A QUANT ITATIVE MODEL O F INTONATIONAL VARIA TION IN THE B RIT ISH I SLES

Researc hPropos al

1. I ntr oduction

In this project we sha ll inve stigate va riation in Englis h intonation, ins ofar as it is represe nted in the IViE corpus. We s hall e mploy techniques from experimental phonetics a nd corpus - based computational linguis tics to c hara cte rise varia tion betwee n dialects, speaking s tyles, men and women, a nd individual differences or `habits´. In the first half of the projec t, we sha ll conduct s tatistical examinations of that va riation. In the second half we s hall c onstruct a computati onal mode l of the ma pping betwee n intonation labels and the frequency of vocal c ord vibration, f

0

, and how tha tmapping diffe rs according to dialects, s tyle, gender, and individua ls. We will also mode l the se quential structure of the intonation transcripti ons a nd of the f

0

contours.

1.1. Prior work on the IViE c orpus

The IViE corpus of intonational variation in the Britis h Is les (Gra be et al. 2000, Grabe a nd Post

2002) was collected by Grabe, Nola n and collabora tors on a previous ESRC project. It includes rec ordings of nine urban dialects: Ca ribbea n Englis hs poken in London, Punjabi Englis hspoken in Bradford, and the Englis h of Belfast, Cambridge, Dublin, Cardiff, Leeds, Liverpool, and

Newcastle. 54 male a nd54 fema le 16 - yea r - olds we re recorded in an iden tical s et of tas ks, eliciting five s peakingstyles: read se ntences, a read passa ge, re - telling (i.e. free oral paraphrase ) of the read passage, problem - s olving conversation (a map tas k)a ndfree convers ationa bout a give n s ubject. The c omple ted corpus c ont ains 36 hours of speec h.

A one - hourbala nced subset of the recordings of all five s peechs tyles has been tra nsc ribed using the IViE tra nsc riptions ystem, an e xtens ion and adaptation of the ToBI standard forintonation tra nsc ription, allowing for direc tly comparable a nalyses of s everal dialects of one language in one notation. This s ystem offers a dditional levels of transcription, allowing for separate records of phonetic a nd phonological c harac teristics of intonation. For two of the style s, we have a furth er2½ hours of transcribed da ta from se ven dialects, s poken by 3 male and 3 female s peake rs perdialect.

A typical e xample of the data conta ined in the IViE corpus is shown in Figure 1. Nine kinds of data a re shown, from top to bottom: 1)the ac oustic wa v eform of the sente nce " you reme mbere d the lilies", rea din is ola tion bya fe male s pea kerfrom Be lfas t; 2) r ms , the short - time root mea n s quare amplitude, which is re lated tothe loudness of the speech; 3) pr ob_voic e , an (accurate) es timate of the probabili ty of voicing; 4) f

0

, an es timate of the fundamenta l frequency of the voic e; 5) a phonological transcription of tone targets, time - aligned to the acoustic data ; 6) a s ystema tic - phonetic tra nsc ription of the intonation, made ac cording to the IViE transcript ion conve ntions ; 7)a transc ription s howingthe loca tion of prominent s ylla bles; 8) a word - by - word tra nsc ription in ordina ryorthography, time - aligned to the end of each word in the audio rec ording. The ninth pa rame ter is time, shown on the horizonta la xis .

M ost of the projec t was devoted to collection and tra nscription of recordings, but a numbe r of ana lys es were conduc ted as the projec t progre ssed, leading to a series of insights on variation in

Englis h intonation in the Britis h Isles (Grabe 2002). Firs t, Grabe s howedthat dia lec tis a s ignificant variable in intonation typology. Acomparison of data fromthe IViE corpus with data from earlier publications s hows that the intonations ys tems of diale cts of one and the same la nguage can be as different as t he intonations ystems of diffe rent languages. For ins ta nce, in rea ds peech, the phonological s tructure of Cambridge Englis h intonationis close r to that of dia lec ts of Ge rman spoken in Northern Germa ny than to that of Belfas t English. Simila rly, the intona tion of Lee ds Englis hexhibits a phone tic realisa tion effec t that has also been obse rved in

Northern Ge rmany, but not in Cambridge English.

A QUANT ITATIVE MODEL O F INTONATIONAL VARIA TION IN THE B RIT ISH I SLES

The s econd majorresult involve s the extent of intonational va riationin the Britis h Isles. The data provide evide nce not only of differences be tween dialects but als o of cons ide rable va riation ac ross spea kers. In a partic ular dialect and in a particula rc ontext, there is not j ust one appropriate intonationc ontour. Speake rs have a repe rtoire of appropria te contours, and some contours are us ed more frequently than others (Figure 2). This findingis new: previous des criptions of Englis h intonation, es peciallysince Kingdon (1958: 208 ˘ 246), have implicitly or explicitly been based onrules of the type " for a give n te xt, in context X(orwith meaning X), use intonation contourY" . The IViE data show that a more ade quate description of intonation nee ds to be base d on rules suc h as:

For a give n te xt, in dia lect A in context B, use intonationcontourC1 (with probability X) or intonationcontourC2 (with probability Y) or intonationcontourC3 (with probability Z)

This finding pres ents a serious cha lle nge to intonation res earc hers. We need to cons ide r how mode ls of intona tion can accommodate the va riation that we ha ve unc overed. Gra be´s worka ls o s hows that intonationtypology ne eds comparable data from severa l spe akers of a dialect, se veral dia lec ts of one langua ge, and a numberof languages.

This project will build on Grabe ’s (2002) findings. That s tudy was limited to the effect of dialect in read sente nces and tophonologica l transcriptions of intona tion. W e will exte ndthis to take account of the effects of spe aking style, ge nderand s pea kerhabit. Finally, we will examine diffe rences in the mapping be tween the phonol ogic al and the phonetic transcriptions in the corpus a nd the acous tic signa l.

1.2. Prior work ins pe ech technology

The present proposal builds on the IViE projec t, by e xploiting tec hniques from s peech te chnology research to de velop a precise mode l of int onation varia tion. Computational mode lling of the mapping be tween the discre te symbols of intonation tra nsc riptions and continuous f

0

contours is a task that is clos ely relate d to the extens ive body of ea rlie r work on

"prosodic s ynthesis - by - rule" by Cole ma n and c olla borators (e.g. Colema n1992, Dirks en and

Cole man 1997). In the prese nt projec t, we shall follow Pie rrehumbert (1980) inemploying finite s tate a utomata to encode the intonational gra mma rs of s pec ific dialects, as in Pierre humbert´s finite state automaton forAmerican English intona tion (Figure 3). Finite s ta te tec hniques are now a commonplace method for computational mode lling of tone and intona tion. In rece nt yea rs, howeve r, probabilis tic e xtens ions of finite state a utoma ta have attrac ted inte re s t. An influential paper by Coleman a nd Pierrehumbert (1997) provide d evidence for the psychological rea lity of finite - s tate proba bilistic grammars in phonology, a result that has been supported in ps ychology experiments by Frisch et al . (2000) a nd Ba ile y and Ha hn (2001). The influence of tha t paperis also s hown in Dainora (2001), a University of Chicago PhD thes is that presented a probabilis tic extension of Pie rrehumbe rt’s model of Ame rica n Englis h intonation (Figure 4), tra ined onthe intonation data in the Bos ton Univers ity Radio News Corpus. This work is an exa mple of the type of work to be c onducte d in the modelling pa rt of the present proposal.

In the 1970’s and 1980’s, s ynthesis - by - rule me thods base d on linguistic theories of prosody were popula r( e. g. Allen et al . 1987, ch. 10, Pie rrehumbe rt 1981). The principal strength of this approach is tha t the rela tions hip betwee n linguis tic units a nd f

0

contours is expressed fairly tra nspa rently, in a way that can be unde rstood by humans. Howe ver, this metho d suffe rs from a numbe rof we ll - known weaknesses: i)rule sets are hard to de bug, beca use interactions betwee n rules are hard to foresee, a nd ma y produc e unwanted, undesirable outc omes. ii)Rule s ystems are fragile: a lthough they ma y be applied to novel te xts, the yc ontain unknown a nd unexpe cte d gaps in theircovera ge, s o that they freque ntly fail to work outside the res earc h e nvironme nt. iii)

Effectively, onlya s ingle s peakera nd diale ct are mode lle d by a given rule se t. To mode l

A QUANT ITATIVE MODEL O F INTONATIONAL VARIA TION IN THE B RIT ISH I SLES diffe rent voices and dial ec ts, any or all of the rules might ha ve to be a lte red by hand, whic h is almos tas hard as s ta rting from the beginning a gain with the cons truction of a completely new mode l.

Bec ause of these difficulties, there was an explos ion of interest in the 1990’s i n data - orie nted mode llingtechniques, sometimes e mbodying machine le arning orother "tra inable" approaches

(e. g. neural ne tworks, Hidde nM arkov Mode ls ; see Taylor et al. 1998, Dusterhoff 2000). For deve lopers of s peec hs ynthesis and recognition application s, methods suc has these are very attrac tive, for several reas ons : i) they appare ntly require little or no involve ment of human expe rts ;ii)they are ma thematically well - understood te chniques with known abilities to gene ralise ove r novel input a nd ga ps in the training data; iii)they can be more eas ilye xtende d to new s peakers with diffe rent dia lec ts orspe aking style s. iv) the quality of synthetic s peech gene rate d by suc h techniques is often bettertha nthat of s ynthesis - by - rule .

Four s uch modelling meth ods have been e mployed: i)"neura l networks", ii) Hidde nMarkov

M odels (HMM’s ), iii)regression models (e.g. CART, ge neral linea r mode ls ), and iv) c urve - fitting models. Neural networks and HMM ’s s uffer fromthe problem of being linguistically ratherunre ve aling. It is difficult toe xtrac t and interpre t deta ils of the ma pping betwee n intonationtra nscriptions to f

0

contours in a way that is meaningful to intonation res earc hers.

Curve - fitting methods s uch as Fujisaki´s model (e.g. Fujis aki 1997) focus on math ematically des cribing f

0

contours with as few pa rame ters as possible. W hile this strategy is sens ible in ce rtaincontexts with no firm theory of intonational phonology, the re lationship be tween curve para meters and linguis tic descriptions of intonation is opaque. In this project, though, we desire me thods tha t are capable of rela ting two given , distinct types of represe ntation: intonation tra nsc riptions and acoustic pa rameters suc h as f

0

. These me thods will allow us to combine state - of - the - art analys is a nd mode lling techniques with linguis tic knowledge.

2. Detailed rese arch ques tions

Like other acoustic pa rame ters, f

0

contours e xhibit variation due to ma nyfa ctors, including:

i) the linguistic structure of intonation (i.e. intona tiona l phrasing) a ndseque nces of tones

(tra nsc riptions);

ii) intrins ic f

0

variations due to the vowels and cons onants making up the utte rance;

iii) s peaker - s pecific factors (e. g. speaker habits and individual voice characte ris tics);

iv) other pragmatic intentions (e.g. lowering o rrais ing the loudness of the voic e);

v) dialect;

vi) phys ical limitations on voice dynamics;

vii) s peakings tyle;

viii) c ontext of use;

ix) the s peake r´s sex.

Consequently, each observed f

0

value mus t be related to a varie ty of fac tors. We sha ll address the following questions :

1) How do these fac tors, es pecially i), the linguistic s tructure of intonation, v), dialect, vii), s peakings tyle a nd viii), c ontext of use, and their interac tions, relate to f

0

?

2) To what extent, a ndin what ways, do iii), s pea k er - s pecific factors, and ix), gender diffe rences, play a role in Englis h intonation?

3) How c anintonation varia tion be properly represe nted and modelled, at the linguistic leve l

(e. g. variation in intona tion tra nsc riptions), a t the acoustic leve l (va riati on in f

0

c ontours )a nd variation in the ma pping betwee n thes e two levels.

Additional, more pa rtic ular ques tions are give n in section 4.1 below.

A QUANT ITATIVE MODEL O F INTONATIONAL VARIA TION IN THE B RIT ISH I SLES

3. Data

As stated a bove, no ne wdata will be c ollected in this p roje ct. Instead, we sha ll analyz e the data alr ea dy collecte d in the IViE project in much greaterdepth than in the pilota nalys es of ea rlie r work. We shall employ two balance ds ubse ts of the IViE corpus c overing each dialect and style and both genders. One subset, of one hour´s duration, cove rs all fi ve s tyles and se ven diale cts, s poken by one male and one fe male speakerof each dialect. The s econd subset, of 2½ hours´ duration, cove rs three male and three fema le speakers of seven dia lec ts, in only two styles. 90% of each of these subs ets will be used forsubsequent a nalys is and modelling: the remaining 10% will be kept aside foruse in la ter eva luations of the model.

4. Fr amew ork and methods for analysis

Our mode l will have the following design cha racteristics :

1) The model s hall account forvaria t ion due to dialect, speaking style, sex and individual s peake rhabits. Othermodels focus on a single dialect (us ually RP or" Ge neral Ame rica n"), a s ingle s peakings tyle (careful, read speec h), and they usually do not take individual differences into accou nt.

2) The model s hould revea l the nature of the ma pping be tween f

0

contours a nd intonation ca tegories in a way that is meaningful to rese arche rs. In contrast, many othe r models of intonationare de velope dwith the primary goal of ge nerating f

0

c ontours a cc urate ly, by whateve r me ans, without revealing to human resea rchers the nature of the mapping.

3) The model s hall pre ferably have a re lational, bi - dire ctional characte r, rather than being orie nted to genera tion ora nalys is in pa rtic ular.

4) Rather tha n se izing on a pa rtic ular, fa voured modelling tec hnique, in the first ye arwe s hall employ general s ta tis tical techniques to determine e mpirically the structure of the data. The n, to mode l the se quential structure of the data, we shall infer probabilistic finite state a utomata from the IViE corpus. To characterise the mapping be tween intonation tra nsc riptions and f

0

contours, we s hall employ probabilistic finite - s tate trans ducers , to model obse rved intona tiona l melodies and the ma pping be tween intonationtr anscriptions and f

0

values. We s halla ls oe xamine the use of sums - of - products mode ls (van Sante n 1993)tomodel unseen events. This pa rt of ourmodel will be s imilar to the mode l of s egmental duration proposed by van Santen and Olive (1990).

5) We sha ll n ot attemptto model the assignme nt of intonations ymbols to a text: that is a very difficult problem, involving, inter alia , computation of discourse structure and s ome aspec ts of me aning.

4.1. Workplan

Phase 1. Statistical explor ation of the data. Be for e trying to model the corpus sample, we shall obta in informative statis tics concerning the variation in f

0

contours be tween spe akers, dialec ts and speaking s tyles, as exhibited in the e ntire corpus. We begin bya nalyz ing varia tion in the intonationtra nscr iptions. Then we s hall move on to an analysis of acoustic va riation.

a)Statistical analysis of the intonation tr anscriptions. To de termine what patterns occur with what frequencyfor eachdiale ct, style, gende r and s peake r, we s halle xamine the varia tio n in the initial, me dial and fina l (nuclear) positions of intona tion melodies, a nd in read passage data, the effe ct of pos ition in the narrative (whe ther paragraph initial, medial or fina l). We s hall

A QUANT ITATIVE MODEL O F INTONATIONAL VARIA TION IN THE B RIT ISH I SLES determine whetherindividual speake rs have freque nt patt erns that cut a cross all s tyles, to assess s peake rhabits, and we s hall establish the mos t frequent acce nt patterns for each s peake r, gender, s tyle and dia lec t.

For the read passages, we s hall then e xamine the correlation between tunes and their context of use (i.e. position in the passa ge)across dialects. The purpose of this task is to commence the inve stigation of sema ntic differences in intonation ac ross dialects and sex. For example, do insta nces of the same pa tte rn occur in different dialects and bo th se xes? If so, are the y us ed for diffe rent purposes? This will be ass esse d by an ins pection of the contexts in which those patterns a re use d, since we cannot access s peake r´s purpos es dire ctly. There fore, we sha ll take

"conte xt of us e" to indic ate differ ences in the meaning or function of differe nt intonation contours. We shall as k whethe rs imila r patterns are use dfordiffere nt purposes in the map task data, orin different contexts in the read passages.

b)Statistical analysis of f

0

v ariation. If the f

0

variation is not normally dis tributed (from prior work we expec t that it will not be) we s hall assess various s ta ndard transformations tos ee h ow the data may bes t be normalis ed. By normalizing f

0

across s ubjects, we will be able toc ombine data from sev era l spea kers within a given dialect or speaking style. Outliers of the f

0 distributions are often due to limitations of the f

0

trac kings oftware : identific ation of outliers will also enable us to dis regard those data points when constructing the model in phas e 2. As a res ult of this tas k, we shall be able to desc ribe f

0

variation due to dialect, style, gende r, intonation accent type, and position in the intonation phras e.

We will prese nt the res ults of this phase in two pape rs: one on variation in the in tona tion me lodies, the other onacoustic variation in f

0

a nd(poss ibly) RMS amplitude.

Phase 2. Pr obabilistic finite - s tate modelling. In this phas e, we examine the way in whic h intonation variation va ries with the seque ntial structure of intona tion tra ns criptions (and in the ac oustics, with time). The re are three main tasks. First, we s hall construct probabilis tic finite - s tate models of the intonation patterns alone. Second, we sha ll time - align similar f

0

contours, us ing dyna mic time warping. Third, we sh all construct probabilistic finite - state trans ducers, to mode l the mapping betwe en intona tion transcriptions and f

0

c ontours.

For the first task, we s hall distil lis ts of intonationpatterns obse rved in the da tabase toconstruc t finite state a utomata. W e s hall examine whether the differe nces be tween dia lec ts and s tyles warrant different grammars (i.e., whetherthey are sys te mic differences ), or whethe rthe diffe rences are ma inly statistical. We s hall examine the correlation be tween different phonota ctic pa tterns (i.e. intonation morphemes )and the diffe rent dialec ts and s tyles.

We s hall use dynamic time warping (DTW )to calculate ’prototypica l’ f

0

contours for ea ch dia lec ta nds tyle, toge ther with measures of the varia bilitya t differe nt points in the c ont our. This will be of pa rtic ular value to work that requires ’prototypes ’, suc has e.g. langua ge teac hing, as well as in general prese ntations of our results. Furthermore, by warping toke ns of one dia lec t or s tyle onto another, we shall be a ble to determine where the dialects ors tyl es a re mos t different, by analyz ing differences in the wa rpfunctions. It will als o be ne cessary to s ynchronis e the utterances in time in order toc ombine the sta te sequences of multiple toke ns of uttera nces s poken by diffe rent s peakers on differe nt occasions (mos t likely with different s peaking rates ).

We s hall e mploy DTW for this too. W ithout DTW, one c annot properly es timate the varia nce and mea ns of the accent realis ations.

We s hall then construct probabilis tic finite - s tate mode ls of the ac cent ˘ f

0

mappings by clustering the data inthe corpus. To illustrate this strategy, cons ide rthe sentence in Figure 1. By tabula ting the (time - warped) f

0

, pr ob_voice , and tone ta rget tiers, this uttera nce may be se gmented into twelve inter vals and twoe ndpoints. From these, a s mallfinite sta te transduce rc an be

A QUANT ITATIVE MODEL O F INTONATIONAL VARIA TION IN THE B RIT ISH I SLES s traightforwardly constructed (Figure 5). Finite state trans ducers forindividual uttera nces will be combined withthose of other s peake rs within each dialect and style.

At that p oint, a tallycan be made of the frequenc y of eac h tra nsition, from whic h tra nsition probabilities can subseque ntly be estimate d. The f

0

values assoc iated with each transition of the

FST amount to a tabula tion of the databas e. Equivalent trans itions (that is, all the transitions from one state to the same ne xt state) s hall be replace d by a single trans ition associated witha n f

0

proba bility distribution, cove ring the se veral observe d ins ta nces.

Since our goal is to understa nd the da ta in the corpus, rathe rthan to build an intonation s ynthes is er, we shall initia lly only include states and trans itions exhibite d in the data inthe finite - s tate trans ducer. As we cons truct FSTs foreac h diale ct, s tyle a nd ge nder, we s hall compare them to determine whe re, how, and to wha t e xtent they are differe nt. Finally, we sha ll me asure the goodness - of - fit of models fore ach dialect a nds tyle on held - out data (10% of the balance d database) and determine the extent of the proble m of dea ling with unse en data.

The anticipated t imeta ble of rese arch is s ummaris ed as follows:

Phase M onths from s tart

RA 1 (Gra be) RA 2

1 3 Statis tic al analysis of intona tion trans criptions inthe corpus

6

Study phonologic al variation in tra nsc riptions

8

Study and write pa peron ac oustic variation

9

Write paper on phonological varia tion in tra nsc riptions

2 11 Definition of proba bilistic grammars

Definition of proba bilistic grammars

13 Docume ntation of probabilis tic gramma rs

15 Time - warping of f

0

contours of se lected sample

17

Combin e finite state a utoma ta with acous tic models to make finite state tra nsducers

19 Compa re FST’s fordiffere nt dialects, s tyles, ge nder

21

FST construc tion and eva luation

3 24

Write final pa per, fina l report, public le afle t

M ount results on IViEwe bs ite

5. Conc lusion of project

The fina l writte n pape rof the project will be a description of intonational variation in s everal

Englis h dia lects, with refere nce to style and gender variation. It will include s imple finite - s tate des criptions of the ma in p atterns, and prototypical f

0

c ontours. As we ll as this paper a nd the final report forESRC, we propose to update the IViE website with the a ddition of outputs of this proje ct. Als o, we shall publis h a pa mphle t on ourresults fordissemination to colleagues in the s peec h therapy community, who have expressed their ea gerness for this deliverable. The content of this pa mphle t will als o be mounted on the project website s o that it can be accessed by anyone else who may be interested, e.g. Englis h language teach ers.

A QUANT ITATIVE MODEL O F INTONATIONAL VARIA TION IN THE B RIT ISH I SLES

Annex

References

Alle n, J., M. S. Hunnicutt and D. Klatt (1987) Fr om text to s peec h: The MITalk sys te m .

Cambridge Univers ity Press.

Bailey, T. M. a nd U. Hahn (2001) Dete rminants of wordlikeness : phonotac tics orlexical neighbourhoods? Jour nal of Me mory and Language 44 , 568 ˘ 591.

Cole man, J. S. 1992. " Synthesis - by - rule" without segme nts or rewrite rules. In G. Bailly, C.

Benoita nd T. R. Sa wa llis, e ds. Talking Machines: Theor ies, Mode ls, andDesigns .

Ams terda m: Elsevier. 43 ˘ 60.

Cole man, J. S. and J. B. Pierrehumbe rt (1997) Stochastic Phonologic al Grammars and

Acce ptability. In Computational Phonology. Third Meeting of the ACL Spec ial Interest

Group in Computational Phonology . Somers et, NJ: Ass ocia tion for Computational

Linguis tics. 49 ˘ 56.

Dainora, A . (2001) An empir ic ally based probabilis tic model of intonation in Amer ican Englis h .

PhD disse rtation, Univers ity of Chica go.

Dirks en, A. and J. S. Coleman (1997)All - Prosodic Synthesis Architecture. In J. P. H. van

Sante n, R. W. Sproat, J. P. Olive and J . Hirs chberg, e ds. Pr ogr ess in Speech Sy nthesis .

New York: Springer - Verla g. 91 ˘ 108.

Dusterhoff, K. E. (2000) Synthesiz ing Fundame ntal Freque ncy Using Models Automatically

Trained from Data . PhD thesis, University of Edinburgh.

Fris ch, S. A., N. R. Large and D. B. Pisoni (2000)Pe rception of wordlike ness: effe cts of segme nt proba bility andlength on the process ing of nonwords. Jour nal of Memory and

Language 42 , 481 ˘ 496.

Fujis aki, H. (1997)Prosody, mode ls, and spontaneous s peech. In Y. Sagisaka, N. Campbe l l and

N. Higuchi, e ds. Computing Pr osody: Computational models for processing s pontane ous s peec h. New York: Springer - Verla g. 27 ˘ 42.

Grabe, E. (2002) Variation adds to pros odic typology. In B. Be l and I. Marlin (eds),

Pr oceedings of the Speech Pr os ody 2002 Conference , 11 ˘ 13 April 2002, Aix - en -

Provence : Laboratoire Parole et Langage . 127 ˘ 132.

Grabe, E. and Pos t, B. (2002). Intona tiona l Va riation in Englis h. In B. Bel and I. Marlin (eds ),

Pr oceedings of the Speech Pr os ody 2002 Conference . 11 ˘ 13 April 2002, Aix - en -

Provence : Laboratoire Parole et Langage . 343 ˘ 346.

Grabe, E., Post, B., Nolan, F., and Fa rrar, K. (2000). Pitch accent rea lisation infourvarieties of

Britis h Englis h. Jour nal of Phonetics 28 , 161 ˘ 186.

Kingdon, R. (1958) The groundwork of English inton ation. London: Longman.

Pierre humbert, J. B. (1980) The phonology and phonetics of English intonation . PhD disserta tion, M IT.

Pierre humbert, J. B. (1981) Synthes izing intonation. Jour nal of the Acoustical Society of

Americ a 70 , 985 ˘ 995.

Ta ylor, P., S. Ki ng, S. Isa rd and H. Wright (1998)Intonation and Dia log Context as Constraints for Speech Recognition. Language and Speech 41 , 493 ˘ 512.

van Santen, J. P. H. (1993) Exploring N - way tables with sums - of - products models. Jour nal of

Mathe matical Psychology 37 , 327 ˘ 371.

van Santen, J. P. H. a ndJ. P. Olive (1990)The a nalysis of contextua l effec ts on se gmental duration. Computer Speec h and Language 4 , 359 ˘ 390.

A QUANT ITATIVE MODEL O F INTONATIONAL VARIA TION IN THE B RIT ISH I SLES

Figur es

Figure 1. A typical example of the data c ontained in the IViEcorpus. From top to bottom: 1) ac oustic waveform of the se ntence " you reme mbere d the lilies", rea d in isolation by a fe male s peake rfrom Belfas t; 2) r ms , the s hort - time root mea nsquare amplitude; 3) pr ob_voice , an

(accurate) estimate of the probability of voicing; 4) f

0

, an es timate of the fundamenta l frequenc y of the voice ; 5) a phonological tra nsc ription of tone targets, time - aligned to the acoustic data ; 6) a systematic - phonetic transc ription of the intona tion, made ac cording to the IViE trans cription conve ntions ; 7)a transc ripti on showing the location of prominents yllables; 8) a word - by - word tra nsc ription in ordina ryorthography, time - aligned to the end of each word in the audio rec ording. Time is s hown on the horizontal axis.

                                                                                    A
                                                                                                 QUANT ITATIVE MODEL O F INTONATIONAL VARIA TION IN THE

B
RIT ISH

I
SLES

Figure 2 : Intona tion patterns in ye s/no ques tions in se ven dialects of English (e.g. May I

le an on the railings ? ), from Grabe and Pos t (2002) . This figure  is based on the rea d

sente nce data . It illustrates intonational variation in the British Isles. Firs tly, the figure

s hows broa d ge ographical differences in the distribution of nuclear accents. Rise - pla tea u

patterns (L*H %), for instance, are found in northern cities, but not in London or

C ambridge. Sec ondly, it s hows that diale cts cannot be dis tinguishe d from ea ch other on

the basis of a s ingle, dialect - s pecific intona tion contour. In each dialect, more than one

contour is appropria te, a nd dialec ts differ because s peake rs have diffe rent dia le ct - s pecific

choices.

Newcast le

                                                               H*L  %

                                                               H*L   H%

                                                               L*H   %

                                                               L*H  H%

                                                               L*     H%

                                                               H*    H%

                                                               H*     %

Bel fast

Cambri dge

Dubli n

Leeds

Bradford

Punj abi

London Cari bbean

                                                                           A
                                                                                        QUANT ITATIVE MODEL O F INTONATIONAL VARIA TION IN THE

B
RIT ISH

I
SLES

                                                                                  H%

L*+H

˘

L

˘
+H*

H*+L

˘

H

˘
+L*

H*+H

˘

L*

H*

H

˘

L

˘

                                                                                   L%

H%

L%

Figure 3. Finite s tate automaton defining the possible intonational transcriptions of

American English, proposed by Pierrehumbert (1 980).

                                                                                                               .33

              .003 H%  .01

                                                                                                           L*+H

                                                                                                  .17

                                                                                                    L+H*

.04 H+!H*

                                                                                                              .03 L*

                                                                                                                   .76 H*

H

˘

L

˘

.16 H%

                     .997

.41

H

˘

.58 H

˘

L

˘

.24 L

˘

1

1

<.005

L*+H

.25 L+H*

.06 H+!H*

.08 L*

.6 H*

H

˘

L

˘

H

˘

.08 H

˘

L

˘

.99 L

˘

.46 H%

.84 L%

.54 L%

Non - fina l

Inte rmediate

Phras e(s )

Final

Inte rmediate

Phras e

        Figure 4. Probabilistic finite state a utomaton for American English intonation, adapted

        from Da inora (2001).

A
QUANT ITATIVE MODEL O F INTONATIONAL VARIA TION IN THE

B
RIT ISH

I
SLES

Sile nce
l

lH - h
h

hL - h
h

%

Sile nce

You rem  e
mbe red the l
i  lies
l
h
h

F0

234

226

219

211

204

196

Probability

.45

.36

.27

.18

.09

0.00

F0

256

244

231

219

206

194

.38

.19

0.00

F0

234

231

228

225

222

                                                                                                                       219

                                                                                                       .86

                                                                                                       .57

                                                                                                       .29

                                                                                                   0.00

                                                                                                                 Figure 5. Probabilistic finite state trans ducer constructed from Figure1, encoding the

                                                                                                                 ma pping between the phone tic tra nsc ription of intona tion and obse rved f

0

 values. In this

                                                                                                                 exa mple, the f

0

 proba bility distributions s hown in the his togra ms are base d on data from a

                                                                                                                 s ingle utterance. In the project, distributions will be calculated ac ross the corpus. With this

                                                                                                                 type  of model, it will be possible to de termine, for a give n tra nsc ription, dialect, style,

                                                                                                                 gende r and s peake r the most likely f

0

 contour, as we ll as poss ible but less common

                                                                                                                 rea lisations.