REPRESENTING THE ENVIRONMENTS FOR

PHONOLOGICAL PROCESSES IN AN ACCENT-INDEPENDENT

LEXICON FOR SYNTHESIS OF ENGLISH

Susan Fitt and Steve Isard e-mail sue@cstr.ed.ac.uk, stepheni@cstr.ed.ac.uk

Centre for Speech Technology Research

University of Edinburgh

80 South Bridge

Edinburgh

UK

ABSTRACT [2], there is also variation amongst consonants, particularly post-vocalic

?U? (as in `horse´, RP versus Scottish English) and

postalveolar

?M? (as in `news´, RP versus General American).

This paper reports on work developing an accent-independent lexicon for use in synthesising speech in English. Lexica which use phonemic transcriptions are onlysuitable for one accent, and developing a lexicon for a new accent is a long and laborious process. Potential solutions to this problem include the use of conversion rules to generate lexica of regional pronunciations from standard accents [1] and encoding of regional variation bymeans of keywords [2]. The latter proposal forms the basis of the current work.

There are some additional consonants which are not covered in

[2]. These are onlyused in a limited geographical area, such as ?

Ó ? which is used in Wales and

?[? which is used in Scotland and Ireland. Both of these are used mainlyfor local words or names, such as ? Ó ? in the Welsh name `Llewelyn´, or ?[? in the

Scottish word `loch´. To some extent their use is predictable from the spelling and the pronunciation in other accents, but in a keyword system it is simpler to use key-consonants for these and encode them in the lexicon rather than tryto produce them by rule.

However, even if we use a keyword system for lexical transcription there are a number of remaining theoretical and methodological problems if we are to synthesise and recognise accents to a high degree of accuracy; these problems are discussed in the following paper.

1.2. Inclusion of Features in the Lexicon versus Derivation

At some point we need to draw the line between what we include in the lexicon and what we derive byrule, and to decide what, if anything, should be handled byexception lists.

This topic will form the major part of this paper.

1. KEYWORD TRANSCRIPTION

Pronunciation lexicons for use in speech synthesis and recognition are readilyavailable for General American and RP, but as use of speech technologygrows more accents will be required. Developing lexicons for different accents of English is a long and potentiallyexpensive process. Although conversion rules can be produced for semi-automatic accent generation [1], hand-checking is still required and the rules have to be rewritten for each new accent. Adifferent solution is described in [2], based on Well’s keyword system [3]. Wells describes the vowels occurring in different accents in terms of keywords, so rather than saying that ’pool’contains the phoneme

?X? in RP and

?Ê? in Scottish accents, he simplysays that the word contains the GOOSE vowel.

For keyword synthesis it might be assumed that all necessary information be marked bydifferent symbols in the lexicon, but as we shall see there are details of pronunciation that an accent-independent lexicon needs to cope with, which would be better handled byrule. As a starting point, we might suggest that all phonological variation, such as the use of ? Ó ?

versus

?O? in Welsh, be included in the lexicon, while all

phonetic or allophonic variation, such as the use of dark and

light ?O? in different accents, should be handled byaccent-

specific rules. Alternations which occur in onlyone or two

words could be treated as exceptions.

1.1. Key-vowels and Key-consonants

2. PHONEMIC VARIATION ACROSS

ACCENTS Using Wells´s keywords as the basis for producing a

pronunciation lexicon, we might specifythe symbol ’uu’as

describing the GOOSE vowel, and transcribe ’pool’and other

such words with this symbol; the ’uu’would be realised

differentlyfor Scottish English and for RP. Vowels are the

main source of variation for British accents, and are the only

sounds covered byWells´s keywords. However, as noted in

Much of the variation of phonemic status in English accents

can be covered byuse of keyword symbols. As noted above,

the primarysource of variation is in the vowels, and use of

keyword symbols for consonants covers still more regional

variation. However, there are some problems in deciding exactlywhat constitutes phonemic variation, which must be

resolved if we are to produce accurate and consistent

transcriptions for each accent. Furthermore, encoding all

phonemic differences for various accents in the lexicon can

lead to great complexity.

2.2. Full and Reduced Vowels

An example of a particular problem in keyword synthesis is the

use of the reduced vowels (schwa or

?�(QG�O(V? for `endless´, rather than the schwa or

?,? used in most other accents of English. Note that although these ’reduced vowels’can occur as variants of full vowels, in these examples their use in accents such as RP is obligatory;

’endless’is

?�(QG�O�V? or ?�(QG�O,V? and the pronunciation

?�(QG�O(V? does not occur.

2.1. Phonemic versus Allophonic Variation

For most accents and most phones it is a simple matter to

decide whether the difference between two phones is phonemic

or allophonic. Phonemic differences are those represented by

minimal pairs, such as `hat´ and `hot´ in most accents of

English, or those with phoneticallydistinct sounds in

complementarydistribution, such as

?K? and

?1? . Allophonic

differences are in complementarydistribution but have

phonetic similarity, such as the light

>O@ in RP `look´ and the dark

>�@ in RP `cool´. Typicallyspeakers of the accent do not

classify allophones of a particular phoneme as different sounds.

Since the reduced forms are more common, and the full forms

can generallybe derived byreference to the spelling, it is

tempting to produce some of these variations byrule rather

than hardwire them into the lexicon, although this would

violate the principle that phonemic differences are encoded in

the lexicon. Also, given the complexityof English spelling,

accurate rules to determine the pronunciation from the spelling

are not simple. This means that for everyaccent that contains

full vowels where others use reduced vowels, extra keyword

symbols must be created, giving us, for the examples in the

accents above, three distinctions for ?(? -type vowels:

However, for some accents there are sounds whose phonemic

status is borderline, and these pose a theoretical problem of

classification. One example is long vowels in Scottish English.

Theyare generallydescribed in the literature as

morphologicallyand phonologicallyconditioned, so while

`mood´

>PÊG@ and `mooed´ [

PÊ«G@ mayform an apparent

minimal pair in terms of the phone string, the difference

between the two is actuallydetermined bythe morphological

structure, with the vowel in `mooed´ preceding a morpheme

boundary. This would suggest that the two sounds are

allophones, and if morphological information is included in the

lexicon we can predict where long vowels will occur.

However, for some speakers there are words such as `leak´ and

`leek´ [3] which are minimal pairs but are not environmentally

conditioned, suggesting that for these speakers the difference is

phonemic. To make the situation still more complex, such

speakers do not always agree on which words contain a

difference of length.

Word Keyword symbols

e ntreat E1 n . t r * ii t

e ndl e ss * E0 n d . l E2 s

One wayof encoding such variation while maintaining a fairly

readable lexicon is, as above, byuse of numbers combined

with the basic key-vowels. This type of encoding should allow

us to use equivalent numbers for equivalent processes, for

example with 0 always indicating an unreduced vowel, 1, 2 and

3 referring to reduced vowels in different accents, 4 being a

vowel which is deleted or deletable in certain accents (as in

`secret a ry´), and so on.

One possible answer to such a dilemma is to record the accent

of the majorityof speakers, or of younger speakers if it is

thought that the accent is in the process of change. Another

solution, given that it appears to be impossible to encode the

speech of all individuals in a keyword lexicon, is to aim for the

simplest transcriptions; in the case of Scottish long vowels, this

might mean ignoring the long/short distinction where it is not

used byall speakers, and if this leads to non-phonemic status

for the long vowels, theycan be derived byrule. This does

mean, though, that all the necessaryenvironmental information

must be contained in the dictionary. So, a word such as

`mooed´, which contains two morphemes, must contain a

morpheme boundaryin the lexicon even though it is

monosyllabic, for example (with + representing a morpheme

boundary):

3. PHONOLOGICAL PROCESSES

One area of difficultyin designing a system which contains all

necessaryinformation is caused byphonological processes, and

some of these are discussed below.

3.1. Accent-Specific Allophones

One example of an accent-specific allophone is the flapping of

?W? in American English, in words such as ’city’; another is the realisation of ?W? as a glottal stop in manyBritish accents. For instance, manyBritish accents use a glottal stop in word-final position following a vowel, for example ’hot’

>Kc�@ . Others,

such as Cockney, also use a glottal stop word-mediallybefore

an unstressed vowel, as in ’hotter’, while in Edinburgh it may

also occur before a stressed vowel [3]. We can deal with such

pronunciations by:

Word Keyword symbols

mood m * uu d

mooed m * uu + d i. Use of keyword symbols in the base lexicon to

represent the different realisations of ?W? .

However, use of keyword symbols to represent

allophones is inefficient, and this option is

unrealistic for processes such as glottalisation

of ?W? , since different accents do this in different

environments. Recording all the potential

outcomes with different symbols in the lexicon

unnecessarilyincreases its complexity, and

includes information which is easilystated by

rule, given appropriate keyword symbols, stress

and syllabification.

[5] for Edinburgh English), there is no comprehensive studyof

all the pronunciation variants occurring in different styles or

speaking rates for anyone accent, let alone the manydifferent

accents covered bya keyword dictionary. This practical

difficultysuggests that for the moment, onlywell-attested

phenomena such as glottalisation or flapping should be

included in a rule set; it also suggests that as much

morphological and other relevant information as possible

should be included in the dictionaryto facilitate rule-

development at a later‘ stage.

Certain common alternations cause difficultyif we are to

provide naturalistic pronunciations. One of the most prevalent

is optional vowel reduction (as opposed to the use of reduced

vowels as phonemes, discussed above). Examples of this in

RP are:

ii. Use of keyword symbols for representation of

the basic phonemes in the lexicon, with output

phones chosen bythe synthesiser. This

alternative increases complexityin the

synthesiser itself, since the synthesiser must

now contain phonological rules for the different

accents.

Word Phone string

autocrat

>�2�W�N�DW@ or

>�2�WRX�N�DW@

ovation

?�ED�O(,? ) and American English ( ?ED�OH,? ).

However, there are some cases for which a number of words follow the same pattern, for example `mutate´, `frustrate´ and so on, with primarystress on the first syllable in American

English and on the second in British English. It maybe worthwhile to extend the notion of keyword vowels and have keyword stress, rather than deal with these words byrule or list them as exceptions. Another example is secondarystress in the two accents, in words such as `secondary´. This word forms a particularlycomplex example, as it typicallyhas four syllables in American English and three in British English:

If we wish to include some variation according to style or speaking rate this makes the lexicon more complex, and at present our knowledge of the linguistic processes occurring in different accents is somewhat limited. Furthermore, even in keyword synthesis exception lists cannot be avoided. Despite these reservations, it is hoped that much regional variation can be covered by keyword lexica.

7. ACKNOWLEDGEMENTS

We are pleased to acknowledge the support of the UK

Engineering and Physical Sciences Research Council through grant EPSRC GR/L53250.

Accent Phoneme string

American English:

?�V(�N�QıG(�L?

British English: ?�V(�N�Q�G�L?

8. REFERENCES

1. Fitt, Susan. ^The generation of regional pronunciations of

English for speech synthesis.~ Proceedings:

Eurospeech 97, Vol. 5, pp. 2447-50. Patras. 1997.

While a simple solution would be to transcribe the four

syllables for British English, giving ?�V(�N�Q�G�L? , this is a

rather stilted pronunciation and so is not ideal if we are aiming

for naturalistic speech synthesis. 2. Williams, BrionyJ., and Isard, Stephen. ^Akeyvowel

approach to the synthesis of regional accents of

English.~ Proceedings: Eurospeech 97, Vol. 5,

pp.2435-8. Patras. 1997.

5.2. Syllabification

Syllabification and morphological boundaries are important for

the keyword dictionaryas theycondition some of the

phonological processes which applyto the base pronunciations.

However, it appears that syllabification can varyacross

accents. For example, Wells [2, Vol. 3 p. 537] claims that the

?V? in the Canadian pronunciation of `bicycle´ must belong with

the first syllable, but for Southern American English it belongs

with the second syllable; this can be inferred from the

allophones which occur in this word. For Canadian English the

syllable must be closed for raising to occur, while in Southern

American a diphthong occurs in a closed syllable and a

monophthong in an open syllable. This means that phonetic

transcriptions in the two accents must be as follows:

3. Wells, John C. (1982). Accents of English. Cambridge:

Cambridge University Press.

4. Reid, Euan (1978). "Social and stylistic variation in the

speech of children:some evidence from Edinburgh."

In:Peter Trudgill (ed.), Sociolinguistic patterns in

British English, pp. 158-71. London: Edward Arnold.

5. Romaine, Suzanne (1978). "Postvocalic /r/ in Scottish

English: sound change in progress?" In:Peter

Trudgill (ed.), Sociolinguistic patterns in British

English, pp. 144-57. London: Edward Arnold.

Accent Phone string

Canadian English: >�E�,V�,�NO@

Southern American English: >�ED�V,�NO@

It is not clear at present how widespread such cases are; if they

occur in a minorityof words theycan be given a syllabification