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1.- Introduction

The processof prosodic encoding can be defined as the symbolization of the
linguistically relevantvariationsthat occurin the domainsof time, frequency and
intensity in the soundwave correspondingo a speaker'sutterance.The processof
encodingimplies deciding which variationsin the physical parametersof the speech
wavecarry out linguisticinformationandfinding away to describehemby meansof a
symbolic system. Since physical parameterssuch as frequency and intensity are
continuouslyvarying over time, a symbolic codingimplies also convertingcontinuous
informationto a set of discreteunits. Thus, symbolic coding of prosodyinvolves at
leasttwo differentlevelsof abstractionalinguistic interpretatiorof changesn physical
propertiesof the speechwave, and a classificationof these changesinto discrete
categoriesFinally, a notationalsystemhasto be designedin orderto representhese
categoriesthe discussiorandevaluatiorof the systemghat havebeendevelopeds the
aimof the presenteport.

Traditional prosodic categoriesare length, stressand intonation (Grgnnum Thorsen,
1987); pausescan also be addedto prosodic phenomenaVariations in length or
duration occur over the time domain, and they carry out contrastive segmental
phonologicalistinctions- e.g.in languagesvith short vs.long vowels or consonants
togetherwith information about stressin words andin sentenceslnformation about
stresgs carriedout not only by changesn duration,but alsoin frequencyandintensity
that contribute to the perceivedrelative prominenceof one syllable over others.
Intonationcanbeunderstoodasavariationin fundamentafrequency(Fo) articulatorily
relatedto the rate of vocalfolds vibration and perceivedas changesin pitch or tonal
level. The situationis then rathercomplex,because given prosodiccategorycanhave
severalkcousticor perceptuakorrelatesThe oppositeis alsotrue, sincevariationsin
one acaistic parameter can be interpretedas a perceptualcueto different prosodic
phenomenayariationsin fundamentalfrequency, for example, are correlatedwith
stresswith intonation,or canbeusedto signalboundariedetweerprosodicunits.

The definition of prosodiccategoriess not the aim of our work, andfor eachcoding or
annotationsystemdescribedve will usethe categoriesdefinedby the authorsof the
systemprovidingan explanationf necessaryThe readersnterestedn a generalbasic
descriptionof prosodyarereferredto chapterl0 of Ladefoged(1975)or chapter5 of
Pickett (1980); a morein depthdiscussioncanbe found in Cutler and Ladd (Eds.)
(1983), Lehiste(1970), Cruttenden(1986), Rossi et al. (1981) or 't Hart, Collier and
Terken(1990); for a wide perspectiveof currentwork seeHouseand Touati (Eds.)
(1993). A glossarywith definitionsof the technicaltermscanbe found in part 4 of the
report.

Prosodiccodingor annotationcanbe performedmanuallyby a humantranscriberor in
an(semi)automatigvay. The operationcanbealsocarriedout for a variety of purposes
andwith different levelsof detail which dependon the aim and applications.This
reportwill reviewsomeof the traditionalfields in which prosodicannotationhas been
used - discourse analysis, conversationanalysis and text linguistics - but will
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concentrateon systemsdevelopedfor the annotationof speechdatabasesimed at
speechtechnologyapplicationsor linguistic descriptions.

Moreover, prosodic coding can be included within the segmentakranscriptionof an
utteranceor canberepresenteat adifferentlevel. As we will seethe first approachis
usuallytakenin discourseand conversatioranalysisandin text linguistic studies,in
orderto provide a representatiorof a spokentext. The secondis more traditionally
linkedto speechdatabasebavingspeechechnologyapplicationsn mind.

MULTEXT will provideaanautomatigrosodiccodingderivedfrom the speechwave.
The orthographictext, a phonemictranscription and the prosodic coding will be
representedh differenttearsor levels,that will betemporallysynchronized or aligned
- with the correspondingpeectsignal (Hirst, 1994). The materialsthat will be usedin
the project are 40 short passags of an averagelength of 5 thematically connected
sentencestakenfrom EUROM.1, a multilingual speechcorpus collected within the
ESPRIT project 2589 SAM (Multilingual Speech Input/Output Assessment,
MethodologyandStandardization}SAM, 1992).

The presentdeliverable has two main objectivesand, therefore,is divided in two
different parts:

(1) asurveyof differenttypesof prosodiclabelingsystems

(b) acomparisorandevaluatiorof thosesystemsn termsof differentneedsfor speech
andfor natual languagegorocessing

2.- Prosodiclabeling survey

The first part of the reportaimsat presentingsomeof the systemscurrently usedin

prosodicannotationwith specialattentionto thosethat have beendevelopedhaving

labelling of databasesn mind. There are presentlya numberof systemsdeveloped
within differenttraditionsin separatdieldsandwith differentaims;it would be beyond
the scopeof this reportto describeall of themin detail. For moredetailsthe readelis

referredo Grgnnumrhorsen(1987)who providesareviewof the elementgshat should
becodedn aprosodictranscriptionrandof someof the classicalnotationalconventions;
Léon and Martin (1970) also containsa chapter devotedto classicalapproachego

prosodictranscriptionWellset al. (1992) summarizeshe prosodicannotatedsystems
discussedvithin the SAM ProsodyGroup,thatwill be presentedherein moredetail.

It is worth mentioningthat during the ESCA ProsodyWorkshop (Lund, Sweden,
Septemberl993) a task force composedby GodstaBruce, Nick Campbell, Dafydd

Gibbon, Daniel Hirst and JacquesTerkenwas set up to producea survey and to

preparea reporton Machine-Readableabelling for ProsodicNotation. Contributions
to this reportfrom groupsinvolvedin prosodiclabeling are expectedby the end of

Septemberandadraft versionof the reportwill becirculatedat the endof October 94.

Unfortunately,it is not possiblefor timing reasongo includethe resultsof this work in

the presenteport.
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Referencesgeneal surveys

GIBBON, D. (1989) Survey of ProsodicLabelling for EC LanguagesSAM-UBI-1/90, 12 February
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2.1.- Prosodic coding Iin discourse and
conversatioranalysis

Discoursetranscriptionis usually understoodas "the processof creatinga written
representationf aspeecheventso asto makeit accessibldo discourseesearch’(Du
Bois et al.,, 1993:45).A greatdiversity of proposalsexistin this field, andit is not
practicalto review eachof them;interestedreadersmay find examplesof notational
conventionsin  Atkinson and Heritage (1984), Du Bois (1991) or in Gumperzand
Berenz(1993). All those systemssharethe fact that the transcriptionis basedin
conventionabkpelling, enrichedwith someconventiongo representnformationthat is
presentin the spokendiscoursebut cannot be conveyedby meansof normalspelling
conventions.The transcriptionof prosodic aspectsrequiresthe designof a set of
symbolsto representntonationunit boundariesterminal pitch direction,accent,and
accenunit boundariepitch movementandpauses.

As an illustration of this tradition, we reproducethe sub-setof symbols used in
prosodic transcriptionand the definitions provided by the authorsin the system
proposedy Du Boisetal., (1993)

Units

{carriagereturn} Intonationuntit : astretchof speech
utteredunderasinglecoherent
intonationcontour

-- Truncatedntonationunit
Transitional continuity

Final: aclassof intonationcontours
whosetransitionalcontinuity is
regularlyundersood asfinal in agiven
language

, Continuing aclassof intonation
contourswhosetransitionalcontinuity
is regularlyunderstoodascontinuingin
agiven language

? Appeal:aclassof intonationcontours
whosetransitionalcontinuityis
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Terminal pitch direction

\
/

Accentand lengthening

AN

\/
I\

Pause

A (N)

()

Specializednotations

(N)
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regularlyundestoodasanappeal,n a
givenlanguage

Fall
Rise

Level

Primaryaccent
Secondargccent

High booster:a higherthanexpected
pitch in aword

Low booster alowerthanexpected
pitch in aword

Lengthening

Fall
Rise
Fall-rise
Rise-fall

Level

Long pause.7 second®r longer

Medium pausebetweerD.3and0.6
secondsnclusive

Shortpauseabout0.2 second®r less

Latching lackof pausebetween
speakerdturns

Duration
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& Intonationalunit continued
| Accentunit boundary

<||> Embeddedntonationunit

Table 1: Prosodic transcription in Du Bois et al. (1993)
Referencesprosodic codingin discourseand conversationanalysis

ATKINSON, J.M. - HERITAGE, J. (Eds.) (1984) Structuresof social action. Studiesin conversation
analysis Cambridge/ Paris: CambridgeUniversity Press/ Editions de la Maison dels Sciencesde
'Homme

DU BOIS, J.W.(1991)" Transcriptiondesignprinciplesfor spokendiscourseresearch"Pragmaticsl:
71-106

DU BOIS, J.W.- SCHUETZE-COBURN, S.- CUMMING, S.- PAOLINO, D. (1993) "Outline of
discourseéranscription"in EDWARDS, J.A.- LAMPERT, M.D. (Eds.) Talking Data: Transcription
and Codingin DiscourseResearchHillsdale, NY: LawrenceErlbaum.pp. 45-89.

GUMPERZ,J.J.-BERENZ,N. (1993)" TranscribingConversationaExchanges'in EDWARDS, J.A.-
LAMPERT, M.D. (Eds.) Talking Data: Transcriptionand Codingin DiscourseResearchHillsdale,
N.J.:LawrenceErlbaumAssociatespp. 91-122

2.2.-Prosodiccodingin corpuslinguistics

As far aswe know, it is not possibleto documenta tradition of prosodic codingin
corpuslinguisticsas we haveidentifiedin the field of discourseanalysis.Leech(1991)
reportsthat notableexceptiongo the lackof prosodiccodingin spokencorporaarethe
London-LundCorpus(LLC) - describedn Svartvicketal.(1982)andin Svartvick(Ed.
)(1990) - andthe Lancaster/IBMSpokenEnglish Corpus(SEC)- describedn Taylor
andKnowles (1998)andin Knowles and Lawrence(1987) - It is worth noting that
both of themcontainonly Englishdata.

An exampleof the kind of work carriedout in prosodiccodingin corpuslinguistics is
foundin the paperspublishedby Knowles (1991)andby Wichmann(1991)usingthe
SEC. The corpus contains, according to Knowles (1991) an outline prosodic
transcription. Transcriptionwas madein three steps:division of the text into tone
groups, identification of accentedand stressedsyllables in the tone groups and
assignatiomf apitch contourto the accentedyllables.

Knowles' study dealswith the marking of tone group boundariesin the processof

transcription. Tone group boundariesare definedas "a discontinuityin the prosodic
pattern” (Knowles, 1991:151); discontinuities are classified into three categories:
temporal discorinuities - pausesgreaterthan 25 cs. - , pitch discontinuities,and
segmentatliscontinuities- evidencedoy the absencef connectedspeechprocessesr

by the presenceof segmentapatternsshowingthe existenceof a separationbetween
segments. The paperconcludeghat in orderto study prosodic breaks,marking of

segmentatliscontinuitiespitch discontinuitiesandpausess essential.
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Wichmann(1991) dealswith upwardpitch movementsn the samecorpus.As far as
transcriptions concerned5 pitch levelsaredistinguished:

1 muchhigher
2 higher

3 thesame

4 lower

5 muchlower

Table 2: Notational system for pitch levels in Wichmann (1991)

Accentedsyllablesareassignedsuperscriptonetic stressmarksindicating the direction
of pitch movementn the syllable:high level, rise,fall andfall-rise

An up arrowis assignedo any syllablewhena stepup in pitch is perceivedasgreater
than normal.Whenup arrowsoccurtogetherwith tonetic stressmarksit meansthat
"the syllableis prominentfor pitch, in additionto loudnessandduration,andthe step
up in pitch is greaterthan that which is implied by the superscriptonetic stressmark
alone"(Wichmann,1991:167);when up arrows do not co-occurwith tonetic marks
"they indicatea syllablewhichis prominentonly in termsof pitch andnot for reasons
of vowelquality, durationor loudness'{Wichmann,1991:167) Wichmann'sstudy links
the occurrenceof up arrowsto boundariesdbetweensectionsof texts - equivalentto
paragraphs, parenthesisdirect speechyrhetoricalquestions,lexical emphasisor pre-
closingsignals.

Referencesprosodic codingin corpus linguistics

KNOWLES, G. (1991)"Prosodiclabelling: the problemof tone group boundaries"in JOHANSSON,
S.-STENSTROMA. (Eds.)English ComputerCorpora.SelectedPapersand ResearchGuide. Berlin:
Mouton de Gruyter.pp. 149-163

KNOWLES, G.- LAWRENCE, L. (1987) "Automatic intonation assignment"in GARSIDE, R.-
LEECH, G.- SAMPSON, G. (Eds.) The Computational Analysis of English: A Corpus-based
Approach.London:Longman.pp. 139-148

LEECH, G. (1991)" The Stateof the Art in CorpusLinguistics” in AIIMER, K.- ALTENBERG, B.
(Eds.) English CorpusLinguistics.Studiesin Honour of Jan Svartvik London:Longman.pp. 8-29.

SVARTVIK, J. (Ed) (1990) The London-LundCorpusof SpokerEnglish: Description and Research.
Lund: Lund University Press.

SVARTVIK, J.- EEG-OLOFSSONM.- FORSHEDEN,O.- ORENSTROM,B.- THAVENIUS, C.
(1982)Surveyof SpokereEnglish.Reporton Researcii975-1981Lund: Lund University Press.

TAYLOR, L.- KNOWLES, G. (1988)Manual of Informationto Accompanythe SEC Corpus.UCREL,
University of Lancaster

WICHMANN, A. (1991)"A study of up-arrowsin the Lancaster/IBMSpokenEnglish Corpus",in

JOHANSSON,S.-STENSTROMA. (Eds) English ComputerCorpora.Selectedapersand Research
Guide.Berlin: Mouton de Gruyter.pp. 165-178
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2.3.-TEI (Text Encodinginitiative)

Chapter 11 of the Text Encoding Initiative Guidelines (Sperberg-McQueerand
Burnard,(Eds.)1994) discusseghe transcriptionof spokenlanguage.Since the main
aimof this standardizatioreffort concernsvritten texts, the guidelinespresentedn this
chapterareorientedtowardsthe transcriptionof speechas a text enrichedwith a set of
conventiondor phenomenghatcannot beadequatelylescribedvith standardspelling.
TEI Guidelineson spokentexts were mainly the result of work carried out within a
subgroupcomposef Stig Johansson chair-, JaneEdwardsandAndrew Rosta.

The following prosodicphenomenare discussed:
(1) Pauses

Pausesare signaledby the element<pause>,"to indicate a perceivedpause either
betweeror within utterances(Sperberg-McQueeand Burnard,(Eds.)1994811.2.2).
Two attributesareaccepted:

- who, identifyingthe speaker

- type, usedto specifythe categoryof the pause- e.g.long, short - if neededDuration
is indicatedasdur=. The examplegivenin the Guideliness the following (<u> and<
/u>indicatethe beginningandendof anutterance):

" <u> Okay <pausedur=200>Um<pausalur=75>thes the sceneopensup
<pausedur=50>with <pausedur=20>um<pausedur=145>you seeatree
okay?< /u>" (Sperberg-McQueeand Burnard,(Eds.)1994811.2.2)

Mechanismsfor synchronizingpauseswith other transcribedphenomenaare also
providedin the Guidelines.

(2) Toneunits or intonationalphrases

Sinceit is possiblewith TElI mechanismgo divide an utteranceinto smaller units or
segmentgielimited by the <seg>element,it is possibleto usethis featureto signal
prosodicunits. An exampleis provided:

" <uwho=F1><seg>althoughits anold ide&stress;adseg><seg>ithasnt
beenon the maré&stress;ketvery long< /seg>" (Sperberg-McQueemand
Burnard,(Eds.)1994811.3.1)

The beginningof the segmenor unit is markedas <seg>ard the endas< /seg>;&tress
appearsmmediatelyfollowing the syllablebearingthe primaryaccent.

(3) Shifts

The elemenkshift>"marksthe point at which someparalinguistidfeatureof a seriesof
utterancedy any onespeakerchanges(Sperberg-McQueeand Burnard,(Eds.)1994
811.2.6). A serieof features tempo,pitch range tension,rhythm,andvoice quality -
with asetof valuesfor eachis proposedasreproducedere:
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Tempo

a

aa

acc

I

Il

rall

loud - Loudness
f

ff

cresc

p
PP

dimin

pitch - Pitch range

high
low
wide
narrow
asc
desc
monot

scand

Tension

sl

allegro(fast)

very fast
acceleranddggettingfaster)
lento (slow)

very slow

rallentanddgettingslower)

forte (loud)

very loud
crescendggettinglouder)
piano(soft)

very soft

diminuendo(gettingsofter)

high pitch range
low pitch range
wide pitch range
narrowpitch range
ascending
descending
monotonous

scandenteachsucceedingyllablehigherthanthe
last, generallyendingin afalling tone

slurred
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lax

ten

pr

st

Rhythm
rh
arrh

Spr

spf

glr

glf

voice- Voice Quality

whisp
breath
husk
creak
fals

reson

giggle

laugh

lax, alittle slurred
tense
very precise

staccatoeverystresedsyllablebeingdoubly
stressed

legato,everysyllablereeiving moreor lessequal
stress

beatablehythm
arrhythmic,particularly halting

spiky rising, with markedlyhigherunstressed
syllables

spiky falling, with markedlylowerunstressed
syllables

glissandaising, like spiky rising but the unstressed
syllables,usuallyseveralalsorisein pitch relativeto
eachother

glissanddalling, like spiky falling but with the
unstressedyllablesalsofalling in pitch relativeto
eachother

whisper
breahy
husky
creaky
falsetto
resonant

unvoicedaughor giggle

voicedlaugh

15 September 1994
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trem tremulous
sob sobbing
yawn yawning
sigh sighing

Table 3: Coding of changes in prosodic and paralinguistic features in TEI
(Sperberg-McQueen and Burnard, (Eds.) 1994)

Useof thesefeatureds exemplifiedin the TEI Guidelines:
" <u who=LB><shiftfeature=louchew=f> Elizabeth< /u>
<uwho=EB>Yes< /u>
<u who=LB><shift> Come and try this <pause> <shift feature=loud

new=ff> comeon</u>" (Sperberg-McQueeand Burnard,(Eds.)19948
11.2.6)

For each<shift> elementthe featurethat changess identified and the new value is
defined.

(4) Representationf stressandpitch patterns

The examplesrethe following:

low fall intonation
, fall riseintonation
? low riseintonation
! risefall intonation
- truncatedsyllable

lengthenedyllable

Table 4: Example of representation of stress and pitch patterns
(Sperberg-McQueen and Burnard, (Eds.) 1994)

Whenadetailedepresentationf stressand pitch patternsis neededTEI recommends
to maintainthe prosodictranscriptionin parallelwith the transcriptionof the text and
makeuseof the alignmentmechanismsvhich aredescribedn the Guidelines.

ReferencesTEI (Text Encoding Initiative)

JOHANSSON,S. (forthcoming)'Encodinga Corpusin Machine-Readabl&orm”, in ATKINS, B.T.S.
etal. (Eds.)ComputationaApproachego the Lexicon:An Overview Oxford: Oxford University Press.

JOHANSSON,S.- BURNARD, L.- EDWARDS, J.- ROSTA, A. (1991) Working paper on spoken
texts.DocumentTEl Al2 W1.
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SPERBERG-McQUEENC.M.- BURNARD, L. (Eds.)(1994)Guidelinesfor Electronic Text Encoding
and Interchange.TElI P3. Chapter11: Transcriptionsof Speech.Association for Computational
Linguistics/ Associationfor Computersand the Humanities/ Associationfor Literary and Linguistic
Computing:ChicagoandOxford.

2.4.- NERC (Network of European
ReferenceCorpora)

Oneof the aimsof NERC (Network of EuropearReferenceCorpora) was to provide
recommendationfor the transcriptionof spokenlanguageor "conventionsfor putting
representationsf the spokenlanguageinto machinereadableform™ (NERC, 1994:88)
Thus, the final report of NERC devoteschapter3B to the transciption of spoken
languageandchapter 5.2.to phonetic, phonemicand prosodic annotation.As in the
TEI, the mainemphasisvas on the written representatiof speechput animportant
recommendatiors that a corpusshouldcontaina digitised representabn of the sound
wavetemporallyalignedwith thetranscription(NERC,1994:94).

NERC usesa four level transcriptionsystemdevelopedby French(1992) for the
COBUILD project.Prosodianformationis containedn Level ThreeandLevel Four as
follows:

Level Threecontaingdentificationof toneboundariesndtonic syllables:

/ toneunit boundary

CAPITALS tonic syllables

Table 5: Conventions for the transcription of tone boundaries
and tonic syllables in NERC (French , 1992)

Level Four containghe identificationof headsyllablesandtone, usingfive basictones
for English. Thereis alsoan orthographicanda phonemictranscriptionaligned with a
spectrogranandanFo contour.

UNDERLINING headsyllables

‘ falling tone

' risingtone

G fall-rise

H rise-fall
leveltone

Table 6: Conventions for the transcription of head syllables
and tone in NERC (French , 1992)

Someexamplesareprovided:
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" /ThethingG IS/ we'renot gang to let themgetaWAY with it this time./
/I can'trecall their havingtriedit on be|_| FORE/." (NERC,1994:97)

As far asrecommendationfor prosodicannotationsare concernedthe NERC report
suggestghe use of SAMPA (SAM Phonetic Alphabet) and SAMPROSA (SAM
ProsodicAlphabet)(Teubert,1993;NERC,1994).

In a detaled reportby Payne(1992)the conventiongor transcribingspokenlanguage
developedwithin the TElI havebeencomparedto those usedby French(1992) and
adoptedby NERC. Paynediscusseghe problemswith the use of the <s> tag for
indicating tone units and with the use of <shift> to indicate changesin what TEI
describess"paralinguisticfeatures” The needo provideaway to marktonic syllables
andtonelevelsin the orthographidranscriptionis stressedthis point being considered
amajorshortconing for the codingof prosodywithin the TEI scheme.

ReferencesNERC (Network of European ReferenceCorpora)

FRENCH, J.P. (1992) "Transcriptionproposals: multilevel system", Working paper, University of
Birmingham,October1992. NERC-WP4-50

NERC-1(1994)Networkof EuropeanReference&orpora.Final Report.ILC-CNR-Pisa.

PAYNE, J.(1992)"Reporton the compatibility of J P French'sspokencorpustranscriptionconventions
with the TEI guidelinesfor transcriptionof spokentexts", Working Paper,COBUILD Birminghamand
IDS Mannheim,Decembef1 992, NERC - WP8/WP4-122

TEUBERT, W. (1993)"Phonetic/Phonemiand Prosodic Annotation” Final Report, IDS Mannheim,
Februaryl993,NERC-WP8-171

2.5.-1PA (InternationalPhoneticAlphabet)

ThelPA (InternationaPhoneticAlphabet) hasa set of symbolsfor the representation
of suprasegmentalementsOn the occasiorof the Kiel conventionin 1989 a working
groupon Suprasegmentdlategoriescoordinatedoy GostaBruce was set up (Bruce,
1988,1989)It was concludedthat additions wereneededo represensuprasegmentals
within the IPA framework As far asintonationwas concernedijt was notedthat there
areno specificsymbolsfor the notation of intonation- exceptfor tones- in the IPA.
Bruce's conclusionsare that "there exists an apparentneed for a direct way of
symbolizing intonation in a phonetic transcription. However, the opinions diverge
regardingthe exactway of transcribingintonation.For a phonologicaltranscriptionof
intonationthe symbolizationis very muchdependenbn the languageandthe analysis”
(Bruce,1989:36-37);the authorconcludeshat " perhapsebestthingis to let the IPA
Principlesjust statethe problemandexemplifythe techniques(Bruce,1989:37).

In the revisedIPA chart(IPA, 1993) publishedin 1993 the following symbolsappear
underthe heading'suprasegmentals™:

Primarystress
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Tonesand word accents

Level
A AAA or
%A %o Or _l

- or -

Contour
E or /|
I or \

— ,|

or

Tor 7|

Nor A

Secondargtress

Long

Half-long

Extra-short
Syllable-break

Minor (foot) group
Major (intonation)group

Linking (absencef abreak)

Extrahigh
High

Mid

Low
Extralow

Downstep

Upstep

Rising
Falling
Highrising
Low rising

Rising-falling

Globalrise

15 September 1994

14



LRE 62-050MULTEXT D1.5.3.ProsodyEncodingSurvey

\ Globalfall

Table 7: Representation of suprasegmental elements in the IPA (IPA, 1993)

Thesesymbols are not different from those publishedafter the 1989 revision (IPA,
1989).1t is worth notingthat in the Kiel conventiontwo systemswere approvedfor
the notationof pitch: the diacriticaltonemarkssystem-on the left-handside of table 7-
, In which pitch marksare placedabovethe segmentednaterial andthe "tone letters"
system-on the right-handside of table7- in which marksare placedbeforeor after
segmentednaterialgIPA, 1989).

Referencesl1PA (International Phonetic Association)

BRUCE, G. (1988)"2.3. Suprasegmentalategoriesand 2.4. The symbolization of tempoal events",
Journal of the International PhoneticAssociation18,2:75-76

BRUCE, G. (1989) "Report from the IPA working group on suprasegmentatategories"”,Lund
UniversityDepartmenbf Linguisticsand Phonetics WorkingPapers35: 25-40

IPA (1989)"Repot on the 1989 Kiel Convention",Journal of the International PhoneticAssociation
19,2:67-80.

IPA (1993)"IPA chart,revisedio 1993", Journal of the International PhoneticAssociation23,1: center
pagesunnumbered.

2.6.-TOBI (ToneandBreaklIndex)

TOBI (Tone and Break Index Tear) was developedto fulfill the needof a prosodic
notation systemproviding a commoncore to which different researchersan add
additional detail within the format of the system;it focuseson the structure of
AmericanEnglish, but transcribesvord groupingand prominencestwo aspectswvhich
are consideredto be rather universal (Price, 1992). TOBI was has resulted from
collaborationbetweenacademicsandindustrials;a workshopa MIT hostedby Victor
Zuein 1991andasecondneat NYNEX hostedby Kim Silvermanin 1992havehelped
to cometo anagreement.

Accordingto Silvermanet al. (1992) the systemshows the following features:(1) it
capturesategorie®f prosodicphenomena(?) it allowstranscriberdo represensome
uncertaintiesin the transcription; (3) it can be adaptedto different transcription
requirementsby using subsetsor supersetsof the notation system; (4) it has
demonstratediigh inter-transcribeagreement(5) it definesASCII formatsfor machine-
readablerepresentationsf the transcription;and (6) it is equippedwith software to
supporttranscriptionusingWaves™ andUNIX programmes.

A TOBI transcriptionfor an utteranceconsistsof symbolic labelsfor eventson four
parallel tiers: (1) orthographictier, (2) break-indextier, (3) tone tier and (4)
miscellaneoustier. Each tier consists of symbols representingprosodic events,
associatedo the time in which they occurin the utterance.The conventionsfor
annotation according to TOBI are defined for tex-based transcriptionsand for
computer-baselhbelingsystemsuchas Waves™;a detaileddescriptioncanbe found
in Hirschberg& Beckman.
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(1) The OrthographicTier

It is used for the transcription of orthographic words using ordinary spelling
conventions

(2) The BreakindexTear

The breakindextearspecifiesstrengthof coherencer the degreeof disjuncturebetween
adjacentwords in the orthographictranscription.The breakindex is a rating for the
degreeof juncturebetweereverypair of wordsandafterthefinalword in the utterance.
Valuesfor the breakindexarechoserfrom the following set:

0 clearphoneticmarksof clitic groups
1 mostphrase-medialord boundaries
2 astrongdisjuncturemakedby apauseor virtual

pause put with notonalmarks or adisjuncturethatis
weakerthanexpectedt whatis tonally aclear
intermediater full intonationphraseboundary

3 intermediatentonationphraseboundary

4 full intonationphraseboundary

- affixed directly to theright of the breakindexindicates
a transcriber'sincertaintyaboutbreak-indexstrength

Table 8: Notation of break index values in TOBI (Hirschberg and Beckman)

Disfluencies

The perceptiorof anaudiblehesitationis markedoy the diacritic‘p’ immediatelyto the
right of the breakindexin the following manner:

1p abruptcutoff

2p prolongation

3p hesitationafterthe onsetof the tonalmarksfor an
intermediatghrase

Table 9: Notation of disfluencies in the break index tier in TOBI (Hirschberg and Beckman)
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3.-TheTonalTier

The tonetier specifiesthe tonal propertiesof the Fo contoursof the utteranceThese
contoursarerepresente@sasequencesf pitch events.

Two typesof tonesaremarkedn thetonetear. phrasaltonesandpitch accents.

Phrasatonesarepitch eventsassociateavith intonationalboundariestheyareassigned
ateveryintermediater intonationphrase The basictonelevelsare definedin termsof
thelocal pitch rangeandmarkecdHigh or Low:

H Hightonelevel

L Low tonelevel

Table 10: Notation of phrasal tone levels in TOBI (Hirschberg and Beckman)

PhraseéAccentsappealat anintermediatgphraseboundary (level 3 andabove)andare
signaledasfollows:

H- High phraseaccent
L- Low phraseaccent
IH- DownsteppedPhraseAccent

Table 11: Notation of phrase accent levels in TOBI (Hirschberg and Beckman)

FinalBoundaryTonesoccurat every full intonationphraseboundary(level 4) andare
transcribedn thefollowing manner:

H% Highfinal boundarytone

L% Low final boundarytone

Table 12: Notation of final boundary tone levels in TOBI (Hirschberg and Beckman)

The High initial Boundary Tone marks a phrasethat beginsrelatively high in the
speaker’spitch rangewhen a high pitch at the beginningof an utterancecannot be
attributedto ahighaccenbnthe first or secondsyllable of the utteranceandwhenthe
utterancecontrastavith possiblerenditionwith alower-pitchedonset.

%H Highinitial boundarytone

Table 13: Notation initial boundary tone in TOBI (Hirschberg and Beckman)

Since intonation phasesare composedof one or more intermediatephrasesplus a
boundarytone,full intonationphraseboundariesvill havetwo final tones:
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L- L% the standarddeclarativecontourof AmericanEnglish
L- H% ‘continuationrise’

H- H% asin a‘yes-noquestion’in AmericanEnglish

H- L% afinallevel ‘plateau’

Table 14: Notation of tone at intonation phrase boundaries in TOBI (Hirschberg and Beckman)
Disfluencies

%r is usedto markthe left edgeof anintonationphrasewhich beginsafter a hesitation
or disfluency;indicatesa contour restartafter a disruption when the disfluency has
caused clearcontourdiscontinuity.

%r left edgeof anintonationphrasewhich begginsaftera
hesitationor disfluency

Table 15: Notation of disfluencies in the tone tier in TOBI (Hirschberg and Beckman)

Pitchaccentarepitch eventsassociateavith accentedsyllables,or "pitch movements
or configurationghat lendprominenceo their associateavord” (Silvermanet al., 1992)

; lack of pitch accentassignmentor a syllable meanghat the syllableis not accented.
Pitch Accentsaretranscribedsfollows:

H* 'peakaccent’anapparentonetargeton the accented
syllablewhichis in the upperpart of the speaker’sitch
rangefor the phrasejncludegonesin the middle of the
pitch rangebut precludesrery low Fo targets

L* ! 'low accent'anapparentonetarget onthe accentedyllable
whichis in the lowestpartof the speaker’itch range

L*+H 'scoopedaccent: alow tonetarget onthe accentedyllable
whichis immediatelyfollowedby relativelysharpriseto a
peakin the upperpartof the speaker’'itch range

L+H* 'rising peakaaent':a high peaktargetonthe accented
syllablewhichis immediatelyprecedeoy relativelysharp
risefrom avalleyin the lowestpart of the speaker’sitch
range

H+IH* aclearstepdownonto the acentedsyllablefrom ahigh
pitch whichitself cannotbeacountedor by aH phrasal
toneendingthe precedingphra® or by aprecedingH pitch
accenin the samephrase
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DownsteppedPitch Accentscanalso be transcribedas : 'H*, L*, L*+!H, L*+IH*,
IH+IH*

=+ Bl b
I

Jorl el e a b | e - e el W VAT Jl T Y 1 AN
dUIC 10. WOLAQUUIT UT PgItLIT aCLLETIS T TUDT (FTTSLHNUETY AalTu DECUKITIALT)

Therearemeansn TOBI to dealwith underspecificatioranduncertainty:

* tonally unspecifiecpitch accent

- tonally unspecifiedphraseaccent

% tonally unspecifiedooundarytone
*? uncerainpitch accent

-? uncertairphraseaccent

%? uncertairboundarytone

Table 17: Notation of transcriber's uncertainties in TOBI (Hirschberg and Beckman)

Thefollowing diacriticsmight beusedin the transcription:

! downsteppedhigh) tones;the diacritic precedeshe
downsteppegitch accenpeak or downsteppedH phrase
accent

HiFO marksthe local pitch rangefor eachintermediatghrase
(intervalbetweenrevel 3 boundaries)

Table 18: Transcription diacritics in TOBI (Hirschberg and Beckman)
4.- Miscellaneoudier

This tearis usedfor commentsor markingsdesiredoy particulartranscriptiongroups.
Eventsshould be labeledat their temporalbeginningsand endingswith labelsof the
form ‘event<...event>'

Whenthe WAVES™ format is used,a speechwavesand separatelabel files for the
orthographictier, the breakindex tier, the tonal tier and the miscellaneougier are
producedIn non-WAVES ™format,eacHine containsfive fields, correspondingo the
following items:

Field1: the orthographidranscription;the syllable containinga pitch accentis marked
by * * beforethe vowel

Field 2: containsthe tonal transcription,including pitch accentsphraseaccentsand
boundarytone;phrasalaccentareassoatedwith thelastword in the phrase
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Field 3: containsthe breakindex value,giving the strengthof the breakbetweenthe
word onthe currentline andthe word on the nextline

Field4: containghetime markersassociateavith the breakindices
Field5: containsmiscellaneoushformationcomments

Documentatioron TOBI, tools for labelingwith WAVES+™ andutterancedranscribed
canbe accessettia anonymousdftp to kiwi.nmt.edu(129.138.1.82)login:anonymous,
passwordyour e-mailaddress)

Hirst (1994) remarksthe difficulties in using TOBI as a muli-language prosodic
annotatiorsystemsinceit presupposeknowledgeof the setof relevantpitch patterns
for agivenlanguage.

References:TOBI (Tone and Break Index)

HIRSCHBERG, J.- BECKMAN, M. (1992) Report on proposed transcription systemand some
recommendationainpublishedms.

HIRSCHBERG J.- BECKMAN, M.E. TheToBI AnnotationConventionsunpublishedns

PRICE, P. (1992) Summaryof the SecondProsodicTranscriptionWorkshop:the TOBI ( TOnesand
BreakIndices) Labeling System.Nynex Scienceand Technology, Inc. 5-6 April, 1992. Linguist List
vol. 3-761,9 Octoberl992.

SILVERMAN, K.- BECKMAN, M.- PITRELLI, J.-OSTENDORFM.- WIGHTMAN, C.- PRICE,P.-
PIERREHUMBERT,J.- HIRSCHBERG,J. (1992)"TOBI: A standardor labeling English prosody",
Proceeding®f the Secondnternational Conferencen SpokerLanguageProcessing |CSLP-92 Banff,
Octoberl992.pp. 867-870

TERKEN, J.- OSTENDORFM. Conventionsfor Non-WAVES ™format. unpublishedms.

2.7.-SAMPA (SAM PhoneticAlphabet)

SAMPA (SAM PhoneticAlphabet)is a multi-lingual computer-readableanscription
system developedwithin the ESPRIT project 2589 SAM (Multilingual Speech
Input/OutputAssessmentMethodologyand Standardization)lts aimis to provide
ASCII encodingsfor the IPA symbols required for Europeanlanguages.SAMPA
includesa numberof symbols for prosodic transcription,attemptingto avoid any
model-dependencyit is mainly intendedto support signal-orientedlabelling and
provide a basisfor cross-languageomparisonsThe SAMPA final standardsystemis
presentedn Wellsetal. (1992)

The prosodic featuresconsideredin SAMPA are the following (each symbols is
followedby its ASCIl number):

58 lengthmark

" 34 primary stressandaccent wordsin
NorwegianandSwedish
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" 34,34 accentl wordsin NorwegianandSwedish

% 37 secondarnstress

- 45 leveltone,if followedby atonegrop
boundary

’ 39 risingtone

‘ 96 falling tone

c 96,39 fall-rise

a 39,96 rise-fall

$ 36 syllableboundary

+ 43 morphemeéoundary

# 35 word boundary

46,46,46 silentpause

| 124 tonegroup/intonatiorphraseboundary

8§ 21 phorologicalphrase/rhythngroupboundary

#t 35,35 sentencédoundary

- 45 separatofe.g.to distinguishhiatusedrom
diphthongs)

Table 19: SAMPA (SAM Phonetic Alphabet (Wedlsal., 1992)

Gibbon (1990) criticizes the theory-oriented characterof the system and its
inseparability from the tonetic theory of stressmarking. However, more work on
prosodictranscriptionhasbeencarriedout within the SAM project as will be shown
below.

ReferencesSAMPA (SAM Phonetic Alphabet)

SAM (1992)"Speechacqusition and Annotation Protocolsand Index of Mnemonics(SAM-UCL-018)-
Section IV: SAMPA" in SAM User Guide to ETR Tools. ESPRIT PROJECT 2589 ( SAM)
Multilingual Speechinput/Output AssessmentMethodology and Standardisation Ref., SAM-UCL-
G007.

WELLS, J- BARRY, W.- GRICE, M.- FOURCIN, A.- GIBBON, D. (1992) Standard Computer-
CompatibleTranscription SAM StageReportSen.3SAM UCL-037, 28 February1992. In SAM
(1992) ESPRITPROJECT2589 (SAM) Multilingual Speechnput/Output AssessmentMethodology
and StandardisationFinal Report. Year Three 1.111.91-28.11.1992.Ref. SAM-UCL-G004. London:
University CollegeLondon.

WELLS, J.C.(1989)" Computer-codegbhonemicnotation of individual languagef the European
Community”, Journal of the International PhoneticAssociation19,1:31-54
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2.8.-PROSPA

PROSPAwasdevelopedy MargaretSeltingandDafydd Gibbon( Selting,1987,1988)
speciallyto meetthe needsof discourseand conversatioranalysisbut hasalso been
discussedvithin the ProsodyGroupin the ESPRIT 2589 SAM (Multilingual Speech
Input/OutputAssessmentylethodologyandStandardizationproject.

PROSPAIs aimedat the high-levelbroadtranscriptionwhich is neededor discourse
analysis,.Intonation is definedas "the contour or melody of speechin terms of the
temporal organizationof perceived pitch of utterances" (Selting, 1987:779).The
categoriesirebasedn auditivecriteria. Transcriptionsonsistof :

(1) anoverallinclinationor declinationspecifiedoverthe domainof anintonationunit
(2) peaksandtroughsinternalto the unit
(3) afinal dynamictone

Local categoriesmredefinedasaccentandaccentypesor "short rangepitch movements
usuallyrealizedon lengthenedrowels" (Selting,1987:780); theyinclude

+ upwardpitch movement
- downwardpitch movement

= level pitch accent

Table 20: Notation of pitch accents in PROSPA (Selting, 1987)

Sinceaccentscan be realizedtogetherwith pitch changesthe following symbols are
introduced:

U+ upwardlocal pitch jump co-occurringwith anupward
accent

Y+ downwardlocal pitch jump co-occurringwith an
upwardaccent

Table 21: Notation of pitch movements in PROSPA (Selting, 1987)

Global categoriesaredefinedaccordingto rhythmicalor pitch contour propertiesin a
cohesiveserieof accentsLengthof a global contourandthe directionof pitch or tone
level areindicatedasfollows:

() extentof asequencef cohesiveaccents

F globally falling intonation
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R globallyrisingintonation

H levelintonationon high tone level

M levelintonationon middletonelevel

L levelintonationon low tonelevel

H/F falling intonationon aglobally hightonelevel
sequencef weakly accentear unaccentedyllables

Table 22: Notation of global categories in PROSPA (Selting, 1987)

The intonation after the last accentof a global unit - or "tails" - in noted after the
parenthesem the following manner:

X falling tails

/ rising tails

- leveltails

/" combination®f tails (rising-falling here)

Table 23: Notation of "tails" in PROSPA (Selting, 1987)

Accentstrengthcanbenotedin this systemby usingrepetitionsof the symbol +. It is
alsopossibleto makeuseof the transcriptionline containingthe orthographidexts by
markingthereprimary andextra-strongccents.

Wellsetal. (1992)report that the final tone inventory will haveto be augmentedn
orderto transcribdanguage®therthanGermanfor whichit wasdesigned.

ReferencesPROSPA

SELTING, M. (1987)"Descriptivecategoriesor the auditive analyss of intonation in conversation”,
Journal of Pragmaticsll: 777-791

SELTING, M. (1988) "The role of intonation in the organizationof repair and problem handling
sequencem conversation"Journal of Pragmaticsl2: 293-322.

WELLS, J.- BARRY, W.- GRICE, M.- FOURCIN, A.- GIBBON, D. (1992) Standard Computer-
CompatibleTranscription SAM StageReportSen.3SAM UCL-037, 28 February1992. In SAM
(1992) ESPRITPROJECT2589 (SAM) Multilingual Speechnput/Output AssessmentMethodology
and StandardisationFinal Report. Year Three 1.111.91-28.11.1992.Ref. SAM-UCL-G004. London:
University CollegeLondon.
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2.9.- SAMSINT (SAM System for
IntonationTranscription)

SAMSINT (SAM Systemfor Intonation Transcription)hasbeendefinedby the SAM
ProsodyWorking Groupwithin the ESPRIT project 2589 SAM (Multilingual Speech
Input/OutputAssessmentMethodologyand Standardization)lt is intendedto be a
computer-readablgystemfor the transcriptionof intonation contourswithin defined
intonationunits.

SAMSINT is basedon INTSINT (seebelow), incorporatingadditional facilities and
simplificationssuchasthe specificationof aglobal pitch directionoverthe domainof a
tone groupor anintonationunit asin PROSPA(seeabove)andsimplifying boundary
transcriptionsvhich aretranscribedndependentlycontraryto INTSINT (Wellsetal.,
1992)

The movement®f the intonationcontoursthat canbe symbolizedusing SAMSINT are
the following (the ASCII numberappearsfterthe symbol):

T 84 top

B 66 bottom

+ 43 higher

- 45 lower

A 94 upstep

! 33 downstep

> 62 same

[ 91 initial intonationunit boundary
] 93 final intonationunit boundary

/ 47 globalrisingin anintonationunit
\ 92 globalfalling in anintonationunit

Table 24: SAMSINT (Wellst al., 1992)
Thefollowing pointsshouldbenoted:
- Top andBottom pointsaredefinedrelativeto agivenpitch range.

- Higher, Lower, Upstep, Downstep and Same are defined relative to the point
immediatelypreviouswithin theintonationunit.
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- Theinitial pitch of anintonationunit canbeeitherTop or Bottom, or beunspecified.
ReferencesSAMSINT (SAM Systemfor Intonation Transcription)

WELLS, J.- BARRY, W.- GRICE, M.- FOURCIN, A.- GIBBON, D. (1992) Standard Computer-
CompatibleTranscription SAM StageRepot Sen.3SAM UCL-037, 28 February1992. In SAM
(1992) ESPRITPROJECT2589 (SAM) Multilingual Speechnput/Output AssessmentMethodology
and StandardisationFinal Report. Year Three 1.111.91-28.11.1992.Ref. SAM-UCL-G004. London:
University CollegeLondon.

2.10.-SAMPROSA

SAMPROSA has been proposedby Dafydd Gibbon, incorporating results from
discussionswithin the SAM ProsodyWorking Group - ESPRIT project 2589 SAM
(Multilingual Speechinput/OutputAssessmentMethodologyand Standardization)-.
Sourcesor SAMPROSA accordingto Gibbon and Bleiching (1993), are traditional
phonetic transcription marks taken from SAMPA, transcriptionsusedin discourse
analysis- Selting(1987,1988)-, autosegmentgbhonology- Goldsmith(1990) - and
pitch-oriented phonetic elementssuch as those used in INTSINT (International
TranscriptionSystemfor Intonation,seebelow).

SAMPROSAIs conceivedas a descriptiverepresentationasystembasedon explicit
theoreticalassumptions.lf SAMSINT was conceivedby the SAM Prosody Working
Group as" a systemfor transcribingintonation contours within defined intonation
units, but making no further theoreticaldemandson the transcriber”" (Wells et al.
1992:11), SAMPROSAwasdevelopedvith amorephonologically-orienteépproach.

The systemconsistsin a vocabularyof symbolsanda syntaxfor its combination.The
vocabularyis aninventoryin which eachsymbolis given an operationaldefinition in
terms of phonetic reproducibility and recognisability;the inventory is universalamrd
allowsdefinition of language-specifisubsetsThe symbolscanbe combinedaccording
to principles which are partly universaland partly language specific (Gibbon and
Bleiching,1993).

The symbolsusedin SAMPROSAarethe following (ASCII humberappearafter the
symbol):

Local tone

H 72 High pitch

L 76 Low pitch

T 84 Top pitch (extremeH)

B 66 Bottom pitch (extremel)
M 77 Mid pitch

+ 43 Higher pitch
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++ 43,43 Much higherpitch

+- 43,45 Peak(upward-downward)
- 45 Lower pitch

-- 45,45 Much lower pitch

A 94 Upstep

AN 94,94 Wideupstep

! 33 Downstep

I 33,33 Widedownstep

=or>orS 61,620r83 Levelorsameone

Global tone: from LocalandNucleartonerepertoire
Terminal tone: from LocalandNucleartonerepertoire
Nuclear tone

- 45 Leveltone(if followedby atonegroup
boundary)

"or/orR 39,470r82 Risingtone
“or\orF  96,920r70 Fallingtone
‘7 (etc.) 96,39(etc.) Fall-rise

" (etc.) 39,96(etc.) Rise-fall

Length
58 Segmentengthmark
Stress
" 34 Primarystress
% 37 Secondargtress
Pause
46,46,46 Silence
Boundary
$ 36 Syllableboundary
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# 35 Word boundary

| 124 Tonegroupboundary(non-directional)
[ 91 Tonegroupboundary(left)

] 93 Tonegroupboundary(right)

Metasymbols
- 45 Separatofmay bereplacedy )

* 42 Conjunctor

Table 25: SAMPROSA (Wells et al., 1992)

SAMPROSAcanbe appliedin multi-tier transcriptionsystemsin which an signal is
representedy meansof an independentparallelsymbolic representationThe signd
andits representatiortan be relatedeither by association by defining phonological
rules that relate prosodic and segmentalunits - or by synchronization- assigning
symbolsto the signalastagsor annotations-. The systemis intendedto be usedin
prosodic transcriptionfor linguistic purposesand for prosodic labelling in speech
technologyandexperimentaphoneticgesearctiGibbonandBleiching,1993).

ReferencesSAMPROSA

GIBBON, D. (1989) Surveyof Prosodic Labelling for EC Languages SAM-UBI-1/90, 12 February
1989; Reporte.6,in ESPRIT2589 (SAM) Interim Report, Year 1. Ref. SAM-UCL GO002. London:
University CollegeLondon, Februaryl990.

GIBBON, D.- BLEICHING, D. (1993) EAGLESWorking Group 5: Spokern_Language Interim Report
Septembel 993.

GOLDSMITH, J. (1990)Autosegmentand Metrical Phonology Oxford: Basil Blackwell.

WELLS, J.- BARRY, W.- GRICE, M.- FOURCIN, A.- GIBBON, D. (1992) Standard Computer-
CompatibleTranscription SAM StageReportSen.3SAM UCL-037, 28 February1992. In SAM
(1992) ESPRITPROJECT2589 (SAM) Multilingual Speechnput/Output AssessmentMethodology
and StandardisationFinal Report. Year Three 1.111.91-28.11.1992.Ref. SAM-UCL-G004. London:
University CollegeLondon.

2.11.-INTSINT (InternationalTranscription
Systemfor Intonation)

INTSINT (International Transcription System for Intonation) aims at providing a
systemfor cross-linguisticcomparisorof prosodicsystemdt hasbeendevelopedby
Daniel Hirst, basedon a stylization procedureof the Fo (Fundamentafrequency)
contourbuild up from interpolationbetweernpoints.

Accordingto the descriptionpresentedn Wells et al. (1992) transcriptionin INTSINT
is based on prosodic target points aligned with an orthographic or phonetic
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transcriptionlt canbe used at differentlevelsof detail,allowing a narrowaswell asa
broadphonetictranscription.Althoughit is conceivedas a systemfor cross-language
comparisonslanguage-specifisubset®f elementsanberecommended.

INTSINT is basedon the postulatethat "the surfacephonologicalrepresentationsf a
pitch curvecanbeassumedo consistof phoneticallyinterpretablesymbolswhich can
in turn bederivedfrom a moreabstractphonologicalrepresentation(Hirst, 1991:307).
The pitch contour- or pitch curve - canbe representedas a sequencef pitch target
points that can be interpolatedby a function. In favour of this approachto the
representatiomf pitch curves,Hirst (1991) quotesevidencefrom acousticmodelling
studiesshowingthat pitch targetsaccountbetter for the datathan pitch changesand
from perceptuaktudiesclaiming that pitch patternsare predominantlyinterpretedin
termsof pitch levels.INTSINT aimsthereforeat the symbolizationof pitch levelsor
prosodictargetpoints,eachchaacterisinga pointin the fundamentalrequencycurve.

The symbolization of prosodic target points is madeby meansof arrow symbols
correspondingo differentpitch levels.

Higher,Upsteppedl|.ower, Downsteppear Samearetonal symbolsdescribingrelatve
pitch levelsdefinedin relationto a previous pitch targetor to the beginning of an
intonationunit:

U Higher

\ Lower

|0 Upstep

lo Downstep
o] Same

Table 26: Notation of relative pitch levels in INTSINT (Wells et al., 1992)

Top or Bottom aretonal symbolsdescribingabsolutepitch levelsdescribedn relation
to the operativerangeof the intonationunit:

U Top

Y Bottom

Table 27: Notation of absolute pitch levels in INTSINT (Wells et al., 1992)

Mid is assumedo occuronly at the beginning of an intonation unit, and is then
consideredinmarked.

Hirst, Nicolas& Espesse(1991) haveshown that, at leastfor French,the prosodic
targetscanbedefinedwith respecto the speaker'd~o (Fundamentaifrequency)mean-
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Mid-, to onepoint fixed at a half-octaveintervalabovethe mean- Top - andto one
pointfixed at ahalf-octavantervalbelowthe mean Bottom -.

The Fo modellingis carriedout automaticallyby a programcalled MOMEL (Hirst &

Espesser1991) that, after Fo detection, provides the best fit for a sequenceof

parabolas,dividing the FO curveinto amicroprosodi@andamacroprosodiprofile. The
microprosodiccomponentis causedby the individual segmentalelementsof the
utteranceandthe macroprosodicomponentreflectsthe intonation patternsproduced
by the speakel(Hirst & Espesserl991).The outputof the programmas a sequencef

targetpointswith atimevaluein ms.andafrequencyaluein Hz. Targetpointscanbe
then automaticallycodedinto INTSINT symbols,oncethe position of the intonation
unit boundarietvasbeenmanuallyintroduced.

An experimentomparingdistener'sevaluatiorof asynthesizedext usingoriginal target
pointsandINTSINT-codedtargetpointshasshownthatthe INTSINT versionattained
morethan80% of the scoreattributedto the versionsynthesizedvith the original target
points(Hirst, Nicolas& Espesser1991).

Within the MULTEXT project a tool will be developedfor the automaticsymbolic
coding of Fo target points using INTSINT. A preliminary description of such an
algorithmis givenin Hirst (1994)(seealsoHirst etal., 1994)which attemptsto provide
anoptimal INTSINT codingof a given curveby seekingto minimisethe meansquares
errorof the predictedvaluesfrom the observedralues Absolute pitch valuesTop, Mid
andBottom aremodelledby their meanvaluesandRelativepitch levelsaremodelledby
alinearregressioron the precedingargetpoint.

ReferencesINTSINT (International Transcription Systemfor Intonation)
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1991, Aix-en-ProvencelFrance Aix-en-Provencetniversitéde ProvenceServicedes Publications.Vol.

5 pp. 234-237

WELLS, J.- BARRY, W.- GRICE, M.- FOURCIN, A.- GIBBON, D. (1992) Standard Computer-
CompatibleTranscription SAM StageReportSen.3SAM UCL-037, 28 February1992. In SAM
(1992) ESPRITPROJECT2589 (SAM) Multilingual Speechnput/Output AssessmentMethodobgy
and StandardisationFinal Report. Year Three 1.111.91-28.11.1992.Ref. SAM-UCL-G004. London:
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3.- Comparison and evaluation of the
systems

The secondpart of this reportwill comparethe systemgeviewedandwill attemptto
evaluatehe needf speechresearclandthe needf naturallanguageprocessingasfar
asprosodiccodingis concerned.

3.1.-Comparisorof the systems

In a classicalbook on Englishintonation, Crystal (1969) discusseghe principles that
shouldguide aprosodictranscriptionsystem Accordingto him thesearethe following:

(1) accuracy

(2) consistency

(3) beasautomaticallyapplicableaspossible
(4) usethe minimumof symbols

(5) establishdegreesof complexity of symbols to reflect the different significance
attachedo thedata

(6) bebroad,coveringonly thoseaspectsvhicharelinguistically significant.

On the overall, most of the systemsexaminedin the first part of the report fulfill the
conditionsproposedby Crystal. However,it is clearthat the systemsdescribedchave
beendesignedor differentpurposesandwithin differenttraditions. Neverthelessit is
possibleto find someparametershat may helpto comparehe externalfeaturesof each
transcriptionsystem.The following dichotomie aresuggested:

Multi-tiered vs.one-tiered systems

One-tieredsystemsinclude the symbols for the symbolization of prosodic events
within the segmentat orthographicor phonetic/ phonemic- transcription,while in
multi-tieredsystemast is possibleto distinguishdifferentlayersor levels,separatinghe
segmentaltranscription from the suprasegmentatoding. Examples of one-tiered
systemscanbe found in the domainof discourseanalysisor text linguistics or in the
conventionsadoptedoy the TElI andNERC projects;IPA, SAMPA andits derivations
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canbealsoclassifiedwithin this category.TOBI andINTSINT arevery clearexamples
of multi-tieredsystemsallowing the separationof different types of eventsfrom the
segmentatranscription.As far as the labelling of speechdatabasess concernedthe
latersystemsseento offer clearadvantages.

Machine readable symbolsvs.non-machinereadable symbols

It canbe seenin the tablespresentedn part onethat in someof the transcription
systemgproposedhe authorsprovide ASCIl numbersfor eachsymbol (e.g. SAMPA,
SAMSINT or SAMPROSA).Other systemssuchasthoseusedin discourseanalysis
andin corpuslinguisticsmakeuseof charactersvhich areusually availablein computer
keyboards;TOBI is anotherexampleof this category. However,someof the symbols
usedin the IPA, PROSPAor INTSINT aresometimedifficult to be reproducedising
the conventionalcharacterset that is found on a personalcomputer.It seemsthat a
prosodic coding systemaimed at facilitation exchangeof labelled databasesshould
ideallymakeuseof machine-readablgymbols.

Systemsthat can be applied automatically vs.systemshat rely on the
transcriptor's judgment

The greatmajority of the systemsdescribedn part one of this report dependon the
transcriptor'sjudgment, in the sensethat the transcriberhimself decides,after an
auditoryor acousticanalysisof the utterancewhichis the symbolthat moreadequately
reflectsa given prosodic phenomenonOnly INTSINT canbe autonatically applied,
takingthe speechwaveasastartingpoint and producingan abstractrepresentationn a
completely automaticway. Of course,this is an advantagewhen labelling of large
speecldatabasebasto beundertakensinceit ensurest leasthomogeneityof criteria.

It is alsopossibleto comparehe prosodiccodingsystemslescribedo far by meansof
more"internal” parametersThe following aresuggested:

Multilingual vs.non-multilingual systems

Systemssuchas TOBI or PROSPAhavebeendevebped having onelanguagen mind.
Others such as SAMPA or SAMSINT addressEuropeanlanguages,and IPA and
INTSINT havebeendesignedo coverawiderrangeof languages actuallyboth of them
contain the term "international" in their denomination-. For the purposesof a
multilingual projectlike MULTEXT, it is essentiakthat the coding systemshould be
ableto conveyprosodiccontrastsn anumberof languagesandit seemdogical to usea
systemconceivedwith that purpose.

Theory-oriented systemsvs. " neutral” systems

Someauthorsexplicitly claimthat their systemis not model-dependenthis is the case
of SAMPA. On the contrary,otherauthorsprovidethe theoreticabackgroundn which

their codingsystemis basedexamplesare SAMPROSA, TOBI or INTSINT. In both

caseghe assumptionsehindthe systemareof phonologicahature or arebasedon the

author'sconceptiornof the phonetics-phonologinterface.
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On the other hand, the theory behind systemsusedin discourseand conversation
analysisis provided by the needsthe practicesandthe modelsusedin the field. The
eventswhicharecodedarethosewhichareknownto berelevantin orderto explainthe
discursiveor theinteractionabehaviouof the speaker.

Typesof prosodic eventsencodedin ead system

The comparisorof the different prosodiceventsthat canbe encodedy meansof each
of the systemdadescribeds not atrivial taskdueto the differencedn terminologyamong
the authors.Thefollowing elementseento becommorno manysystems:

* Prosodidboundariesndprosodicunits

* Toneor pitch level, terminalandnon-terminal
 Pitchmovementspitch directionor pitch contour,both localandglobal
» Accent,at word or phraselevel

* Lengthening

* Pauses

The rangeand the natureof phenonenawhich are coveredby eachsystemdepends
basicallyonits aim.While systemausedin discourseanalysisor in text linguisticstend
to cover global phenomenaand include sometimesinformation about the so-called
"paralinguistic features" (TEI, for exanple), systems designed for an accurate
representatiomf prosodysuchas TOBI, SAMSINT or SAMPROSA offer a detailed
codingof boundariestonelevelsandpitch accentsINTSINT is essentiallyaimedat the
symbolizationof Fo movementsandthereforethe notational systemconcentrate®n
pitch levels.

3.2.- Prosody encoding and Natural
Languagd’rocessing

To carryout aproperevaluatiorof the systemgroposedor prosodiccodingit would
benecessaryo takeinto accounpublishedwork on prosodicparsingandrelatedareas,
in orderto:

(a) determinewnhich information about prosodyis necessaryto improve higher level
analysissuchassyntacticparsing

(b) determinewhich morphologicaland syntactic information is relatedto prosodic
eventsandcanbeusedto improveprosodicparsing.

However, the bibliographyin this field has experiencedan importantgrowth in the
recentyears.The needo derivenaturalprosodicinformationfrom awritten textin text-
to-speechsynthesishas probably been one of the reasns for some important
breakthrough# this area. Only somegeneralremarkscanbe presentedere,and the
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readelinterestedn moredetailscanreferto the paperspresentedat the sessionson
"Speechsynthesisand prosody"”, "Generationof prosody" during Eurospeech9l
(Eurospeect®1), on "ProsodylV: Phrasing","Synthesis:Systems,Syntax, Prosody"
during Eurospeech93 (Eurospeech93) and on "Grouping” and "Grouping and
Discourse'duringthe ESCAWorkshopon Prosody(HouseandTouati (Eds.)1993).

It seemsto becommonlyagreedhat prosodyis relatedboth to syntacticstructureand
to partsof speech;in a generalintroductory paperon corpus linguistics Leech and
Fligelstone (1992:123)remark that "the syntactic structureof a sentencehelps to
determine,for example,its prosodic featuressuch as pausesand the tone group
boundariesSimilarly, grammaticabnalysisis neededo determingsay)whethera word
pronouncedled/ shouldbe written lead,or vice versa".Theseobservationsand many
othersthat canbefound in the literature,show that both informationfrom parsingand
from taggingcanbeusefulin assigningorosody.

3.2.1.-Prosodyand parts of speechtagging

Knowles andLawrence(1987) exemplify the relationshipbetweengrammaticaltagging
andintonationassignmentWorking with a corpusof 100.000words consistingon the
recordings,an unpunctuatedwritten transcription, an orthographictranscription, a
prosodic transcriptionand a grammaticallytaggedtext, they tried to automatically
deriveprosodyfrom the written text andthe tagging.

In their experiment,a prosodic transcription of the corpus was made by two
phoneticianausing a modified versionof O'Connorand Arnold's (1971) system,and
taggingwas carriedout usingthe LOB taggingprogrammesjt was concludedfrom the
tagging processthat "with minor amendmentso the tagset,the programsoriginally
designedfor written texts canbe adaptedto dealwith spokentexts” (Knowles and
Lawrence 1987:145).

In the automaticassignatiorof prosody, tone-groupingwas carried out following a
bottom-up approachthat took into accountgrammaticalinformation such as clitic
attachmento lexical words, grammaticalcollocationssuch- for example adjective +
nounor verb+ adverb- anddeaccentuain phenomenan grammaticalvords

Althoughthe paperdoesnot offer qualitativeresults, it showsthat it is possibleto
deviserulesto automaticallyassigrintonationto awritten text usinginformationfrom a
tagger.

3.2.2.-Prosody and syntactic parsing

The relationshipbetweensyntacticparsingand prosodyhas beenrecently studiedin
the developmenbf text-to-speeclsynthesissystems althoughan extensiveliterature
on the interactionbetweenprosodyand syntax dealswith more theoretically-oriented
problemssuchasdisambiguatior(see,for example,Lehiste(1973), Priceet al. 1991),
prosodic marking of syntactic boundaries(see Cooper and Sorensen, 1971, 1981,
CooperandPaccia-Cooper1980, Strangert,1992 or the papersfrom the sessionon
"Phrasing"at Eurospeech'93pr the syntax-phonologyinterface(see Ladd, 1986 or
NesporandVogel, 1986asclassicakcontributions).
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Oneof the majortopicsin this areaseemdo be the congruencéetweenprosodicand
syntactic boundaries.Strangertand Stranger (1993: 1210) concludethat as far as
perceivedpausesat syntacticboundariessentence¢lauseand phraseboundaries are
concerned'it is possibleto differentiatebetweensyntacticboundarie®on the basisof

prosodiccuesalone".Perceptiorof word boundarieseemgo bedeterminedy pauses,
melodicdiscontinuitiesanddeclinationresets(de PijperandSanderman} 993).

A moredetailedanalysisof the interactionbetweensyntacticand prosodicboundaries
is foundin BeaugendrandLacheret-Dujou(1993). They suggesthat prosodicgroups
correspondn mostof the casego syntacticconstituentsanddefinedifferenttypesof
prosodicboundariesinkedto syntacticcategoriesMajor boundariesfor example,close
a subject composedby a nominal group or precedea subordinateclause; minor
boundarieslosea verbalgroupor a lexical word complementof a verb or precedea
word whichbeginsby a prepositionor a determinerThe conclusionof their work is a
setof "intonosyntactiaqules"that involvemorphologicalandsyntacticinformation.

The importanceof boundarystrengthis stressedn many other studiesdealing with
automaticassignatiomf prosodyin text-to-speeclsynthesisUseof breakindicessuch
asthoseproposedn TOBI hasbeermaden order to provide prosodicdisambiguation
of syntactically ambiguous sentencesin text-to-speech synthesis experiments
(CampbellandWhightman,1992).

It is possibleto askfrom adifferentperspectivenhich is the prosodicinformationthat
couldbe usefulto improve syntacticparsing.Although the literature on parsingdoes
not seemto provide an immediateanswerto this question,it doesseempossibleto
think that the marking of prosodicboundarieand pausesvould be helpful, at leastas
far as disambiguatin is concerned.Also pitch movementsat certain points in the
utterancecould provide important information for the determinationof syntactic
structure However this is a majorresearchopic in itself andcannot be the objectof
anin-depthtreatmenthere.

4.- Glossary

Accent: "Accent may referto prominencegiven to a syllable, usually by the use of

pitch [...] In this senseaccenis distinguishedrom stresswhich is moreoften usedto

referto all sortsof prominencdincludingprominenceesuling from increasedoudness,
lengthor sound(quality), or to referto the effort madeby the speakeiin producinga
stressedyllable"(Roach1992:1)

Contour:"A movemenbf the pitch of the voicein speech’'{Roach,1992:27)

Declination:"The tendencyfor the pitch to fall throughouta syntacticunit suchas a
sentence(Ladefoged]1993:293)

Duration:"The amountof timethat a soundlasts. In the study of speechit is usualto
usethe term lengthfor the listener'simpressionof how long a soundlasts for, and
durationfor the physical,objectivelymeasurabléime” (Roach,1992:33)

Frequency''The rateof variationin air pressuren asound"(Ladefoged;1993:293)
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Fundamentalrequency(Fo) :"The frequencyof vibration of the vocal folds" (Roach,
1992:45)

Head:"In the standardBritish treatmentof intonation, one of the componentf the
toneunit” (Roach,1992:51)

Intensity:"The amountof acousticenergyin asound"(Ladefoged,1993:294)

Intonation:"The patternof pitch changeghat occurduring a phrase,which may be a
completesentence(Ladefoged1993:294)

Leveltone:"A toneproducedwith anunchangingitch level" (Roach,1992:66)

Loudness!'The auditory propertyof a soundthat enablesa listenerto placeit on a
scalegoing from soft to loud without consideringthe acousticproperties,such as the
intensityof the sound"(Ladefoged,1993:294)

Nucleus:'The mostprominentsyllableof thetoneunit” (Roach1992:74)
Pause'A breakin theflow of continuousspeech'{Roach,1992:78)

Pitch: "The auditory propertyof a soundthat enablesa listenerto placeit on a scale
going from low to high, without consideringthe acoustic properties,such as the
frequencyof the sound”(Ladefoged1993:296)

Prominence:"The extentto which a sound standsout from others becauseof its
sonority,length stressandpitch” (Ladefoged,1993:294)

Prosody:"Featuresof speech(suchas pitch) that canbe addedto the basicsegments,
usuallyto asequencef morethanonesound”(Roach,1992:87)

Sentencestress:"The placingof the strongesstresqor accentpn asyllable,or word of
aparticularsentence{Roach,1992:98)

Stress"A propertyof syllableswhich makethem stand out as more noticeablethan
others"(Roach,1992:102)

SuprasegmentalPhoneticfeatures such as stress,length, tone and intonation, which
arenot propertiesof singleconsonant®r vowels" (Ladefoged,1993:296)

Tonegroup:"The partof asentenceverwhich aparticularintonation patternextends”
(Ladefoged,1993:297)

Toneunit:" A unit of speecttonsistingpf oneor moresyllables"(Roach,1992:113)
Tone:"A pitch that conveyspartof the meaningof aword" (Ladefoged,1993:297)

Tonicsyllable:"The syllablewithin atone groupthat standsout becausdt carriesthe
majorpitch change(Ladefoged]1993:297)

Word stress:"The stresgatternof aword" (Roach1992:124)
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