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Phonetics Symposium 1973

Stockholm - Lund

On May 24-25 a group of postgraduate students from the Institute of

Linguistics at the University of Stockholm visited our laboratory, The

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

butions apgesar in this number of'ouf'Workihg Papers,
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include students of phonetics from the other Swedish universities

PROGRAM

24 maj

B. Brodda
P, Lindbiad

R, Carlson och

B. Granstrom
S. Wood

P.-E, Nordstrtm
J. Jonasson och
R. Mc Allister

S.~G, Svensson

S. Pauli

Y. Nakayama

Om fonetisk likbet

© Om visselspraket pd Gomera

Tnteraktion mellan deltoner och

fdfmantmﬁnster vid vokalperception
What happens when you spesk faster?

Koartikulation i négra svenska

CVC—stavelser med klusil

Moderna fonetiska metoder applicerade

- p& uttalsundervisning

SPOTS" (Systgmlfpr phonetically

' 4riented tactile speed reading)

DUAF — datorbaserad uhdervisnihg i
akustisk fonetik: "Formants without

tears

Some aspects of the Finnish vowel

system

as well,

Page

- 40

43



25 maj

P, Lindblad

"6, Bruce

“A.~C, Bredvad-

Jensen

Y, Erikson
A, Lofgvist
I. Ahlgren
K. Johansson

K. Rapp

R, Carlson och

B, Granstrdm

R. Bannert.

T. Serpa-Leitaou

R. Bannert

Varje halvtimma berdknas omfatta béde foredrag och diskussion. -
Ordforande: 24 maj fére lunch: -

25 may fore lunch:

Dialektal variation i svenska

ordaccentminster

- Satsbetoning. och ordaccenter

Enovit flédck p& kartan

Samordning av grundtonsfﬁrlopp
och artikulation i grava ord .
Kontextuella variationer i ord-

accentmbnster

‘?sykuiithistiska'éxpefimeﬁt'”

Accentmidnster hos barn och

utlénningar

Néagot om segmentléngder i ord och

satser

Perceptuell utvérdering av prosodiska

regler

Mutal complementation in VO

syllables in Central Baverian

A durational study of Swedish Numbefé

«

Temporal control in phonology

E. Garding .
efter lunch: B. Lindblom

K. Johansson
efter lunch;  B. Brodda

Page

49

59

61

70

71

7

84



On the whistle language of Gomera .

. Per Lindblad

This is a brief feport.on wark in progress, carried .out in collaboration with
“Jens Allwood, University of Bothenburg.

Gomera is one of the Canary Islands. The primary language of the Canary .
Islands is Spanish, On Gomera, &a secondary whistle language is used by some
persons in some circumstances, viz. by men only, mainly ocutdoors- for communi-
. catiqn.qver,distances.‘The whistle used is of high intensity and has a very

simple. acoustic structure, which is not exposed . to distortion over considerable

. distances as is ordimary speech - the whistle signal either reachss . the

‘addressee unmodified or does not;reaﬁh him at all.

.In December, 1572, we visited Gomera and made -tape recordings of three in-
Formants_speaking:and whistliqg lists of minimal pairs, phrases given by us, and
__spontaneous phrases. Profile X-ray pictures were also .made of one of the infor-
mants when he whistled some of the vowels.

The whistle may be produced in different ways. Two main methods of production
can be distinguished. Firsﬁ,vthe whistlerimay form a small longitudinal grogve
in bis tongue blade while pressing it against his upper teeth. Sécond, the
whistler may put one or two fingers into his mouth, pressing it/them against
his tongue while forming a narrow passage with his tongue .in approximately the
palatal position. There are many variants of this second type. Our present. .
X~ray pictures are not sharp enough to give adequate information abaut con=
ditions further back in the vocal tract. In both pregzﬁtheblips;and_the frant
part of the tongue are constantly fixed, while the posterior, part of the tongue
and the articulators further:backAare free to vary the size and shape of the

~voeal tract.



The whistle signal is essentially a.sime tone.. Lts-intensity is.nok.varied
for phonemic distinctions. The information-bearing variations of the signal are

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

o “quericy is changed by varying. the size and-shape of ;the .vegal trect. Classe

(1957), who described the Gomera. whistle:language im the fifties, claimed that

" the whistler modifies:the signal- by approximating the articulatory position of

ordinary speech, the fixation-of the lips and-the front part of the tongue
““hempering the normal-éxecution of. the. cpmmands,. however. lle agree that there is
g close d@nd natural reldtion betwsen the Bomerd speech and whistlings..but pro-
- pose &'more’ perception-oribrted view bfithe relation. There are shrong argu-
ments for this ‘standpoint. One of these fs-that labial conscnanksyare:generally
realizzd by a negative transition of the whistle tomei This. feature corresponds
of course to the negative ' F2 transition in ordinanyiépeschiintypical of labial
{Aprdndunciatidh.»THié'FZ-ffénSifiuﬂfiS-caUSQd by labial drticulation, whereas
the negative whistle trdnsition'mist be-caused by some.quite.different articu-
latory movement, as the lips-dré always fixed durirdg whistling. .

E'Aéauétic analystd of the ‘Pesordéd matbrial. is now.in prograss. It is based
mainly on g curves OF the'whistiad v (See Fig. 1.) Thelvecordings :have been
lowered eight times inispesdiin order to match- the whistle tone freguency to
" the Fonéma analysing eguipment of the Phonetics Department.in Lund.:,

77 gome important’ features of sthe seconuvary whistle language.as gompared to the
" primary Spanish will be mentioned here:. - - Y
1. The whidtle language does riot have “a code relation:to the, primary. language

but stands in a direct; natural relatiun -tou the Gomera Spanish. By this is meant

“that the whistler with his 'simple whistling . instrument.produges acoustic signals
that' share Some  Bssential fedtures with the-borrespording ispeech sigpal. The

whistle mechanism produces a one-dimensional signal, lacking. the rieh redundancy



of speech signals. It may be supposed that the choice of distinguishing fea—
tures in the whistle signal - with due regard to the limits set by the instru-
ment itself - will illuminate essential perceptual cues of Gomera Spanish and
of languages in general. Our study may thus contribute to the elucidation of
the general phonetic problem of speech perception cues.

2. The whistle signal gives an auditory impression well corresponding to the
syllabic structure of the same message as spoken. Roughly speeking, this is
attained by realizing vowels as frequency levels or relatively slow freguency
variativiey whereas consonants are cherecterized by rapld VOriswsw—. & thg
frequency combined, for plosives @rnt fFricatives, with silent intervals.

3. Word and sentence stress as well as sentence intonation are all at least
to some extent realized in the whistle signal. Being a one-dimensional signal,
the whistle tone thué manifests segmental as well as suprasegmental features
in the some dimension. We 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 paracdigm there is a far-gone reduction of oppo-
sitions compared to the Gomera Spanish system. Five vowel phonemes of Spanish
are reduced to three whistle categuries. Insteéd of 17 consonant phonemes the
whistle language uses perhaps only four categories. It is interesting to note
that we have heard and seen whistlers communicate complicated messages rich in
new information under controlled circumstances. Thus, the Gomera whistle

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

of view.

Reference

Classe A. 1957. Phonetics of the 5ilbo Gomero, Archivum lingvisticum, Vol. 9, I
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PERCEPTION OF THE FIRST FORMANT CONSIDERING THE HARMONIC STRUCTURE
IN THE SPECTRUM : Lo Cow

Rolf Carlson and Bjbrn Granstrdm

Perception of the first 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 most times there is no energy at that

special fregquency because of the harmonic structure of the voice source?
Three different hypntheses about the perception of the first Formant

could be proposed.

a) The listener can reconstruct the peak of the envelope from the per-—

ceived harmonics irrespective if there is energy at the peak or not.

b) The listener computes the weighted mean of the ekcitation in differ—

ent lowifréquénCy areas along the basilar membrane.

c) The listencr selects the largest peak of the auditory excitation
pattern. At medium and high pitch a single harmonic is picked/ out,
In an identification test using isolated vowels. with different.F1
and FO values we Sear;héd for theﬂphoneme—boundary betwsen [i] ahd [B].
The result showed:that hypothesis c) had‘tm be'rejectédn We also ﬁéed
different weighting technigues in order to get a parameter represent-
ing the most important freguency (MIF) in the F1 domain., Only one of
the methods triéd could be acceptéﬂs taking the resultjof fhe identiw
“FiCation‘test intovacoount, namely the weighted mean of the two’ loudest
harmonics in the loudness (Sone) space, This method gave an MIF -gquite

close to F1.

Reference:
Carlson R,, Fant G,, and Brenstrim B, 1973,"Two--formant models, piteh,
and vowel pergeptian", to be presented at the Symposium eon Auditory

Analysis and Perception of Speech. Leningrad, Aug. 1973.



WHAT HAPPEMS TO VOWELS AND CONSONANTS WHEN WE SPEAK FASTER? 
Sidney Wood

October 1973

SUMMARY

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

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

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

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

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

Several problems and difiiculties related to speech reduction are dig-

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

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

lerating the message,



1. INTRODUCTION

1.1, Aim

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

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

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

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

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

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

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

Jboconfirm that segment relative durations were entirely correlated with

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

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

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

speaker varies his'own rate of speech.

1,2. Some-theoretical difficulties.

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

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

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

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

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

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

1 2

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

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

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

between the net syllable rates are possible:

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

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

5o
-

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

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

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

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

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

B FEITN

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

A

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

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

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

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

v

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

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

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

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

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

{

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

a vowel,

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

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

Y\ se

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

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

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

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

know how to measure,*

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

In their own words:

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

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

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

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

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

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

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

lysis of the measured consonant, vowel and sentence durations,

Kozhevnikov and Chistovitch's Russian sentence had consonants specially

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

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

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

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

sentences with consonants thaf aré notifodJaiFFicuit fo'dis%inéuighifrdmuﬁtt

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

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

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

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

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

nevertheless chose to dictate rates to theifusubjégts,thevcldéﬁfe of the

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

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

o

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

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

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

lar procedure,

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

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

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

all rates, Some informantevprov1ded up to 40 repetitions.

2. 2 Measurement and treatment

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

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

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

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

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

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

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

much larger, B : : S

2.4, Informants and test-sentences

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

fc-

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

(Egyptian),

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

B2 Spiker's kidney pies are bigger

fod

Shuo hua shi ren lei chuan you de xing weil

Krakowski pocigg czeka tam

Lo

I

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

W2 Sture fick ett tAg pad teknis

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

periment,

3. RESULTS

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

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

The absolute aggrégateducbnsonant durations havg;baen,plotted againéﬁ

sentence duration (rate) at Figures 5, 6 and 7.
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3.1. Relative consonant durations

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

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

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

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

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

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

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

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

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

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

to this group.,. .

3,2, Absolute consonantal durations

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

ship between the variables).
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4, DIBCUSGION

4,1, Variations of relative consonantal durations

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

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

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

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

argument’and evidence may be Aecessary to confirm it

4.1; Synkope and svllab}pdpontraction

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

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

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

and Chistovitch's hypothesis of elision.,

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

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

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

segment is elided?



25

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

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

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

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

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

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

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

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

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

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

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

Habitual reﬁUéﬁionstbecﬁhe parﬁ'of the commonlspeeoh code shared by all

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

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

comfortable rate of articulation is retained.
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Correlation Céeffibients'Fof

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

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

in each rendering (cf. Figs. 5, 6 and 7).
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COARTICULATION IN SOME SWEDISH STOP SYLLABLES

Per-~Erik Nordstrdm

This investigation was started because results from an earlier study of
coarticulation needed to be tested’ and hopeFu]ly, veritied, From them
the following working hypothesis was formulated Inltlal and final’ F -
frequencies in symmetrical: CVC«syllable with SLﬁps cen be descrlbed in
terms of an 1nherentfaatL“L ( iOFmdﬂL f"equ\ﬁﬁy')of the vowel segment,
Those earlier results 1nd1cate that the initial and final F2~Frequenm

cies in dVd-syllables can be reasonably well predlcted from the F.~fre»
quency in the vowel segment. .The functions derived (hyperbola - llke‘

Functions) are not easily understood and articulatory correlates would
be hard to find, If the 1n1tlal and final anfrequen01es are related to

the vowel's 1, the results dare easier to grasp. F, plotted as a Ffunction

of F2 initially and finally turns out to be an aregﬁdslmllar in shape,
but not in size, to the acoustic vowel space (F és a-function of rz‘for
the vowels in the language)

A general observation in that dVd-study is that the szfrequenhles
have a very limited range of .Variation initially, whereas the final values
are much more like the vowelis FZ' This fact is interpreted as an apical
occlusion before the tongue body movement has been completed,

The present study includes all Swedish stops in symmetrical CVC-syl-
lables with the vowels: /it es E; CLv gETu S Tre prev1ous results are’

borne out for /d/ and /t/, but new Formu

L& ldna arc neoeced to capture

all places of artlculatjon

Figure 1: Plotted against the vowel's F2, both the initial and final
F2~va1ues Form the same groups (with the exception of finally dipthong-
ized /i:/): Velars with front vowels, dentals and labials with front
vowels, dentals with back vowels, and velars and labials with back vowels.

Figure 2: Plotted against the vowel's F exactly the same groups can bhe

/|5
identified,

The investigator's interpretation is that there is a basic tongue po-

sition for the "typical" case of coarticulation (dentals/labials with

front vowels and velars/labials with back vowels) and a fronted tongue

position for velar stops with front vowels and For dental stops with back
vowels, Thus labial articulation (with unaffected tongue bedy) becomes
the "norm", A coarticulation space in the Fq~F2~plane, 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 F3~measurements have not

yet been evaluated,



g, 1 & and b: Initial and final (a and b) coarticulation categories
in the P.- plane, Initial = at the instant of release,
final = &t the instant of vowel offaet.
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DUAF — DATORBAGEHAD UNDERV ISNING I AKUQTISK FONET]( ”FDRMANTSAWITRCUT. o
TEARS"”"

Stefan Pauli

'PROJEKTETS BAKGRUND

Att 1ara ut Fonetlk erbguder dlldeles speolella problem> éﬁedan é%ﬁé£.;n;
nehaller manga mament med tydllg Forankrlng i matematlk och Fyélk.gch.de
Flesta studenter saknar-bakgrund i dessa amnen; Etg exémpel pa& ett erade,
dar Forkunskaper DCh Fonetlkunderv15n1ng ar 59601elit 111a anpassade é?E
den akustiska fonetiken, som behandlar talet som ljudvég. Den matemaﬁiska
och fysikaliska beskrivningen av talvégen &r mipst sagt svarsmd@lt for en
humanist, Aven fBr den matematiskt skolade Foné£ikern kaﬁid;t VaféNgCéfé
gfévfé éh éénsla 56;:deh Fysikéliéka‘vérkligﬁeten bak§% méteméti;§a %ﬁrm;
iér;j. > c . o : : .o v e
Men faktum &r att fenomenen och égehsképerna:éom sédaﬁéliate ér'éQéfé
atfﬂfbrsta,>Det ar egeﬁtllgen bara Formlerna som &r besvarllga; Det—galler
att hltta pa en pedagoglsk metod att krlngga dassa, dvs étt med enl"For—

mellos" metod lara ut vad de beakrlver.

PRDJEKTETS PROBLEMSTALLNING

‘”En del av Fonetlkstudlerna syftar tlll.att blbrlnga eleven kunqképef’bﬁiﬁ

hur tailgud ar akusthkt uppbyqua Dch hur deras egenskéé;; andrashné;‘utw
.talet varleras Detta mal sammanhanger med atékéﬁLdéétén ; de fleétavtlllm
lampnlngar av Fonetlken masfe kanna tlll grundlagéande Eéé;;pb“somhformant

EENEETES 1S :. N Lt [ERT RS S PO

Dandbreua Kalla mm, och na en intuitiv Torstaeise av hur aessa Deqrepﬁ
Fungerar som tallgudens byggklossar. Mdlet For vart prDJekt &r att utveckla

en pedagogisk "formellds" metod med vars hjdlp man kan léra ut de Fy51ka-
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liska och fonetiska sammanhang som komplicerade matematiska formler bee
skriver: Vi kan sammanfatta innebdrdzn i vér metod med mottot: FORMEL T
BILD,

Vi har utvecklat ett dator program med vars hijdlp de matematiska form-

lerna kan &ské&dliggbras grafiskt med en kurva sem presenteras av datorn i

rirlig eller stillastaende form pa en TVeskérm, eller aytometiskt skrivs
ut pa ett.papper som eleven kan ta med sig ham,

Vi skall se detta pedagogiska grepp mot bakgrunden av det elternativ
som léraren hittills huvudsakligen har baserat-sin undervisning pa, . N&f-

ligen- svartea- tavlian...

BESKRIVNING AV _PROGRAMANVANONTNG -

I denntypiska undervisningssituatiaonen befimter sig eleven framfér datorns -,

tangentbord och kan cemtidigt betrakta den till datorn anslutna TV-bilde ..

skéirmen .och :X~Y-—skrivaren, se Figur 1., :

Ett exempel pd bildpreseniation wisas i Figur 2, (versta raden visar
kédllans, stdmbandens, spoktrum; mittersta raden vissr:dz akustiska Sver-
foringsegenskaperna frén stimbanden till Iyssnaren, Den undzrsta raden
slutligen, visar det resulterande talljudsspektrat. De tre kolumnerna sva-
rar mot tre olika hSga stdmbardstoner: 100, 200 T8§;§§F}V@‘90Q§ﬁZaQSV?FS#}&L
ningar per'sekumd)“'Fﬁr varje uppritad bil erhdlles ocksd en irumerisk spe-
cifikation avibildinnehdllet, Msd en kontinuerligt varierbar manuell
kontroll, en s.k, "joystick" kan en eller tvd egenskaper .i bildenuﬁsam—)¢
varieras. Kopplingen mellan. handriirelse -och bildédndring #Hr- omedelbar, -
Denna snabba aterkoppling innebéir; att eleven féar en intyitiv kénsla for
de komplicerade ekustiska sammanhangisom.ovan. dimnda matematiska Formler

beskriver,



a5

FRAMTIDA PLANER

Vi planerar att bygga ut datorprogrammet med en modul for analys av ele-
vens eget tal, Talmaskinen OVE III skall kopplas in sa att eleven genom
ett tryck p& en knapp kan lyssna till det talljud, som han studerar pa
skarmen, Fleven kan p& detta sdtt i viss omfattning utftra analys och syn—
tes av sitt eget tal.

Presentationsmetoden pd TV-skdrm lémpar sig ocksa mycket vdl fir fram-

stdllning av undervisningsfilmer,
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Dialectal variation and constancy in Swedish word ‘accent patterns

e Lindblag

“ O the basis of E.A. Meyer's data (1937, 71954) bn Swedish word acoent F_ -
patterns in isclated two~syllébie$®5rdé,3éf‘Géfﬁ{ng (1990) has madé a typology

“5% %Hé$SWeaiéH}wbré'aéﬁéﬁég; dividing tﬁem.iﬁto four ﬁ;ﬁéé aééording:ﬁo the

" umber and time losation of F_ maxima within the words. Cheosing two™informants

zt%fb%jeééHTofﬁ%aafﬁéﬁééisﬁmaiélééfé Tébféééﬁting'tﬁeéé*Fon“%ybééﬁ namély the
Stookholm, Goanian,” Gotland, and Vdstergdtland dialects, E: Gardirg and the

z S A P B SR IR N IR L e L " R IR Ly T TR
present author have made an acoustic invéstigation of a“number-of one, "two,

RS Loy ‘ :“_. e K e E R N R
three, and four-syllable words, pronounced bothin isolation and withina sen-
" tence frame. The whole material wis pronounced as neutral and emphatic state-
IQMéﬁtS;'ahH$HGUEfél ah61EMﬁhd£iEdddestiéhsf MiﬁgogramS"HéVéﬁbééh made Of the

B

whole material, spectrograms of part of it.
In a first report (1973), we give data on the time and frequency positions
of FD maxima and minima in isolated words for the four dialects. Further, on
the basis of these data, we give a fairly formalised description of the FD
contours for each of the dialects. The description is given as a number of
rules, each generating the Fo curve for pért of the given test words. THE fre-
quéncy’ dimensith is quadtified iRtd four Pifghfiéygist*yhefgg;as apply in a

_5§piq§ﬁgqur,andmgtaisgpjegt tp_phe_pningiple that.@.lgter rule does not change

‘the output of an earlier ore. As concerns their flnction, there are three types

of rules. First, there is a ruld that

.6§téf§*Fé}ﬁtﬁg tétmin@ting”sénﬁéﬁbe e

e

.as yqu may remember. Secondly there are
rules that teke care of the ‘ascent aistihﬁtibh‘b?”ailédéfihgzFD maxima and
minima to specific time postitions and pitch levels. Thirdly, there is a rule

that connects by the shortest way the parts of the FO shape of the word



50

generated by earlier rules.

For all the four investigated dialects these types of rule_are‘gééd, applied
in the same order. As concerns the contents of the rules, the diélecta differ.
- In the main, the FD contours of the two speakers qflgagh épgpial:diglect may be
generated by the same formulation of the rules. |

-For all the investigated dialects, the Fo cqntour of aigfgye accent word may
be regarded as a contracted FD contour of a‘minimally qontrasting acute word
plus an additional initialvFD segment,‘called;theiprgfgpnﬁou?f This interde-
pendence betwsen the acute and grave aocgnt“agems‘tovbgvan interdialectal
. constancy in the Swedish word accent oppositiqnf_quther gonstancy in the
- realization of the oppesition found iq qu:ma§erial can Qe‘formulated thus:
-~ The grave accent is contrasted .to the acqtgﬂeithgp»in}hay%qgwtwo FO peaks -
acute has always one peak only - or in having a sihg%e“pgak later‘im the word

than the acute accent.
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SENTENCE STRESS AND TOGNAL ACCENTS

Gésta Bruce

The present paper yaises the guestion: how are the ténal accenté in Swe-
dish manifested when they occur in stress positions other than‘sentence
stress positiom (¢f., Garding 1967)?

The 1nsp,ratmnn of this prellmlnary study is the proposal of é binary
ouprasagmental system For Eng115h by Vandersllce & Ladefoged (1971), where
sentepee stress - 1~stress ~_15 analysed as [+ ACCENTJ [+ INTDNATIDN],
whlle Dther non»prlmary stresses are equated [+ ACCENTJ [« INTDNATIDN],
i,e. a sentence stressed_syllable_is distinguished from other stressed
syllables by the»oontr;bution of sentence intonation -~ the tonal méﬁifesta»
tion of statemgpﬁ ar questioh-u and not by degreg of s&ress. fhe aim of
‘?h;ﬁ paper is to test the validity Qf al;orpespéﬁding‘treatment QF:Swedish
ugggenﬁualﬁphenomgnaf The hXPPthESiﬁwiS_thaﬁ gﬁe sthld bg:able to subtract
what, depends on sentence intonapiqnbbyllpéking:ét-the manifestat%oné of
thgthgzqontpaéting tonal accents - a;cent 1 and acqent 2 —}in_stréss'po~
sitions other_than_santenge st;sgs posifigh’andvthere Finq.ﬁhé 'tgﬁé’n
tonal accents, i,e, the tonal accents unaffected by séntenée.;ntéﬁatééﬂ-

In order to test thiszhypothesis the Following:ﬁeét senfeﬁeésAWeré_
-;d?Vi5Ed: | o -

T
it

1. Neutral statement: answer to the questlon "What wére you dolng?"
v [ b () (o miores (202, ‘j rer e (172
2. Statement, game'emphasized;_answer»to the quegtion "What game were you
_ playing there?" ‘ '

i Lirgt BANDY | ., vallen
o m‘ KNLA:u. vallarna
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3. Statement, place emphasized; answer to the guestion "Where were you
playing the game?"

bandy | it (VALLEN |-
Kila t\mLLARNA

vi lira’
The dialect under examination is the St@ckholm dialect,

From earlier investigations we know that in the Stockholm dialect the
Fo-curve of the grave accent has two peaks with a valley in between, The
first peak is located in_the;streséEd syllahble and. the- second peak is in
the last syllable of the word. “The acute accent is us ually'charaoterizad
by a rise in the stressed syllabley of ten preceded by & %mall de (ﬁhmag
1967). The Fo-data of fhe present study Jhow that in bentence stress PO
sition the manifestations of accent 4Zénd 2 are as descrlbeu above. But
in other stress positions we .find a ‘different pictgre:.the grave‘agggnt
has only one peak, in tge stressed’syllégie, whileatheWSbend ane is
missing., The acute accent is manifested merely as & valley.

Now how do we interpret the data? It may be squegted that the second
peak of the grave accent, which is present only 1n_5entence St;eas_posl~
tion, is the tonal manlfe station-of * statement 1ntonat10n 50 fhat the
first peak of the grave appent is'what'aCtually embodies thé grave word
accent, But what“abbuthéhévgcute.accent?’Oﬁ; interpretation is that the
valley, which is the manifestation of the acute accent in np@~ég%mary

e RERA

stress position constltutes the ‘true ac&te word accent, TN SEHtence

\’

stress position this vallpy will be Jmoothed Dut by thP qentehoe 1ntonat¢om»;3'

Al

peak, so that we-will get the plcture DF ‘a malnly rising acute ascent. iIf{hT
has been shown that’ thc Fowpattern characteristic of the acute agcént
recurs in the later part of the grave accent, 1.e. the second peak
(Garding 1970). So the same statement intonation pattern is found both in

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



garlier for the acute accent, so that the acute valley is affected by the

sentence intonation peak, while the grave peak is left unaffected by it,

BIBLIOGRAPHY
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Working Papers in Phonetics 17, UCLA, Los Angeles
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AN EMPTY SPACE ON THE MAP

ArhesChristine Bredvat-Jensen

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 them to
"discover new lands" in phonetics. 2. In the second place we are interested
in thé*desaription athGlaSéifiCatipn‘DF'déaleéts”byfpfosodicncriteria.
This term, spring 1973, thevgﬁmbiﬁétign ;F»t%ééékéiméihaé reéQit;dhin one
group's concentration on thc F ‘pattern in éhe accent 1 and acccnt 2
words of thé 1nhab1tan£5'1n Kronoherg county in ‘Smaland (1n tha south.of
Sweden)' This work 15 an offshomf‘espaclally from Gardlnq and L1nd~
blad's work {1973). See also Lindblad's paper on Dialectal variation

and constancy in Swedish word accent patterns in this volume (p. 49).

Qur starting point was the tonal dialect map of Sweden given by Gérding
and Lindblad {p. 48) and Garding's tentative tonal typology for accent

1 and accent 2 words in Swedish (p. 46). The socuthern 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 Skéne (in the south of
Sweden ) there 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
some evidence regarding perceptual data that people in this area "need a
fundamental freguency rise to perceive a grave word and a fall to hear an
acute" in the stressed syllable just as the Skéne inhabitants do, see

Johansson (1970, p. 70).
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The material used consisted of disyllabic minimal pairs with tonal
accent contrast and with the First syllable stressed, and the correspon-

ding monosyllabic word, e.g. palen - Polen, Pal. The informants were

Fiye phonétically naive persons from Kronoberg county. Each informant was
recorded twice and at different sessions.

Cdntrary to what has often been assumed our data showed no conformity
to the Skéhé:prosodic patterns. The Duts&anding feature which=all the
Five informants had in common was a two-peaked accent.z patﬁérn with one
peak in each syllable. Fig. 2 shows the typical accent 2 pattérn. This
pattern resembled both the Svea dialects (type 2A in Garding's tonal
typology) and the Gita dialects (type 2B). The timing of the peak within
the syllable seemed to be irrelevant because no consistent pattern was
found. The acute accent showed a still more varying FD pattern, proba-
bly due to varied intonation, but the tonal peak was always in the
stressed syllable and it was mostly late in the syllable also, as shawn
in Fig. 3. Conseguently there is no similarity with the acute pattern in
type 2B, as this pattern has its tonal peak in the post-tonic syllable.
The character of the tonal accent in the dialect of these five infor-
mants thus seems to fit fairly well with type 2A in Garding's typology,
that is the Svea dialects (in Central Sweden).

Needed: more informants from Smaland.
Volunteers may address themselves to: Phonetics Laboratory, Lund

University.
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CODADINATION OF FUNDAVENTAL FREQUENCY AND ARTICULATION IN SWEDISH
ACCENT II WORDS

Ylva Erikson

Fundamental frequency correlates of the Swedish word accent were investi-
qated with special attentlon to the coordlnatlon of FD and mTtlDulatlDﬂ.

"A previous study found only minor variations bewteen FD contours from
grave accented syllables belonging to words differing in syllable number.
A vowel in such a syllable has a FD maximum in the beginning pfeceeded
by a slight rise and followed by a vrelatively steep fall, To certify the
importance of the final fall to the percieved accent type, vowel duration
was varied by a systematic manipulation DF:Dthological vowel length,
voicing of the following consonant and number of syllables, It was shown
that a decrease in vowel duration did not bring about a febfganization
" of the FD paftern, but resulted in a final trurication, An attempt was
then made to vary the temporal conditions in the beginning of a given
FD‘chtour, by changing the number of intervocalic conscnants in compound
words with stress and accent pattern 32. The F, contour in syllables with
stress level 2 is often described as rising because of the FO rise in
~ the vowel. As the number of  consonants between the two vowel onsets in-
creased, the temporal distance increased accordingly. It was Found that
:tumporal perturbatlons of this kind' dld not bring about a reorganlzatlsn
of the contours. There was no truncation of the initial rise, instead
“the entire contour was displaced forward in time as the second vowel
byonaut was delayed. These findings suggest that truncatlon is only pos-
‘51ble at the final part of the contour and that F is coupled to the

vowel Dnset.

Littérature:‘”

Alstéfhérk M, and Erikson Y, 1971. Swedish word accent as a ?unction
of ‘word length, STL-GPSR1, 1=13

Erikson Y. and Alstermark M, 1972, Fundamental freguency edrrelates
-of, the grave word accent in Swedish: The effect OF‘wael cduration,

STL-GPSR 2-3, 53-60

Erikson‘Y. Forthcoming
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ON INTRINSIC AND EXTRINEIC Fo VARTATIONS IN SWEDISH TONAL AGCENTS.

Anders LLG6fguist

i The importancéﬂofEfunQ&oootal;ﬁpegoomoy Qafiaﬁ;oos’fornfhe o;stioofion between
‘the Swedish: Looal mccehfite™is well established. This paper deals with the F in
”‘tho otresoed vowcl of Qordb w1th dlffcrent tonal aoo@otg aritl examines how it
-visgoffeoted whéoothoaoonsonamtal environment of the vowel is ohongod from voice-
T igss to voiced consonants-and when the vowel itselfds changed from long to
.ShDTt‘ The spcuoh moterlal consisted of nonsens B‘WOrdé and was read by three
:Qpeokérs representlng.tWDFSWLdlsh dldlecto

‘As expected from other investigations the duration of the vowel was longer
 oon€B VDioeo;?hah bo%oré yoioélésévoooéooénts,_the”oufatiohiin the latter case
beingf85~9q%fof_fﬁe‘ooratioo io,th8.Fofmer oooe,_Afﬁorfvoiooo ooo§onamts the
) oeak-F of  the vowelzwas about 45 Hz lower. thad after unvoiced consonants. The
1nf1uuno9 of thp precodlno Lonsonant on the Fundamental fraquenoy of the
'w:Followlnq‘uowelwasa‘howover, not cooflood fo thé beglnniog oF thoxvowpl but was
still present whefi the Fy peak “was-located near the .end of the vowel. The
vlnterval from tho ongot oF the vowgl to Lhe Frequenoy peak Jncreased about 25
msec aslthe‘preoodlog.comaonant st/ohanged From volo&loss to VDlDGd These
variations probably reflect universal processes and were the same for all
speakers and accents.

When the Fo curves for long and short vowels were . oomparod.the location
of . the freguency. peak was_foqnd;to»rema%n Qonstoot relotiyo to‘phe,nearest
boundary of the vowel and thus varied for différent speakers and accents.

The variaticns are discussed in relation:to:the’ anderlying:mechanisms which
Joaoso”them tb ocoof aod todtoéif roié in the.speooh oommonioétion process.

T The full text will appear in POLA RBDDFtS.vThlS Work was oopported in part
by a grant from the National Science Foundation, GS 23686 Aﬂ, to Phonology

Laboratory, University of California, Berkeley
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TONE ACCENT PATTERNS OF CHILDREN AND FOREIGNERS

Kurt Johansson

As quite a few of the papers presented at this symposium deal with
prosody, I want to take the apportunity to report some results from ine-
vestigations carried out primarily by second-term students of phonetics

in connection with some seminars I led in 1971,

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

1
years of age @

Some bisyllabic words {13 in all, 6 with the acute and 7 with the grave
tone accent), known to belong to the vocabulary of the children, were
illustrated by simple pictures and shown to 35 children from Malms
(Scania)z. Their pronunciations of the words were recorded on tape, At
the same time one of the investigators made an interpretation of the pro-
nounced words as acute or grave, Further interpretations by the investi-
gators, and by a Scanian phonetician, in most cases confirmed this first

interpretation, 5o did fundamental freguency analysis.

Results

The accent distinction is acquired rather late (fig. 1), with the age
of 4 as a rather sharp boundary, There are, however, great variations
among the younger children, Some learn the distinction early, somé 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 investigation,

children do not apply a certain rule consistently at once, but the accents
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of common everyday words are evidently learnt word by word, not type by

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

Another investigation corcerned the realisations of the Swedish tone

accents by foréigners-and the interpretation by Swedes of  the tone accent

‘ ) 3
patterns produced by ‘these foreigners :

A preliminary investigations of Polish and Czechish speaking people,
learriing Swedish as' a foreign language atvmluntaryeveningolassesinaMalmﬁ,
revealed that nbheshad acguired the distinction between the acute and the
grave accentsy although they were said to belong to the most advanced of
the studerts. Nor was the distinction clear:for some American students
living in Lund, =~ 0 L

" The ! investigator th@nAlooEed for informants who had:been’living in
Sweden for a long time, and wig tried to lesern the language alsoc in,its
moréd advanced forms. A small but rather homogeneous group was tested, The
group donsisted of thresipeople only: one man and two. women, all 3540
years of age, two of them born. in-Englandy one in Scotland, but all three

grown up in England, Two of them were teachers at the English Institute,

Lund University, and the third was a phonetician, All three had been :living

.in Sweden for 13=17 years and were married to Swedish (Soanian) people,.

Twelve minimal pairs, consisting of everyday -Swedish words, were re--_
a i A : , e . .
corded, . As.preliminary tests had revealed considerable difficulties with
respect to the tome accents, the acute and-the grave accent words always’
appearsd. together. in the reading list,.sometimes with the acute, sometimes
with the grave accent word first, like this:
Vinden viner i trddtopparna, viner -~ viner - viner

Ménga viner kommer fran Frankrike, viner - viner - viner
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Dessa strider var mycket jémna, strider - strider - strider

Detta strider mot reglerna. strider - strider -~ strider

Manga q1fter gprlds 1 naturen gifter - gifter - giFter

’Ménga qlfter 51q mycket unga. glfter - glFtPr - glfter

In this way the speakers were given every help to understand what “the

B R AR

test was about and thus to realize the dlfferenceszﬁt“wmmm

 The second of the three laDlﬁtEd versions of the wérda Were listened
to by the. investigators, For every speaker thosg Fournwords whlch were
considered to be the most successfully pronounced grave éxémples5 were
used in a listening test together with four acute words (not mlnlmal
pairs in order to avoid a discrimination choice). What is sald below is
thus valid only for these '"best" representations, and only for 1solated
words, | |

10 listeners from Southern Sweden (as all %peakers wexre cxpected to
have been influenced by the Scanian accant patterns) llstenud to these

words appearing -twice in. a randomized test.

Results

As could be expected the grave gcoent presented the greagéééldifficui££es.
Speaker A (Fig. 2} was more successful with‘this aoéeﬁt‘thanvthe others.
T+ seemed to be the other way around with the acute, straﬁéely enoQgh,

but this speaker was more conscious of the purpose of tﬁe éfudy, whicﬁ
may have, caused hlmfxaavcremphaslze the grave type. Had however, the
selection of test words been made qu1te by chance, this would Cerfalnly

have resulted in .still fewer grave responses. Once more it should be

‘stressed that all the speakers are linguistioallyvconscious people with
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time efough to be a@ble to realize linguistic rules. In running speech:
“there cught to be less time to remember these rules, partigularly as they

‘only apply in stressed: pogitions, s

A B ¢
Acute S 69% 79% 76 %
Grave 80 % 43 % 40 %
Together 24 % 61 % 58 %

Fig., 2. Percentage of words where listeners' Jjudgments DF,??@?nt
egregdwith the intentions of speakers A, B and C, -

Acoustic measurements of the words. produced and judged as grave showed
that the fundamental fregquency contour in.all cases was characterized by
two freguency maxima, Furthermore,. the second syllables of these words
had greater intensities and longer durations. The fundamental frequency
contour with two maxima is certainly not typical of the Scanian dialects,
which was the type, one might have expected from these speekers. Howeyer,
it is the pattern of the standard central Swedish pronunciatitvn cpmmonly
used as a model for language teaching.-

Almost at the same timgmas,thqulinye$tigation5”were;oarriad Qp§ a
recording was made in the department.of-am'intgpyiewtwith_a*Gerwgpf
speaking phonetician.6 He h??zb@%ﬁ livingJin“SWQQEH far 6f7;y§a§§ﬁdHis
grave words, too, revealed ywawfygquengyimaximai {Theyfgametgl¥x1§@und,
according £o my QWGrOQQi”iD”:}V§FYi§We¢i§h)~

This could be compared with‘phgmpesultsﬁqfﬁan;ipyeaﬁigatign,ppﬁgerning
how Swedes and FDTB}QD?F?;tﬁxuF0v9950r§§§:ﬁ9@5th?y_PBICBiVB,thiSW?diSh

7
tonal accents, .Contrary teijwhat:-wes the.case for the acute accent, 50
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Swedes (of diFFereht”&ialects) and 24 foreigners chose, both for a

Scanian sbeaker (with enly one freguency maximum in the grave words) and

for a Central Swedish speaker (with two maxima), to illustrate ths grave

accent with symbols indicating two maxima, e.g. "\ for the acute accént

end VN P the grave. To me, this seems to be an indication that some

sort of loudness feature is involved here,

Noteg

T.

2.,

3-

4!

Investigators were: E. ‘Holmberg, §. Lawrischin, and J. Strensson.

Number of children in the different age classes:
o 2-3 years =~ 5
3-4 years - 8
4--5 ygars - 7.
5-6 years - 6 .

6-7 years - 9
IHQéstigétDrs were: K. Ebrelius Nilsson, B, Epps, A. qanésbn; and;;
E. Stéen. -
The following minimal pairs were used:

Eigggb(fhe plece, the bit):ugiten,(bitten),

‘EQ;QQ (Poland): pilen (the pole),

‘étéqqg (the steps): stagen (the ladder),

[LEaCTaPRNEE R

ténken (the tank): tanken (the thought),

e

gifter (pres, of verb marry ) : gifterl(poisons [noun pl.]),

o .

.véggggm(the.duékj; &nden (the ghost);

” .
vérlden

(tHe world):'xgrdén (values [noun p1.]),

gi:iggt'(presa of verb fight): strider (fights [moun pl.]),
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- “
Oskar (Oscar): askar (pres, of verb thunder),
slagen (battles [ noun pl.]), slagen (beaten up ),

vaken (the hole in the ice): vaken (awake),

viner (pres, of verb whizz): viner (wines [noun pl,]),

The grave accent caused most problems,

Investigaters were: K, Karlsson and 1. Svensson, (The investigation
was carried cut under the guidance of R, Bannert. )
Tnvestigators were: M, Elevant, M. Hamrén, and A,-C. Johansson, (The

investigation was carried out under the guidance of E, Gérding.)
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ON SEGMENT DURATIONS IN WORDS AND PHRASES
Karin Rapp

Two experiments have been conducted investigating durations of segments
on the word and on the phrase level., A limited speech material consisting
of acute accent words made up by nonsense syllables was used, On the word
level the number of syllables and the position of the stressed syllable
were varied, The following observations were made regarding stressed

vowel durations:

1. There is a compensation for word length in terms of number of syl-
lables such that the vowel duration decreases as a function of in-

creasing word length, However this compensation is not complete,

2. Vowel duration is increased towards the end of the word i.e. there

is a fFinal 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 similar results for the vowel durations but to a lesser
degree,

The above observations are summarized by the following rule:

Duration =

With a correction for inereased duration in phrase initial position

this rule has been epplied in producing synthetic specch,

Litterature:

Lindblom B, and Rapp K. 1971. Beexamining the Compensatory Adjustment
of Vowel Duration in Gwedish Words, STL-QPSR 4, 19-25

Carlsson R., Granstrtm B,, Lindblom B., and Rapp K. 1972, Some Timing
and Fundamental Frequency Characteristics of Swedish Sentences:

Data, Rules, and a Perceptual Evaluation. STL-GPSR 4, 11-19
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PERCEPTUAL EVALUATION OF PROSCDIC RULES

Rolf Carlson and Bjﬁrn Branstrom

In another paper to this symposium rules have been given that describe
timing regularities in a limited set of Swedish sentences consisting of
acute accented words, (1) ’ | |

Based on observations on a FO analysis of the same sentence material
tentatlve ruleq For 1ntonat10n have been d951gned These rules presupe
pose a Falllng Qentence 1ntonatlon contour upon which are superimposed
positive excursions initiated in stressed vowels and generally reaching
thelr -peaks during unstressed segments, These maxima are proportional
to the duratlon of the 1n1tlat1no vowels, o

The FO rules are hence ?DDlled aFter the duration rules whlch have
been supplemented with a rule taking account of obserVed‘léngthening in
initial positions,

To look into the generality and communicative relevance of the rules
arrived at they were used in producing synthetic speech, This synthe515
was ‘compared with human speech and with an alternative rule synthesis
ba;ica]ly devoid of prosodic rules except a sentence final modification,

The sentences chosen did not contain any sentence from the Dbserved
material but had a less restricted structure., Listeners were sted to

report thé stress pattern in terms of stressed and unstressed syllables

and also tp indicate word boundaries, The result shows that the described

rules used in speech synthesis gave the most accurate stress pattern
identification arid &lsc contributed in word boundary Jjudgement and

hence they appear to serve a defifite perceptual function,

{itterature:

(1) Rapp;K. 1973. On Segment Duraﬁions in Words and Phrases*iThis

symposium

Carlson R., Granstrim B,, Lindblom B,, and Rapp K. 1972, Some
,‘Timing and Fundamental Freguency Characteristics. of. Swedish
Sentences: Data, Rules ana a Perceptual Evaluation, uTL»QPSH 4,

11-19
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MUTUAL COMPLEMENTATION OF VO~ SEQUENCES IN CENTRAL BAVARIAN

Robert Bannert

Ratios of duration and the domain of guantity

As a rule investigations of duration ahd quantity contain not only abso-
lute valuég dF‘éegméﬁﬁvdgration% but also several kinds of ratios due to
the mgltitude QF factors affecting the duration of a giVen'segment'(Eieff
1964:51 f), Based on minimal pairs, Contrésting oﬁtiﬁally only in diFFBr~
ent durations of the identical segment, the vowélato—vowel ratioc (V/V:)
andvﬁh@-Consgnantmtompmnsonant ratio (C/C:) are calculated.‘These.ﬁwo‘>
ratios being paradigmatic, the vowelutO»consonant:ratio (V/C) refers tb
syntagmatic rélatiéﬁsél v

Tﬁe ratio of V/é‘fatias (Vi/C : v/C:), a double ratio, is considered
basic. to the perdeption of guantitative contrasts in é 1anguage (Elert
1964 171 FF),

Dealing with the phonological concept of cuantity and its phonetic
manifestations as duration (physiolbgibaliy and acQusticaliy) and length
(perceptaéiiyj it seems nBQQSSafY fD étart-from-the domain of quantity,
In those léngﬁégeé,wﬁiah utilize durational contrasts diétinotively, théw
domain of gquantity may be different: the sound or seguence of sounds over
which guantity is manifested may be only one segment (only the vowel,?oniy“
the consanaﬁtl the vowel and the conaonant)7 two segments (stressed VDWéI
and the following consonant), or lerger units (Lehiste 1970:42),'

In the Nordic lamguages of Standard 8wédi$h,%NorWegiah and Iééléndio
a reversed relationship, called mutual cdmplémentgtioﬁkfgeﬁisﬁa:1970:49),
betweeh tHéJanétién bf fhéwstfeéaéd vowel and the foilowing consoriant is
observed, Thus a long vowel is followed by a short consonant and a short

vowel is followed by a long consonant:
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v c
(-u-)lL ; ;(’ol)
. vV C
(nln)% - { : . {(lun)
| . time

A similar reversed relationship between vowel and ceonsonant is reported
for the Upper German dialect of Gentral;Bavariah"(CB).(Kufner 1957, 1961,
Bannert 1972). The domain of guantity in the Nordic languages as well as
in CB is the VC~seqguence which does not seem to:be the case for Standard.
German,

The distribution of mutual complementation in OB is in general restrict-
ed to words longer than one syllable: # (..;) 03 VEC .. %4, where the
vowel is stressed and the second syllable contains a sonorantz(vowel,-la~

teral or nasal), .

The vowel~to~-sequence ratio V/VC

Due to the fact that distinctive durational (= quantitative) contrasts

in CB always are manifested over the VC-sequence I assume that these two
segments together constitute a timing unit at a certain level of the
language, Instead of relating vowel duration to the duration of the fol-=
lowing consonant, the duration of which varies considerably after long

and short vowel, by calculating the V/C ratio, it might therefore be more
relevant to calculate the vowsl-to-sequence ratio (V/VC ratio), thus ex—
pressing the duration of the vowel with reference to the whole VC-seguence,

short V. ) S
O ———— |

long V

VC-sequence (V+C) = 100 %
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To describe the durational relationships of VG*sequgnc§§m}n_Q§?M§ome pre-—
liminary measurements based on aiﬁgogramﬁ (Dperation speed 100 mm/sec),
the V/VC ratio and some Dbserv;%iéﬁé'béff;iﬁiﬁéhéamﬁné*ia%égﬁéggmgm&£1i
be p?esented. One portion DF‘the material was collected in December (1972,
the.other in March 1973, The pair Gegal [Ge:gal] versus Gekal [Hekal] - -
(naée of a hill ve, grilled chicken) appeared in both recordings. This
material ;s compared to measurements from Informants G and A of January
1972, The stressed vowel, the following (medial) consonant (Gm), and the
prosod;p Pgtteyns (prosodieé (cF, Gérding and L.indblad 1973);were varied,
In'ordar to affecg;segment durat;gp h@gvily, four prosodies were chosen:
(1) neutral isoléted statement (isolated words),

(2) neutfal sentence statement, e.g. / i hab s Bupal gseng/, (I saw the

little doll), where the test word is stressed,

(3) fast isolated statement (isolated words),

(4) emphatic sentence statement with topicalization, e.g. / 8 Bupal hab
i gseng/.
The testword and the variables of .the investigations are summarized -in

the table on the following page.

Results

Tablesv1, 2, and 3 give Fhe Following values: the mean segment duration
(msec)vof_thelygwel and_the consonant, the mean duration of the VO-sequence,
thé decréése(or increase, marked with +) in % of the observed means for
prosodies (2), (3), and (4) relative to prosody-{( 1) (feutral isolated state-
ment), the V/C and V/VC ratios in %, the change of thesé fafiog in %

with reference to prosody (1), and the range of their variation in %.



Y 75
| i
© tt
i il
& (&) o3} ™ (0] ]
© > I
2~ It 0
= 1l - W
U I S o
e} I 0 C C
== Il 2.+ Qg ©
0] i1 43 [
o C 1 0N 0 =
cC 0Q [9)] w0 o~ 1 O~ I
(I = o 4V il + 0 e s O
w+» > <~ 1! S~ O R
) +
- . > T «C ©
It T - TS S
== il G- M
il G ) ©
0 i L~ 0 0 0
a il O 0 i @
o [68] ot oW OSSN JOOWULO I O Qe ~ 0
+ > ! | i — C oo
Juf ~ i O S
S>> ] QA
il + sy 6
G il = on S
0 i — T L
it s )
9] 1 £ Cc o C
o . "o Do ]
C ] 0Ny OO o S OO oo nC o C
M . ie} <{ [ [S AV aN 0y oy O.C @
£ > { il &M @]
] i o C L3 et
il 0 0 g <4
- H# L 00>
it + Bl
N fl L . 0
(&) o0 SN OO it eMm o oo o
- = [N OO g g o~ ) =3 e —
~ It (il o QST
{ 0 o> i o
{ O 1l B
I o oy +
i + J W as N @ O jo WSOy W oy -
i 0~ oMo OG> GO g [(EItS! oy
o ) SIS YN o] AL sy IRV Coo
i 00 3w
. . i C < .0 -
i C
> I n o
0 o C o
0 [} OO g oS ool 8 Oom [T ] Y
{8 E - - o w om o= Al = ) LS 'S U [
Q > « ™M n U s WS ] <t Vo
1% AR | = Ll o8 Bl 1| ™ o Uhou
=} I C
i I et (3 -
£ i = (3]
5] i (@) o
S ) o i - i
G \ [a NG RS B e OWOD JOMe O oW [En ] .7_4 [
[ e & LS LI S = o N (&)
=2 [N | Mo W M o< ) <3 W -
" Cupoem oy - i g Mo 3 i =
T oo U 0 o
@ il < G
L B il ) 4
5 -~ (S AT IR OGO, oMo nTog 3o [
o . a o=~ - e oo e = - - -~
Y e o~ D [S2 NG SRS WU W o} © >
s L — ™ i At ~
+ + E
S |l
Y S [ - e o =
— , . i o
0 ] [so I QNS RNTY! oW OSSO ] o >
job] + 0w o ™~ W g @ o OoMm [
& el TS e w R FATHL R T A I [AVANQN! 0]
E i L
et il +
it
o it ...
a it [}
- [ A IRTQ RN e AR e o<
42 = Wy a o uwy ;M (o~ —
0] ) A EEEC T Rl <= e 0
o il W t
3 fl [ N
o It £ [SIES
1] [ S
= il U 0
m© il Cobonow .
il OS] oo s < M (SR N s
> Ca 5 ([ ] [ B <,
o I os— < Lo PO r
S i o
S B S
il
. I
> i
O
o
L
e
(i .
o
l o
+ D 4
n < 0
L O 0]
- = =




tion

4

J
~~
>

Rance of varia-

m

|£9)]
QN

W

19

o8]

~f

of ratios %
V/VGC

[GNEEASINe )]

9]
0

0

N

o

QDI

-

17

[SARAVIN(Y}

nJ
8]

1€

68

N\
AV

57
84

39
43

43

76
74

O

=i

[V RN QVIRN
m aw

N

]

)
™

o8]

L}
™

31,5

17,2

ey}

w0y
AN

30,2
29,9
32,1

33,2
37,2
38,8

17,0

0w m

(SN
(AR}

0 My

= ({) (\J’.
O <G

) W o

3

ura

Kean

187

£)
0

h

10

164

128

0y M

!
"
-

131

209

2
.

a )
O W W

0

Proscdy

Test-
word

Gekal

NN TN T

AV GS B g

S ot NI

ec
1973

7

D

w

197

¢ March

o3}

Le

{December 1972

-

ording

; but only for the pair Gegel-Gekal from twec different rec
informant G,

3




77

g quewdogut (/s 3/ = Euw SPIOM1SaY JUsJellTp Y} 3T0e] Se aueg ‘¢ artae}

M’ ” w gt bR """"""""“"""""n"“"“""“““,ﬂ""""Hu""““"'ﬂ”ﬂmwu
| o T T 5t A 72 < M 7 viiz 6'ee L92 oSt bbb | (€) 3xous)
: 0 0 €y S ' O 8] 0 HEE L6 ol ! (1) ussteg
M w M m ( Tamon
i 8 2= | v 89 o6z z2'ez 9‘s62 cez 82 s6 (¢) 3aous)
: 8] 0 Lo 00 0 8] SFAS 2614 seL (1) usserg
m“u»l."“"“""“"“""""“nﬂux““u”“““H“"““““”“"ﬂ“““w«h“""nulw“"u“"nﬂnlbtwnlil".sw llllllllllllllll e TS IO mmEm TRl ” lllllllllll ==y
L = oy 99 9'ez 0’2z 9'se ov2 )" 86 (2) 2a0us)
O 0 VW 0L O 0 0 2ze 064 2et (1) usseu
; ” W ( Tamon
: o Z= 119 (S g8°ce Lfgz 2'oe ¢ gel 2¢, gLy (¢) Buot)
w o 0 .19 651 . O 0 0 . Bez bLl LLl (1) usen
b e - L P e | e !
P T T ﬂ ||||||||||| w;afﬂs;zesluaqﬂl-;:;H--;-M-t-l T B
M L €S 1 98 Bl | v glec vl 1 802 0L gel | (v) (T1emon
: S ve | v9 8Ll viog vfse ¢foz 0 802 74 ecl | (c) Buet)
m 4 €5 v oe | £9 vl 9‘ee 6 0o'eal oLz 6L LeEL (2} Tteseq:
0 0 Loes vyl 8] 0 0 ge2 =1 LS (v) m
; o, uoTl w : o ut (i) : KooS0d pIcm |
. =BTaen 4o abuey o, sotjex jo abueyny | 9 SoTaey ! Aposouad woxy aseadnsq mummEv ugTIRINR UBsy W i d -183] |

+
i




78

3+ A
% 00}

06

*qxa] 8s3g .Amlev saTgeTJIen

uteaso o3 Butpaoooe padnoab pue () TeTJsjew pal1eTNUWNOTB 8Y3 4O soT3eJ-OA/A 8yl Butmoys weabe1q

08

0

09

e Ov 0e 02 Ok 0O

-ih'lnvlal'&

T8MOA

BuoTt

esew e Y JUBWIOJUT
oammme € JUBWIOJUT

o o> o om a» o= axf
(1) (2) Aposoad

/s/ ="

g quewIoJut

() ‘(1) sstposoad
/'3 =0

g queBwJIojuT

() saTposoad TTE
w
/Bfpfa/ = O

g
o

SqUBWIOIUT Yyioq

TETJI81BW pPajeTNWNIoR

T8MOA  3J0YS



Testwords and recordings 79

~ Test words Prosodic
Date and- . - it e v .
Inform- longvowel ghort vowsl patterns
| ants . - short cons, long cons, (prospdieg)
: me== /5/:
Jan 72 bdsa . grédssa . . - (2)
Wiesn wissn
G, A . Basl .. Massl

stc. (Bannart 1972:9)

Dec 72 Biabal ~ Bupal

Bibal ) T b (), (=)
G | Gegal Gekal (3), (4)
Feda Feta | _
Nasn = 1" nadsn L ’ (1)} (3)
biassn
© baissn'tt
March 73 |Gegel | GeKal (1), (2)
G Dafal e TR (3), (4)

The diagram shows the V/VC ratios for the accumulated material, con-
taining all varlablﬁs fDr Anformants G .and. A .and. the. V/VC. ratios.grouped
according to the following variables:

(1) G, = /s/, informants G and A, January 1972, (2) C, = /¥,s/, inform-
ant G, December 1972 and March 1973, (3) C; = /b,d,g/, informant G, Decem-

ber 1972 and Maroh 1973 (d) the complete materlal reported, 1nforman+ G.

The following observations can be made:

1. The sum of the absoiute durations of shqft vowel and long (véiceless)
consonant (V+C) _is.always.greater..than.that. of..the correspanding long
vowel -and -short ‘(voiced) .consonant, This is in agreement with Elert's
findings Ffor.Standard Swedish (Elent.1964:160).

? i

2, The walue of. the V/VC.ratiQ is-always largest)im;prosoderQ);3that;$s,
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the vowel durééiéﬁwincfééses‘relaﬁive'tb”the duration of the VC-seqguence
when a given word is pdeuc8dmét;ﬁhé vérbeééihhihg of an emphaticlaen“
tance statement, The value of the Y/VC ratio for short vowsl and fol-
lowing long and voiceless stop consonant (Bupal, Gekal, Feta) is small-
ets in prosody (1) (isolated neutral statament). The order of the
V/VC values of the three other Drosodigsvdoes th vary systematically
for long vowels. This mighf“Bé”élﬁiéiﬁé&;éﬁ”Iééé%wﬁéétially, by the
fact that shortvconsomgnts after long vowels are then, but not always,
produced with“vbi&i%g;QThus?obscuriﬂg~p@tentia&~tendemcies.

3, The range of variation of the V/VC ratio for each test word and its
prosodies is rather constant, about 8 %, while the V/C ratio varies

differently for long and short vowels, from 52 to 119 % for the long

vowel and from 19 to 27 % for the short vowel:

Test word range of variation . in %
v/C V/VC
Biabal 119 G
Bibal, n | 95 9
Gegal “ = 6
e Y o . !
Dafal . e L. B3 7
Bupal 27 9 .
Gekal .. 25 v 8
19 o
i

4, The range of the V/VC ratios for the whole material of informant G °
(Jan and Dec 1972, and Mérch:1973];’all the segmental variations =
(vowel and consonant), and the four prosodies appears to be the same

for short and long vowel, about ZD'%.'Thé:V/VG ratio for the short
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vowel of prosody (2) (neutral sentence statement) varies from 28 to

47 %, that for the long vowel from 57 to 77 %. All the other prosodies
fall within the same limits (see diagram).

Assuming the VC-sequence to be a timing unit in CB it does not seem
difficult to write rules for the programming and performing of theés
sequences, In order to program disyllabic words, the vowel of the
sequence short vowel+long consonant‘would be assigned a duration being
33 % (one third) of the duration of the whole sequence, The vowel of
the seguence long vowelt+short consonant would be programmed to be 66 %

(two thirds) of the duration of “the VCO<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 %, etc. Automatic, adjust-

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

-the acoustic output, .e.g.

(a) if the vowel is an open monophthong or a diphthong, the V/VC ratio
will increase by x %, d

(b) if the vowel is closed, the V/VC ratio will decreasevby”y %, -

(c) if the short consonant is produced voicelessy the V/VC ratio will
decrease by z %.

A compariédn of V/VC ratios for the OB material and corresponding

Standard Swedish (SS) meterial (70 words by 8 speakers) calculated from

Elert's measurements (Elert 19€4:91 ff) shows that the V/VC'ratips for

the short vowel in both languages coincide. Short stop consonants in

S5 may be either voiceless or voiced, thus the V/VC ratios For short

voiced consonants in:SS are higher than those for voiceless consonants.

In-CB short consonafits, both stops and fricatives, are usually ‘mani-

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

like those for short voiced consonants in §8, that is, they are higher

than those for short voiceless consonants:
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example of
words

STANDARD SWEDISH

Fatta:g ( |

hasse

hota _ ‘ _ |
hasa § B -

soda ELS e ; . =
CENTRAL BAVARIAN e '

nassn

Bibal | 1
i SR —

20 a0 50 60 70 B0 90

7. The V/C and the'V/VC ratios change in parallel, reflecting syntagmatic

relations, Dut as to my CR dnfurimants, tiw VIR aabin anposda bu winld

a simpler description of the data:
thE/

(a) the range of V/VC ratios for
for both long and short vowel,

( (b) the range &f variation of the V/VC ratios is about 8 % for the

four prosodies of each test word,

informants 1is identical :(about 20 %)

(c)

there is good correspondance between the V/VC values of the two
informants of CB’(material'of'January 1972, Bannert 1972:53) and

tatween CB and 355,

GCaleulating the V/C retio, the duration of the vowel (the denomina-

tor of the’ratiojxis expressed as a function of the duration of the

consonant {the numerator of the ratio).;?rom a mathematical point

" of view this ratio is meaningful if the numerator is- congtant, Thus

the V/C ratio should be an appropriate measure-in cases. where .
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vowels, the durations of which vary considerably, are followed by
a consonant with a rather constant duration as depicted by the

following figure:

] | i
B ] " —

But if the V/C ratio is calculated for languages with mutual com-
plementation where the numerator varies as much as the denominator
this ratio consists of two variables indicated by the following

figure:

As shown above, the duration of the vowel + cohsohaﬁﬁhSBduenCé':
functions as a constant numerator in the V/VC ratio,
“The reported data are, of course, very limited. But further measure-
ments providing a more systematic treatment of mthal‘cbﬁplémehtatioh'ih

CB are in progress,
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A BINARY TREATMENT OF THE DISTINCTIVE PROSODIC FEATURE OF QUANTITY

Robert Bannert

The theoretical framework of qenerdtlve phonology (CthSKy and Halle 1968)

covers only the segmental pdft DF the phonologloal aspects of the lexicon.
Prosodic (or suprasegméﬁfél)W?ééfﬁfé$"é¥é“ﬁot dealt with because "Our investi-
qations QF these F&aturug have not prugressed to a p01ﬁt WhPTP a discussion in
prlnt would be“useful." (bhomsky and Halle 1968: 329)

Cﬁntrlbgtlons to a development of a proé;dlc framework have been made since
then. A binary treatment of lexical word tone was proposed by‘Wang (196?) and
of stress and intonatibﬁMﬁwaéﬁaérinbé and Tatefsged (1972). In order to
complete the phonolagical framewark, both segmental and prosofic, guantity,
the thirq prosodic Feature (Lshiste 1970), shogld pe treated‘as well,

Much work has been done on sound durations and a lérge_variety of durational
variations have been reported. The causes of the Observed_variétions of segment
duratiqnsAmight be labelled phonetic aﬁg phonologibalf Regularities.of dura—
tional changes as a result of compensatory adjustments, bptb segﬁental anq
within words, during performance (i.e. not distinctivelg cantrolled) were‘
studied by e.g. Lindblom and Rapp (1972) Nooteboom (1972), 5lis (1972), gnd
Klatt:(1973) who tried to capture thase reguiarltles by rules. Other systematic
changes of‘égund‘deatiDns,'howgVef, are‘due_tg the:speakgrfslyalgntary qbntrcl
of the timing_of'theée 5§umds ih“éfdér tdeistinguégh 5eﬁWeen wbgdéi Durétion
Functioning as a 55Htréllédif¢ature of thé:phonological'sysﬁgm”d%'ajlanguage,
  ;ndépe5§th 0f,g.g{:éegméhtal cbhfex? or number~of'syllabi§§’inﬂthé word, is
ball§q §uépﬁity>(Léhiéte 1956}42).“Thu5 qUantity';gLadisti@étive Fgature of
lexical items, i.e. it is not predictable and SHqgia‘ﬁct be‘poﬁfdsed with

duration or length which arevpfdpertiéé DF'the‘phohetié manifestation of ahstract



entities andjcanﬁthereﬁgre;be,predicted,-

. Heing -supplied-with the set Qf_universal"phanalggical_Featuresi a certain
language need not use-all of them but chooses a Subéet oyt Qf;tha_ﬁoﬁal number.
There are languages where guantity is not distinctive, for example Russian.

For other languages, the status of quantity is not generally agreed upon, for
example English. Again, for 8pani5h; it has been suggested by {adefoged
(1971:80) that the Dppdsition of the medial consonant in pairs like garg vs

carro, perc vs perrg, etc. is not one of quantity but of manner of articulation,

i.e., tap vs drill. On tﬁe other hand, langu§ges‘such as GSwedish, Finnish, and
Italian make use Qf'the di;tiﬂctive prosoaic feature of quantity. It may be
manifested in different ways. The sound or sequence of sounds, the duration
of which is controlled by the speaker for disfinctive purposes, that is the
domain of quantity, may differ from language to language. It can be analysed
as one segment [vowel ar consonaht, only the vowel, only the consonant), two
segments (vowel and consonant) or larger units (Lehiste 1970: &2) Restrictions
in the dlstrlbutlon Df quanultdtlve contrastb may ocour, e.g. For conéonaﬁtg
in word inifiéi ﬁositiénl Besides ekisting“miéimél pairs one can Qéually'Find
poténtialuMiﬁiﬁéi;péifngﬁéfé one ﬁember ha; hotlrebeivedmany.meaningvyét.

.ﬂié aéfeemehf Withgﬁrreht phohologicélithédfy;ééd'és aistartihgnpbiﬁfnfbr
the outline of a bihafy'treatMEHf oFiaﬁahgiéy, i'aésﬁme'the phbhoibgicai

| repre&entatlan of lexical 1tems (morphemes, formdtlves) to Cmn51st of segmental

5p801flcatlono (number Df Qagments and the redundancymfree speolflcatlon ‘of
their distinctive features) In additibn,'i'postuléte the prosodic répfesen—
tatlon DF lex1cal items to contain the three Features DF STRFS& QUANTITY and
TONE in 1anquageo Whlch utlllZO some’ or qll of them Whlle lexical 1tem5 are
”part of the grammar, ﬂgggg are to be found in the phonetlc manlfuutatlon

(the substance) of abstraut structures. I propose the follow1ng soheme From
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which, since 1t is universal, all languages may choose a ceitain set of
" features. The formalization of the segmental as well as .the prosodic parts of
the phonological representation of a lexical item is shown in the following
figure:
/lexical item/;
- distinctive features:

“ (a) segmental VOCALIC
CONSONANTAL
SONCRANT
CONTINUANT

" VOICE

(b) prosodic” STRESS
QUANTITY
TONE

TONE functioning here as a general label is further developed info a set of
»distinctive Teatures like CONTOUR, RISE,,HIGH} etc. (Wang 1367); | |

I QD_ﬂDt:COHSidET‘thB prosodic feature of QUANTIT? to céfresppnd to the

_ tense/laxlqpposition of vowels which I take to be segmental’andeﬁioﬁ ougﬁt not
to be-analysed asithe feature LDNG‘among the 5egmehtal Featureé,

Ina lahguage with guantity, both members of;a pair exhibiting‘di;tinctive
wdurationalidifferen595 contain the feature éﬂﬁ&?f¥?[&55é membér wiil be
_specified for QUANTITY with a plus sign (+). |

In the following I will illustrate the working of my prégosed sohemé
applying:;é:to somevquantity languages,‘ESDQCially to S#agda;d Sweaish:‘ -

»{bgnphonblogigal,system_DF Standard Swedish_whithis aqalyséd as}éoéﬁaining
‘1909 and,shortyvowgls and cansonants shows the f;iig&iﬁg distribuﬁ%éﬁ ;% #hese

segments (on the level of phonetic manifestation):
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Long vowel appears: |

6 ( vV N
g (...) N Y R
"bedra J

* borid R sy {

" structural condition:

C = voiced dental

rat V G
Ueta (....).;,- ’ ;‘( )

Short vowel appears:

list ( ' 5 Ve, G tj y
Klump - b7t e L

structural condition:

Gx sorooand oy

: nyrfﬁydéntalugui

sport ( ) v r C
'FOI"’S . -..“r :" ooy T

“structural conditioni’

O = voiceless dental

exceptions: art, ete.

rétt BN VAR BN
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There may be dialectal or individual variations. They pertain to cases (a)

and (b) and will not be discussed here.

Translations: (a) ‘island! (a) ‘curning' or ‘border’
‘go! f.‘lumpi
'deceive! o
(b) ‘'child! (b) ‘'sports'
'table’ 'rapids’
[ 1 SD@CiES'

‘to know' ‘to face!

The length of a simple consonant following a stressed vowel {case c) is
predictable from the relationghipwgf mg§ual.complementétionE(Lehiste 1970:49)
between vowel and consonant: the consonant is short after a long vowel, it is
long after a short vowel.

In Standard Swedish there seems ﬁo bg a gengral stress placing rule Whioh
Linell (1972) calls Native Word Stress Rule, assigning stress to the first
vowel of the word stem. Hence thé@ﬁinai vowel of Casev(a)‘ié manifested with

stress.

Words of certain segmental structures (cases a and b) cannot exhibit
gquantitative contrasts since the length of the vowel and consonant can be
derived by rule from the segmental structure of the item. The only possibility
for distinctive durational diﬁfﬁréncgg_is to be quqqgin{wOrds with identical
segmental specifications (case c). Since.the featgre of QUANTITY is prosocdic,

T specify the long member of such miﬁiﬁ;imééi;;miike e.g. rdt vs réatt
('straight' vs 'correct') for QUANTITY.

When analysing gquantity in Standard Swedish as the segmental feature LONG or
TENSE, Linell, Svensson,'éhd'@hman'(4971jﬁaha Lindau (19705 do not consider
QUANTITY to be a prosodic feature. Another kind of sggmental analysis of

quantity is suggested by Eliasson and l.aPelle (4972) who derive the length of
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the short vowel:byAGOUblihg the following- conscnant’ in the lexical represen-
tation. Thus the pair rdt vs rdtt, in their analysis, would differ in the. .
number: bf" segments, rét consisting of three segments (CVC) and rétt of four
(CVCCO,'the’pbstavécblib-ocnSOnants being identical.
The' phonological representation of this pair in the lexicon of Standard
Swedish, in my analysis, may be formalized as follows:
rat ratt
/rdt/ - Jrat/

distinctive features:

“(a) segmental WODALIC |+ *
- CONSONANTAL =0 L Bl S D
SONORANT - -
CONTINUANT | | 1= | -1
: ‘\?DICE S . X BES! : . e
(k) presodic: . STRESS . . : :
- pre warry | -
o HmEmwm@%;',;ftqw;:'= }_.;lﬂ

“Gontrary to Lindau {1970), I do not assume every lexical item to have stress
at all! I consider the 'rows for SIRESS and TONE to be empty in this pair. Both
prosodic features will be assigned to these iteme. by phonological rules = .
applying to the surféce structure of some sentefce: .

“For the present, I consider the short vowels to be' the unmarked case. . There-
Cfare thé”@bwelﬁé;gment being manifested long is specified for QUANTITY by a
plus sign.

It seems to me most appropriate to mark a segment and not a syllable or even
‘a larger Unit for QUANTITY because the smallest domain of this feature: can be

ohe segment as e.g. in Finnish. This sclution is more satisfying from a
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universal. point of view: The lexical columns in languages without any.
distinctive prosodic feature would end with the last row of the segmental |

features, i.e. VOICE. The columns in.the lexicon of languages, however,

utilizing one or more distinctive prosodic features. are longer and a certain.
segment. would contain the specification for the utilized prosodic feature.
Furthermore, I avoid the problem of. defining the syllable which is prpbaply
not a concept of. the lexicon of the. grammar.

My proposed scheme seems to capture:certain other phonetic facts easily and
adequately. Gome languages use one or the other of the three prosodic features,
which are obviously aveilable tolalifhumans, systemaﬁically in their.phonolof
gical systems, others, however, only in a few lexical items.

While Sté%dard Swedish uses_QQANTITY to a greaf éxtent in the phonological
part of thejgrammar, I postulate STRESS and (WDRD)TDNE to appear only in a
limited subéet of the lexicon, Some lexical items aré differentiated by the

placement of STRESS only, e.g. 'kaffe vs cdfé ('coffee’ wvs ‘cvafé'), ‘dapan vs

ja'pan ('Jdapan' vs 'Japanese'); ;%ofmel vs for'mell ('Fbrmula' vs 'formal'),
etc. Some 1exical items are manifested with STRESS pl%ced on a syllable
contrary to the general stress placing rules which I assume for the.phonolo-
gical component of Standard Swedish, e.g. ka'bin ('cabin'), ka'nel (‘'cinnamon'),
tm'mat:(ftpmatof),.vé'sen?lig (tessential'), etc.

In certain lexical items (WORD)TONE, which is not considered a feature, of
their phonological representation in the lexicon, is manifested contrary. to
word . tone assigning rules (Ohman 1965, Elertb1972),_edg,vblébér,(jbilberryf),
trédgérd (*garden’ ), riksdag ('parliament'), etc. manifested with Accent 1
(acute).

The above mentioned cases are real ¢ ceptions, that is stress and word tone

are idiosyncratic. properties of these items and have to be learned. separately.
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For the lexical representation of Standard Swedish items which utilize all three
- prosodic features, I .consider the pros odic rows to be empty in all cases cap-
tured: by rules. However, where a certain prosodic feature functions distinc-

tively in a certain. item, thet feature is specified in the lexicon. As an

example, the phonological representation of the pair kaffe vs café differing

in the placement of:. GTRESS is indicated as follows:

kaffe café
Jk a f e/ /k a f e/
distinctive features:

(a) segmental VOCALIC
CONSONANTAL

VOICE
(b) prosodic  ~ STRESS S
QUANTITY |
TONE L

AURE SRS S E

[ S T

~The first item kaffe is not marked for any of the proscdic features. Stress
is placed on the first vowel /a/ at some point of the derivation in accordance
with:the general stress assigning rules of Gtandard Swedish. This stressed
vowel is not specified for QUANTITY and in the context C___C... it will be
manifested short. Word tone (Accent 2 or grave) is predicted by rule.

The second. item café, however, is specified for STRESS on the second vowel
/e/ becauséjéfféss occurs irregularly on this vowel. This stressed vowel pre-
ceding a word boundary needs nut be specified For QUANTITY because it fulfills
one of the structural condltlons for long vowels (case a) The word tone assig-
ning rulés ! correctly generate: the Accent 1 (acute) from the stress placement on

the final vowel.
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These deviations: might be due to.. -

(a) segmental influences (vowel hight, manifestation as monophthong or
diphthong, manner and place of articulation of the following consgnant,
the voicedness of the consonant, etc, ),

(b) position in higher level units (compounds, phrases, etc. ),

',(c) different prosgdic patterns (atatement,:question;”neutral or emphatic

mood, etc. ),

(d) speech temﬁo, etc.

By way of‘coﬁéleioﬂ ah‘BQ£1ihé will bé'given ofvgﬁe phonclogiéaliééécifi~
cation for QUANTITY of some lexical Ltemo o% few ldnguaqes exhibiting quumt1~
tative differences. o

In Finnish, wﬁééé‘ﬁhg‘uoméin‘of'quéntity is a non-initial JoWéi or consonant,

E;;;ry“lénq seémeAtzig marked., In Danish and Dutch, the long vowel has to be
sp901flud bécause th& domain of quantlty is the vowel. Italian, however, shows
duratioggl digferences‘of the consonant. Hence the consonant is marked for
QUANTITY In languages with mutual complementation (Lehiste 1970:49), e.g.
Standard QWBdlSh Norwpqlan Bavarlan, the domain of guantity is the seqguence of
vowel and consonant. A long vowel is always Followéa Ey a short consonant, a
short vowel by a long conscnant. As consonant duration does not seem to be a
ﬁgihafy cue for perceptidﬂ of theré contrasts (HdddlnquDuh dﬂd Abromson 1964,
Bannert 1972), the vowel.will be marked for QUANTITY even in thesg langanCS.
The daSheé indicate ﬁﬁé Segmento‘of columnolof thc 1tems.

distinctive?: ‘

features: i
Finnish : tule tuile ooy ll eiitgugll&eﬁff'

(a) segmental ... .-
(b) pruuodlc_

QUANT R R .+,M_

— s e — xew e

I+
i+



Danish

-~
st
—~—

o~
[a)
-

Bavarian
(a)
(b)

This paper"shohld not be cdnsidered more than ‘just a very ﬁreliminaryiand n At

; complete Sutline. It\Will be elaborated and exteénded later.
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SPEECH TEMPO :
Sidney Wood

Jung 1973

1. INTRODUCTION

Tempo is not one of the more freguently explored areas of speech research,
and any DossiblebcohsequEncés of tempo' variation for other phonetic phe-
nomena have all too often been taken for granted, Unforturately; .the -
situation is complicated by pitfalls of definition and hazards of* numerical
treatment,

If we glance @t some of the elementary textbooks we find the following,
Jones (1967: $43) put the average conversational rate of native English
speakérs at 300 syllables a minute'and recommended this as a convenient
target for foreign learners. Gimson {1962r25) makes several brief observa-
tions in one shoprt paragraph in & discussicn of quantity and duration:

(1) "the absolute duration of “sounds -or syllables will, of course, depend
on thélsbeea of uttefénCe"; (71} "an aveérage rate of deliveéry might con-
taiﬁ anything from 6 to 20 sounds per second", and (iii) "lower and higher
Speédé:areﬁfrquéhfly used without loss of intelligibility". These simple-
statements alone disclose a number of fundamental problems, How 1is ‘speak-
ing:gaké to be measured? (In "sounds" or "syllables™, neither concept .-
being‘easyuto'aeFiﬂe?j.What'is the range of variation of &peaking rate?
How Far do durations of other physical phenomeria depend on speaking rate?
Of;hCSHQefsélygith.Férlis spééking rate a disturbing factor in investiga-
tions concerning physical guantities in speech? How are speaking rate and
inteiligibility'réléted? Another author, Abercrombie (1967: 46), has the

Following to say about speech rate: (i) tempo (speed of spesking) is best
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measured by rate of syllable succession, (ii) tempo is variable, and (iii)
"everyone who starts learning a foreign language has the impression that_ o
its speakers use an exceptionally rapid tempo", His third observation in-
dicates a further areca of interest - what is perceived rate? Yet another
area is revealed by Heffner (1960: §8.1) who discusses in particular the
maximum rate of articulation available to man,

"Tempo" is not one single, unambiguous concept, but has in fact been
used to denote the speed of several different processes in speech produc—

tion. And "speed" has a special sense when applied to speech tempo, It

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

of . 8peech units occurring in a defined:perigd of time (words, morphemes,
syllables, phonemes, gestures etc,)‘vIt,does not refer to yelocity. But
the question has been raised as to whether or not we do accelerate artigu—
lator velocities when we "speak faster",

It is customary to make a fundamental distinction between gross rates
based on the total time of speaking (i,e, including pauses) and net rates
based on the periods of actual utte;amce fi‘e.rexcluding pauses). These
two types of measure have»recgiyed various names, Goldman-Edisler found it

convenient to refer to talking rate as a measure of the entire cognitive

and articulatory activity involved in the production of an utterance and

articulation rate for the amount of speech produced in the time actively

taken to produce it. Kelly and Steer {1949) have over-all rate (comprising

"intentional pauses and unintentional pauses as well as meaningful words

spoken in the elapsed time") and phrase by phrase gentence rate, excluding

pauses, (A deeision on "meaningful words" is important since sooner or

1 .

later the investigator must face up toythe»problamToF what to dorwith the

hesitant repetitions and uhms and ahs of sponaneous uttaranees.) Clevenger
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and Clark (1963) define three measures based on total time, phrase time,

and pause time. In addition to gross rate (making no distinction between. .

pause time and phrase. time) and intra-phrase rate (based on. phrase time

only); they suggest that percentage of pausse (pause time as -a proportion

of total time) can also be a - -useful measure of rate.

. The difference between these measures can be illustrated with some
data for my informant £, a speaker of West Greenlandic Eskimo, who has
read a page from-a novel, His style was-fairly casual. He uttered 333 gyl

lables in 31 phrases in e total time of 74 seconds, a gross (talking) rate

of 4.5 sylls/sec, His pauses amgunted to 24 seconds (32 % of the time or
roughly one third), which means that he actively produced the 333 syllables

in 50 seconds, an-average net articulation .(or intra-phrase) rate of 6,7

sylls/sec. The gross rate indicates how fast he was communicating (i.e, com-
posing and transmitting his mBSSaga), but tells us nothing of how fast he
was uttering speech {which might indicate the load on the articulators and
possibly ‘be-related to the degree of coarticulation .and reduction etc. ) -

Fig. 1 shows: the cumulative frequency-of. net, intraphrase, sentence-or.

articulation rates in individual phrases for -this informant (£).. He:varied

between 4,7 and 8.7 sylls/sec inindividual phrases, the average heing
about 6,5 sylls/sec, For most of ‘the time (66 % of his phrases) he ranged.
within 5,8 - 7.6 sylls/sec., Another type of ywresentation;is given at Fig. .
2(a) which shows how His net articulation rate fluctuated phrase by phrase.
. e should not now be surprised.to discover that “tempo" or 'speech rate!
are used with different meanings by different authors,; For. .example, Kozhev-
nikov and -Chistovitch (4965) first defined tempo-as the speed with which an
articulatory  programme is accam‘plished'-(pa 77)-and?5ubsequently'a5 the

speed of succession of individual commands as distinct from the speed of indi-
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vidual movenments-(p._90). They accuse Stetson, Hudgins and Moses ‘( 1940) of
confusiong the issue by failing to observe this distinction. These three
authors were studying the ranges of temporally constrained gestures, which
is itself a legitimate area of investigation. Their aim was to study fac-
tors influencing the interpretation of palatagrgms and their conclusions
are consequently of relevance for experiment design. This is a very differ-
ent area from Kozhevnikov and Chistovitch's interesting speculations re-
garding the programming of speech articulation, In yet another area,
Karlgren's intersst in the application of information theory to speech

led him to place emphasis on the rate at which the content -of the under-
lying message was transmitted,

Kazhevnikov and Chistovitch explicitly excluded an interpretation of
-speech rate as a source of interference distorting the data. Tt may seem
tempting to regard the duration depency. of many gestures or acoustic fea-
tures (described by, for example, Stetson et alia [1940], Lincblom [1963]
or Bay [1968]) as a form of transmitter noise, reflecting the inability
of the transmitter components to function adequately when temporally con-
strained, But there is an alternative 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 nolse,
Liberman et alia (1967) have emphasized the necessity for restructuring
phonemes to overcome the inability of the ear to resolve discrete slements
arriving at the rates of phoneme flow customary in speechy or of the arti-
culators to produce separate distinct gestures at such rates.: They suggest
that "dividing the load among the articulators allows each to operate at:
at reasonable pace, and tightening the code keeps the information rate

‘high, It is this kind of
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'parallel'brocessiﬂg that makes it possible to get high speed performance with
low speed machinery..." L

And yet the range of definitions outlined above represents only a few of
‘the possibilities. The treatment of pausss reguires careful consideration
since this determines the duration measured for the speech sample, Similarly,
the speech units counted can be concrete or abstract in various degrees. Care
must be given to the treatment of reduced segments. There is wide freedom for
combining decisions on these few factors alone. Neither of the two guantities
involved. in the computation of speech rate - duration and amount of speech -~
is a priori defined and the number of possible definitions of speech rate be-
comes, theoretically, infinitely large. Nor have we yet tried to handle acce-
leration .or retardation,

The literature reviewed below is not exhaustive - it represents what is
accessible to me at present, The topics treated appeared to fall naturally in-
to the following areas:

-~ measurement of duration (§ 2)

- suitable quanta of speech (§ 3)°

- estimates of normal tempo (§ 4)

~ cognitive activity, planning (§ 5)
 ~ why tempo varies (3 6)

= what happens when tempo varies (§ 7)

~ information theory»(§ B)
~ — the perception of tempo (§ 9)

— experiment design (§ 10)

2, MEASUREMENT OF DURATION
Early investigators were faced with considerable measuring difficulties, For

many yvears the typical design was to use the stopwatch for wmeasinlng chvabtion
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(e.g.'Rbudet); subsequently supplemented by the gramophone For storing and
reproducing the speech sample (Wijma, 1938). It was hardly‘poésible to deter-
mine the articulationiraté by these means -~ at best the estimation of pause
durations Was very rough, at worst it could only be a blind guess {Wijma
‘quotes Bourdon [1892] evaluating a colon as two commas, a stop as four
cdmmés and a comma as 0,375 seconds). The improvement of spectro-analysers,
ik oscillographs and magnetic tape recorders (ndwadayé all standard items
of.équipment in the phohéfics laboratory)'has eased the‘diFFiculty of mea-
suring the duration of defined stretﬁheg of speech.bHowever, the stopwatch
is nbt entirely extinct and was used as receritly as 1969 by Cook Fdr7deter~.
mining the gross overall talking rate of his interview subjects,

But while there are hardly any technical problems-today as to how to mea-
sure duratidn, no amount of hardware can iaentify and isolate the units of
épeeoh whoaeﬁduration is to be measured, A possible exception is Verzeann's
electronic analyser (1950) which had the ostensibly straighthdPWard task of
measuring entire phrase and pause'durations and accumulating and counting
them in distributional cells. Yet such an analyser would be unable to dis-
tinguish hesitant repetitions and uhms and ahs from meaningful speech. There
are also diFFicuitiesvinvolved'in the selection of a suitable minimum pause
duration for such a machine to define the end of a phrase, as Verzeano him-
self subseguently discusses in (1951). The theoretical and practical diffi-
culties of segmenting spéech into smallef units remain., In Kozhevnikov and
Chistovich's words (1965;81), 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., Karlgren's eguipment (1962) chopped the speech
signal into 1 second portions, but the analysis was done byﬁhahd.|<ozhévnikov

and Chistovitoh (pp. 79-81) placed electrodes on the lips and roof of the -



mouth so thqt labial or coronal gestures would close electric circuits,

Test sentences were theﬁ dasigned with consonants cbntaiﬁing one or other
of these gestures; Humqins (1968) has.polnted éut fha arbiltrary chdracter of
the decision tD 1et one single gesture mark the segmemt boundary, A segment
is composed of several coordinated gestures and aﬁ errorvof tlmlng of one
gesture does not neceasarily»indicate a displacement of the entire ségﬁeﬁt.
Lisker,_in a reyiew of thé literature on temporal a;pects.of speech (1978),
also emphasises the arbitfariness of segme ntino smaller units and p01ﬂt5 to
the qyllablo or word as Lanen]ent units for by~pa551nq this dlifjculty.

The next sectjon.Jq devotéd to the pfobl@m GF Qelpctlng a %ULL&DlB speech

unit,

3. SUiTABLE QUANTA DF;SPEECH .

Heqedﬁs.(1957), Fonagy éﬁd Maqdiés (196@), Osser andkpenk (796&}, and
Gardlng (19u7) counted phonumes. 05 er and D@ﬁg glvo thé FollowJHU molee
FQr rejecting the éyllable in Tavour QF the phoneme‘ln a comﬁafiéon D% Ehg—
iish_énd Japaﬁese speakinq ratés -~ they feared that the Simpiicity gF Jaﬁaf
nese byllable mfructure Gmmpéred W'Lﬁ tmp éomp]ox1ty of th 5ngli5h co;1d
bias their results,

In dfdef to minimize fhe aifficuity of aegﬁeﬁting the speeoh @ave iﬁéo
iﬁdividﬁal‘Dhonemes,‘kézhevnikov éﬂd.bhisﬁoQitchcused the Sum éfléll céﬁéo;
hants ana the.sum o% éllbvowelé‘ih a test senténée of dne of theif experi;>
ments; thereby réducing:the ngmber of segmént bound@fieé fhaflﬁad té Eé
‘identi%iedq’ | | | o |
| .Theyéxiggékg is:prbﬁabiy the mbsf custbmary uﬁif for rate heas;}es.'lt
has been used, Fow ekaﬁple by Roudet, Wiima, Goldman»Eialér, Meinhoid;j

Grosjean and Deschamps and by Malébéf-é£ alia., Repeated syllables were also

)
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used for establishing maximum possible rates of articulation (or gesture
repetition rates) by Stetson, Heffner, Lehiste and Sigurd.

Fairbanks et alia, Goldman-Eisler and Cook have counted words,

Kelly and Steer, confronted with this problem of choosing d suitable speach
unit, obserQed that measures of speaking rate based on syllables or words
were well correlated (0.84) in American English and concluded that either
gstimate would give substantielly the same result, An important factor ine
fluencing such a correlation must be the word structure of the ianguage in
question; For example, in languages like Swahili or Eskimo, strings of mor-
phemeé form relatively long words whereas the ccrreépanding morphehe S e
guence in English would yield a number of separate shorter words, The distri--
bution of word lengths in the speech samples from four of my informants is
given in Table 1 to demonstrate this point, Tho most'Frequent word length
in the Eskimo text (E) was 3 syllables (32 %) while a further 50 % were 4 - 7
syllables long. The mean was 4.2 syllables, The most Frequent‘Swahili (ﬂ)
word length Was 2 syllables (31 %) while a furiher 40 % were 3 -~ 5 syllables
long. The mean was 2.8 syllables, The most'Frequant Englicn word length wons
1 syllable (70 % for the General American informent G end 68 % For the
Southern British informant ﬁ), with means of 1.6 syllables ard 4.3 syllables
reépeoﬁively. A high correlation is surely to be expectéd betweemAword anc
Syllable rate in English when as many as 70 % o% the words used are mohoéylm
labic. Thisjdoes not detract from the validity‘of Kelly and Steéf‘s COonN=
clusions régarding English, but it does complicate cross-~linguistic compari-
sons, There is no correlation between word and syllabic rates in this Eskimo
sample, where bnly 10 % Df the words were monosyllabion

An even largef UHit, the entire Bﬂﬁgﬁg'ﬁetween'pauses; was usad by Hender.

son et alia and Verzeano,
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Karlgren (7962) obeerv1ng that the message 15 conveyed whatever the

Dhonetle dletortlon DF epeech suggested that thevnumber DF mqggggges_
(15'5 reconetfuetedbfull VEFalDﬂ of the message eederlylng the utterm

anee) transﬁlfted per unlt Df time would be a eulteble measure DF the
faee ef whleh 1nformat10n 15 trenemltted in“epeeeh= - |

vThe varyine deeree of ebetfactmeee uf eoeereteneea of the‘prerefreq

'UHlt doeevnot Fa011itete quantlfieailon of the eeeeeh uttered |

| The'abetraef er eoeerete ehefecte? ee-the ehoneme hae alwaye been a
eontrover51al matter. Nor 1; fhe.ey;le51e entlrely Free frem dlffer-
“éﬁaésLQ%PoplﬁloS'ééoﬁéyhow concrete Qf»;béL ant 1t 15 (CF Me}meeeg:
.1955 1966 Ghapt dﬁ){‘rerther new éhaﬁ geeeret;ye‘mede}ewfer phenef
logy are attraetlng attentlon ‘1t has beeeme.poeeible to-eet up underm

lylng eegments DF phoneme or ayllab]e 51/e thdt never have phyeleql cor-

relates at the phonetlc aurfacc Even the wortt is not Free fron a degree

OF abstractneae - 1t 15 by no means uncommon For whole wurde to be re=

\‘;«; :

dueed to zero 1n everyday epeeeh 1eqv1ng fhe 1nveet1gater w1un twe

oh01ee of Countlng werde aetual]y uttered or wefde preeumed te have be”n
Dresent in seme 1deal sentence form underlylnq the utLePQPL S

SRS R

The dletrlbutlone in Tab e 1 were based on completeﬁer»;def»Lumrmwﬁ“

forms, But many words were shortensd by the 1nforman““ in bh@lr epeeeh
espeeially F who read in an informal etyle 1he 33 uylleblee 01 hle

NS PR G

sample (already reFerred Le abeve in the 1ntroductlon) are theApboeetie

expreselon DF complefe pkonemlc word Forms contanning 39b DDSolblB eyl

, 3 i ced R

lables - a degree DF reduetlon DF 16 % An extrcme 1netaﬂee Df reductlen

in aWBdlSh is reported by Kdrlgfen (1962)1 who observed hew the pronun-

elatlun OF naturllgtv1s ("certalnly") ranged_from_[n“a t*ﬂa 1i¢t ywihe]

\..

to [n a @ SJ in hlS speed eamples.
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- The well known non-unigqueness of ‘the phoneme (e.gi Chao 1934), reflected
in the variety of solutions dvailable’ for any one language, introduces a
further element of arbitréariness to tempo measures based on this unit,

While the phoneme, as traditionally conceived, is certainly a useful device
for denoting distinctive conﬁraSts'dT”prdviding a non-redundant trariscrip-
tion of an utterance, there is a very ‘real risk that seemingly conmflicting
experiment results based on rival phoneme solutiors ‘might reflect differences
of linguistic creed between phoneticiaris rather than triue variations of
speech behaviour between informants Another ‘disadvantdge of counting pho-
nemes is that the rival phoneme systéms proposed for - a given language may
not be mutually convertible, so that results cbtained within’ the framework
provided by one phoneme solution may be useless -for'a linglUist preferring

- an alternative solution. King (1966):has propossd a set of rules designed to
achieve maximum convertibility of data from one phoneme solution to ‘another,
The prioblem: of ‘convertibility of phonetic daté between different investiga-
tions of the temporal aspects of speech is emphasised by Lisker(1973) who
points out how decisions as to the charactér of segmerits &tc are often made
arbitrarily. 'He preferred the kind of ‘definition that ‘would yield segments
appropriate to some stated geal.

In a sense, the net articulation raté is misramed, since the exat® concept
it expresses will depend on the degree of abstraction of the speech units
counted and on’ how reduced segments are treated, For-example, if a sentence
is repeated more briefly, we would intuitivély say that it was uttéred "more
guickly", This could in fact mean twa things - the semantié content has been
“transmitted more guickly, or .the'articulators have been working harder to

. produce the 'same gestures in less time. Only "the first of. these two interpre-

tations is always true in every case, “wHereas ‘the ‘number of gestures perform-
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ed will depend on the degree of phonetic reduction in each individual ren-
dering, Only when there is 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 example based on normal orthography) or the number actually utter-
ed (based on a narrow phonetic transcription), The decision will depend on
his purpose, but only the second concept is valid for discussions about arti-
culatory behayiour., For example, my American informant G spoke the five "syle

lables" of the words the Americans in 0.38 seconds, a rate of 13.2 sylls/sec.

Now we know that we cannot utter syllables at that speed (see section 4). In
fact, he actually uttered three syllables [Bimeérk n z], at a rate of
7.9 sylls/seq. This is a very plausible fast rate which would not overtax
the capabilities of the articulators. On the other hand, a phrase like gpeak
faster can only be uttered in three syllaples and the two concepts will coin-
cide, It will be impossible to accelerate such a phrase beyond the usual
maximum of 8 sylls/sec or so and it will certainly be impossible to-attain
an abstract -semantic transmission rate of 13 sylls/sec in such a case,

I shall return to this point in section 7 in .connection with theories of
reduction, It is sufficient to underline here that there is .a possible
source of confusion if the difference between these two concepts is not

respected,

4, NORMAL. TEMPO RANGE

The interest for normal everyday tempo was at first 1argely the preserve of
short-hand)writing experts, Karlgren, in an unpublished thesis, and Nosz
(1964) have collected and reviewed much of this material, The phonetics‘li—

terature. proper is only occasionally devoted to tempo, Typically, Roudet
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(1910:228-9) quoted short-hand sources - stenographers.at the French National
Assembly reported that the_rate»(pregumab1y gross,or talking,rate,:i;e. iR
cluding pauses),in the speeches of the deputies varied between 155 and 300
syllables a minute (2.6 - 5 sylls/sec) and he expected this to be exceeded.
in privatg conversation,

Meinhold (1972) reports average articulation (intra-phrase) rates in
German of 3 - 4 sylls/sec for poetry and 5 - 6 sylls/sec for prose, and news
broadcasts, a difference he attributed to "subjective redundancy", supraseg-
m?ntal expresgive information and rhythmic St?HQFHF?ZA'

‘ Grggjeam and Deschamps (1972) found the average articulation rate for .
French in 480 phrases was 5,29 sylls/Seg/phrase. Their corpus consisted  of
15 phrases for each of 30 speakers . in spontaneous. radio interviews, pooled,
82‘% of the phrases were uttered bhetween 4.4 and 6,0 sylls/sec, The slowest- .
rafe Was about 3.5 sylls/sec/phrase, the fastest about 8 or 9 sylls/sec/ - ..
phrase, About 3 % of the phrases were uttered faster than 7 sylls/sec,
Malécot et alia;(1972) have also investigated articulation rate .in half-
hour conversations with 50 members of the Parisian "establishment". .Their
grand average articulation rate for a total of 13 000 phrases was 344 sylls/
min (6.7,sylls/590 v)g_faster than .Grosjean -and Deschamps's result, The
variation ranged mainly from 4 to 8,5 sylls/sec/phrase; with limits at 1.6
and 9,8 sylls/sec/phrase. 66 % of all phrases were uttered between 300 and
400 sylls/min (5 - 6.6 sylls/sec).

Grosjean and Deschamps also guote one of Goldman-Eisler's results, an
average of 4,95 sylls/geD;For«B English interviews, and an earlier result
by Grosjean,”anfaverage=of 4,70 sylls/sec for 9 English informants,;

Ap Fig. 1.1 have given the cumulative. frequencies of intra-phrase articu-

lation rates for my four informants, The. Eskimo and Swahili. speakers: F and -
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H (wha were reading connected prose) spoke most quickly , averaging around.
6.5 - 6.8 sylls/sec/phrase and mostly (the central 66.%) ranging between 6
and 7.5 sylls/sec/phrase. The Southern British informant A, a politician
making a raaio’broadcast,“was'the slowest speaker, averaging about 4,9
sylls/sec/phrase and ranging mostly between 4 and 6 sylls/sec/phrase, His
style was very deliberate and persuasive. The American G, a university
teacher speaking spontaneously in a radio interview, averaged about 6 sylls/
sec/phrase and ranged mostly between 5 and 7.5 sylls/sec/phrase, His style
was Freqdehtly rapid {cf. his phrases faster than 6.5 sylls/sec with é's)
while at times he weighed his words carefully (cf. his slower phrases with.
F and H). These stylistic factors probably account for the flatter distri-
butions and:genefaliy slower intra-phrase rates of ﬁ and G as compared- with
F and H.

Figs. 2 and 3 show how the articulation rate varied between, successive
phrases For‘each informant, There are periods of acceleration Qeugv G,
phraées 6 to 10) and retardation (e.g. £, phrases 20 to 23). Apart from
the short term Fluoutatioh, there is a possible tendency to gradually ine= -
crease the average rate over a longer stretch, one such period lasting a-
bout EDﬁphrasés.'Thus E gradually increased his intra~phrase rate from. 5 - 7
sylié/sec to 6 ~ 8 sylls/sec through the first 18 phrases. This tendency -
seems to be less well defined in H's sample, However, it is clearly seen:
in G's with a pefiodicity'bf about 25 phrases and in Als with a periodicity
“of about 25 - 30 phrases.

Hegedls (ﬂ957) calculated the phoneme rate.word by word for Hungarian
speakers, He found that tempo varied between 5 and 20, phonemes/ sec/word- and
he related these word by word variations of phoneme flow to (1) semantic

weight (thé iﬁportance'of semantic reduridancy for perception as. distinct,
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From the acoustic information contained in the speech signal has also been
discussed by Lieberman, 1963), (ii) to phoneme quantity (long phoneres would
tend to have longer durations) and (iii) the number, of phonemes in the se-
gquence {this is related to the law of equalization, studied by Fonagy and
Magdics, 1960). Similar 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 ime .
porfanoe for theories about how speech 1is processed on reception,
Tﬁe-maximum possible -articulation rates of repeated syllables, or. maxi-. .
mum repetition rates for individual gestures, have been investigated from ..
time to time, usually with a view to determining physiological and temporal
constraints on speech, There is a history of this type of research extend-
ing beyond Stetson's "Motor Phonetics" (1928) back into the nineteenth cen-
turyb(Kaiser, 1934). Using mechanical and pneumatic devices recording on a
smoked drum, Kaiser analysed the maximum repetition rates of gestures re-
presenting different speech muscle groups. She found maximum: rates for
vafioué‘iip movements of 2.5 - 4 per second (tha lower lip being more agile
than the upper), for mandibular raising and lowering of 5 per second, for
ﬁongde tip gestures of 7.5 per second and for "voice Fluttgringiﬁglottal,
interruption) of 10 per second. Hudgins and Stetson.(1937) found faster
lip repetitions than Kaiser, a grand average of 6,7 per second Tor 9 sub=-
jects (with the jaw fixed to neutralize the mandibular component of labial
ocolusion)_However, the lips still had relatively, lower repetition. freguen-
cies than other articulators, which were ranked.from high to low as follows:
tongue tip;'mahdible, tongue backy’ 1ips, velum, The rank of the mandible
is interesting since this is sometimes referred to in the literature as a
siuggish’body,'suoh an observation is possibly not true, at least as regards

the rate at which its movement can alternate,
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“ilg ‘can only speculate as to the underlying cause of these limits, but -
gvidence points to the central nervous system rather than the articulators
themselves. For example, Lehiste (1970:7) Found she could voluntarily re-
peat the syllable gg up to 8 times a second but that her tongue could vibrate
freely 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 nervous system, The repetition of some gestures involves alter-
nation between agonist and antagonist muscles, others reguire periodic con-
tractior and relexation of muscles, This suggests that the limit-is:set. by
the Thaximum rate at which coordinated seguences of motor commands' can be
initiated from motor centres,

The maximum possible articulation rates are usually given as 7 -~ 8
sylls/sec’ for ta and progressively slower for other gestures (Hudgins and
Setson 1937, Heffner 1960, Lehiste 1970, Sigurd 1971) or8 ~ 9 sylls/sec-
(Meinhold) while isolated individuals have been found capable of repeating.
such a syllable at up to 10 btimes a second (Stetson 1945; Sigurd 1971).
Both Hudgins and Stetson and Sigurd conclude their articles by speculating
on the possible consequences of these physiological and temporal constraints
for the structure of speech and the direction of sound change. For example,
the most frequeéntly uséd gestures in speech are apparently those that are
mést readily repeated, and sound changes such as fronting of back vowels
or nazalization of vowels involue.a shift Frolegggif@Qoured to .more
favoured gestures,

If we compare the data~FBffmaxi&Um'éyllable:repetitibd rates with the
“performarnce of my four informants, we tah see in Figs. 1.~ 3 how all four -
‘yegularly approached the maxima, Figs 1 shows how H uttered 35 % of his

“phrases faster than 7 sylls/sec, F 30 %, G 25 % while A uttered only 3 %



114

of his phrases at these rapid rates. A was instead hammering home his poli-
tical message carefully and deliberately, which is reflected in.the regular—
ly recurring slow rates of 2 - 4 sylls/sec/phrase. Several of the authors
investigating the maximum repetition rates of syllables_observe that their
subjects experienced difficulty in forcing up thgir repetition rates with-
out becoming tongue-tied., In contrast, my informants seem to be producing
speech at similar fast rates without® undue discomfort. At the same time
(with the exception of the Swahili informant whose sample is dominated by

Cv syllables), the syllables they are progucing are more complex 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 suggests:a fundamental difference of neuro-motor behaviour -
between the experimental repetition situation and the conditions of every-.
day ‘speech, My informants do not appear to be unigue-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 articulation rates of .
gveryday speech compared with repetition experiments is that successive
syllables often contain different consonant articulations so that the same
gesture would be repeated at a lower rate than the syllable rate. For
example, labial and apico-dental gestures are repeated in every other..syl-

lable in words like minimizing or mandibular; permitting these gestures to

overlap. (Indeed, it has been suggested, for example in the parallel pro-
cessing ~theory of Liberman et aliagﬁ1967], that-speech is only possible-
thanks to this overlapping of gestures during production, with . a correspond-
ing oVerlapping of acoustic features in the received speech wave, ) If, then,

sequences of syllables with different consonants can be uttered more quickly
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than repetitions of identical syllables, there must be another constraint
determining the maximum possible articulation rate in speech, It could be
the rate of 10 "voice flutters" per second recorded by Kaiserg_The,rate

at which the glottal tone can be turned on and off would set the limit for
the repetition of vowels. The maximum articulation rates observed in.every-
day utterances approach, but do not exceed, this rate,

The gquestion has sometimes been raised whether there are differences
of normal speaking rate betwesen speakers of different languages - are .somg, .
languages inherently faster than others? We must distinguish, as always,
between' talking rate and articulation rate, Differences of talking rate
can be attributed to either of its two components pause time and‘articula—
tion rate, Differences of articulation rate will be due to differences in
production,

Osser and Peng-(1964) invited 6 Japanese and 6 American students to
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 rateﬂ. The average number of phonemes produced per speaker in each
language in this minute was then compared, and the difference found not
to be.significant.

Grosjean and Deschamps (ﬁQ?ZJ”CDmparedeQ“Frenéhfspontaneous-ra&ia
interviews with 8 English interviews published by Goldman-Eisler and 9
English . interviews analysed previously by Grosjean, They found significant
differences between the gross. talking rates of these samples, 264,37 sylls/
min-for the French against 197,25 and 221,49 sylls/min for the two English .
(4,4, 3.3, and 3.7 sylls/sec respectively). The French average. articulation
rate tended to be slightly faster than the.two English groupé (é;ZQHSylls/

sec against 4,95 and 4.7D“sylls/sgc) but the difference was only statistice.
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ally significant for the second English group only, In contrast, Malécot -
et alia (1972) found a faster average articulation rate of 344 sylls/min.
(5.7 sylls/seo)'For spontansous French, Grosjean and Deschamps concluded
that the difference in talking rate was mainly due to differences of pause
time and this in turn they attribute to the generally shorter phrase lengths
of the English speakers, which means that they paused more freguently 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
reflect differences in level of abstraction, amount of intellectual activity
and degree of verbal planning in the interview task, as suggested by Gold-
mai Eisler (see section 5), Grosjean and Deschamps recognised that it

would be more satisfactory to compare samples collected under ‘the same con--
ditions and analysed according to the same principles,

There is one Factor at least, syllable weight, which might make faster
syllabic articulation rates more probable for some languages, as was feared -
by Osser and Peng, leading them to count phonemes for ‘their comparison -of -
Japanese and English, Swahili, for example, has virtually only CV ‘syllables
and it is possible these would be articulated more quickly thar the heavier
syllables of other languages. Indeed, of my four informants, ‘the Swahili

articulation rates, almost 7 sylls/sec/phrase/
speaker had the rastest average intra-phrase/rig., 1),,and the speakers of

English were the slowest, averaging about 5 and ‘6 sylls/sec/phrase, However
it is not possible to decide this question with only four informants, The.
rélationship between syllable weight and articulation rate is examined more
closely below in section 6, Lét us here merely note that the syllable strué-
tire of the Swahili sample was Glearly simpler than that of English and.
Eskifo (Table 2), Yet while the Swahili speaker had a faster averags arti-

cllation rate than the speakers of English, the Eskime speaker-was- almost
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as Past as the Swahili speaker although his syllable structure was of simi-
lar complexity to the English. 1 am inclined to doubt that differences in
syllable structure had any decisive effect on the differences of articula-
tion rate between these speakers, although syllable simplicity is undeni- . -
ably in favour of the Swahili speaker. The differences are probably due
moreé to other Factors, expecially style of delivery and the nature of the
speech task che rhetoric flourishes of é‘s political speech, the calm

sﬁraight;Forward reading of F and H and the impromptu conversation of Q).“

5, PLANNING

The nature of higher levels of linguistic planning can only be inferred
from the structure of the speech output. It is not accessible by other
means,. Goldman~Eisler (1958), after repeating a guotation from Fournié

that speech is "the only window through which the physiclogist can view

the cerebral life", adds her own view ‘that it is also "the only window
through>which the psychologist may view the dynamic patterning woven of
motivating, controlling and environmental forces", She 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.
utterances (repeating-descriptionsrof DictUreé), different levels of ab--
straction (describing pictures or summarizing their content) and various
types of conversation (discussions with adult academics, conversations with
adolescents ‘and phychiatric interviews with rmeurotics) (1958, 1961a, 1961b,
1961c). Hér results indicated that talking rate (determined mainly by varia-
tions of pause length) reflects the degree of hesitancy and therefore of
organization or automatism of speech, that breath rate indicates the: strength

of affect (emotional excitation):and the output of speech per breath (ex-
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pulsion fate) reflects the degree of its cortical control, Fast fluent
speech tended to be weighted with habitual, well organized seguences (auto~
matic speeoh). The slow speech contained a good proportion of hesitation
pauses implying that symbolic and structuring processes were in progress
during the speech, She speculates on the possible significance of various
combinations of speech rate and breath rate, that they might indicate 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 diff ere
ent degrees of abstraction when encoding information into speech) it did
respond to practice, She belisved that this would corroborate the idea

that there is & more basic difference between speech sequences which are
familiar and well learned and those that are spontaneous and organized at
the time of utterance, than exists among spontaneous and newly organized
speech: sequences differing in levels of verbal planning.

Henderson et alia (1961) suggest that a pause and the following speech
phrase form one unit of cognitive rhythm, and that fairly regular periods
of planning and internal organization govern the final speech .output fop
short periods ahead.

Kozheunikov and Chistovitch's tempo experiments (pp. 76~90) were part
of a series designed to test certain hypotheses (concerning what: they
called the time figure of a syntagma) that were formulated in the course
of deriving a model of spesch programming, Assuming-that speech rate was
not-a source of interference distorting the data, that it was not  itself
programmed ‘but was the speed of -accomplishment of a programme, and that cone—
sequently only relative durations could be programmed, they proceeded to .

investigate the relative durations of words, syllables and sounds:in a
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syntagma uttered at verious rates. They found that relative durations of.

words fluctuated randomly at different rates (but there were considerable

variations of duration between different word positions in- the syntagma)
and-that relative syllahble durations fluctuated randomly in words, However,
relative consonant durations appeared to increase at faster rates. They.
concluded that the articulatory programme for a, syntagma cannot. be con-
sidered as a sequence of word sub-programmes, that the syntagma considered
as a seguence of sounds has no constant time figure, and that the syntagma
considéred as a sequence of syllables has an invariant rhythmic figure in-
dependent of speaking rate. Consequently, they argue, it is the syllable
commands that are rhythmically organized- in the programme of a syntagma, | .
Before proceeding to test implications of this, they reformulated: thelr.
definition of speaking rate as the rate of syllable.commands, independent . -
of the speed of articulatory movements, However, Notteboom and Slis (1969)
repeated this experiment, using lip electrodes and labial. consonants, and.
found that the relative consonantal duration varied only at slow: rates. I .
have also failed to find this regular variation of, relative consonant: and
vowel duration (Wood 1973), On the other hand, the results of YWodarz-Mag-
dics's (1972) investigation of the durations of Hungarian phoneme. segments
at slow and accelerated tempo appear to support Kozhevnikov and Chistovitech,
Her result tables show that all the Hungarian vowels: were shortened more
than the consonants, The ratio of slow to fast stressed renderings varied. .
From: 1:0,57 to 1:0.67 for tense vowels and 1:0.76 to 1:0,86 for lax_ vowels
except lax /i, y,‘u/'which varied 1:0.90 to 1:0.92, For consonants, . the- @ .
ratios varied mainly from 1:0,92 to 1:0,97, while voiced stops were hardly
shortened at all and fricatives, especially. voiceless fricatives, were:

shortened by about the same degree as lax /i, y, uf, 1:0.87 to 1:0.92.. .
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Unfortunately, Wodraz-Magdics did not describe her expsrimental method or
define "slow" and "accelerated" rate. If we take the liberty of adding some
of the average consonant and vowel durations in her tables, we find for /ta/
a .slow duration of 0,240 seconds and accelerated of 0,205 seconds, corre-
sponding to 4,2 and 4.9 sylls/sec. For /pa/, /ti:/ and /pi:/ the similarly
estimated ranges are 3.9 - 4,7 sylls/sec, 3.6 - 4,7 sylls/sec and 3.5 ~ 4.6
sylls/sec respectively. These estimates are all slower than the average nor-
mal rate encountered in everyday speech, and barely half the maximum possi-
ble, If the .estimates are correct, they agree with Nooteboom and Slis'’'s.
finding that the relative durations changed in the slow speech range, but
they,will not tell us anything about what happens in the normal and fast
ranges. Gaitenby (1965) found, that the relative durations of words, sylla-
bles and segments remained fairly constant in a sentence uttered at differ-
ent rates. In this case the different 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 guestlon seems to be open at presant and

we -are faced with the possiblity that there are differences in this.respect
between individual speakers or different languages, or that different ex-
periment designs can yield different results. Kozhevnikov and Chistovitch,
on the evidence of their findings regarding the relative durations, of con-
sonants and vowels (whieh-suggested that the time figure of segments was
not invariant), rejected the speech sound as a candidate for the programme
unit, The syllable was all that remained. Now if they had been mistaken
about the relative durations of consonants and vowels - as Nooteboom and . .
Slis's and my own controlled .experiments suggest = it could nevertheless.

still be true that the syllable is the programme unit, But some other type
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of argument would be necessary to decide conclusively in its favour,

6. WHY TEMRPO VARIES

Roudet lists several .causes -~ the temperament and character of the speaker,
emotion (sadneSS’was said to slow speech, arger and joy to accalerate‘it),
habit. and situation, Wijma also: conjectured that emotion was involved, Verw
zeano pursued this factor more methodically - he argued that if emotion
introduces periodic phenomena in mental processea'(ag had been reported)
then periodicities should appear in the speech of normal subjects exposed
to emotional stress as well as in that of psychoneurotic subjects; such
periodicities would be.a departure from randomness in the speech time
pattern, so that phrase durations would no longer conform to a Poisson
series (a model which appeared to describe their distribution adeguately. in.
normal speech, although he subsegueritly found {1951] that the randomness

of the distribution in-.part depended on the magnitued of .the minimum pause
duration set on the analyser to define the end of a phrase). In this cone.
text we can also recall 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.

Cook (1969) has investigated the effects of anxiety on speech disturbe
ances and speech rate. He points out that "anxiety" is a notoriously vague
concept, having as many different meanings as it has measures and operar
tional definitions. If we add to this the care that must be exercised when
selebting and defining a suitable measure for "speech rate", it will be-
realized that this is not & very easy. area to work in, Cook insists on a
distinction that has previously been neglected, between permanent and. transe

ient anxiety, He also Found that the literature revealed some doubt.as to
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what effect anxiety should have on speech rate - to increase or decrease
it or have no effect at all.Hs refers to a current hypothesis that anxiety
is a drive that will energize any on-going behaviour, Just as an anxious
rat runs faster, S0 ‘an anxious person will speak faster, Recalling Goldman-~
Eisler's work, he points out that when a person talks faster he actually
diminishes his pauses -but not his articulation rate, whereas the rat actu-
ally runs faster., He concludes that if anxiety does increase speech rate
(apparently'a gross rate) it is because Tesponses are more frequent not
becauss ‘they are faster, and the analogy with simple motor behaviour is
misleading. Cook used two measures of permanient anxiety but the respective
scores were not correlated, indicating that the two classifications are
not the same, Transient anxiety was manipulated by switching between . dise
turbing topics of discusaicn doying Aan interview with the. asubiect, THe ex-—
periment revealed no clear effect of either transient or permanent anxiety -
on speech rate (i.e. gross telking rate in words/sec). However, subjects
with high anxiety scores on one of the two permanent measures (Taylor;Mani~
fest Anxiety Scale) differ significantly from the low-scoring subjects in
their reactions to transient anxiety - the high MAS subjects slowed down -
whereas the low MAS subjects spoke faster, Cook therefore rules out the
drive- theory since the permanently anxious did not speak even faster when
transient anxiety increased, contrary to what the drive theory would pre-
dict, Other theories remain open,

‘Fénhagy and Magdics investigated how far the law of equalization applied
in speech (that seduences of different syntagmatic length terd to be utter-
ed with the same duration, tempo changes compensating variations of length).
This is related to what hHas been called the stress-timing theory - that

stress groups tend to be uttered with the same duration, irrespective of
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the number of intervening weak. syllables, Sweet, Sievers and Jesperson
had all intuitively perceived that longer sequences were pronounced more
rapidly than short sequences. Rousselot and Laclotte.(1913: B?eSD) had

reported that a given articulation becomes briefer as the group it is in

becomes longer for example & in péte, p&té, pétisserie. Liqdblom5(1968)
investigated the. same effect using Swedish nonsense utterances, and found .
he could express. the expeqteq”duration of a syllable as a function Df S B
veral factors including the positiqgégf the gy}lable and the numper.af §y%7
lables in the utterance. Fénagy and Magdics found that smaller stress groups
were uttered more slowly, but that the dependence of tempo on stress group
size weakened in sequences. longer than three syllables. Expenential func-
tions described - the dependence of speed on the size of the stress group.
.Boldman-Eisler showed that talking rate depended on pause duration which
ig itself, she argued, assgciated with the amount of cognitive. activity
involved in planning, in 196%a she describes how, in contrast, the rate
of articulation is invariant for different degrees: of abstraction, but
that i1t increases in proportion to the amount. of practice (or. degree of
familiarity with the utterance) -~ articulation rate is faster For- well
learned sequences, .clichés, jargon etc, The rate of articulation also
appeared to be a strong personality constant of the individual speaker.,
Kozhevnikov and Chistovitch {(p. 114) found that a sequence CCVCV.,. .GV
had a longer duration than a sequence CVCGV...CV, The.extra consonant in ..
the first syllable delayed the subsequent syllables, and the difference in
duration: did not diminish upon arn increase in the number of syllables,
Their conclusion was that the change of duration caused by the addiﬁional
consonant is not peripheral in origin, but that the neural commands for the

subseguent syllables: are delayed by -a definite magnitude. An implication. .
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of this for speech tempo must be that syllable structure can influence
the articulation rate when measured in syllables - the longer duration for
the same number on3yllables yields a slower syllable rate.

Sigurd (1971) systematically varied syllable complexity in his repeti-
tion‘eXpefiments,‘and,tested“51 different. syllables such as ba, spa, stra
etc, The grand average maximum repetition rates for all nine subjects
were 6,7 sylls/sec for all single stops with a, 5.0 sylls/sec for pla. and

ara, and 3.6 sylls/sec for stra and skwa, demonstrating the lower repeti-

tion frequency (or longer duration) of more complex syllables,

This syllable complexity effect is the cause of Osser and Peng's con-
cern that the different syllable structures of English and Japanese might
bias their expériment, English has a heavier syllable structure than Japa-
nese and might therefore be spoken with slower syllable rates, The diffor-
ent articulation rates of my own informants (Fig. 1) might also be related
to this effect, We have already noted in section.4, Table 2 and Fig,
that the Eskimo and Swahili speakers F and H tended to have faster net
articulation rates than the two speakers of English dialects A and G and
that Swahili had a very simple syllable structure, Let us examine more .
closely the possible effects of syllable structure in gpeaking rate in
these lahguages. We can look for a within-speaker effect and a between- -
speaker effect indicating individual speaker performances., With only four
informants it is not possible to analyse these effects systematically, bhut
some tendencies can be-found.

Eachi informant's phrases have been divided into classes according i to
articulation rate, and the average number of consonants: uttered per syle
‘lable in each rate class has beed calculated., If the articulation-rate is

negatively related to syllable complexity, as expected, we should -find a
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smaller riumber of consonants per syllable in the phrases uttered at faster
rates, The 100 phrases of A's sample made possible a class 1nterva1 as
small as 0,5 syll/sec. However, the smaller samples of E, G and H gave
many classes with only three or fewer phrases iff the same interval:WaS
used, A larger interval, 1 syll/sec, has therefore been preferred for
these informants, The results are given in Table 3. .

Values in parenthesis are for classes where only 1 - 3 phrases occurred,
the results appearing to be more stable whgre there were at least 4 or .5 .
phrases in a rate class, The table shows that there was indeed a teqqencyv
for all four informants to have-fewer consonants.per_syllable‘in Fastgr
phrases, For A, whose sample covered the whole rate rangevfrom 2 -8 .
sylls/sec/phrase, the overall difference was at least from 2,3 to 1.3 con~
sonants per . syllable (corresponding to 10 consonants in a phrase.of,tgn
syllables) between slow and fast phrases. G's sample also CDVBFS:?hB Full
rate range and shows a»gimilgf Dvefa@l difference of from 2,0 to. 1.3 con-
sonants per syllable (cqrrespondingvto 7 chsQnanﬁs‘pgr?pbrgse,of 10 syl-
lables), F's and H's samples do not cover the full rate:rangg, tbe;glowert
half not being well represented. Their overall differsnces are consequently
smaller than A's or E's.,ﬁf@as a difference of about 0.5 consonants per
syllable {corresponding to about 5 consonants per phrase qf;qD syllables),q
between medium and fast phrases, The difference is least for H due to the

rarity of more complicated syllables than CV in his language, Swahili,*

* The most productive type of consonant cluster in Swahili is Ct+semivowel.
There are also a Few gxamples of s+t, An occasional stopt+liguid occurs—
in loans, Finally there is the unique nasal+obstriuent group which is al-
ways traditionally held to be syllable-initial, thereby preserving the

_ constant open. syl]ableness of Swahili, My own 1mpr95510n of the infor-
mant's speech was that he instead produced such nasals together with the
preceding vowel. My perceptlon may . ddmlttedly have been . pregudloed by
my "English ear', However, the spectrograms did Frequently indicate a
nagalized preceding vowel in this situatien (for example a word 11ke
mambo, traditionally /ma+mbo/ with open syllables, which I heard as

Tm&(m}~bo]).
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The results given in the table indicate that within the speech of indivi-
dual speakers, syllable weight is negatively assopiated with artioulaﬁion
rate, phrases uttened at faster rates in everyday speech tending to have
less complex syllable structure. The magnitude of the contribution of
syllable structure to articulation rate is difficult to assess, but the
product moment correlation coefficient (r) for mean syllable duration per
phrase and the mean number of consonants per syllable per phrase over the
first 20 consecutive phrases in A's sample was 0,5, which means that at
least 0.75 of the articulation rate variance* must be attributed to other
factors than this correlation, Beyond this, a correlation cannot tell us
anything about cause and effect,

So much for. the-tendencies within each individual's speech, But what
of differences between the individual speakers? Table .3 demonstrated the
simple syllable structure of H's Swahili (0.9 - 1.5 consonants/syllable/
phrase) while F's is very similar to A's and 8's (1.2 - 1.8 consonants/
syllable at faster rates), Syllables with one or two consonants were most

frequent for A

o ¥

F and 8, in nearly equal proportions (Table 2), The grand
averages Tor the entire material were 1,57 and 1,58 consonants/syllable
respectively for the speakers of English A and Q*f,_a@d 1.49ifor the
Eskimo speasker F. Clearly, the differences in average syllable_weight
between these three speakers are relatively small (0.1 consonants/syllable.
or 1 consonant in a phrase of 10 syllables), especially when Qompared_with

the strikingly simple syllable structure of the Swahili sample, which had

*® The r981dual varlance. Var {1 - ra)

#% The English averages, 1.57 and 1,58 condonamts/syllable are remorkwbly
close considering the differences of dialect and style., Gerber and Vertin
(1969) found good rank correlations between different phoneme frequency
counts in English and they concluded "the statistical constraints upon
a given language are So severe that varlatlons in timeg, place and form
are ‘of llttle CONSequUence, . .. - : -
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a grand average of 0,99 cbnsonants/syllable (virtually only CV syllables).
It is hardly likely that the small difference between: E Qilable struc—
ture and 5'3 ahdbg*s could accouht for E's much faster rate. Moreover,:
the difference between the average Eskimo and Swahili syllable was as

much as 0.5 consonants/syllable or 5 consonants in a phrase of ten syllab-
les; Thié is much greatef than the difference between A or G and £, and
yet F and H havé.ﬁery similar distributions of intraphrase articulation
rate (Fig. 2);.bbth averaging nearly 7 sylls/sec/phrase,

Table 4;gives‘£hé;évefége‘numbefuof consonants per syllable in three
classes réﬁféseﬁfihnghé faster rates (6.5 - 7 sylls/sec/phrase, 7 = 7.5
sylls/sec/bhfése and faster than 7.5 sylls/sec/phrase). This shows how
the English éndbEékimo speakers were capable of the same fast rates as the

Swahili Spéékér despite the heavier syllable weight of their languages,

7. WHAT HAPPENS WHEN TEMPO CHANGES?
Sémé:workﬁhas”beén‘canCefhed'with the changes appearing in the speech
‘éignal due'tobvafiétiohsa6F fémb6;

Lindblom (f963)“in§e§tigated the association between vowel ‘duration and
spéotréilnéuﬁféiizétidn OF'Vowels;”using variations of tempd as one means
of indQéing'chéhgéghéF vowel deéEioﬁ. The extent to which Formant freguen—
cieé:ih'thé waéié failed ta reach target’values at a given vowsl duration
could‘bé deséfibedvby'a conﬁinﬁous monotonic exponential function, Simi-
léfiy;%Gay:(AQGB)A%DOHd'thétYthe‘Fdrmént frequencies of the terminal spect-
rudeF a dibhthong'élide depéndéa on the duration of that glide, the rate
of spactral chanqe belng constant durlng it, Another example of undershoot~
1ng, by aplcoudental and dorso—velar Consonants, was given by Stétson et

alia (1@40): Thé}obhtéct.aféé*diminiShéd and the locus of contact was ‘dig—
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placed as speaking rate increased. Kent and Moll (1972) also found a ten-
dency for lingual consonants to undershoot. In contrast, Gay and Hirose
(1973) found that for labial consonants an increase in speaking rate was
not accompanied. by undershoot or any corollary change in lip closQ;e durge
tion.

As mentioned in section 5, Kozhevnikov and Chistovitch Found that when
the same. test sentence was repeated at different rates proportion of time
consumed by all the consonants tended to increase as tempozincreééed, it
was also noted there that Nooteboom and Slis (1969) and I (Wood 1973) had
failed to reproduce,this tendency. Kozhevnikov and Chistovitch based two
hypotheses on this observation, (i) that the time figure of a syntagma
considered as a sequence of sounds is notvconstant, and (ii) that the
gradual disappearance of a.vowel is due to the consonant requiring a neces—
sary minimum duration, sometimes leaving no time for the vowel at faster
rates, The first was discussed in section 5. Regarding the se;ond, that
vowels are "squeezed out" for want of sufficient time for their execution,
this ought to occur at randaom, whenever a}momentary shortage oF,time occurs,
Wihile it is possible that some reductions occur in this way, vaauld”also
suggest that vowel elision and syllable contraction are largely‘non—random
and are instead habitual and predictable from the environment, a»view,
supported by the regglarity of such pbenomenawsynchronically in daily speegh
and..diachronically in sound change. Such reductions become part of the
common speech code and comprehension is not endangered. Some of - the redun-
dancyfinuthguspeech signal is discarded, with the result that the_mes§age
is transmitted in a briefer period of time, that is, more_rapidly,“

The message can be acoelgrated,by shortening segmentldurations down to

a.minimum (which, it has been suggested, is determined by the properties.
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nf the nervous system limiting the rate at which coordinated sequences of
motor commands can be initiated, see section 4). .This is the region in
which undershoot phenomena are investigated, Acceleration of the message
is also achieved by merging or omitting segments. It was demonstrated in
section 3 that syllable contraction is only possible in some messages,
and the examples that ccour are, as suggested above, larngely habitual.
The difficult, perhaps impossible, point for theories of reduction to de-
cide is (i) whether segments are casually dropped because accelerated speech
happens to leave no room Tor them, or (ii) whether they are deliberately
omitted, for whatever reason, with consequent acceleration of the message.
Is the restructuring of articulation accidental or deliberate? Possibly’
hoth situations are true, It is typical of many languages that certain
weak vowels are omitted between obstruents and liquids, for example Latin
vestlb‘lum French app'ler, English delib'rate. the conventional, rather
than tempeo-dependent, nature of such reducticns is underlined when, hyper- .
correct forms appear with spuricus vowels, 28 in Latin 5aequ)1um

It is not easy to observe an incresse in tempo that can be related:tor
reductions of the synkope type. A measured articuletion rate re presents -
the sum of the various influences acting on the temperal characteristics
of Speeoh'éhdffeflects the consequences of reduciicns rather than the drive
that 15 postulated to have dccasionad them, There is a grave danger that
grguments and proofs may become circular, The articulation rate follows:
1ncrea8ed tempo so long as gogments are shoftoncd Dnly. But when seqments

¥

dlqappedr, a paradoxical slowing of the phy51010qlca1 drtlcul tion: rdte

e

can occur if syllablés aré contracted, "as in perhaps i 3 rAEDSH, CONE WA
- § L Saetbiint ~tan 4

* Supposc a sentence were uttpr=d'in n syllebles jh‘t éefondé'dt a faﬁe
of n/t syl]s/oeo, and then repeated more cuickly in the briefer duration

of tg seconds but now in {n — 1) syllables following reduction. The new
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round this difficulty is to relate reductions to the rate of transmission
of the unreduced forms (cf, section 3, where a rate of 13 sylls/sec was.

possible for the message the Americans thanks to reduction to

L5 imérkn z]); but this procedure tekes for granted that the first
of the two interpretations outlined above Tor the tempe,/reduction relation-—
ship is always true,

‘The guestion has sometimes been raised whether the articulators actually
move faster when tempo increases., The interpretation usually placeq on
the undershoot phenomenon is that the articulator does not travel so far
when time is restricted. But this tells us nothing about articulator ve—.
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 activity level of the miscles
and an increase in the velocity of these articulatqrs for increased speak-
ing rate. Kozhevnikov and Chistovitch (1965:180) had found that peak
lower lip velocity during a closing movement varied with the initial mag-
nitude of opening and this was subsequently confirmed by Ohala et alia
(1969), Ohala - (1970: 138), with respect to the mandible. Kent and Netsel
(1971) found that velocities increased with degree of stress, which they
attributed to the greater distances travelled in stressed syllables and
the generally higher level of activity associated with stress, The con-

verse should be expected in accelerated speech where stress levels are ge-

rate is (n = 1)/t2 sylls/sec. It is given that t, t, seconds, but any
of the follwoing relations between the net syllable rates is possible:

noy (o) no_ (o= £‘.<(£1.:._l)
For example in the case where n = 8 syllables and t, = 2 seconds, the

following values fer to will make sach of the three relations true:
té} 1.75 secs, t2 = 1,75 secs and t2<j1;75 secs respectively. E
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nerally lower, Kent and Moll ."(V19,7_2) fqgﬁd that the mandible travelled short-
er distances ané did indeed.tend to moJe more slgwly @t faster speaking
rates, TheyAFDund that the tongue body aocelerated,quting the closure
gesture to g so. that its peakvyelocity depended ngthe’distancg travelled,
which wasﬂlargely determined by the preceding vowel (Furthest Fram a8y a@d
50 Dn),_Again,mthe_peak velocities were slightly slower at ﬁhe faster“” o
rate due to the shorter articulator excursions, Changes of rate hgq }ittlev
effect on tongue tip velocity, but the tip certainly did not movelfaéter v
at f@gter_speakiqg“rates, Theﬁggneral picturg‘therefqrg seems @o be ﬁhat ‘
the‘}ips compensaﬁg for a sborter.§egmenﬁvdgratian byvincreaging;their
velqgity_at fgsterhyatestrwhereag tbe ?onggawanq mandip%e accelerate‘
durlng gestures and the p@ak ve1001ty therefore aepends on the distance 1
travelled, which 15Ausually slightly less at faster rates and)thé.peak ve— 
locity‘porregpgndig}y lower, - o o

. (PRI S em e e Lo . -
Coep cne 3 . : Lo i . S R IRt P

8. INFDHMATIDN CONTENT

e e . N e S e el P,

The 1nterest 1n the appilcatlon of 1nformat10n theory toullngu1st105‘in
general aﬁd to sﬁeeéh 3n>partloular was probably at 1t5 helght about a
decadg agD:.It was ”u;te nafgrél tﬁat speech rate, b91nq concerns d Wlth
howifésﬁ Wé compose, transmlt éﬁd repelve spoken“messages, shpuld also
have Eeen Ql@W@d From thls angle. o |

Karléren (196?, and an unpublthed the%15)raimed to ihves%iéagé tﬁe |
efficiency‘of the llngulstlc c:mmunlcatlon process é%d‘the approprlateﬁeésﬂ
gf informatlon theory ﬁodels For quantltatlve treatment DF language ‘Hém' |
asplréd‘fo'adaﬁt the existlng theory tb’the 50951a1 needs of 11ngu1stiéé -
to buila a iinguistic com%qgiéafion tﬁed;y. B ” .. : :

Goldman~Eisler 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). She 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 hypothesis waslteéted'by relating the incidence of pauses
in spontansous utterances to the inFormation content of the words consti-
tutingvthem, The eXperimental evidence showed that "the close relation.
found fé exist between pauses and information on the one hand and Fluency
©of speeéh‘énd redundancy on the other, seems to indicate that the inter-
“polation of hesitation pause5‘in'3péech is a héoéésary condition for such
“an increase. Delay is thus an important element in the production of ine
formation® {1958, 1961 d). |
" Picket and Pollack (1963), considering the relative intelligibility of =~
" small messages pronounced slowly and well versus large rapid and garbled
messages, found a balamced trade~off between the two, thavformer'prDViding‘,
more acoustic clues to identification, thé-latter moré“5emantic clueewﬁb~
- .Verzeano&.investigatiné disturbances tb normal Speech patterhs,‘BXWV.
plainéd the higher freguency of shorter phfases in the speech of poste-lo-
bectomy-pafients as Fdllmws: the operatioh-limité the complGXity of the
eoncepts the subject may form and thus the=léhg£h of the bhrasea in which -
“these conaebts are exbfessed} and in order to tramsmit the samé amounfibf'
informatiom in'éhortér phrase unitslhé héé tb:increése his phraSE'Frééuénby;_
The idea.that the rélatimnship.befween:sﬁéakigg~pate andtinformatimh'
content can be seen éé a‘consequenca of the speaker;s brain’cbnstitutihé:':
“the narrowest section in the prodﬁbtién Dhéahei haévélso.béen”éxpfessedbs_‘

by several authors, There is a physiologiéal functiohing 1imit'o?.thévébeech-



133

organs but their capacity is nevertheless adeqguate for any message the

o that the bottle-neck appears to be central rather

brain can create,

0

than peripheral. Tﬁis is demonstrated by Lehiste's experiment comparing
voluntary tongue tip gestures with the vibrations of a trilled r (see
section 4). The receiving side would alsoc seem to have ample processing
capacity - Sigurd (1971) guotes 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 been .
devised, enabling, for example, the blind to increase their rate of infor-
mation intake as’ compared with normal speech rates (Schroeder &t alia
1955).'SDBBCh can be followed, though with difficulty, at rates approach-.
iﬁg 400 words a minute (Orr et alia 1965, quoted by Liberman et alia

1967, and Fairbarks et alia 1957).

9, THE PERCEPTION OF TEMPO

Goldman-Eisler (1958) found that what is commonly perceived. as the speed:.
bfjfalking is determined by the halts and pauses which interrupt the flow
of speech, rather than the speed at which the actual speech movements are
performed,

“Osser ahd'PenQ“investigated the often expressed belief that foreign
languages are uttered more guitkly than one's own native tongue. They found
no significant differences in the rate of phoneme’ production between five
American and five Japanese spzakers, They speculate that a listener, being
unfamiliar with the relevancy of acoustic features of the foreign speechy
is overwhelmed hy the flow of information whereas he has learned to dis-
Fégard features that are irrelevant in his own language.

- Picket and Pollock tésted the relative intelligibility of sequences of



134

equal duration consisting either of short carefully pronounced messages
or longer rapid and garbled messages, They formulated their notion of a
trade-~of f between acoustic and contextual clues at different rates (this
can be related to the view outlined previously that the reductions of
normal continuous speech are concerned with codig efficiency, enabling

the message to be successfully transmitted at faster rates).

10,  EXPERIMENT DESIGN

In the literature referred to, the experimental situation has mostly been
concerned with evoking variations of tempo, Sometimes -informants have

bean asked to speak slowly, normally or quickly, at others a target rqte
has been dictated by a signal. In one case, the differences between normal
personal constant rates of several individuals were exploited....

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 textbaooks of phonetics only mention tempo in passing, merely noting
that it exists, perhaps with a warning attached that it can influence ex-—
periment results, Stetson et alia (1940) showed how consonant palatograms
vary with changes of duration induced by varying the speaking rate - cone
tact areas diminished and the contact locus was gradually shifted as dura-
tions shortened. Lindblom's and Gay's investigations are also a warning
that  vowel. spectra are related to duration, This must be borne in mind,
for example, when comparing physiological or spectral data collected under
different conditions for cross-linguitic or dialect comparisons, Observed -
differences may be temporally rather than linguistically conditioned, Dif-

ferences between phongtic and linguistic constraints on the temporal pro-
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perties of speech have been discugsed at 1eggth by Lehiste (19?0: chapt 1).

The influence of speaking rate has probably been most keenly dreaded
in studies of presumed intrinsic durations of phonemes, Lehiste and Peter-
son (1960: 17) were troubled by the need to eliminate the influence of
tempo in order to discover the presumed intrinsic durations of vowels,
Their test items were embedded in a test word placed in a constant sen—
tence Frame. On completing the experiment, they tested various hypotheses
concerning the possible effect of variation of frame duration and stress
timing. They decided that variations in rate of utterance had little ef-
fect on the duration of the syllables studied, but they-remained uneasy
and concluded that Further investigation of the relation of tempo to seg-
ment’ duration was needed before this variable could be specified adeqgquate~
ly.

Gregorski et.alia (1971) compared temporal variations in recordings .
made with controlled speech rate (dictated by a metronome) and uncontrolled
(normal) speech rate, Differences of variation were not-significant and
they concluded that, for the conditions investigated, the-two methods
produced comparable results,

The experience of ‘Kozhetnikov and Chistovitch (p-90) was that the nor-
mal raté of individual speakers remained constant over longer periods  of
time (they repeated recordings over a:period of months?). Goldman-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

error, When the informant's task is to read from lists, possible/
referred to experimental/disturbances due 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 articulaﬁioh is not affected by the degree of abstraction of the speech
task while the talking rate is, and some interview situations san influ-
ence the temporal organization of speech (Boldman-Eisler).

A far greater source of variation of speesking rate is to be found in
the differences between the normal rates of different individuals (Gaiten-
by 1965, Goldman-Eisler 1861b and the differences between my informants
as reported aboVe); The influence of variations of tempo should pnly bew
come acute when material from more than one informant is to be processed,
Lisker (forthcoming) 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". However, since
bétween—speaker variations of tempo are so large, it would be desirable -
0 treat each informant individually rather than pool data from several
informants, Nor is this necessarily the case for tempo only, but is probabe-
ly true wherever absolute physical megasures are concerned - spectrography,
radiography, electromyography etc. Data from several informants should
not be indiscriminately mixed, A speaker organizes His ewn physical chae
racteristics into an individual system and the absolute magnitudes of
physical quantities signalling partigular phonetic features will function
within his own speech only, It is probably more meaningful to compare
tendencies and behaviour abstracted from several individual cases and

generalise from this, rather than from pooled data,
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Number of Informant
syllables : : :
per word A G Foe . H
1 68.1%  70.3 % 1.2% 22.7%
2 21,8 % 1.1 % 10.8 % 30,9 %
3 7.6 % 8.2% 32.0%  16.5%
4 2.3 % 7.2 % 14,4 % 16,5 %
5 0.2 % 1.8%  14.5 % 2.2 %
6 ' 0.4%  9.3% 4,1 %
7 12.0%  2.1%
3.5 %
1.2 %
10 .
1. : 2%
Average ' . - , o
syllables 1.5 1.6 4.2 2.8

Table 1. The.body of the table giveS‘the"prDboftionﬁ of‘wofds witH |
the stated number of syllables in each in%ormant's sample of cone
tinuous speech, The copnt is basgd on unreduced Fbrms;

A 8. Br. English G Gen. Am. English

E W, Greenlandic Eskimo H Swahili

-
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Number of  Informant
consonants ... L. s e s
per syllable A G F H
0 7 % 4 % 7 % 12 %
1 a4 % 46 % 46 % 97,5 %
2 38 % a2 % 40 % 10 %
3 10 % 7 % 7 % 0.5.%
a 1% " 0.5%
5 0.5 %

Table 2. The body of the table gives the proportlons of syllables w1thv'

the stated rwmber of consonants, as uttered in 250 - 350 syllables of

continuous speech.
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Average number of consonants per syllable in all

Rate classes phrases in the stated rate classes

2,00-2.,49 2,34
(2.00)
2,50-2,99 2.00
3.00-3.49 1,79
(2.00) (1.50)
3,50-3,99 1,70
4.,00-4,49 1,60
(1.80) 1.64
4,50-4,99 1.62
5,00-5,49 1,56
- 1,58 1.67 1,06
5,50-5,99 1,44
6.00-6.49 (1.57)
1,59 1.63 1.00
6,50~6,99 {(1.30)
7.,00~7.49 (1.35)
(1.62) 1.30 0.98
7.50~7,99 (1.00)
8,00-8.49 (1.233)
1.24 (0,90)
8,50~8,99 1.30
9.00-9,49
phrases: 200 30 60 40

Table 3. 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 for classes where only 1-3 phrases occurred,



Intraphrase articulation rate

sylls/sec/phrase
Informant 6.50~6,99 7.00~7,49 7 .50~
A (5.Br.Eng.) 1.30(2) 1.35 (3) 1,17 (2)
& (G,Am,Eng. ) 1.68 (7) 1.44 (5) 1,25 (12)
F (W,Gr.Esk, ) 1.65 (8) 1.70 (1) 1.39 (6)
H (Swahili) 1,00 (158) 0.98 (12) 0.96 (4)

Table 4. The body of the table gives the average number of consonants

per syllable in phrases uttered in the stated rate ranges. The number

of phrases is given in parenthesis.
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sylls/sec

9 -

\ X A\
\ \
X ’ -
6 B / \x X _ x/ )( ¥ /X x x
X — \/*\
— X% . X
‘5 4 - \
I ¥ ' L L L I l ¥ T L ] ' v T A B ‘ Yy YyryT ‘ k] LI | Y ‘
10 20 30 phrase number
sylls/sec '

X X A4 \ X
SN
4 1 X
3
l T rv,|v‘vr\v!' !III"TI\\!!\‘I‘\‘V‘
10 20 30 4.0 phrase number
sylls/sec

4 X
T / X\ W ] \ \ /x
X
5" X)(\/ X XX e 1 4 % X/ X X
vy i -
4 4 X g
- -~
- : x ¥ -
3 e X v
2. ]\I‘l ¥
‘\\‘1!!\‘\\!\‘ll!\\!\l||\|\\‘l;"‘|lll"ll'l‘\l"\l“‘l
o) 20 >0 40 0 60

Fige 2. Intraphrase articulation rate in successive phrases in the
continuous speech of three speakers,

phrase
number



sylls/sec

147
9 ] X
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6 B — - )(\ hs X - x\ X
x 7 Tx . Yo A x\/
5 |xx — 7 xX /k\ X/ )\ X XY \ X | X%
/ ¥ xx \ X
- )( X
* \/ *\/ x \ *
. X il X —
3 X X / _ & - x -
2 B x — - )()( - ¥
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10 20 30 4-0 50 6O
sylls/sec phrase number
8 A
7 x _
6" o 3 ¥ /\ X X
5 A | / Y\/X 1/ J &
. * 1 x
Kx/x' X \X)( )j ’ % /X ‘l \ 7\ X X‘
e - \X
- - X
4 o \xx \. \
— %
3 \ Y
2,.
“lv‘|'v‘|l|1{"'-,llv"Iv\l,lll‘[|l|"l'\']\f“‘li\'\III‘\
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sylls/sec phrase number

l\|1"|:!\1\ll‘71

{20 ‘iﬁo phrase number

Fig. 3., Intraphrase articulation rate in successive phrases in the
continuous speech of one speaker,











