains in a text give a good indication of a

text’s topic; also, the distribution of types of lexical cohesion turns out to be a

possible measure for discriminating between registers.
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Figure 5: Average length of dominant chains by register

3.1 Chain Length

Comparing registers, the average length of lexical chains does not show sub-

stantial differences at a first glance. Most registers average between 3 and 4.5

in terms of the number of words participating in a chain and between 3 and 4

in terms of the number of sentences a chain stretches over. This means that the

texts in the corpus are similarly cohesive.

However, when we compare the average length of the dominant chains

across registers (i.e., the longest chains), two groups of registers stand out (cf.

Figure 5): texts from the registers ofLEARNED, GOVERNMENT & HOUSE OR-

GANS and RELIGION have relatively long dominant lexical chains and texts

from PRESSand FICTION have relatively short dominant lexical chains. For

example, the average length of the dominant chains inLEARNED is 40, inFIC-
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TION:GENERAL it is only 15.3

When we look at the concrete words that make up the dominant chains,

we can observe that they are good indicators of the topic of a text.4 Short chains

(with few participating words) have a different function in that they “glue” a text

together locally. For example in text j34 fromLEARNED (see also Figure 3), the

dominant chains are built aroundtoneandphonology/morphophonemics— this

places the text in the area of linguistics, in particular phonology, and it gives

us the topic of the text, which is tone. The shorter chains in this text are built

around, for example, groups of words such asexplanation, theory, hypothe-

sis, assumptionor analysis, investigation. One hypothesis that could be derived

from such observations for this particular register is that the dominant chains

are built around the register-specific vocabulary and shorter chains around the

“general” vocabulary (cf. also Hoey, 1991). This hypothesis would need to be

tested on more data than we have available here, however, and require a proper

definition of what register-specific vocabulary means.

3.2 Types of Lexical Cohesion

Among the different types of cohesion (repetition, synonymy, hyponymy/ hy-

pernymy, meronymy/holonymy), the most frequent means employed through-

out the corpus is repetition co-occurring with synonymy with over 50% (see

Figure 6, rightmost bar).

However, contrasting the different registers, there are differences in the dis-

tribution of repetition, hypernymy+(co)hyponymy and meronymy. Texts from

LEARNED, RELIGION, andPRESSexhibit a higher frequency of hypernymy plus

3 For all the data discussed here, tests for significance would have to be carried out, of course.
For the time being, we conceive of the analyses reported on as purely exploratory.

4 This observation conforms to the findings of e.g., Barzilay and Elhadad (1997), who use the
dominant chains as a basis for summarization. Also, the words found in dominant chains
usually have high inverse document frequency, a measure used in information retrieval.
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Relationships by Genre
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Figure 6: Types of lexical cohesion by register

(co)hyponymy than texts fromFICTION. Interestingly,LEARNED andRELIGION

also have the longest lexical chains relative to other registers (cf. Section 3.1).

This does not come as a total surprise, however: We would expect texts from a

factual genre, such as academic articles as they are included in theLEARNED

register, to exhibit a strong topic continuity, whereas texts from the narrative

genre, as the ones contained in theFICTION registers, can be expected to in-

clude topic shifts.

Coming back to repetition, in theLEARNED register, there is a high fre-

quency of repetition co-occurring with synonymy, whereas in theFICTION reg-

isters repetition occurs significantly less frequently, and there is a larger amount

of repetition without synonymy. This can be cautiously interpreted as follows:

Texts fromLEARNED try to be as unambiguous as possible, using vocabulary

consistently in terms of word senses, whereasFICTION texts may actually play

with ambiguity and try to be more varied in terms of vocabulary.
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Finally, in theFICTION registers we encounter a substantial amount ofpro-

per noun repetition, which is very rare in theLEARNED register.FICTION regis-

ters also exhibit a higher frequency of meronymy. Again, this is not surprising,

since fiction texts often deal with individual people who are referred to by name,

and physical things, for which meronymy is more comprehensively covered in

WordNet than for abstract concepts.

3.3 Summary

In summary, the findings based on the statistics presented in this section, are the

following:

• Cohesion across registers

– All registers included in the corpus show roughly the same degree

of cohesion (where individual texts may still vary considerably in

cohesive strength).

– In different registers, cohesion is achieved by different means.

• Cohesive patterns across registers

– Repetition is the most frequently used means of cohesion across reg-

isters.

– Apart from repetition, individual registers may have a preference for

a particular type of cohesion.

• Cohesion in individual texts

– The dominant lexical chains (stretching over many sentences with

many words participating) indicate the topic of a text.

– In factual texts, the dominant chains tend to be made up of register-

specific vocabulary.
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4 Summary and conclusions

As the interest in richly annotated corpora is growing, so is the need for tools

supporting annotation and exploration of multi-layer corpora. In particular, re-

cently there is an increasing interest in the analysis oftexts, be it for building

linguistic descriptions, for testing linguistic theories or for computational appli-

cations, such as automatic summarization, text classification, information ex-

traction or ontology building. The common interest is the interpretation of text

in terms of the meaning(s) it encodes, be that rhetorical structure, information

distribution or informational content.

While there is no comprehensive corpus tool available that can cater for all

the linguistic needs involved in annotating text and exploring richly annotated

corpus resources,5 it has become common practice to use/build special-purpose

tools that are geared to a particular annotation and/or corpus analysis task. The

system we have presented in this paper is one such tool. The specific purpose it

is dedicated to is to support the analysis of texts in terms of lexical cohesion. The

system automatically annotates text (here:SEMCOR/Brown Corpus) in terms

of lexical-cohesive ties on the basis of WordNet. The resulting annotated text

can be viewed from three different perspectives, each supporting exploration

of lexical-cohesive patterns from a different angle (cf. Section 2). The results

of annotation can be statistically processed, simply using a standard statistics

program, such as the one included in MS Excel. We have exemplified the use of

some such statistics in linguistic analysis (Section 3).

With different tools taking care of different types of corpus-related tasks,

special attention has to be paid to their interoperability, notably the interchange

of the created corpus data. Here, the common practice now is to represent corpus

resources using a standard format and data model, typicallyXML (see Dipper

5 One project in this direction was theMATE project (McKelvie et al., 2001). Unfortunately,
the project did not result in a scalable implementation (cf. Teich et al., 2001).
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et al. (2004b) for an overview of corpus tools relying onXML ). The system

we have presented follows this policy, solely relying onXML andXSLT/XPath.

Thus, the present research is in line with other corpus-based projects currently

running or in planning, such asMULI (Baumann et al., 2004b,a), the Potsdam–

Berlin SFB No. 6326, theForschergruppeat Bielefeld7 or the projectDeutsch

Diachron Digital (Dipper et al., 2004a), only to mention a few.

In our future work, we will carry out further linguistic analyses using the

data from the Brown Corpus and extend the data set to other corpora and lan-

guages (notably German). Possible applications of this research have been men-

tioned in passing (cf. Section 3). Notably, the data generated by our system can

be used in text summarization and text classification.
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