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SUMMARY

»The 5ijécts 0% this article are Kozhevnikov and Chis%ovitech's Fihding
regarding the constancy i’ relativé syllable durations and the ihpgﬁatanoy
of relative speech sound durations for different rates or speech; and their
prapoééi that vowéls are eliaéd bééause the necessary'mjnimﬁm'duration ot a
ﬁonsonant éonstBS ail the fime that happens to have been'aséigned-to that
syllable,

The relativegéonsonantal.durétiong of . my 5@ven:infﬁrma6ts (éix 1énguage5}
varied with speaking rate but mustly not as predicted by Kozhevnikov and
Chiétpvitohn'lngtead DF rising CDntinUOUély at faster rates, thz relative

~consonantal durations decreased égain (FigsnFZ and 3}; The vafiétioﬁ was so

small however, that o linear model, assuming @ constant consorantel propor-

;ﬁibn, préviﬂés an excslleﬁt approximation to the results (?icﬁn a4, 55 and 6)3
A spot check on the Eyllableqrin two séléctéd,words im thé Qarmgn.éémple L
revealed that the relative syllable durations were not less variable than
the relative consonantal durations there (Fig., 9).

Several problems and difiiculties related to speech reduction are dig-

cussed in. general term5~(§ 4n2); Are segments sqqeezed out‘whenyﬁgmpoﬁally
constrained, or are they teliberately omitt&d? If. segments -or gestures are
suppressed during proddctién; does ﬁhis Dchr:périﬁhefélly'mf cantrally? The
view is expressed that most examples of segment synkope and syllable contrac—
tion in everyday speech are regular and habitual, and are not necessarily

caused by increasing rate although their occcurrence bhas tho effect of acce~

lerating the message,



1. INTRODUCTION

1.1, Aim

Kozhevnikov and Chistqvitcb (1965);Found.that "upqn tbe increasing,ofvthe
duration of a phrase, there is,a,olearﬂlessenihg of the portion Df the time
occupied in it by the consonants" (p, 87).

The converse decrease of the relative vowel duration at faster rates was
accompanied by the total elision of a vowel. In consequence of this, they
went on to formulate a hypothesis of reduction, whereby a qonsonant must be
exgcuted in a-necessary minimum duratinn,Apossibly,1eaving;no_tima.over for
the vowel in that syllable, In their own words, the loss of a vowel occurs

Hwhen the interval between the syllables assigned in the programme is too
small in order to.accomplish both the closing andvthe qpening of,the organs
which articulate the consonant in the case of a rapid rate of speech.. As a
result, there is simply not sufficient time for the vowel" (p. 89), and.
again "the changes of rate significantly change the relative durations,qf
;hevconsanant and vowel within a syllable, In the case of a repid rate of
_speech the vowel can disappearxcompletely,(Full reduction of the vowel)_and
in the case of a Considerable slowing of the ratg the duration of the con-
sonant practically does not change and the. prolongation of the syllableiocw
|, curs at the expense of the vowel" (p. 89).

They had previously concluded that the variation of the relative duration
oF’syllablesvwaS random, In view of the apparent inconstancy of phpneme =
_lative durations, they decided in favour of the syllable as the basic pro-
gramme unit of speech:

"If we examine fhe syntagma as a sequenoa’ofbsounds of speech, we_pg@not

find any constancy in its time figure., However, if we turn to the syllables
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and consider the syntagma as a sequence of syllables, its rhythmic Figure
is an invariant and completely independent of the rate of speech, From this
gonclusion naturally follows that in the programme of a syntagma .the syl-—
lable commands’ are: rhythmically controlled® {p: 89)."
i+ Towish toquery the following two pointgit
Firstly, is it true that the, relative dirations of vowels and Gonsonants
Cvary: with . speech ratey, and, if so;wih:the way described by Kézhiévnikov and
Ghistoviteh?: This is-dimportant for- their conclusion that syllables are the
ciprogramme wundt, o osraees e i T e iy
~Secondly, are segments.''sgueezed: out' forrwant of sufficient time FoF
their execution? This is important-for theories of reduction, -
-~ Nooteboom and Slis -(1969) recognized: that if Kozhevnikioy-and Chistovitch
- were right about the relativedurations, it would*bé’a;"vér9“impof%aht*°
~findjng for the research on the control of timing &nd articulatiod", They
therefgre performed a similar experiment, but unlikeé Kozhevnikov-and ‘Chisto~
viteh (who had dggregated the consonants '@rd the vowels thioigh the test
sentence} they compared individual “consonants and vowels -in fheir respece

©-tlve positions in two nonserise words- mamamdm and: mamemim. They were unable

Jboconfirm that segment relative durations were entirely correlated with

.-speaking - rate, At fast rates, they tended to remain constent (except in‘the
internal weak syllable For which 'they accepted Kozhevnikov and Chistovitch's
reduction hypothesis). At slow.rates, the reélative vowel duraticns did in-
~Brease,; more. so.in the-long .vowels @ and less so in-the’shoft‘VoWélé5§, -
Jhere was also .a difference:between the' subjectsy ' They ‘conclude by’ slggest-
ing that "a slow speaking rate distcrts in some way or Other the Phythmit’

- figure.of, -a-word in the-brain @f the speaker™.:

_:Gaitenby: (1965). Found: that. the relative’ durations of words, ‘syllables and
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phonemes remained constant at different rates. However, the rate differences
were those between the normal speech of “"fast", "medium'" and "slow" speakers, .
This does not exclude the possibility:that there are differences when each

speaker varies his'own rate of speech.

1,2. Some-theoretical difficulties.

1.2.1. In any investigation of tempo; it is necessary to distinguish be-
tween gross- and net measures:of rate (Cleven.gaf*..,and Clart [155’:-3’.]‘,.136'0;dman-
Eisler [1958, 1961], Kelly and Steer [1949] and Wood [1973:31]).
The“distinctlon between gross and net measures can be obscured by the
yarying'degrees DF abstfaction of the speech units ccunted in the analysed
sentence, it is pcesible to count eegments actually repreeented ié the
speech wave, or segments deemed to have been present in some 1deallzed
' underlylng ccnstructlon The "ehcneme" has been a notcrlcusly vaéue concept
in this ‘respect, w1th much ccntrcverey between schcols. But even "eyllablee"
and "words" are not always as concrete as we might like tc 1mag1ne. I have
discussed this problem in gfeaterkdetail in my 1973:83. Tne difficuity of

the degree of abstractness is especially relevant to the cfeeent crcblem.

Kozhevnikov and Chistovitch had a 7 eyllable test sentence Tcnya toplla
Qggyg where the eeccnc vcwel disappeared at faeter rates (1 2, at shortcr
sentence duratlcne), yielding‘(I assume) a 6 syllable fenderlng 51m11ar

to [tep tcplla banyu] If this is so, then by taklng the utterance duratlon
- tc indicate tempo, they would have been u51ng a grcse type DF measure for
rate, disregarding the reducttcn -~ the'sentence was uttered in a brtefer
duration hence the message was tranemltted mcre qulckly;.On thevothef hand,
if we were tc take account oF the Fact that at enorter sentence dutatlcne

there were fewer syllables generated, then we wculd be using a net type of
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measure that paradoxically might show g slower articulation rate after the
reduction_
Suppose a sentence were uttered in an unbroken phrase of n syllables

in t, seconds, and then repeated more guickly in the brigfer duration t

1 2

seconds but now in (n - 1) syllables following reduction at the "faster"

rate, It is given that t1>‘t? seconds, but any of the following relations

e L ke e 8 e v 8 s <t st

between the net syllable rates are possible:

ﬁl)ELJLwl: SR _on=1 A e sylls/sec
t1 t2 : tq' t2 : t1 tZ ‘ L

For exampln in th@ case wherb n =8 syllableq and t =.2<éecond%;vfhe

5o
-

FDllDWlng valued OF t2 w111 make Cdch Df thL three relatlons true tz,fﬂ 73

seoonds, t 1 75 seconds and t2\\1 /5 %econds res p@ctlvely. If the 8

e’
syllables are uttered in 2 seconds, we havm a net rate of 4 syllables/
secmnd IF the messaqe is tranémitted "Morb qulckly" in, ay, 1. 8" seconds

but w1th contraotlon DF 1 syllabl@, we Flnd a net rate of 7/1 8 syllables/

sucond (3 9) Wthh is "slowur". Clearly, 1t is necgsaary to choose botween

B FEITN

the Lwo measures w1th care when a "Faster rendering can be articulated

A

"more Slowly".
It mlght be drgued thdt it is not a quss measure but a net measure

that 1ndlcat&8 how hdrd thc drtlculators are WOFKLHQ durlng ﬂn utteranco
and is therefore more relevant for dlSCUSSlOﬂS of reduotlon. In the para;““

doxical situationvcitea abové;.the‘loéd on the articulators seems to have
been 1ightened by the syllable cdﬁtradfiﬁh, despite the briefer utteranéé-

duratlon. Bonsaqucntly, any experlm@nt d851gned to TDldtB segment reductlonq
to gesture duratlonu ?nd Frequen01 25 ouqht to be de@d on a concrete mea-—
sure rather than an ab%tract measure, Fortunately, thls dlfflculty can be

v

01rcumvented by av01d1ng the type UF 5entence in Whlch syllable contraotlons
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‘bnouf;:so that there 15:61Wéy§ tne éame number oFysyllabiéé genenated.at
any réﬁe nf-utferénoéithfonghout thé entiré expérinéntal series., 1 have
‘Foilnwed‘fnis policy Fof tne éxpéfiments to be described below, and test
serntences were Carefully selected to avoid fhe nossibiiity of.syllable |
~911510n. In SO dolng, I am of coursé 1mply1né that 811810ﬂ8 are not Lhe.
result of 1ncreased speaklng rate, and any attemnt fo prnve that From the
experlments would 1nev1tably‘end in clrcularlty‘ IﬂSt&?d I shéll put for;
ward in'the conclusion my belief that elisions are.largely habltual and
amount to regeotlon of redundancy, enabllng the speaker to 1ncréase hls 

message transm1581on rate (if he w15hea) w1thout hav1ng to speed up arti-

culatlon to the same degree The Engllsh sentence Mary dets to qo to
8wansea can: hardly be uttered in anythlng but 8 syllablea. In contrast

the sentence perhaps he w111 qo to Brlqhton contalns two p0551ble syllable

Contractions,vreducing to p'raps =) 11 go to Brlghton, w1th the added COMe

{

plicatibn that the'Final syilable might contéin either a syllabic n or

a vowel,

1.2.2, We;all‘gnnw intuitively what a vo@éi ié nufwit hés.néyer been nné
of the more ea511y deflned noncepts, whlch can lead‘to ségmentatlon diffi-
cultles. It 1% wiser to avoldbtest scntences Conta1n¢ng ‘other Syllablc
sonorants than vowels; |

Glmllarly, Whllellt is oFten profltable in phonology to descrlbe 1ong
vowels and diphthongs as simple vowels followed by semlvowéls, there is
no phonetic boundary withln a 1ong vowel or dlphthnng that could be.unam—
biguously used for measuring purposes, All post-vocalic semlvowels \lf “
1ndeed they hnve Concretc neallty Out51de OF phonologyj have therefore been

Y\ se

1ncluded in the. vowel agqregates 1n my test sentence I could have:'
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restricted the set of test sentences by excluding ldng vowels- and diphthongs,
but my possible test sentence structure is severely constraimed as it is,

and some O?”myzsubjects already had?difficulty“in helping me: compose sult-.
able sentences in tﬁeif.lahguages.

Prevocalic semivowels have been included in the consonantal aggregates,. -
but they have been avoided as much as possible as the acoustic wave Form. -
does not always permit conclusivé segmentation, Post-vocalic nasals,
especially in a ,,VUNC,., combination, revealed a tendency to disappear in
anythiﬁg'but slow careful speech, leaving only nasalization on the: vowel;
This is in itself an interesting observation of a possible phoneticuni-
ver5al,-butfit-iswﬁev@pthaless a disturbing factor ir this type of dn-— " iu
vestigation and several of my repetition series had ‘to be discarded be-
cause it was ihpossible to resolve.this. difficulty. . . i

The price of these preé&utimmshmightﬁﬁeﬁﬂeorﬂdaed generality of the
results, but we hardly have any use for test sentences that we ‘do not

know how to measure,*

1.2.,3. Kozhevnikov and Chistovitch's relative consonant duration refers ...’
to an éVeraQé for the whole sentence, not for selected individual conso-:
nants, All consonant duraticns and all vowel durations were aggregated
separately and the consonant durations expressed relative to the vowel
duratiohs be the éntiré'uttefanée,'unity being-éssigned to the.volels, "~

In their own words:

Since the fluctuetions of the relative durations of the gounds of speech

* These problems suggest that the categories of "vowels" and "consorants™.
may be too comprehensive for this type of investigation., It wight be
more profitable to investigate the temporal structure of segments in
greater detail by looking at the individual sub-classes, in specified
syllable structures, as at Figure 9,
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in individual syllables were considerable, use was made of an integral
index consisting of the ratio of all the consanant intervals to the sum
of all the vowel intervals" (p. 87).

Their Figure 3i9 (p. 58) showed that the valua of the?iD/ZV ratio in-
creaaedvaa attaranqe duration ahortened, ;ndlgat;ng,that thb;consopaptal
bortion of the'utteranca increased at Faater‘ratas. With the help of their
Flgure 3. 9 these fatlos can gasily be fransformed into proportions of
the utterance duration, which are‘more 1mmed;ately comprehended (this was
also tha form 1n which Kozhevnlkov and Ch15t0v1tch expressed their finding
in thelr statememt auoted in my Dpenlng paragraph) The consonantal Pro-
"portlons of the sontenca fell roughly From 35 % to 29 % as the utterance
duration 1engthened From 0,8 tOWS D aaconds. Tha vowels are the.complement
OF‘tHe‘consanants with reapact to tha sentence and we consequently find
taanacalic’proportiQns increasing Frpm about 65.%‘t0 about.71,% as the
sentence duaaﬁion 1angthanad.

Incldentally, their Flgure 3.3 (p. 8?) gives an example. of the oscillo-
graphlc wrltamaut of the artloulator elactrodua and the spaach wave For
one renderlng of tha test santenca. Far thla 111ustratlon, thP<;LA§V ratio
was about D 58:1, the vowels Dccupylng about 62 % of the utLorance. These
valaas are typlcal for shoft utterance duratlons according to thelr
Flgure 3 9 lﬁowaveg, the duratlon of thls randarlng was about 2.6 seconds,

whlch is near thp 1Dngest of the serles. Thls rendering. 1ndlcatas that

Conaidarabla varlatlon is to be axpectad 1n‘§h15 typa‘of_exparlment.
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2. PROCEDURE

2.4, Methods
2.1.1, The experimeht consisté in having a suifablé.teéffsehtencé répéatéd
several times at different ratesband %hen ﬁaking suitable numerical ana-

lysis of the measured consonant, vowel and sentence durations,

Kozhevnikov and Chistovitch's Russian sentence had consonants specially

chosen to conteain labiél or coronél Qestufés that would clﬁse‘elecfriééi‘ e

circuits at electrodes sulthly placed in the mouth, thereby prov1d1ng ’

automatic Segmentatlon Nooteboom and 8115 also used 11p Blectrodes to o

facilitate segmentation in their mVm\VmVm test words. T have used natural *

sentences with consonants thaf aré notifodJaiFFicuit fo'dis%inéuighifrdmuﬁtt

vowels on an oscillogram of the wave form, but at the same time suffi-

ciently varied to avoid monotony or.articulaﬁory'diFFiéQiE}:.

24 2 Some cxperlmenturg 1nve;t1gdt1na tcmp0r11 phenompna in apeech have
found it d851rab19 to dlctate a rate to thelr %ubgecfs, Especlally to

hold tempo Constant r'or the Dre%ent type uF experlment the air is thet

opposite, to elicit a w1de varlatlen of tempo, Kozhevnikov and Chistovitcﬁjx

nevertheless chose to dictate rates to theifusubjégts,thevcldéﬁfe of the

First £ initiating a time‘sigﬂal that interf&pted‘thé.épéékéfzéftéf‘bnérafj

7 set sentence durations ffom 0,8 tDLB.OHéeconds.fTHeHépéakef'héd:toﬁieéfh’:

o

to adjust his féﬁdering ED theﬁéiven iﬁtérval éﬂd“aégKOzHévﬁikdv‘éﬁdfsd(
Chistovitch report, "the duration of the first pronunciations, as a rule,
differed significantly from the assigned durations as the subjects sought
the required rate of speech", Unsuccessful attempts were then rejected,

Nooteboom and Slis simply asked their subjects to speak slowly, normally
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and gquickly., The three rates were freely chosen by the subjects and data

was obtained on a vast range of rates of speech, I have followed a simi-

lar procedure,

2.1, 3 Kozhevnlkov and Celotov1teh S twollmformante made 25 to BDI?tthﬁtS
at each DF the a551gned sentence duratloee and for three dlfferent eteess
poswtlons, yielding a total of 1260 attempts. Each spesker's flee closest
attempts at each sentence duration for a given BtreSSvDOSltlDﬂ.WBTG se;~
1ected for further pr008551ng. The polnt dt geach of the 7 utterance durau
tions on the greph at the authore Flgure 3.9 preeumebly represente the
LC&:V guotient for the average of five renderlngs. Nooteboom and Slle hee
at least 20 repetltlone ecach of slow, normal and fast rates, The eiew

rate was eubeequently deFlned as teet‘wofd duratlene in excess eF 700 me
(correqpondlng to net rates OF lese-than 4,3 eylls/eec) Thelr results
were then averaged w1th1n each of the three broad rate claeeee ; have .

dought to obtain a total of 20 to 30 repetltlons eF eaeh eentencu to cover

all rates, Some informantevprov1ded up to 40 repetitions.

2. 2 Measurement and treatment

The data reeultlng from the experlment are abs olute consonant, vowel ahd
veentence duretlons, which were measured on oeclllograme of the wave form
and 1nten51ty, the paper runeing aL'125 mm/sec to llne up with VDlCBDFlﬂt
spectrograms (Flg. 1). The opectroarame were used to help eolve segmeeta*
tion difficulties, The aggregated consonant durations are then expreesed

as a proportion of the sentence duration.
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2.3. Possiblé outcomés

We can eggéétbaﬁy'oF'seVera1"OUEbomes from the experiment. when spegch
is accelerated, for example that the consonants occupy {(a) a progressively
larger proportion of the sentence (as described by Kozhevnikov and
thistovitcﬁ), or (b) a‘pfégressivélyAsmaller portion of the sente@cg ( the
Dpposife to fheir'predicted teﬁdehcy) or*(c) the same portion of the
senﬁencé (reiative'duratiohs réméihihg-constant, contrary. to the belief
fhat fhey véf}).

| S;EHrégééomes Will be indicated by ths degree and sign.of the correla-
”éiéﬁ bé£®één COﬁsoﬁénEél bfoportioh énd-speaking rate,:

Alté};afiQéi;, thése outcomes can also be revealed.by:th@,lineapity
Dfiﬁhe fegféé;ibniof absolute consorant durations for different rates, If
(éjzig’trué;‘thé‘conggnaﬁf durations will Fall.morefsteeply,asRsenﬁgnges
bééomé bfiéfér} IF (b) is true, the consonant durations will fall less
éteepiivésvsentencésvbéddme briefer, IF'(C) is true, the consonant dura-
tigns}wiil fFall uniformly'as sentences become briefer, There will thus be
non-linear rééressiéns'For (a) and (b) and a 1inear,Fegressignijr;(c).
The steepness of the slope depends on the proporticn of the sentence

occupied by the consonants, a larger proportion dgiving a steeper slope,

The changing slaope of the non-linear regressiom will therefore reflect
changing relative conscnant duration., If one Yinear regression is steeper
than another, then the constant relative duration will have been that

much larger, B : : S

2.4, Informants and test-sentences

beven informants took part - B (Southern British English), I (Dhinese),

fc-

(Polish), K (Southern Swedish), L (German), M (southern Swedish) and

(Egyptian),

=z
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The sentences were pronounced with normal sentence:intonatibn. (M also
recorded a contrasting series with an alternative intonation): ..
B1 Mary wants to go to Swansea

B2 Spiker's kidney pies are bigger

fod

Shuo hua shi ren lei chuan you de xing weil

Krakowski pocigg czeka tam

Lo

I

Sven kbpte det gamla huset
L Tch kaufte zwel gelbe Tische
M1 Sture fick ett tag pé& teknis

W2 Sture fick ett tAg pad teknis

N Bidid katab qiggagdzda
None of these sentences containedwéyllables that were likely to be con-
tracted, which ensured a constant number DF‘syllables;throughout‘théjéx—

periment,

3. RESULTS

The consonantal proportions afe plotﬁed aga;nstjsentence duration for eaéh
5ubject‘at~FiéUreé 2 an&HS..Sentencé duration can easily be-trahéformed“‘iw
into rate (the number of s&llébles‘uttered%is constant_in»each*Seriéé;

and syllable rate is the recipfééai Qf‘;;ilgble.duration).~The nét»arti; .
culation rate hasﬁthereforé been éiven»alongside theisentencefdurafioﬁ;‘
scale. The Cohséﬁéntéf.propoftions héve also bé;n given in the table at
Figure 4 for different rate classes, with a Qlass»interval-of-ﬂ syli/séc:

The absolute aggrégateducbnsonant durations havg;baen,plotted againéﬁ

sentence duration (rate) at Figures 5, 6 and 7.



20

3.1. Relative consonant durations

Sample M2 (fig. 3) supports Kozhevnikov and Chistovitch's finding that
the consonantal proportion continues to increase with speaking rate,

In samples B2 and N (Figs. 2 and 3), the consonantal DFQQQ??iDOaaDDear§ 
to vary randomly with speaking rate, suggesting it remains constant ;nde~“
pendently of rate variation,

For B1 (Fig. 2), the consonantal proportion also‘appearsito vary ran-
domly, although it is possibly a little smaller aﬁislpwer ratgs, It so,
this would agree with Nooteboom and Elis's finding that thelrelative COne
sonant durations varied at slower rates.

The remaining samples I, J, K, L and M1 show a very different»ténéégéyi,
The consonantal proportion increases from slow to mediumi;ateslmlqs Fouqq
by Kozhevnikov .and.Chistovitch and by Nooteboom and Slis :ﬁbut ;hgn dg-
creases again for fast rates (where Kozhevnicov and Chistovitch Bxpect a
continued rise), This type of outcome was not foreseen and could not have
been expected from the previous investigations., .

~The table at Figure 4 highlights smaller differgncgs than can be'de~
tected visually from the graphs at Figures & and 3,

The table not only confirms that M2 supports Kozheynik@v and Dhistowﬁ
vitch's finding (the consonantal -proportion rose continuously from 53=%.“v
to 58 %), It also shows that B1 follows the same. tendency, althought with
very small increments,

.- The table suggests that B2's may not vary as randomly as was thought‘__
and that-this sample may follow the uqforeseen ;eqdehgyf,aqﬁ.the varia-—
tions between rate classes are extremely small, .

The table shows that N's consonantal proportion may not vary randomly,
It seams to fall slightly as rate increases (there are only examples of

medium and fast rates for this speaker),
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The tendency for the consonantal proportion to increase from slow.to
medium rates, and then decrease again to fast rates, was not foreseen as

a possible outcome in ) Z.Bkgboveﬁ This‘tendency was exhib;ted_in most
’samp;gs -1, Jy Ky L énd M1. It is just possible that B2 and N also belong

to this group.,. .

3,2, Absolute consonantal durations

_ The:aggregated_consonantal durations are plotted against sentence. duration
(anqugtg) at,Figgres.S, 6 and 7. The tendency, for relative consonantal
:durations to vary with rate Will appear as.a non-linear regression in this
pre;entation (§ 2.3), but the relationship revealed in Figgres 5, @Haqé 7
SeEems very linear. TheAvariations of relative consonantal. duration: indi-
cated by the table at Figure 4 are so small (a few. percent only)-that;they
~can hardly be detected on Figures 5, 6 and 7, The straight lines drawn.on
these graphs represent the constant consonantal proportions stated there
and have peen Fitted by_eye»to pass through origo.and the set of points.
.The table at Figure 8 gives the product moment co{relation~coefficiant5
for consonant and sentencetdurations.and vowel and sentence durations.
These are so close to 1,th§t they underline how clase these regressions
are to linearity {this correlation coefficient assumes a linear relation-

ship between the variables).
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4, DIBCUSGION

4,1, Variations of relative consonantal durations

Practically all of the cases illustrated at Figureg 2 and 3 and tabulated
at Figure 4 show that there were some variations of relative consonant
duration at different speaking rates, although a lerge majority do not
follow the tendency described by KozHgunikoy and Chistoviteh. The .range
" of variation was small, Figures 5, 6 and 7 show that such small variations
hardly deviate from a virtually linear relationship between absolute con-
sonantal durations - and serténce durations,If ‘we look very closely at I,
Jy KL Df'Ml,'we can just ses that ‘the absclute-conscnantal durations
do rise a little more steesply at faster rates, and do flatten off a little
at slower rates, But the changes of slope:ére very skight and I am- sure
they Ban only be spotted because we Kribw the angwer in edvance from Fig-
ureds 2 and 3, Had ‘we been Looking for a truly linear relationship in any
other éxperimeht, we would have been overjoyed to find a set of plots like
those of Figures 5,76 and-7. The proximity of the coefficients to 1 is an
indication that a linear ‘model is am excellent epproximation to these
résults (Fig, 8), The vowels'are edudlly intimetely correlated with
‘speakiny rate,

The problem is, are the very small departures from thesexcellént linear
model nevertheless sufficilently large to warrant the conclusion that rela-
tive consonantal durations are invariant? Keozhevnikov and Chistovitch
believed so, The degree of constancy of their relative syllable durations
(that they concluded were invariant) may provide a yardstick to judge this
by .

Their Figures 3.6, 3.7 and.3.8 illustrate the syllable relative to its
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word, I am not gonvinced that the variation they show is as random as
they suggeStQ A definite bétterm can be discerred, especially in their
‘ wbrd gggiggngHese variations appear to be as large as the variations of
their DéﬂSOﬂaﬁtai’DTODOftiOﬁS in the sentence. For comparison, T have
takeﬁ two words Fron my Gérman subject L, kaufte and gelbe. Figure 9 shows
tﬁe variatibns of the word durations felative to the sentence, the syllab-
les to the words and the consonants to the syllables, The consonantal pro-
portion of the sentence has heen included for référehce‘ Figure 9 shows
thét the relative duration of none of the units was inveriant. The words
show the least variation - they decreasé slightly from slow to moderate
ratés, and then rise again at faster rates, The stronger Syllableégﬁggi
and‘ggi show greater vapiation than the words, The weaker syllables are
tﬁe“complement of the stronger syllables in their respective words and
"héﬁe not therefore been included on the graphs - te falls From 32 % to
27 %'and then rises again to 331%9 while be rises from 31 % to ‘40 %, This
guick spot check ddéé not éupport the idea that the relative rurations
of syllables shouldhbé less dependent'on speaking rate than are the rela-
'five durations DF.£HB Cénsonants; Tt might be worth while to investigate
"“other syllables and words from my o%hef informants and languages,

Even if Kozhevnikov and Chistovitch had been misteken about thé rela-
tive durations of phonemes and syllables, it can still nevertheless be
true that the syllable is the Drogramme units.ManybinEUitively feel- that
vd’fhe‘éylléﬁle is a bésic unit ‘of speech production, But sonie other type of

argument’and evidence may be Aecessary to confirm it

4.1; Synkope and svllab}pdpontraction

There are two basic problems that need to be solved before a final theory
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of reduction can be built, Firstly, if a particular speech unit disappears
in some renderings, has it been squeezed out because there is insufficient
time to accomplish it, or has it been deliberately omitted? Are the neces-
sary gesture commands extinguished at some point during the production
process, or are they never initiated? Secondly, are reductions peripheral
or central from the neuromotor point of view? There are possibly occasions
when any of these alternatives may be true., I doubt whether a complete
answer can be provided yet, but some aspects can be discussed briefly.

It is not easy to define an increase in tempo that can be related to
reductions of the synkope type, The observed specking rate, computed by
counting how many of a given speech unit are produced in the measured
time, represents the sum of the various influences acting on the temporal
characteristics of speech segments, It reflects the consequences of reduc—
tions rather than the drive that is postulated to have occasioned them,

There are two phenomena that contribute to a shorter utterance duration
and hence an accelerated massage - shorter segment durations and coale-
scence or loss of segments, The first is the area observed in investiga--
tions of articulatory undershooting, The second is the area of Kozhevnikov

and Chistovitch's hypothesis of elision.,

4,2.,2, Undershooting of gesture targets has been observed and related to
the time available for their execution (e.g. by Stetson et alia 1940, Lind-
blom 1983, Gay 1968, Kent and Moll 1972), This is doubtless perigheral

in character - a body travelling at a given velocity cr accelerating at

a given rate will not move so far if the duration of the movemnent is
shortened, So long as there is a gesture to measure, it is a simple matter
to relate undershooting and speech rate, But what happens if the ohserved

segment is elided?
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The loss of a.segment is pereeived. because the.rendering can be com-
pared with a-well known complete form, It would. be tempting to consider
~such an elision as & case of maximum undershoot and relats observed reduc-
tions to the rate of -transmission of the complete forms, For example, T
© ~found in a sequence of General-American speech (recorded from a radio in-

”terview) the filve syllables of the Americans spoken in .0, 38 seconds, a

rate of 13.2 syllables/second. We cannot articulate syllables at that
‘speed, the expected maximum being about 8, perhaps.9,-syllaples/secpnd
(Wood 1973: § 4), In fact, he uttered three syllables, [%1i m erkn z]
at 7.9 syllables/second, a very plausible fast rate of articulation, But
to relate the reductions to the transmission rate of - the complete forms
“would take for granted that elisions are of  the squeeze-out type, and
ignore the possibility- that some might instead bg deliberate omissions
from the message. The first type of elision can be attributed to temporal
constraints on the arﬁicdlatoryiQfggrqmmggg;,@.,?hcoqiﬂg constraints),
including Kozhevnicov and Chistovitch's hypothesis, the second type. con-
terns the composition of»the_under}ying message -that: is to be encoded,
These are two possible ways in which the brain gan work. in. this situation
and must-be born in mind during any -discussion or sg@culation about the
‘planning or programming that precedes the articulatign of speech, The two
cannot be distinguished in the speech output,

4,2.3, Simple. experiments like Lehiste's (4970:7) comparison of the fre-
quency of free apical vibrations in a.trilled r (28 per seccnd)»with the
voluntary apico-dental gesture of t (7 per;second)-Suggest that. the limit-
ing factor for volumtary gestures -lies within the nervaus syatem, .the
“pottleneck heing the rate at which some higher motor. centre.can transmit

v
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sequences of differentlcommands to the articulators, In syllable repetition
experiments (Kaiser 1934, Hudgins and Stetson 1937, Sigurd 1971) this limit-
ing rate appears peripherally as the rate at which the speaker_has‘switched
between differentsgesturgs{ for example tmamt~a4t~a...‘where the maximum
rate appéars as 7»0: 875y11ables/second. Lshiste's experiment indicates
that the articqlators,can mové more quickly ?han the motor centres ever
require féravdeiibgrqte gesture, Wﬁé;évé;ggbéé is a case of gesture com-
mands bein§ extithi5hed, it seems likely this would he due to the inqbiu
lityaoF a ﬁotor Dentre té pasé on Df switch between the necessary Qoordi~ -
nated cémmaﬁqs at a suf%iciently fast rate, rather ﬁhan to the inability
of the argiculator5 t§.respDnd properly Dwing to mechanical cpnstraints.

It is plear from mynwording of the previous paragraph that I_imagine
individual:géstgres, rgﬁher than whole segmenﬁs, suffering from that type

of neuramotor constraint, In test sentence B1, examples of the following

reductions Qgéurred in\...wanta L0, .0 [wf” ntst Q], [w3nst uJ,
(w3 syt,u]? Only a Few_gestures wefe lost at a time and not theﬂentire
mackages of Qestures»neededvfor n and t, Note:particularly that when,the
dental(ééclusion vanished, the g remained vqioeless without_assimi}gting
to thé vp}ced ns similarly thg_nasal cavity‘remains open during the‘vowel
even wheﬁ the n has vanished, In contrast I would expect the sequence
wands éo ("wandg to do conjuring tgic&s with") to reduce @5;F0110W5?
[w’gxﬂ dzt u], [w 5nzt u], [w 3zt u]. If it is assumea that these
are cases of gesture commands_being ext;nguished,“then it must also be ad-
mitted that.the occlusions wefe}disp@;ded subseguent to the assignment of -
voiging assimilation to the in%iexions‘g.lI usually;hesitate to agree that
the ordered rules of avﬁrans%qrmatiopal gegérat;vg model for phonology
necessarily always reflgctqggrebral pProcesses that are_part of Speechwpro—

ductioqtbut the parallel is undoubtedly striking in these examples,
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4,2.4. Supposing the Kozhevnikov and Chistovitch hypothesis were, true, . .-
that vowels are omitted when the consonant happens. to need all the time |
available for the syllable. Segment eiiéions ouéﬁt Eﬁen fo ocsur¥at“fandom,
wnenebér‘fhere was a momentary shortégg'Q#'tiﬁéélﬁgt_wa,gﬁow fhét:voweis |
do not disappear at random in speech, Elisiéhs and Syiléble contractions
are largely non~random and are instead habitual and pfediétable Frohwthe
environment, This is a view that is supported by the regulafity of chh
phenomgn@ synchronically in everyday speech andidiéehraﬁically in sound
change, For example, it is typical of many languages that certain waékl
vowelsnéféramittéd Betwéen obstruents ahd 1iq;i5;, és‘iH‘French ggQi&éi
Drféhglisﬁ ggliglgggé.‘The conventional, rather than tempo~dependeht3
chaféé%ér:§€ $QO rgduétions;is-UHderlined when'hypermcdrrect Formsfabﬁéar
with spurious véWeis‘és‘ih,Laﬁin-gggngllgmu If the reduced forms loée;
contact with theirwcomglete form, and.ultimately become establish@d‘as.

the normal form, evidence.dfsé‘ldsf segment may only appear in morpho-

logical alternations as in English hist'ry-historical, vict®ry-victorious.

Habitual reﬁUéﬁionstbecﬁhe parﬁ'of the commonlspeeoh code shared by all

gered;lggqugqt that these. reductions are pot the conseauengglof‘a rapid

speech rate but rather that they permit more reapid rates, The articula-
tory programme is simplified and shortered by dispensing with some of the
redundancy in fhe speech signal, enabling the linguistic message to be
transmitted in a briefer period of time, that is, more rapidly, It was de-
monstrated in § 1.2,1. above that syllable contraction leads to a slight
reduction of the articulatioh rate while the utterance becomes briefer and
the message is transmitted more quickly, This reorganization of the arti-
culatory programme permits more rapid message transmission rates while a

comfortable rate of articulation is retained.
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Correlation Céeffibients'Fof

Speaker’ sentence duration and -
| aggfégatéd | ., ,: éégreéatéd i -
‘consonantal s fvowel o
duration . . - Quration
B1 - 0,974 : 0.996
B2 ooee 0.998
I | b.967 | o o ‘0.582
Jd oo 0.984 0.565
<«  oe% 0.0
L | | oo | d;994
M 0,996 0.993
M2 - 0.985 7 o.9m6
N . 0.98% o _;{ 0.942

Fig. 8. Coefficients for the correlations between
' seftence duration and the aggregated con-
sonantal and vowel durations respectively

in each rendering (cf. Figs. 5, 6 and 7).






