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SUMMAHY

The subjects of this article are Kozhevnikov and Chistovitch's fínding

regarding the cor¡stancy ûi' relatíve sytlabte durations and the j.nccnstancy
: ; -, ,. :..,

-" of relatirve speech sound durations for different rateê of. speech; and thei:
',..,proposal that vowels are elided because the necessary minimum duration of a

'. ...:. .. ..

consonant consumes all the time that happens to have been assigned to that

sy11able.

Tþe relative'consonantql. duration.s .of.,m,v seven: info¡mants (six ianguagesì

varÍed with spbaking rate but mustly not as predieted b,v Kozhevnikov and

Chistovitch" Instead of rising continuoi-rsly at' faster rates, the r"elative

- Eeflsonafltal duraþions decr:eased agai-n [f igs." 2 and 3J.. fne va:"ia!!on was so

small hòlvevei"¡: that a linear model , assuming a constan.t consonan.-"al'propclr-

provicles an e;<cell-ent approximatio;r to the results {tigr" 4r'5n eind 6)"

A spot check.on ti¡e sylIabtr-es ín lwo-selected words i¡t-he Ç¡rmy sample L

revealed that the rel-ative syllab1e durations were nrt lesjs vas,ì,air1e than

the relative ccnsonantal- durati.ons there [fiS. 9J,

Several problems and difí'icuities related to speech reluc,!ron.arc dis-

,cussed,ir1. general ter:ms (T +'Z), Are,segmerrts squeezed oub when ter¡porally
.i- .. j:...:.:,,

constrained, ór'are they tleliberately, omittëd? If, segrnen+s.''er,:gestures are

suppressed during production, does this o""r" pËripherally or centrally? The

view is expressed that most examples of segment synkope and syllal-:le contrac-

tion in everyday speech are regular and habitual, and are not necessarily

caused by increas'ing rate alLhnugh their oõcurrence has the effect of acce-

lerating the message,
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1. TNTH0DUCIï0N]

1.1. ô¿g

Kozhevnikov and Chistovitctr ( ISOSJ found that "upon the increasing of the

duration of a phrase, there is a clear..lessening of the portion of the time

occupied in it by the consonqnts" (,p. B?). 
i

The converae decrease of the relative vowel.duratÍon at faster.nate$ was

accompanied by the total elision of a vowel. In consequenee of thisr they

went on to formulate a hypothesis of reduction, whereby a consonant must be

exgcutqÇ,in a necessary minimttm duration, .possi.bly leaving,no.line over for

the vowel in.that,,pyllable. fn their own words, the loss gf. vgwel ocqurs

,,lfwhen tl-rq interval bepwpen the, syllables assignçd in the programme is. too

small. in qrder to,accomplish both,the closing and the openi¡'lg of .tþe organs

ryhiçh.articulate the consonant in the caae of a repid rate of speech*, As a

.. ,result, there is simply not sufficient time for the vowel" [p.89), and

again "the chaqges of rate significantly ehange the relative durations.,of

lhe,cgnsonant and vowel wÍthÍn a syllable, In the case of a rapid rate of

, spgech the vowel cal.disarp""r llïlletely 
(futf reduction of the vowel) and

in the case of a considerable slowing of the rate the duration of the con-

solant practically does not change and the prolongation of thç syllable.oc-

r,,clfs-,tst,the expenqe of the vowel" (p. 89).

They had previously concluded that the variation,of the relative duration

of.syllables was random. In view of the apparent inconstancy of phoneme re-

lative durations, they decided in favour of the syl1eÞle as the basic ¡F!o-

gremme unit of speech:

"Tf we examine the syntaqma as a sequence of sounds of speech, we 
-cgqrnot

, find any constancy in its time figure. However, if we turn tq lhe syllables
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and consider the syntagma as a sequence of syllables, its ¡tlftfrmiO'Ftgure

is an invariant and completely independent of the rate of speech. From this

conclusion naturally fol1ows that in the programme of a syntagma..fJrb syl-

lable corninan-ds ,ahe,rhythmícally controlleUl! (p:ì 89).i ' '':: ' ; ' 'i

,,i:i itr,wish te]-qqery the follbwing two points:¡i '" : . ;r:::rj'"' ':'i::' i::

Firstly, is it true that the. rela,tive' duratlons of Vowefb ahd lðonÈohànts

,-. vetrfr with speech ratÉ', andriif::s6;;.[fu;.ù,lrÉ way desc¡ibed by KOzhiljvnikov and

Çhistpvltch?i.'This ,ås,,;importantFsr- theír cohclusion that syllables' :a're ''th'ê

their Ëxecuti.on? Thi.s is. important"f,or thèorles:'ôfl'reductiön. ' i " " ' :

:. ', Neóteboom and $Iis { tees) i recognleed ' that if Kozherintkijü"ånd 0histbvitch

r. were r¡lght,:aborit the'relative,rdurations, it woúld'ibé: a; r'vÉrf"imþoiÀtant'r,'';

¡,find{ng,for the neseatch on the contro} of timing rind'articulatiórir't.':ThËy

thçrefç1"€ ,pçrformed a s{rni}ar: experÍmentr, but unlike'Kozhevnikov:jandl0niåto-

vitch'twtro, had agg.regated the consonants rárì-d the vowels thfouigh rtl.iej test

se.ntenoel they compared indiv{dua'tr'reonsonants and vowefs ih theif respec¿

, ''tíve pasitions',in two nonseñse ,wor:dË,ggggg! and,,rleûrdm4m. They were uhäble

-.te,cqnffirm that segment rela,tive d,r:rations we#e' eintirely: corfelated with':

-."cpeekd.ng.¡ate', At fast rates, the¡r tended'to'.re'main constant Iexc'eptiin'the

internal weak syllable for which:they. accepted Kozhevnikov and 0histovitôhts

.iredqatl-or1 ;hy.petheais,). nt sfow,,"ratesr"the relative vowel :durations did in-

'!9fe8-s€¡,,r{torp, s.o.:!n, the,,Iong voweLs d- and }ess sb i'n the bhoft vowels a. l''

Jhere, wae, also ..a dj-f,fens¡ss,rbietween,.the: sub¡eCtS:; 'They rconclud'e byJ suggest-

ing that "a slow speaking rate distcnts i-n some way br other:'th;e'rhythmid

'f,i¡gtrre,,Of,'ar'wofd in'thre,,braünrof the speakeritii:: : "' 
:¡: l ''' r""i i'''

, i,Ge.itenbyr (. æAS),f,ou¡nd; thêt:the 'relativb'' durâtions Òf wofdsr: 'sylnäblèsl ånA
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iJ.-;.: phönemes remained bonstant at different rates. However, the þate differenees

were those between the normal speech of "fast", "medium" and'"slow" spoakers.

This does not exelude the possibilityithat there are differences when each

:l speaker varieà'his'r'own rate of speech. i .

1,2 Some', theoretieal díff iculties,

1.2.1. In any investigation of tempo, ít is necessary to distinguish be-

tween ggg and net measures..pf rate (Gleveng€r..and Clarl. IrSneJ.t::e'oldman-

Eisrer Itsse, 1961], Kel]y and steer Ileas] and wood ltststSrl).
,,:. :

The distinction between gross and net measures can be obscured by the

varying degrees of abstraction of the speech units counted in the analysed

sentencej It is possible to counù segments actually represented in the
tr ' 

:

speech wave, or segments deemed to'have been present in some idealized
..;:

underiying construction. The ttphoneme" has been a notoriously vague eoncept

in this'respect, with much controversy between schools. But even I'sy}lables"

and "words" are not always as concrete as we might 1ike to imagine. I have

discussed this problem in greater detail in my 19?32$3. Th* difficutty of
:

the degree of abstractness is especially relevant to the present problem.

Kozhevnikov and Chistovitch had a 7 syllable test sentence Tonva topila

banyyr where the second vowe] dlsappeared at faster rates Ii.e. at shorter
',' -i

sentence durations), yietding (I assume) a 6 syllable rendering simÍ.}ar

to fto¡ topi]a banyu]. If this is so, then by taking the utterance duration
.)

i

to indicate tempo, they wouild have been using ei gross type of measure for
. :. ,r.::. ; i: ::.::

rate, disregarding the reduction - the sentence was uttered in a briefer

duration hence the message was transmitted more quictty.' ät tn"'other hand,
'' : ' '' 

i -i 
"'

if we were to take account of tfre fact that at shorter sentence durations
' | ; ' ' : ï'i irrì

there were fewer syllables generated, then we would be using a net type of
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meaqgre. thet Oqrqdoxíc1l,Il,,m+ghi show a gloueq arlic,ulatiol fgte after

rgduction. . : , .. ,,. ,- ,... ,., ;. :.:. ... : . :....... .: 1: .:

S.upposç a sentence :qçre uttered 
-in -,1.n, qrlbqol5en phra.qe of 

.n

in t, seconds, and then repeated more qul.ckly in the ¡"itf*"
1

seconds but now ín [n - 1) syllables following reduetÍon at t

rate. It is given that t lìtZ seconds, but any,gf tnq ioffg-.qi

between the-nç!,gyllable ratqg are possible:

the

syllables

duration t^.¿
he rrfasterrl

ng relations
' ':. . .: :ir ' .it¡. .,

i,.i -i ... :: r

For example, in the
, .\! - . :

following values of
i' . ..' ..,,

seconds,

E En
' . . ;,' :l:1.. 

.1 r..

case wher€ fi = I syllables and t^ = 2
I

.-í | :r!r t .:i.., :

n-1
tz

1

,n
ttl

tz

n-1
-.Í_u2

syn ec

seconds, the
i:.: ;: J -

''.¡l !

t, will make eaeh of the three relations true: t2>1.?5
'1.1... 1.'

1.75 seconds and
," ".i'. r¡1" ; . .

. . i1,.:i. ',,

we have a net rate of 4
:i

tZ( 1.?5 seconds respectively. If the B

syllables are uttered in 2
ij' :'.: : r '; . , :

second. If the message is
:..¡:rll.:

t: 1 .l

diseussions

load on the

of reduction.
.iL i .:

aiticulators

syllab1eå/

In the para:--"
I

!

seems to have

rrmore quickly't in, sayr 1. Bl seeonds
. :.: .,1-: ' ,:.1 ,¡. ..; . .:: .i'i.,.: ..- , -..rr., I .,-:i. "..,,ítì:',;:..;- ... ,.,-,

but with contraction of 1 syl1ab1e, we find a net rate of 7/ 1.8 sy}lables/
.! -. .. .,''.-:::-rli,j1.. i.." , ' :..';i - :-:i:ìa!ti ,..,;.:,.1i .-,;.1': ,;ì¡.'' .'

second [g.g) which is "slower". C]early, it is necessary to choose between
...,,,r, I ì. ,..1,:i.: .-t,: ,..:t' ..;..i:.. :;-i ., :. ....ii.,,ì.,-. 

.

the two measures with care, when a "faster" rendering can be artieul-ated
',:",:).i.:';-, ii. ::'.., '- ,,_: ;,:i-ri-j -.::.,.j ,. :.1 ., ,:, ,. .j..,

ttmore slowlylr.
..i]r: i ::'ii; 'i:-, :.. i .:. : - : .,rir-i. : - .. : .¡

Tt might be argued that it is not a gross measure but a net measure
. i .. ¡ , . i -i,..-l

that indica
i, : :. . j . ..-i ' .:'

and is therefore more relevant
,'. .: , -,.1. . i'', '.1 

t::¡':1,'1.-r 'j i ' i .i.'
doxical situation cited above,

hard the articulators are working during an utterance

for

the
i ' :. ì: ,i. :. :1.:,.,-i.. .. .fì.: -:. ... ,...: ::i . ¡ ..i," ,. : . ..

been lightened by the syllable contraction, despite the briefer utterance

sêgment reductions

a eoncreta ffiBã-

sure rather than an abstract measure.
,)-i'. :"i,i., :...:-i.;, r.r.. -: .| r.-,,

circumvented by avoiding the type of
ri.. ,t :. " i - .. 

.: ". .. | ì-: l:. ,1,, , .,....

Fortunately, this diffícu1ty can be
:i.,. t .r " 'i: :..i:^:..-. ' .{.1:j} ,,..

sentence in which syllable contractions
'': ,1..i ,', : . 

:t..



occur, 'so that there is'always the same number of sylIabl.s generated at
;,

any rate of utterance throughout the entire experimental series. I have

l

followed this policy for the experiments to be described below, and test

sentences were carefully selected to avoid the possibility of syllable

dlision. In so doing, I am of course implying that elísions are not the
. :,.,'

result of increased speaking rate; and any attempt to prove that from the
. ' ' .:

.1 , -l --..a ---f !- - 1--!^*f T -L-lexperihents would inevitably end in circularíty. Instead, I shall put for-
.t

ward'in the conclusion my belief that elisions are largely habitual and
.: ! 

I : : 
'

amb'únt to rejection of redundaney, enablíng the speaker to increase his
':.,;-:'-'''';'

mesàãge transmission rate (if ne wishes) without having to speed up arti-
'l:

culation to the same degree, The English sentence MlgÐ¡ wants to ,go to':
.ggirnsea can hardly be uttered in anything but I syllables. fn contrast,

the sentence trerhaps he ùift go to Brighton contains two possible syllable

13

'have ther.efore been

I could have' i

contråctions, rdducing to trrraos er1l qo to Brighton , with the added com-

plieation that the final syllable might contain either a syllabÍc ! or
.. 'ì' :

a vowel.

'i

1,212. We all know intultively what a vowel
' .1

is but it has never been one

of the more easily defined concepts, wñich can lead to segmentation diffi-
r'i

cul-ties. It is wiser to avoid test sentences containing'other syllabic
'l;',

sonorantå than vowels.
1..

Símitarly, while it is often profitable in phonology to describe long
:

vowels and diphthongs as simple vowels followed by semivowels, theie is
I : , ;. i

no phonetic boundary within a long vowel or diphthong that could be unam-

biguously used for rneasuring purposes. A1l post-vocalic semivowels Iit 
",

included iñ the vowel. agg-regates ì'n; m¡z test sentences:.
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restricted the set of test sentences by excluding long vowelsiañd diphthongs';

but my possible test sentence structuie is severely constrair:led as i-t is,

and somè of my'subjects alreådy had'difficulty'in helping rnercirmposs ssit: j ;

.i.
able sentences in their languages . '' "i': ' ,.. ' , . il

Prevocalic semÍvowels have beenlinctuded in the cr¡nåonantal aggregates;.',',

but they have been avóided as much as possible as the acoustic wavb Porm'., ;

does not always permit conclusive segmentation. Post-voealic nasals, :

. :.
especrarry rn a ..VNC.'.'combinatj-on, revealbd a tendency to disappear in ., jìi.

anything but slow careful speeih, Ieaving only nasalization'on the'vctlivetr:,

This is in itself an'interesting observation of a: possible phonetið'üni- ,,,,,,

versal, -bt¡t.it.-i,s.heuertheless a disturbinþ'factor íri this type of .1n-: 
.1r.,, ,

vestigation and several: of my repetition series had -to bei diÉöar:ded be- j..,:ì::-,j

caus'e'it was impossible to resolve...this.diffi-cp.|ty.¡ -..... ......-::i:,: . -,

thê pribe of these precautions.migh.t;de.:-decr:.eased generality ,of th'e .i - ,

resuLts', but we hardly 'hAve any use for test sentences that we ¡ilo: not .. ,

know how to measure.x :..

'l .2.3. Kozhevnil<ov and Chj-stovitch's relative consonant duration refers].":...i

to an aVerage for the wholerdentence, not fc¡r selectejd indir¡iOual oonso-- ;,
.;..

nants, Al1 consondnt duratirjns and all vowel durations were aggregated ',i:.,

separately and the consonant durations expressed relative to'the vowel :i:i!ii;r
,tduratiohs för the entire utteþance,'unity being:ässigned to the,vowels.,;

Tn their own wÖrds: I j . : ':' "ri.i

iisince the fluctua.tions of the relative: durations of the S:ounds of speeeh

:.' :.. .i .

* These prôblems'sUggest:bf,àt 'tf'e categories of "vow€lgrr',and "constrnants,li:'¡,i
may be too co¡prehensive for this type of investigation. It might be
more profitabfe to: investigate the temporal structure of segments in r.r:.'iÌ,¡.

greater detail by looking at the individual sub-classes, in specífied
sylleble structures, as at Figure g.
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in individual syllables were considerable, use was made of Ê¡ íntggr?l-

index consisting of the ratio of all the consonant intervals to the sum

of all the vowel intervals" (p. B7)' -,...'..'

Their Figure 3.9 [p. qB) qhowed that the,value of the¿,Ê|¿:V rqti.o.in-

creased as utterance duration shortened, indicating that the,coqso!flntal

portíon of the, utterance,,increased at faster rates. \\/vi-th the help of their

Figure 3.9, these ratios can easily be transformed into propor:tians of

the utterance duration, which are.more ir¡mediately cpmprehended (ttiis was

also the form in whích Kozhevnikov and Chistovitch .expressed their f,inding
.,i 

;

in their statement quoted in my opening paragraph). Tfre consonantal pr:o-

portions of the sentence fe11 roughly from 35 /," t9 ?9 '1, as the ulterence

duration lengthened from 0.8 to 3.0 seconQs' Thp v-owels are the cor4plement

of the consonants with respect to the sentence and we conseguently f,ind

the vocalic proportions increasíng fr,om abqut 65 y'o to about ?'! /o as the
,) . 'l' ,; ,

sentence duration lengthened.

ïncidentally, their Figure 3.3 [p. 81) giveq an example of the oscillo-

graphic write-out of the articulator electro$es, and the speech weve for

one rendering of tfe !3st se¡tence. For this ill.ustratigl, Unel¿E/ãV ratio

was about 0.58:1, the vowels occupying about 62'1" of the utterepce' These

'I r' I

values are typical- for short utterance dulation_9,9ccording to their,

Figure 3.9. Howaver, the duration of this rendering was about 216 seconds,

- -^-'i -e TFri a n¡ aS that
which is near the longest of the series. This rendering, indícatr

considerable variation is to be expected in thiq tyRe gf experiment.'
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2. PBOCEDUBE

2.1. Ug!!.S,

2.1,1, The experiment consists
'I .i

several times at different rates and then making suitable numerícäl ana-
: 

l:' ' 'i:'lysis of the measured consonant, vowel and sentence durati-ons.
' ''': ,:: .iit:,, : t|.: .':.. 'i r'

Kozhevnikov and Chistovitchrs Russian sentenôe had cónsonants speóiaTly"
'r: ...::ìjl . .:. .i :i. . . i.'i 

.chosen to contain labial or coronal gestures tnat would close electricäl: ::i 'i

'. j:.

cÍrcuits at eleetrodes suitably placed in the mouth, theieby p"oüioíng'' ;:: i'

automatic segmentation.
: :. :- . l 

'.,:: ..;; :.;,-

Nooteboom and Slis also used 1ip electrodes to

facilitate segmentation in their mVmVmVm test woids. T have useci'nátuilai '''''æ
' ,'. : .r..r 

...... ;j. : ..,. 
.., .,.i ,,:ì:.. :,.r,.:...:r - .:i;....,¡l

sentences with consonants that are not too difficult to dístinguish from '' "
'" ; ,.." . .,:."'ì,. ',.- , *. ,.1 .:.;. ...;. . ir,:ì.j i¡-i.i.. ...-.,i.:,,t::.:, i,... .:-r-r .ì.¡.

vowels Dn an cscil-logram of the wav€ form, but at the samè time suffi-

ciently varied to avoid monotony or articulatory difficufiy.
:..: ..., :.,.. , .. l:;.:1,.,i. .,.,:......;.,:...)î..

-''l : : 
-.,l,, i:,,..'. .r' ..,:.;... -,.,..i.,,, 1:.: ../.; ,.,.1 ¡-i¡¡i,,_i.¡iri2,1.2, Some experimenters investigating temporal phenomena in'speech'naüe'

. i ..::. .r...i 
.. . t.1,,.,., , ,i ;.i. .: ., ,-¿j,.: ,--. ì:. .ï.

found it desirabre to dictate a rate to their subjects, especiaitl to ' -i'
.: I :; . 

: , ..:: , , . ,-j

hold tempo constant. For the present type of expéiimentr'ttie'aim iS the't t.i'
..:.; ' ,: i.¡,: .r.J'.¡..r.:,. :i..i..:.

opposite, to elicit a wj.de variation of temþo. Ko2hevnikov eind Cliistovi'tch'
'i : .: ,.:.i. , ,..ii,l. :.ri.r:, ,: i j,il .:,i.

nevertheless chose to dictate rates to their subjects, the closuire of the'
a -' '.: . :, . i-: '- .,... . ::li . ..: i..i .;:.,r,i:r...r-i: ..,,,..:...first t initiating a time signat that interrupted the àp¿áköi; ãftér'oné öf

' .,.i..r'. ,1. i' ; ,',, ". :-:
? set sentence durations from 0.8 to 3.0 seconds. The bpeaker had to learn

''t.t: ... I .:.., ..r.-:,.., .., ..-.: .:., ...:: i,.l;..r.,. .:.i.1:.r.,¡itr,....to adjust his rendering to the given interval and as Kozhevnikov and

Chistovitch report, rrthe duration of the first pronunciationsr'as a rule,

differed significantly from the assigned durations as the subjects sought

the required rate of speechr'. Unsuccessful attempts were then rejected.

Nooteboom and Slis simply asked their subjects to speak slowly, normally
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and quickly. 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-

1êr .procedure.

2.,1.3. Kozhevnikov and Qhistovitch's two informants made 25 to 30 attempts
-,.: l . : ' : .,,., .

at each of the assigned sentence durations and for three different stress
:l,j ' ; .

positions, yielding a total of 1260,attempts. Each speakerrs five closest
.i.

attempts at each sentence duration for a given stress position were se-

|.eçted for further:pro:essing.,The point at each of the ? utterance dura-

tions on the graph at the authorsr Figure 3¡9 presumably represents the

LCÊU quotient for,the average of five renderÍngs'
' : . it -. ':i'

Nooteboom and SLis had

at least 20 repetiti-ons each of s1ow, normal and fast rates. The slow

rate was subseqr¡ently defined as *.î"a,wofd duratrons in, excgss ot,'OO 
lu,

':..1

(corresponding to net rates of less than 4.3 sylls/sec). Their results

were then avereged within eaeh of the three broad rate classes' I have
''' , .' t :

souqht to pbtain a total of 20 to 3O repetitions of each sentence to cover
:,;--9';l- -, .'- .,. l. .: -... ... :.

all rates. $ome informants. provided up to 40 repetítions.

2.2. Measurement and treatmery!
''''.i

The date resulting from the experiment are absolute consonant, vowel and
. .i ' .: . | : ':

sentence durations, which were measured on oscillograms of the r'vave form
i. .

ancl intensity¡ the.paper running a! 
]ZS 

mm/sec to line up with VoiceRrilt

spectrograms [Fig. t). Ttre spectrogrer's were used to help so]ve segmenta-
,'

tíon dlfficulties. The aggregated consonant durations are then expressed

as a proportion of the sentence duration.

,:i. .,'; -i . 1,,
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2,3.
',.::i,..:. :

Possible outeomes
. i'.. ,:

\|t/e can expect any of several outöomes from,ther expçriment,,when,,spççch

is accelerated, for example that the consonants occupy (") 
" 

progressively

larger proportion of the sentence (as described by Kozhevnj-kov and

Chistovitch), or {U) a progressively smaller portion of the eentence (the
;:-l

opposite to their predicted tendency),or,,[c] the same portion of the

sentence (relative cluratiohs remaining constantr,contrary to Inq nelirf

that they vary). r' I ::.

:_: ,.-,.Ii,,

Such outcomes will be índicated by the degree and sig4,raf .the,correla-

tion between consonrndåt proportion ånd-speaking rate¡:,, r.: ,, ;

' : ......j...1.
Alternativelyn these outcomes can also;'be revealed,by,tllg,linea{+ty,. '¡

of the regression oi absolûte"consonant dututions f.or;d.+fferenl,reFeg. If
,iij,, ,., ,:.,
(a) is true the consonant duratiôns v¡ilI fall 'morerstgepJy4,aq ,sçntç¡ces

ii

'| ...,.!

become briefer. If (U) is t?ue, the consr¡nant durations,.¡r,ví.ll fq$.. ]"gss

steeply as sentences bec'ome briefer. ff [c) is tr:ue, the consonant dura-
I i.

tions witl fall uniformly as sentencêó become brj-efer. There will, thus be

non-linear rògre=ulnns for (a) anu (n) anu a linear,,regnqpsion,,fqr,("),

The steepness of the slope depends on the proportion of the sentence

occupied by the consonants, a larger pr.oRÇ-rtig-[l,.gi-ving a..Fteeper srope.: ,, "" ***.--. ,,"..:
t' . r::

The changing slope of the noh-Linear regression will therefore refle,ct
' ' ; ' :' ',..
changing relative consonant duration. If one linear regreseion is s.feeper

't!' 1.. .. ..i

than another, then the eoristant rerative duration will -have, been that
. , i...:j.

much larger.

, i i r.::
l''::..ji

2.4. Tnformants and test-sehtenðes'

seven informants took part - B [southern British Engrísh), ¡ [cr'inese),

5l (eorisn),5 fsorthern swedish), ! (German), S (southern 6wedish) and

N (Esyptian).
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The sentenoes were pronounced with normal se¡te¡ce,iîfpn.c"tfon:{.M atso
' 

l '; ;"' '*---t 't :"

recorded a contrastlng series with an alternative intonati.on) I
.t ..':

81 'Mary wants to go to Swansea ., '.r i. "'.'
..,

.,¡'

!! Spiker's k,idney pies are bigger ..:': ., .i.-. :

' :'I Shuo hua shi ren lei ehuan you de xing wei 
".

., :'lJ Krakowski pociâg czeka tam

I Sven köpte det gamla huset
' ì .. ::

! Ích'kÞufte Zwei gelbe Tlsche . :. . 1 :

.:...'r. ,-;.-:i

M1 $ture fick ett tåg på teknis . :: ' . "'

'i
M2 Sture fick 'ett tåg på teknis ; :, '. ';'

.,t

. -* . 
':i 

:.:,
! Sidid katab qissagdida .j ,.,. . .: ì " 

,i .,,, r : ::

None of,,the.se sentenees eontainect syllables thet Were. likely'tö'be''ðòn-

traeted, which ensured a constant number of syllables;throughout"tfre'ei-

periment.

. , :i
3. BE9ULfS 'jr: i .,

The consonantar proportions are Plotted against sentçnce duiration for eaCh

subject'at Fiþrìres 2 .and 3.'sentence duration can pasily be.trahåformed' '''

into rate fthe number of sytlables utterpd is constant in,each seriédi i

'. ,, ;r" ;....

and sytlàibÍe rate Ís the reciprocal of sylllple duraÈim) ¡, The rldt artl- ' ' '

_i

culation'rate has therefore been given alongside thç sentence,:duratíotì'"! ''

scale:.f'he consðhänüf proportionu't'l.rrc tf"o O""n given in .the,tableí¿rt" "i

Figure 4 for different.rate classes, with g. ctass inþPfval of, t syll/sècl
:

The absol'u'te aggregated consonant durations hqve þeen plotttid againsf i"

' : 'r 
'ì;'" l-l

. .i^i --ir ì

sentence duiation'[rate') at Figures 5, 6 a¡d ?.
_l
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3.1. Belative consonant durations

Sample S3 (fiS. 3) supports Kozh,qvnikov and Chistov-itch's f inding that

the consonantal proportion continues to increase wilh Epeaki¡g rate. 
.

In sarnples 82 and N [figs. 2 and 3), the p.onsonantal propoqlioQ.,appearg 
.

to vary randomly with speaking rate, suggesting it remains constant inde- 
.. . , ¡i.,

pendently of rate variation .:i. , ;_

For 81 (fig. Z), the consonantal proportion also appeafsjto vary,rârr- 
:

domly, although it is possibly a little smaller a-þ,slpwer rates. If so,.

this would agree with Nooteboom and Slisrs findíng that the relative con-

sonant dufations varied at slower rates. 
t.---_,.., :

The remaining samples f, J, [, ! and [Vl1 show a very different tqndency.

The consonantel proportion ínctreases from slow to trU:-rrn rttes - aq foul!

by Kozhevnikov ',and Chistovitch and by Nooteboom and Sl j.s - but then. de- 
i,j

creases again for fast rates Iwhere Kozhevnicov and Chistovitch expect a

continued ríseJ. This type of outcome was not foreseen and could not have

been expected from the previous investigations.. , r:

, The table at Figure 4, highlights smafler differences than ca-n be de- i,i

tected visual-Iy from ,the graphs ,at Figures 2 and 3.

The table not onl¡z confi.rms that MZ supports Kozhevnikov, and Chisto-

vitchts fi-nding [tfre consonantal proportion rose continuously 1=rom 53./0.,,,

to 58 %). It also shows that 81 follows,the same,tendency, although"t,rivith

very small increments. 
:.

, The table suggests that B2rs may not vary as randomly as was thougnt 
,

and that tþi-s sample may follow the unforgseen peldgncY¡ But the varia-

tions between rate classes are extremely sgall. , .,, , j il

The table shows that Nrs consonantal proportion may not vary randomly.

It seems to faII slightly as rate increases (ttrere are only examples of

medium and fast rates for thís speakerJ.
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The tendency for the consonantal proportion to increase from,sloW,tg .-.

medium rates, and then decrease again to fast rates¡ WBS not foreseen as

a possible outcome in 5 2.3 above.; This.tendenqy was exhÍbited in most
-, .: .- -..., r'",,

sa.rnple.s,- I,. J, 5, ! and {!r It is iust possible that @ and N also 'be}ong

tg thi-s group. ,

3-2. Absolute. consonantal durations ': i, ',

,,,flp, aggregated consonantal durations are plotted. against .sentençB'.duration

" ("ng, rlp) a! Figr¡reÞ.5¡ 6 and,?¡ The tendency.for relative consoaantal

.., 
durat1ons, to yary with rate will qpFear aç.Ê rlon-linear rPgr'essicn .in this

presentqtion ($ 2,3)r but the relationship revealed.ín Figures 5, 8,,a¡d ?

.sgemsverylinear.Thevarj-ationsofreletiye.Gonsonqntal".9urationiin'di-

cated by the table at Figurç 4 are so smalr' [e fpw percPnt qnly) that'they

.can hardly be detected on Figure S,6 and ?...The straight lines drawn,on

these graphs represent the constant consonantal proportionE,stated there

and have been fitted by eye !o pass through origg.,and lhe set"pf, poínt.s.

.The table at Figure I gives the product moment correlation :coeffi.oiçnts

for consonant ancl sentence.durations.and vowel qn(, senlence durqtipnsg

These áre so close to 1 thqt they underline how.c1osE ltrese regreesions

are to linearity Ittris corre]ation coefficient assumes a lineqr relati.on-

ship between the vari-ables.). :

,ì. , 
-ì ;:i j



22

4. DISCUSSTON

4.1,' Vaiiations of relative consonantal durati-ons

Practically.alf 'oF the cases jillustrated qt Ftgures-.2--end 3'and tabulated

at Figure 4 show that there were some variations of relatlve,isnsonant

duration at different speaking rateso although a la.rge majority do not

follow the tendency descríbed by KU¿l1eUn.iKp.V"end.ghågf_o¡r$!çh.rj_The.range

of vartation was'smaì11.,: Figures 5, '6 and 7 show. thÊ¡t such, small variations

hardll deviate fröm a virtuaÌly Linear relationshíp'bêtween absolute con-

soriarìta1, duratiohs and sentënce 'duration5,",f,f.;iy1¡s look very elosely at f,

Jr ,K, L où SJr 
'we can just's'ee thát 'the abËo'Iute consonantal' durations

do rÍsd a Ïfttle''moi;e stÉEjpÏy:at faSterirates, ánd do flatten off a litt1e

ad slower rates" But the changes of sl-ope:'dre very's}:tghtiand I am.'sure

they'ìöan only'be spotted because we,R-nòw thé andwerln edvênce from Fig-

urejdt2 and'3. Had 'we been looking f cir a truly f inear r-.elatiorlship in any

other eixperiment, we iúould have been oùerjoyed to:find a set of plots líke

those cif :Figures 5;'-6 and ?, Tha próximity i5f the,coéffieüents to 1 is an

indtcaticin that a'linear'model is,-an,'exoell-ent:approxirriatton to these

:ri¡iêultii [ftg. A),'The voweisiare eQüeilty lntimdtely correlated with

épeaKing:rate¡ :j : : ':'- :'l',:'! ,.-"

The problem is, are the very sma1l deBariure's from'thei.,'exceltr,ràn,b linear

model nevertheless sufficiently large to warrant the conclusion that rela-

ti-ve consonantal clurations are invariant? Kozhevníkov and Chistovitch

believed so. The degree of constancy of their relative syllable durations

(tfrat they coneluded were invariantJ may provide a yardstick to judge this

bY.

Their Figures 3.61 3.7 anci.3.B itlustrate the syllable relative ts 1ts
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word. I am not oonvinced that the variation they show is as random as

they suggedt. A'definit" pàt't"tn can be discerried, especialty in thêir

' word tôpiir. These variations'åppear to be as large ss the vatriations of

their consonant.I'prop"itions'i,i t¡e santénee.'For:comparison,'I háve''''

taken't'o'*o"du f"om'*y German subject t, @l!e, and flqlbe' Figure 9 shows

the variations of the ,"o"å dr"ttions relative to the sentenee,':the sylLab-

'

Les to the words arrd the consonants tc the uyîhbI"=. The consonantar Ëro-

portion of the sentence has been included l'or reference' Figure 9 shows

tnåt üre relative duration o1" nône of the units was invarietnt' The words

.

show the least variatibn; - 'theyi decreasé slightly from slow to modei^ate

'.:
rates, and thÞn rise:'agaih at faster rates.' The stronger syllableS' keqf

and'gg1 show greater váÉiatioh'than the words, The weaker syllables' are

the:complement of the stronger syllab1es in thbir'respectiveiwords 'arid

: ' ''oni'oz%to"
'háu'r not therefore been incl-uded on the'braphs - te farls ff

27 "1" and then rises again to 33'y'o, while be rises from 3l'1" to'11 l'" This

quick spot checl< does not support the idea that the relativeìcluratjóns

shouldbelessdependent.onspeakingratethanare.there].a-

tfve durations of the consonants, rt might bé worth while tò investigate

:;'-iother syl1abIes' and v;ords from my other 'informantsland laírguageê¡ '.

ìhistovitch had been mistaken'abdut thè r:ela-

tive durations of phonemes and syllables, it can still nevertheless be

,, trr" that the syllable is the programme unit" fvlany inlbuíttve,ly'f ee1" that

,',' ure'syllabLe is a besic unit'laf speech productíon. But some other type of

argumånt and evidence may be ñecessary to confíim 1!t" '' ' ' '' ' 
,

4,1 Synkope and svlIable contraction

'There are two basic problt*" that need to be'solved before a final theo'y
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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 speaking 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 eonsequences of reduc-

tions rather than the drive that is postulated to have occasioned them.

There are two phenomena that contribute to a shorter utterance duratlon

and hence an accelerated message - 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 Chistovitchrs hypothesis of elision.

4,2.2. Undershooting of gesture targets has been observed and related to

the time avai.lable for their execution {",g. by Stetson et alia 1g4A, Lind-

blom 1963, Gay 1968, Kent and Molf 19?2). This is doubtl-ess peripheral

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

a given rate will not move so far if the duration of the movement 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 observed

segment is elided?
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. The loss of a.segment'is,perceiv.ed, because the,rendering can be carn-

-'¡'.ì''i:i' par.ed'with a,.we}I known complete form; It wguld;þe tempting tp cangider

such an ëIlsion :as a case of maxir-¡um undersheot qnd rçlatq observed reduc-

:'''.. tions to the'rate'of,-..transmåssíon of the çor¡plete forms. For exgmple, I
ì :found in a,èequence'of Generql'',Am.erican speeeh (recorded flofl¡,.a radio in-

' tervi-ew) the five syllables of tþç-Amer:ícans spoken in ..0.,38 seconds, a j

rate of 13,2 syllablesfsecond. We:cqnnot articulate syllables at lhat
" '' åpeed, the Þxpected maxi.mum.being about 8; perheps.gr.syllaþl.es/seoond

--.'i.. (Wooa 'ß?32 $ +). In fact, he uttered three syllables, ,Lþi m e.n;k n z]

":" àt ?.9 syIlab1-es/second, a very plausible fast rate of articulatiç¡. But

' '' io relate the reductions to,the t:¡ansmission rate of tþg complete forms

:, i'would take;for granted that"elisions are'of .,the squeeze.ig.ut type, and

''i'. ignore the ,possibility thqt..some might .instead bp dql,i-bqrate,ornisqipns

' from the message. The first,type of elisíon.,can þe attributed:,lo temporal

. cons traints on the artieula'tory- pr9S..f11.T,AI l, e . ^ .ÇFcegi¡g ., constrqints ) ,

I including Kozhevníeov and Chistovitchrs hypothesi-sr. the .second typei con-

;.' ', These are,two þossible: weys ,in which. the brain çan work in. this sitr-¡ation

''i.,,.' and must'be born in mind during ,any':discussion ;or sqgculqtion about the

'planning or programming that p4eeedes the aftieulatio-n of speech.,The two

carinot be distinguished' in the speech output¡,,. , ,. . ,-,j., 
, 

..

4,2.3, Simple,experiments lÍke Leh.iste!s (tgZO:7) comparison of the fre-,
quency pf free apicaL vibrations in a.,trl}Ied r, (28 per ,qecond) with the

voluntary apico-dentaL.gesture of; ! (Z per':seeond);.suggest tþgt.the limit-
ing factor for voluntany gestures -l'ies .within the nefvaus sya,temr ,the

,,bottleneck beíng the.rate at which,sorÌJe higher rnotor,.eentrg,qgn transmj-t., l
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sequences of different commands to the articulators. In syllable repetitlon

experiments (t<aiser 1934, Hudgins and Stetson 1937, Sigurd 19?1) this limít-

ing rate appears peripherally as the rate at which the speaker has switched

between different gestures, for example t-a-t-a-t-a.,. where the maximum

rate eppeqrs as 7 or, B syllab1es/second, [ehiste's experiment indicates

that the artÍculators can move more quickly than the motor centres ever

require for a deliberate gesture. Where synkope is a case of gesture com-
. 'j ;

mands being extinguished, it seems likely this would be due to the inabi-
:l

lity of a motor centre to pass on or switch between,the necesqary c.oordi-

nated commands at a suFficiently fast rate, rather than to the inability

of the articulators to respond properly owing to mechanical constraints.
: . ) lr

ït is clear from my wording of the previot-ls paragraph that I i-magine

individual gestures, rSttier than whole segments, sufferíng from that type
' ;::1 

'

of neuromotor constraint. In test sentence 81, examples of the following
.l

reductions occurred in .,.wants to...: [w'" n t s t ú], [* 5 n s t u],., _
["5 = t r]. On]y a few gestures were lost at a time and not the entire

packages of gestures needed for n and t. Note particularly that when the. .- : , '..

dental occlusion vanished, the s- remained voiceless without assÍmilating

to the voiced n: similarly the nasal cavity remains open during the vowel
'i -':

even when the n has vanished. In contrast I would expect the sequence
l

r{gnqg_.!g ("wands to do conjuring tricks with") to reduce as follows:'''''
[* 5 n d z t uJ, [w 5 n z t u), [* 5 z' t uf, ff it is assumed that these

are cases of gesture commands being extinguished, then it must also be ad-.. ,;. ,t 
,..: ..

mitted that the crcclusions were discarded subsequent to the assignment of: . .1. .''.:-' :

voicing assimilation to the inflexions s..I usually hesitate to agree that
*':, ì : , ,: . -.': . ,-.,-. I 

.:, 
i, - 

'

the ordered rules of a transformational ge¡erativp m¡de1 for phonology,
.: ' ; , '-.,' ,-,1." .i. Y

necessarlly always rellect,l.gleb¡al processes tfat are part of speech,,pro-

duction, but the paralle1 is undoubtedly striking in these examples.



4.2.4, Suþposing the Kozhevnikov and Chistovitch hypotheçis wer€;¡truer,',, .,.:i:;

that vowels are omitted when the c,oflsonant.happetts.t_p. nge$ all the tlne - ,i:

available for the syL1ab1e.'segment elisions ought then to occur ,at. random,
| .,.;.' .i

wneneÙei there was a momentary shortage'qf tiq-e,À 
'But 

we kåow' that ,vowels

do not disappear at random in speech" Elisions and syllable contractlons

are largely non-random and are instead habitual and predictable from the

environment. This is a view that is supported by the regularity of such
.'.ij'

phenomena synqhronically in everyday speech and diachronically in sound

change. For exampler it is typical of many languaqes tlat certain,wqak ,;
..: ' : r!. ' :

vowels aie'omítted between obstruents and liquids, ås in French Ut.t-i;;
or Engl ish delibiraté The conventional, rather than ternpo.-dependent,

,-'ir, , 'r. Í , ' ,

characten -of q'iç¡ reductíons. is underlined when hyper-correct forms appear

with spurj.ous vowels as in L"tÍn ,qa"c[u)t.ì*, ff the reduced forms lose

contact with their,ço4qletg form, and ul-tj-mately become established as
:

the nqrmal forrn, Svidence of a lost gegment may only appear in morpho-

logical glterlalions as i¡ Enslish,!þ[]Iy:tiS!gIå99}, victr i-ctorious.
'. i , . r

Habituat reductions become part of the common speech code shared by alt
'i, .) i.l- :

membens of a defirEþte,sþgech b-omrnunity.i and, co¡rp:rehension is not endc,¡l-,..':..:
gered. ï gu¡q,...eqt !t''et these- reductions arç,nqL&bg_g$s*e-çl:{eryg of a rapid

speech rate but rather that they penry!-il. more raoid rates. The articular

tory programme is simplified and shorter¡ed by dispensing urith some of the

redundancy Ín the 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 artieulation rate while the utterance becomes briefer and

the meseage is transmitted more quickly. This reorganization of the arti-.

culatory programme permits more rapÍd message transmission rates while a

comfortable rate of articulation is retained.

'ti
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