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IvanaKruijff-K orbayová, StellaNeumann,Erich Steiner, Elke Teich,Hans Uszkoreit

SaarlandUniversity, Saarbr̈ucken,Germany

Abstract
The goal of the MULI (MUltiLingual Information structure)project is to empirically analyseinformation structurein Germanand
Englishnewspapertexts. In contrastto otherprojectsin which informationstructureis annotatedandinvestigated(e.g. in thePrague
Dependency Treebank,which mirrors the basic information about the topic-focusarticulationof the sentence),we do not annotate
theory-biasedcategorieslike topic-focusor theme-rheme.Trying to be astheory-independentaspossible,we annotatethosefeatures
whicharerelevantto informationstructureandon thebasisof which typicalpatterns,co-occurrencesor correlationscanbedetermined.
Wedistinguishbetweenthreeannotationlevels: syntax,discourseandprosody. Thedatais basedon theTIGERCorpusfor Germanand
thePennTreebankfor English,sincetheexisting informationon part-of-speechandsyntacticstructurecanbere-usedfor our purposes.
Theactualannotationof anEnglishexamplesequenceillustratesour choiceof categorieson eachlevel. Their combinationoffers the
possibilityto investigatehow informationstructureis realisedandcanbeinterpreted.

1. Intr oduction
MULI (MUltiLingual Information structure)is a pilot

studyfor enrichingtreebankswith featuresrelevantfor in-
vestigatingthe distribution of information in texts. As its
namesuggests,the project looks from a contrastive angle
on this investigationand incorporatesdifferent linguistic
levels. Thus,MULI is a stepto enhanceexisting linguis-
tically interpretedlanguageresourceslike the Tiger Tree-
bank for Germanor the PennTreebankfor English with
information on the interfacebetweensyntax, (discourse)
semanticsand prosody. The multilingual designof the
study allows us to identify language-specificrealisations
andpreferencesof indicatorsof informationstructure.The
annotationis restrictedto arelatively smallamountof data,
sincetheexperimentaldesignof thestudyrequirestesting
of toolsaswell asmanualannotation.

Weareparticularlyinterestedin thecorrelationsandco-
occurrencesof featureson different linguistic levels that
can be interpretedas indicatorsof information structure.
For thispurpose,theannotationschemehasto beastheory
independentas possible. We refrain from annotatingab-
stractcategoriesof informationstructureliketopic/focusor
theme/rheme,concentratinginsteadon moreconcretelin-
guistic phenomenathat have beendescribedas indicators
of theseabstractcategorieson thedifferentlevels.

In this paperwe focuson thedescriptionof theannota-
tion schemeandhow thisannotationcanserveto enrichthe
existing treebankresources(

�
2). We illustratethe annota-

tion in thediscussionof anexamplefrom thecorpusin
�
3.

�
4 concludeswith theperspectivesopenedby this study.

2. Annotation
2.1. Corpusdesign

The MULI corpus consists of extracts from the
Tiger Treebank for German ((Brants et al., to ap-
pear); http://www.coli.uni-sb.de/cl/projects/tiger/)and the
Penn Treebank for English ((Marcus et al., 1994);
http://www.cis.upenn.edu/t̃reebank/home.html). As the

Tiger Corpuscontainsarticlesfrom thegeneralnewspaper
FrankfurterRundschau, we only selecttexts from theeco-
nomicssectionin orderto make thecorpusascomparable
aspossibleto the WallstreetJournal texts which make up
thePennTreebank.Ourcorpuscomprises250sentencesin
German(app. 3,500tokens)and320sentencesin English
(app. 7,000tokens). Part-of-speechinformationandsyn-
tactic structurein the treebankshelp with interpretingthe
distributionof informationin thetexts.

2.2. Syntax

As theTigerandPennTreebankalreadycontainsyntac-
tic information, the annotationon the syntacticlevel con-
centrateson thosefeatureswhich arespecificallyrelevant
for information structure. The Tiger Corpusencodesin-
formation on syntacticfunctionsin the edgesand phrase
categoriesin the nodes. It also takesaccountof part-of-
speechtagsas well as morphologywhich is very impor-
tantfor aninflectionallanguagelikeGerman.As amixture
of phrasestructureand dependency analysis,the annota-
tion combinestheadvantagesof bothgrammars.Initiatives
coveringotherlinguisticphenomenaonthebasisof thisan-
notationincludethe extractionof topologicalinformation
(BeckerandFrank,2002)which canbeusedfor theanaly-
sisof informationstructureon thesyntacticlevel. Thean-
notationof thePennTreebankconsistsof aphrasestructure
analysisenrichedby part-of-speechinformation. It differ-
entiatesbetweena numberof adjuncts(e.g. temporaland
local). Furthermore,the mostfrequentsyntacticfunctions
areincludedin theannotation.

Beyondthesetypesof syntacticinformation,theMULI
annotationschemecovers noncanonicalword order and
othersyntacticstructuresthatserve to put thefocuson cer-
tainelements.It drawsonaccountsof theanalysedfeatures
as describedin (Eisenberg, 1994) and (Weinrich, 1993)
for Germanand in (Quirk et al., 1985) and (Biber et al.,
1999)for English.Theannotationschemecomprisescleft,
pseudo-cleft,reversedpseudo-cleft,extraposition,fronting,
expletives, as well as active, medio-passive and passive.
Where necessary, the annotationguidelinesspecify lan-



guagespecificrealisationsof thesefeatures.Thisis particu-
larly thecasefor theexpletiveesin Germanandits English
equivalentthere-insertion.Theunit underinvestigationon
thesyntacticlevel is theclause,i.e. prior to theanalysisthe
corpuswassegmentedinto clauses.

2.3. Discourse

Information structure(IS) theoriesdescribethe phe-
nomenaat handat a surfacelevel, at a semanticlevel, or
at both levels simultaneously, i.e., an expressionbelongs
to someIS partition, in virtue of someinformation sta-
tus of the correspondingdiscourseentity. For the inves-
tigation of IS at the semanticlevel, we needmore infor-
mationaboutthe characterof the discourseentitiesintro-
ducedby linguistic expressions.We thereforeannotateex-
pressionswith their discoursereferentsandtheir following
properties:Type (intensionalor extensionalobject, prop-
erty, eventualityor textuality)andmorefinegrainedSeman-
tic Sort; referentialpropertiesof Delimitation (unique, ex-
istential, variable, non-denotationaluse (Hlavsa, 1975))
and Quantification(uncountable, unspecificnon-singular,
specific-nonsingularor specificsingular); the Form of an
expression(althoughit doesnot necessarilybelongto this
level, but therearecorrelationswith theotherfeatures);In-
formationStatus(new, unused,inferable, evoked) (Prince,
1981). Codinginformationstatusis motivatedby the fact
that IS theoriesoften employ somenotion of information
statusasonedimensionof the partitioningon its own, or
asthebasisfor deriving a higherlevel of partitioning. We
usePrince’s familiarity taxonomy, which clearlyaddresses
thestatusof discourseentitiesassuch,not otherreferential
properties.

Besidesthepropertiesof individualdiscoursereferents,
we annotateanaphoriclinks betweenexpressions.We dis-
tinguish betweencoreferenceand bridging, where there
exists an associative relationshipbetweenthe referentsof
the anaphorand the antecedent,suchas set-containment,
part-wholecomposition,property-attribution, possession,
causalityor lexical-argument-filling. Therelationbetween
anaphoricityandIS is not a straightforwardone,andneeds
furtherinvestigation,enabledby anannotationlikeours.

Our annotationschemefollows the Text EncodingIni-
tiative recommendations(http://www.tei-c.org/) and the
DiscourseResourceInitiative guidelines(Carlettaet al.,
1997). In line with thesestandards,we definewhat ex-
pressionsare markables,what attributes they have and
what links canhold betweenthem. At thediscourselevel,
markablesare “nominal-like” (Passoneau,1996) linguis-
tic expressionsthat introduceor accessdiscourseentities
(i.e., discoursereferentsin the senseused in DRT and
alike). We build on and extend the referenceannota-
tion schemesfor MUC-6 andMUC-7 (MUC Coreference
Specification),DRAMA (Passoneau,1996), the MATE
project ((Poesioet al., 1999); http://mate.mip.ou.dk),the
DRI guidelines(Carlettaet al., 1997),(PoesioandVieira,
1998) and (Müller and Strube, 2001). The corpushas
beenannotatedby two annotators(one of the develop-
ersandoneonly instructedby the annotationguidelines),
using the MMAX annotationtool (http://www.eml.villa-
bosch.de/english/Research/NLP/Downloads).

2.4. Prosody

In spoken language,prosody (intonation, phrasing,
stress,rhythm) is often used to realise the information
structure of a text, e.g. the pragmatic structure (fo-
cus/background) or the degreeof cognitive activation of
individual discoursereferentsor propositions(given/new).
Accent placementand phrasingare the primary means
to mark information structuralconcepts,but pitch range,
rhythm,andspeechratealsoplay animportantrole.

In order to carry out the prosodic annotation, we
recordedoneGermanandoneEnglishnativespeaker read-
ing aloud the texts of the MULI corpus.1 Sinceindivid-
ualspeakingpreferencesmayvaryfrom speakerto speaker,
ourresultsarenotgeneralisable,reflectingtheexperimental
characterof thestudy.

The recordings were digitised and annotated
on six different levels using the EMU Speech
Database System ((Cassidy and Harrington, 2001);
http://emu.sourceforge.net/): (1) word boundariesand
pauses,(2) punctuationof the written texts, (3) position
andtypeof pitch accentsandboundarytones,(4) position
and strengthof phrasebreaks,(5) rhythmic phenomena,
includingnon-canonicalword stress,(6) comments.

The annotationof level 3 and 4 follows the con-
ventionsof ToBI (Tonesand Break Indices (Beckmann
and Hirschberg, 1994)) for English and GToBI ((Grice
et al., in press); http://www.coli.uni-sb.de/phonetik/proje
cts/Tobi/gtobi.html)for German.They canberegardedas
standardsfor describingthe intonationof theselanguages
within the framework of autosegmental-metricalphonol-
ogy, in which pitchcontoursaredecomposedinto highand
low tonal targets(symbolisedby H andL). Diacritics are
listed in Table1, the tonalandbreakindex inventoriesare
summarisedin Table2.

� targeton theaccentedsyllable
+ targetbeforeor aftertheaccentedsyllable
– boundarytoneof anintermediatephrase(ip)
% boundarytoneof anintonationphrase(IP)
! downstepof anH tone
ˆ upstepof anH tone

Table1: (G)ToBI diacritics

ToBI GToBI
pitch accents H*, L*, L+H* H*, L*, L+H*

L*+H, H+!H* L*+H, H+!H*, H+L*
forceaccents – H(*), L(*)
boundary L–, H–, L–L% L–, H–, L–%
tones H–L%, H–H% H–%,H–ˆH%

L–H%, %H L–H%, %H
breakindices 0, 1, 2, 3, 4 2r, 2t, 3, 4

Table2: (G)ToBI inventoriesof tonesandbreakindices

1Sinceprosodicannotationis very time-consuming,we hadto
concentrateononelanguage.Thus,we analysedall Germantexts
andrestrictedourselvesto someEnglishexamples.



3. Example
Weillustratethedifferentlevelsof annotationandanal-

ysiswith anexamplesequencetakenfrom ourEnglishcor-
pus(Figure1). We considerthesyntacticannotationasuit-
ablestartingpoint for theanalysis.Whererelevantfeatures
aredetected,wecomparetheannotationto otherlevels.

(1) In the 1987crash,remember, the market was
shakenby a Danny Rostenkowski proposalto tax
takeovers out of existence. (2) Even more im-
portant,in our view, wasthe Treasury’s threatto
thrashthe dollar. (3) The Treasuryis doing the
samething today;(4) thankfully, thedollar is not
under1987-stylepressure.

Figure1: Examplesequencefrom theEnglishcorpus

Theexamplesequencewassegmentedinto four clauses.
Of all four clauses,threeshow noncanonicalword orders.
In (1), thetemporaladjunctis fronted,followedby thepred-
icateremember(in imperative mood). Similarly, in (4), an
adjunct(markingstance)is fronted.In (2), subjectcomple-
mentandadjunct(againmarkingstance)arefronted. Ad-
ditionally, (1) containsa passive constructionbringing the
patientin subjectposition.

Thediscourseentity(DE) introducedin thefrontedtem-
poralphrasethe1987crash in (1) is extensional,abstract,
unique, specific singular, and has the information status
of unused(also indicatedby remember). The DE intro-
ducedin theunmarkedsubjectpositionis extensional,ab-
stract,unique,specificsingular, but hasthe statusof in-
ferable: the market canbe seenasa bridging anaphorto
the crash, by meansof an argumentfilling (crash of the
market). TheDEsintroducedby thesentence-finalexpres-
sionsin (1) and(2) arealsoextensional,abstract,unique,
specificsingular, and both have the informationstatusof
new.2 What appearssentence-finalin (1) and(2) arethus
two negative things that happenedduring the 1987crash.
The evaluation-ascribingadjective phrasein (2) is not an-
notatedasaDE.TheDEsin theunmarkedsubjectpositions
in (3) and(4) bothhave the informationstatusof textually
evoked, asboth expressionsare coreferentialanaphorsto
partsof the Treasury’s threat to thrashthe dollar. While
the DE referredto by the Treasuryis an extensional,of-
fice, unique,specificsingular, that of the dollar is inten-
sional,abstract,unique,uncountable.The expressionthe
samething in (3) is anaphoricto the Treasury’s threat . . .
in (2), but it introducesa new DE of thesametype; its in-
formationstatusis thatof inferable.Finally, theDE intro-
ducedin the sentence-finalexpression1987-stylepressure
in (4) is intensional,abstract,existential,uncountable,and
alsohasthe informationstatusof inferable; it is however
hardto codeit asabridginganaphor, becauseit is notclear
whatrelationit wouldhaveto whatantecedent:if anything,
thena DannyRostenkowskiproposal. . . in (1) (according
to oneof theannotators).

2We assumea laymanreader. For an economyexpert, these
entitiesmayhave thestatusof unused.

Theprosodicanalysisshows that the frontedphrasein
(2) is not only syntacticallybut also prosodicallypromi-
nent (cf. Figure2): Two peakaccentson evenandmore
highlight thesewords(with themorepronouncedaccenton
more expressinga contrast),whereasthe word important
is deaccented,sincethe conceptof ’importance’ is infer-
ablefrom thecontext. Furthermore,theadjectiveconstruc-
tion formsa phraseof its own, delimitedby an intonation
phraseboundary, which is in turn signalledby a falling-
rising contourplusa shortpause.Thefollowing parenthe-
sis in our view alsoconstitutesa singleintonationphrase.
Hereagain,our is assignedacontrastiveaccent,while view
is unaccenteddueto givenness.

All remainingcontentwordsof the clausereceive ac-
cents. However, the most ’newsworthy’ word, threat, is
the only onemarked by a rising pitch accent(L+H*), in-
dicating its higher degreeof importancefor the speaker.
This interpretationis further supportedby the insertion
of a phrase break directly after this word. Finally,
the high-downsteppednuclearaccent(H+!H*) on dollar
marksthis item asbeingaccessibleby speaker andhearer
(cf.(PierrehumbertandHirschberg, 1990)). This meansit
canneithercountasbrandnew (which normallyrequiresa
H* peakaccent),nor asimmediatelygiven,sinceit is not
deaccented(asis thecasewith theword importantabove).

4. Conclusions
First experienceswith our multilingual multi-layer an-

notation lead to conclusionswith respectto how to au-
tomizetheannotationprocessusingstatisticalmethodsand
learningprocedures.On thegrammaticallevel, thesyntac-
tic annotationof theTiger CorpusandthePennTreebank,
for example,can be usedto determinepassive construc-
tions. In connectionwith thediscourseannotation,for in-
stance,theexistingpart-of-speechtagscanbeusedin order
to identify pronominalco-reference.

We are also working on robust methodsfor identify-
ing informationstructure,following theannotationscheme
(which focuseson the information statusof individual
markables)aswell asinvestigatingtheideaof informativity
zoning,i.e. thedivision of clauses/sentencesinto partsthat
aremoreor lessinformative in thegivencontext.

Furthermore,conclusionscan be drawn from the co-
occurrenceof particularcategoriesondifferentlevelsof an-
notationin MULI, indicatinghow thesedifferentlevelsare
deployedin orderto markinformationstructure.

However, our initial investigationalso reveals where
additional annotationwould be needed. For instance,
the text examplediscussedabove constitutesa concession
scheme,which we cannotidentify without annotatingdis-
course/rhetoricalrelations.

Using our findingsasa tertium comparationis,theory-
dependentinformationstructureannotationandthusexist-
ing theorieson informationstructurecanbe comparedto
andvalidatedagainstour theory-neutralapproachandvice
versa.Finally, usingour findingson the co-occurrenceof
theannotatedcategories,it is possibleto comparehow dif-
ferentlanguagesusedifferentgrammatical,discursive and
prosodicmeansto structureinformation.



Figure2: Prosodicannotationof examplesentence(2) in EMU
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