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On May 24-25 a group of postgraduate stu¡dents from the Institute sf.

Linguisties at the University of Ë,topkholm visited our.laboratory.. The

visit was combined with a symposium. The program and some of the contri-

butions appear in this number of our't/üorking Papers.

Thanking the organisers on behalf of'the guests Björn Lindblom

suggested that simíIar meetings should be held also in the future and:.
include students of phonetics f.rom the other Swedish universities as well.
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0n.Èhe. whistle language of Gqnera

, Per Lindblad

Thls 1s a br1ef report on work in progress, caried .out in collaboration with

Jens AILwood, University of Gothenburg. i I i

i Gomera is one of the Qanary. Islands. The primapy language of the Canary'

Islends is,,Spenish. On Gomera, a secondary whistle.Ianguage ls 
'used 

by.eor.rP

. qation gver distanceE. The whistle used ls pf high intensity and hes a very'

si¡nple, apoustfC structure, which ie not exposed,to disto¡tion,over consj-derable

disterigeÞ .as is orQi4ary speech ,- the whLstle qigngl either reaches,thB ,, ,

addrçseee unrnodified or does not,'reach him at,all", ., :', "', .

, ,In Oecernbpr, ,19?2, we visited Gomera and made tape recordíngs of th¡ee in-

fo¡qq¡ls speakf¡U and whistlilg lists of minimal pairs, phrases øivpn, þy us, and

-., sqontaneouq phrases. Proflle X-ra¡z pictures were also,made. of onq.9f the infor-

mants when he whistled sorne c¡f the vowelst , : i

t,., The"whlstlq,may be produced in different ways..Two maiç methods of.prqduction

cen be digtingr*ished. FÍrst, the whistler may form a,small l,ongitudÍnal.gr9Pve

in !.ris tongue blede whilç pressing,it against his upper,teeth, Second' thq,.

whistler r¡a¡4.put one pr two.fingers into his mouth, pressing it/them against

-hls tongr¡e while formÍng a nsrrow passage with his tongue in.approximately the

palatat position, There are many vartants of this second type. Our,present

Xlra¡l plctu¡eg arÌe not Êhqfp er'¡ough to give adequate inforqatie¡ aþqut qory.

ditions;f,urther þ9çk in the vq991 .tract, In both, t_V.?"9.1,::!.13, lips¡,and,,tþe front

. part,qf, thg,tongue.ere qonstantly, fixed, whlle the posterlor,,Pgrt,of- the tongue

and the anticulatorq furtþer.back ere free to vary the si¿e and qhaqe of.lhe

vocqltaç!. i ..: ,,



2

The whistle signal Ís essentially a: sine tone.,IËsr.intqryçj.þy; ,iç.;fiof¡varied

for phonemic distinctions. The information-bearing variatio¡s-,of the.q:i.gna1 are

onset and offset of whistle tone, and duration and frequency variations. Fre-

i:i i ": 'quËnôy'is:chanEed 
by-'vai:'yÍng. the-,size and.:jshepe o.f ;.the,veqa1.traet.. 0J,gsse

(1SSZ), who described the Gomera.Whistle::language.in the,,fif!åçp.r.cleirned that

'i r' thé tiltristter iir'sdifies,the signal..by approximating thq aritjculator.y position of

ordfnary sþeech, the fíxatton'ef 'the lips,6¡sl;,.the,frpn!, peq! ef tl1ç, tq¡øue

- ;' ".ihÊrmfieþlng the nortnatr':êxecution of. the. Csmmands,, hg¡,yçve.r. [r/e. agree !hqt. there is

' ; a Closel'änd hat*ra}' reltitibn between the Gemerd spp.ech gnF whLptlingi,,.,.but pro-

';!;lir: pöSe ä"fnore'fjriircb-ptio*oriÞñtËd vÍew. bf:{tL¡e r.e}.etioni. fhple.ar:e. q!æp¡g argu-

ríientg 'for this ;standpoint. ' br.ie'^tf these te,.that 'latiial eansorran.þÊr¡ê,Çe rgeneralty

real-iz=d by a negative-'transition, of the. whistlq.tone:r]fhis.;featr.¡re, çorrespands

''"'''of eoursé' to the'negatÍve'F2:transttT-on in .ordinaï:.y.i.Épeqch,;i;r,.typåcel of labial
' I i ''pronounciation, 

This'F2. tránsidior¡ 'fé .cau',s'ed by labial rrnticulatiert.t whereas

--i 'i ' ' ''th* 
negative rlvfiistfe trdnsition lmúsù .bÊ? 'ôaused . bl some..quite. dif,ferent articu-

Iatory movement, as the lips'aree always fixed dur:íirig.'úhistling. ' ,::;:..

''" '" Acüusti'c analyÈfÃ of .theits€ödrired matÞrlal..is now,in progrs66. It is based

' ''" main}:y on Fo curveb îjf the.'l¡r¡TstJ.es';,',[See Fig;:.1.] The.inecordingp;hevp been

'; lowþi^eO eigh't times,inispeed.id.n order to match'the whietle. tone fygquency to

'ii:;i"i the Fonèma änalysing jeQuipment.:of the Phonetåcs Departmenti.it¡ Lund,.i,"i,,

':::: """''t" 't'Some important:featureb' af ,iùl¡e..seconcJary whistle.language,a€.g.pm.ppçed te the

"!'þiimary Spanish wÌ11- be mentionsd.'-here: :' ', ¡r.''.Ì ;:'..,.í-i

'1;: The uhlstte Iänguage'does not have',a eosle..relation: tq tha.primg¡-y. lenguage

but stands in a dÌ.rebt¡::nirtr¡ba.l: relaul,sn to the'Gohera Spenish,,,Ey:.:t¡is is meant

"that thå whístleiiwithi htsrliimple whistn'i;ng,instrumentrpr.oduÇps; acolte,tic signals

'ii'r thät:sharÞ bome'êsse.nttla].:'feâtii¡es''with: the',-bsü'reepontlilng,jspeec.h''sigT,ìeL. The

whistle mechanism produces a one-dimensic¡nal signal , IackinE,r ùhe ri.o!:t, redundancy
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of speech signals. It may be supposed thet the choice of dÍstinguishing fea-

tures in the whistle signal - with due regard to the límits set by the instru-

ment j.tself - wi]l llluminate essential perceptual cues sf Gomera Spanish and

of Languages in general. Our study may thus contribute to the elucidation of

the general phonetic problem of speech perception cues.

Z. The whistle eignal gives an auditory impression well corresponding to the

syllabic structure of the same message as spoken. Houghly speakingr this is

attained by realizing vowels as frequency levels or relatively slow frequency

varla.cru'ê,, whF¿reúri3 c¡¡nsgnants arÃ€ cl'nrsstr¡ñ zed by raplcl VEIFtugg-- -€ the

freqUenCy combined, for plosives Erl t p.¿s¿tives' with silent intervals'

3. Word and sentence stress as well as sentence intonetion are all at least

to some extent realized in the whistle signal. Being e one-dimensional signal'

the whistle tone thus manlfests segmental as well as suprasegmental features

in the some dimension. flle think that the study of the weighting of these

different factors in the whistle signal may be of interest also in a more

general phonetic context.

4. In the whistle segmental paradigm there is a far-gone reduction of oppo-

sitions compared to the Gomera Spanish systern. Five vowel phonemes of Spanish

are reduced to three whistle ceteguries. Insteed of 1? consonant phonemes the

whistle language uses perheps only four categories. rt is interesting to note

that we have heard and seen whistlers communicate complieated meseages rieh in

new information under controlled circumstances. Thus, the Gc¡mera whistle

Ianguage is a rich domain for research also from the information theory point

of view.

Egfgrence

Classe A. 1g5?. Phonetics of the $ilbo Gomero, Archivum lingvlstícum, Vo}. 9' I
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PERCEPTI0N OF THE FTRST FORMANTOONSTDERTNG THE HARIÚIONTC STRUCTUHE

rN THE SPECTRUM ]. 'I' . .;

Fìolf Carlson 6nd BJöl'n Granström

perception of the fir.st formant is normally thought of as an estimation

of the peak in the trasfer function of the vocal tract, But how could a

human estimate this peak when rncst times there is no energy at that

special frequency because of the harmonic structure of the voiee sou:'ce?

Three different hypntheses al:out the perceptj-on of the fÍrst formant

couLd be proposed. :

a) ttr.e listener can reoonstruct the peak Cf the envelope from the per-

ceived harmoni-cs irrespective if there is energy at the peak or not.
':. : : r'r"

U) ffre listene:: computes the weighted mean of the excitation j-n differ-
' ent low 'frequrency areas ålong the basílar membrarìe. "'- 

j r

c) tfre listener selects the largest peak of the auditory excítation

pattern. At medium and high pitch a single harmonic is picked;'out,

In an identification test using i,qolgtell vowels v,rÍth diffgrent,Fl
and F0 values we sea:cched for the phoneme-boundary betu;een [i] and [e].
The result showed that hypo'bhesis c) f'åO'to be rejected. We afso used

different weighting techniques ih order:to get a parameter'f,epresent-

ing the most important frqquency (rT] in the Fl domain. 011y one gf

the methods tried could be acceptedn taking the result of the identi-
.:

fication test into account, namely the ureigh'bed mean of the two'loudest

harmonics Ín the loudness (sone) space. This method gave aR MIF'quite

cloee to F'l .

Reference:

Carlson R,, Fant G., and Granström 8.. 19?3,"Two-fortnant models¡ pi'tcht

and vpwel perception", to be presented at the Symposium on Au{itïv
Analysis and Percepti.on of -epeech" Leningrad, Aug. ,r,r7, 

.
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WHAT HAPPEI\;$ TO VOWELS AND CONSONANTS WHEN I1JE SPEAK FASTER?

Sidney Wood .: . '

October 1973

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.'



16

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
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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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COARTICULATTOÍ\ TN SOME SWEDISH STOP SYLLABLES

Per-Erik Nordström

This investigation was started beeause results from an earlier study of
coarticulation needed to be tested andr, hopefullyo.verifíed. From them,
the'following working hypothesis was formufateO: Initial and final Fr-
frequencies in symmetrfcal.'CVü-syllables with stops, can be described in
terms of an Ínherentfeatq¡p (,;,'rormant f::equc;ncy )of; ih-" uo*"1 segment.

Those earlier results indicate that the initial and l"inal Fr-frequen-
cj-es in dVd-syllables can'O*'"ru"onahrly well predictejd'from the F=-fre-
quency in the vower segment.,The functions derived,(hyperbola - rike..
functions) are not easily understood, and articulatery, correlates woqld
be hard to find. If the rnratiql and final Fr-freeuencj,es are related to
the vowelt= F1, the results eire easier to grasp. Ft ¡ifotted as a function
of F, initialry and finarly"'turns out ta be an area,..similar in shapei
but not in size, to the acoustj-c vower space (r,, as.a f,unction of F, for
the vowels in the language).

A generar observation in irrat uvu-study is that it.,r rr-r"equencies
have a very limited range of.Väriation initially, wheþeas the final values
are much more like the vowel',= FZ, This fact is interp¡.eted as an apical
occlusion before the tongue body movement has been completed.

The present study includes all Swedish stops in symmetrícal CVC-syI-
labres with the vowels /i: ' e:. ¿ ¡. 6,.',6;.r,,¡¡. f i'iìiThe prêviduis r.esu,Its are
borne out f or /a/ and /t/, nrt,'new f grmulrfio.,p urq n"uejgd., to capture
all places of articulation. , ' .,1:. .- 1'--1 

'ì

figuge-l¡ Plotted against the vowel,= Fz, both the initial and fÍnal
Fr-values form the same groups (with the exception oF finally dipthong-
ized fj:/J: velars with front vowels, dentars and rabials with front
vowels, dentals with back vowelsn and velars and labials with back vowels.

figu¡e 2¿ Plotted against the vowel-'" Fl, exactly'uhe same groups can be
identified.

The investigator's interpretation is that there is a basic tongue po-
eition for the "typical" case of coarticulation (dentals/labials with
front vowels and velars/labials with back vowelsJ and a fronted
p,ositlon for velar stops with front vowels and for dental stops with back
vowels. Thus labial articulation (with unaffected tongue body) becomes

the "norm". A eoarticulation 6pace in the Fr{r-Rrane, similar in shape
and constitution to the acoustic vowel space, can be specified for each
place of articulation.

At the time of this symposium, results from Fa-measurements have not
yet been evaluated.
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DUAF - DAT0RBASERAD UNDERVISNING I AKUSTISK F0NETK: "FOFìMANTS IÀ/ÏTHOUÏ
: l ': r';-: .' ; i , .' .. ,. r'.. . ': r : :.-

TEARS''

'ii-1 j ..

Stefan Pauli
,, . ...-. t, 

. ;

::'i. .

PBOJEKTET$ BAKGRUND

emedan ämnet in-

nehåILer många moment med tydlig förankring i matematik oeh fysik och de
.': , ..' -: . r :

flesta studenter saknar bakgrund i dessa ämnen. Ett exempel på ett område,
-- :. l.'., ,..r";, ... : :: " 

-'l

där förkunskaper och fonetikundervisning är speciellt illa anpassade är
. . l. :.

den akustiska fonetiken, Eom behandlar talet som ljudvåg. Den matematiska

och fysikaliska beskrivningen av talvågen är minst sagt svårsmäIt för en
! ij '. ,.i.:,...::'

humanist. Även för den matematiskt skol-ade fonetikern kan det üara "sîäit
11, ., :.r.. .,. i.: ,.' 1 .. ;,' , . :.-;: :

att få en känsla för den fysikaliska verkligheten bakom matematisÈa forrn-
... .'-',', i . - .: i". ..

1er.

Men faktum är att fenomenen och egenskaperna'som sådana inte är svåra

att förstå. Det är egentligen bara formlerna som är besvärliga. Det gäller

att hitta på en pedagogisk metod att kringgå dessa, dvs.
I'

mellös" metod lära ut vad de beekriver.

,' ;:'.:

att med en rrfor-

PBOJEK
; i i..i,. '

TETS PROBLEMSTALLNTNG

1..¡,, I. l,.r-.r','il :. r : . 1.,:ì.,".1.,-'

En del av fonetikstudierna syftar til1 att bibringa eleven kunskaper om

' . .''.
hur talljud är akustiskt uppbyggda och hur deras egenskaper ändras när ut-
'-i. " , ': l

tàlet varieras. Detta mål sammanhänger med att studenten i de flesta till-
..i; ':.. , i-, 1 : ',...,. .' . , t.i.'. 'l ,.:; -; il;.,i.| t..' ':riìi..i r-ì..:i l'.-, .;:r:: i'..¡. rr. '

lämpningar av fonetiken måste känna tilI grundläggande begrepp som fglgjlg!'
...,,.:.,.:,. I .i..,. .., i .'.i'....:j,".:li1-iL:-1ì.::: .ì''. '',1i. '.¡;¡ r.fi,"ir':ri

åqn4¡fedA, @þ mm. och ha en intuitiv förståelse av hur dessa begrepp

fungerar som talljudens byggklossar, Målet för vårt projekt är att utveckla

en pedagogisk "formellös" metod med vars hjäIp man kan lära ut ;å ttåi¿"-



M

liska och'f€jhetiÉka,,gsmma¡ha¡g som,kompli-cerads,qeternËtiska f,ormLer.be= .,.;t.l

skrÍver: Vi kan sammanfatta innebörden i vår metod med rnottot: FoBMEL I. ,;:,-. 
r

BILD. i... !...:.,,:r.:i

Vi har utvecklat ett dator program mc.d var:, hjälp de matematiska form-

lerna kan åskådliggöras gral'is!<t med en kurva sam presenlr?rT?.,?.y.g?t?ln,.l....

rôr}íg eller stillastående.f.orm ,på en TV.:-skärm, elle.:: autoqatj_skt skrivs

ut på etü..papper som el'even kan ta med e,Íg he:ïI., ,. .. ,.

.Vi skall se detta Bedagogiqka grepp mot bakgr:unden e\ det attçrnativ : i ,

som leiraren, hittill,s''huvudsakli"gen, han'.,basera.t aín ,qndervisníng,på, .fläm.- ì

ligen:,Svarta tavlafi.,,.. ,!,. . ,i, .. ::., :ii.- :.11.. ,. .,.. j, ..i , i ,:.,,i.

BES(BIVNTNG AV PROG Ti\IG

I den' ,typiska undervisningssituaf denen. ,bsf inrier.:sig eteven f ramf Þr, datorns ... , ,

fangentbord och kan semtidigt betrakta clen tj-Il datc'rn anslutna TV-.bíId- : ,l

skèirmen,.och,X-Y-skriva,nenr. se FÍgur .1 ;..-,t... ..:.: , ! ,

Ett exempel på bildpresenta'l;ion,.vtsas, ii F,lgur, 2", .Sver-r-,ta raden .Vi.sar , i:..

källans, stämbandensr, spc(tirurni mi.tte::ste rracJen vj"sa; ,de akustiska över- _l:,::

föringsegenskapernn från stämbanden til,l ly.senaren. Dr?n unCeï.sta:raden : ;

slutLigen, visar det resul-terande talljuctsspel<.trat. De tre kc]-umnerna sva-

rar mot tre olika höga stämbandstoner: 100, zCIc resp_ektivq 10Ql$å [."yg:rg:",,1_,.,

ningar per sekund). för .varje ,uppritad bil erihåiles:eckså en.;fiumeï'isk spe- i

ciÊikation'avi.rbildinnehållet. Med en kontinuerl,igt varie::bar:,.manuell,.:¡

ko¡+trolIr'Bl'r S.ki "joystickl! kan en,elle:: två:eg.enskaper.,i bilden: t.sam-)-,,.,,¡

vaII-e.LFF. Kopplingerl mellan:,lneindnörelsÉ och bj-lcleindring.rr'rr omedelbar,,' r. .,-i

Denna snabba återkoppling innebär.;, q¡¡ el.eve¡'l f,år en intuitiv" l$g1.lplg. f?f 
,..i,,i.

de komplicerade akusti.ska.nammanhang isom.ovan, riämnda maternatiska formler ::

, . : : , :.
beskrÍver.
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TOA PLANEB

Vi planerar att bygga ut datorprogrammet med en modul för analys av e1e-

vens eget ta1. Talmaskinen OVE III skall kopplas in så att eleven genom

ett tryck på en knapp kan lyssna till det taltiud, som han studerar på

skärmen. E1even kan på detta sätt i viss omfattning utföra analys och syn-

tes av sítt eget tal.

Presentationsmetoden på TV-skärm lämpar sig också mycket väl för fran¡-

ställning av undervisnÍngsf ilmer.
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Dialectal variation and constancy in Swedish wordiacceint 
ip'atternsl

Per Lindblad
.'..... ::

. , _; '.. .... :-.. 
.:.., .i. .r... .1.J. .- i..- 0n thê'uasis óf"E.A.' n¡év"rltà ortu (lszl,"tss+J"'on'swedish 

"iord 
åccent F-

patterns in isolated two-syllabïe'wÅrds,'Ët''Gárding (l'sZa)'has mäoé'â tyþology

'; 'òi thr'S*edishi*orå ."""ni=, dividing them into fc,ur tyþes aËcording:to the

"'' 'n,1¡¡b*rtunjltiru iocation of F 'maxima wÌthin'the wbrds." Choosihg: twb:'införmants
o

iiort*."ht or'iòr"''Ëj*Ëùiur, oiateòts Èepresêhting theÈe four"typês'; närnely the

Stockhoim, scanián;"eottuåu'r' uäd' VästergÉtlancl dialectsì, E'j'ì'eåruinþ'änä' trre

''-;'i i'i 'r:-r'"':¿ni¡"t.'.ùr"i¡åae an' abouu'li. investigàtion of aiinuiiii5ei of ohè';"two,present au

t 'tÀr"Ë;'áno'Èour-syilaolel *oros, 
-'pronbun"Ëd" 

bo'th''l-n''iso1aïioÄ'tuÀù' witrriil''à sen-

":: tåå"é fiame. rÈË'wr',oIe raieþiairwãs þronoüncéå as ñéutråì-iancl:'êmpträtrc'state-

" t'- "r"ntr, rÀd'' åuriiår ahd êiirptratib Questionsì Mingograms rràvei'bebn maäe:'ù-f:''the

whole material, spectrograms of part of it 'r' ; i": j : ;

In a first report (tSZe), we give data on the time and frequency positions

of F maxima and minima in isolated words for the four dialects. Further, ono-
the basls of these data, we give a fairly formalised descrj"ption of the Fo

contours for each of the dialects. The description is given as a number of

rules, each generating the Fo curve for part of the gJ-ven test words. Tfib fre-

qrun"y'oimensiäni is quaätified intci' fcür pitq,ï.levels;'\Jhè:-rufq¡ apply"in a
'.' : '. --i

Frç{¡s,:?rq,sj,1n9,,,,?r',uï!j."! to,.fhu r'r¡1eyle .tfgt a rrl:'" Íyl: oo"=,.111, ehanse

' i 'È'h* ärlórt of an earfier cjne'.'As concernsì thefr fuinctit:'n,' there arÞ three types

"' '¿i'"rirs."tFilst',' there is à rrr'å'ffi.ceiters rot,,ttig- fe¡1rrytrng'senteñÞe 
in-

-,,. ,tonetioo,,- ..the wolds ,eqe .iso}F,a"r,-,U- Y.ar,f1y relember,, u-"¡iotv trrl9 .11e.-:::. I :::-j, ] .. ;..til r,.\'tiì.li. rì.. .lr.J':.:;.r.r.

rules that take care sT"th"tuò"rnt distinbtion'by' allocdting: Fo nìäxima an¡

minima to specific time postibions and pitch levels. Thirdly, there is a rule

that connects by the shortest way the parts of the F shape of the word
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generéted by earlier nules. . :.ir .: -. .. j.., i..:

For all the four investigated dialects these types of rule are used, applied
.: . .: l ,.i . J :

in the sarne order. As concerns the contents of the rules, the dialects differ.

In the main, the Fo contours of the twO speak:tu gI Eaçh .sO,e.cia1,di13-ect 
may be

generated-by.'the same formulation of tl¡e,rru'1"es. 
:.j . ,_; ., :,.

For all the investigated diBlects., the Fo contour of a. Ellave accent word may

be regarded.as. a contracted Fo eontour of e. minimall¡ qgntrasting acute word

plus en addÍt1onal i,nit:i.al-, Fo segment, cq]led ithe., prp;"gn,touf ,: This interde-

pendence between the aoute and, grave accent, Egerns ,!9 þF,,,,in i.rlterAfaiectal

constancy in the Swedi:sh word accent opposition ¡ A3,.gther crgnslgncV in the

realization.of the oppgsition founQ in our material qan b,e f.grlulated thus:

The grave accent is contrqsted .to the acqle eithe4 in ,|arlip-,t*o Fo peaks -
acute has alweys one.peak o¡lyr- or in.hrylng a sínglg. geak,latgr in the word

than the acute accent ,...r, , .,:.Í .r ,: ;

i. - ..:

' _J . .j,;: l .:
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.:.. .. _...t. " .- ,,. r...

SENTENCE 6TFES5 AND TONAL ACCENTS

Gösta Bruce

The present papen f"ais?.g the question: how are the tonal accents in Swe-

Çisfr manifested lvhen they occur in stress positions other

stress position (cf. Gårding t96?)?

The inspiraürn of thÍs preliminary study is the proposal of a binary

suprasçdrnental system for English by Vanderslice & Ladefoged (rcll), where
' i:":l

sente¡tre streas - 1-s!ress - is analysed as [+ ACCENT], [+ INTÍ]NATIQNJ,
..' :¡: ,r.:

while._othçr non-plimary stresses are equafed: [+ ACCENT], [- frufOrunTI0NJ,

i.g. a seltence s$?s:ed syllable is disti¡guished from othe¡ stressed

syllables ty !lî o¡ntributio,n of sentence intonatlon. - the tolal manifesta-
:

tion of Statement or question - and not by degree of sËress.. The aim of
n.:Ì1. -' ;. . ..: . :. . ,.. : ,:. . .; :.

TF.t.-=.,pEp?f i9 tq tegt lhe validit¡. of a 9or1eseo1di1S treatrnent of .SwedÍsh

aecenh,¡al .phenomena. The hypothesis is that one should be able to subtract
''' 'li'.- .:;:,:. i .'.',r ,l j :.:- .,- .-: i.. ,:.. ,--,.. : li

w,hat depends on çer¡t-qnce intonatign by lgekinq at the mani-festati.ons of
..-.. :'1::,. ... ¡,ri-,...i.,.'';.:;: ,;.... ....: .:.:: ...,:

the two contrastíng tonal accents - accent I and accent 2 - ín stress po-
'.j.íì,,.:.,;i'l:';.:.'a:.-.,...::...-,...,,.,,...:....:::...1.,..r::..,'

sltions other than sentenqe stress position and there find the I truer
''': ' " ':'j:'-.. " ' :.r .j.:':. ' ì . i.' , i-,. -i^: ,.:,' ,r.

tonal accentsr i,€. the tonal accents unaffected by sentence intonation.

In order to lqst this hypothesis the following test sentences were. :,'-, :

, , ,dqvised: ' : . .. ., :..,.ì :.,...,:i :. ..,,,.-..

. 1. Neutral stateme¡t: answer to the question "What were you doing?"
' 
,y.,,lirå' tliî:'J "'' lxiI::.{ r,," plaved 

{.i::gï"{ 
near ..è't:i:Ë:] )

2. Statementf game emphasized; answer to the question "What qame were you
: l: ' ::

';,:ElaYing
vi liral

there? " - ,

feÁmov l'
lr<ùln,J

vi' fuårr"n ì
lväIlarnaJ



52

3. Statement, place emphasized; answer to the question "Vúhere were you

playing the game?"

;i;;., pi;:t ",r [v{Ïi}-^}
, .-.a .

The d{alect under examinationïíd the Stockholm dia}eC't,

From earlier investigations we know that in the Stoikholm díalect the

Fo-curve of the grave aceent has two peaks with a ya}ley in between' The

first peak is located in ther stressed syllable and, the second peak is in

the last syllable of the word. ,The acute accent is usually characterized.,.
by a rise in the stressed syllablè, often preceded'þy ia sniatl dip [Otrman

196?). The Fo-data of the present study show that in sentence stress po-

sition the manifestations of accent '1'and 2 arg es described abclve; But

in other stress positions we find a'different picturler' tlre grave ac::-nt

has only one peak,- in the stressed syllable, while 'the 
jsecond one is

missing. The acute accent is manifested merely as a. valldy.

Now how do we interpret the data?'It may b1 ?ugøested"that the second

I

peak of the grave accent, which 15 ,çireÈent onll, i1 sentence stçess pCIs}-

,':
tionr, is the tonal manifestation,of 'statement intonq't'iorr, so that the

..1''.

first peak of the jrave accent is what'actually embodiee thê grave word

accent, But what" about the acute, aceent? One interpretation is that the

valley, which is the manifestation of the ac.yte qC,celt in ncn-ç5i.t"tY . .;i
. .':' ' ( \.,..

stress position constitutes 
, 
the 'truel i gc,ufe word accent" t" =tn.l,::c.T,.,,;, , i:,,,.,,,,

stress position this valley witrl bg sl'noothed out b"y tfre senterróij j-ntonation. 
,

, .,

peak, so that *"-*ill get the qicturè of 'a mainly rising acute:qeçelt.;,Iti '

has been shown that'' the Fo-pattern characteristic of the acute accent

recurs in the later part of the grave accent, i.e. the second peak

[earOing ß?A). So the same statement intonation pattern is found both in

the grave and the acute accent in sentence stress position, but occurs

i1

'! ..
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i ...

earlier for the acute accent, so that the acute valley is affected by the
'!: . .r..

sentence intonation peak, while the grave peak is left unaffected by it.
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AN EMPTY SPACE ON TI-{E MAP

Anher0hùt:strr\e" Bredúaù-ijerÍsen :r "'i'l'

j -.-.
¿';.. ,.: i :,; ..'l'ì'r.i"i.. .; Í1,,.i ..: .it..,

Under this heading I talked about the twofold aim of the laboratory work

the students are obliged to attend in order to carry out the basic

courses in phonetics in Lund. 1. In the first place we want to create

stimulating tasks for the students. We consider it meaningful- for": thern to

"discover new lands" j-n phoneties. 2. In the second place we are j-nterested

in thÈ;descripfuioni aàd"'tilasËi.fication of .d-ÍaLeets''by prosodic critería.:::
:..' .,¡,i ;.,...,.., i:.r i::,.;1.,; ; i ;.:.. i . :ii ; . i.:: i-.-r.:..,..

This term, spfing ,!9?S,..thp,combination gf, Èleee gims has-requllg{ in o¡9

group's concentration on the F-
::¡,;-l 'i¡..ì: , CI

words of the inhabítants in Kronoberg county:''Ín'r'snåland'('in ttie"scuth of
r'.t..i'i.t::. .i¡r¡¡.-,¡....1:,,¿, 'r"j.':!" ..t::. .,;1. 

"i' 
l , ' , ; ,.

sweäen). This work i-s qh,offshopt EbpçciaLty.i.'fnemlGåi^dino ,aqd .Lj-à$:.

blad's work (tg?g). See also Lindblad's paper on Dialectal variat:i.:¡n

and constancy in Swedish word accent patterns in this volume [p. 4,9).

Our starting point was the tonal dialect map of Sweden given by Gårding

and LÍnUbIad (p.48) and Gårding's tentative tonal typology for aecent

1 and aecent 2 words in Swedistr (p. A6). The southern part of the map is

shown in Fig. 1. As shown on the map, the tonal data are unevenly dis-

tributed over the country. For example, north of Skåne (in tfre south of

Sweden) tnere is an "empty space on the map". This area has traditionally

been regarded as belonging to the South-Swedish dialect area, The tra-

dition is based mainly on non-prosodic phonetic features. There is also

sorne evj-dence regarding perceptual data that people in this area "need a

fundamental frequency rise to perceive a grave word and a fall to hear an

acute" in the stressed syIlable just as the Skåne inhabitants do, see

Johansson (rc2o, p. 7oJ.
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The material used consisted of disyllabic minimal pairs with tonal
'' ' ' ' )ssed, and the cÔrrespon-aceent cgntraqt and wlth the fírst syllable stre

ding monosyllabic word, e.g. pg¡g! - Eglg!, Pål. The'informants,wBre

five phonetically na'ive persons from. l(ronoberg county. Each informant was

recorded twice and at different sessions;

contrary'to what þas of,ten been assumed our data showed no conformity

to the SkåhetprosodÍc patternsi The outstanding feature whlch a]1 the.
:

five informants had in common was a two-peaked accent 2 pattgrn with one

peak in each syl]able. Fig. 2 shows the typical aecent 2 pattern' This

pattern resembled both the Svea dialects (type 2A in Gårding's tonal

typologyJ and the Göta dialects (type 2B). The timing of the peek within

the syllable seemed to be irrelevant because no consistent pattern was

found. The acute accent showed a stilI more varying Fo pattern, proba-

b1y due to varied intonation, but the tonal peak was always in the

stressed syllable and it was mostly late in the syllable a}so, as shown

in Fig. 3. Consequently there is no similarity with the acute pattern in

type 28, as this pattern has its tonal peak in the post-toníc syllab}e'

The character of the tonal accent in the dialect of these five infor-

mants thus seems to fit fairly well with type 2A in Gårding's typology,

that j.s the Svea dialects (in Central gweden) '

Needed: more informants 'from $rnåland '

Volunteers may address themselves to: Phonetics Laboratoryt Lund

University.

a
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COOBDINATION OF FUNDAMENTAL FREAUENCY AND ARTICULATION IN SIJ1JEDTSH

ACCENT II WOBDS

Ylva Erikson

Fundamental frequency correlates of the Swedish word accent were investi-
:

gated with specíal attention to the coordination of FO and art:eulation.
.''

A prevÍous study found only minor variations bewteen FO contours from
grave accented syllables belonging to words differing in syllabIe number.

A vowe] in such a syllable has a F^ maximum ín the beginni-ng preceeded
U

by a slight rise and followed by a relatively steep fall. To certify the
ímportance of the final fa1l to the percieved accent type, vowel duration
was varied by a systematic manipulation of.phonological vowel length,
voicing of the following consonant and number of syllqbles" It was shown

that a decrease in vowel duratj-on did not bring about a reorganization
of the F- pattern, but resufted in a final truncation. An attempt was

U
' then made to .vary the ternporal conditions in the begin¡ing of a given

FO contour, by changing the number of intervocalic conscnants in eompound

words with stress anU accent pattern 32. The FO contour in syllabIes with
l'' stress level 2 is often described as rising because of the F6 rise in

, the vewel. As the number of.consonants between the two vowel onsets in-

,,,creased,. the temporal distance increased accordingly. It was found that
:

temporal perturbations of this kind did not bring abbut á reorganization
" of the contourÈ. There was no truncation of the inítial rise, instead

. ,the entire eontour was displaced forward in tir¡e as the sqcond vowel-

onset was delayed. These findings suggest that truncation is only pos-

sible at the final part of the contour and that FO is coupted"to the
vowel onset. ì

Litterature:

Alstermark M. and Erikson Y. 19?1.
r': of 'woiU leng'th. STL-QPSF1, 1-13

' 'j.

Swedish word accent as a fi;ncti-on

Erj-kson Y'. and Alstermark Mì 1972. Fundamental. f,r:equeneyrEorrelates

of, the grave word accent in Swedish: The el'fect of y,!wel- duration.
STL-QPSR 2-3, 53-60

;

Erikson Y. Forthcoming
:i
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i"1: , i i':ìfi': ,.:.i ijì:.ì l: :r., _:; ;.r it"j':,t;., :-...r::ì

ON INTRINSTC AND EXTRTNgIC FO V

Anders Löfqvist

.:t-i

,:jThe, impef'tance of rfurlflamqntal,,f¡e9u9nç,y var+at+!-ns for the fistiqg.tion between

'the Swedîsh'tonal- jaceÞiìts,'r,i.siwell, established. This paper deals vvith the F- in
o

'.':. : :.1',..,.' :'. . : "
the stressed vowel"ôf words with diffei;ent tonal acôents'arlil examiäþs how it

.....: .. . r: I , ì

, is;affgcted when the-.consonantal envi.ronment of the vowe! is changed from voj-ce-

'i'iess' to voíced cónsonants änd when the vowel itsel-f,'is changed frctm long to

,qpeekers representing,,,twç. Swedish, dialects. 
. í: .,

' ìAs expectèd fnom óther investigati-ons the duration, :of the vowel was longer
.:..: .:.::,, .. i: :',: : I ._ : .. .. ... ....' :.

before voj"ced than before voiceless consonants, the duration in the latter case
r 
i. : ,'. .'¡: ,l

bei.ng; B5-gP/" ..g,f , the duration, in ,the ,former. .q.ase: Af!,er voiqe{, consonants the
..:

oeak F of , the vowel"was,ábout 15 Hz.lbwer than'afterr,unvoised .consonants. The'o
' 

't tnrar"nce of ihe pr"ceuing'"on"onåài òå" tt " 'runüamentar ft'eùüency of the
:: : ,.1.: ,, :... . ' , . .,..,....,, ,,..' ,:: ....1.:: . :

:,,,, followi,ng vowelwag,hqwevpl, not çgrlfitpd .'te the,.bgginning of lhe yower but was

stÍfl present wheFi¡the F^ peak'vùa$';..ti3cåted 'near the -end"of the'vowel' The
o

' 'i : "' i' " :' l ' ir

intervaf from the onset of the vowel- do the frbquency peak íiicreaded about 25
-;., .i...,..r.'....., :" . :. . .. I:;.. .. :;',.,.::,...1;.j; ..i.

mseo as the.precedinE consonant i,ya,s changed fqpm ¡loiqelele to voicgd. These

variations probabl"y reflect universal- processes and werB the.serne for all

speakers and accents.

When the F_ curves for long and short vowels were . cpr.npared the locaticrn
fl'

,of :,the frequency peak was, foqnd;,to'rernain c¡nçta1t retalir¡..q !ç lhe nearest

boundary of the vowel and thus varieä for dlfferent speakers.'and accents.

The: våriätÍons are discus'sed in relation, to'. thë' underlying,. mechãni.sms which

,"t 
t 

¡.

cause them to occur and to ttreir rôle in the speech commünidation process,
,.::--. I ,. ;'i;1..:-

text will appear in PoLA Beports. This work was supported in part
.:1 '

by a grant from the National Science Foundation, GS 2386 41, to Phonology

Laboratory, University of California, Berkeley'

1. The full



61

TONE ACCENT PATTERNS OT CHILDREN AND FOHETBNEHS

Kurt Johansson

As quite a few of the papers presented at this symposium deal with

prosody, I want to take the opportunity to report some results from in-

vestigatÍons carried out primarily by second-term students of phonetics

i-n connection with some seminars f led in 19?1,

A. One of the investigations concerned the tone accents of children, 2-6

years of 
"gel:

Some bisyllabic words (tS in a11,6 with the acute and ? with the grave

tone accent), known to belong to the vocabulary of the childrenr wsre

illustrated by simple pictures and shown to 35 children from MaImö

t
(scania)'. Their pronunciations of the wsrds were reeorded on tape. At

the same time one of the investigators made an interpretation of the pro-

nounced words as acute or elrave. Further interpretations by the investi-

gators, and by a Scanian phoneticj-an, in most cases confírmed this first

interpretation. So did fundamental frequency analysis.

ResulIs

The aceent distinction is acquireci rather late [fig. 1), with the age

of 4 as a rather sharp boundary. îhere are, however, great variations

among the younger children. Some learn the distinction early, somÊl con-

siderably later. There also seems to be a gradual acquisition of the

acute accent, which is the one totally missing from the beginning. As

could perhaps be expected, and at least judging from this investigationt

children do not appty a certein rule consistently at once, but the accents
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of common everyday words are evxdently learnt word by word, not type by

type. The test was not, however, 'designed to examine this'

Another investi$eition' ëoncerned the'realisations of. the Swedish tone

accents by foreígn -and the interpretation :Swedes ql-lbe tone accent
I

patterns DrÖduced bY ,.lthese fore rS:

A preliminary investigations of Porish and Czechish speaking people'

learriing gwedish ag.a foreign language at voluntary evening classes in 'Malmö'

revealed that nbne'had acguired 'the distinction between the aculte and the

grave aecents; although they were;eaid to belong to the most advanced of

the stuüerltâ.r'Nor wäs'rthe'distinction clearfor some American students

living in Lund. : ' '' ; i

: Th€:investigaton then,looked for informants who had'beeniliving in , !

had 
7

Sweden for a }ong time, and who/ tried to Learn the language also in' its 'r'

morè:,a'dùañced fotsms. A smal1 but rather homogeneous group was tested' The

group consisted of,threeipeople,only: one man and two women; all 35-4CI

years of age, two of them born,ín,England¡':,6¡s in scotland, but all three

grown up in England. Two of them were teachers et the English Institutet

Lund university, and the third was a phonetici-an. All three had be'Fn-'låu:lng

. in $weden for 13;17 years and were married to Swedish [Scanian) people., "

. Twelve minimal pairs, consistíng of everydayi'swedish wordst were re--'

corded.4 As, preliminary'tests had revealed considerable difficulties with

respect to'the tone accents, the acute and the grave accent words alway'Sl

appeared together. in the reading list,-sometimes with the:acute' somet'imes

with the grave accent word.first; li-ke this: ' ':) i '

: vinden-'viner, i tr:aïdtopparna. viner - vlner - viner 't ''

, Många Ão"mmei från Frankrike. viner - viner - vi-ner
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Dessa strider var mycket jämna' strider - strider - strider

Detta -slrider mot reglerna. strider - strider - strider

Många gifter snrids ,+ n3,turen. gifter - gifter - gifter

Många qifter sig mYgkqt gifter-gifter-gifterunga,
Í 1.:, 

.:

ïn this way the speakers were given'"v?fx, hqln to understand

test was about and thus to realize the differenc"t.'.

. The second of the three,iqolated versions of the words were listened

to by the. investigators. For every speaker those four, word,s whlch were
Ê

considered to be, the most succPssfully pronounced grlve examples" were
l'

used in a.:listeni¡g teet together with four acute words !no! minimal

pairs j-n order to avoid a diserimination choice). what is said bllow,is

thus valid only for these "best" representations, and only for Ísolated

words. :.'

1O listenerF from Southern Sweden [as all speakers were expected to
. il.

haúe been infl.uenced,.by the Scanian 3c9ent O1!t9rns) listenef to these

words appearing. 'twi-9e in 
' 
a randomizeQ. test' 

..,:.,... ,:,,, 
..

i.:. '

Results : ,, :, . j

As could be expected the grave ,lccent presented the sreLlest difficulties'

speaker n (rig. 2) was more successful with this accelt than.the others.

trt seemed to be the other way around with the acute, strangely enought

but this speaker was motre conscious of the purposB of the study, which

mayhavecausedhi-mtooveremphasizethegravetype'Had'however'the:: I r:Ì..

selection of test words been made quite. by chance, this would certainly

have resulted in-still fewer grave responses' Olce more it should be

I,.:, sf,rsssed that all, lhg speakers are linguistically conscious people with
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time eriöúgh tei be.ãb1e to";ÈeaÏIåel:'l-inEuistic rules. In running :speeoh:

''there riught to bé less time to .remember these .rulesr, pa4tieqlarly as they

only appli 'in r stressed 
' þosltiönó:j-ì ' ' '

j:.i.... .:,..:.:: :.,--i -,::" .,''t.. .:..

..-ì''::ì r .-;: .. ,...-.i:,...-.i - : .¡. .: A B C

Acute . 69 'h ?9 -$ ?6 olo

Grave B0 % ß "1, 4a "1,

Together 74'1" 61 '1" 58 %

Fig. 2. Percentage of words where listeners' judgments of.999:nt

-:-,..-:,,. .ì ag.need.$i:tfi the intentio¡s-ef FÞeekers A, B 'and. c,'.:

:,.':F:.1'. j .. ..

Aeoustic measurements of the words pr.oduçPq' and iudged es grave showed

that the fundamental frequency eon,tour in, all cases was characteriz-ed by

two frequency maxima. Furthermorer'. the seoond sylIab1es of these words

had greater intensities and longer,durat'ions.. The fundamental frequency

contour with two maxima is certainly .not typicel'of the Scanian dialects,

which was thg type..p.fi.@.:',migh!:ihe.vF-;:iêxP-çcled from Èhepe speake.fs, hloweyer,

it is the pattern of the standard central Swedish pronuncietit¡n cpmmonly

usedasamodelforlanguageteac:hing';. :' ;I ' :,- ';";

Al.most at the same ti¡nê-,çg.. thgs,e .lnvestigations, wçrq icaffied otlt a

recording was made in the department.q! an i¡lgfview:urlth. a'Eerm.qrrt

A
speaking phonetician." He hpd,.be.gn f,iving ,ín Qweden 

for 6-.7,y:eq::'Þ.....His

grave words, too, revealed þ$erf#€CVenq.y 1a¡ima: ifþty',ge¡eratr'ly,uqpund,

according,fF,fny,gl41}op,P.,+lionr.iv-?f{'.:g;îeq1çb).' '.:'j., .':.ì:,,":..j.1:

This could be compared with !!.F,,,nçtr!'tp,oj.rf! 'i¡,y.ee!iea!io1 co¡cerning

how Swedes and foreitng.fs ,tf,,Y..,-'!o;.,$.eç.flb3::11?ï,.thgy. pe¡cçi've -the:.S-wedish

?tonal accents,'.,Çpptrgry'1"!ettgg¡t.ns !þe,,:,Çflae for the acute qao.Plt' 50
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Swedes Iof differenf'ðÍatects) and 24 foreigners

Scanian speaker (wittr, o{-r}y one frequency maxi.mum

for a Central $wedish speaker [with two maxima),

accent with symbols indicating two maximar E.g.

elrd "/\.4. fry tlre graúe. To meo this seems to

sort of loudness feature ís involved here.

chose, both for a

in the grave woräs)'.n¿i:

to lllustrate ,the gravé':'
l.-

,/\, for the acute accent

be an lndication that ssne

Notes

1. rnvestigators weie: E.;Holmberg, s. Lawrischin, and J. sörensson.
;

2" Number of children in the dif.í.erent age classes:
, Y:

2;'3 year"s 5

3-4 years - I-,,-
....,.i,,.

4-5 yeers - .7.

5*6 years 6
-:

617'ieais - 9
: 

_. 
t' : ,: 

.i i... . 
_;..j3, InveLtigators were: K"r Ebrrelius Nilssol! q. Epps, A" Jönsson, and

4. The following minimal pairs were used

blt"¡ (the piece, the bit):'.þI!gg.[nittenJ.,
: ''j

æ¿g! (rolana): p-gl$ [trre pot'e),

gggggg (tt're' steps) : gjr,q_qj] (trre tauoer),
t. ' ;

!ån[en (tlre tank): !èd:n {tl.re thoug}rt),
t:. , 

i

gfft-gf [pres, of verb.marry): g:SgI, [polsons [noun pl.J
li.:1..:,.. ,,,,..,

ánden' (tr'e urct)l Þ¡gg!"[,ilre shosr); j

?.:.;\
väTl-den ( the world) , ,,y,uíIgþ! ( vnlues fnoun pI. ] ) ,

)

t':" " --. . it
stIfg.ç_r ('pres, of verb fight): stflilgl (rishts [noun pt.]),
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e-* (oscar), L*"" (.pres. rrf verb thunder),

slâEPn fnatttes fnoun p1.]), g]3ggl [beaten up),

vå5en (tfre note in the ice): vàken (awake),

vfner (prt". of verb whizz): I@ [wines [noun p1,]),

5. The grave accent caused most problems.

6. Investígators were: K. Karlsson and I. svensson. (The investigation

was carried aut under the guidance of Fl' Bannert.)

7, ïnvestigatOrs$Êretl M, Elevant, M, Hamrén, and A.-C. Johansson' [Ttre

investigation was carried out under the guidance of E. Gårding.)





70

ON SEGMENT DURATTONS IN WORDS AND PHRASES

Karin Rapp

Two experiments have been conducted investigating durations of segments

on the word and on the phrase level, A limÍted speech material consisting

of acute accent words made up by nonsense syllables was used. On the word

leve} the number of syllables and the posítion of the stressed syllable
were varied. The following observations were made regarding stressed

vowel durations:

1. There is a corçensation for word length Ín terms of number of syl-
lables such that the vowel duration decreases as a functi-on of in-
creasíng word length. However this compensation is not complete.

2. Vowel duration is increased towards the end of the u¡ord i.e. there

is a final lergthening effect.

The same observations were noted for unstressed vowels and for
stressed and unstressed consonants. The number and position of words

in a phrase gave si-milar results for the vowel durations br-rt to a lesser

degree.

The above observations are summarízed by the following rule:

KDDuration =
m c(

p

With a correction for increased duration in phrase initial position

this rule has been applied in producing synthetic speech.

Litterature:

Lindblom B, and Rapp K. 1971. Reexamining the Compensatory Adjustment

of Vowel Duration in Swedish Words. STL-QPSR 4, 19-25

Garlsson R., Granström 8., Lindblo¡¡ B. r and Rapp K. 1972. Some Timing

and Fundamental Frequency Characteristics of Swedish Sentences:

Data, Rules, and a Perceptual Evaluation. STL-QPSH 41 11-19

m
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PERCEPTUAL EVALUATTOI! OF PROSODIC BULES

Êolf Carlson and'Björn EraÀström

Ïn another paper to this symposium rules have been given that describe
timing regularities i.n a limited set of Swedish sentences consisting ofl

acute accented words. (f ) -'..:-

Based on observations on a F0 analysis of the same sentence material
tentatíve iules for intonation have been designed. These rules presup-:.
pose a falling sentence intonation contour upon which are superimposed
pos:i-tive excursions initiated in stressed vowels and generally reaching
t-heir ,p-eaks ,.during unstressed segments. These maxima are proportíonal
to the duration of the initiating vowels.¡...r'I , ,1,, j.'''

'The F0 rules are hence applied after the duration rules which have

been supplemented with a rule taking account of observed'Iengthening in
initialpopitions. , . _

To look into the generality and communicative relevance of thg ¡ules
arrived at they were used in producing synthetic ,epeech. This synthesis
was'compared with human speech and with 'an dliernative rule synthesis
basicalIy, devoid, of prosodic rules except a sentence final mod:lfication.

The sentences chosen did not contain any sentence from the obser¡¿ed

material- but had a less restricted structure. Listeners were asked to
report:thé sùress pattern in terms of Stressed and unstressed syllables
and also,to indicate word boundanies. The result shows that the described
rules used in speech synthesis gave the most accurate stress pattern
idehtification andlaLso contributed in word boundary judgement and

hence 'they appear to serve a definite perceptual function.

'Litteiature:
':

( l) napp f. 1g?3. 0n Segment Durations in Words and phras"u.' Thi"
symposium

Carlson' 8., Granström B¡, Lindblom 8., and Rapp K. 1922.' Some

, .Timing and fundamental Freouency characteristics of..€wedish
Sentences: Data, Rules and a Perceptual Evaluation. STL.'QPSR 4,

, ..: : 'rll j

11-19
ii.,, r ¡r" : 

.
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MUTUAL COMPLEMENTATTON OF VC- SESUENOES IN CENTRAL BAVARIAN

Bobert Bannert

'' ] :'..': :iRatios of duration and the domain of anti

As a: rule irlvèstiEations of duration and quantity contain not only abso=:,
.'.

lute values of segment durations but also several kinds.of ratios due tor'. .,..;... :

the multr.tude of,factens. affecting the duration of:a given segment IElert
I

1964'.51 f)., Based on minimal pairs, contrasting optimally only in differ-

ent durations of the identical segment, the vor¡re}-to-vowel ratío (V/V:J

an{ ,thp. congonant-to-ponsonant ratio [C/C: ) are calculated. These two

ratÍos being paradigmatic, the vowel-to-consonant ratío IV/CJ refers to

syntagmatic relations. 
:.: , -1..i..

The ratie of V/C ratios (Vt/C ¡ VfC:), a dôubfe ratio, is considered

baqÍo to the perception of quantitative conty'asts'in a language IE}ert

1e642171 ff),, . i

Dealing with the phonological concept of quantity and its phonetic

mani.festationsj as duration fphysiologibally and acousticafly) and length,,,,
i.:

IperceptualtyJ it seems necessary. !p start fnom.the do{a:Ln of quantity; t',
,.. .,i : ,. ': :' : '

Ïn those languages.which utili-ze durationel contrasts distinctively, the' 
'''

domain of quantlty may be different: the sound or sequence of sounds over

which quantity is manj-fested may be only one segnrent [on1y the vowelr'only'

the consonant, the vowel and tþe consonant), two segments (.stnesseal vöwe1

and the forlowing consonant), :r larger units (Let'riste 1g?o242). '

ïn the NorQic languages of Standard Swedish,: ¡ot*rgian anU icelanlic

a reversed relationship, càlted mütuar complementation'(Lehislç 1g?o:4g),
. ,rr¡'.. 'r 

": 
' 

t t- ì "

betweeñ the duration of the stressed vowel and the following consÐnant is

observed, Thus a long vowel is followed by a short consonant and a short

vowel is followed by a long consnnant:
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V c
(...)

[...)

t. (...)
V 0

( )

time

A, similar reversêd relatiohship between vowel and consonant is reported

for the Upper Ge-rman dialect of Central Favarian'(Ca). (fufner 1957t 1Sì61.

Bannert 19??); ,The domain Òf quantity in the Nordic languages as well as

in CB is the VC-sequênce which does not seem to. be the case for Standard

German. :. :

The distribution .ôf mu.tual complementation in ,Gts is in general restriot-

ed to:words longer than one syllable: I [...) c3v c .., #, where the

vowel is stressed and the second syllable,contains a sonorant, (vowelr .1a- ,

teral or nasal). ,

The vowel-to-s ouence ratio V/Vce

Due to the fact that. dÍstinctive durational (= quantitatlve) contrasts

Ín CB always are manifested over this VC-seeuence I assume that these two

segments together constitute a timlng unit at a certain leve1 of the ;

language. Instead of relating vowel duration to the duration of the fo}- ,-i

lowing consonant, the duration of which varies considerebly after long

and shCIrt vowel, by calculating fte V/G ratio, it might therefore be ryg{F_. ".,

relevant to calculate the vowel-to-sequence ratio (VIVC ratio), thus ex¿..

pressing the duration,pf the vowel with reference tci the whole V0-sequence.

ShOft V. I :.r', r. ,, r :. ..... 1.. ...,

L::::::i - ,

æ
long V

VC-seeuence [V+C) = 100 %
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Material ..,-...-.s.!*!rf

To describe the durational relationships of VC-sequences in CB, sorne pre-

liminary measurements based on mingograms IoperatÍon speed 100 mm/sec),
{-*--.. " -...

the V/VC ratio and some observations pertaining to one informant G wilt

b",1{?",1nted. One portion .of the material was collected in Ðecemben:19?2,

the 
.othçr ,t?,,tu".gh 

1W3, -The pair Çe,gar [$ptg"r] versus Gekal [Eekat],, ,

[name hill ve. gri]Ied chicken) eppeared in both recording,s¡ This

materiSl,, is comOgred to measurements fr.om ïnformants G and A of January l

1g?2, The stresseci vowel, the following (medial) consonant (Cr), and tþe

prosodic patterns (prosodies) (cf, Gårding and,Lindblad 19?3) were Vafied.
1.r''-i', . -i:.)

In order to affect, segment duration hçvi1y, four prosodies were chosen:
,i::. ': .'1.r. : "í,.

(t) neutral isolatef, statement Iisolated words),

[2) neutral sentence statement, e.s. / i hab s Pupal gseng/, [I saw the

litt1e doll), where the test word is stressed,

(S) fast isolated statement fiso]ated words) t .:l

[4) emphatie sentence staternent with..topiçalizqtion, e.g. / € Bgpg! hetb .

.tr- gseng/ . ..
,.i; '

The testword and the ,variables of .the i-nvestigatlons are summarized ,in

the table on the following Fage..

Results , \=- r

Tables-.1 I 2r -n.d, 3 give the follqwing values: the mean segment cluration ::

(msec) of the vowel and the consonant., the mean duration of: the VC-sequencer .

. i .,il, :j

the decrease (or increase, marked with a) in y'o of the observed means for

prosodies (2), (e), anu (4J relative to'prosody::f Jj:ft:utrtnar,:iJlateu state-
.;

ment), the V/C and V/VC ratios in $, the change of these ratios in o/o

with reference to prosody [ 1 ) ¡ and the range' of their variation in o/0.
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79Testwords and recordings

..I

fu1arch 73
G

Dec 72

G

Jan ?2

G, A

Date ,and -

Inform-
ants. ;

Gega1
Dafal

LJeKaI

BiabaI
'Sfba!
Begal Gekal

Feda
Nasn

Feta
: ; ¡¡t$=,', 'ì'r'..'

bÍassn
'.' 5ii5"n:;'' '

bäsa
Wiesn
Basl
etc. (

1' /6/z'
t..
| 9rassa
I wlssn
I Massl

{t rsrz: s)
.''':
Bann

'l

longvowel
short cons

ehort vowel
long cons.

Test words

(r), (z)
(a),, (+)

Ir),'(z)(s), (+)

( r) (3)

(z)

Prosodie

patterns
( prosodieçJ

1r

The diagram shows the'V/VC''rati:oà for tlìe' accumulated material, con-
: ,-' 

Ì, ì',

taining al-l variables.-f.o'r..i¡fsrmanfs ..G...and.-4.,.-..and-.th,e . v /VE ratios,-grouped

according to the following variables: 
,

(r) C,n = /"/, informants G and A, January 1g??, tZ) Cn = ff,sf, inform-

ant G, December l9?2 anid March 1g?3, (g) C* = /brdrg/, informant G, Decem-

ber 1972 and March 1913, [+) trre comp]ete rirâteria reported, ínformant G.

The following observations can be made:

1. The sum of ttre absoiute durations of short vowel and long (voicetessJ
.

consonant Iv+C) -ís..e]r,1¿ays.*gnea^tenjhan..thaL-ofl"-"the-..cor.respsnding. long

voweL::gFd.short,{voiced} oonsoni:nt,r This 1q in,agr:e.em€F¡t with E}eft!s .,\

fÍndingo "for.,Standard, Swedish {EIeqt.1964'.16O). .', . .. : :',:it h.-.; .'r-,i ì

I

2. The iv?lue gÊ tþe vlvÇ ra{i.s is atwgvs larges!iio¡prqsodyr:'[4);ir ha!::ùsr
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the vowel Ur""tión-"inc"e""e" relative tô tfre duration of the VC-sequence

when a given word is produced'åt tt'te very béjiirning of an emphatÍc sen-
. ...i, . '.',

:

tence statement.,-T,[g.-V"Jg.?.-o-f" !.lS .-VlVç rat¡.o- for short vowel and fo1-

lowing Long and voiceless stop consonant [Bupa], Gekal, Feta) is small-

ets in prosouy ('t) [isolated neutral statement). The qrder of the

V/VC values of the three other prosodieç does not vary systematically

for long vowels..' This rigt',tî"äÉ;Ïäî"r;ä,åt Ïöäï'päiti"a:.ry, by the
'j:

fact that short;clnçonqnts after long vowels are often, but not always,
.;'.1 r. , . .:

produ c ed w i t h " voicing6*-bhus--obsc ur ing p ot'e n.t*a}--t en d en o ie s,

3¡ The range of variation 'of the V/VC ratio'for each test word and its

prosodies is rather constant, about,E o/o, while the V/C ratio varies

differently for long and short vowels, from 52 to 119 "lo for the lorrg

vowel and fro¡1.Lp-to Zl"'l:".fgf the short vowel:

BupaI

Gpka}

Biaba1

Dafal ,

Test word

z7

25

19

9

B

?

119

95

52

?2

53

I

B

7

range of variation . in "/o

v lE v/vc

4, îr,Li i.ilgu''¡'ai;''v/VÒ rdti-as for:thë whore'matêrial of informant G ''' '

(Jan and Dec 1gî2, and Marcht 19.z3'¡'r''all-:the ségmentaÏ variation= '' ''

[vowe] and consonant), and the four prosodies appears to be the same
.. :. :

for .btrorf,'and iong'vowelr' about 20 olô.'Thd V/VC ratio for the short '



c

6.

81

vowel of prosody (2) (neutral s€ntence statement) varies from 28 to

A? %, that for the long vowel from 57 ta 7? y'u. Rtt the other prosodies

fall within the same limits (see diagram)

Assuming the V0-sequence to be a timing unit in CB it does not seem

difficult to write rules for the programmÍng and:performing of these

sequences. In order to prog":*,.,j.t.l1labic words, the vowel of the

sequence short vowel+Iong consonant would be assigned a duration being 
.

33 % (one third) of the duration of the whole seluence: The y11ef or

the sequence long vowel+,short consonant would be programmed to be 66 %

Itwo thirds) of the durattbh.öf 'the.Vt:sequence. Then a great number of ,

adjustments have to be made or are being made, e.g. in emphatic state-
:

ments the V/VC ratio is to be increased by v y'0, ete. Automatic; adjust-

ments not due to,lexical conditioning will change the V/VC ratio of

the acoustic ,outputr €.9. . 
.

(a) if the vowel is an open monophthong or a diphthong, the V/VC ratio

will increase by x {0. .: ,"., : -..;.!i I

(U) :-r the vowel is closed, the v/vç ratio will decrease by.y y'o.

(c) lf the short consonant is produced voicelessir, the V/VC ratio will l

decrease by z "lr" . :

A comparison of V/VC rati-os for,the' CB material and corres,ponding :

Standard'Swedish [SS) ,material (70 words by I speakers) ca]eulated from

Elert's measurements [etert 19€-4t91 ff ) shows tl.iat the V/VC rqtios for

tne short voweÏ in both languages coineide.,short stop eonsonants in

55'may be either voiceless or voiced, thus,the V/VC natios,for short

voieed consonants in'SS ane higher'than those f.or votceless consonants.

In-CB shoit eonsonants, both stops and fricatíves, ierr'e ,rlsuâlly,mani-

fested voiced. Therefore the V/VC,ratios for short aonsonants in CB are

like those for short voiced consonants in SS, that is, they are higher

than those for short voiceless Êonsonants:
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example of
words

STANDAFD SI¡/EDISHæ
fatta
hasse

Bupal
nassn

hota
hasa

soda

CENTRAL BAVAHTANæ

Ì
J

30

..1..:

Bibal I
Nasri'': J

40 705CI 80 1oo %
hr*c

"ì, The rV/C änO thè''V/Vt ratlos change j¡.'parafläl; reflecting syntegmatic

rel-ations. Bub as tcl my lip ì¡furrnants, l-1 ru Vrl\/n.¡ul.in F+r{roo.io L- yielil

áisimpfer dedcription of the data: : :

the
Ia) tfre range of V/VC ratios for/informants is identica] i(about:20 f")

for'botl'i:'long's¡¿ short vowelt

( (Ol'theirange'òf variation of, the VIVC ratios is about 8/o for the

four prosodies of each test wordt

(c) ttrere is good corirespbndance.betwÈen the V/VC valueg of 'the two

,!'i¡,-:.' 'inf,ormants of CE ['material of January 1g?2, Bannert 19?7253) and

: between CB and SS. i :: : :

Calculating the V/C re.tio, the duration'pf the vowel (tfre denomirira-

.tor of , the ratici)', is expres.sed as: a function of the duration',of, the

consonant [tfr,e.nufnerator:.of thÞ ratio). From a mathemgti.ca]' poin't

of viêw this' ratie, is meÊningfut if the numerator is cqnptqnt' Ïht¡s

:,the tJ/C ratio shor"¡l"d be an appropnùate rneasure in'pas€s where
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vowels, the durati-ons of which vary considerablyr lre followed by

a consonant with a rather constant duration as depicted by the

followi-ng figure:
vtc

C
2

;ed for languages with mutual com-
:.

plementation where the numerator varies as much as the denomi-nator
. .: :.

this ratio consists of two variables indicated by the following

figure:
1

V 0
1

.t I

As shown above, the duiration of the'vowel'+ conson"nt'sequence '

': 
functions as a constant numerator in the v/vC ratio.

.:'The reported data are, of course, very limited. But further mêasur'e-

ments providing a more systematic treåtmerit of mutual complementatioh ín

CB are in progress.'
. ,. I
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A BINARY THEATMENT OF THE DTgTINCTIVE PROSCIDIC FEATURE OF SUANTITY

Robert Bannert

The theoretj-cal framework of generatíve phonology [Chomsky and Halle 1968)

covers only the segmental part of the phonological aspects of the lexicon.

Prosodic (or suprasegmär;ïät)-'fèätuïbs'äie"Ëot clealt with because "Our investi-

gations of these features have not progressed to a point where a discussion in
-,:..

print would be useful." (Chomsky and Hal1e 1968:329J. 
r:

. Ì: i...: :-

Contributions to a development of a prosoclic framework have been made since
:'

then. A binary treatment of lexical word'tone was proposed by Wang (rcAZ) and

of stress and intonatíon"uv'Vãäfürslice and'LËöÈ:föged (1972). In order to

complete the phonological framework both segmental and prosodic, quantÍty,

the third prosodic feature (Lefriste 19?0), should be treated as well.
.: ..: ....,, - .. . . ,: ,.j r. r . :

Much woz:k has bqen done on sound durations and a large variety of durational

. .variations have 
'been 

reported. The causes of the obsgrved variatj-ons of segment
I

duratlons. might be. Iabel-led phonetic and phonological. Regularities of dura-

tional changes as a result of compensatory adjustmentsr botf segmental and

within words, during performance (i.e. not distinetively controlled) were

studied by e,g. Lindblom and Rapp ( 19?2), Nooteboom (|SZZ), Slis (tSlZ), and

Klatt,(tS7e] who tried !o,c.a¡rture these rçgulaËities Qy rt¡les. Other systematic
'i -:' wevet', are'due to the speaker's'voluntary controlchanges of ègund durations, ,ho .:.: ,... :, .:. :. :

of the timing of these gounds in'oçcler to'distingriph 
fet'ween 

words. Duration

functioning as a iónlrotled'feåture of the phonological"system:òf:a'language,
i i r' ;... .':t . ,. . ,r.1, ,.

., i¡dçpendent.of e.s-; segmental context or numbenof syllab1esì in the word, is
{¡--'- :1 ..

called'ôuåntity (Letriste ß?0:42).'ttius quantity lF,a drstinct_íve feature of
":.;:.. : :.. '

texicåI itêms, í.e. it is not'predictable. and shoulcj not be confu¡sed with: :.. : : .,:. ,

duration or length which are þtopertíes of the phonetic manifestation of abstract
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entittes and.can,lherefqre.'þs predicted'

, HeinS:ÊrJpplied-,With lhe set of universal phonolçg+cq]- features, a certain

larygugge need nQt,ug9,all of lhqm but chooses q subsçt out of-.!he total number.

There are languages where quantity is not distinctive, for example Russian'

For other languages, the status of quantity is not generally agreed upon, for

example English. Again, for spanish, it has been suggested b¡r Ladefoged

(tSll:SOJ tfrat the opposition of the medial- consonant in palrs like gg vs

carro, pero vs perrq, etc. is not one of quantÍty but of manner of articulation'

i.e, tap vs drill.0n the other hand, languages such as Swedish, Finnish, and

Italian make use of,the distinctive prosodic feature of quantity. It may be

manifested in different ways. The sound or sequence of sounds, the duration

of which is cqntrolled by the speaker for distinctive purpgç9si that is the

domain of quantity, may differ from language to language' It can be analysed

as one segment. (vowel or consonant, only the vowel, only the consonant), two

segments (vowel and consonant) or larger units [tetriste 197Ûza2). Restrictions
:.

in the clistribution of quantitative contrasts may occur, e'g' for consoirants

in word initial position. Beside;'eiisting minlmal páirs one can usuàlly iinU

potential minimal-pairs where one member haè noL received any meaning yet'
. r,¡. j

In agreement with ðurrent phonotoglcai theory and as a starting point for

the outllne of'ä Oinaly treatment of quantity, I assume'the phonologicaÌ

'-- l'"
tation of l-e

,1
xical items (morphemes, Fo'rmatives) to consist of segmental

':--::,i,

specifications (nrrnr" of êegments and the redundancy-freè'speöiri'òation 
'of

:,-t:

their distinctive featuresJ. fn adtlitión, I postuláte the prosodic represen-

''-'.'.'.'.-,
tati.on of ]exical items to contàin'the Urfeó featurbs of STRESS, SUANTITY, and

::i'.:-::

T¡NE in 1anguageå which utili)e some or a]l of'them. While lexícâ1 items are

part of the grammar, !g!9g are to be 1'ound in the phohetic maniFestation
' '' : 

l ., - .

(the substance) of atstraòt structures. I prbpose the follo'wing schòme froïr
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which, since it is universal, df langueges may choose a ce?taín set of

features,'The formalization ôF the segmental as welL es.the prosodic parts of

the phonological representation of'a lexical item is shown in the fo'llowing

fÍgure: | -

/lexiea} iternl

' " distinetive features:

[a) segrnental VOCALIC

i S0NORANT:

CONTTNUANT

¡

(uJ prosodii'
VCIÏCE

STRESS

QUANTITY

TONE

T0NE, functioning here as a general label is further developed j.nto a set, of

distinctive features like CONTOUR, RISE, .HIßH, etc, [Wang TSOZJ'.'

I do .not consider the prosodic feature of SUANTITY to ccruespond to the

tenser/lax opposition of voweLs which,T trkr to be segnental and whÍch ought not

to be analysed as the feature LONG among the segmental features,'i. 'i

In a language with euantity, both members of a pair exhibiting distinctive
' ''i.-.,.:.-_.::..-.-..."i-:.-,,-.' . .¡; :

"durationaL.differences contain the feature SUANT]TY. One member wiLl be

. rqpeoified for SUANTITY with a plus sisn (+).
' :. , ' i 

i

In.t!e folloqvlng I will- ii,lustrate the..working of my proqCIsed seheme'''
applying 5.! to some ,quantity languag:s,,especialtl tq Standard S**di?h:, , .., .:_,.,r.. ;

. Jhç Bhoqhloglcal system of Standard Swedish which is analysed as containing': 'i lr': i . 
. j....1_.-.:-. 

- .,. _,,.-',- i..... .; ..;,,...

1oçg and short,vowels and consonants shows the flllolinU distriUytl3n of these

segments [on the ]evel of phonetic manifestation):
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.:..',:iÍ),-, ,. :i jr.i.:. .i't.i;ì y:'*: i .:'- t.;j -! i :i,,i,; .¡..i._.-.-!...-;..

Long vowel aPPears:
, ::-Í-:."

r , ;- j -.:j¡j ...i.i.; '.,:l 1.;l 
*r ":-;..- .iI'

! - -' ì..i.\'!

,. ¡ 1,,- .j. : it
t ):i:,,, "I, ..-' ' {,E) , Q;

.9ê ''beliJra

' ,ì

('o)t turn
' . ', bot'd

.) ¡-:-r 'lþ.'-.,,...

lì

vrq
t )

.i .:, ... 1. ..' '' :. .. .: ' r,: ,

struc tural conditfen:

c voiced dental
:t

... i i....;.., ., :[9.] ;
cVre!

veta
,.. 'i'

It.;J li"j¿-. { (.r..,. )', ,

.;. .': .. . i.., .' ,.

ilj .¡ l:i'' ..,..... .i.:: .1 i

r.!. ._ í, -":

..,..,i.., .; ..:.ì.:..111 ,,.-

', i. i ..'.. . 'r'.i::i.: ] .,.,... -i:-t

.. ..;.-¡ :.. '.¡ . -r1ç .. i l. i a i . ..-.ïr..1.

"'..'.t: i", -r;.¡.¡.'1 I . .'t-' Sñoit'vowel apPeàrsi

(a ) list r ì
ktumP ' t':'.'f

structuraL

vc c
¡".t:Ë{-+ît

cond ition:

(
l

I

(u) spqr!
tors

VrC

.,., 1.,' :.:t

,(.,. )

"'stfuctuiàl conditioni
- 
C' = vbieeLess'oerital
exceptions:" atrt,, e.tc

(e)
-;,

rätt
vetta,., i ,

( t.', ),, 
v-1,,.nrÏ,,,1,Í,t'.'' 

1,,

..'. ;. ;j.:....'t.!

:,. ..r. ,,. i.i.jj
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and (b) and will not be discussed here.

TranslatÍons: ("J 'islandl
tget
t deceive t

In) 'childl
'tablel

There may be dialectal or i.ndividual variations. They pertain to cases [a)

(")'curining' or tborder'
t lumpn

(u) 'sportsl
I rapidsl ,

t species'

Ir)'straiEhti.....^.-.--..-*--:.-,,* .,.:-..(c)
t correctt
Ito facel'to know'

The length of e simple consonant following a stressed vowel [case c) is

predictable from the relatj:on-s-hip. Cl-..Tyþal .complementätion ;¡l"t',i"t* 1970:49)

between vowel and consonant: the consonant is short after a long vowel, it is

long after a short vowel.

In Standard gwedish there seems !o be a gengral stress placing rule which

Linel1 (lSlZ) calls Native Word Stress RuIe, assigning stress to the first

vowel of the word stem. Uenc'e ùhþ-''Pina* vowel of cesq, (t) is manifesibed with

stress.

Words of certain segmental structur.qg. (cases a and b) cannot exhibit

quantitative contrasts since the length of, the vovtel and consonant can be

deríved by rule from the segmental structure of the item. The only possibility

for distinctive durationat UåffefË¡-nc-e.F- is to,be fóund iniwords with identical

segmental specifications [case c), qince the feqture of SUANTITY is prosodic'

I specify the long member of suÊh minlmal,pairs }ike e.g. rät vs Is¿!!

I i straight' vE 'correct' ) for QUANTITY. . .,.].'.

When analysing quantity in Standard Swedish as the segmental feature LONG or
t_

IENSE, LineII, Svensson, anO Cihman"[rszt')'änà Linuau (lszo) do not eonsider

GUANTITy .to be a prosodic feature. Another kind of negmental analysis of

quantity is suggested by Eliasson and LaPelte (tSlZ) who derive the length of
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the short vowel'by. doütil'fhg the followingr- eonsonant: in the lexi.cal repreaen-

tatÍbn;ìThuS: the pair"€! ts IÊ!!, in theÍr analysis, would''di.ff,er in: the:, ':

nu¡rnber bf'segmerits, Igi! cohsisting'bf tfrreÞ segments (CVC) anU rätt of four

(CVCC), the'þost-voc'alic cónsonants being identical. :'i . . i

Thtjphonological rè:presentation of this pain in the lexicon of Standard

Êraredlsh, in my' analysis, may be formalized as floLlows: : '

rät rätt

., :.i. r : /¡at/ /rät/

dístihctive' features :

{a)'segmen:ta1

{,b,}. p¡qsoÇ:tc

TVOCALIC j J

. CONSONANTAL r,,i

+ +

++

6ONORANT
; ..i .,r.r.'tl:. . j

CONTÏNUANT

\r0rcË,

STFIESS.,,,, i

EUANTITY

ÏONE
!-

+

_l

.-. f,';r., ! :

-'ifiòntra¡y to Lindau [fSZO)i I do.-not assume €vetry.lexica1 item to have stress

''at'a1Ïj'1åonsl'derr Ltrbrrô'jvs f-or....SfRESS and TONE to be'empty in.this pair. Both

prosodic features wiII be assigned'to these iteg-q,rþy-rphò.nologieal rûIeF.--.-.-:-

àpplying to the' suifàce structure of somg' i9s¡f,s6ss'; '.-: i . . r: :' i: .

"'' F,:lr the present, I consider the short vowels ts.be:the unmarked case. There-

"fbi" thêrüowel'slgrunt beÍng mänifested lohg is,speoi,fied for.SUANTITY by a
: . 1.

plus'SÍgn. :i:r¡: :" " : i. : ','ì ':r'..ir; tl "'

It seems to me most appropriate to mark a segment and not a syllab1e or even

-'ta lai$er"ünit for'SUANTITY because the smallest domain of ;this', feature,can be

'one begmerrt ás'ej;g. ih Finnish. This solutibn is: rnore sa'tisfying f¡ofi a
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universal point. of view: The lexical columns in languages withput any,

distinctive prosodic feature.would end with,.ij:.tu=a.-row of the segmental ,

features, i.,-9., V0ICE. .The columns in.the lexicon of languagesr hotyever, :,.

utilizing one or more disti.nctive prosodic features are longer gnd a cgrtajrq,

segmçnt wouLd contain the specification for the utilized proçodlc feature.

Furthermore, f avoid the problem,of, defining the syllable which Ís probably

not a coneept of. the lexj.con of the grammar.

My proposed scheme seems to capture.certain other phonetic facts easily and

adeqr.rately. Some languages use one or the other of the threç prosodic features,

which are obviousJ.y avaitabte to aLl-.humans, systema$i-cally in their phonolo=

gical systems, others, however, only in a few LexicäL items.
:

While Standard Swedish uses, SUANTITY to a great extent in the phonological

part of the grammar, I postulate STBESS and (WORDJTONE to appear only in a

limited subbet of the lexicon, Some lexical items are differentiated by the

placement of STHESS only, e.g.,'5gI&, vs gg!f{ ('coffee''vs 'café':)i :''cjdþanr vs

i{pan ('Japan' vs 'Japanese'), lrolmel vs for'me}L ('formula' vs 'formal'),

etc. Some lexical items are manifested with SIRESS placed on a syllable

co¡trary to, the generqt stress Flacing r:u1eg which I assume for the". pþgnolo-

giea!. trompo¡ent of Standard Swedish, e.,g: ..Bsþin ('cabinl ), ka'nel- (,'cinnamon'),

to'ma!, (rtpmato'), vä'senllig ('essential'), etc. ,r. .,..::,

fn certain lexicaL items (wOnOJfOruE, which is not considered a f.gatçr¡e of

tþeir. phonologÍcal repgesentation in the -le4iccn, is ryanifested confrar:y lo

word. tone, assigning r:ules (örrman 1965, Elert 1972), 8..g. ¡fåOar [,'nitOçrry-; ],

tráugåru ('garden'), 
"íkuuug ['parliament'), etc. manifested with Accent I

facute J. ,, , ,. ) ;

,, The above mentioned cases are real e çeptiong, that, is,stress and rpord tone

are idiosyncratic.properties of these items and have to be Learned, separately.
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For,the,l.extcël rr:epresentation of Standa¡cd,$wedish items which utilize all three

,proeddic-features, I,g.p[p-l..$e.r the-.prosodlc"".rows to þe empty in all casÉs eap-

tured: by .rules.,;.,[{oweverr,.,where a certain:prosodic feature functi,ons distlnc-

tively in a certain,i.tem,,theit feature ip specified in the lexicon. As an

example, the; phor:iologicel rçpresentation of the tair kef e vs gglg differing

.in the placement sf: S,TBËS5:IiE .indieated as follows,:

kaffe

/k a f e/

cale

/u a r e/
distinctive features:

(a) segmental VOCALIC

, i . .: :: . -!.. , .. ,Ç0NS0NANTAL

Iu) prosodic

VOICE

srfiEss

SUANTTW

TONE

,.,The firs.t item katfe is not marked for any of the prosodic features. $tress

is placed on the first vowel /a/ at some point of the derivation in accordance

wil!L:$-e-,.pFngTg]..Ptre_sjl.assigning rules of .standard Swedish. This stressed

vowel is not specified fçr SUANTITY and in the context C C. . . ít wil] be

manifested short. i4,ord tone fAccent 2 or grave) is predicted by ru1e.

The second,.item g.¡[{, however, is epecifíed for $TRES$ on the second vowel
'a

ì

fef øeciause''sti'ess occurs irregularly on this vowel. This stressed vowel pre-
'

cecling a woid boundary needs not bc speci-fied for SUANTITY because it fulfilLs
..,;";. ;',' .:, li: :_'l

one of the,,ptp¡rctural- condition,g,-for long vowels [case a). fne word tone assig-

ning rulÈáèléorrectly generater,ùhe Aecent 1 facute) from the stress placement on

- ,1,:

the final voweL.

iTiIII
+
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'llhese deulat$oms-.mrîÐhit,:.be due ,tq i.., ,;: ;'1.:..,¡:: : ,..:,. r .,

Ia) segmental influences (vowel hight, manifestation-as monoph{þong or ,

diphthong, manner and place of artiçu1a$ion, of ,.þhe fq}lpw+lg:,F.QIlFgna¡t,

the voieedness, tf :È!re.çonsonant, etc,J,-, . : r . ., r.. ,.

(b) position in hi"gher level units (,compoundg,, phrgçes, etc. ),

{,c) differrpn:t prpsqltic patterns {stalement,. question; neutral or emphatic

mood, etc. ),

[o) speech tempo,
'.. : "ì,.,'-i. :.1--. ... .: : : ! '

By way of concLusion an outline will be given of the phonologicel:specifi-

cation for QUANTITY of some lexj-ca1 iteme of a few languages exhibiting quanti-
. . .. .:.. . ....i:-¡:-llili;.:. : ..,...:.: i:

tative differences.
-,i.¡.i....:.. , , ..

In Finnish, where the oomain of quantity is a non-initial vowel or consonant,
:-,i ;*i i . i: _'.: 

-t 
.. -, i.:,.: j,.' .-j,t,.

every long segment is marked. In Danish and Dutch, the long vowel has to be
:.. .' .:. ."...i j ,;.i i:.:-,.

specified because the domain of quantity 1s the vowê1. ItalÍan, however, shows
_'. .: -.iì.'i.,ì-, .,:ì 

".

durational- differences of bhe consonant. Hence the consonant is marked for

SUANTITY. In languages with mutual complementation Iteniste 19?O:49), e.g,
, r .r' .:. .

Standard Swedish, Norwegian, Bavarian, the domain of quantity is the sequence of

vowel and consonant. A long vowel is aJ-ways foLlowed by a short consonant, a

short vowel by a J-ong consonant. As consonant duration does not seem to be a

oÅr.", cue for perception c.¡f these contrastu (Èro!Ïnq-t(oòË .nu'Ab".rson 1g64,
,'.I |:: .: .: ,'l ì:;,Ì.r'.;.l'.-r .l:;..1i.::\-..:.:t -;:_:ji. .

Bannert 1972), the vowel wil-l be marked for SUANTITY even in these ianguages.
_ .... I . .....-: ,..r. ,,.:,:. li ì ,.i.;.. ...r.- i..:: , -.;.,,r-.i:

The dashes indicate the segments of col-umns of the items.'

Finnish

: .ijij. _.:

distineti.ve
features! j:.:, ,-

Iirrt

i

r, .:r'f: : i.,i: -! ,:1 : .4(a) segmentqi ..,: ,,,,.,;;-. . r'..,i-,,...; .-

(b) prosooic
;.i-.._i r..r.j: . :, : .:.:..-.r :l; ; l.:. j-:::. i.. .l-.

SUANT +
1:.: t:':1

++ +
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Danish

" (ä)'"Ësr"l.rt"r' :

(b) nrp,eodic

(a) segmental

(u) prosóarc

mile mi11 e

tien tin

EUANT +

Dutch

i*l .: i'r'r: l''p o.11 o

SUANT +
-r- 

,- 
-

Bavarian Wiesn wissn

SUANT 3,.r.-:1., 1.:.-
,4..

(a) segmental

IQ),oqrosooic

This paper :gfr¡riliU not be considereil'more thàir '¡ust a very prefimiiìary: and in-

".*, 
c.o¡pqr'eté . iiütrrne . ft WiÍf be elaborated'and'exdÈnded later.

.:..,4--ì. 1.' .. -.:.:j..
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SPEEOI-I TEMPO I

Sidney Wood

June 'ì9?e

1. INTRODUOTION :.

Tempo is not one of the more fnequently explored areas of speech research,

and any possiblê cohsequéneés of tempo:variation for'other phonetic phe-

nomèna haVeiall toó'often beén taken for granted. Unf,ortunately;:,'the '

situation'iå'complicated by pitfalls-of definition and hazards of"numerical

treatment.

If we glance'at':sbme of'the elementary' textbooks we find the foll-owing.

Jones: ( 1g6?i. $a3.)' put thti"ävbrage, conversational r.ate of native English

speakers at 30CI' Èyl1ab1-es'a minute'and recommended th:is aB a convenient

target for foreign learners. Gimson .(''rcA2r25) makdb several brief observa-

tions'in'ont óhort:paragraph Ín ei disCussion of quantity and duration:

(i) t'tne'absolute duration'of ;sbunds"or syllables will, of course, depend

on the sÉeéd of utteiance"i'Iii];"'tn aVërd$e rate of delivery might con-
-j.. '

tain anything-from'ö to'2O'stlunds për second'i, and IiiiJ "lCIwer and higher
r..i-i..;'

speeds'are frequóntfy used withöut loss cif. intelligibility". These simple

statementd álóne discfose'a numÉer of fundamental problems. F{ou¿ ís'speak:
. i. i :.. .,-

ingirate to de measüred? {Ïn 'isounds" or "syllables", rreitlier .e..919-e.-p.!-'-r-'-

'':
being easy' to 'Uefine?:).'Vühat is thé- rãnge of variation' of ' èpeak'Írrg :rate?

i,

How faf do durations of other physical'phenomena: depend 'On speaking;rate?:

0"rt'"onu"rs'ely;-rhow fã.r..i.s speaking rate a distuirbing factor in investiga-

tions concerning physical quantitíes in speech?'How are sp;eaking rate and

-..: ¡

intelligibility related? Another authorr:;'Abelcrombie ( 1SOZ:' 46), has the

following tcÍ éai'a'óijut speech ratel'(l'11'* *-o Isþeed of speaking)'is"bdst
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measured by rate of syllable succession, Iii) tempo is variable, anU (iii)

"everyone who starts learning a foreign language has the impression that

its speakers use an exceptionally rapid tempo". Hís third observation in-

dicates a further area of interest - what is perceived rate? Yet another

area is revealed by Heffner I1SOO: 5e.tJ who discusses in partícular the

maximum rate of articulation available to man.

"Tempo" is not one síng1e, unamÞiguous concept, but has in fact been

used to denote the speed of "severql different processes in speech produe-

tion. And "speed" ha5 a special sense when applied to speech tempo. Ït

refers to frequency of repetition and the rate measures give the number

of.gpsssh units occurring in a dçfined period of tj-me fwordsr morphemest

syllables¡ phonemes, gestures etc.). lt does not refer to 
"glgc:i}¿. 

But

the question has been raiqed, as to whether or not we do accelerebe articu-

lator velocities when we "s,peak faster". .i 1

Tt :is customary to make a fundarnenta] distinction between gross rates

based on the tqtal time of speaking Ii.e, including pauses) and net rates

based on the periods of actual utterance (i.t..excluding pauses). These

two types of measure have neceived various names. Goldman-Eisler found it

convenient to refer to talking rate as a measufe of the enti-re,cognitive

and articulatory activíty involved in the production of an utterance and
i . .{.. : .

articul rat for the amount of speech produced in the time actively

taken to pz:oduce it. KelLy and Steer I tS+S) have over-all rate ( comprising

"intentional pauses and uni.ntentional pauses as well as meaningful words

spoken in the elapsecl time") and phrase by phrase r ,ex1f¡Uiny

pauses. [A Uecision on "meaningful words" is important 
1inc3 

sgioner o",,,,,

later the invesligator must face uq to the problQm,,of what t1 Oo ,Wit! the 
,

hesitant repetitÍons and uhms and. ahs of sjppnaneous utteranc:s, ) Cfgv31ger
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and 0l,ark (tSO3) define three meaeures based on !g!g]-!199, Ehrege:-titng'

and pause tíme. In addition to qross rate (making no distinction between

pause time and phrase. timeJ and intra:ptfqsg-;la'e (.based on phrase time

only), they suggest that percentase of pause ( pause tírne as a proportion

of total time) cqn also be a useful measure of rate l

..The difference betweçn these measures.can'be illustrated with some

data Êor my infermant l, a speaker of ,l/est Greenlandic Eskimo, who has

read a page fnom a.novel. Hiq style was.'f'air1,y.casual..He utteled 333 s'ytr--

lab1es in 31 phrqses,in a total time of :?4 secondsr a gggËg [tatkitg,) rete

of 4.,5 syllsfsee..,H,iE,pauses a.meunted to 24 seconds ISZ $ of the time or

roughly one thirdJ, which means that he actively produced the 333 syllables

in 5o seponds, ,qn 'gv@,[or iintra-phreeg) qgtg af 6,?

sylLsfseq. The gross r.ate,,indicates how fast he'wes comf¡unicating,[i,e. ,eom-

posi¡g and transmitting his message), bu,t tells us:nothing of how fast he

r¡ras uttering speech fwhich rnight indicate thç ,Ioad on ,the,;artioulators and

possibly,be,related to the deqreéiof coartioulation and reduction, etc¡);r '

Fig. 1 shq$/s the cumulative frequency of , net. intraohras€. ,soñtenge,or. '

artieulatisn rates ,in in,divfdual,phreses foï','this informant [f).,Hq''vanied

between 4,? and 8.7 syLlsf aec'in rineividual phrases, the average .being " ,:

about:6.5 sylls/:sec. Fon most of;the, time (66 /o of. his phrases) he ranged:

within.5¡8. - ?.6 syltsf sec.' Another type o.f',ipresentation:is given aË Flg,,

Zta) which shows how his net articulation nate fluctuated phrase by phrase.

. 
"i/e 

should not now be surpri,sed:to díscover thet 'rtempo!''or,'lspeech ratel'

êre,used wíth different meanings by different authÇrE. For:.examp1e, Kozhev-

nikov and'.Chistovitch (ISOS) finst defined tempo.,as the speecl with Whtch an

articulatory,programme i-s accomplished'Ip, ?7),and:subsequentl¡z'as the ,

speed of successÍon of índividual commands as rlistihot from the sËeecl çf indi-
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vidsel mgvemen$"s [p.-90)",....They accuse Stetson, Hudgins and Moses:(ISAO) of

confusiong the issue by faíling to obse.rve -this distinction. These three

authors were studying the ranges of temporally constrained gestures, which

is itself a legitimate area of invpstigqtion. Their aim was to study fac-

tors influencing the interpretation of palatograms and their conclusions

are consequently sf relevance for experiment design. This is a very differ-

ent area from,Koihevnikov and Chistovitch's interesting speculations re-

garding the programming of speech articulatíon. fn yet another arear

Kqplgren's intereFt in the application of informátion theory to speech

led him to place emphasis on the rate at which the content'of the under-

lying message was transmitted.

Kozhevnikov ar1Ç ChistpV.ftch explicitly e¡cludpd..en .interpretatir:n of

speeclr.rate as a source of interference distorting the rlata. It ma¡¿ seem

tempting to regard the duration depency. of many gestures or acoustic fea-

tures Idescr.íbed byr for examp]e, Stetson et alia IIS+OJ, Lindblot IfSO¡]

or Bay Itg6g]) as a form of transmitter nolse, ref]ecting the inability

of the transmittef Çon'!p.9ne¡ts tp function adequately when temporally con-

strained. But there is an alternatíve view. Karlgren expressed- the opinion

that the reductions often associated'with rapid speech are a measure of

coding efficiency, which is the very'opposite'to interference from noise.

Liberman et alia ( fSOZ) have emphasized the necessity for res,tructuring

phonemes to overcome the inability of the ear to resolve discrete elements

arriving at the rates of phoneme ffow customar.y in speech' Dr'of the arti-

culators .to produce separate disti,nct gestures at such rates,¡ They suggest

that ,,dividing the load amonE the artibulators alfows each to operate at

at reasonable pace, and tightening the code keeps the i-nformatioñ rate

hÍgh. It is this kind 'of '' ' ' r'ì:
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para}lel'processing that makes it possible to,get high:speed performance with

low speed machinery,.. " !

And yet the range qf definitions outlined above represents only a few of

the possibilíties. The treatment of.pauses requires careful eonsideration

since this determines the duration measured for tlre speech sample, Similarly,

the speech units counted can,be concrete or abstract, in various degrees. Oare

must be given to the treatment of reduced segments. There is wide freedom for

combining decisions on .these few factors alone. Nêither of the two quantities

involvqd in the computatipn of speech r:ate - duration and amount of speech -

is a priori defined and the number of'possible def;initions of speech rate be-

comes, theoretLcally, infinitely large. Nor have we yet'tried to handle acce--

leratÍon,or retardation, , :

The literature revíewed below ,is not exha.ustive - it represents'what ie

aceeesible to'm.e at present. The topics treated appeared to fall naturally in-

to the follouring areass . :

measurement of duration. ($ Z)

: -.,suitab1e quanta of speech ($ g)

- estimates of normal tempo'[$ ¿) :

ì : - cognitive activity, planníng ($ Sl

- why tempo varies t$ o) : :

= what happeng when tempo varÍes ($ Z)

- information theory ($ O)

-,, :. : - the .perception of teqrpo [$ g) : :

- experiment design [$ 10) , '

.i

2. .MEASUREMENT OF DURATTON

Eartry. investigatorrs were faced with considerahle measuring difficulties. For

many years the typical design was to use the stopwatch f'or tne.asrrrj-rrg ritt'crl-:i n¡r
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[*.g. Roudet), subsequently supplemented by the gramophcine for storing and

reproducing the speeeh sample fWi¡ma, 1938). It was hard.Iy possible to deter-

mine the articulation rate by these means - at best the estimation of pause

durations'*.s ,rrry rough, at worst it could only be a blind guess (Wi¡ma

'quotes Boufdon I lg Z] evaluating a colon as two c,ommas, a stop as four

commás and a comma as 0.3?5 seconds). the'improvement of spectro-analysers,

lrk oscillographs and magnetic tape recorders Inowadays all standard items

of equipment in the phonetics laboratory) has eased the difficulty of meã-

suring the duration of defined stretches of speech. However, the stopwatch

is not entirely extinct and was used as recerÍtly as 1969 by Cook for deter-

mining the gross overall talking rate of his interview subjectd.

But while there are hardly any technical problems'today as'to how to mea-

sure duretion, no amount of hardware can identify arid isolate the units of

speech whose duration is to be measured. A possible exeeÞtion is Verzearin's

electronÍc analyser I 1SSO) which had the ostensibly straight-forward task of

measuring entire phrase and pause durations and acCumulating anci counting

them in distri-butional cells. Yet such an analyser would be unable to dis-

tinguish hesitant repetitions and uhms and ahs from meaningful speech. There

are also difficutties involved in the selection of a suitable minimum pause

duration for such a machine to define the end of a phrase, as Verzeano him-

self subsequently discusses in ItSSl). ff,e theoretical and practica] diffi-

culties of segmenting speech into smal]er units remain. Tn Kozhevnikov and

Chistovichrs words IISOS:et), there are two irreconcilable and mutually ex-

clusive requirements for the segment to contain all the cues of the speech

sound and yet be discrete. Karlgrenr s equipment ( tgOZ) chopped the speech

signal into 1 second portions, but the analysis was done by'hand. Kozhevnikov
.t ,.
and Chistovitch (pp. Zg-41) placed electrodes on the lips and roof of the
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mouth so that labial or coronal gestures would close electric ci-rcuits.

Test sentences were then designed with consonants eontaíning one or othe1.
\j

of these gestures, Huggins I tSOe) has pointed out the arbitrary character of

the decision to let one single gesture mark the segment broundary, A segment
I

is composed of several coordinated gestures and an error of timirrg of one
:

gesture does not necessarily indicate a displacement of the entire segment.

Lisker, in a review of the literature on temperal aspects of speech (tSlS),

also emphasises the arbitrariness of segmenting smaller unÍts and points to

the syllable or word as convenient units for by-passing this difficulty.

The..next section is devoted to the problem of selectrnn 
", =rit"Of* speeeh

unit.

:., :, : .

3. SUTTABLE QUANTA OF SPEECH

Hegedüs (ßel), Fônagy and Magdics I tsoO), Osser and Peng ( tgeAJ, anci
. 1 :|

Gårding (rcAl) counted e!Sæ!gE. 0sser and Peng give the follorving motive

for rejectin¡¡ the syllable in flavour of tl¡e plroneme in a comparlson of Eng-

lish and Japanese speaking rates - they feared that the simplicity of Japa.-

nese syllable structure compared wj-th the complexi-ty of the English could

bias their results.
. ! :.r;,

In order to minimize the difficulty of segmenting the speech rsave into
l , . .. .. j t .. i. I ;.1.', ,

individual phonemes, Kcrzhevnikov and Chistovitch used tlre sum of all conso-
1

nants and the sum of all- vou¡els in a test sentence c¡f one of their experi-
':: .. :' j .' , -., .. . , 'i"1

ments, thereby reducing the number of segment bounciaries that had to be
,:,:'

identified"
j

l ' .i.;

The syllablg is probably the most customary unit for rate measures. It
'i:l:

has been used, for example, by Roudet, !'Jijma, Goldman-Eis1er, Meinhold,
''; ' ì ..........". 'll

Grosjean and Deschamps and by Malêeot et alia. Repeated syltables were also
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used for establishÍng maximum possible rates of articulabion Ior gesture

repetition rates) by Stetson, Heffner, Lehiste and Sigurd.

Fairbanks et a}ía, Goldman-Eis1er and Cook have counted words..

Kelly and Steer, confronted with this problem of choosing a suitable speeclr

unit, observed that measures of speaking rate based orr syllables o:^ words

were well correlateO [O.e+) in American Engl-islr and r.:onciuded that either

dstimate would give substantially the same result. An irnportan'b factor in-

fluencing such a correlation must be the i,lord structure of the language in

question. For example, in languages like Swahili or Eski-mo, s'Lrings of mor''-

phemes form relatively long words whereas the ccrrespoirdir:g morpheme se-

quence in English would yield a number of separate shorter wo:'ds. The distlj-

bution of word lengths in the speech samples from fcur of my informants is

given in Table 1 to demonstrate this point" The most frequent rvord iength

in the Eskimo text (f) was 3 syllables (ZZ "lù r,vhile a further' 50 % urere 4 *- ?

syllab1es l-ong. The mean was 4,2 sytlables. ttre most frequent Swahili (HJ

word length was 2 sytlables (at /") while a furi.l:sr 40 c/o were 3 - 5 syllables

long. The mean was 2.8 syllables. The most'irequent [nglisir wcrd length t:::

1 syllable IZO y'o for the General American info::r,rant G and 68 y'o f'or tlre

Southern British informant å), witfr means ofl 1"6 syll-able's an:1 1.5 syllables

respectively. A high correlation is surely to be expecled between word anii

syllable rate in English when as many as ?A'þ af tire words used are monosyl*

labíc. This does not detract from the valjdity of Kelly and S'beerls cori-

clusions regarding English, but it does complicate cross--linguistlc coinpari-

sons. There is no correlation between word and syllabic rates in this Eskimo

sample, where only 10 o/" of the words were mûnosyllabico --"

An even larger unit, the entire g!¡*g k¡etween pauses" was user, by Hendei'.'

son et a1ía and Verzeano.
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, , 5,""19f*T
( tS62) obqerving that the message is conveyed whatever the

phonetic distortion of speech, suggested that the number ol= morphemes
'.' . I i'¡ l: ';' 1'1 ' f.r-Î-*

( in a reconstructed full version of the message underlyi-ng the utter-
r., ,i', ..-. i.,.,: ;. ,.

ance) transmitted per unit of time would be a suitable measure of the
." . , : . : r ":

rate at which information is transmítted in speech.
--.: I l:Ì :. ,1". . .-. -:' i:ì' i .r " :': . i '

The varying degree of abstractness or concreteness of the preferred
': Ì" li: :-li

unit does not facilitate quantification of the speech uttered.
. ..-,. .. .. ir',. , r:...::. ': ,. ,: ..': . i .:'ì.

The abstract or concrete character oi- the phoneme has always been a
iJ',,,,,,,,.:i'-..¡'-,;'i;l'.:;'i".'.1''.:

controversial matter. Nor is the syllable entirely free from differ-

ences of opinion about how concrete or abstra¡t it is [cfo Ma1-mberg
,.. ':;,;r,,,:.,i,.i', ': r'.:'-i:...l ,:!.. :'|'i'i;i 1.,.:"i.'f'1¡!-;rt:¡i¡ l

1955, 1966: chapt. 11). Further, now that generative models for phono-

et up under-
. !': . i,-"j"

r-j. !i : I l : .:

I lì:

of abstractnËBs
j,.:.. ,r:: i.

duced to zero in
;.. .ì ì.:r.,,.ri...ì .'

everyday spe

l. !

relates at the phonetic surface, Even the word is not free fro;n

Iogy are attraeting attention, it has become possible to s
, .'r. ....,,.;,.,: '.i.....:.,. 

',:':. .-ìiì,':l. ir "r'1

lying segments of phoneme or syllabl-e size that never have phSusical cor-
¡,1:1 ;-.,, ì t.-ìÌ . i1.: i,.r¡ ì.; :.i':i. , li: .' :ir.rr"il'j:ì:".1:t-!! '
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The well knoúvn"non-uniqueness of:the phoneme (e:gi.Chao 1934), reflected

in -the"vafiety'of solutions dvailablei for any one language,,fntroduces a

funther element of arbitrarinéss Èo tempo rrieasures based'on th,is ún1,t,,

Vúhile the phoneme, asitraditionally eonceivedri'is'certeinly a, useful device

for denoting distinctive contrasts or providing a non-redundant trariscrip-

tion of an utterance, there is a very'real risk that seemingly conflicting

experiment results based on rivaL phonerne solutions,míght ireflect differences

of linguistic creed between'phoneticians rather than true variations of

speech behaviour between informanùe Anothen rdisadvantdge cif counti,ng pho-

nemes is that the rival phoneme systemÈ proposedrfor,.a,giVênlanguage may

not be mutually convertible, so that results obtained withiñ the framework

provided, by one phoneme solution may tie useless 'f or'a linguist preF,êrring

-"an alternative solution. K{ng ( 1Se6)',frss proposed, a set of rules desi(¡ned to

achieve maximum convertibility of data from one phoneme solution to,another.

The problsn of eonvertibility of phonetic data, between diFfenent"investiga-

tions of the temporal aspects of speeeh is emphasised by Lfsker':( 1WSJ who

points out how decisions as.to the charactèr of segments'etc ane often made

arbitrarily,'He preferred the kind of definition that:woufd yield segments

appropriate'to some stated goal. :l : . '

In a senser the net afticulation rate is misnamed, since the exact'concept

it e<presses will Cepend on the degree'of abstraetion of'the speech units

counted and oñrhów reduced' segmehts'are treated. For example, if d.sentence

is repeated more brtefly, we would intuitively say that it was,uttæed'rmore

quiek1y","Thls Dould Ín faot'mean two things *,the rsemantiê, eontent'hds been

transmitted more quíckly, or :ther ar:ti'culators .häve"be'eh working hi:irder to

i produce the rsame gestures in less ìtlftiÉ'.' 0nly "the f.irsË..,gf* lhese two interpre-

tations is always true in every case,.,.wHereas ,the number 'of gèstures perforrn-
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ed will depend on the degree of phonetic reduction in each individual ren-

der-.ing. Only when there Ís no reduction do these two rate concepts - semantic

transmission and physiological performance - coincide. The investigator must

therefore decide whether to count the number of units in an ideal pronuncia-

tion [for examp]e based on normal orthography) or the number actually utter-

ed Ibased on a narrow phonetic transcription). The decision wil] depend on

his purpose, but only the second concept is valid for discussions about arti-

cqlatory behaviour. For example, my American informant G spoke the five,"syl-

lab1es " of the words the Americans in 0.38 seconds, a rete of 13.2 sYlls/sec.

Now we know that:w€ oarÌ¡ot utter.syllables qt that speed (see sectinn +). In

fact, he actually uttered three syllables [ð i t é r k | .), at a rate of

7.g syllsfsee, This is a very plausíble fast rate which would no'b overtax

the capabilities of the anticulators. On the other hand, a phrase like speak

faster can only be uttered in three syllables and the two concepts will coin-

cide. Tt will be impossible to accelerate such a phrase beyond the usual

maxj-mum of B sylls/sec or so and it wi}l certainly be impossible to attain

an abstract,.semantic tr:ansmission rate of, 13 sylls/s.ec in such a case.

I shall return to this point ín section ? .in'connection with theories of

reduction. .It is suf;ficient to underline here that there is a,,Bossible. ,

source of confusion if the difference between these two concepts is not

respected.

4. NORMAL TEMPO HANGE : . I

The interest for normal everyday tempo was at first largely the preserve of

short-hand.wrÍting experts. Kar1gren, in an unpublished thesis, and Nosz

Ifg64) have co]-lected and reviewed,much of this materia]. The phonetics li-

terature, proper is only occasio¡ally devoted to tempo., Typically, Roudet
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(tStO:ZZa-e) quoted short-han{ soçrrces - stenographers-,.at the French National

Assembry reported that the rate (presumahly. gross or talking ratçr, i;e, in-
cluding pauses) in ttre speeehes of the deputies varíed b,etween j5S anci J00

sy1lab1es a minute (,2.a - 5 sytls/sec) and. he expected this to be exceeded

in private conversation.

Meinhold (nlz) reponts average articulation Iintraophrase) rates in
German of 3 - 4 sylls/sec for poetr:y and 5 - 6 .syrls/sec for: prose. and .news

broadcasts, a difference he attributed to "subjective redundancyl'-, supï,aseg-

mental expressive information anÇ rhythmic structure ,..i . rì

Gropjean and Deschamps ( 19?2) found the average articulation rete fpr
French in 450 phrases was 5.29 sylls/sec/phrase. Their.ceI.p:us consisted,iof

15 phrases for each of 30 speakers. in spontaneous radio intervielvs,, pooled. .

Ur..'1",.?j the phrases were uttered betwee¡ {.4 and 6.0i5yl1.çf sec. The,slowest., ,

rate was about 3,s sylls/sec/phrase, the fastest abovt B er g syÏls/see/ ., :,,
phrase. About 3% qr the phrases were uttered faster than z syrls/sec, .j

fulalécot et alia (lSlZ) have also investigated artioulation rate in.half-
hour conversations with 50 members of the Parisian :ltestabliEhment,,. .iTheir .. _

grand average articulalion rate for a total of 13 00CI phrases was 344 syLlaf
min (5.7 sylls/sec J, faster tþa¡l,Qnosjean and Dpschamps,s result. The .

variation ranged mainly from 4 to 8.5 syllsfseclphrase¡ with limits at:1.6
and 9.8 sylls/sec/phrase. 66 % of all phrases were uttered betlveen 3Q0 and

400 sylls/mì.n IS - 6.6 sytls/secJ.

Grosjean and Deschamps also quote one of Goldman-Eislerrs .qesults, ãrì i¡:

aveï'.age of 4.95 s¡21-Is/qpc,for B English inter:viewsr. end an earlier resglt'
by Grosjean,..an.average,of 4.?0 sylls/sec For-,g Eng1.ish, Í¡formantsi.,, j

At Fig. 1 I have,9iven the cumulative frequenoies of intra-phrase articu-
lation rates for my :four .inforfnan,ts, The, Eskirno and swahi,,li speakers, F and



111,',

H (*f.,o were reading connected prose) spoke most qutckly, averaging around

6"5 - 6.8 sylls/seefphrase and mostly ('¡¡re central 66,%) ranging between 6

and ?.S sylls/sec/phrase. The Southern British informant {¡ a politician

making a radio broadcastr: was the slowest speaker, âveraging about 4'9

sylls/sec/phiase and ranging mostly between 4 and 6 sy11-s/sec/phrase.' His

style was very deliberate and persuasi-ve, The American Qr a university

teacher speaking spontaneously in a radio interviewt averaged about 6 sylle/

sec/phrase and ranged mostly between 5 and ?.5 sylls/sec/phrase.'His style

was freqúeritly rapid [cf. hís phrases faster than 6.5 sylls/sec with A's)

whiLe at times he weighed his words'carefully [cf. his s]ower phrasee with'

f and !!). tnese stylistic factors probably account for the flatter'distri-'

butions and:generally slower intra-phrase rates of A and G as compared with

FandH. I I '

Figs. 2 and'i3 show how the articulation rate varied between' suoÇessive .

phrases for each Ínformant. There are períods of acceleration [e.igrr Qr i 
'

phrases 6 to 10) arid retårdation (".g. Er phrases 20 to 23).,Apart from ,

the short't""r flucutation, there is a possible 'tendency'to gradually ln-

crease the''rveiurge rate over a longer stretch, oire such per:iod lasting a*

te'from 5-?bout 2O phrasês. Thus f gradually increased his intra-Phrase ra

sylls/sec to 6'- B sylls/sec through the fir:st 18 phrases. This tendency,'

säems to be less well defÍned in H's sampfe. However; it ls clearLy seen .

i. g, s with a periodicity of about 25 phrases and in å's rvith. a per:iodíqity

of about 25 - 30 Phrases. :

Hegedüs ( fgSZ) calculated the phoneme rate, word by word 1'or Hungarian

speakers. He found that tempo varied between 5 and 2O' phonemes/sec/word',êird

he related these worci by word Variations of phoneme flow to (lJ'semantic

weight (tþe iinportance of semäntic reduridancy f,or perceptior\ as distinct
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from the acoustic information contained in the speech signal has also

discussed by Lieberman, 19æ), (il) to phoneme quantity (tong phoner¡eq pould

tend to have longer durations) ahd (iii] the''number. of phonemes in the. se-

quence (ttris is related to, the law of equalizationr. studied by Ffinagy and

Magdics, 1960). Simila.r rates of phoneme flow have been observed by other

investigators and it has been noted that the faster phoneme,rates exceed

'the capability of the ear to discriminate discrete events. This is of inb .

porteince for theor'.ies about how speech is processed on receptio¡r. ,':::. 
:

The maximum possible,articulation rates of repeeted syllables, or. maxi-

mum repetítion rates for individual gestures, have been investigated froç I

time to time, usually with a view to determining physiological and.temporal.

constraints on speech. Jhere is a history of this type of research extend-

ing beyond Stetsonrs "Motor Phonetics" I tSZe) back into the nineteenth cen-

tury (Kaiser, 1934), Using mechaníeal and pneumatic devices reeording on a

smoked drum, Kaiser analysed the maximum repetilion rates of gestures re-

presenting different speech muscle,..grouFË. $he found maximum''rates for

various'fip torru*ents of 2.5 - 4 per second (tfre lower l.ip being mo¡e- agile

than the upper), for mandibular raising and lowering of 5 per second, fo{,

tongúe'tip gestures of 7.5 per second and for "vQice fluttçring,[glottal.

interrtrption) of 10 per second. Hudgins and Stetson [ 193?) found faster 
:

1ip repetitions than Kaiser, a grand average of, 6.? per setond for g sUb-

jects (with the jaw'fixeU to neutralize the mandibular eomponent pf labial

accluslonJ. However, the lips stil1 had relatively. lower 'fePetition frequen-

cies than other articulators, which were ranked,from high to 1ow as follows:

tongue tipr'mandible, tongue backl':1ips, ve1um. .The rank of the mandiþlp

is interesting since this is sometimes'referred. to in the literatu¡e as a

sluggish'body.'$uCtr an obse'rvirtion is possibly no,t truer'at least as regards

the rate at which its movement can alternate.
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''!irê,"un on1y,specuLate as to the underlying'cause of these limitsr 'but'

evidence points to the central nervous system'rather than the articulators

themselves. For examplë, Lehiste (ßlA:?).found she'could voluntarily r+ .,

peat the syllable ta up to I times a second but that her tongue'eouLd vibrate

frêely'in a trilled dental r 28 times a Second, from which she concluded

that it was not the mass of the tongue,that imposed a limit but the proper-.

ties of the nervoua:system. The repetition of some gestures involves alter-

nation betrrueeri agonist and antagonist muscles, others r:equire periodic con-

traction and relexation of muscles. This suggests that the limit is r,set by .

tf¡e' 'r¡a*imum rate at which coordinated sequences of motor commands: ean be

initiated from motor centres.

The maximum pÈisbible articulation rates are usually given âs 7 - B

syl-Ls/secifor ta and progressively slower for other gestures (HuUgins and

Setson 1g3?', Heffner 1960, Lehiste 1g?A, Sigurd 1g'?1) or,B - 9 sylls/sec '

(UeintrolO) white isolated indivlduals have been found capable of repeating,

such a syllable at up to 10 times a second (stetson 1948t Sigurd 19?1).

Both Hudgins and Stetson and SiEurd ccjnclude their articles by speculating

on the possible consequences of these physiological and temporal'constr:aints

for the structure of speech and the directÍon of sound change. For example,

the most frequentLy usèd gestures in speech are appafently. those that are

mö-Jt readily repeatedr' and sound chariges such as f-r:onting of båck vowÉls

or nazalization of voweLs involv-F.;ê shÍft fro¡n,-lgÞS,-fFvoured to more

faVoured gestures. i i

If we'compare the data for maxiinum'gyllable'repetitiori rates with the

performance of my fouf i'nfOrmantsr'we Cah'see in Figs.' 1 - 3 how al} four

,ie$ulaiiyl aBproached the 'rfiaxima. Fig. 1 shows how ! uttered 35 % of his :, i

'phrases faster than ?rsylIs/secr E 30 %, 9'25'1" while A uttered only 3 of , ,
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of hls phraseÉ at these rapid rates, A was instead hammeríng home his poli-

tical message carefully and deliberately, which is reflected in ,the regular.l

Iy recurrj-ng slow rates of 2 - 4 syllsfsec/phrase. Several of the authors

investigating the maxímum repetition rates of syllables obserrve that their

subjects; experienced difficulty in forcing up th.eir repeti-ticrn rates with-

out becoming tongue-tied, In contrast, my informants seem to be producing

speech at símilar fast rates without'undue discomfort. At the same time

[with the exception of the Swahili informant whose samp]e is dominated by:

CV syltables), the syllables they are profltrcing are more c,omplex than the ,

simple ta-ta-ta repetition., Sigurd included syllables of increasing complexi-

ty in his repetition experiments, and found drastically reduced repetition

rates, This suggestb:a,fundamental difference of neuro-motor: behaviour ,

between the experimental repetition situation and the conditions of- every-,

day speech..My inforrnants do not appear to be unique,,since the Fpench

samples investigated by Grosjean and Deschamps and by Malécot et alia also

contained phrases uttered at these rapid rates.

A possible explanation for the,faster possible articulatiQn rates of ,,

dve¡yday speeclr compared with repetition experiments is that successive

syllables often contaln different consonant articulations so that the same

gesture would be trepeated at a l-ower rate than the syllable rate. ,For :

example, labial and; eipico-dental gestures are, repeated in Évery other 'syl-

lable in,words like minimizing or mandibularj permitting these gestures, tQ

overlap. (Indeed, it has been suggested, for example in the parallel p{o- 
)

cessing theory of Liberman et aliflr[.1SOZ], that-speech is.only pcesible

thanks to this overlapping of gestunes during productianr with,'a corrÇSpond-

ing overlapping of acous,tic features in the.recpi,ved spqech wavçr) tf, then,

sequences of syrllables w:lth different consonants can be uttered, m,çqe quickly
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than repetitions of identipal syllaþles, there must be another constraínt

determining the maximum,possible artiouletion rate, in speech. It could be

the rate of 10 "voice flutters" per sepond recorded þy Kaiser., The rale

at which the glottal :tone can be turned on and off would'set the limit for

the, repetition of vowels" The maxímum articulation rates observed 1n every-

day utterances approach, but do not exceed, this rate.

The question has sometimes been raised whether there are differ€nces

of normal speaking rate between speakers of diff erent languages - ãr:€.sorle, 
:

languages inherently faster than .others? We must distinguishr as al¡rra¡zsr,

between'talking rate and .articulation rate. Differences of talking rrete ,

can be attributed to either of j-ts two eomponents .pause bime and articula*

tion rate. Differences of qrticulation rate will be due to differences in

production.

0sser and Peng ( tg64) invited 6 Japanese and 6 American, s,tudents tp

speak for 5 minutes on student life, and then counted the number,of phonemes

produced in the final five minutes of each sample (i.e. this is. a gross

talking rate), The average number of phonemes produced qer ,speaker in each

language in:this minute was then compared, and the diff,erence found not

to bei,signif icant.

Grosjean and Deschamps ('l9il1) ÒÕmparËcf:30-Frenéh';"spontaneoùs radio

interviewç with.8 English interviews published b}a Goldmqn-Eisler and 9 : i - .

English.lntervíews analysed ,previcrusly by Grosjean. They found .slgnif icant

differences betwêen the gfoss. tal.king rates of these samples, 264,3? sylls/,

min,for the Frençh,against 19?,25-and 221.49 syllsfmin for the two English

{.4,4, 3.3, and,:3.? syl}s/sec respectivelyJ. The French average..articulatiqn

ratÉ tended to be slightl¡z faster than the,,two English groups (S;ag'çyllsf

sec against 4.95 and 4.?0 sylls/secJ but the difference was only,statistic,-
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al1y significant'for the second English group only. fn contrast, Malécot

et alia (¡OZZ) found a faster average articulation rate af 344 sytls/min

IS.Z sylls/sec) for spontaneous French. Grosjean and Deschampä concluded

that the difference in talking rate was mainly due to differences of pause

time end this in turn they attfibute to the generally shorter phrase lengths

of the English speakers, which means that they paused'more frequently than

the French.'It is impossible to be sure'that French is articulated more

quickly than English on this evidence since these differences could instead

refl,ect differences in level of abstractlon, amount of intellectual actÍvíty

and deþre'e'of verbal planning in the interview task,'as suiggested bl Gold-

man Eisler [seb section 5J. Brosjean and Deschamps'recognised that it :':

would be rilore satisfactory to cúmpare samples collected under the same con-r

ditions and analysed according to the same principles. '

There is one factor at least, syllable weight, which might make faster

sytlabic articulation rates more probable for some languages, as was feared

by Ossei"ànd Peng, leading them to:count phonemes for their comparison of

Japanese and English. Swahíli, for example, has vírtually only CV:syllables

and it is possible these would be articulaterl more quickly than the heavier

syllables of other languages. fndeed, of my four informants,'the Sr¡rahiti
articulat tes almost 7

speaker ,and the speakers ofa

English were the slowest, averaging about 5 and'6 sytls/sec/phrase. However

:

it is not'possible to decide this question with only four informants. The

:

"ólrtíonshlp 
between'syllabie wôight and articulation rate is examined more

closeLy below in sectiofl 6. Ldt us here merely'note that the'syllable'struc-

tuire-'of the Swahili sample:was clearly simpler than'that of 'English and

Eskimo.(tante 2). Yet whiie the Swahili speaker had a faster average arti-
' 'I ì

cülation rate than the spéakers of'English, the Esklmo speakÞr'was almost
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as fast as the Swahili speaker although his syllable structure was of simi-

Iár complexity to the English. Í am inclined to doubt that dífferences in

syllable structure had any decisÍve effect on the dífferences of articula-

tion rate between these speakers, although syllable simpl'icity Ís undeni- .

ably in favour of the Swahili speaker.'iThe differences ane,probably due : -

more, to other"'factors, expecially style of delivery and the nature of the

speerh task [,tþs rhetoric'flourishes of A's political speech, the calm

straTght-forward readíng of F and H and 'the impromptu conversation 'of p). ,

5. PLANNTNG , I

The nature of higher levels of }ínguistic planning can only be inferred

from the'strúcture:of the apeeeh output. It is not aeeessÍble byiother

meañs. Gofdman-Eister ItSSe), after repeating a quotation from Fournié ì

that speech is "the only,window through which the physiologist can view

the cerebral life", adds her own view'that i.t is ¿]56':rlthe only window

through which the psyehofogist may view the dynamic patterning r,voven of .

motivating, cóhtrollirlg andienvironmental forces". ShB observed the talking

rate, the:articulation rate, and the pauses [a component of the talking 
'

rate) for different speech tasks such as newly created or well practised' ,

utteránces (repeating.descriptions:of pictureé), different levels'of ab-'

stractic¡h {describing pictures or summarizing their content) and various, i

types'of conversation (UÍscussions with adult academics, conversations with

adolescents'and phychiatric'interviews with neurotics) ( lgSg, 1961a, 1961bt

1961c). F{er results Índi.câted that ta}king'rate (detenmined mainly by varia-

tions of pause length).reflects the degree of hesitancy and therefore of

organization clr'automatism of speech, that breath rate indicates the'strrength

of affect Iemotional excltation),and the output 6f speech per breath (ex-
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pulsion rate) reflects the degree of its cortical control. Fast f]uent

speech tended to be,weighted with habitual, well organized Bequences (auto-

matic speech). Thc slow speech contained a good proportion of hesitation

pauses implying that symbolic and structuring processes were in progress

during the speech. Êhe specutr-ates on th.e possible significance of various

combinations of speech rate and breath ¡ate, that they mlght j-ndicate va-

rious degrees of intellectual activity and emotion. In addition, she also

found that while .the articulation rate was a constant of such rigidity that

it did not respond to changes in the level of verbal planning [to Uifter-

ent degrees of abstraction when encoding information into speech) it did

respond ¡6,,pyactice. She beliæved that this would corroborate the idea

that there is a more basic differencq between epeech sequences r¡rhich are

famillar and well l-earned and those that are spontaneous and organiz.€d at

the tirne of utterance, than exists among spontaneous and newly organízed

speech, sequences differing in levels of verbal planning

Henderson et alia IlSet) suggest that a pause and the following speech

phrase form one unít of cognitive rhythm, and that fairly regular periods

of planning and internal organization govern the.final speech ,output foq

short periods ahead r i

Kozhevnikc¡v ancl Chistovitch's tempo experiments (pp. ?6-90) vuere part

of a series designed to test cerbain hypotheses (concerning what thay :

called the tÍme figure of a syntagma) that were forryrulated in the course ,

of derivirrg a model, of speech programming, Assuming that spçech rate was

Rot a source of interference distorting the data, that it was not,itself

programrnedibut,was the speêd of accompl.ishment'of a,programme, and that con-

sequently only relative durations could be programrn€dr they proceeded tq.r

investigate the relative durations,of wonds, syllabl-es and sounds'in a , :
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syntagma 'uttered at various rates. They found that retative duqqli'ons ,of,

words fluctuated randomly at dÍ-ff erent rates I Uut tlrere were consì'derable

variations óf duratior¡ between diffèrent word positions in the syntagma),

and"that relatÍve syllable durations fluctuated,randqml-y trn wonds. l'lowever,

relative consonant duratùons appeared to increase at fqster 'rates. They

csnclucied that the articulatory programme for a.syntagma oannst'.be con-

sidered as a sequence of word sub-programmesr that the syntag4q considered '

as a'sequence of sounds has no constant time figure, and tha! the syntagma

cclnsideredi-'as a sequence of syllables has an invariant rhythmic figure-, i1-.

dependent of speaking'rate. Consequently, they argue, ít is the syltr-abJ'e. :

commands that are rhythmically organized-in the prografnme of a synt9$fnts.." ':

Before proceeding to test implications of this, they reformul'A'ted thep

definítion of speaking rate as the rate of syllable commands- r' ind.ependgnt , '

of the speed of articulatory movements. However, Notteboom Þnd .S!-ip (,1969)

repeated this experiment, using lip electrodes and:'labial,eonsonants, endq

found that the relative oonsonantal duration varied only at slow, rBtes. ,I. ..,

have also failecl to find this regular variation of, retrative consonant, and ,

vowel dwation (WooO 19rc). 0n the, other hand, the resuLts ;of' V/odarz-Mag- 
'

dicst s (lSr?Z) investÍgation:of; the durations of Hungarian phoneme:segments

at slow and accelerated tempo appear to support Kozhevnikov and Chistovitch.

Her result tables show that all the Hungarian ,vowels were s-ho-ftene-d more

than the consonants. The ratio of slow to fast stress.ed' renderings vanied, ,

from, 1lO.5? to 1:0.6? fcir tense vowels and l:0,?6 to .1:0,'86 f,or }ax, vowels

except lax /i, yt'u/ which varied 1.:0¡90 to 1:iO;92. For cQnsonarlt-st 'ühq- : :',

ratios.varied mainly friom .1zO;92 to 1:A.97, while voiced stops'were;þal:dtry

shortened at alL and fricatives, especially voicelesg fricatívepr.\À¡Pr€I ,

shor,tened by about'the Same degiree' as trax /'j-, Y', u/ , 1¡o¡B? to '1:o'92'r ' :'
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Unfortunately,, Wodraz-Magdics did not describe her experimental method or

define "slow" and "aceelerated" rate. If we take the liberty of adding some

of the average consonant and vowel durations in, he¡ tables, we find for lta/

a.slow duration of:'0.240 seconds and aceelerated of 0.205 seconds, corre-

sponding ta 4.2 and,4.9 sylls/sec. For. lpu/ , ltiz/ and /pi: / *e similarly

estimated ranges are 3.9 - 4,7 sytls/sec, 3.6 - 4.? sylls/sec and 3.5 - 4.6

sylls/sec respectively. These eçtimates are all slower than the average npr-

mal rate encountered in everyday speeeh¡ and barely hal-f the maxj.mum possi-

b1e. If the estimates are correct, they agree with Nooteboom and Siis's

finding that the relative durations changed in the slow speech range, þrt
they. wÍll not tell us anything about what happens in the normal and fast

ranges. Gaitenby ({965) found, that the relative durations of words, sylla-

bles and segments remained faÍr1y oonstant in a sentence çrttered at differ-

ent r-ates. ïn this case the flifferent. rates are the variations between the,

normal rates of several different,speakers and the result does not necessa-

rily indicate what might happen if the same informant varies his own rate,

as in the present problem. The question seems to be open at present and

we are'faced with the possiblity that there are differences in this,.respect

between individual speakers or different languages, or that different ex-

perirnent designs can yield different results. Kozhevnikov and Chistovitch,

on the,evidence of their findings regqrding the relative durrations, of con;

sonants and vowê}s Iwhich'suggested that the time figure of segments was

not invarÍant)r, rejec.ted the.speech sound as a candj-date.for the programme

unit. The syllabLe was all thet remained. Now if they hagl been mistaken

about the relative dr¡rations of c.ongo¡ants anQ vowels : as Nooteboom and.

Slisrs and,my own controlled experiments, suggest '- it could nevertheless,.

stil1 .be',true that.the eylleblç is the programme unit, But.some.ottrer type
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of argument woulld be necessary to decide conclusively in its favour.

6. IIJHY TEMPO VARTES

Roudet lists several.causes - the temperament and character of the speaker,

emotion Isadness was said to slow speecho ariger and joy to accçlerate'it),

habit and situation; Wijma also,conjectured that emotion was involved. Ver-

zeano pursued this factor more methodically - he argued that if emotion

introduces peri-odic phenomena in mental processea (as had been reported) |

then periodicities should apÞear in the speech of normal subjects exposed

to emotional stress as well as in that of psychoneurotic subjects; such

periodicities would be:a departure f;rom randomness in the speech tirne ',

pattern, so that phrase dur.ations,would no longer conf;orm to a Poisson

series ia model which appeared to.describe their distribution adequatetr.y ín

normai speech, atthough he subsequerltly found ItgSt] ttrat the randomness

of the dibtribution j.n'part depended on the magnitued of.the minimum pause

duration set on the analyser ts define the end of a phrase). In this con- '

text we can also recal-L the work of Goldman-Eisler in partitioning the

relationship.between speech rate and the degree of habit, abstraction'and

emotion in the speech task and situation.

Gook ( 1969) has investigated the eff,ects of anxiety on speech disturb-

ances and speech rate. He points out that "anxiety" is a notoriously vague

concept, having as many different meanings as it hâs measures and operãr'

tíonal definiti-ons. If we add to this the care that must. be exercised when

selecting and definihg a suitable measure for "speeeh rate'.', it will be -

reàl-lzed that'this is not a very easy atrea to work in. Cook insists on a

distinction that,has pr.eviously been negleeted, between permanent and.trans-

ient anxiety. He also found that the l-Íterature revealed some dout¡t, as to ,
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what effect anxiety should have on speech rate - to increase or .decrease

it or have no effect at a11.He refers to a current hypothesis that anxiety

is a drive that will energize any on-going behaviour. Just as an anxious

rat runs faster, so'an anxious çierson will speak faster. Heealling Goldman-

Eislerrs work, he points out that when a person talks faster he aetually

diminishes his pauses but not hÍs articulation rate, whereaÉ the rat actu-

a1ly runs faster. He conoludes that if anxiety does increase speech,rate

(apparently 'a gross rate) it is'because'fesponses are more frequent not

becausci they arà faster, and the analogy with simple motor behaviour is

misleading; Cook used two meaeures of permanent anxiety buit the respeetive

scores were not correlated, indicating that the two classificationê are

not the same. Transient anxiet¡r was manipul-ated by switching between:dis-

turbin$ topi-es of''disnr¡ssìol rlrrrirrg an jntrrrr¡ìerrr u¡i"lli ttr,r.qubicnt, The ex-

periment revealed no clear effect of either transient or: permanent anxiety

on,speech rate (i,u. gross'talking rate in words/sec). However, subJects

with'' high anxiety scores on one of the two permanent measures (Taylor Mani-

fest Anxiety Scale) Uiffer significantly from the low-sco:iing subjeets,in

their reactions to transient anxiety - the high MAS subjects slowed down

whereas the low MAS subjects spoke faster. Cook therefore rules out the

drivé:theory since the permanently anxious did not speak even faster when

tránsÍent'anxiety increased, contiary to what the drive,theory would pre-

dict; Other theories remain open. I :

Fônagy and Magdics investigated how far the law of equalization applied

in speecjh (ttra,t seqüencrjS of 'diff erent syntagmatic length tènd to be utter-

ed with the same duration, tempo changes compensating variations of lenþth).

This ie related to what has,been called the stress-timtng thecry - that

stress groups ténd to be uttered witl'r the same duratlon, iresp,ective of.
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the number.of intervening weak syLlables. Sweet, Sievers and Jesperson

had all intr,,rltively perceived that longer sequences were pronounced more

rapidly than sho{t .sequences. Rousselot and Laclo,tte ( tsle: 8?-90) had 
i

reported that a given erticulation becomes briefer as the group it.is in

beqgy.çs longer. for example â in lê!g,, PÊ!g, pâtisqerie. Lindblom 
'(tSOe)

investigated the same effect using Swedish nonsense utteranees, and found,

he could express the expeqte{ duration of a sylLab1e as a function of se-

veratr, factorq including the positigl-,,.9-l the s_yllable and the nurnber of ?y_li

lables in the,r¡tterqnce. Fônagy and Magdics:f,ound that. sma]len stress groups

were uttefed more slowly, but that the dependencç of ternpo qn.strqss group

size weakened in sequences longer than three syllables. ,E¡,ponential func-

tions descnibed:-the:dependence of'speed on the sfze of the:stress grQUP.

,Goldman-Eisler showed. that talking rate depended on pause duration which

is,i-tself, she argued, asspciated with the amount of cognitívg activity

involved: in planning. Ì[n 1961a she describes how, in contrast, the rate

of articulation Ís ,invariant for: different degrees, of abstraction, þut 
:

that it incre_ases in proportj-on to the amount of practice (or degree of,.

familiarity nJ-th the utterance) - artiqulation r:ate is faster: for well

learned sequenoes, .clichêsr jargon etc. Th.e rate, of articuilation also

aFpeared to be a ,,strong personality constant of the individual speak,er. ,.!

,Kozhevnikov an.d Cl'ristovit"h (p. 114) found that a sequence,'CCVCV,..CV

had a }onger duration'than a sequence CVCV...CV. The extra consonant in

the first syllable delayecl the subsequent syll.ables, and the díff,erence in

duration: did not diminish upon an increase in ,the pu¡b€r 'of sy]Iables.

Their conclusion',was that, the change of tluration caused b¡z the addítiona!

eonsonant isi not perripheral ,in origin,. but that the neuratr commands for,the

sub-sequent sy,l.Iables are delayed.by a def inite megnitude. An impliçation -.
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of this for speech tempo mus,t be that syllable structure can influence

the articulation rate when measured in syllables - the longer duration for

the same number ofl syllables yields a slower sy'}Iable rate.

Sigur.d (lSll J systematically varied syllable comptexity 1n his repeti-

tion experiments, 'and "tested.51 different.",çyllaþles such as !9r 9P9' strg

etc. The grand average maximum repetition rates for aII nine subjects

were 6.? sylls/sec for al1 single stops with gr 5.0 syllsfsec for gþ and

.g5g, and 3.6 sylls/sec for glg and skwa, demonstrating the lower repeti-

tion frequency (or longer duration) of more compiex syllables. I

This sy11able bomplexity effect is the eause of,0sser and Pengrs con-

cern that the different syllable structures of English and Japanese might

bias'their experiment. English has a heavier sy1labl.e structure than Japa-

nese andlmight therefore be spoken with slower syl-1 atrle rates. Thr+ rJiffor-

ent aiticuration rates of my own informants (t=ig' 1J might also bg rerated

to thÍs effect. We have already nc¡ted in section,A, Table 2 and Flg. 1

that the Eskimo and Swahili bpeakers F and H tended to have faster net

articulation rates than the two speakers of English dialects'A and $ and

that SwahÍli had a very simple syllable structure. Let us examine mor,e

closely the possible effects of syllable structrlre in. speaki-ng rate in I

these:Ianguages. W€ ean look for a within-speaker effect and a between-'

speaker effect indicating individual speaker performances; lUith only four

informants 'it is not possible to arralyse these eff ects systematically, bu!

some tendencies can be'found.

Each'informantr s phrases have been divided into classee according i to

artlculatlon rate, and the average number of conssnants.-uttered per sy1-

'l-abTe in each'raté class haå been' calculated. If the ar.ticuLation'rate is

negatively related to syllable complexity, as expected; we should find a
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smaller'number of consonants per syllable in the phrases uttered at faster

rates. The 10O phrases of A's sample ma$e possible a class inte¡val as

small as O.5 sylJ-fsetr. However, the smaller samples of fr S and H gave

many classes with only three or fewer phrases ifl the same intervat was

used, A largen interval, I syllfsec, hes therefore been,Þr,eferued for

these informants, The results are given Ín Table 3.

Values in parenthesis are for elasses where only4 1 - 3 phrases. occurrgdr

the resr¡lts appearing to.be more stable where there Were. at Iea.s! 4,.pr 5

phrases in a rate class. Thg table shows that therç: was indeed a tendency

for all four informants to have.fewer consonants per syllable i-n fastgr

phrases. For $r whose sample covered the whole rate range from 2 - I

syllrs/secy'phrese, the overall dífference was at least from 2.3 to 1.3 con-

sonar¡ts,per,syllable (conrespondi.ng,to.lO consonants in a phrase gf terr

syl}abl-es) Uçtween slow and fasp:,phrases. p's sarpple also covers the full

rate,range and shows a similar overal-I difference ef from 2,O to,, 11.3 con-

sonants per syllable (coreÞponding to ? congonanls pqr, phrase of 1O syl-

lab1es). E'", and Hr s' samples do not cover the f uII 1:t", .an99,.1 ttre ¡loWer

half not being wetrl represented. Their overall differences are consequqntly

smaller than Ats or g'".,.f has a_dif,ference of about 0.S censona¡ts per

syllable'(corr,esponding to about 5 consonants per ph¡as,e oI,rO syllables)

between.mpdium and 'Fast phrases, The difference is least for $ due to the

rarity of, more complicated syllables than CV in his language, Bwahili.* 
:

x The most productive type of consonant cluster in Swahili is C+semivowel.
There are also a few examples of s+t. An occasional stop+Iiquid occstrs'-""
in loans. Finalty there is the unique nasal+obstruent group whieh is áI*
ways traditionally held.',tq be syllable-initial, thereby preserving. the
constant .op,qn syllableness of ;Swahili.' My own impression of the infor-
.mantrs speech w.as,thqt 'he .instead prgduqed such nqsals together r¡rith lhe
preceding,vowel. My percpption may edmittedly have been prejudice9 

_oy
myu "Eng1ish ear". Howeyer, ,the epectrograms did frequently, indicate a
nae¡lized preceding vowel in thÍs sitüation ffor example a wgrd lfkþ
mambo. tradi-tionally /ma+mbo/ with open éyliables, which I heard as

-!

lmã[m)-boj J.
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The results given in the table indicate that within the speech of indivi-

dual speakers, syllable weight is negatively associated with articulation

rate, phrases utter1e-d at faster rates in everyday speech tending to have

less complex sy,llab1e structure. The magnitude of the c.ontrj-bution of

syllable structure to articulation rate is diffícutt to assessr but the

product moment correlation coefficient [r) for mean syllable duration per

phrase and the mean number of oonsonants per syllable per phrase over the

first 2O consecutive phrases, in å's sample was 0.5, which means that at

least 0,75 of the articulation rate var'iance++ must be attributed to other

factors than this corelation. Beyond this, a correlation cannot tel} us

anything about cause and effect. , , , .

So much for,ther tendencj-es within each individualrs speech. Eut what

of differences between the individr.tal speaker:s? Table ,3 denicnetrated the

simple syllable structure of !ts Swahiti IO.g - '1.5 consonants/syllable/

phrase) while Fls is very similar to A's and I'u [1.2 - 1.8 consnnants/

syllable' at faster rates), Syllables with one er two consonants were most

frequent for A, F and Q¡ in nearly equal proportions [Table 2). the grand

averages for the entire material were ''1.5? and 1.58 consonants/syl-Iable

respectively for the speakers of English A and 9rll, "1U 
1.49'for the

Eskimo speaker F. Clearly, the differences in average syllable wei.ght :

between' these three speakers are relatively small (O.1 consonants/syllable

or 1 ,consonant in a phrase of lCI syltables), especially when compared with,

the strikingly simple syllable structure of the Swahili sample, which had

- | ,---.-.---- ¡t- -^ ( " -^ë1 :x The residual variance: Var ( 1 - ,2)
.1

IcÊ Jþg English averagea, 1.57 arid;1.58 consonants/syltable are remarkabiy,
elose,considering the differenceq of; dialect and style. Gerber and Vertin
I tgOg) fcund good rank correlations between different phoneme frequeney
counts in Engtish and they concluded "the statistical qonstraints upon
a given'language are so severe.that variations in time, ,place and orm

are 'of little consequence.. . ".
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a grand average of 0.99 consonants/syllable (virtually only CV sy}lables).

It is hardly likely that the small difference between'f's 'syTlable struc-

ture and Ars and Grs could account for F's much faster rate. Moreover,

tne Oifference between the average Eskimo and SwahÍli syllable was as

much as 0.S consonants/syllab1e or 5 consonants in a phrase of ten syllab-

1es. ifris is mueh greater than the differenee between A or G and fr and

yet E and H have very similar distributions of intraphrase articulation

rate (Fig . 2), both averaging nearly ? sills/sec/phrase.
:ì.

Table 4 gives the'average number of eonsoriants per syllab1e in three

classes "rp""u"nting 
the faster rates [O.S - 7 sylls/sec/phrese, ? -?.5

':
sylls/sec/phrase and faster than ?.5 syllsfsec.fphrase); This shows how

the Englistr and Eskimo speakers were capable of the same fast rates ies the

'Swahili speaker despite the heaúier syllabte wêight of their lähguages. '

?. \J'IHAT 'HAPPENS \¡JHËN TEMPO CHANGES? : 
" 

' " "."' :

Sdme work has'been 'concerned with the changes appearing in the speech

signat due'to variations'of tempo'. :

Lindblom (1g63) 'inveátigated the 'asisociation between voriel 'duration and

spectral neutralization of vowels, using variations of tempo as one means

of inducing chang'äs'of vowel duration. the extent to which formant frequen-

cies in the vowels fäÍled to reach target values at a'given vowel duratioh

could be described by'a continuous monotÒnic exponential function. Simi-
'i : , . . ,'.

lår1y, Gay IlsOg) îound'thát the formant frequencies of the terminàl spect-

'':rum"of a diphthong gfiae dependëd on'tt-rà duration of that glide, the råte
i

of spectràl'change beinþ constant during it. Another example of undershbot-
j

t. i, r ,:. :i I :: ' ,.,,,
ing; by apico-dental and dorso-üelår consonahts, was given by Stetson et

' ) -! :

alia ( 1940). The' ebntact area diminished and the locus of contact was dis-
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pleged as speaking rate increased. Kent and Moll (nlZ).also fpund a ten-

dency for lingual consonants- to undershoot. In contrast, Gay and Hirose

I 1SZS) found that for labia] consonants an increase in speaking rate was

not accompanied, by undershoot or any corollary change in lip clos-u"u aU*--

tion.

As mentioned in section Sr Kozhevnikov and Chistovitch found that when

the same, test sentence was repeated at different rates proportion of time

consumed by atl the consonants tended to increase as tempo increased. Jt

was also noted there that Nooteboom and Slis ( fsOS) and I [WooU 19?3) had

failed to reproduce this tendency. Kozhevnikov and Chistovitch based two

hypotheses on this observation, [i) ttrat the time figure of a syntEg1q

considered as a sequence of sounds is not constant, and Iii) that the

gradual diçappearance of a,.vowel is due to the consonant requiring: a rneces-

sary minimum duration, sometimes leaving no time for the vowel at faster

rates. The first was discussed in section 5. Fìegarding the second, that

vowels are "squeezed out" f,or want of sufficient time f,or their execution,

this ought to occur at random, whenever a,momentary shortage of time occurs.

While it is possible that some reductiona occur in this wayr T,would,also

suggest that vowel elision and qyllable contraction are largely non-random

and are instead habitual and predictable from the environment, a view 
:i

strpported by the regularity of: such phenomena.,synchronically in daily speçph

and--diaphronically in sound change. Such reductions become part of the

common speech code and cornprehension is not endangered. Some of the redun-

danoy in.the,speech signal is disearded, with the result that the message

.!s transmitted in a briefer period of time, that is, more rapidly'

The message can be accelerated , by shorlenlng segment. durations down to

a.mininìr.¡m (which, it has been suggested, is determined, by the prpperties
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of the nervous system limiting the rate at ulhich coordinated sequences of

motor commands can be Ínitiated, see section:4).,This is the region.in

whieh undershoot phenomena are investigaleÇ.,;,$ç.cetera'bion ofl':the message

is also achieved by mergíng or omitting segments" It r¡ras demonstrated in

section 3 that syllable contraction is only possible in some messagesr '

and the exampres that occur arer as suggested above, rangely habitual' 
'

The dífficu1t, perhaps impossible, point í'o:: theories of reduction to de-

cide is (i) whether segments are'casually dropped because accelerated speeph

happens to leave ns'rciom'foi;them, or Ii:-) whether the¡, are :delil:eriately ì

omitted, for whatever reason,, u,ith consequent acceleratÍon of the message':.

Is the úestructuring of articurlation: accidental oi' cleliberate? Possibly .

both sitr¡ations are true. 'It' is typical r:f meny languages that certain

weak vowels áre omitted betr,,,eeñ obstruents and liquíds¡ for example' Latin

vestibr lum , Freh€h .g,.Ff-llsl, Engl is h É".}i!jlg!s. The conventional o,,¡¿¡lþ s¡..,

than tempo-dependent, natuy.e of.such reductions'is under-'l-ined when.hyper-

correct-fôrms appear with spur'í¡us vowelsr:¡* in Latin .åae-,-çfg[g*' f '

It îs' not easl to observe an increase in ternpo that can rbb related;,tol

rerluctions of the synkope type. A meas;elt'ed av'ticula-iinn: rate represe¡ts' :; i

the sum of: the, vari.ous inf1t.¡ertces acti-ng'en tire tempor"al characteristics :

of speecþ arid' îeflects tl're consequerices of reduci;j-ons rather than'the drive

that" ls'postuL'ated to have bccasioned ,them, There is 'a grave clanger' that

afgumdnts and'proofs may: becorne iirculár. Tlre:articula'bion rate follows r,.

increasef, tempo so long as se?rïents are shortened oniy" But when segmen"ts -

j r r' , :. t,:, ... ..;... ,.j
..:.

dfsappear, a paradõxj-cal stowing of the physio.logi.cal 'arbiculationi'r:ate
' :i : ... . : " ..

can occur if syllätiÏës arti contractëel;'-as in ggIlgpL -'-1g!ggs"*.i One way

',; . ; ,:
x suppóåe å aentenqe were Lttter.ed ,i1.. 

'çyllqbles in,t, åeËond" .àt a raie
;f-;|-i-^ urii;l;, ana then repeqted more {uickry'i.i ih" brierer duration
of t, deconds but now in (n - 1) syflables fo1-lowing reduction.'The'new
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round this diffíoulty is to refate reductions to the rate of transmission

of the unreduced forms (cf. section 3, where, a rate of 13 sylls/sec was

possi-ble for the message the Americans thanks to reduction to

[ði * ê r k I z]); but this procedure takes for granted that the first

of the two interpretations outlined above for the tempc.iraduction relation-

ship is always true.

The question has sometimes been raised whether the articulators actually

move faster when tempo increases. The interpretation usually placed on :

the undershoot phenomenon is that the articulator does not travel so far

when time is restricted. But this te1ls us nothing about ar,ticulator vB-;

locity except that it has not accelerated sufficiently to compensate for

the shorter duration. In the case of labial closure, however, Gay and Hi-

rose (1973) found both an increase in the act:ivjty lerreì nf- tl re mr rsr:'l.esi

and an increase in the velocity of_ these articulators for increased speak-

ing rate. Kozhevnikov and Chistovitctr (1SOS: 1SOJ haU found that peak

Iower lip velocity during a closing movement vai¡ied with the initial mag-

nitude of opening and this was subsequently confirmed by Ohala et alia

I fgOg), Ohala I 1SZOI 138), with respect to the mandible. Kent and Netsel

(rcll) fOunU that velocities increased with degree of stress, v'rhich they

attributed to the greater distances travelled in stressed syllables and

the generally hiEher leve1 of activity associated with stress. The con-

verse should be expectecl in accelerated speech where stress levels aile ge-

rate ís [n - l)lt, syLls/sec. It is given that t, tz seconds, but any
of the follwoing Felations between the net syllabì-e Fates is possible:

! ) [q:l) ! ={n;t) l¿(n;l)r'{..:; .. t t. - t- t \ t--1 -; tr - tz *1t tz

For exarnple in the case where ñ = B syllables and t n = 2 secondsr the
following values fcr tZ will make'6ach of' the three'relations true:
tà>,1.75*secs, t, = f .i5 secs and tr( 1.:?5 secs respectÌvely" 

'
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nerally .lower.-Kent and .Molf .( E??) ,f,?yld that the ,r.nandible travel!.ed shor:t-

er di-stances and did indeed. tend to ryove moqe slovyly At faster spqaking

rates... They.found thgt t!,,e tongue body accelerated.duqing the closulT ,:

gesture to g.so..that Íts peak velocity depended on the dj-stance travelled,, .{ .-... .,, . .,:l

which was largel)¿ .detçrmÍned by the .preceding vowel ffuqlfeqt fyp 9r a1d

so on)r,.Ag.in, the peak velocities were sligþtly slor¡er at the fastel

rate duç to tþe shorter ar.tiçuletor excursions. Changes of rate l'ttU fittf*.''..':
effect on tongue.tÍp velocitll but the tio c3qta*nlv did not move fastIl,,,

at f,qgter sp-eakf¡¡q.rates, lh?,,o"!erq1 
picturg,tlrgrefgrg seem3 !o be !n"4., ,

the lips compengq!? fp".a sho¡lef :qgm:nt dyra!,,ron by incleasing-therr

velocity at faster rates, whereas the tongue and mandÍble accblerate
:':;....- ,..; ;..,:..-.'. ,, :: ) .' ..t...,..... - 

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

during.gestures and the peak velocity therefore depends on the distance
--:j,- '^ì r'..... '-'; ,.' i:: : - :' it,. .. : .'*--.: .j .

travelled, which is usually slightly less at faster rates and the peak ve-
i 

: - ¡:r¡'\" t

locitv.goT"::pi:di!1x r"t^t:1,,?.or 
r;,-: . -,-..--j. : :-. . ,l -::::., .:.,..,r:...,.rî :.,:.i :..::1..-::,:

"'. .-. ]: .i

B. ._IN|9HMATI0N GoNTENT

The interest in the application of information theory to linguistics in
.... .-. : -. -_.-., ,....':- , .-, ::.:..:....1 : '-,:-l-..-.-:r.,'5. .. . ..:. ..;...-.:,... l'

general and to speech in particular was probably at its height about a
* ::.,:: -': j:: - :..:.i': ;,:;:".¡r- ....'."- ..-'-,. ì...,. -. ....'-

deeade ago. It was quite natural that speech rate, beíng concerned wíth
-.:...1...,.::r-.:: '.-. .. "i .r::_::...-- ,., .-"-.. .. -;--.

how fast we compose, transmit and receive spoken messages, should also
.. . '.. :::..'l . - -...i:': - : ' . - . .

have been viewed from this ang1e.
..' :.i

Karlgren (ßAZ, and an unpublished thesis) aimed to investigate the

efficiency of the linguistic ccmmunication process and the appropriateness
.\r " ìi;: .i-ï-i .::.,.; r' . , - -....;. .,. .._ . -.ì I .- -r.. --.:-...:-..,.'. 

_

of ínformation theory models for quantitative treatment of language. He
'¡. .. ,.: '. ;.: . ...::i'1.: ,-, l. ....;:- -,:. rj.î; '.' '. ' .-.._' -.: 'i :,..' .. '

aspired to adapt the existing theory to the special needs of linguistÍcs -
,.: -t.'.' :..'- . :.r'.'-:..r - . i...-.:r'. :... ,- .. ..

to buíId a linguistic communication theory.

Goldman-Eis1er examined the function of hesitation pauses in the light
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of information theory (variations of pause durations had been found to be

largely responsible for veriations of the talking rate). $he regarded

hesitation pauses as manifestations of the general blocking of activity

occurring when organisms are confronted with conditions of uncertainty.

The speaker being faced with an act of choice in the organization of his

utterance, This bypothesis was tested by relating the incidence of pauses

':ín spontaneous utterances to the information content of the words consti- 
_

tuting them. The experimental evidence showed that i'the close relation
I

found to exist between pauses and informabion on the.one hand and fluency

oF speech and redundancy on the otheb, seems to indicate that the inter-
|:polation of -hesitation pauses in speech is A necessary condition for such

' "' an increase. Delay is thr.¡s an important element' in the production of in*

formation" (1958' 1961. dJ.

. Ficket and PoLLocf< tæOa), consídering the reLative intelligibility of ' '

smal-l messages pronounced slowly and well versus large rapid and garbled

messåges, found a balanced trade-oFf between thn two, the former providing

.more acous.tj¡ elues to identification, the'latter morÊ'semantic cluesr-,'

. Verzeanor i.nvestigaLlng disturbanees ts normal speech patterns, €X-..

plained the higher frequency of shorter phrases in the speech cf post-lo-

bectomy patients as follows: the operation timits the complexity of the

eoneepts the subject may forrn and 'bhus the,Iength of the phrases in which

these coneepts are expressedn and in order to transmit the sarn€ amount of
' . . ' :..

ínformation in shorter phrase units he has to increase his phrase frequency.

.- The idea.that the relationship betweenl"pL.Ling ;.rt" und:'línformation

content can be =u"n åu a consequence of the speaker+s brain ccnstitutíng :

-the naruowest section-in the production channel has also been expressed

by several authors. There is a physiological functioning limit of the speech
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organs but their capaeity is nevertheless adequate for any message the

brain can creäte, so that'the bottle-neck appears to be central rather

than peripheral. This is demonstrated by Lehiste's experiment comparing

voluntary tongue tip gestures with the vibrations of a trílled r Isee

section 4), Tfre receiving side woutrd also s€em to have'ample pr:ocessing

capacity - Sigurd (lSll) quotes several sources to the effect that per-

ception is faster than production [reading than writing, listening than

speaking). Electronic methods for accelerating speech recordings have beqn

devised, enabling, for exampler' the blind to increase their rate of infor- '

mation intake as'compared with normal speech rates (scnroeder rÈt alia

1gS5). Speech'can be followed, though with difficulty, at rates,approach'¡

ing 400 words a rninute (0rr et alia 1965r euoted by Liberman et alia

196?, and Fairbanks et alia 1957).

-.. ... .j. .t

9, THE PEBCEPTION CIF TEMPO : :': 'i

Goldman-Eisler IfSSB) found that what is'commonly perceived as'the speedr'.,

of:talking is determined by the halts and pauses which interrupt the flow

of speech, rather than the speed at which the actual speech poÙements are

perf ormed. ' '' 
'

'*ûsser and Peng investigated the often expressed belief that f'orelgn r,':

länguages are uttered more quickly than one's own natlve tbnguij; They found

no significant differences in the rate bf phoneme'production'between five

American and five Japanese sp=akersr.'' They speculate that a listenerr. being

uhfamilíar úvi:th the relevancy of acoustib fleatur"es of the foreign speechl''

is bverwhelrned by the flow of information whereas he has'fearned to d,is;' I

rÞgard features that are'irrelevant in his' own. Ianguage.

-'Picket and 'Pollock tdsted the relative intelli.gÌbility of sequences of
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equal duration consisting ei-ther of short carefully pronounced messages

or longer rapid and garbled messages. They formulated their notion of a

trade-off between acor.¡stic and contextual clues at dífferent, rates (tfris

can be related to the view outlined previously that the reductions of

normal contÍnuous speech are concerned with codi-g effic,iency, enabli-ng

the message to be successfully transmitted at faster rates) .

10, EXPERIMENT DESTGN i

In the literature referred to, the experimental situation has rnostly been

concerned with evokÍng variations of tempo. Sometimes'informants have 
:

been asked to speak slowly, normally or quickly, at others a target rate

has been dictated by a signal. In one case, the differences between. ngrmal

personal constant rates of several individuals were explr:ited.,

There are occasions, howver, where investigators have sought to elimi-

nate speech rate effects by holding it constant in the experiment or by

suitable statistical treatment of the results. 
:

Most textbooks of phonetics only mentíon tempo in passing, merely noting

that it exists, perhaps with a warning attached that it can influ€nce €X-

periment results. Stetson et alia ( tS+O) showed how consonant palategrams

vary with changes of duration induced by varying the speaking rate - con-

tact areas diminished and the contact locus was gr,adually shifted as dura-

tions shortened. Lindblomrs and Gay!s investigations are ailso a warning

that'vqwel spectr:a are related to duratjon. This must be borne in minfl, 
,

for example, when comparing physiological or spectral data collected under

different conditions for cross-Iinguiti-c or dialect comparisons. Obsgrved

differences may be.temporally rather than linguistically conditioned, Dif-

ierences between phonetic and lÍnguistic constraints on the temporal pr.g-



135

pertieÊ of speech have been discussed at length by l-ehiste ( '¡SZO: chapt 1).

The influence of speaking rate has probably been most keenly dreaded

ín studÍes of presumed intrinsic durations of ,phpneqes' Lehiste and Peter-

son [196t:' 1?) wer'è troub]ed by the nèed to eLiminete the;'ínfluence of

tempo in orderrto disôover the presumed intrinsic duratiqns of vowels.

Their test items were embedded in a test word placed in a çonstant sen-

tence frame. On completing the experiment, they tested various hypotheses

concerning the possible effect bf variation of fr:ame duration and stress

timirrg. ,They decided that varfations in rate of utterance had little ef- :

fect onr the duratlon of the syllables studied, but they' remained uneasy

and concluded that further investigation of the relation of tempo to seg-

mentrdureition was needed before,this variable could be,specified adequate-

.:LY,

Grdgoiski et:alia (lSZt) compared temporal variations in reco{dings . 
.:

made wfth controlled'speech rate (Aictated by a metronome) and uncqntrolled

(normal) Speech rate. Differences of variation were: not,signifiçant, and'

they concluded thdt, for the conditions investigated, 'the,''two methods :

producèd compÊìrable rêsults! :'. : ' ':

The eXpenience of::Kozheûnikov.and Chistovitch (e'SCIJ was that the nor-

mal raté-,éf indivídual speakef,s,rernåined constant over,longer periods of ,

time (they repeated recordings over a, period of months)'. Goldm"n-Eisler

also indicates that the rate of articulation is"normally'constant for'an

individual. We ought therefore to expect an informant's rate to remain

stable during a recording session, so that variations can be ignored and

When th informantl is to lists ibl
err to exper men disturbances ue to fatigue or nervousness ought

to be countered by the customary randomization of the order of the items'

For more exacting types of recording situation, it is known that the rate
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of articulation is not affected by the degfee of abstraction of the speech

task while the talking rate is, and some Ínterview situations oan influ-

ence the temporal orgánization of speech (eoloman-Eisler).

A far greater source of varíation of speaki-ng rate is to be found in

the differences between the normal rates of different indíviduals (ealten-

by 19è5, Goldman-Eisler 1961b and the differences between my informants

as reported aboúe). The influence of variations of tempo should only be-

ro*r u.rte when material from more than one informant is to be processed.

Lisker (forttrcoming) fears that "with the discussion of speech rate, the

focus of interest tends to become the individual speaker and thus peri-

pheral to the central concerns of phonetic research'r. Howevef, since

between-speaker variations of tempo are so large, it would be desirablÉ' ,

to treat each informant individually rather than pool data from several

j.nformant5. Nof is this necessarily the case for tempo on1y, but ís probab-

ly true wherever absolute physical measures are concerned - spectrograPhYr

radiography, electromyography etc, Dåta from several ínformants should

not be indiscriminately mixed. A sþeaker organizes his own physical cha-

racteristics into an individuaL system and the absolute magnitudes of

physical quantities signalling'partit¡ular phonetic features will function

within hts'own speech only, It is prcjbably more meaningf,ul to eompare

tendencies and'behaviour abstracted from several individual cases and

generalise from this, rather than from pooled data.
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Rate classes

syl1

2,AA-2.49

2.50-2.99

3.O0-3.49

3.50-3.99

4.OO4.49

4,5O-.4.99

5,00-5.49

5.5O-5.99

6.00-6.49

6.50-6.99

7.OA:7.49

7.50-7.99

8.00-8.49

8,50-8.99

9.O0-9.49

phrases:

hrase

Average number of consonants per syllable in all
phrases in the stated rate classes

A F. g, H

2,34

2.00

1.79

1.24

1,60

1.62

1.56

1.44

I r.sz)

( t.so)

( r.as)

I r.oo)

( t,¡s)

( r.eo)

[z.oo)

1.64

(e.oo) i 1.so)

1.58 1.62

1,59 1,63

I r.ea) 1.30

1.24
1.30

30 60

1.06

1.00

0.98

Io.so)

40200

Igþkj. The body of the table gives the average number of consonants

uttered per syllable for all phrases in the stated rate classes. Values

in parenthesis are fc¡r classes where only 1-3 phrases occurred.
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Tntraphrase articulation rate
sylls/sec/ phrase

6.50-6,99 7.AO-7,49 7.50-Informant

A Is.Br.Eng. )

G (G.Am,Eng. )

F (l,tt,Gr.Esk. )

H (swahili)

1.3o(2)

1,68 (?)

1.65 (B)

1.oo ( 15)

1.35 [3)

1.44 (5)

1,?o [ 1)

o.e8 [ 12)

1,1? (2)

1.25 ( 12)

1,39 (6)

o.e6 (4)

Tab}e 4, The body of the table gives the average number of consonants

per sy1lab1e in phrases uttered in the stated rate ranges. The number

of phrases is given in parenthesis.
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