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INTRODUCTIOR

Abercrombie [I] reported a phencmenal difference of polysyllables among
regional varieties of Standard English, specifically that syllable quantity
patterns for a particular lexical item msy serve as dialect markers. He noted
that the word "Peter" has a long-short pattern of syllable lengths in
Yorkshire, a short-long pattern in Lowland Seots and possibly a pattern of two
equal lengths in RP. Such a c¢laim has implications for =& atudy of phonetic
regularities that may be exploited in machine recognition of speech. The
report 18 also relevant to the efficient use of phonclogical regularities
associated with dialects, if syllable quantity patterns sre reliable specifiers
of (some) dimlecta. Purther, an understanding of the acoustic support for the
phenomensl differences may help us design more efficlent acoustic parsers.

EXPLOITING SYLLABLE QUANTITY PATTERNS

The succesaful expleitation of this phenomenon requires solving problems of two
typee, one lingulstic -and perceptual and the other acoustic. It is a problem
in systematic phonetics to establish the type of regularity that quantity
patterne may bde. It is a preblem in acoustic analysis to find a useful
description of the physical eigonal which relates te the differencea in
patterne. The latter problem 1s not independent of the former.

Although the clsims for quantity patterns concern not only disyllables, thege
are the primary focus of the preeent work. Ae described [1] there are three
types of quantity pattern for diayllables within the unit of a foot. (A foot
le defined as beginning with a etresssd syllable and containipg the syllables
following exclueive of the next stressed syllable. In the example above,
"Peter™ is contained in a single foot. All of the stimuli discussed here are
of thias form.) One quantity pattern, Type A, occurs in RP for the words
“shilling™, and "never", which have a short-lomg pattern. Type B cccurs for
the words "greater”, and “firmly", which are given a pattern of equal syllable
lengtha. Type C is aseigned to a feot structure with a word division between
the two syllables sand for which the pattern 1s long short, such as in the
phrase "tea for" (twe). In this formulatiom, quantity patterns do not apply to
isolated disyllabic worde stressed on the second syllable. Such words would
have monosyllabic feet for which the syntagmatic relative patterns would be
meaningless. A different formulation is required to handle such words in
isolaticn. In context, the second syllable of the words will be the first
ayllable of the foot. When such & word is followed by unetressed syllables,
this new foot will receive one of the available analyses.

The quentity patterns Type A and B for RP are further specified in terms of the
phonetic segmental structure of the worde. Type A patterns occcur with the
structure {C)VCV{C), where the first vowel may be in the set of functionall
short, undiphthongized vowels [e, £,8, 9 u, o]. {Abercrombie notes that [ai
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may not be & functionally short vowel for many talkera). Type B patterns are
associated with the structurea (C)VeC{C)V(C) and (c)V(C)Y(C) where the latter
ptructure has as a firet vowel one of the functionslly long wvowels or
diphthonga, as in “Peter”.

Such quantity patterns may be of use in machine recognition of speech either
directly by limiting the claes of possible lexical candidates for & signal, or
indirectly in identifying or confirming a talker's dimlect from which further
rules can be applied to conatrain proposed lexical snalyees of the signal.

The direct application of quantity patterns to lexical identification wmay
succeed in a variety of ways. Because the quantity patterns are independent of
the lexicsl atress pattern, they can provide additional partitions of the set
of disyllables with first syllable etress. Since this eet is a large part of
the diayllabic vocsbulary of Englieh, it is worth pursuing means for its
fyrther divieion. Quantity patterns would have to be specified as lexleal
information (or be derivable from other lexical information) for matching
purpcses.

Quantity patterns may also be invelved directly in é&palyses 1f the Joint
occurrence of a quantity pattern and lexical item holde further implications
either for the analyses of other portions of the signal or for non-lexical
local analyses. Consider the hypothetical case of a word normally associated
with one quantity pattern, which when aesociated with the other, marke a
ayntactic boundary that is otherwise locally ambiguous. It is an empirical
ispue whether quantity patterns will participate in lexical analysea in such
ways. Further, the existence of constraints on mequences of such patterns has
never been explored.

Less directly related to lexical analyses, quantity patterna may serve as
dialect markers. As such, they may allew us to invoke whatever other
information of sesmental or lexical regularities are seeociated with dialect
differences which, in turn, may constrein the local or non-local amalyses of a
aignal. Further, quantity patterns qua diaslect specifiers may figure in
limited ways within the scope of speech recognition by machine, as for example
in a training procedure but not in direct proceseing.

To bs useful in a direct way, quantity patterne must be Iinvariant (or
predictably variable) with reepect to the factors which influence the
realization of lexical itema: rate of ppeech, speech style, position of a word
in e longer utterance, phonetic context, and, of course, dialect of the talker.
For quantity patterns to be useful in the indirect eense as dialect apecifiera,
dialecta must be differentiable in specific ways.

Three ways in which dialects may differ at the phonetic and rphonological
pyotemic level are described in O'Comnor [4] Dialects may differ non-
syotemically, as when each has the same phonetic inventory but the diastribution
of megments in particular lexical items differs in a manner captured by &
correspondence rule. For example, the Cockney occurrence of [ax] corresponds
exceptionlessly to the occurremce in RP of [ex ].  Dialects may differ
systemically when they do not have the same inventory, as for example, the
difference in number and quality of the vowels in Scottish and RP. Dialects
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may salac be distinguished by sub-systemic differences which are localized to
apecific phonetic environments. Purther, selectional differences may exist
without saystemie differemces, as in the differences between HNorthern and
Southern British 1ish pronunciations of the words “"glams” and “laugh”
involving the use of ae] and [G], vhich are available in both inventories.

Abercrombie [1] noted that Type A patterns may be unevailable in some varieties
of Standard English. This would be a case of systemic difference. If the
obaervation were confirmed, then the occurremce of a Type A pattern in a signal

would serve aa information about which dialecta could be exeluded from .

conaideration. The absence of Type A in any signsl in itself would not be
reliable evidence because of the many other factors amside from the dialect of
the talker that may govern the opportunitiee for the patiern to occur, such as
constraints on vowel quality of & particular lexical item.

It is more probable that dialecte will show non-systemic differences of the
type in the example above for the word "Peter". Diamlects with the same
inventory of poesible quantity patterms may show different associations of the
patterns with what may be considered the same lexical item. This entails
either (or both) that the correspondence of segmental atructure with a quantity
pattern differs acroas the dialecte, or that the segmental, specifically the
vocalic qualities, of particular items in their underlying representations
differ acroes dialects. For example, if "Peter” has a Type A pattern in one
dialect and a Type B pattern in another [1]. either the association of CVEV((C)
with Type A ia not the same in both dialects, or the vowel quality in the firat
syllable is functionally short for the first dimlect and functionally long for
the socond dialect. Other analyses, such as a difference in the number of
wedial consomants, {vhich could also motivate a difference in gquantity patterns
without a dislect difference in the correspondence of segmental sequences with
quantity patterns) are not available in this example, although they may be for
othor lexical items.

If dimlects are found to have different correspondences of segmental sequences
(conditioned by vowel quality) with quantity patterns, then a quantity pattern
together with vowsl quality information for a signal will serve to identify or
at least partition the dialects. To illustrate this, consider a diaslect for
which CVCYC with ehort vowelas in the first syllable is essociated with the
short-long pattern of Type A and further that Type A occurs in this dialect
only with these conditions. It will be sufficient for identifying this dialect
(though perhaps not uniquely) to find a Type A pattern in e signal for which
the first vowel 1p phonetically short and there is & single medisl conmcnant.
It will be sufficient to exclude this dialect to find a Type A pattern in a
signal for vhich the vowel is long or for which there 1s more than one medial
consonant. The work in identifying (and excluding) dialects depends on the
full epecification of quantity patterns for the set of dialects of interest.

The correspondence of quantity patterns and Bsegmental constraints within
dialects of British English remains to be determined. This is net the only
obstacle to exploiting quantity patterna in machine recognition of speech. The
1link between the acouwstic signal end the quantity patterns also requires
investigation. This is the problem in focus in the current research.
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ACOUSTIC CORRELATES OF QUANTITY PATTERNS

For Abercrombie [1] quantity patterns are perceptual attributes of =&
linguistically structured osignael. Plausible candidates for the acoustie
correlates of quantity patterns appear to be relative duratiens of portioms of
the @8ignal and the interactions of <temporal structure with resonance
characteristica that specify the vowels [3 . If perceptual teats were to
reveal that listeners ume perceived eyllable length (perhapa normalized for
intrinsgic attributes of the component segments [3 }, then wvalues of relative
temporal measures could be further adjusted for the coocurrence of physical
attributes which influence listeners' judgements of syllable length. Moo=t
important emong plausible non-temporal conditioring factors would be the
fundamental frequency contour. It has been established that listenera’' reports
of vowel duration are influenced by dynamic characteristices of FO, as are those
of otress patterns and syllable structure.

Although Abercrombie makes use of the notion eyllable in hia demscriptions, he
does not provide a way of determining syllable structure. The gegmental
sequence constraints for quantity patterns do not make use of syllable
boundaries. Thus CVCVC sequences may be either CV-CVC, CVC-VC, or poassibly
CVC-CVC. The absence of syllable demarcations has no effect on the
correspondence formulations ms given. Unspecified syllable structure has
sericun implications for determining which portions of the acoustic signal are
relevant to specifying quantity patterns, 1f indeed 1t is syllable structure
that ia relevant to listeners.

It is possible that quantity patterna are particularly difficult attritutes for
ligteners to detect or use. The existence of such patterms is not mentioned in
a pumber of works on the temporal regularities of polysyllabic utterances in
English [2.3.4]- Reports of the quantity patterns of aignals would be
oonvenient for the interpretation of the acoustic analyses. The reports are
not logically necessary for either the task of lexical analysis or dialect
specification. What is required are consiatent values from talkers’
productions, values which reflect a unity for talkers from the same dislect
while they are diverse across dialects, and values which reflect 1little
varisnce meross tokens of a word spoken by talkers sharing a dimlect while the
values differ for worda of different syllable structure, segmental sequences,
or stress patterns. Put differently, to be umeful, the acouatic values need
only to meke the required separatioms of lexical items and dimlects and to
preserve the required identities. The values need not map onte the
impressioniatic descriptions of the quantity patterns in any way; the values
need not be large for the long-short pattern nor emell for the short-long
pattern for example. It is en empirical lssue to determine how transparently
related are the values observed apnd the possible quantity patterns.

If for convenience it is accepted that vowels and, &s claimed, syllables are
relevant linguistic units to guide acoustic eegmentation of the aignal, and
further that quentity patterns are best related to temporal attributes of the
signal, then at least iwo questiona muet be sanawered in order to provide
acoustic correlates of quantity patterns in the temporal domain. Tt must be
determined how best to exprese the temporal relational patterna, and, not
independently, how beat to relate observed values to the separation of
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dimlecta. In this study, fourteen expreasions, seven each involving syllable
durations arnd vowel duratione are tested. For relating values of thege
expreseione to the separation of dialects, a critical point model and s met
point (target) model are teated.

The fact that quantity patterns may differ for words of the same etresa pattern
dogs not imply that the acoustic correlates of the atrese and quantity patterns
are independent. Among the expressions tested are those known to be related to
the stress patterns, ouch a8 ratios of the duration of the first vowel to that
of the mecond [3].

Experimental methods

The stimuli were eight disyllables from a dialect atudy of 192 isolated words
(eight occurrences of each of 24 vowel qualities in different lexical itema).
5ix of the disyllables have s pattern of first syllable setress and two have a
pattern of second syllable strees.

Four adult male pative sepeakers of British English participated in the
production study. One esch is & speaker of Southern Standard English snd of
Midlands English (Birminghsm); two are apeakers of RF. Additionally apeakers
are being reeruited from these and other dialect regions. Talkers read aloud
the jsolated words in two differemt orders. Ae a consequence, the position of
six of the disyllablea varies between list final and non-final sequence.

Tokena of the word "father™ were chosen for analyses because this word was
predicted to have different quantity patterns in these diamlects. It has a Type
B pattern in EP. The two repetitions by each telker were filtered st 4.5 kHgz
and digitiged at a 10 kHMz sampling rate. The waveforms were digplayed and
moasured on the editing system developed for the Speech Lab of the University
Engineering Department.

VWaveforms were partitioned into four acoustic eections which identified the
acoustic onset and offset of the initial fricative, the firat vowel, the medial
fricative, and the final vowel. Together with the totsl duration of each
token, thess measurements were used@ in thirteen expressions of the temporal
structure of the tokens. Mean values for each talker for each expression are
shown in Table t. S1 and 32 represent the duration of the firet and second
gyllablea, reapectively. For this word, 32 includes the duration of the medial
fricative. Vi and V2 represent the duration of firat and second vowels,
respectively. T and 8 represent the total (S1+52) and sum (Vi+V2),
respectively. DS and DV represent the difference in syllable durations (S1-52)
end in vowel duratioms (V1-V2), respectively. The Southern Standard talker,
the Midlande talker, and the two RP talkers esre represented by T™, T2, T3 and
T4, reapectively.

Some expressions do not show relative invariance for the two RF speakera and
hence can be eliminated from the liat of plausible acoustic correlates of
eyllable quantity patterns. Total word duration and the ratio of the vowel
durations divided by the sum of the vowels do not provide the desired neonm-
overlapping ranges for between dialect specifications. Similarly, the simple
ratio of the two vowels fails to distingulsh the Southern Standard and Midlande
talkera.
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Table 1. Mean durational values for "father”

L T2 73 T4

Total meec 540 573 559 590

s1/r .57 .59 .54 .53

51-82 msec (] 100 49 32

81/s2 1.3 1.4 1.2 1.1

(s1/32)/T 2.4 2.5 2.1 1.8 (x .001)
Ds/T 1.4 1.7 .9 5 (x ot)
(81/82)/18 1.7 1.4 2.4 3.4 (x .01)
Sum msec 377 65 398 406

vi/s .52 .53 .54 57

¥1-v2 16 23 33 g8

¥1/v2 1.1 1.1 1.2 1.3

(vi/v2)/8 2.8 3.4 2.9 3.4 (x .001)
v/s .4 .5 .8 1.4 (x.1)
{Vi/v2)/DV 6.8 4.9 3.5 2.3 (x .01)

“"Our first impressions that the pattern of equal syllable quantities in RP might
have temporal. acoustic correlates receive some confirmation from the fact that
the mean simple ratic of the syllables approaches unity. The simple difference
in syllable durations spproaches zerg. Non-independently, the ratic of the
first syllable to. the total word duration approaches one half. This pattern
contrasts with that obtained from coneidering the vowel durations. For the RP
talkers, the ratio of the two vowels does not approach unity, as it does for
the Southern Standard talker. For the partitioning mesumed for thia word, the
ayllable-based expreesions more closely mirror our intuitions about quantity
patterns than do the vowel-based expresaions, first by uniting the data from
two talkers and mecondly, by the relatively tranaparent relationship between
the form of the expressioms and the pattern of equality. As noted above,
however, this last mspect im not & necessary one. )

It is not ponsible with the limited datia available to rank the expressions in

terms of the success with which they separate tokens from different dialecta.

Anglyses of additional tokens are underway. None of the expreasions reveals &

set point or target value for the two RP ppeakers. It ia, however, difficult

to appreciate how much of a differemce makes a difference because of the
limited data. For each of the five ratios involving syllable durationa, there
existe & critical point for which the values of RF talkers are on one side of
the critical point and the values of the other two dialects are on the other
pide. For example, the simple ratic of the two ayllables has & putative
eritical point at 1.2, above which the tokene are not from EP and equal to or
below which the tokens do come from RP. In this case, it is also possible that

a second oritical point exists (1.35) which distinguishes the tokens from

Southern Standard and Midlands English. There is no logical requirement that

the expreseion whose values distinguish one dialect from ancther need be the

same for all pairs of dialecta.
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In summary, expressions of syllable durations were found to distinguish tokens
of the same word spoken by talkera from different dialects. Further, these
expressions have values which are interpretable with respect to intuitions
about syllable quantity patterns more naturally than are those from expressions
of vowel durationa. With limited data, critical points can be found for some
oxpressions which unite tokens from a single dialect. Many of the factors
known to affect observed durations of vowels and syllables remain to be studied
with respect to these candidate expressions. Among them are the rate of speech
and the intrinsic characteristics of the component vowels. Although only
acoustic analyses have been performed and perceptual studies remain, acoustic
correlatee of quantity patterns have been shown to have usefulness in the
identification of dialects.
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