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Abstract

Semantictheorieson focus and information structureassume
that there are different accenttypes for thematic (backward-
looking, known) andrhematic(forward-looking,new) informa-
tion in languagessEnglishand German.Accordingto Steed-
man[1], thematicmaterialmay only be intonationallymarked
(= beara pitch accent),if it “contrastswith a differentestab-
lishedor accommodatabletheme[p. 656]. We shallshav that
intonationalmarking of themesin Germanseemsathergrad-
ual. Themesin contrastve contexts have a significantlylonger
stressedrowel, ahigherandlongerrisewhichresultsin ahigher
andmoredelayedpeakthannon-contrastie themesMoreover,
speakrscanusedifferentstratgiesto signalthe contrast.

Datawereelicited by readingshortparagraphsvith a con-
trastive andnon-contrastie pre-contgt. The useof mary filler
texts distractedsubjects’attentionfrom the contrastsothatthe
datamay be regardedas highly natural. Implementingthese
prosodicfeaturesin speechsynthesissystemsmight help to
avoid unnaturalkexaggerategbrosodicrealisations.

1. Introduction

Recentlytherehasbeengrowing interesin integratingprosodic
informationinto semantidormalisms(e.g.[2], [3], [1]). While
this greatlyimproves semantictheory the prosodiccateyories
emploredarenotyetwell establishedMarny of thetheoriegely
moreon intuitions andintrospectionthanon empirical studies
with acoustic-prosodimeasurements.

Previous work on contrastve themesin German(by e.g.
Wunderlich[4], Buring [3]) hasidentifieda specialpitch con-
figurationcalled'bridge accent’ whichis characterisetly aris-
ing accenton the contrastve theme,a sustainechigh pitch and
afall on the nucleus(rheme). This patternwasfirst described
underthename'hat pattern’by Cohenandt’Hart for Dutch([5].
Mehlhornet al. investigatedhe phoneticdifferencesbetween
contrastve andnon-contrastie topics' in Germammoreclosely
andfound that contrastve topicsshawv a steeperrise, a higher
fo-rangeandlongersyllableduration[6]. We shalldescribean
exploratoryreadingstudythataimsat reproducingviehlhorns
resultswith morenaturaldata. Utterancewith contrastve and
non-contrastie themesareelicitedin largercontets to distract
subjects’avarenesgseebelon). Thesecontrast-minimapairs
wereanalysedhoneticallyto find reliabledependentariables
thatcanbestdescribethedifferencesn prosodicrealisation.
Hypotheses: In additionto the findings of [6] (higher peak
precededy asteeperiseandlongersyllableduration),it is as-
sumedthatthe peakis reachedaterfor contrastve themes.As
Gussenheen haspointedout, delayedpeakcanbe a substitute
for peakheight[7].

Lin this article, the terms‘topic’ and‘theme’ areusedinterchange-
ably. Theseareassumedo be sentence-initial.
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2. Data Elicitation

Mary studiesemploy a question-answepair methodologyfor
controllingthe informationstructureof thetestutterancege.g.
[6]). While this allows for a high degreeof control,the purpose
of suchan experimentcan hardly be hiddenso that we might
expectexaggeratedealisations.Furthermoreguestion-answer
pairshave a severe dravback for thematicmaterial: Thematic
materialhasto be presentin the question(to be given) which
would normally trigger elliptic answergqor reducedgrammati-
cal forms aspronounswhich cannot be usedfor comparison).
Theexperimentaketuphowever, forcesthesubject¢o usenon-
elliptic answersvhich might obscureesults.

Readingstudiesarebettersuitedto maskthe purposeof the
studyandto ensurenaturallyproducedspeech.

2.1. Reading Material

For thereadingexperimentshortparagraph$b or 6 sentences)
were constructed. The test utterancesappearin roughly the
samepositionin the contrastve and non-contrastie versions.
The only differencethus lies in the contet. For the non-
contrastve contet, the themeis presentthroughoutthe para-
graph. The themein the testutterancecanthusbe interpreted
asasortof ‘topic-resumption’.For the contrastve context, cri-
teriafrom Prevostareused([8]). He arguesthatthe useof two
contrastingpairsof discourseentities(of thesameype)is asuf-
ficient conditionfor establishingcontrast. Two of our sample
paragraphdranslatednto English,are:
Non-contrastive theme context: Many Europeanslon't knov
much aboutMalaysia. The country consistsof two islands.
To easethe communicationdetweerthe two parts,almostev-
ery householdchasa computerwith Internetaccess.However,
Malaysiais notahighly technologicatountry TheMalaysians
live fromagriculture. They areneitherespeciallypoornorrich.
Contrastivetheme context: Malaysiaandindonesiareneigh-
bouring countriesin the SouthChina Sea. Despitetheir geo-
graphicaladjaceny, their living andworking conditionsdiffer
tremendouslyin Indonesiatourismis veryimportantandmary
peoplework in this sector The Malaysianslive from agricul-
ture. They have mainly focussedn the cultivation of rice.

In addition to the contrastve and non-contrastie
paragraph-pajr distractor paragraphsabout the same topic
were constructedto distract subjectsfrom the presenceof
minimal-pairutterancesThesedistractorparagraphsndother
filler paragraphsvereintermingledwith thetestparagraphs.

To getawide variety of dataandto explore possibleinflu-
encingfactors thetestutterancesxhibit 3 differentwordorders

2|t mightbe aguedthateventhe“non-contrastie” context involves
somedegreeof contrastienessn which casethetwo conditionscanbe
describedas“more contrastie” and“lesscontrastie”. This affectsthe
interpretatiorbut notthevalidity of theacoustiadistinction.



(4 x subj-NPinitial, 4 x PP-initial,and4 x existentialsentence).
Thetestwordshave threemainstresgatternq7 x initial stress,
7 x stresson 2ndsyllable,7 x stresson 3rd syllable).

2.2. Recording Procedure

Eleven native naive Germansubjectdmostly postgraduatstu-
dentsat the University of Edinkurgh) voluntarily participated
in the recording. Due to the restrictedchoiceof subjectsithe
dialectorigin of the speakrscould not be fully controlled,so
thereis a biastowardsnorthernGermanspealers (eight north-
ernGermangs. threesouthernGermans).

Subjectswvere seatedn a sound-proofroomin the Linguistics
Laboratoryof Edinburgh University They were given a pile
of 52 A5 cards,eachcontainingone paragraptandwritten in-
structionto readthe paragraphst normalspeedasfluently as
possible. They weretold thatthey could have breaksbetween
paragraphandthatthey couldscantheparagraphseforeread-
ing themaloud. Permissiorto staywith themin the recording
roomwasobtainedn orderto askfor repetitionsof paragraphs
in casesvith toomary misreadingsndslipsof thetongue.The
overall recordingprocedurdastedbetweer20 and30 minutes.
Thepresentatiowf the paragraphsvasblock-wiserandomised,
maintainingthe orderfillers, stimuli, distractorsstimuli. There
were four differentrandomisations.To disguisethe contrast-
minimal pairs,the respectie paragraptpairs are separatedy
atleasteightotherparagraphsDataweredigitisedwith a sam-
pling rateof 44kHz.

2.3. Evaluation

Not all subjectswereequallygoodreaders.Two poor readers
with mary mispronounciationgind hesitationswere excluded
from furtheranalysis.

Besideghesetwo overall exclusions,someindividual minimal
pairs had to be discarded. One was due to severe hesitation
in a non-contrastie token wheresentenceplanningcould not
be regardedas completed. Another samplewas excludedbe-
causeof bored,impatientattitudethat strongly influencedthe
prosody Two testutterancesverebadly designedn thatthey
led to stressclasheqwith de-accentedhemes). Furthermore,
testwords with initial stresswere excludedbecausehey did
not allow to investigatecertainpartsof the pitch contour This
dataselectioneaves83 minimal pairsfor phoneticanalysis.

3. Analysis

Data are analysedusing xwaves; fO-tracking was conducted
with thein-built pitch-tracler (getf0). Artif actsintroducedby

the pitch-trackingalgorithm (pitch doubling or halving) were
manually corrected. Missing fo-valueswere linearly interpo-
lated. Then,the pitch-contourwas smoothedusinga 7-frame
window (7.5mseach)with meansmoothing.

3.1. Labelling Procedure

Dataannotationvas doneon the segmentaland suprasgmen-
tal level, concentratingaroundthe areaof the fo-rise. To illus-
trate the annotationprocedurewhich is crucial for all further
analysesthelabel pointsaresummarisedh figure 1, including
suprasgmental segmental,andlexical labels.

3.1.1. SgmentalLandmarks

On the sgmentallevel, four landmarkswere labelled. Since
the testwords consistedalmostentirely of sonorantsounds(to

Figurel: Supasgmentaland segmentallabels, togetherwith
lexical information(“im Januar”, with shadedstress).Lexical
labelsmarkthe endof words. Sgmentallabelsmarkthe start,
suprs@mentallabelsthetarget point.

ensurea smoothfy-contour),sggmentationwas sometimeglif-
ficult. Labelpointswerealwayssetat the positive fO-crossing,
usinginformationfrom awide-bandspectrogram:

CO: Startof thestressedayllable

VO0: Startof thestressedowel

C1: Startof thefirst post-stressedyllable

V1: Startof theunstressestowel following the stress

3.1.2. Supas@mentalEvents

On the suprasgmentallevel, the following eventsin or before
thetestwordsweremarked. In uncertaincasesthe samecrite-
ria werealways choserfor both itemsof the contrast-minimal
pairs. Note that theselabelsare not meantto correspondo
(standard)loBl labels:

H%: High point beforethefall. In mostcaseghis valuewas
foundin the middle of the vowel of the first unstressedylla-
ble of the prosodicword. If this value was not reliable (e.g.
glottalisation,devoicing), the value in the following sonorant
wastaken (often the casein PPsbeginning with ‘in’ or ‘im’).
Otherwise|f therewasno reliablevaluein the first unstressed
syllable(oftenthe casewith thedefinitearticle“die”), thevalue
of theunstressedyllableprecedinghe stressednewasused.
L: Local minimumneartherise. This labelwasextremelydif-
ficult to assign,becausehe valleys may be quite broad(asin
figure 1) or thelocal minimumfoundonly in consonantaareas
or well beforethe stressedyllable. There local pitch perturba-
tionsmayinfluencethelabellingprocedureln somerarecases
the contouris monotonouslhjincreasingj.e. thereis no fall to
anL-point?

H*: First local maximumafter the stressedsyllable. In rare
casesvheretherise proceedednto the following word, the H*
wasneverthelesassigneithin thetestword’.

3In order not to lose possibly importantinformation, two elbav
pointswerelabelledthatmarka changen slope:
E1: This point marksa considerablehangen theslopeof thefall. As
alreadypointedoutfor H%, thefall wasoftenhardto detect.Therefore,
E1wasanoptionallabelthatwasonly assignedf a)therewasa broad
valley, whereE1 marksthe startof the broadvalley or b) if therewere
two dipsin the fp-contour a casethatwasalsointerpretedasa broad
valley (seefigurel).
E2: Pointwheretherisestarts,.e. aconsiderablehangen slope.This
labelmay coincidewith L.

4This criterionis ratherstrict andneeddurtherinvestigation.



3.2. Phonetic Parameters (= Dependent Variables)

Theaim of the productionstudywasto explorewhichvariables
mightbemeaningfullyusedo distinguishcontrastve from non-
contrastve themesTherearefour groupsof variables:

Fo Variables: The mostobviousfeaturein intonationresearch
is fo. Five fo variableswere analysed three static (fo(H%),
fo(L) andfo(H*)) andtwo dynamicones(Afq(fall), Afo(rise)).
Temporal Variables. Besided, variablesthetemporalorgan-
isationmaydiffer. Threevariablesvereextractedfrom thedata,
durationof the stressedrowel At(V0), anddurationof thefall
andtherise (At(fall) and At(rise)).

Alignment: The above variablesarerestrictedto information
from only onetier, segmentalor suprasgmental.Thealignment
variables[9] representa link betweentheseauto-sgmental
tiers,insofarasthey encodehetemporalalignmentof suprasg-
mentaleventswith respecto the sggmentalstructure.

Sincetheanchorpointsof suprasgmentaleventsarenotyet
well understooddifferent alignmentvariableswere explored.
For the peak,alignmentwascalculatedo the startandthe end
of the stressedrowel andto the startof the first post-stressed
vowel: al(H*,V0), al(H*,VOend)andal(H*,V1). It is hypoth-
esisedthatal(H*,V1) is the bestpredictorbecauseahe peakin
Germanis ratherlate. The alignmentof the valley was calcu-
latedto the beginning of the stressedrowel andto the startof
thepost-stressesdyllable:al(L,V0), al(L,C1).

Apartfrom thealignmentrelative to the startandendof the
stressed/owel, the comparisorof alignmentdatais obscuredf
the syllablesfollowing the stresshave differentstructurege.g.
CV vs. V). In almostall testwords, the post-stressedyllable
wasof thetype CV, i.e. sggmentallabelling hadthe order CO—
V0-C1-V1.Thelasttwo labelswere,however, reversedin the
caseof Malayenand Bayern Thesedatawere thereforenot
takeninto accountor thealignmentvariableshatdo notcalcu-
late the temporaldifferenceto VO. Similarly, testwordswhere
the schwain the post-stressedyllablewasdeletedwould have
causedartifacts(e.g. Mormone. This reducedthe amountof
datafor thesevariablesto 67 contrast-minimapairs.

Derived Variables: Besidesthe basicphoneticvariables,the
slopeof therise wascalculatedby dividing the fo-rangeby the
duration(slope(rise)).

4. Resultsand Discussion

In this sectionwe first assesshe predictive power of the de-
pendentvariables. Secondly we investigatewhetherthereare
interactionshetweerthedependentariablesvhichmaybeim-
portantfor the interpretationof suprasgmentalevents. In the
lastpartwe discussspeakr idiosyncrasies.

4.1. Descriptive Power of Dependent Variables

Sincethe phoneticvariableswere highly correlatedand each
of the speakrs producedboth contrastve and non-contrastie
themesa pairedt-testwas preferredover a discriminantanal-
ysis. Thosephoneticvariablesthat shaved significantdiffer-
encebetweencontrastve and non-contrastie themeswerein-
terpretedasreliablevariablesto encodethedistinction. Dueto
multiple t-tests(for the 21 variables,including the elbow vari-
ables),the standardsignificancelevel of p=0.05was adjusted
to p=0.0024(Bonferronicorrection). The overall resultsof the
pairedt-testfor the four groupsof variablesare shawvn in ta-

5All variablesthatwerecalculatedwith respecto L werealsocal-
culatedwith respecto E2, seefootnote3.

ble 18, togetherwith the averagedmeanvaluesover all speak-
ers.Theresultsarediscussedbelow:

Table 1: Overll meansof variable valuesin contrastiveand
non-contastive contet, including numberof samples(align-
mentvariablesthatrelateto C1 andV1 are analysedsxcluding
MalayenandBayerr) andsignificancevalueof the pairedt-test
(‘ns’ meaningnon-significanon p=0.0024).

[ variable | # [ non-contr | contr._ | p |
fo(H%) 83 | 164.4Hz | 163.7Hz ns
fo(L) 83 | 153.2Hz | 150.4Hz ns
fo(H*) 83 | 214.1Hz | 223.2Hz | 0.002
Afg(fall) 83 11.3Hz | 13.2Hz ns
Afg(rise) 83 60.9Hz | 72.7Hz | 0.000
At(V0) 83 96.8ms | 104.4ms | 0.002
At(fall) 83 | 107.8ms | 119.7ms ns
At(rise) 83 | 181.9ms | 200.6ms | 0.001
al(H*,v0) 83 170ms 219ms ns
al(H*,v1) 67 71.6ms| 93.8ms | 0.000
al(H*,vOend) | 83 -6.1ms | 36.5ms ns
al(L,C1) 67 | 109.2ms | 109.1ms ns
al(L,v0) 83 -11.5ms | 19.1ms ns

[ slope(rise) | 83] 0.34] 037] ns]|

Fo Variables: Descriptizely, all fo variablesexceptfor fo(H%),
behae accordingto the hypothesesA higherfo(H%) wasex-
pectedfor contrastve themesbecauséhis would have empha-
sisedthe fall. This deviation may be causedby the difficulty
of reliably assigningH%. Althoughfo(H%) behaes contrary
to expectation thefy-rangeof thefall is neverthelesdargerfor
contrast. As expected,contrastve themeshave a lower valley
anda higherpeakwhich resultsin a moreexpandedrise. The
peakheightandthe rangeof the fo-rise differ significantlyfor
contrastandnon-contrast.

Temporal Variables: We expectedthat the duration of the
stresseayllable,aswell asthe durationof the fall andtherise
wouldbelongerfor contrastve themes Descriptiely, thisis re-
flectedin themeansBut only thedurationof thestressedowel
andthedurationof therise (At(rise))aresignificantlydifferent.
Alignment Variables: It was hypothesisedhat the peakis
aligned later for contrastve themes. This tendeng emepges
from all threeH* -alignmentvariables put only thevariablethat
calculateghe alignmentto V1 is significantlydifferent. Thisis
becausehe peakin Germanis only foundin the post-stressed
syllable. Calculatingthe alignmentof the peakwith respect
to the startor end of the stressedrowel (asin the variables
al(H*,v0, al(H*,V0end)) thereforeintroducesmore variation
sincethereis moresggmentalmaterialbetweerH™ andthesey-
mentalanchormpoint.

Neitherof the exploredL-alignmentvariablesreachsignif-
icance,.e. theL-alignmentis not significantlydifferentin con-
trastive andnon-contrastie themeslt mightbeassumedhatL
hasa ratherstableanchorpoint in the syllabic structurewhich
wasalsofoundin the studyof [10]. This assumptionis evalu-
atedin moredetailin section4.2.

Derived Variables. While descriptvely thereis atendeng to
asteeperisefor contrastwhichis accordingo the hypothesis,
thisis not consistenenoughto bereflectedn thestatistics.

6Thevariablesrelatedto the elbav pointsE1 andE2 do not appear
in thetablebecaus¢hey shavedno significantdifferenceatall.



4.2. Interactions between Dependent Variables

Fromthedescriptve statisticsandthe pairedt-testalone we do
not learnwhetherthe dependenvariablesare correlatedor in-
dependentSomecorrelationghatarevery straightforvard(e.g.
peakheightandAfy(rise))arenotinvestigatechere. Someless
obvious relations,hawever, areinterestingfor the phoneticin-
terpretatiorof tonalevents: e.g. hasthe delayof fo(H*) some-
thing to do with the heightof the peakor are thesetwo vari-
ablesadjustedindependently?In caseswheremore variables
wereexplored,the variableswith the bestsignificantvaluesin
thepairedt-testareused(e.g.al(H*,V1) for peakalignment).

Becausehe raw dataaresubjectto much(unwanted)vari-
ation, suchasdifferentfo-level or speectrate, the correlation
analysesare basedon the ratios betweenthe contrastve and
non-contrastie valuesof thevariables.

Peakheightsignificantlycorrelatesvith theslopeof therise
(r=.55,p=0.000)andwith the heightof L (r=0.46,p=0.000)but
notwith peakalignment.Thatis, the heightof the peakis con-
trolled independentlyfrom the alignmentandis accompanied
by a steepeslopeandahigherL.

Peak alignment, on the other hand, correlateswith the
heightof L (r=-.31, p=.009),but not with the alignmentof the
L, nor with the slope. Thatis, a later peakhasapproximately
thesameslopeasanearly peak.This laterpeakis notachieved
by changingthe positionof L, but by loweringit.

4.3. Speaker ldiosyncrasies

The labelling phaserevealedthat spealkrs usedifferentstrate-
giesto encodehe contrast:somemale heavier useof fo-range,
othersof alignment(which is in line with Gussenheen [7]).
As notedaborve, the correlationanalysisshavedthatheightand
alignmentof the peakareuncorrelated.In orderto furtherin-
vestigatethe speakr strat@ies, the ratios betweencontrastve
and non-contrastie valuesof fo(H*) and al(H*,V1) for each
speakr wereplottedagainstachother In the caseof atrading
relation betweenthesetwo derived variableswe would expect
a ngyative line, indicating that subjectswho make heary use
of rangedo not vary the alignmentandvice versa.And this is
indeedthe caseasshavn in figure 2.

Thereis one outlier where both the ratio of peakheights
andtheratio of peakalignmentswerecloseto one,i.e. shedid
not prosodically distinguish contrastve from non-contrastie
themes. Without this spealkr, we get a significantcorrelation
(r=-0.77,p=0.027)which statisticallycorroborateghe trading
relationbetweerpeakheightandpeakalignment.

The different spealer stratgjies may be the reasonwhy
someof the variablesdo not differ significantlyfor contrastve
andnon-contrastie themege.g. slope(rise)andfy(L)).

5. Conclusions

The presenstudyshaws thatsentence-initiamarked themesn
contrastve contets are prosodicallydistinguishedrom those
in non-contrastie contets, mostimportantly by peakheight
andalignment,rangeanddurationof the rise, and durationof
the stressedrowel. This finding is especiallysignificant,given
thatthe subjectswerenot awvare of the contrast-minimapairs.
The relation betweencontrastand prosodicfeatures(and be-
tweentheprosodicfeaturegshemseles)is rathercomplex. Fur-
thermore,the obsened trading relation betweenpeak height
and peakalignmentmay underminethe commonassumption
of a 1:1 mappingof ToBI-style pitch accentdo semantidunc-
tion (asin [1]). It rathersuggestshatprosodicfeatureshave to
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Figure 2: Correlation between the ratio of fo(H")
(contrastive:non-conastive) and the ratio of al(H*,V1)
(contrastive:non-contistive). One speakr was excluded
becauseshe did not realise a difference betweenthe two
contrastconditions.

be carefully selectedor speectsynthesigdo avoid exaggerated
contours.Thepredictedbridgeaccenis alsonotobseredin all
contrastve casesandcouldbe seerasanextremeconfiguration
which canbe graduallywealeneddependingon the context.

It mightbe amguedthatthe pre-verbalpositionis inherently
contrastve if it containsalexical word andnotapronoun.This
would partly explain the gradualmarking of contrastwhich
might be relatedto continuousdiscoursdunctions(e.g. topic-
resumption,topic-change contrastve topic). Contrastcould,
however, be perceivedcateyorically. Perceptiorstudiesthatas-
sesghis arein progress.
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