'».

' I*\ “of Canada - du Can

—

\ )
_ Canadian Theses Service

-Ottawa Canada . F T

S KtaONe g \

,

. CANADIAN THESES

t. o

. . |
NOTICE !

.The quallty of thls microfiche is heavily dependént upon the
quahty of the original thesis, submitted for microfilming. Every
effort has been made to ensure the‘hfghest quality of reproduc-
tion possible. - e

. . . -
It pages are mussmg, contact the umversuty wh|ch granted the
degree ‘

Some pages may have indistinct prrnt especrafly rf the orlgmal i

- pages were typed with a poor typewriter ribbon or if the univer-.
sity sent,us an inferior photocopy. -
/., ,‘_‘ L K

Prevrously copynghted matenals (journal artfcles publrshed
tests efc.) are ngrlmed

~

Reproductton in fulb.or in part:of this film is governed by the
Canadian Copyright Act, R.S.C. 1970, c. C-30. Please read
the authonzatlon forms which accompany thns thesrs

g

THIS DISSERTATION
HAS BEEN MICROFILMED
- EXACTLY AS RECEIVED

NL 339 (r. 86/01)

National lerary ‘ x»/ 'Bibliotheéue nationale .
a .

Sen/fces f es theses canadlennes

) assurer une quahté supéneure de reproduction.

~ accompagnent cefte thésg.

* THESES CANADIENNES
R "
_AvS

La qualité de-cette microfiche dépend grandement de la qualité |

de la theése soumise au microfilmage. Nous avons tout fait pour

&
&

[ : s . .
- 8'it manque des pages, veuillez communiquer avec ['univer-

sité qui‘a conféré le Grade. g

8 - :
La qgaluté o} rmpressmn de certames pages peut laisser a
désirer, surtouit si les pages originales ont ét& dactylographlées‘

a l'aide d’un ruban us ‘ou si I'université nous a fait parven( 3
. une photocopre de ¢|uahté mféneure

" Les documents qui font déja i objet d'un droit d'auteur farticfes_
g de revue, examens pubhés etc) ne sont pas mlcrofi|m§bs

i‘\La reproduction, méme partlelfe de ce microfilm est sOumrse
“alaloi canadienne sur le droit d'auteur, SRC 1970, c.C-30.

Veuillez prendre connaissance des formules d’autonsatlon qui

i

LA THESE A ETE

" MICROFILMEE TELLE QUE
NOUS L'AVONS RE(;UE

‘C‘an\adﬂ‘

S




TN W . R

Bibliotheque nationale
du Canada

) b
0-315-24751-7

National Library
of Canada: e w

.Ganadian Theses Division  Division des theses canadiennes

Ottawa, Canada
‘K1A ON4

PEBMISSION TO MICROFILM — AUTORISATION DE MICROFILMER " -

¢ Please prmt or type — ﬁcr‘re -en Iettres moulees ou- dactylographrer AN

N

, Full Name of Author — Nom complet del auteur’

/ ] - \\ m,oJf\m,\ (,\mo«\e.s Qﬁ Q_, | B - o
/Jate of Burth — Date de nalssan | Country of Birth — Lieu de naiesance L
S Q&;Y CW\\D\J\ ) ,»\O\Bl o E\f\o\\ a mc\
Permanent dress — Résidence fixe . \ é \ a \ \\ S‘t ¢ 0 Q—X - | ‘ . ) |
| -t Wﬁm,%\\oeﬁ?m RO o
. o fée \&HB L
*Tltle of Thesrs —Trtre de la these I ’ _ . .

\ S‘t\ R4S chmﬁ 4\5\\0\\3\3 \gc><\n( c\O

g QO\“"\Q()\‘(‘\‘S@\(\ C"T

~

University — Université ' ' .

‘\\r\» \/\\\(\\\!Q\CS\\?\\ O"s x{\\ou‘tj ‘ 4_ . .

Degree for whlch thesrs was’ presented) Grade. pour lequel cette these fut présentée

\ . ) ,' : - ) v .
\ - N . . . - K .

Year thss degree conferred ——Annee d obtentron de ce grade Name of Supegvisor — Nom du directeur de these

\O\%"\' D\ —/S'c;\r_\\r\ T \r\o,d\)o\h

\\ . : N : -—

Permiésion is hereby granted to the NATIONAL LIBRARY OF
CANADA fo m|crof||m this thesis and to lend or seil copies of

the film) ;

The author reserves other publication. rlghts and neither the
thesis nor extensrve extracts from it may bé printed or other-".
wise repro‘duced‘wuthout the author’s written permission.

L'adtorisatidn est, par la prégente, accordée a la BIBLIDTHE-
" QUE NATIONALE, DU CANADA de microfiimer cette these et de
préter ou de vendre des exemplaires du fitm.

L'auteur se réserve les autres droits de publication; ni la these
ni de’ longs extraits-de celle-ci ne doivent étre imprimés ou .
autrement reproduits sans 'autorisation écrite de I'auteur.

‘ Date \ x

qm 3 \wr

Signature

\/W\Q&A/M C QQ zw%

\

NL-91 (4/77) \ oo
VoA




o

- THE UNIVERSITY OF ALBERTA P

A‘Compar{son ofﬁétressAand SYllable Isochrony ”

by L e

' (:::) Timgthy C. Reevé

&3

’ _ A THESIS
SUBMITTED TQ THE FACULTY OF GRADUATE STUDIES AND RESEARCH
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE

OF Master of Sélence

-

IN
:‘ \ ' ! . . | :
Speech Production and Perceptlon.
4 ‘ ‘i ‘." A o ' . » b
»
' ] - ‘Departﬁii> of Linguistics
X o , = )
L ‘ » . . ‘ | 51 } - ' /S
S~ » : EDMONTON, ALBERTA v
o . FALL 1984
) = \

)



'NAME OF AUTHOR

TITLE OF THESIS

.

| THE UNIVERSITY OF ALBERTA

L
‘% -

RELEASE FORM

Timothy'c} Reeve

X
-

A Comparison of Stress and Syllable.

Isochrény

d

’

DEGREE FOR WHICH THESIS WAS PRESENTED Master of Sc1ence

i YEAR. THIS DEGREE GRANTED FALL 1984

b

PermlsS1on is hereby granted to THE UNIVERSITY OF -

,ALBERTA LIBRARY to reproduce 51ngle coples of thls
the51s and to 1end or sell such cop1es for prxvate,

o scholarly or sc1ent1f1c research purposes only.

The author reserves other publlcatlon rlghts, and

nelther the thesis nor exten51ve extracts from it may

be pr1nted or otherw1se reproduced w1thout the author s

wrltten perm1551on;

N

DATED July 27

, 1984

(SIGNED ?%..vav§3>m5

PERMANENT ADDRESS:

7611A - 111 Street

Edmontcn,

T6G 1H3

Alberta.

<; gELgQ)J{,



«  THE UNIVERSITY OF ALBERTA . °

FACULTY OF GRADUATE STUDIES AND RESEARCH

e
<

recommend to the Faculty of Graduate.Stud1es and Research
for acceptance, a the51s ent1tled A Compar1son of Stress and
S ”‘ . B ("

’ Syllable Isochrony submltted by T1mothy C.. Reeve in part1a1

fulfilment of the requlrements for the degree of Master of

Superv1s 2

Sc1ence.

r

N

The *mdermgned cert1fy that they have read, and

‘f‘:h_i:



/]
o
- Dedication . i S
v'\ w.
v \
{
| .
- ’.}
e
v . > -
‘ . ’ -
'. ‘ N | ) . ‘ - I3 é | ’ ‘ll ‘ B - . - 13 ’
This thesis is dedicated to my parents, without whom this
would not be possible, and-tp my wife, for her help and . :
R - . . L. . . ' N . Y
understanding. D S ”
¢ Fe o ' . ‘
Y
ot
+ (;E
o,
.
\ A\\
¥
.




. inter- stress 1nterva1

Abstract7~

Thxs stugy compares readxng task data collected from.

ten ‘English and ten French speakers to test the claims of
hstress and syllabie 1sdchrony. Examples of d1fferent foot

-szzes were Selected from two texts and measured to,

1nvest1gate the effect of addlng a syllable to the.

analys1s of variance. The results are 1nterpreted
that, ‘'while the language groups are 51gn1f1cant‘
these dlfferences do not reflect the 1sochron1c hypotheses.;

In thelr place,'e unlversal" t1m1ng system is p051ted wh1ch

1nteracts w1th the languaée structure to g1ve the observed

'_trming.phenomena.

Thesp‘durat1onal data were ' ested by -

differEnt}f
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1. IHTRODUCT!ON

In this thesxs, I shall be looking at stress and

. syllable isochrony. Theae terms refer to types of speech

timing which are. hypothesizeiito be used by speakers of
different languages. Isoch?ony means that certain ‘sections
| of- speech will occupy the same amount of‘txme. In languages'
such as French, all the syllables are claimed to be.ef an
‘e&ﬁal durétion,mleading’to the syllable*heing the main unit
- of tjning in:spéech preductien. In eontrast, languages such
as English ére‘clejmed go use a constant inter-stress
interval (tISI] the’duration'hetween stressed syllables)
'regardleSS of the number of 1nterven1ng syllables. The
inter- stress 1nterva1 1s the duration from the beg1nn1ng of
orie stressed syllable tc(the beglnn1ng of the next stressed
;4syllable. In this sense it is 51m11ar to the foot, a unit
commonly used in descr1ptxons of . poet1c meter. While the
foot can have the: stressed syllable at either the beg1nn1ng
or the end here, foq; will be used 1n/€ stricter sense as
| hav1ng the stre%sed syllable 1n1t1ally Therefore,‘foot w1ll
efer to the hypothet1cal construct wh1le 1nter stress )
intgrval will refer to measdted dunatlonr

The concepts of stress— and syllable t1m1ng have been

Mcon51dered for a long time. Over 200 yqars ago, Steele

(1775) claimed that English was stress 1sochr0nousﬂ However,

it is only in more recent years that isochrony ig the speech
signal has moved .to a position of greater importance. While

theoretical works have divided isochrony into stress and
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syllable types,‘the/studies based on’experimental findingsf‘

have not supported th1s. Although measurement data cannot
tell the whole story it 1s reveallng that all the studies
to date hav% shown, at best a'tendency towards stress— or

I

syllable- t1m1ng, but always in relation to the speclf1c

v

language belng studled Therefore,.1t is’ dlfflcult to

\determlne what comprlses a stress- tlmedﬁ}anguage. Is 1t a

language with equal 1ntervals between stressed syllables,

assumlng equal to be deflned on a psychophy51cal sca1e7 Orw
is it a language whose 1nter stress 1ntervals fall within a
statlstrcally deflned range: of durat1on7 These two cr1ter1a

could allow dlfferent languages to comprlse the group of

Stress- tlmed languages._As well, the same quallflcatlons

f apply to syllablettlmed languages.,In thlS the51s, I shall

L

wscale 51m11ar to the bark sCale for loudness or the mel”

be treatlng stress- and syllable t1m1ng as be1ng deflned by

the duratlon between stressed syllables or syllables, as

‘approprlate. While a physical scalé has the advantage of

ease’ of comparlson and measurement, we must not forget that

'any temporal 1nterval should be measured 1n psychophy51cal

terms,,and 1s therefore llable to be transformed from its

phy51ca1 value. For thls reason, we can only assign a

duratlon to 8 sect1on of speech wh1ch must take 1nto

e
Is

account such factors as the 1nd1fference 1nterval just

] -

: notlceable dlfference llmens and other perceptual)phenomena
:1nvolved 1n mappﬁng a ph251cal soundg?fimilus onto the SOUnd

- as 1t is- percelved }n th1s§way, we could/obtaln a temporal

s o .. s ~



scale for pltch .
Wh11e we cannot claim to understand how a person
AN
perceives, we do have an 1ncreas1ngly clear‘p1cture of what

is percelved This allows us to predlct more accurately

whether two sounds will be heard as equal or not in

duration.'From'thls-step, it is a short distance to
determlnlng if such concepts as stress- and syllable t1m1ng

are ‘valid, or if they are artlfacts of the perceptlon of a

Y

£

1nstrumental studles of stress- and syllable-timed languag s

have concluded that both show con51derably more var1atlon

< than could be 1gnored by the llstener (Borzone de Manrxque &

Slgnor1n1, 1983* Crompton - 1980; Dauer, 1983; Delattre,

1966; Faure, Hirst & Chafcouloff 1980 Nakatanl, Q Connor &

Aston 1981) Unfortunately, only Dauer”(1983)-and Delattre

_syllable length whlle Dauer concluded that the 1anguages he

studied, whether supposedly stress— or syllable t1med were

" e—— —_—

. /.
the same in regard to their treatment of/lnter—stress

/s

intervals. This indicates there are no/dmmedlately

recognlzable acouStlc cues in the speech signal that trigger

/

our recognltlon of the perce1ved tlmlpg patterns in _these
// N '

x

\

two groups of languages.
The questlon of speech t1m1ng h S long 1ntr1gued
people. By nece551ty, all utterances are tlme dependent As

well d1fferences of t1m1ng can be used to make contrasts,

-

such as 51ngle vVersus. gemlnate consonants. A language user,-

\

N

o
Vi

'differently structured language. It is 1nterest1ng that mostfi

!

”(1966) have made a—cross-language study Delattre focuBed on

Y/

£
£
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in order to cdmmunicate effectiVely, must control the timing
of speech SO ‘that 1t matches the listener's expectatlons
(Hugglns, 1978) Speakers manlpulate t1m1ng relatlons in 1t
order to make phonolog1cal dlst1nct10ns and to delineate -
syntactically motivated differences. On a unlversal level,
some changes in speech timing come about due to
physiological limitations andtinterconnections of the human
articulatory system. As well, speech is,limited,by the
ab111ty of the vocal tract and speech appartaus to produce‘

and the audltory system and bra1n to percelve acoustlc

signals., With all of these levels 1nteract1ng, understandlng

’ wh1ch variations in t1m1ng are due- to unlversal"

constralnts and whlch to language spec1f1c rules is a
compllcated'task espec1ally as’ the reallzatlon of speech

t1m1ng 1s always an 1nextr1cably llnked functlon of these

universal and language- spec1f1c_f“

Presumably, this complexlty accounts-for speech t1m1ng
over stretches of speech larger than a segment or a syllable
hav1ng been largely unstud1ed At'a segmental level
differences ,in timing between languages can only be
attr1buted to rules governlhg the 1mplementat1on of

segments, glven the basic assumptlon that aj % ‘humans are

equ1pped w1th ‘equivalent articulatory and nervous system.'

’

’ apparatus. Also, language structure is. unlmportant at thls

1evel ’except for determ1n1ng the phonet1c 1nventory of the

language to be accounted for, as percentages of occurrence

;are)rrrelevant. The syllab1c level 1nteracts with language



structure to a greater‘degree, as is evidenced by

constraints on possible syllable structure in different

languages. Here again, the effsgt/of/language structure is
small, because the amount of'speedh covered by one sYIlable
] xn‘\,

is minimal 1n relat1on to a fluent conversation. Even so, "
languages do not seem to: be equ1valent in their treatment of
dlfferent syllables (pelattre, 1966) . ”

When syllables are - grouped into utterances, languages
begin £o show the1r 1nd1vfdual characters. The cumulatlve |
efrscts of segment 1nvéﬁtory, syllable structure and
phonetlc constraints lend each language a d1st1nct1ve sound
and, perhaps, rhythm. Is it p0551ble to conclude that timing
relatlons in languages are not d1fferent because of syllable
and stress‘lsochrony butkbecause of other factors? ‘This
question is(central to my thesis. I shall show why a theory
‘which‘doeslnot block languages lnto an a'priori'grouping of
stress—timed'and 5yllable;timed (and.mora4timed as well) is
:to bejpreferred.lThis allows us to look at>the‘data'obtained
in a new light, as well as tokavoid imposing aApre-COnceived
notlon on the essentially unstudied'phenomenon'ofv.
lnter stress timing.' | ' : o \ /

~ Some researchers have sought 'to explaln parts of ou{/
internal control of speech timing. Kozhevnikov & Ch1st¢v1ch
.(1965) based their concepts on the recorded output of
several Russian speakers} From their data, they argued that

' the Comb model with ‘the stressed’ syllables comlng at a

pre- determlned time, fit the data better than the cha1n

\

\,

N
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model, which depended on the feedback of information about

“the successful completion of the previous movement. Ohala

€1975), however, found evidence that both these models were

important in speech timing, with'".,.the chain model'for

v

long-term t1m1ng, the comb model for short term t1m1ng !

" Lenneberg (1967) looked at speech rate by measurlng the'

a N

syllable rate of three nad1o newscasters speaklng Amerlcan
Engllsh, as well as, study1ng ev;dence from several other
sources, such as delayed aud1&ory feedback and neurological
rhythms. The collected data p01nted to a rate of six |
syllables peﬂ second. | |

One problem is that the aboye explanations do not have

any necessary bearlng on the questlon of stress and syllable

1sochron1c1ty If anything, the onlywclear 1nterpretat10n of

-all three views is that languages Share a common t1m1ng

s T—

ase. For example, Lenneberg (1967) based his clalms\on

-

erceptual factors, as well-as;lahg e output, whlle Ohala

- (1975) ‘used an American English and a Japanese speaket-to

demonstrate h1s claims. Slnce these explanatlons\do\notr
address the issue of 1sochron1c1ty directly, I shall \ot be
dealing w1th them further. |

For this study, I collected data from native speakers
of French and English, then measured the 1nter~stress
intervals, to see 1f the resulting measurements supported

the hypotheses of stress and syllable isochrony. 1f, these

fdescr1pt1ons of speech }1m1ng are accurate, Engllsh speakers



w111 use a constant inter-stress interval for all the feet
and the French speakers w1ll ‘have a constant syllabIe length

across all the feet. .

‘1 shall show that, while speakers of Engllsh anG“Fnench

-

are significantly dlfferent in thelr treatment of the-

inter-stress interval, these dlfferences do not show the'
results predicted by isochrony Forhexample, 1f the

inter- stress interval were to stay constant for Engl1sh
speakers while syllable durat1on were constant for French
speakers, the "difference in duration between English and
French speakers woulq be a functionmofgthe number of |

- syllables measured. That this is_not‘the case suggests that
stress— and sy}lable—timiné are incorrect. An approach which
better suits the data collected,'as well as being supported
by the three theories mentioned directly above, isa

| unlversal" t1m1ng hypothe51s. The obv1ous dlfferences
between languages, both phy51cally and psychophy51cally, can

. then be. attrlbuted to their individual structure 1nstead of

an underlying t;mlng pattern.



! »
II. LITERAT RE REVIEW

‘The review of the l1teratur is arranged
chronologlcally, due to the lack ‘of any other s1mple
'organlzatlonal~scheme. All works: y an author are placed
under the earliest contribntionrre iewed,

T . R

A. 1965 to 1969 AN | B
'Delattre (1966) investigated the range of syllablen
lengths in Engllsh French, German and Spanlsh and found
that these languages differed in their rat1o of longest to
shortest s;\ﬁible and the durat1onal differences between
them. The duratlonal difference between the shorter,
unstressed, non-final, open syllables and longer,‘stressed
final, clqsed syllables was 204 msec. for French (the
| smallest) and 287 msec. for English (the greatest) This
‘7Shows that the languages do give some support to the
hypothesis of stress and syllable 1sochron1c1ty, as Engllsh "
shows a greater tendency to compress syllable durat1on, A
whlle French ma1nta1ns a more constant length On the otheryh‘

\

hand, 1t also 1nd1cates that syllable duration in French

o~

l varies almost as much as it does in Engllsh Slnce the

- average syllable duration was 229 and .242 msec..;
‘respectively, these divergences would be perceisable
(LehiSte 1977). Another point was that enlj'French relied
~on durat1on for the perceptlon of. stress, while the other |
three languages required 1nten51ty variation as well That

»

Delattre was cons1der1ng stress, and not emphasis, is



o RS ) l: : S o 9
clarified by his statement.that, in French, stressed
syllables were always finai,in the sense. group ana final
‘syllables. were always str#é edeAlthough this study used
extemporaneous‘épeech by tﬁe subjects, it isbunfdrtunéye‘
that we are not tqld how many‘sﬁbjééts participated, nor«on
what topic(s) tﬁey spoke, | ‘_ |
Allen (1968) wés one of'zhe_first to.look at the

;égmonly assumed descriptioﬁ of spress—timing in EngliSh.
- since wve already know tﬁét theksﬁ:essesléf |

English are produced by muscles that probably

move rhythmically and are perceived by listeners

, who are all too ready to hear- rhythms, an

accepggple.descriptioniof English speech rhythm

must-now tell us more than that "the stresses of

\English tend to be regularly spaced in time." ?
Hé also pointed out that“the.three»most;}mpoftan; influences
on inter—stressiinterval%éafe speéch tembo; phonetic
composition and prosoéic ontour. Allen (5975) took these
concepts a step further viewing speech rhythm as é“wexéhpiar
of motor rhythmg and behaviour‘and notfngtthatlpebg»e
gepqrélly act rhythmiqally, wi£h those rbythms avé;aging two
beats per_sécond. Of these rhythmic actsx the mosf commdn
involve e§¥her successions or alternatiohsf‘Beéausg-Engiish
spéakersv"ggducéf unstfessed'v0wels in both quality and
quantity, dif£Eréntiating them from stressed syllables, they
can be viewed as_USing.alférnation.\French speék;rs use |
successioh, because all SyllabIES.are giveﬁ an "unreduced”
. vowel. Alsb;~he claimed tﬁatlloudness, thcb and duration

affect the perceived rhythm of noise stimuli in an

———— - ————— —————— - —

* Allen (1968), p.268.
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interactive fashion. Louder'or higher-pitched tohes'are
heard as leading the percelved grouplng, wh11e tones of
longer duration are "heard as follow1ng the group Allen &

Hawkins (1978) looked at the problem of how a child learnlng

" English could change from its initial syllable—timed rhythm
B 4 ’ ’ ' .

\
i

to the adult "ideal" of stress timing. They found that a
¢hild generally produces only syllables with a "full -
articulation" ([+heavy] Vanderslice & Ladefogedf‘1972) at

first, i.e.

hose with an uhreduéed vowel. Some of these
give way to syllables with "reduced timing™ ([-heavy]) as
thevchild beco es\more proficient. Therefore, they concluded
that the chiid in&fially'displays the effects of universal

constraints, becoming more and more influenced by the

flanguage it is leatrning.

Nooteboom & Eg eimont (1969) recorded one Dutch speaker

reading a text. Theiy analysis of these data 1nd1cated that . -

if Dutch uses stress-timing, it is neither clear ‘nor

straightforward, since they found the relationship between
the inter4stress interyal| and number of unstressed syllables.

(ﬁ$72) found vowel onset to be .the

probable focus cf rhyth ical judgements. Nooteboom, .

Eggermont, 't Hart, van
vowel onsets of stressed vowels to be the. moét(Ll&glx\I
candldates for a prlmary rue for speech timing for the/ .

N
perceptual syﬁtem, ‘as they are relatively 1nd%§2ndent 3f

atwijk & Slis (1974) judged the

context and give information on speech timing. However/ they

also admitted the possibilifty of using the vowel diset of

5



‘,llsteners could ]udge the duratlo

1"

R

revery syllable.

B. 1970 to 1974 . °

-

’ 'Lehiste (1976) argued that speech'timing must be at

least partlally controllable 1n order to be used as a

<

. \ .
" dlstlnctlve feature, e.g. between ong and short vovels.
Also, she‘p01nted out that Engllsh* in»cgmmon with .some
_:other languages, shortens unstressi syllables more than

1

. stressed syllables as speech rateﬁ’%creases.,It seems that

“:'_ste‘ ( 1977) attempted

P \ 3
‘to~reconC1le the data gathered in experlmental stud1es w1th

the hypothet1cal construct’of stress 1sochrony by appealxng y
to an 1nteract10n betweethhe productlon and perceptlon o
systems. If both systems share a tendency towards 1sochrony,]‘

N

then -even sentences wh1ch are objectlvely non- 1sochronous N
could be perce1ved as 1sochronous. One questlon wh1ch is- not
"looked pt is whether the same. mechanlsms could be used to
explaln syllable 1sochron1c1ty If so, then how do chlldren
'"tune these tendenc1es ‘in to the correct un1t7 If not why('

do French speakers not use stress t1m1ng as do Engllsh

.speakers7 Leh1ste (1979) looked at. the accuracy with whlch

of four_n01se f1lled.

1ntervals. Assumlng the accuracy 0 perception of duration

is less when deal1ng w1th language, she found the results‘
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'_indicated that 1isteners could easily perceive English to be-
-'stress 1sochron1c, as. a change of .greater. than 100 msec. was
necessary to cue accurate Judgements of the longest

: v , N
;nterval.* . B '

1971 1978) used data from one

~ * yldall “ct reading a

text.at normal ‘and fast rates. The 1nter stress 1ntervalsv
' were measured and the results were 1nterpreted as 1nd1cat1ng
a tendency towards stress 1sochrony 1n Engllsh 57% of the
‘jfllled feet (those not conta1n1ng ‘a s11ent" stress) had a.
'cduratlon between 385 and 520 msec. in the normal readlng
'However, 1f speech is- treated as a rhythmlc act1v1ty w1th an
| average cycle of 500 msec. (Allen,‘1975) these data .
indicate that the average duratlon of filled feet at a
7-normal speaklng rate 1s 520 msec. While thls ‘may be
‘"vc01nc1dental it. also matches well w1th other collected data
5that we shall be looklng at Also, 1t explalns why |
_y1nter stress 1ntervals w1th a larger number of unstressed

!

,syllables,_such as four or f1ve, can be of a longer duration

'“7w1thout affectlng ]udgements of 1sochron1c1ty Uldall

'suggested that these 1nter stress 1ntervals (or feet) are”
,counted as two feet, but wlthout spec fy1ng how thlS could

.'be achleved by .a llstener. ‘ ’

GrOSJean & Deschamps (1972) 1ooked -at recorded
pontaneous radlo 1nterv1ews w1th French subjects. They
'found speech rate to be very stable at 5:21 syllables per
second with 82% between 4.4 and. 6 0 syllables per second.

TN

B However, one of their concerns was to expla1n why the speech"

\
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rate was h1gher among the French subjects than among two
groups of Englxsh subjects (Go%dman Eisler, 1968 Gros;ean,

1972) They determlned ‘that 1t was due to the number of

pauses and/or length of’ breath groups rather than a

'.fdlfference in speed of artxculatlon.,They «did not con51der

@
extra—lxngulstrc factors. The»French subjects were

1nterv1ewed on radio’ about thelr area of expert1se. In,
Goldman—Exsler (1968) the subjects were asked to describe
‘and 1nterpret cartoons Grosgean (1972) used sub]ects w1th ',
ﬁEngllsh as.a second language. Gros;ean & Deschamps {1973)
‘}.é&tended this study by looking at French and Engllsh
speakers in a 51m1lar 51tuat1on. Thls tlme, they found the
"two languages to be nearlyhldenf1cal rn speech rate, as wellv
as. in the ratio of articulation time (total speech t1me‘»
m1nus pause tlme) to total speech tlme. Even so, they found"
vthe 1ength of the breath groups, i.e. the number of words
betweén two pauses, to be dlfferent‘ Engllsh 4.67 words per
'pause, French 6.22 words per paqse. However, the Engllsh
subjects used shortef” pauses, whlch‘compensated for thlS
"d1fference. GrOSJeanb& Deschamps (1975) made a more dlrect
compar1son between English and French by u51ng a 51m11ar
corpus for each, namely rad1o 1nterv1ews on the subjects
‘main. centres of 1nterest. They agaln found the languages to
" have nearly identldal spgech rates (Ehgllsh 255 syllables f
‘per minute, French: 264 syllables per m1nute), ratlo of |

i

art1culatt:n time to speech t1me (Engllsh 83% French~ 84%)"

4

and articu atlon rate (Engllsh 5 syllables per second
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French: 5 21 syllables pér second) Tbere'was a. difference

'1n the lcngth of breath groups (Englxsh 9.5 syllables per

. group, French- 12 syllables per group) which was attributed.
,to;a greater’ number *of- pauses. within the verb phrase‘among

_English speakers.

W A : . R , ) B .
i

Bert1netto (1977) had two sub]ects repeat a group of \

]

f1fteen sentences and the last 51x l1nes of Dante s “D1v1na

Commed1a in order to collect somq data in Ital1an which is

hypothes1zed to. be a syllable timed language like French He

v

llStEd four: prOpert1es which” can be: used to d1fferent1ate

1‘bstress— and syllable tlmed language5°

1. 'stress- t1med reduce bon stressed syllables,

2. stress-timed reducg the duration of unstressed

" syllables more thar stresSed syllables as speech

‘rate 1ncreases, ‘

3. stress-timed have a less defxnlte .
' syllabification, and-

4, stress-timed allow a greater elast1c1ty in the
o placement of accent. : .

Analy51ng the results, he found that only feet WIth a

roughly equal number of Syllables had. an equal duratlon As |

well -when rate was 1ncreased the last foot of the sentence”

was found to compress less than the! other feet Although

:‘both of these results argued aga1nst labe111ng Itallan as a+

syllable tlmed language, Bertlnetto st1ll claimed’

. Jpossiamo concludere che gli informatori
utilizzati nel suo esperlmento hdnno mostrato
per tutti i piedi ritmici, qualunque fosse la
loro p05121one sequen21ale, una netta'tendenza
versa l'isocronismo. *.- -

: ?"’°—;'--1-f ----- l : -
~* Bertinetto (1977), p.87. ... we can conclude that the



!He fihished by claiming tﬁat; in stress~timed'languageé,
only the stressed syllables can be definitely'fixed in time,
leading to isochronism in the rhythmic feet, while |
syllable-timed languages allow ‘each syllable to retain its
"forte tensione"”, giving‘the sylfable as the primary eloment
ot-the rhythmical structure.rAlthough this does net help us
‘ te understang‘why‘inter-streés intervals of perceptually
different lengthsfean $e regarded as equal by listeners, it
.does indicate why these two.prototypes haye been put forward
for consxderat1on. It does not clar1fy wa they are still
. prevalent after haulng been reduced to the status of
tendencies.
. ~

Fowler (1977)‘addrgs§ed the view that timing is an
‘egtrinsie quality in speéFh planning, uith a"timeless ulan
"being realized by a timing program.‘Another question is that
if, as usually developed, stress‘f’ﬁlng refers to a
tendency, to what extent must thlS tendency be ptesent
befope it is the ma;or factor? Fowler suggested that the
’speech plan muet-contain a féur-dimensional description and
not leave the temporal dimension to an outslde functaon.
Therefére, the central igsue is how to reduce the degrees of
freedom 1nherent in a plan wh1ch spec1f1es all the e |
;dlmens1ons requlred for the speech act. Fot th1s task she
put forward coord1nat1ve strucgares, groups of muscles

activated as a s;ngle unit by‘the central control. This view

__..——___—_——_——_,-—-

’(cont 'd) informants used 1n this experiment showed for all
the rhythmic f et, whatever their sequential position, a
definite tend y towards isochronism. [TCR]
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is preferred because.,

1. 1t reduces the degrees of .freedom, -
2. it reduces the’ descr1pt1ve pover by not allow1ng
s p0551ble but. noh-occurring movements,
3. .it uses prefhbr1cated funct1ona1 grouplngs of
_muscles” !, and ' . -
4, At a110ws the central command and the movement
“to- not be 1n a one-to-qpe relatlonshlp '

u < BN

iTh1s 1s then coordlnated w1th the concept“that vowels and

-'vowels and an overlay of consonants. In th1s vayr

cohsonants are- produced by dlfferent but part1ally . N Jv”

overlapp1ng muscle groups wlth a cowf1ndous productlon of

AY

-

)
LY

- stress- t1m1ng may result from the perceptual detectloh of

-

"the perlod of the superordlnate coordlnatxve structuref

governlng vowel productlon.. E Thls perlod could then be

]

related to u51ng a flxed amount of. artlculatory effort" per ¥

r‘r»

stressed vowel. Fowler & Ta551nary~(198T) argued that the -

c 4
flack of stress 1sochrony 1n speech that has been analysed is

-

due to 1ncorrect .measurement technlguesv not a lack of

1sochrony They used. three sub]ects speaklng nonsense

, most nearly stress isochronous port1onwof-the%acoust1c
: - . . o Looeef e .

% 1bid, p.151. Tl T

syllables freely, as well as 1n time to a. metronome.,In the.

metronome tlmed speech they found vowel offsets to be the SN

slgnal'.While’the'metronome pulse did not'coincide with any
acoustlc segment boundary From thlS, they clalmed that
vvowel offsets are regulated to be 1sochronous, whlle vowel
onsets are not, and that, Whlle thls does not show the vowel
of fsets to be the timed sect1on,‘they are an eas11y | ‘

identified one. However, fromtthelrkdata,_lt appears that

‘ Fowler (1877), p. 116.

¥
3
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the two syllables whlch dave the greatest amount of -

Y e

dev1at10n ‘for the vowel onset 1n rela:;yn to the metronomef

pulse are /str/ and /te/ . It is’inter stlng that t‘

measurement of /r/ or vowel duratlon is more cgmpll_ated 1n,

e thlS c1rcumstanbe, as the p01nt at wh1ch the waveform

changes 1s not obV1ous. If we then delete these syllables~

™

from con51deratlon, there 15 llttle to choose between the ;" .

vowel onset -and offset &ﬁ regulators of speech tlmxng

.

‘ Fowler (1982) studled how the perceptlon of 1sochrony can :

arlse from a non 1sochronous slgnal One of her conclu51on57

‘is u..that perce1ved t1m1ng of stressed syllables is a

" function only (ot prlmarlly) of - percelved 1nformat1on

RN

-

pertalnlng to vowel 1dent1ty....v‘ and therefore,_that

v

t1m1ng of stressed vowels, To thlS is - added a caut1on that

l1steners may use dlfferent measures than the convent1onal

: t
<o

‘.underlying perceptually 1sochronous utterances. They had 51x"

langulstlc ones to determlne speech t1m1ng Tuller & Fowler

(1980) looked for 1sochronous articulatory gestures

'”SUb]&CtS repeat e1ther one nonsense syllable forty tlmes or .-

flsequence of two nonsense syllables twenty times whlle.:“

vrecordrng the. speech wave and orblcularls orls act1v1ty. The.'

e o
I

sUbjectsfwere 1nstructed to use equal stress on- all -

.

stress 1sochrony results from acoustlc 1nformat10n on the _l*“

1

yllables and talk 1sochron1cally Their conclu51on was that;

H

when asked to produce 1sochronous monosyllablc

"'utﬂérances, talkers comply by produc1ng 1sochronous

~
-—__..—q,_-—_—_.______.—

S Fowler (1982) p- 25 e D yrj
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‘artlculatory gestures. wahilelthis could 1l€ad to the
'“conclus1on that l1steners have access to articulatory
)1nformat10n, 1t is not the only p0551ble 1nterpretat10n.
‘dTuller & Fowler (1981) used ‘infinitely peak clipped stlmull,
A1n order to equallze thelr 1ntenS1ty, with no effect on the
subjects judgements of stress 1sochron1c1ty Therefore,
’._amplitude 1s not an 1mportant varlable 1n the perception of
stress 150chron1c1ty That is, as long as all stimuli are of

N -

: a suff1c1ent amp11tude to be audlble

1980 to 1983 I _'jl PR
Crompton (1980) looked at French t1m1ng, in order to.

‘ determlne what. the 1mportant factors are governlng syllable

'.u length other: than segmentalrcoﬁp051tlon. Deflnlng nucleus

as the 1ast fully accented syllable in a tone: group (1 e.»a
fgroup of syllables 1n one tone contour), he found that~
;nuclear syllables are longer than non- nuclear syllables andlﬂ
that nuclear syllables before a clause boundary are longer~

‘ than before a sentence boundary whlch are longer than before?

a phrase boundary. Also, he showed 1n1t1al syllables to be -

'flshorter than non perlpheral (1 e. medlal) non prenuclear

_'syllables. As these varlatlons range from 65% to 180% of the_

1nherent syllable length" they should ‘be perce1vable. Thlsﬁ

.’fhelps to 1nd1cate that syllable t1m1ng for French is no’
‘s1mpler an hypothe51s than 1s stress tzmlng for Englrsh
'Interestlngly, he - found no con51stent duratlonal effect of

) . L : i

———————————_——-_-—_—

- Tuller & Fowler (1980) p;281;'?'



accent on the syllable, although some subjects did show a
\

sllght increase of about 5 msec. ‘ . \

Faure, lest & Chafcouloff (1980) recorded two subjects \
readlng lists of sentences and then had three phonet1c1ans \,
- mark the stressed syllables and pauses to determ1ne the
1nter stress 1nterval in Enﬁllsh when readlng Their data
showed the 1nter stress 1nierval to range between 0.14 and
1.26 seconds. However, the means of the dlfferent slzed feetb

- ‘-’ ' ’
-showed a llkely prospect to be that stressed syllables

——

averaged 220 msec. while unstressed syllables averaged
'.140 msec. In spite of the def1n1te linear 1ncrease found
 they still ¢laimed
It is"the recognition of a pattern of recurrent
‘'stresged syllables aga1nst a background of :
‘unstriessed syllables that accounts for the fact S
that widely different intervals between stressed
syllables appear to the listener to be o
approx1mately equal !
JAlthough‘no support is glven for7this.statement} it accounts
_ for their‘view of English‘as'stress isochronic;
Balasubramantan (1980) took data from Tamll and
";compared them w1th both.the syllable~ and stress t1m1ng
'hypotheses ‘Tamil. is not stress timed as "...the time taken
wlto utter a foot seems to. be almost proportlonate to the
number of syllables in a- foot. ’ Alternatlvely, |

'syllable t1m1ng a1§o seems unllkely, because syllable

. durat1on varled from 30 to 417 msec. in a sample of 197

: syllables He - then suggested a h1erarchy of syllable

e -

" ® 'Faure, Hirst & Chafcouloff (1980) b;??.
L Balasubramanlan (1980), p.457. .

~
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structure based on'an interaction between shorthr long
‘vowelg‘and‘open or closed syllables in order to account'for.
the observed data. | . h '

Major (1981) studied Brazilian*Portuguese to determine -
if it is a stress—timed language. He concluded that the
language 1s in the process of- shlftfng from syllable— to
stress- timing. He collected data from subjects in c1tatlon,
~-normal and casual speech Then, under,the assumptlon that
c1tat10n speech is the most conservatlve Style and casual
speech the most innovative, he found- the casual speech to be

ore/typ1cal of stress- t1m1ng ‘This.was due to the general
lack of shorten1ng»processes in c1tatlon speech, while, in
casual speech even vhdle syllables ‘were om1tted | 3

Nakatan;, O'Connor & Aston (1981) looked at Engllsh
speech rhythm by u51ng re1terant speech subst1tut1on of the
syllable ma' - for every syllable in a noun phrase, in order-'
to eliminate var1atlon of'syllable comp051t1on whlle )
retalnlng the prosod1c features associated w1th normal
speech Unfortunately, thlS also requ1red them to use
-selected tra1ned subjects who .could accurately reproduce a.
phrase relterantly Then of the recorded tokens, only those
judged to be acceptable versions were analyzed The1r data
1nd1cated that the_.nter stress 1nterval 1ncreased 1n direct
proportlon to the 'number of unstressed syllables 1ncluded
i.e. that Engllsh is actually'syllable-tlmed.

The study confirmed the importance of the
following factors as determiners of syllable

duration in American English:
1. the level of stress on a syllable.
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.2, the presence of a word or phrase boundary

' follow1ng a syllable.

Not suprls1ngly, they found no ev1deg@f that Engllsh uses
stress 1sochrony T ""‘ ' s

Roach (1982) compared one speaker in each of three
syllable timed 1anguages (French, Telugu, Yoruba) and three
‘stress-titred languages (Engllsh Ru551an, Arabic) listed as
‘examples by Abercroﬁbie (1967) Spontaneous recorded speech
was marked for stress and the syllable and 1nter stress
.1nterval duratlons were measured The standard dev1at1on in -
~syllable length thehyarlance of the, percentage deviation of
1nter stress interval and the percentage dev1at10n
co&relation:to number of unstressed syllables in the
inter—stress interval showed no evidence that the six
speakers could be grouped accordlng to their languages'
t1m1ng pattern. Roach concluded that all languages and all
speakers use both stress and syllable timing, although one
type mlght predomlnate in a g1ven language.

_ / o,

. Wenk & Wloland (1982) ‘not only found no evidence that
French is syllable- t1med but they 1nvelghed against the
very concept of syllable timing. :

It is indeed possible to draw. the most
unflattering of conclusions for the French
language from the assumption that French is

"syllable-timed".
(i) To say that French syllables are of
relatively equal length is, by implication,
" to deny the existence of accented syllables
in the language.
(ii) To say that French has no accented

syllables is to deny the existence of rhythm
1n the phonetics of the- language, 51nce

'9 Nakatani, O Connor & Aston (1981), p.101.
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without accents rhythm is virtually >

unconcelvable.

(iii) Since, "like other motor behaviors, speech
is compelled, by natural constraints on the
relative timing of components, to be ,
rhythmic" (Studdert-Kennedy, 1979 p. 61), to
,deny the rhythmical organization of French
is to imply that French is not fully a

language. '’ |

While this ignored the possibility that accent on syllables

can be 51gnalled bY other means’ than duratlon, it does

\
1nd1cate their feellng towards syllable tlmxng They

v suggested that each languagé has a regulator "...that

abstract rhythmlc unit which determines the - 11m1ts of

_rhythmlc groups." '? Engllsh;has-leader—t;mlng, or a

unit—initial regulator, while French uses{trailer—timing, a:
group—final regulator. In this respect, Allen (1975) |
supportsttheir cleim by pointing dut that a louder or
higher-pitched stimulus will lead the perceived-rhythmice

grouping while a longer stimulus will follow the perceived

- grouping. As English stressed syllables are marked by pitch,

amplitude and duration while French are o ly marked by
duration (Delattre, 1966), this would exp ain why the two

languages have a differently perceived regulator placement.

_The regulator is combined with the build up, occurrence and

release’of accent to give rhythm. They also put forward six

.

pr1nc1p1es which help to determlne how speech rhythm is
produced For our purposes, the most important of these are
the rhythm1c dlscharge pr1nc1ple- "...the tendency to
maintain a pre- establlshed rhythm w1ll 1nfluence a speaker o

- —— ——————— ”

'+ Wenk & Wioland (1982), p.203.
'? 1bid, p.204. '
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to produce successive groups of equaI'or‘nearly equal
syllable ¢ountlﬁ;”’ and the least syllable principle:
speakers will produce small rhythmlc groups.alﬁ |

Borzone de Manrlque\& S1gnor1n1 (1983) studled
Argentine Span1sh, anotneruianguage claimed to be
syllable—timed However,;they found the duratlon ratio of
stressed, non- prepausal] open syl{ables to unstressed
" non-pr pausal open syllables to be 1 4, whlch is not
syllable 1sochron1c, but is beyond the ]USt notlceable
difference 11men for detectlon of durational dlfferences. In
fact, they concluded that their data 1nd1cated Spanlsh has a
'tendency tovards stress t1m1ng They also found stress to be,'
associated w1tn hlgher_ﬁltch, longer duratlon and, on_
occasion, greater amplitude. s '

Dauer (19% ~ compared Engllsh Spanish, Italian and
| Greek speakers, and also 1ncorporated data from other

" -

sources to also include Japanese,'French and Portuguese. He

!

found that, in all these languages, 75% of the 1nter stress
intervals were bet;een 0. 3 and 0. 7 seconds. Also, an
addltlonalvunstressed syllable added,110 msec. to the
inter-stress interval in all of them. In fact, the main
cause of variatien was due te"slow versus fast talkers.
English was shown to be no.more regular in inter-stress .
'zintervai duration than the other languages. "Rather, what
these data reflect appears to be universal properties of
 temporal prganization in language." '+ If all these

'» 1bid, p.206. - | .
*+ Dauer (1983), p.b54. -
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languages use the same duratipnal organization, the‘question
is:what gives their perceived|{rhythms such variation? Dauerv
suggested that this is due to language structure, not only
in terms of possible syllable and segment combinations, but
in syllable duration and numoer of unstressed syllables in
an inter-stress interval as‘well. As examples, he suggests

that:stress-timed“languages have a greater variation in

’syllable durat1on, mostly due to an enhanced.repertoire of

syllable types" Another suggestion 1s that, in stress- t1med

languages, syllable structure and stress are mutually

"rrelnforc1ng, with heavy syllables being stressed more

frequently than light syllables. Dauer deflned heavy
syllables as those contalnlng many segments and light
syllables as those with few segments. Also, stress-timed
languages use centralized vowels‘in unstressed syllables,
but’ do not delete.them. Syllable-timed languages can

eliminate shorter syllables and do not use centralized

yowels, although consonants can be affected or eliminated.

Lastly, the greater the effects of stress “on a language, the
more 11kely it 1s to be con51dered a stress timed language.
”It is precisely the language structure with all its

language spec1f1c segmental variation that is respon51ble

for perceived differences in language rhythm. 1 Therefore,

IJ

Dauer recommended u51ng a continuum of "stress-based" to
rank 1anguages which would 1mply nothlng about the1r timing,

yet help to explain ‘their percelved rhythm,

- ————— - ————— - - ——



" L11. METHODS
ThlS study was de51gned to 1nvest1gate eV1dence from
natxve speakers engaged in a readlng task The 1nter stress
1nterval was chosen as the measurement of 1nterest; Two
“hypotheses were advanced Engllsh speakers use a constant
ISI and French speakers use ‘a constant syllable duratlon, no.

matter the size of the rhthmlc foot

A, Sub]ects - f

Ten native speakers of French and- Engllsh were_
recorded seven women and three men for Engl1sh six women
and four men for French Of the English speakers, n1ne were
.nat1ve Canadlan speakers, while one came from the
north-western U.S. The aygrage age was 29.7 years, and all
had graduated from un1ver51ty. Three reported very sl1ght
1mpa1rment ofjhearlng,fand one had suffered from a speech
defect, although at a young age. The French speakers were
six native Canadians, three French and one Belgian. The
average age,was_31 years, Seven were university graduates,
two were high¥school graduates and one had graduatedifrom,

college. None of them reported any speech or hearing;

‘impairment.

B;—Materials . - BN

‘Each subject read two texts. One, from Reader s

PN

. D1geSt/Select10n, concerned a conversat1on on a traln. The

other. described the technlque of aerlalvflreflghtang. (See'

0w

25

Lo



26
* .

5Appendik A.) These texts had been'transléted by the.

‘ publisher, the former from Engl1sh 1nto French and the
latter from French 1nto Engllsh They were chosen to
‘exempllfy narratlve w1th dialogue and descr1pt1ve styles of;"
speech, allowing the study’to look at more‘than one
.reglster. Both texts were 1ndependent1y marked for’stress
locations by two 11ngu1sts. The only sectlons used for ‘the
;"ana1y51s weré those 1n which all stress marklngs were in f
agreement. prever, the agreement -about stress placement was
very h1gh In marklng, only two degrees of stress were. used
as it has»been clalmed that listeners cannot reliably
,differentiate more than this (Nakatani et al., 1981). The
stress mark1ngs 1nd1cated the 11m1ts of the rhythmlc feet,
whlch run from the beg1nn1ng ‘of one stressed syllable to the .
beglnnlng of the followlng stressed syllable. From the
‘marked texts, all of ‘the rhythmlc feet wh1ch did not cross a
noun ph;ase'— verb phrase, clause or sentence boundary were

noted. Then, 51x samples were selected for each. foot. size,

e -

‘taklng three from each text. However, in.the. case of f60t 5
,in'both English and French, four samples were selected from
" the f1reflght1ng text and two from the tra1n text. This was.
due to a lack of samples wlth su1table segmental
compos1t10n. Foot 6 type was not included in any of the
*'statlstlcal analyses as only one Engl1sh and two French
examples were found.- No attempt. was made to try to represent
the percentage of eachufootvoccurrlng in.actual language,_aS'
thisywouldrrequire‘either a very.small~numbé?fof foot 5 o;“3\

. v . ..

/
H
i
|
N\
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large number of foot 2 and 3 to be analysed
- The samples were chosen on the basis of the eage of »
segmenting_ the acous-txc s1gnal. Therefore, those with a ’ .
greaterinumber‘of stops end fricatives were éreferredr The |
main cfiteridh was that each stressed vowel had to'ee |
preceded by a consonant which would alloe a precise
indication of the vowel onset. If this criterion was mét,
then the samples which gave the greatest ‘number of clear cut
vowel onsets for the 1nterven1ng ‘unstressed vowels, if any,
were used For all of the foot types analysed, this allowed
a somewhat random ch01ce to be made, as there were more than
six samples avallable which met the requ1rements.

)

S

C. Apparatus -
Mlcrophone. Sennhelser MD 421N
~frequency response- 30—17 000 Hz +5dB-.
'sen51t1vity. 0.2 mv/m1crobar at 1000 Hz

dlrectlonallpyu cardlold ) o " ..

Tpﬁe recorder: TEAC A7030 GSL
frequency refponse: 50-15,000 Hz +2dB- : _.;\\\;"'
speed;'15 ips “ |

S/N ratid: 58dB ;

T

Audio frequency filter: Rocklard Programmable Dual

'Hi/Lo filter, series 1520

frequency range;40.001 Hz - 111 kHz
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accuracy: +2% of dial ngting

]

Minicomputer: DEC PDP 12/A
memory: 16 kbits

operating system: OS/8 and Alligator,

'D. Recording \
| Subjects were recorded indiQiduallx in a sound treated
recording room. The only instruction given was to read the
texts in a normal conversational style. Subjects were éiven
the texts before the recordzng and asked to read them over,
so they would be familiar. w1th them and have an opportun1ty
to clear up any uncertainty before the recording. The order
of reading was counterbalanced. Any queﬁtions about the
experiment itself were_answered'after the reaﬁing. At that
time, information about the'subject was also collected,?in

order to control for any inconsistencies in the data which

might be found.

E. S;mpling 7 | _ | |

The stimuli wége bandpass filtered (68-6800 Hz) in
order Eo eliminate,ény 60 Hz hum. The upper limit was uséd
to pke&ent aliasing dug,to sampling at 16 kHz. The amp}itude
of each‘portion of speech was éalibratéd to provide the
max imum signal level without peak clipping. Following this,

the signal was digitized at a 16 kHz sampling rate on a PDP

y 12A minicomputer, using the Alligatof operating system
. : f ,

A}

T

—
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(Stevenson & Stephens,'1§78)y“and stored in the computer )
memdry, A program, written by A, J. Opperthauser, was used |
to allow édhpling of 60 seconds of speech at one time (see

Appeﬁdix B).

F.ﬁMeasurement ‘ . .
The éignal was displayed in 1.6 seépnd sections by t%e
program shown in Append}x B. This amount of time was ~
sufficient to include the entire rhythmic foot being . .qr'
measured in élmost all cases; the only exceptions were ;hose
with a great amount of pause time. The program gave a visuald
'display of the acoustic waveform, and allowed auditory
playback of the_whole section or any part of it as well.
Therefore,_;isual ahd auditory identification of the
recorded signal could be used to clarify the probable
boundarg'location when necessary during segmentation.
. In order to measure the duratioﬁﬁyf a desired section,
the computer's cursors were positioned so as to delimit it.
Then, the signal bounded by the cursors was extracted, |,
‘labelled and automatically measured and the duration printed
on the teletype; Positioning the cursors involved some
arbitrary plécemeht, e.g. when .a vowel was beside a 'liquid.
It was in these cases that the auditory playbaék of tﬁe |
seétion enclosed by the cursors:was extremely useful, as the

»

gradual change of the waveform from that of the preceding to

the follkqwing segmemt was visually indistinct.
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; consonant (C1) and pause components. ISI1 is the total

of v plUS C1 ‘v"?,, ! )'l.':‘ / “' ), .) . .‘ ) ». . » ‘\

e , 5 . . ‘
For the purposes of thlS study, foot, or inter*stress

1nterval was def1ned to 1nclude the duratlon from the’ start

9, ' : i

,of the 1n1t1al stressed vowel to the start of +he flnal

oy

vstressed vowel ThlS ch01ce made the feet ea51er to 1dent1fy

from the acopstlc waveform and is also supported by several

ra

studles 11nk1ng pTople 5 rhythm1c judgements to vowel onset

(Nooteboom, 1972 . 1974) The feet were .

categorxzed accordlng to the total number of syllables they

/

conta1ned g foot,lwlncludes only the stressed syllable,

foot 2 has one stressed and one unstressed syllable and so gl““

47 ,_).w,

on. The ISI duratlon was broken down into vowel . (V)m

. . S

. JUREI

duratlon for the foot, wh11e ISIZ 1s the foot durataon mlnus

the pause tlme. Further, the. consonant and pause t1mes can.

U ;.4,

be grouped together “to glve the 1nter vowel 1nterval A e.

the foot duratlon not taken up by the vowel(s) ThlS

aggregate 1s termed c2. Therefore, ISI1 duratlon equals ‘the

total of the v and C2 tlmes,vand ISIZ eqUals the duratlons

S RN

RS ERRVIRE

vy o

The duratlon of the stressed vowel (StV and the first

unstressed vowel in. the foot T1UstV) 1f any,vwere analyzed
to compare the é&fects of, compre551on -as the foot size
grows. Stress 1sochrony and syllable 1soéhrony make very
diffetfent predlctlons about the effect on these parts as
foot size 1ncreases. | |

o

To measure the ISI duratlon, the f1rst cursor was

positioned so as to 1ntersect the»dlsplayed signal at the

3
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zero cr0551ng where the flrst stressed vowel of the foot

s ’\‘\

o

‘Ybegan to gomrhatejthe waveform. The second cursor was

p051t10ned at the same place 1n relat1on to the follow1ng

1,

,[vowel’yl e. the next stressed vowel for foot $ and the

fﬂf% ‘ follow1ng'unstressed vowel for all other feet. ThlS duratlon\
was. measured Then, the‘f1rst curspr)was moved to the zero

2,

) cr0551ng where the consonant followlng the stressed vowel
N kbegan to domlnate. After‘thls durat1op was measured ther
|  f1rst cursor was brought up to'thepp051t1on of the segpnd
;‘Jj'cursor and thef’Se;;ond cgursor was moved to the&d of the “

: iy ' \f} .
b 'next vowel The pattern was then repeated as gy times as

o f“necessary to measure the duratlon up to the beglnnlng of the
= o ‘jb“" -»‘ P I
‘w%‘«mt folloW1ng stressed vowel (For a v1sual example, see

- ,QdKr1shnan (1983? Flgure 3, page 29.)°

' In the measurement of ISI only pause time ev1dent in
. llsten1ng to-the recorded paSSages was measured roughly,

’ that greater thaﬁ 30 to 40 msec. Extra measurements vere
N [N

“made to g1ve separate duratlons for the Cor Vv portlon on

+

elther side of the. pause, as well as the pause duration
1tself 3 : l‘,?” . Lo E
.h\ : t Y : B :

To calculate the’ duratlon of ISI1, the measuremehts

S

Bl

Efrom vowel to vowel were summed IS12 is equal to ISI1 minus

'the measured Siouse tlme, if any. V duration is‘given by ISI1

%duratlon minus the consonant and pause t1me (C2) B

duration- 1s equal to C2 mlnus the pause time. The duratlon
A;i of StV and 1UstV were calculated by subtractlng the

xconSonantjduration from the approprﬁgte vowel to vowel
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;durétion.;The measured duratjohs'for‘each éubject aré 1ist§dw
in Appendix C. -The rows comprise the six.tokené chosen/for
eaghjfoot. Eééh subject‘s~data_are grouped; For ISI1, ISi2,
vV, C1, C2 andtStv; each subject takes five lines; from foot

1 to foot 5. For 1UstV, each subject has only four lines,

from foot 2 to foot 5.
' o



Iv:.‘ DATA ANALYSIS

nn analysls oflvarianoe (ANOVA) was run on seven of the
measured durations. The total duration oflthe inter¥stress
interval,‘lncluding any.pauses and/or repetitfon by the
subject, was termed ISI1. As a comparison to‘this,qthe
inter-stress interval with pause and/or tepetitionddeleted
(ISIZ)jwas also calculated. The'duration of all the.Vowel‘
segmentsd(V)'automatically.exoluded/pause'time, due to'the
measutement techniQue. For the-consonant duration,”the'
consonant minus pause time (C1) and consonant plus pause
~time (C2) were treated sep;rately. The final two analyses
were on the stressed vouel duration (StV) and the first
‘unstressed vowel (1UstV)'after the stressed vowel.

For each ANOVA, the,same factors are involved. The
first is language (L), with two 1euels, English and French.
The next is’footlslze (F)? with five levels (only four for
1UstV). Subjects (S) are the next, with ten for eaéh :
ladguage..The last is toke | ), with six for each foot
type{ For all analyses, language and feet were the f1xed

factors and subjects and ‘tokens were the random.

A.~1ntef -stress Interval 1 and 2 (ISI1 and 1S12)

The deletion of pauses and/or repetitions from the
inter-stress intervals had no effect on the 51gn1f1cance of
the results. Although theumeans for the two languages become .
more similar, the level of significance»actually drops by a

slight amount. This indicates that the pause time, which was

ER
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SOURCE . ERROR SUM OF  D.F. MEAN F PROB.
' TERM SQUARES SQUARE .

" MEAN l-S(L) . 180195552, 1 180195552, 745.07 0.0000"
L’ S(L) 1400893, 1 1400893. 5.79 0.0270
F .| SF(L)  23776326. 4 5944082. 178.91 10,0000
s(r) | T(LSF) 4353285, . 18 241849. 7.16 0.0
LF SF(L) -974527. 4 © 243632. 7.33 0.0001
SF(L) T(LSF) 2392086. 72 33223. 0.98 0.5184
T(LSF) ' 16882952, 500 33766. ‘

Table 1: ANOVA Summary for Inter-stress Interval 1

. !
a considerable amount for someﬁjubjects, did not affect the
interpretation of the:results;{because speech happens in

s
real t1me, it seems unllkely that the extra duratlon

introduced by pauses can be excluded by the l1stener for
'thls reason, I believe that the analy51s wh1ch 1ncludes the
pause time is a more accurate reflect1on of how people talk
and percelve. For example, Klatt (1976) claims that pause
time makes up 50% ‘of the duration of a conversat1on and 20% 3
of a fluent reading. ltjls’thereﬁo;e encourag;ng_that the
statisticaﬁ analysis is, to ;ll ihtents,'not changed‘by
'-‘using‘the observed data, rather than the edited. |

measurements There are changes in the measurements 'l’
,themselves, which indicate qu1te stralghtforward resuﬂts.
The pauses are more frequent 1n and add more duratlon’to the
- longer feet; the differences are foot 1: 5.9 msec., foot 2:
36.0 msec., foot 3: 42.1 msec., foot 4: 60.0 msec.,.foot 5:
71.7 msec.vSome‘subjects paused much more'frequently and/or
tor longer perlods than. others. The range, collapsed acrossa
lnter—stress 1ntervals, is from O 0 to 224.3 msec. Another

change, which confirmed my suspicions when llstenlng to the
" - | ‘ ! ) e .
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' tapes, is that the French speakers produced more pause time

than the English speakers. Their respective pause times

were: French - 66.21 msec., English - 20.13 msec. However,
. . R '

the two ISI measures are'significant at the same level of

probab111ty in comparlng Engl1sh to French.
~ Thus, both 1S4 and ISI2 1nd1cate that Engllsh and

French are not drawn from the same timing group. Looking at
the LxF interaction, ISL1 shows f =.7.33; d.f. = 4,

p < 0.0001 whlle 1812 glves F = 28,04, 4.f. = ¢,

p < 0. 0000 Thls indicates that pause time connected with a -
reading task appears to*be stat1st1cally uBimportant exoept
as it affects the total duratlon. Otherwi ; it would appear

to be randomly dispersed both among subjects and tokens,

‘except that longer inter- stress intervals offer a greater.

opportunity for d1sruptlon by pauses due to thelr greater

'exten51on in time. It is possible that this dlsruptlon is

actually due to the 11m1tat10ns of worklng memory, so ‘that

as the number of syllables involved .in an inter-stress

'1nterval approaches the magic number of 712 (Miller, 1956)

/

. pauses become more freguent because the proceSSing‘system

finds it increasingly difficult to encompass the whole
interval ‘in one unit. This, however, assumes that the

inter-stress intervals are handled as separate syllables,

each of which composes a un1t in- speech productlon. Even if

‘words are used, it is still obv1ous that a longer

“inter-stress interval, on average, w1lltconta1n,a larger

number of w?rds. There is always the poSsibility that

R
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SOURCE ERROR SUM OF | D.F. MEAN F PROB.

i

TERM SQUARES *  SQUARE

MEAN S(L) 152925123. 1 152925123.2 2366.65, 0.0000
L  S(L) . 383498, 1 383497.6 5.93 0.0255

F .+ SF(L) 18734023, 4 4683505.7 887.38 .0.0000
s(L) T(LSF)  1163099. 18 64616.6 7. 0.0

LF SF(L) 591632, 4 147907.9. 28.04 0.0000°
SF(L)  T(LSF) 379828, 72 5275. 4 0.58 0.9976 .
T(LSF) 4555222 500 9130.4 ‘ -

‘Table 2: ANOVA Summary for Inter-stress Interval 2

inter-stress intervals themselves are the unit, in which

case it would only be due to the duration, not the internal

kcomposition; of the units.
The analysis of ISI1 and ISI2 for feet 1 to 4 indicates
“ that Eﬁglish and French are, indeed, more similar ifrthe
longest infer-stress interval»measured'is-disregarded :
(E = 5.63, d.f. = 3, pv< 0.0020; F = 18.22; a.f. = 3, ‘
p < 0.0000). This upholdsithe cOnteatioh'ahat the two \

languages are more reliably diffefentiafed'by their longer

feet. As a double-check,,l ran an analysis of the ISI
’duratlon for feet 1 t6 3, which gave F = 5, 25 d.f. = 2,

p <. 0. 0100. While such a result cduld also be due to‘the
languages being similar at one particular foot size, with
1ncrea51ng d1551m11ar1ty as foot size changes (i.e. stress
versus syllable 1sochrony), the graph of the 1nter stress |
interval (Flgure 1) shows clearly that this is not the cas
Both languages. follow a 51m11ar curve, with the d1fferenc4
in duratlon between them 1ncrea51ng gradually as the foot'

size grows. Thus, for ISI1, the Frenehvduratlon’m1nus the

English duration is for foot 1: 34.3 msec.,»foot 2:
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86.5.msec.,,foét 3: 88.3 msec., foot 4: 126.7‘msec. and foot
5: 216.3 msec. WeﬂSee that, as foot size increases, the
durational difference does too, by 120.8, 1.8, 38.4 and
89.6 mseci respectively. Although this result could show the
"tendency” to‘iséchronism often put forward, it shows even
ﬁore strongly the,lack of isochronism. The difference in
duration between the two languages is not: in direct
proportion to the foot size, as wduldﬁbe predicted by
isochrony.)}t is also ciea: that the predictions of stress
and syllaé&e isochrony, shown in.Figure 1 as Stress and
Syllable, do not match the observed data from the subjects.
B. Vowel (V) ’

Total vowel duration is reliably differentiated
(F = 33.68, d.f. = 4, p < 0.0000) using both all five feet,
and only foot 1 to foot 4 (F = 49.32,‘d.f.,= 3, p < §&.0000).
‘In fact,;deléfing foot 5 had little effect; evén then:;ﬁbe;s\i

stayed close. Once again, Figure 2 helps to show the reason.

~

s

‘ \{ .
In foot 1, the differeﬁce is small: 30.8 msec. Also, foot 1
v g | : | _
is the only condition /in which English had a longer vowel
duration. For the other feet, the differencelétays fairly

constant: 88,5 msec., 126.0 msec., 95.5 msec. and

i
ety

125;8 msec. Under the assumption that vowels in the two
languages are of an eqﬁivalent "inherent" aUration, which is
. not unlikely as the foot 1 means éhow similar vowel
durations, thié would argue against the premise of vowel

compression being used in English but not in French. If this
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Figure 2 — Total Vowel Duration
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SOURCE ERROR SUM OF  D.F. MEAN .. F PROB.

_ TERM SQUARES SQUARE
_MEAN 'w»..§(L) 53787210.0 1 '53787210. 1366.11 0.0000
L 5(L) 988285. 1 988285.3 ° 25.10 0.0001
F SF(L) 8886861. 4 2221715.2 601.11 0.Q000
S(L) T (LSF) 708703. 18 39372.4 7.55 0.0
LF - . \SF(L) 497952, 4 124488.0 33.68 ~0.0000
SF(L) \w(LSF) 266113. 72 3696.0 0.71 0.9644

T (LSF) 2607993. 500 5216.0

Table 3: ANOVA Summary foréyowel’1

were the case, tﬁe ianguages should diverge to a greater
extent as more vowels occur in»the inter-stress interval.
However, there does seem to be greater variability in the
dufétion‘of'the %nglisﬁ vowels. This is evidencedvby the:
relatively\slo;ﬁlinear growth of vowel duration for feet 1,
2 and 3, followeduby a much greatef increase, but still in a
linear fashion, for feet 4 and 5. This indicates that some
férm of compress{on must be oqcurring[ as tﬁéfdifferences in

V for the feet are 29.1, 39.9, 117.8 and 83.4 msec. In

French, these values are 147.5, 77.4, 87.4 and:113;5 msec.

C. Consonant 1 and 2 (C1 and C2)

Total consonant duration indicates that/the two
languages are also dissimilar. It is onlf when pauée time is
included as part’of'the consonant duration that the®speaker
-groups cahnot be féliably separated..Consbnant duration for
all five feet showed F = 23.60, d.f. = 4, p < 0.0000 and
consonant duration fbor feet 1 to 4 gave F = 16.19, d.%wi

~
Y
W

s

3,

-l

-

LYY

. N . : 3 \ ;
p < 0.0000. However, inter-vowel duration :(consonant Y

. duration + pause) gives F = 2.97, d.f. = 4, p < 0.0251 for
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Figure 3 — Consonant Duration
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. .

SOURCE -ERROR  SUM OF D.F. MEAN. F PROB.
TERM SQUARES * SQUARE
MEAN s(L) 26487727. 1 26487727.3 2747.59 0.0000
L s(L) 109134. 1 . 109134.1 11.32 0.0035
F SF(L) 2446868, 4 611716.9 228.20 0.0000
s(L)  T(LSF)  173526. 18 9640.4 1.06 0.3895
LF SF(L) . 253026. 4 63256.4  23.60. 0.0000
SF(L)  T(LSF) 193001, 72 2680.6 0.29 1.0000

T(LSF) ‘ 4543846. 500 9087.7%

Table 4: ANOVA Summary for Consonant -1

all feet, F = 1.03, d.f.= 3, p < 0.3871 for feet 1 to 4.
While this is interesting, I do not believe that pause time

can be added to consonant duration to produce a variable of -

k]

‘any/meaning. 1t can only be defined as the non—voééi;é
portion of ‘the utterance, not as a coherent group. FOr this
reason, consonant duration is a more telling variable. Even
here, however, there is a'problem, becéuse the measured
stimuli do not compose a random ple of the consonants of
the languages studied. This is duefto the choice of
inter-stress intervals containin Sn abundance of stops,
-affricates and fricatives and as few glidés and liquids as
possible. Aithough this ad@g to the ease of measurement, it
compounds the problem of applying the analysis of the
consonants sampled to a larger éample of either langque;
However, comparison of the proportion of fricatives, sfops,
nasals, liquids, glides and affricates in the sample to
tHose occurring in text counts of the laﬁguage indicated
tHat it is reasonable to term the sample representative.
 Fiqure 3 shows‘iig the lanquages can be differentiated.

The English subjects decrease the duration from foot 3 to
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. . . ‘ /7
SOURCE ERROR SUM OF b.F. MEAN F . PROB.
TERM SQUARES SQUARE : :
MEAN S(L) 36988754. 1 36988754. 381.03 0.0000
L .+ S(L) ~ 32975. 1 32975. 0.34 0.5672
F SF(L) 4073083. 4 1018271. 41.18 0.0000
s(L) T(LSF) 1747381, 18 . 97077. 3.81 0.0000
LF  SF(L) 293462. 4 13366. 2.97 0.0251
SF(L) T(LSF) 1780476. 72 24729, 0.97 0.5492
T(LSF) 12742403, 500 25485, :

]
Table 5: ANOVA Summary for Censonant 2
foot 5 while the French subjects do not;'As well, the French
consonant duration (C1) is less than that of English for
foot 4. This does support the isochrony hypctheses, although
the effect is less than would be‘requi:ed to fulfill them.

Also,ﬂthe values for the English subjects counteract the

values obtained for the vowel duration, giving the ISI

J
4]
D. Stressed Vowel (StV)
Analy51s of the average stressed vovel duratlon for ‘i!
each foot helps us to understand why the languages are ﬂ

different (feet 1 to 5: F = 41.05, d.f. = 4, p < 0.0000;
feet 1 to 4: F = 39.21, d.f. = 3, p < 0,0000). For the
‘English subjects, tﬁe stressed vowel is longest in foot 1
with a gradual shortening as the foot size 1ncre;ses. There
is a sllght 1ncrease between feet 3 and 4, but this is
likely due to the vowels sampled. This- lends credence to the
1dea of vowel compression. However, it must be compensated

”

for as French shows similar compression for total vowel
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'SOURCE = ERROR SUM OF ~ D.F. ' ' MEAN F  PROB,
' TERM SQUARES ' SQUARE "Q

‘ K , 3 _ EI ) .
' MEAN .° S(L), 9016004. 1 9016004.1; 948.07 0.0000
L s(L) 101816, 1 101816. 4 10.71 0.0042
F - SF(L) - 44109.° 4 . 11027.28 13.74 0.0000

s(L)’ ~ TLSF} ~ 171176. 18  9509.80 5.43 0.0

LF . SP(L), " 131796. - 4 = -+ 32949.01 ~41.05 0.0000
SF(L) T(LSF) . =~ 57793, ~ 72 ~ 802.68. 0.46 1.0000

COT(LSF) . 875467. 500  1750.93

:TahlelsngﬁOVA'Summary‘for,Stressed Vowel

‘L'durailon The French subjects showed foot 1 to have the

&

’fa'shortest stressed vowel durat1on, w1th an 1ncrease of about

25 msec to a ba51cally stable duration for the other feet.

el

” Obv&ously, thlS is contrary to compre551on Another point 1is

1

'_that the feet themselves can be d1fferent1ated by the

;stressed-vowel duratien (F = 13. 74 d f. = 4, p < 0.0000).

-

- E. UnstresSed Vowel (1Ustv) a o o E e

Pl

Although'the term unstressed" 1s not necessarlly

,appllcable to French in the same sense as Engllsh several &

researchers (Crompton, 1980 Delattre, 1966; Wenk & Wioland,

I'J

1982) have admltted the term stressed or accented in their

.
Wim

analyses of French t1m1ng patterns ThlS leads to the

adm1551on of unstressed syllables, as the stressed ones must

(M2
i

' be in opp051t10n to another type. The tokens chosen for
analysis_ were selected on the ba51s of grammat;cal stress.

Desplte thls,‘fourteen of the twenty four sampﬁes had a

/

monosyllab1c grammatlcal morpheme in the first’ unstressed

8

vowelnposltlon 4e.g. de, la). ’ E
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Figure 5 — First Unstressed Vowel Duration
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SOURCE ERROR SUM OF  D.F.  MEAN F .  PROB.

TERM SQUARES .  SQUARE-
MEAN s(L) 3656473. 1 3656473.41 1435.44. 0.0000
L sS(L) 210925, 1 210924.67 82.80 0.0000
F SF(L) 18701. - 3 6233.64 9.46 0.0000 -
S (L) T(LSF) 45851. - 18 2547.29 2.26 0.0025
LF ~= SF(L) 21674. 3 7224.58 10.97 0.0000
- SF(L) - T(LSF) 35568. 54 658.67 0.58 0.9918 .
- T(LSF) 451574., 400 ~1128.93 = . R

'Table 7:AANOVA'Summary for Unstressed Vowelﬂ

o

s

The data analy51s clearly 1nd1cates that Engllsh and .

French are dlfferentlated by the duratlon of the f1rst

P u‘(u

unsgk%};&@ %bwel after the stressed vowel (F'= 10 97

2

d;frzlsfjp'< 0. 0000) Even lodklnq at only feet 2 to 4 dia.
'not alter this response (F = 14 90, d f 27 p < 0 0000)

| Looklng at the means for the two languages helps to ‘show
why Engl1sh 66 msec. versus French 108 msec. Flgure 5 shows>
more clearly how d&stlnct the treatment of . theiflrst ,
_unstressed vowel is; whlle the plot‘s for all%*other

' measurements Cross, these are. Separate Another 1nterest1ng

point is’that while’ French shows some. small ev1dence of

‘®

: compress1on, Engllsh does not In fact the Engllsh values

show ev1dence that ‘the. durat1on of the flrst unstres§%d

e

vowel is constant across the feet sampled Because there is

no conv1nc1ng hypothesis to account for foot P haV1ng a
e
longer unstressed vowel duratlon 1 ‘assume thls result ‘was .
A

due to sampllng French presents a problem- the longer

unstressed vowel ‘of foot 2 argues agalnst syllable tlmlng
= A
‘However, this could again be due to sampllng,'ln whlch case :

the duratlon would be constant across all feet, wh1dh could

‘e
) 25y .
[ ’ (R
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be inserpreted aS'supporting‘sy11able—timing.‘With the data
at hand, it is<%ot p0551ble to choose between these ?
alternatrves, although the small variation dlsplayed in the
other feet mlght argue for sampllng error. No matter whlch |
hypothe51s is true, the data show that Englxsh and French do
not treat the unstressed vowel 51m11arly.

jThe foot factor is aiso significant (F = 9.46,
‘a,§;<£ 3, p < 0.0000), indicating that the durations of the
first unstressed-voweldin dtfferent feet are not similar.,k
Th&s cankagain_be traced to foot 4 in English and foot 2 in
French.A ‘ f . _ o , .

, tr
F. Rat1os

~&s a further check“ the ratios of components of the
inter—stress interval to the 1nter-stress 1nterval 1tself,
were calculated The results are shown An Flgure\6 for ISII
and Fvgure 7 for 1SI2. From these graphs, we can isee that

\

the dbfference between Engllsh and French is not due only to
\

ough. French speakers showed a longer durations for

' "'(’#;{ |

all rhyt m1c feet except foot 1, any cﬁénges attri

rate. Al

table‘

SOlely to rate would be washed out by a ratio comparldon;
Howeveﬁgvit isfonly'in the stressed'vowel/intér-stress
interval ratio that the two languages areFSimilar..Thus,vwe
'canvconclude,that we cannot attrihute the differences

observed between English and’French speakers to a faster or

slower speaking rate for the speakers of the language.

2
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V. DISCUSSION'

A, lsochrony

As shown in the data analysis énd figures of chapter 4,
ﬁhe subjécts in this study do not show any evidence of
isochfony. The aye;age syllable length decreases and the
averaée intér—Stress interval increases as the size of the
rhythmic feet‘groés. Taken 6h.its own, this is no challenge
" to the hypotheses, of course. Thejproblem arises because no
study has'yef;been able to produce.clear»evidence of
isochrohié timjng inflﬁencing language output. With these
'fepliéations; t£e chance of finding these factors affecting
' speechrié'minimal. Looking at Figure 1, it is clear that the
:hypothesiéed tenaenc;es in each languaée impose. a small
‘differentiation between them, especially in the shbrter
rhythmic feet (1& 2 & 3) which compose the larqg*majé?ity of
spbken language, e.g. Uldall (1971,1978): 88%'§f the feet
were one,to threé syllables at normal rate and 76% at fast
-ratejikéfghnan (1983): feet 1 to 3 contain 87% of the
rhfthmic'feet ih't;o texts analyzed..lﬁ, therefore, seems
fair to say that, in running speeéh, the isochrohy will have
vtd‘be eVidept in these’smailer units.‘The analyses'shdw,
however, that it 'is only in the larger units that the two
languéges are reliébly distinguished. | |

There is a problem associated with this approach. \
Merely because a statistical‘analysis indicétes that two

groups can be regarded as sﬁgyificantly different does not
: ¢ :

i
i

51
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mean that those differences are detectable by people during
speech We must keep in mind thati our perceptual systems
also impose 11m1tat10ns on what can be used to differentiate
speech. So, for example, even if we apply Lehiste's (1977)
criterionbthat the durational differehce needs to be 30 to
100 msec. before it can be accurately perceived, it is plain
that listeners couid aecuratelyrchoose which inter-stress
interval, English or Frehch, is longesthin an AB comparison .

test. -But does this alléw them to also perceive one as

'syllable tlmed and the okher as stress- tlmed? Agéin,«ébch
compar1son evaluation wohld allow a speaker of English to
invariably distinguish the different rhythmie feet on the
ba51s of their duratlon alone, with the'possible exception
of the increase reported from foot 4 to foot 5. This is,.
however, only 1ook1ng at average values collapsed across
tokens. Obv1ously, any spec1f1c example will have some
variation from these fiqures and the upper limit of the
range of one foot; ih fact, 'shares the durational values
assoc1ated with the lower 11m1t of the next larger foot.
This means that a foot 2 can have the same, or even longer,
duration a$ a neighbouring feet 3. On average,.though, the
reverse willlbe true. This same argument applies to French,
as syllable length ranges'from 182 to 242 msec. for foot 1.
This means the question is how are these discernible

‘differences in syllable and inter-stress interval length

glossed over by speakers/hearers?
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Lehiste's (1977) answer that stress isochronicity
‘relies on an interdependence of production and perception
tendenciesiis unconvipclng because it does not explain uhy
French speakers.do not show this tendency. For this
production/percepticn explanation to hold true, there would
have to be some method of settihg the‘value at the mora,
syllable or séress level. Otheryise, we must postulate a
'mechanism which is either overridden or undeveloped in a
’:large number of languages, i.e. those not stress-timed. Of

| course, the blggest drawback is the lack of a def1n1t1on for
"tendency". Hill, Witten & Jassem (1978) found that the
attempt’' to maintain a constant inter-stress 1nterva1 in
English accouuted for only 9% of the varlation in segment
duration. ‘Is this 9% ihfluence on segment duration
sufficient to estabiish;EngliSh as stress—timed? This leads
one to ast what the corresponding figure for French speakers
is. On the assumption that the other factors, i.e.. phoneme
type,'syllable type, rhythmic unit, that Hill et al. (1978)
found to be“important’contributors to speech sound duration
contribute the same‘overall effect in French as in English,
the effect of trying to maintain a constant syllable
duration is un lkely to reach above 10%. Thus, if we assumed
the two languages to differ only in terms of their
tendenc1es in product1on, this would lead to a gradual
uideniug of the gap between them as the number of syllables
present in the foot 1ncreased The evidence from this

exper1ment is 1nconc1u51ve in this regard as the absolute
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durational difference between English and French does

54

incrgase, but not‘atvq\nonsnant rate as suggested‘by‘this
hypothesis. Even converting the difference to a perceﬁtage
of average inter-stress interval does not lend itself to
this interpretation; the results are, for foot 1 through 5:
14.6, 19.6, 15.8, 18.0, 27.0%. Here again, it is in the
larger rhythmic feet ﬁhat the anaIysis runb/ﬁntokproblems.
Interestingly,yiy using,inter-étress interval without pause

or repetition, he figure for foot 5 feducgs to 20.9%, much

more in accord &ith the others. However, the values for the
smaller feet ﬁhen become: 16.8, 5.1, 8.9, 11.2%., Neither the
absolute nor the ratio values support this possf%ility.

‘On the other hand, the results reported here also argue
against Nakatani et ;l.‘s,(1981) cléim that English displays

an incréase in inter-stress interval dir ly related to the

number of syllables. Figure 1 shows that) the increase in

inter-stress interval is not consistent, but shows evidence

of a gradual shortening of'average syllable duration

(English: 252, 199, 171, 160, 139 msec.; French: 218, 242,

‘201,'192, 182 msec.) This could, however, be caused by
| constant durations for longer stressed syllables and shorter

'unstressed syllables, which would also lead to the same

effect. Another minor consideration isvthat the stressed
vowels were not measured with théir consonants, Therefore,vlv
calculafed the average unstressed sylléble duration as well.
This duration has the disadvantage of also including the

consonant before the final stressed vowel of the



inter-stress interval, bnt, againwdue to sampling, the
effect is to lengthen all the unstressed syllables in the

foot. There is also a slight predisposition toward

- exaggerating the effect of the compression as the consonant -

duration is divided between more,syl%ables. However, the
amount of the reduction in syllable éuratk‘io'n shows'!ﬁst this
cannot be merely due to the extra consonant. For the énglish
subjects, the values, starting at foot ,gywe°'2§271 2i0.0,
178.9 and 152.0 msec. Interestlngly, the absolU¥# amount of
reduction in French is even greater: 344.8, 235.4, 205.8 and
192.7 msec. These results contradict the hypothesis of |
linear increase in inter-stress interval dus to foot size.
B. "Universal” Tjning

Thenanalyses of the'data indicate that the English and
French subjects aré.significantly different (at the 0.05

. ' . ' :
‘level or beyond) ‘on six of the seven measures,

inter-stress 1nterva1 1, 1nter stress 1nterva1
consonant, stressed vowel and f1rst unstressed vowel
duration. Only in inter-vowel duration are the two groups
similar. Inspection of the graphs of the L x F interaction
(Figures 1 té’B) inaicatéd that the languages were .

v differentiatga, in most cases, by the longer inter-stress
intervals, és the linestdiverged in an accelerating fashion.
Therefore, I also ran analyses on the measurements for feet
1 to 4. This reduced the number of gignifitant results to

four: vowel, consonant, .stressed vowel and fifst unstressed

et



SOURCE ERROR SUM OF D.F, MEAN F PROB.

TERM  SQUARES SQUARE

MEAN  S(L) 112735406, 1 112735406. 712.35 0.0000
L S(L) 535068 1 535068.  3.38 0.0825
F SF(L) 14132172, 3 4710724. 180.98 0.0000
s(L)  T(LSF)  2848642. 18 158258.  5.49 0.0

'LF SF(L) 439376.. 3 146459.  5.63 0.0020
SF(L) T(LSF)  1405551. 54 26029.  0.90 0.6698
T(LSF) 11532721, 400 4832 . '

Table 8: ANOVA Summary for ISI1 (Feet 1 to 4)

vowel duration. I believe it to be meaningful that the
inter-stress fhterval 6verall measurements dropped out,

while the !individual components remained different. Under

‘the stress versus syllable isochrony hypotHesis, the

inter-stress intervals themselves would;only.become similar
at the level of foot 1 or 2, depending on- how the isochronic
inter-stress intervél isﬁdefined;>The opposing view, which
uses an underljing uni&é;sal tiﬁing'hypothesis with an
overiay of language strucfufe would predict fhe observed
result, however. The two languages alter each 1nd1V1dual
component dlfferently, and yet obtaun srmnlar results

: —;5\

Assumlng the effects of language s@“pc

syllables occur in the, Anter stressl1n erv
ot \% RS £2 :,'{‘5;‘4- X ;}"" y
consonants and vovels are@s”

inter-stress intervals are
ThlS supports Dauer's §

share a common timing: char%g,eﬁ w;th the dlfferences

between them.arising from Laﬁéhage structure and the o \Q\\\

,,l
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SOURCE ERROR SUM OF D.F. .MBAN F PROB,
TERM SQUARES SQUARE . :
MEAN S(L). 96590758, 1 96590757.7 2499.28 0.0000
L s(L) 75551, 1 75551.,0 1.95 0..1791
F - SF(L) 11136447. 3 3712149.2 1002.87 0.0000
S(L) T(LSF) 695654. 18 38647.4 4.35 0.0
LF SFéL) ‘ $48. 3 67449.4 18.22 0.0000
SF(L) T(LSF) 199882, 54 3701.5 0.42 0.9999
T{LSF) 3553186, 400 8883.a§ '
Table 9: ANOVA Summary for 1SI12 (Feet 1 to‘4

influenge of‘stress on the linguistic system, There is,'
however, a problem in-that he sud;ésted that languiges
- operate with an inter-stress.interQal of about half a
second, and an ungﬁressed syllable having the effect of
adding{l10 msec. to a foot. The data here indicate that the
Engliéh'subjects almost precisely'match Ehese measurements,
an average inter-stress interval of 499.7 msec. and an
average increase per foot of 110.4 msec. French sﬁbjects
showed an'é@ergge inter—stress interval of:596.3 msec. ;ﬁ$~;

an average increase per foot of 173.0 msec., which

%giizfefi

s

above Dauer's values. One explanation could be that™¥H ’

French subjecé;, for whdtever reason, read more hesitantly
R 74 B ‘ :

+

and that sihifar results, could only be obtained when the
pause durations were.erz;inated. Then, the durations are
530.1 msec. and 149.1 msgcl Although ihese values are still
high, they do not seem unlikely, given the small number of

subjects sampled from the total population. For English,
these ISI2 values are also within the likely limits,

479.6 msec., and 101.4 msec. Therefore, it is only in fluent

{ . . . . .
speech that the subjects show the timing characteristics

-

&D



.;lwhlch Dauer suggests. Goldman Els}erm 1968) clalms that over

. v oL e ’ ~ d .

'd_60% of spoken language con51sts éf grouplngs of leﬁs than

- .six wo ds. Also, Klatt (1976) says that even 1n fluent

that pauses, Whlch occur most frequently’at major syntact1c
- y

gaps or before words w1th a hlgh 1nformatlon content, are a

e

part of neariy any language utterance and will need to be

1

taken 1nto account. 1f, as seems llkely, Dauer s flgures are ,

arrived at on the ba51s of” spgech w1thout pauses, they w111

' not reflect the °correct duratlons aSSOC1ated,WIth these. f/

1ntervals. o, D w“ _ a
€ y , S . y

> Another 1ncon51stent f1nd1ng was Ehat the Engllsh foot

1 had an only sllghtly longer duratlon than the French foot -

1. Maklng the assumptlon that Span1sh and French haVe a

s mllar syllable duratlon, on the ba51s both of be1ng

: classlf1ed as syilable tlmed languages and Delattre s (1966)

‘measurements \the Engllsh foot 1 should be equaf~1n duration

to the French foot 2, accordlng to Dauér s f1nd1ngs. In th1s

/

study, the correspondlng flgures are 252 msec. and/

'484 9 msec. There is llttle question that th1s dlfference of

232,9- msec. would be apparent to hearers (1 e. it 1s almost

hn'double the lbngth)

C. Total Vowel Duration- s

i

- Total vowel duratlon showd™a very obv1ous difference
between Engllsh and French (see F1gure 2). /‘rbfoot 1 and

foot 2, th1s measure 11ves up to the clalms of stress and

'/// .

‘,;» ‘%3‘ Av . . /

i

'read1n ' pauses make up 20% of the tlme requ1red Th1s means

':,j'

e



‘1n Engl1sh can only make a 51gn1f1cant contrlbutlon to a

v o , B w89

L8

syllable isochrony. The English duration lncreases by only .

. 29 msec. (147 8 to 176.9 msec.) whlle that of French more

than doubles (117 9 to 265.4 msec ). owever after th1s

. brief support, both languages show 1dent1cal 1ncreases as:

constant 1nter stress xnterval when the feet are small For -
.

example, ‘the vowel duratlon in Engllsh 1ncreases by 29 40

118 and 83 msec., while in French 1t is 147, 77, 87 a o

“to any lncrease, i

-

;1sochron1c1ty are actually cued by overall vowel duratlon

/

113 msec. These flgures ‘could help to explaln why Engllsh is i?

|
felt to be stress 1sochron1c, and French to be syllable

1sochron1c. Roughly|
I

are from footd1 to 3. Slnce it is in these 1nter stress

intervals that the owel durat1on is most strongly re51stant

!

is possible. that the psycholog1cal

response of 1sochr n1c1ty results from an analy51s of thlS

, varlable. Espec1a'1y as we have already seen that f -

1nter stress 1nterval duratlon shows no’ ev1dence of\»

stress t1m1ng an llttle of syllable tlmrng Therefore, to‘jA

find that ‘vowel duration only varles by 69 msec.‘between

- -foot 1 and 3 1n/Engllsh while, for French the figure 1s

224 msec. ralses the p0551b111ty that ]udgements of d j
‘ .

I

|
rather than inter- stress 1nterval. Thks is also supported by '

the fact thét none of the other measurements show a strohg

tendency toﬁards both forms of 1sochron1c1ty postulated for

9 Tl

” . N , L . .
LN ¢ . : . L r

0% of 1nter stress 1ntervals in Engllsh .

N
.
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the languages. Even 1in thlS factor, thomgh this does_not

'hold true beyond foot 3, at Wthh p01nt English losesuany

-~
emblance*of stress 1sochronicity-and French begins to fall

away from syllabre 1s6chron1c1ty Although an explanatlon of

th1s is possible, i.e. con51der1ng that the more common fOOt

A51zes are more: strictly regulated by 1sochron1c t1m1ng

h because ‘of the1r greater freqUency and therefore,

»

contr1but1on to rhythm, it seems to 1ntroduce complexity

" more than answer the questlon of why this dlfference occurs.‘

LR

" The vowel ‘duration data also support Uldall's (1971,

1978) hypothe51s that the longer feet are somehow counted as
‘two feet ‘in the judgement of 1sochrony, This was\her way of
accounting for the facthé%at‘the four syllablé feet did not/
v:7fall 1nto 11ne with the durat1on measurements of the shorter

feet’ If we assume that "longer feet" means foot 4 and 5, we'

~

7 find. the average durat1on for foot 1 to 3 to be 180. 5 msec.
: and foot 4 and 5-to be 376. 3. msec., j.e. 188.2 msec. when

.counted as two feet. Of course, th1s c01nc1dence 1s

dlsplaced when we calculate thé same data for French' foOt 1

-

to 3 glves 242 1 msec., foot ‘4 and 5 1s 487 msec., i,e, ¥

E 'v243 5 msec. as two feet Not only does it seem that such a

calculatlon would. 1mpede the transm1551on of 1nformatlon,

.which is usually the aim of language, but:it would imply

that French 1s as stress 1sochron1c as English. Actually, o

mth1s alculatlon should work better with a syllable—t1med-
langu ge, as the average number of syllables is two for the

hshort_r group and two and quarter for the larger. Clalmlng

« 60

b
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~that Engl1sh Speakers count foot 4 and 5 as two 1nter -stress .

1

intervals 15“ therefore, to argue that it 1s hot stress | .
1§ochron1c. N SN )

i . . N Coe .
! - E 2

D, Stressed Vowel
On th1s measure, Engl1sh anthrenqh show opp051te

'tendenc1es. The Engl:sh speakers show some ev1dence of e

compre551on as foot slze 1ncrea5es, such that the decl1ne’«*‘

o

from foot 1 to foot 5 is 63 msec., from 147.8 msec.jto

85.7 msec. Thls lends some support. to the conteﬂtxon that'

o

feet are one of the units used in Speech plannlng. However,

this is not the only p0551b111ty If the larger feet‘

4

‘contalned stressed vowels followed by a v01celess consonant

and/or not in’ the flnal syllableﬁoffthe word (Klatt 1973)

i

,wh1le the shorter feet d1d not we would expect the vowel

>0

duratlon to Shorten by as much as 45% of ;ts duratlon.,For

o

- English, this value is actually 42%. Slnce the correlatlon Cr

.

of foot size and segment composition is unattested, it seems
- that the rhythmic feet enter into speech planning.”

On thlS ba51s, it is hard- . to understand why the French L
) Yo £ ’
SubjeCtS show an increase of 21 msec. in stressed vowel

duratlon as foot SIZe 1ncreases from foot T to foot 5. Note,

]

however, that the total range covers 320msec., as foot 4. has

com

the longest Stressed vowel duratlon. Even 80,. this 1s only

one half of the range in Engl1sh Due to thlS small

"’-0 »

on, 1t is 11kely that the values for the

s
vFrench subjeéts d1sp1ay a constant duration for this. factor,r

N

’varlat1on in.

PRI

A

. ~ * . e
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i

‘wlth the dev1atlon attr1butable to random sources, such as

i

"sampllng erro? and local var1atlon in speech rate. In this

o

case the constant duration would argue in favour of the
syllable timed hypothesis. The larger range of the English

subjects glves support to the stress- t1m1ng hypothe51s. At

: . the same time, they’ show that such effects are only

\ tendenc1es, at best, as the amount of t1me 1nvolved shows

1

" too much varlatlon to be ignored in- French and not enough to

5’% |

3

&

w

Tae
SR

'keep the inter- stress 1nterval constant in English.

Dauer s (1983) suggestlon that English is more

stress-based than French could run counter to these

V

ffnd1ngs. 1f Engllsh con51ders stress‘to be 1mportant, why

dqes the amount of time taken to utter the stressed syllable

"decrease as foot size 1ncreases7 Such a result is

descr1pt1ve of a language which is not stress- based it

‘stressed syllables»are told by vowel duration. Since English )

depends: on an amalgamation of duration,,amplitude and pitch

to deiinéate its‘stressed vowelsf(pelattre,,7956),.we can’

‘comblne thls ‘with llsteners proven ability to use relative

,r W

e vduratlons of adjacent segments to understand?how Engllsh can’

allow stressed syllables to shorten. - 1 ®

?

, E Consonants 1 and 2

One question ‘which remalns is why the consonant

duration, both C1 and C2,'shows no sign of an increase

directly correlated with foot size. Earlier studies have

indicated that the compression observed in English results

£

”

1



average decreases: 100, 109, 92, 69 and 49 mseéc. Such a “v

63
from adjustments to the vowel duratlons w1th 1ess 1nfluence o
on the consonants (Dauer, 1983; Klatt, 1976) ThlS implies =
that consonant ‘duration for Engllsh should be proport1onal
to foot size, wh;ch is definitely not the case. '1f we divide

consonant duration by foot size, 1t 1s clear hat the ‘slfgt“

‘]‘ D
A .
P ,;i' - ‘d’

decrease could not be due to 1nclud1ng an extra consonant 1n'

~

each duratlon (1 e. the consonant before the second stressed ) |
y

'vowel), as thlS would lead to a ‘smaller geometr1cal -

decrease. However, it is also true that thls extra consonant

will exaggerate the effect of the decrease. Average

. consonant duration, calculated by d1v1d1ng consonant

duration by the number of 1nter—vooa11c consonaﬁts or
consonant clnsters, is not constant as foot'size increases:
50.2, 72.8, 69.0, 55.3 and 41.1.msec,, in;conparison to
French: 45‘9 51.9, 49.0, 51.5 and 47.1 msecr,'a range of /
6 msec. A'way to. d1scount‘the extra consonant, or consonant
¢luster before the foot final stressed vowel is to look at

the increase in consonant duratlom between foot slzes. Here,
the Engl1sh values show a consistent decllne as foot 51ze
increases: 118.1, 57.3, 0.8, and -30.0 msec., agalnst a more
stable rise in French: 63. Q 40;1; 61 6,.and 125.0 msec.

These data support both hypotheses of 1sochron1c1ty. If the

average increase in cousonant duratlon wére to d1m1nlsh w1th

foot ‘size in French the ‘vocalid portlon of the foot would

-, *

have to take up a. greater percentage ip, order to maintain’

equal syllable durations, Alternatlvely, Eﬂ)llsh would
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require-the vowel duration to shorten accordingly in order
to add a constant consonant duration while even tending to
hold inter-stress interval fixed. Even so, it is-
VQUeStionable whether the consonantal portion could cue the .
_l1stener ] rhythm1c Judgement. Most’ researchers have agreed.
that elther stressed vowels or all vowels are the main cue
,usedg(Allen, 1975; Nooteboom, 1972), which would make it |
~‘fposslb1e for a listener to use both vowel onset and |
eonsonant duratlon to judge the rhythm of an utterance. The
"only problem with this is that French shows, for the mosg

common foot 51zes, a more stress isochronic appearance than

‘Bnglish,

F. Unstressed Vowel - _ BN .

| . The"- data on the flrst unggressed vowel show strong
'?'ev1dence that Engl1sh and French are very dissimilar in
their treatment of th1s factor, which is reflected in its
obta1n1ng the highest F ratio in the ANOVA However, of
.'greater 1ntérest from ‘the v1ewp01nt of 1sochrony 19 the lack
of compre551on exhibited by the English subjects. Apart from
*Toot 4p lUstV reta1n§ a constant duratlon across all four

o

feet. Thls once agaln indicates the problem of trylng to
”show Engllsh as stress 1sochronous. For even a tendency

towardskthxs t1m1ng to be ev1dent the duration of th}f
vowel should show a. decrease as foot size rncreases. :

Instead the measurements for the Engllsh subjects show that

thlsgggterval does'not shorten. The data 1nd1cate that .

-------
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N

English is more syllable isochr nic in‘this respect than

—~——

French, espec1ally as the foot 4 measurements could be
affected by'ltasurement error due to segmental compos1t1on.
ThlS was the only foot_w1th ‘three occurrences of /g/, while
the other feet had a higher percentage of stops or
fricatives after the vowel. As well, the three /¥/ vovels
have an ayefage duration of 96.0 msec ., compared‘to |

- 65.1 msec. for the other three vowels for the foot Because
. the ayeg@ge duratlon of ‘these three is the same as feet 2 3
and 4, 1t is 11ke1y that the unstressed duratlon of foot 4
is-"artlflcmlly inflated by th@lnclus;on of a portion of
the . acoustic wave of the /r/ follow1ng the vowel :

: ThlS has some bearlng on the question of whether the
vowel /aV is one sound as-1nd1cated by the use of .one
symbol or is a sequence of two segments. 1f thzs vowel were
one segment, it should show a duratlon equivalent to the
other unstressed vowels occurring in av51m11ar env1;onmen;.
Since it does ‘not, but shows a dufation‘nearly;So%'longer,

it is poss1b1e that the correct 1nterpretatlon is to d1v1de
the sound into two segments- on the ba51s of a"i

attern—matchzng criterion. Since the acoustic wavevis
ambiguous in this area, how is it poss1ble to’ determlne the
transition, if one exists, between the vowel and liquid
segments? 0bv1ously, the Engllsh language requires both
'segments 1nvolved in th1s vowel on 1ndependent grounds, e, g;
both sounds are found without the’ other. Therefore, |

admlttlng the phone /& to .the 1nventory increases the



66

number without increasing the possible combihétions. Because

Wj‘“both sounds are independently motivated, whxch could make it

5y
o

| dlffacult to get native speakers' Judgements on the one or

~“nature of the sound, we must turn to other

i >

methods of detetmining the probable answer. In this respect,

two segmen

we can measure examples of the sounds whep'occurring
separatelly and when together, then compare the durations. On

the assumption that they are,independent, the duration of

/a/ shopld equal that of /3/ + /r/. Another approach is the

fne ta en<here. As unetressed vowels ha§e shown a fairly.
con51 tent duration of about 60 mseg. in several studiks
(Klatg, 1979;vKr15hnan, 1983), it is likely that this

dura ion reflecté an*écéurate value, Therefore, lt makes the
96 ec. average duratlon of the /¥/ vowel unl1ke1y and |
supports the 1nterpretat10n that 1t is actually composed of

two| segments with an indefinite boundary.

i ~

G.'§ubjeCt Groupdng

To further investigate why the two languages were
significantly . different,‘the averages for each foot, for
each subject and for each subject s feet were plotted using
inter-stress interval 1, total vowel and’ cdgégnani 1 values
(see Figures 8 to 16). Not surpr;s1ngly, the languages are
clearly differentiated both by overall mean (collapsed |

across subjects), as well as by individual subjecf;means.

gfoot means, collapsed

Even the data for each subject’
across tokens, show a group1ngiﬁﬁét cons;stently argues

Hf
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' against classifying the'two languages as similar. ,

The flrst graph plots inter- stress 1nterval 1 against
total vowel duration (see Figure 8). French shows a linear
relation4 indicating that ISIt and total voweliduration grow
in proporiion, while Engiish demonstraﬁes less growth’in; 
vowel durqﬁion'hntil féot 3 and then shows a greater

increase than does French. The French data appear,

therefore, to confirm the idéa of syllable-timing,

demonstrating a ratio of inter-stress -interval to vowel
duration. However, the calculation of this type of
comparlson seems compllcated for a l1stener to use while

51mu1taneously listening to and understanding the

_communication. wpile some sort of duration estimation must

take place (e.q. Hugglns 1978; Ventsov, 1981), any involved
analysis w111 require: that a listener elther expend more
effort on f1x1ng the duratlon of the elements involved

~

(whether segments, clusters or syllables) or have an

automath mechan1sm for deciding if sectlons of speech are

’Qf_the same duration. Since both of these'approaches

introduce complexity, it would be preferable to. have an
analysis which could provide the correct results without
needleés; or, at least, new, concepts. An extra cautipn is
that finding a measure which lends credence to
syllable—timing does not mean that syllable-timing is real,
in the Sepée that it can be perceived independently of homo
sapiens. This is eépecially so as the Epglish-data show «no.

support for stréss—timing,kOnce again, the paradox is that
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Figure 8 — ISI1 by Vowel Duration (Languages)
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while one hypothesis couid be-supported, the other is not,

The subjects' average means, pooled across tokens and
feet, clearly show that the French subjects had, overall,
longer duraqions‘for both ISI1 and total vowel duration (see
Figure 9). This runs counter to Dauer's (1983) suggestion
that languagesvhave the same inter-stress interval, with the
language structure accountlng for the percexved dlfferences.
1f thlS were the case, the subjects should be randomly
dlspersed around one central tendency, not Spl1t into two
quite separate groups. However, any two groups, even if
identical .in overall performance, can be expected to attain
different measures on any one sampling. It is possible that
the difference we see in Figlre 9 is related to this
variability of meansr ‘

Figure 10, showing averageo ISI1 and V1 coilapsed
across tokens, 1s more complex due to both ‘the number of
data p01nts present and the- 1ncrea51ng dlspers1on of the
foot by, language groups as foot size 1ncreases. While foot 1
is compactly‘grouped the utterances for foot 5 cover a wide
terrltory One thing. wh1ch is apparent from th1s flgure is
‘that the var1ab1l1ty of tHe French subjects around the
average value is much higher than that of the Engllsh ‘
subjects. Not belng awvare of any explanation for thls in
terms of language,'I assume it is attributable to the
subject sample. Espec1ally as Grosyean '& Deschamps (1972,
1973, 1975) found their French subjects to use longer breath
groups and, therefore, fewer pauses than the1r Engllsh

&
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IV Subiects, whlle ma1nta1n1ng a 51m11ar speech rate.

-

Flgures 11 to 13 for 1811 by consonant 1 show a s1m11ar
f

resg;t to . the prev1ous three. Agaln, the French subjects,p
t show a 11near relat1onsh1p betwéen ISI1 and C1 dh11e the
Engllsh subjects show a large 1ncrease in C1 for feet 1 to 3‘
followed by a\decrease 1n feet 4 and 5 Th1s is the oppos1te'
;ﬂp_of the vowel data, whxch shows“why the 1nter s%ress 1nterva1‘,

'1s,more cons;stent than'elther of its two ma1n components,
- oo e o : B
vowel and consonant duratlon. Howerr, the French subjects

show ev1dence of all three componenés belng more l1ke a.

BN L . . ST . ’ s . o ,
i S ) .

11near COMp051t1on. "\w- . .

R

F1gure 12 - w1th the subjects individual'ﬁeans,fshoﬁs'x ;
, i ,

aga1n that the grouplng is clearlz by langUage. This t1me,.'
xthe French subjects show shorter consonant durat1on than the
Englrsh though wh1ch could 1ndlcate a t;ade Off by
ma1nta1n1ng a 1onger durat1on for the vowels 1n the

J A

'1nter stress 1nterva11at the expense ‘of the co- OCCurrlng

£

“'i-consonants. Wh11e 1t *as been clalmeégthat Engllsh tends to

‘reduce the durat1on of vowels more than consbnants as speech ' f Coen

A

' ~rate 1ndreases (Port, 1981) the opp051te tendency, of not

reﬁuc1ng vowels but shqrtenlng or,e11m1nat1ng consonants, _j

w—v . .
. IR, o4

haé heen proposed for syllable tlmed 1anguages (Dauer,'jffj

1983? h&;;j,;ifppl T P R RN
’ ¢ " Sy : * SPOE ,“ A

1
<K

'“‘_olldpsed across tokens (see~Fxgure 13) show very 51m11ar e
N o P }'NU;“
0 that of ISI1 and V1 The cohes1ve group1ng of

~ /

langUages dxsszpates as: 1nter stress 1nterval
/ ‘ . -

S s R ERA
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" Figure 12 = ISl by Consonant Duration (Subjects)
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’virkduration than Eonsonant duration. This'suppor&shﬂlatt's

'-fé?i ss changes than consonants by in at1ng that subject.
q

o | | | : 76

-1ncreases, but C1 duration seems to have less spread in the K

subjects values. Of ¢course, one ready answer for this is

'};,a

the large difference in average duratlon for the two values-

‘ISIf- 548.0 msec;\and‘c1' 210.1 msec. For this reason alone,

the varlatlon is decreased for C1 Another factor is that
1S11 also-;ncludes pauses and/or repetitions, which would
inflate the duratiOns reported as well as increase

var1abil1ty among. subjects. This is due to sub;eets having

average pause durations of from 0 to 224 3 msec. This. f1gure

et Q
shows a more compact grouping foi all subjects than does
»"»f‘
Figure 10,»’,‘,,h1ch 1.1\‘cates a greater variation in vowel

15

(1976) contentxon that vowels are more affected by rate a

who Edbﬁg1fﬁerent speaklng rates, show fbss var1at1on in

vconponant than vowe‘*duratlon. : "v C e 3 EEE
Flgure 14 ﬁghow1ng meanﬁﬁﬁveraged over tokens andt' &

SUbJeCtS, clearly shows that Egé Engfﬁsh ang Fremph fﬂb§§Ets

G

rdo’ not tqeat V1 and Cct. 51m11arlys Interestlngly, both groups

have the same foot 1 values, and Engllsh foot 5 a%d French
l . N ' ~ - ‘:()
foot 4 share the same durat1ons. Other than that '%!g[values

dlverge much more than the other factors wé have been

F2 S

.

}examlning; Aga1n, thls‘presents an argument in favour of*f‘ R
Dauer's (1983) hypothe51s, that the language structure
‘d1ffenent1ates languages and not thelr t1m1ng patterns. We‘
_have-seen'that‘the flgures-based on~1nter stress xnterxaliff~
shov.moreAsimilarity, yet the inter-stress inter;aijjsfmapg -

R
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up of these t”b components, plus the p use‘time. For the

'dlvergence of these two factors to be cancelled out to iome

’e*tent when they are added together 1nd1cates that the two 'V“fc
. “ ’,‘ L ,\ )
subject @roUps share a commom strategy for overall t1m1ng,

wlth a much greater varlatlon among the separate components.
. LR WE:

The subjects“’average duratlons (see Fxgure 15) also | ‘
p01nt out the clear grouplng by languag&. Th1s ‘does not C l’ﬁ
"‘dxfferentlate the V1 by Ci1 analyﬁxs from the prepedlng ﬁwo‘ ¢yi

: Wn
as sall t'ree show an obv1ous separat1on Howeven'%§hé other

347 are ‘sst clearly separated by 1S11,

Kalready seen, is a. component whlch lends 1tself to- suéh

dlfferentlatlon' one strongly. These figureés have an '
elongated shape; ﬁSreas this frgure has a - fairly compact
pﬁshape- Further,\f;?ltwo languages are clearly separated in
.dense;aggregationsvahout‘their'reSpeCtive means. In part;
thls'can bgwatﬁtibuted to the shorter d@ration of the two

':components belng plotted. Aé ech is a motor act1v1ty

W
. (Allen, 1975) its var1ab111ty is expressed as a percentage._‘p

L.

'This means~that longer duratlons will enta;l greater

var1at1on When th1s is comb1ned with the lack o% pause
t,

‘g’ if 1555 ‘Ii 1“"’

durat1on in the V1 by C1 graph }t explalns mos

all of the reductlon ih variation- among subjects.

In Fxgpre 16 it 1s obv1ous that the coherence in th&ﬁﬁ

Y .“b‘

grouplng for 1nd1v1dual subJects duratlons has. 1ncreased.v"

_Both languages and foot 51zé d1splay clear 1nfluences, ;5.&5;

4 bl

».ﬂopposed to the 1nterm1ngl1ng whlch becomesoobv1ous as foot

ERTIREY

size gncreases in Flgures 10 and 13 Also, - the" linear trend

P .
y ,"-’=? v
2
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Figure 16 — Vowel by Consenant Duration (Feet)
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for the French subjects tetains a clear effect in the data.

1t seems reasonable to use a l1near exponent for the French

' data, as thesduration from the theoretlcal line is far less

than is evident in the other figures. For English, the

interesting point is that the general trend could be .

interpreted as showing stress isochronicity. At first; the

' <. - ‘ ! . '
- vowel duration increases by a smaller amount than would be.

anticﬁpated ‘When this is no 1onger possible (e.g. Klatt's

(19760 1ncompress1b1l1ty hypothe51s) the’Consonant duration
takes over and aids the struggle to. stop the inter- stress

interval from growing. S g

H. Ratios = | I : T

Part of the problem with interpreting the ratio
'Y < a ‘

aﬂal&ses of the data is that the shape tﬁe‘graphs{woulé need

-~ to ta&e to demonstrate syllable and stress 1sochron1c1ty is

'stunclear. No one has deflned these hypotheses clearly enod%h

'

A
Ya,

1n terms of their components to enable us to know whﬁ§

'relatlonshlps to look for. For example, in a syllable tlmed

1anguage, would all syllables share a’ constant ratio of

vowel to consohant as well as a common durat1on? This, of

Q_

‘course, then enters the area of ‘segmental duration as Klatt

"s(1976) estlmated that what he called 1nhenent phonological

duratlon accounts for 504 "of the varlance in stressed FREET
» Lo
vowel duratlons in a connected dlscourse. "‘ ThlS 1s

further backed up by Hill, Witten & Jassem (1978), who- found .

iy

e ————————— : ) : =
y . )
+ - T

'¢.Klatt (1976) p.1213.
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phoneme type to govern 45% of the overall variance in
segnent duration for English.
For stress- t1m1ng, th1s lack of clarity is more

profound as the»;ntervstress int@rval itself, whxle be1ng

| o . -
maintained to bé a constant duration, has never had this

duration specified. In fact, the only measurement that seems

-

appropriate with the data collected here, 499 7 msec., the

‘ average ISI1 duration, is only slightly shorter than foot 3.

@P

and would mean foot 1 would have to be double its measured

' durat10n11n order to fit. This duratlonl.s further supported

by the 1lack of any apparent 1sochron1c1ty from foot 1 to 3,
. > - > .

. gpich could indicate a shorter value. Since we are not told

what effect flttrng dlfferent feet Anto»the inter-stress

1nterva1 w1ll have nor what duratlon the Jnter stress

1nterval is, rt is imp to determine whether the
ratios presented here a 1th those- pred1qted by the

e
theory one® way to 1llustrate that these mebsurqments show

no sign of stress 1sochron1c1ty ig* bawch6@§eﬂa meastre whhch

4 .

- maintained a consistent duratlon across the feet, such as™

‘ first unstressed vowel, shown in figure 6(e). ‘Under the

assumption that the inter-stress interval was also constent,
this flgure would be a stralght line across the plot.
Another effect of stress 1sochron1c1ty would be to render

these graphs as 1llustrat1ons~of the varlance-of ehe

inter- stress 1nterva1 component belng plottbd C%mparlng

&

f1gure 6(b), whlch shovs stressed vowel/1nter stress .

interval, to_figure.4, with‘stressed vovel durationﬁ&lone,

s

«
A
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it is obvious that more than ‘the compon
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constraints?

as umpt1on that t1m1ng

V1. CONCLUSION

The results of thlS study show lxttle comfort for those o
'9 ‘ .
b L
who maintain the dlst1nct1on between stress- and ;

syllable-timing. Comparing: the observed da:lywith the data*

predicted by the isochronic hprtheses, is ObVlOUS that

neither hypothe51s accurately describes NG eakers' ’%%?;.;
utterances. In view| of the number of QE‘, ‘Which‘heve .
found similar results, it is clear thgﬂ isochronyq exists ‘
in lahguage as it is produced in real ,ﬂe' it #5 covered by

u;’;;//getrue aspect.

. o .
Therefore, 1 consider these two concepts not to be

layers of other constraints which ¢

: appropr1ate descriptors of a language process. For an

hypothesis to have validity, it must come, to light in some

@

statistically 51gn1f1cant way in the course of
investigation« In the only study I have found which attempts
to .give a"defined quantlty to the tendency towards stress |
1sochrony in Engllsh (Hill1, Jassem & Witten, 1978) the‘
authors clalmeﬁ that it accounts for 9% of the variance in

segment lengthk Whlle such a flgure may be low it doeﬁ not

seem too much at odds w1th the data reported here. If such a

breakdown 1s true, why should we grougglanguages by‘a'gactor
which is so mﬁnimal in relation to overall timing

. - ( i :

N At the base of stress and §y11able 1sochrony is ‘the -
‘l ' uZtterns in language are malleable‘
an&V'Qb;ect to modlflcatlon. In. order fon thlS to occur, the

vp*n“-- }"‘&”‘ o ,‘0 ‘4*7'!% 7‘1.'.'

y

e l - g4
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reorganized One questxon whzch has not been addressed is
B how such ‘a massive change could ‘take place. Is it reasonable
to empect%tﬁat a child 1earnxng Engllsh will start with a
syllable-timed pattern and ¢hange 'to a stress- tzmed one
f,automat1callJ'=jter a certa1n amount ot practlce and/or”
5@xposure (Allen & Hawk1ns, 1978)? How can we explaxn a,
Brazilian Portuguese Speaker who shows, 1nd1cat1ons of u51ng
syllable- tlmed Speech in citation and stress-timéd 1n casual
speech (Major,l1981)? obv1ously, th1s kind of change in ?
’ motor commands can be ach1eved, but it is not the most
attract1ve explanation, espec1ally vhen we,cons1der that“anr'
-alternat1ve exists yhlch allows an explanatzon of both . |
phenomena without recourse to, alteratlon ai t1m1ng C°“$¥°1
inside the central nervous system and brain. s

o .
"AS a further example, Damer (1983) cbsxmed that all the

-

‘languages he stud1ed showed al consxstent inter- stress
$

interval of 500 msec. Because'hls flgures\match those of -
lother 1nvestlgators (Borzone. de Manrxque g s1gnor1n1, 1983"‘
Uldall 1971) as well as other ev1dence of human rhythmrc
act1v1ty (Allen, 1975; Lenneberg, 1967)4 thxs 1nter stress

L, - o
: - 1nterva1 of 500 msec.“ﬁ vell attested/ When ve, conslderphow '

L r .

stress—’and syllable t1m1ng would achyéve an avefage v

rrrrr ! - . o

. -
.

'l1nes of motor comtrol A stress tlmed language would use‘”“\
flxed 1nter Stress 1nterva1 (prespmahly ‘500 msqc ), N

"requlrlng a Procrustean 1nterjace to sqﬂ’eze up or stretch S
wf\out the syllables to f1t the t1me allotted. yllable tlmed

Y
!
i

2



languages, however, would depend on an averag1ng of the

durat1ons of the actually occutrlng 1Qter stress 1ntervals,
as the ISI would depend on the number of syllables present
Su7h arrangements would. requlre a method of adjustlng the

speed oﬁ the artlculators dependlng on the foot 51ze.1n
] i .
English’ W1th no concurrent adaptat1on in French Whlle this

K would explaln the apparently more limited range of Engllsh .ﬁ
'feet compared to French and Spanlsh 1t raises _many more -
questlons. How - can we explaln a d1fference in underly1ng

motor commands whlch cotrelates to language7 And how can a’

person learn a language w1th a dlfferent type of t1m1ng than
»

\

. that of the native language7 o . SN
This brlngs up the guestion of how t1m1ng‘control in
.speech is malntalned That speakers can control timing is
EEyond questxon - 1nd1v1duals possess an 1dlosyncrat1c

speech rate, yet can speed up or slow down thelr output ,
o

within" a 11m1ted range. If this t1m1ng were located in a‘.

'dev1ce external to the speech process itself, he ' ‘ -

)

coordlnatlon requ1red w1th the language source would be

1mmense, 1n order to account for var1atlon such as long
versus short vowels or dlfferentlal shortening of’ segments
and/or syllables as rate 1ncreases Although hypothes121ng
dlfferent layers of timing control could account for thlS

result “such that there are dlfferent mechanlsms wh1ch

-

account for segment, syllable ‘and 1nter—stress duratlon,‘

-
Lo

allow1ng each level to be adjusted in a nested fashion, the

control’ requlred to 1mplement speech could qu1ckly become

o
1



'1n-explaining how the'timing arises. It is:possible that

1mp0551ble to exerc1se. When we con51der how as1ly people

can produce speech even whlle engaged in other complex

tasks, 1t‘seems,apparent that_not only pract1ce is involved’

/

a

some form of top;down proce551ng could explaln hob all the

-

~~;d1fferent layers of language 1nteract to produce the

observed result but such a'procedure;seems'dOOmed to
hopeless complexity. =~ = ‘f»‘ }g.

T do not malntaln that elegance, or7even lack Qf(
complexlty, is required of any theory dealingcyith:people“s_

abilities{\fhere"is;ample evidence to suggest that we are
not bound by\Minjhal,cOmplegitx‘and simple.functioning ln
our‘more conscious\activities, such as choices hetween a
multltude of opttons or attem;ts ‘to optlmlze our wo?k

hablts. However, there 1s an upper 11m1t to -the complexlty

il

"of a sﬁtuatlon wh1ch we can handle }n a small amount of.

/
k e

,t1me. Although we,can choose our/ten/%avourlte pecord albuins

of all time over a period of a few weeks, making the same

choice in gen minutes'would doubtless fesulthin a different
, T SR . .

~list. So, I do not atgue that a solution to human behaviour

must‘befput-aside-betause‘it-is complex. By bréaking down a

complex proposition ‘into simpler components, we can analyze

eachfsection independently and obtain the result. The catch

comes when we wish to obtain this result in a short space of

“time. Even uﬂder the assumption that, as a child learns a
flanguage, it also learns to automate a certain portion of

the actions, phrases and responses used, a large chunk of
3 : : e

1



. One French SUbject showed a decrease

iact, as well as to its analy51s.

~ ’ s -

language is st111 left open as creatlve, non- repetltlous,f

unrehearsed speech. It’ls 1n these cases that the

'constraintsvimposed by~a complex operat10n.are at thein

.

"maximum. Ev1dence from stutterers 1nd1cates that when

L] J
utterlng rehearsed llnes, as in 51ng1ng or act1ng, there 15

no 1nterference with the speech process. When the same

people attempt to produce novel\utterances,‘however, they
stutter;(Healy,'Mallard\& Adams,"1976). This wou1d~1nd1cate f
that a readlng task as“used.here; shouldhgive subjects-a

better chatjce to display the constralnts 1mposed by the

- 1
languages themselves and discard the productlon cgpstralnts

'on novel utterances. Even in a 51tuat10n as relaxed as this,

sdme subjecﬂs found it difficult to reproduce the text, glven'

to them asfls ev1denceg’by the larg amount of pause time.

B 1

St 224.3 msec. in )

average 1nter stress 1nterval as a result of remov1ng the\'

vpauses. Thls 1s roughly the average for foot 1' These

-

—

‘d1ff1cult1es\v1th readlng a text can, of course,rarlse due

"to 11m1tat10ns in other systems, such as faulty vision. No

i

‘mattery pause tlme'ls an*essentlal ingredient of language,

~ even when‘strategically'located at segment boundaries, as

[

people~need to breathe in order to speak And this
coord1nat10n adds another layer of complexlty to the/speech

I belleve ‘that stress and syllable 1sochrony, as

k‘explanat1ons for the percelved d1fferent1atlon of spoken,

‘.”language, are. 1ncorrect. Whlle the Engllsh and French

&

:
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S

spgakers tested/show-cl arly that the languages do not treat

the defined inter-stress intervals in an equivalent manner,
i : . . ) ‘ ! * | o .

a theory which claims the syllables are of equal duration in

-

: 4Erench is as pateltly wrong as one flor 1nter stress a !
intervals of equal duratlon in Engllsh “The data aé not.
‘euppert such an 1nterpretat10n. Certa1nly,.we can argue that
French shows‘a greater tendency towards‘syllable-timing, ae’
does Engllsh to‘stress-timing The only probiem with such a
‘.response is that it raises more qnestlons than it answers.
At the verygleast, we need ‘a def1n1txon of tendency wh1ch
can support‘further research before we can accept 1t- ;.e.'q
what percentage of this tendency is requ1red before a
‘language can be called either stress- or syllable t1med7 1f,
on the other hand we relegate 1sochrony_to the perceptual
(:domain, weineed some explanation of how speech is timed in
broduction.‘gerhaps syllable and streSs isochrony refer to a
phenqmenon w‘ich;relatee'to the interaction of speech
producticn and'perception. Clearly, the data indicate that
ne1ther hypothe51s agfurately descrlbes the measured
| duratlons of the subjects. The gap between predlcted and
, observed results 1s s1mply too large to ‘be 1gnored by either

experlmenters or llsteners.
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‘Appendix A
. d )
English - Firefighting Text
| s, "

| Once a forest fire is reported the firefighting strike
force takes to the air. The fire-bombing tankers can be
immediately éalled into service bybthe regional canQQVation
society and used to mount an initial assault othhf fire:

before it has had a ch‘ to spread, and before the ground

crews arrjve. Some fires would be difficqlt to contein if it

~ were not for these tankers, which are accompanied by 'a rapid

twin-engine aircraft capable:of speeds of up to 300

kilometres per hour and designated as the tracker aircraft
~ . .

with a firefighting expert on board. Aerial tracking is a

‘radio communications system for guiding tankers and ensuring

coordination between aerial firefighters and ground crews

under conditions of maximum safety.

Helicopters are alsoluseful‘because of their
versatility and ability to perform highly specific tasks. In
addition.t scoating fires they are used in the |
transportation of firefighters and supplies. They‘also carry

crews to areas on the perimeter of major fires to put out

"spot” fires,”isolated outbreaks detected by infrared

-

Thérmo—visiqn scanners. .
But, ﬁowever spectacular the air attacks are, they
alone cannot take on a forest fire. The battle must also be
engaged from the grouhd:‘indeed it is the ground crews that

are primarily ?ésponsible for bringing the firé under

t

control. The head of the ground créws directs operations. He
s e

. 96
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determines the size and direction of the fire, and the speed

at which it is spreading, then sends hisémen ahead to make a
firebreak by denuding the area of all cofibustible material
on which the fire might feed. This fire%reak is created with
hand tools or heavy mdchinery such as fire plows or

-
bulldozers; back-up comes from portable motor pumps that

take enough water from nearby streams or 1akes to drench the

——— N

ground and stop the fire from spreadlng.,The final step, .-

once the fire has been contained, is to ensure that the fire

cannot start up qgain or coniinQe to 5mould§r for a few days
and then flare up again with renewed v{gor.,Groundvcrews
therefore go over the forest floor and area ;gaiqﬁwith hoses
making sure that every pocket of flame is well and truly )
extinguished.

.

-
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-girl looked like. But I knew‘she wore slippers from the way

‘they slapped agalnst her heels, and I liked the sound of her

‘"I didn't know anyone ‘else was here." R

s del1c1ous, and at night you can 51t in front of a log

English - Train Text »

I had the train compartment to myself up to Rohana, and

then a girl got in. As 1 had become blind, my eyes sensitive

-
%

only to light and darkness, I was unable to tell what the

-

voice.
."Are you going.all the way to DehMa Dun?" I asked.
I must have been sgitting in a dark corner, because my

voice startled her.. She gave a little exclamation, and said

I wondered if I would be able to prevent her from

discovering that I coulﬂhﬁt'see. I thought: Provided I‘keep

to my seat, it shouldn't be too difficult. - -
The girl said, "I'm ge;ﬁing of f é; Saharanpur._My’aunt

is meeting me there, Where are you going?"

"To Dehra Dun and then .to Mussoorie," I answered.
. , > o > y .
"Oh, how lucky you are! I wish I were going 'to

+
Mussoorie. I love the hills. Especially 'in Dctober.”

| N
“Yes, this is the best time," I said, calling on my -

memories, m%he‘hllls are covered with w1ld dahl1as, the sun

fire and drink a little brandy. Most of the~tourlsts have
géne, and the roads are quiet and almost deserted."
"Then I made a miétake.'"What is it like outside?" I

asked.




She seemed to f1nd nothing strange ‘in the questlon. Had

-

she notlced already that I could not see? But her next
l question removed my doubts.
e "Why don't y%u look out'of the window?" she asked.

The w1ndow was open,*and I faeed it, maklng a pretense
of study1ng the landscape. "Have you not1ced "I ventured
,"that the trees seem to be moving while we seem to be
"~ standing still?" . | o - \\§

~ "That always happens, shelsaid' |

I turned from the w1ndow and faced the girl, and for a'

?3héle ve sat rn 51lence, "You have anllnterestlng faee,“ I-

3

- said.
Q/{ She laughed pleasantly, a'clear, ringing laugh. lIt's,
nice to be tdﬁd I have an interesting face. I'm tired of

- people telllng .me I have a pretty face !" | |

Oh 'so you do have a pretty face, I thought and aloud
I;Said:_"well, an interesting face can also be pretty.”

L_F"Ybu are very,éallant,l she replied. lhere was a pause.
"And then‘she'said,,*Thank goodness it's a shert’journey; I

can't hear to sit ln’a_trainvfor'more‘than two or three
hours.” R . | | |

The'engine's whlstle shrieked,’the carriage wheels
changed]theirdsound“and rhythm; The girl got up and began to
collect her things. I wondered if sherwore her,hair‘in'a
bun, or 1f 1t was pla1ted or if it hung down loosg over.her
shoulders, or if it uas cut very shorﬁ |

g

f\ . ‘.”". o

{

~r
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\
Q.

The tra1n drew #iowly intos the statlon. Out51de, theré
was the shoutlng of porters ahd vendors, and a high- p1tched

female voice near the carr1age door wh1ch must ‘have belonged

-

to the g1rl_5vaunt. :
"Goodrby,ﬁ.said the girl; - - Y
Theére was some confusiongin the doorway A man getting
1nto the compartment stammered an apology. Then the door
banged shut, and the world was closed out agaln. I returned

to my berth The guardublew his whlstle and We moved off. I,
\

ufound the window and sat in, front of it, staring into the
dayllght that was darkness for me. The man who had entered
the compartment brokeflnto my reverie.

" "You must be dlsapp01nted " he said. "I'm sorry.I’m not

sor
>

as attractive a travelling companion as the one who just
left!™" ~ | 5 - e
"She was an interesting girl,“"I‘said. "Can you tell me:

‘f did she keep her hair long or short?"
"I don't remember, ~he said. "It was her eyes I S :
‘ /

noticed,, not her ha1r. She had beautlful eyes, but they werev»
of no use to her - she was completely blind. Didn' t/you

notice?" , , : o ‘ )
v o - . ' g /

/

/



AN

» . 101

French - Flref1ght1ng Text ’

Lorsqu un 1ncend1e de foret est’ repere, la lutte débute
- du haut des a1rs. La Societe de conservatlon peut faire
appel 1mmed1atement aux av1ons citernes, dont 1 ut111sat10n

a pour but de fac111ter 1 attaque 1n1t1a1e des incendies

pendant gqu'ils sont: encore de d1men51ons redu1tes. En

attendant l‘arrlvee des equipes au sol, les av10ns—c1ternes
7
‘ commencent la lutte qu LlS appu1eront par la suite jusqu a

l
)

ce gue 1 1ncend1e soit contenu. Sans ces av1ons c1ternes,
/

certalns 1ncend1es pourralent d1ff1c1lement etre combattus.
Ces avions-citernes sont accompagnes d un blmoteur raplde

2

(300 km/h) désigne sous le nom d'avion 4’ aerop01ntage, a

~.

bord duquel prend place un expert dans la lutte contﬂe les

l/_\incendles forestlers. L aerop01ntage est une. technlqde de

. guidage des avions-citernes visant a assurer;fﬁkv
communjcatiOns-radio, unetbonne coordlnatrqpfp
aérienne avec la lutte_au soi, tout~en éafantipﬁaptfiat47?“h
securite de 1' operatlon. o o | '

. . SR :

Enfin, des hélicoptéres, en ‘raison de leur grande‘
aptitudeva repond:e.a des besoins spec1f1ques,,servent a
diverseé taches de transpprt de matériel et d‘equipee, au
reperage et egalement a 1l'observation des 1ncend1es~ 1ls f'
sont en outre utlref pour le deplacement, sur le perlﬁbgre
des grands 1ncend1es, des equ1pes de suppre551on des fumées

isolées, détectees a l'aide d'un appareil_a infra-rouge

appelé "thermo-vision"
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[

' Le combat contre le feu est egalement mene au niveau du
sbl. c' est d ailleurs a 1 equ1pe au sol que rev1enta¥;
pelnc1pal role de neutrallsatlon de 1' 1ncend1e. Car, toute
spectaculalre qu'elle soit, 1! ut111sat10n des |

avions- c1¢ernes -ne peut - a ellq seule, permettre de\vaincre

& . _ o

un incendie de fore; Le chef de lutte de 1' equ1pe au®™

prend charge des operatlons. Apres av01r evalue 1’ a‘pleur,
la dlrectlon et la vxtesse dexkgspagat1on de 1'incendie, il

déploie ses hommes dans un secteur ou se d;rlge le feu, afin
L 4

\-:~',\Jz

_d y effectuer un coupe- feu qu1 con;;spe a e11m1ner tout

5‘*\1‘:?; - X
allment" combustlble dont pourralt se nourrlr 1 1ncend1e.

Le coupe-feu‘estyréalise ‘a4 1'aide d'outlls manuels ou de

F

4 machlnerles lourdes comme les bel1ers mecan1ques‘(bouteurs)
Et des motopompes, s allmentant a méme un cours d eau
v0151n, serv1ront a achem1ner en Bbrdure du foyer d'incendie
des m1111ers de gallons d'eau qui detremperont le sol a un
poxnt tel que le feu ne pourra s'y propager. Une fois
1'incendie ainsi c1rcenser1t, une dern;ere e;ape reste a
accomplir.“Afin q'eliminer tout risque ulterieUf de reprise
de l'lncendie, 1'équipe au sol arrose eopleuseﬁent chagque
petif‘foyer qui.subsiste,-caf le feu pdurreit couver pehdant :
plusieurs Jours et se propage; de plus belle. Quand 1 equlpe
au sol qu1tte finalement les lieux, 1 1ncend1e est el et,“A'

- bien.eteint1k’ | ) ‘ ‘ / |

Lﬁf
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french - Train Text _ .

‘Jusqu'a Rohana, j'étais seul dans moﬁ”compaftimeht.
Mais voila qu'uﬁe'jeune femm§ vieht a'y pénéirer. A\qﬁoi
ressemble ma compagne de voyage’ Je n"en sais rien. ‘Devenu
av?ugle, je ne distingue plus que - }es alternances de 1um1ere
et d'ombre. Mais aU"leger claquemen;'de ses chaussures
vcontre ses talons, je dev1ne qu elle porte des sandales. Et
‘j'aime bien le son de sa voix.

:“Allez -vous jusqu a Dehra Dun?" dis-je. N

\

Sans doute ai-je- ch0151 un coin blen obscur pour

qm'asseoir car elle sursaute et s exclame:

"Je ne savais pas qu "1l y avait de]a guelqgu'un dans le

compart1ment'"

-

Serals je Capable de. 1u1 d1551muler ma cec1te7 Si je me -

contente de rester a551s, cela ne devralt pas eﬂre

Mussoorie,

\\\
.

1mp0551ble, apres tOUtn. 

i

"Je m'ar, ete a Saharaﬁpur, reprend la ]eune fllle. Ma

tante d01t»v nir me chercher a ié\ are. Et vous?

. N ' . .. . . .
-Je vais a Dehra Dun, puis je continueral sur

.¥Oh! vouslen'avez de la chance! J'aimerais fgﬁf aller a
\
Mussoor1e, Les collines y sont si belles en octobre.

6L)/ c est vraiment le mellleur temps de l annee,
dxs je, m'enhardissant a évogquer mes souven1rs. Les. coll1nes
embaument le dahlla sauvage, et le soleil est d'une tiédeur

delicieuse. Le 501r, on s'installe pres du feu‘pour siroter

'un‘brahdy{ La‘majofité des touristes sont partis,.les routes
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+sont tranquilles, presque désertes."”
Et alors, je commets une sottise: , ‘ o ¥
"Dites-moi, est-ce que c'est beau dehors?" - -
Lo F) .

Elle ne paralt pas s'étonner de ma quest1on. A- t elle

‘perce mon petlt jeu7 Sa reponse, en forme de questlon, me O

Py . N Y. : o

soulage.
"Pourquoi ne vous approchez-vous pas de la fenétre?"
Le visage tourné vers la fenétre ouverte, je fais mine

de scru!er le paysage.

hd

"On d1ra1t que ce sont les arbres qui se deplacent et

v

pas nous. Avez vous remarque’ o ' e

—Clest tou;ours ‘comme ga , observe-t-elle.

[y

Je me'tourne vers elle. Pendant un bon moment, nous : .

o

restons'sans parler. Enfin, je hasarde: "Vous ‘avez un visage

1nteressant. _ v A ¢

Al

Elle. a un rire leger, clair et sans affectatioh.
. "Voila qu1 me change agreablement des banalltes

'habltuelles.'J en ai assez.de me faire dire que je suis

jolie!” .
o

Donc, vous étes ]Olle, me dis- je en moi-méme, avant de
_repllquer- I e
"Un visage 1nteressgnt peut aussi étre beau.'

-Vous etes tres aimable.”

-

Le silence'retombe.'Cette fois, c'est elle qui renoue

le fil de la conversation: "Dieu merci, le voyage n'est pas -+
long. Aprés deux ou trois heures dans un train, je ne tiens
. - . . R, Lo .

4

plus en place.”



o

o Le traln 51ff1e a en d chlrer l a1r. Sous nos pieds,

les roues ‘ne mar uent plus le méme rythme. Ma compagne s'est -

*levée et déja s'appréte a pa tlr;-J a;merals bien savoir

‘comment elle esticoiffée. A-t elle les.cheveux loﬁgs'ou‘
courts? Remontes, -nattés ou denoues? . .
[ Le train ralentit davanta e,'s'immobilise.‘Sun le quai,:

le long de notre wagon, une volm dé femme haut perchee se

méle aux cris des ‘porteurs et des vendeurs. Surement la
- ’ LY "’
‘ tante‘.

"Au revoir", fait la jeune fille. .
11 semble y avoir une petite bousculade a la porte.

J' entends une voix d homme qu1 bafqu1lle des excuses, puis

le nouvel arrlvant referme la porte é;rrlere lu1, redu1sant

le brouhaha de la gare a une falble rumeur. Au coup de
. : - . ' : ﬁ: .
sifflet ‘du chef de gare, nous redémarrons..

,Assis ‘3 la fenétre, le visage tourné vers 1l'extérieur,
je contemple 1'éternelle .obscurité gui me masque le jour.
Mon nouveau compagnoh fait une remarque qui me tire de ma

'songerie..

Bl

"Vous devez bien etre un \peu degu. Comme compagnon de'
voyage, je ne vaux surement pas la rav1ssante jeune femme

qui v1ent de descendte' B : : .
g o ,
—Elle'etalt charmante. Dites-moi, avait-elle les

‘cheveux longs ou courts?

-Ca, je n'en sais rien, me repondlt 1l d un ton

intrigué. Je n'ai pas remargué ses cheveux, seulement fes

o

yeux. Superbes;-mais,tellemeht inutiles!. Elle est avéugle, .
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- “

la pauvre. Ne l'avez-vous pas remarqué?”



Appendix B
ey :

Sampling Programme: Gee

END OF FILE

1 c :
2 C TO SAMPLE FROM TAPE RECORDER
3  C AND RECORD ON MINGOGRAPH '
4 C , R
5 CLEAR ALL
6 ' LABEL 1
7 C
B DATA Y
9 DATA T
10 DATA SEG*8
11 C
12 READ *TTY &SEG
13 SET NTH=32 .
14 SET FREQ=8
15 SET SDIAL=3
16 SET SCROLL=ON
17 LABEL 0 ‘
18 CONTROL TR:PLAY
19 IF #SS:5 EQ 1 GOTO 0
20 SAMPLE
21 CONTROL TR:STOP
22. P
23 C
24 ‘ED
25 LABEL 2
26 LOCK
27 WAIT 3SEC
28. IF #SS:1 EQ 1 PCURSE
29 IF #SS:2 EQ 1 PLAY
30 IF #8S:0 EQ 1 GOTO 2
31 EX &SEG
32 'RETURN
33 C o
34 QUE &SEG
35 MEAS DUR &Y &T o ~
36 PRINT &Y &T : ‘
37 SET FMODE=ON
38 CALP ,
39 SYMBOL 100 512 6 H TURN MINGOGR
40 APH ON /
41 SET FREQ=1
42 WAIT 5SEC
43 - -PLAY
44 C
45 WAIT 1SEC
46 DWA &SEG
47 . GOTO 1
48 END
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Display Programme: sig -

@] aO0On

ANDDIATN B W —

[ |8
N 0O 0000

TO BRING SIGNAL FROM DISK
CLEAR ALL e

SET VI=600

* DATA X 0

DATA Y 16

DO NOT FORGET TO PUT DISK
ON WRITE PROTECT FOR SAMA2

$SYS GET 5 0 0 0

- SAMPLE

PRINT GIVE ME DISK
STARTING BLOCK NUMBER

READ *TTY &X
LABEL 0

$SYS READ &X 20 0 &Y
ADD &X 16 :

PRINT &X &Y
ADD &Y 8 |
IF &Y LE 56 GOTO

SCALE 1000 511
PLAY

PR NOW YOU HAVE SIGNAL,
PRESS SENSE SWITCH 3
LABEL 2

IF #SS:3 EQ 1 LINK G1

GOTO 2 o
END

FILE
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Measurement Programme: G1 . /
1 C TO MEASURE TIME SEQUENCES OF
2 C STUTTERING
3 C
4 C
5 PR SENSE SWITCH 1 PLAYS
6 OLE SIGNAL
7 ENSE SWITCH O PLAYS
8 ETWEEN CURSORS '

9 C y
10 PR BEFORE YOU FINISH LAST
11 SEGMENT, PRESS SENSE
12 SWITCH 3 :
13 C ,

14 . - DATA Y
15 " DATA T
16 DATA SEG*8
17 C e
18 LABEL 0
19 C g ‘

- 20 PR GIVE ME SEGMENT NAME

21 READ *TTY &SEG

22 "SET NTH=64

23 ¢ ™

24 C

25 € TO EXTRACT SIGNAL FOR MEASURING

26 C DURATION

27 C

28 EDITOR

29 C

30 LABEL 1

31 LOCK

32 WAIT 3SEC

33 IF #SS:0 EQ 1 PCURSE

34 IF #SS:1 EQ 1 PLAY

35 ~ IF #85:5 EQ 0 GOTO 1

36 EX &SEG - :

37 RETURN

38 C

39 QUE &SEG -

40 * MEASURE DUR &Y &T

41 " 'PRINT &Y &T

42 SINK NUMBER *OUT

43 WRITE *OUT &SEG &Y &T

44 PLAY |

45 DWA &SEG

46 QUE SAM

47 C u :

48 IF #SS:3 EQ 1 LINK SIG

49 GOTO 0
50 END : ‘
END OF FILE A : T
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Appendix C

ISI1 Measurgments

172 252 . 256 300 292 207
336 376 516 400 400 428
462 444 504 509 544 . 488
412 692 593 744 896 600
648 612 568 818 920 764
184 259 243 266 296 245
285 336 602 432 384 482
541 434 524, 696 540 472
408 712 .550 648 113 627
640 614 739 748 936 723
152 224 232 248 - 333 200
204 320 475 381 364 387 ,
440 430 486 535 445 430
395 670 472 524 765 541
480 541 788 1350 613 595
195 321, 297 333 359 300
305 393 562 737 696 436
630 471 832 763 8B4 511
755 1114 855 ' 628 933 599
643 661 2040 771 670 692
182 292 308 318 380 254
307 384 528 428 432 474
520 493 542 603 574 555
798 765 553 700 839 680
696 .653 720 763 576 713
176 221 245 279 305 222
251 331 419 360 391 372
474 378 407 521 48t 477
397 740 474 607 1126 584 -
559 535 556 b&86 551 672
171 248 197 279 294 220
277 323 488 389 383 331
429 437 461 1090 755 462
377 . 771- 573 556 669 567 “
637 586 791 700 758 569
200° 252 250 "293 296 199
248 334 537 374 398 352
393 434 460 482 476 460
360 653 534 603 706 556
661 571 488 651 729 692
186 227 204 281 332 245
283 360 474 414 384 407
512 469 486 493 430 460
412 693 514 665 650 6231
666 592 633" 728 636 632
172 218 232 280 273 222
274 338 492 -389 356 388
472 404 470 510 585 456
400 - 757 519 566 (§76 514
575 600 597 699 601 566

-
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774
1041
964
226
466
664
1196
. 736
. 280
y 334
599
740
820
259
323
704
763
623
556
614
617
1963
1175
248
384
588
630
1 703
. 234
398
640
718

797

240
320
521
623

495

233
276
574
653

788

437
616
1659
164
495
337
604
807
172
460
422
477
927
198
432
333
620
807
151
422
377
552
665
365
. 559
560
556
1019
137
426
325
452
754
151
328
321

619

726
140
389
266

491 -

553
142
508
358
436
743

191
524
761
709
1761
209
553
71
721
893
190
435
1316
657
669
160
473
607
787
941
194
443
691
657
866
225

2033

783
761
923
168
466
710
639
768
188
410
591
667
883
151

400 .

531
577
690
183
524

644

641
745

179
357
518
986
768
163
308
488
708
700
179
266
426

546 .
603

200
374
620
796
1080
170
767
485
678
816
234
365

508"
742

1521
141
295
512
608

741 .

150
346
442
779

1028
138
276

390

549
659
154
299
423
664
1048

244
525
512
895
1536
254

501"

489
777
1059
228
351
718
988
749
251
443
485
796
948
289
503
491
783
682

316

1477
' 584
1906
852
227
455
413
698
645

275

405
510
678
767

241

342
394
656
1250
225
421
462
760
731

432
836
717
1368
1384
245
468
1385
732
971
174
265
. 537
1006
1894
220
724
583
1701
913
187|.
360
923
¥ 660
- 892
304
947
1282
1250
1280
197
382
563
576
888
145 -
476
1091
724 .
843
150
337
548
949 |
658 /
147 |
442
1130
757
802

-
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1812 Measurements

172
336
462
412
648
184
285
54 1
408
640
152
204
440
395
480
195
305
630
586
643
182
307
520
394
696
176
251
474
397
559
171
277
429
377
637
200
248
393
360
661
186
283
512
412
666
172
274
472
400
575
298

479 -

252
376
444
692
612
259

336

434
712
614
224
320
430
670
541
161
393
471
948
661
292
384
493
765
653
221
331
378
740
535
248
323
437
771
586

252

334
434
653
571
227
360
469
693
592
218
338
404
757
600
252
500

191
516
504
593
568
243
602
524
550
739
232
475
486
472
788
297
562
532
659
1042
308
528
542
553
720
245
419
407
474
556
197
488
461
573
791
©250
537
460
534
488
204
474
486
514

633

232
492
470
519
597
191
524

300
400
509
744
818
266
432
696
648

748.

248
381
535
524
1102
333
737
518
628
771
318
428
603
700
763
279

360

521
607
686
279
389
634
556
700
293
374
482
603
651
281
414
493
.665
728
280
389
510
566
699
179
357

292
400
544
772
588
296
384
540
733
549
333
364
435

711
613

359
513

569

933
670
380
432
574
839
576
305
391
481
672
551
294
- 383
501
669

% 593

4296
398
476
706
468
332
384
430
650
636
273
356
585
676
601
244
525

207
428
488
600
764
245

482°
472 -

627
723
200
387
430

541

595
300
436
511

599 -

692
254
474
555
680
713
222
372
477
584
672
220
331
462

567

569
199

352

460
556
692
245
407
460
623
632
222
388
456
514
566
267
379

112
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. 765

T .970
299

409

774

i 1041

436
743

e

477

616 709
903. 1000
164 209
495. 553
337 711
604721
~ 807 893
172 :190
460 435
422 . 852
657
638. 669
198 160
432 473
333 607
620 787
807 941.
151 194
- 422° 443
377 691
552 657
665 866
241 225
559 410
560 685
556 761
862 923
137 168
426 466
©325 710
45277839
1754 768
151 188
328210
321 591
619 667
726 - 883
140 151
389 400
266 531
491 577
553 690
142 183
425 524
358 644
641

745

. P
437 761 518

. 728~
768
163
308

488 .

708
700

179

266
426
546
603

200 -

374
620.
796
815
170
388"
485
678
816
234
366

508

742
908
- 141
295
512
" 608
741
150
346
442
779
849
138
276
390

249

659
154
299
423
664
860

512
696
305
254
501
489
777
918

228 :

351
366
662
749
251
&43

372

786
948
289
503

491 .

783

682
316

430
410

906
852

227
455

413
698
645

275
405
510

678
767

241
342
3947
656
753
225
421
462
760
731

620
690
.895
245
468

673"

732
971

174
- 265

537

539"

902

220

724
583
741
913
187
360

660
892
304
398
782
685
1140
197
382

563 -
576

888
145

476

722
724
843
150
337
548
638
658
147
442
585
592
802

545

-

113



- V Measurements

108
160
174
223
404
102
102
193
311
373
84 .
100
‘148
305
296
118
168
219
422
374
125
70
231
385
466
103
83;
148
300
384
133
113
158
291
420
120
131
163
302
443
114
148
186
306
347
110
140
140
304
377
78
283

60
168
175

251

365
148
196
204
302
421

86
156
192
243

: 339

128
218

400

112

221
196
382

445

72
181

148
261
353

84
174
147
262

401
115

186
211
289
414

121

209
247

305

379
83

156
170

291
346
138

222

152
1224

300

363

384
206

276
247,
370

479
208
195

-309

364

438
252
221
218 ' 358
434

241

420

897

260

202

314

-.445

410
217

140
276 .

339
310

155

203

285

388
471

219
202

274
367
292
169

184

292

336
362
204
203
259
383

373

184 -
248

196

176 .,

255
476
470
186
148
372

420

393
164
158
320
315
671
221
250

250

400
40 1

137 -
132
253 .

378

263

135

140 .

247
351
277
127
166
268
304
310
16 1
128
226

303
338

169
178
231
335
447
162

163
241

342
287
79

278

144

220

-226

352

462
160

204
191
352
462
161
192
173
301
4393
180

. 296

201
413
553
159
244
178

396
478

138
209
189
306
457

17

2171
183
252

517.
156 .
219

214
286
375
142

221

155
374
462

143

187
171
343

536 .
71
401

t

147
172 .
205
331
497
158
192

479:
119°
144

325 ¢
379
195
204
207
301
330
166
© 158
212
362
450
161
158
182
308
479
142
110
182
298
397
138
144
155
328
458
168
177
160
285
1392
149
- 161
164
269
342
2211
290

189 .

114



P T

- 359

388,

554

98
274

474

451
618
123
224
332
405
617

80
174
323

- 385

480
73
131

292

290

389

209

266

442

" 790
694
143

233

256

279

- 526

87

01983

324

379
516..

| 140
- 250
256

368
72
144
260

328
536 .

254

336
732

.81
256
218
334

669

90

235 -

230
261

518

82

253 =

238

373
637

71

255
231
298
502

149
296

372
341
689

71,
226

211
292
640
67
192

236 -
383
531

57
193

188
247

384

55
285’

211
272
608

374

419

793
188"
1370
259
480

480
180
239

1358

454

434

152
210
313

552

597
268

. 325

411
523

~213

464

428. -

532
582
158

218

369
413
456
178

187
281
441

"522

143
217

- 296

326

378

172

216
5296 -

419
472

406
566

545

60
212
348

630
402

74
235
360
464
356

309
479

650
515
183 -
. 324

54

356
539
524

140

296

395
627

652

45 .
230
371
443

466

291

367
714
459

40

227
264

466
. 366

59
271
313
547
488

474

327

762
96
413

425
, 362

623

103 -

320
283
275
430 .
105
396
324
447
641
101

343
374
© 347,

423l

138
223

372

592
. 566

111
328
380
337
421
105

351
405
376

486
53

. 269
- 361

332

617
118 .

308

413

451"
476

658

441
478
546
232

.360 .
419

476

81
162
390
346
766
212
412
387
752
655
175
226
357

458

502
295
318

507

488

788

190
244
363
401
532
134
291
446
518
611
74

200
391¢

435
436
93
283
396
432
466

115



1 Measurements

64
~176
288
189
244
82
183
‘348
97

I

1192 ¢

1208
1269
441
247
111
140
230
410
193
138
164

238

33
172
253

514

- 261

180
163
297

383
208
149
150

230
1479
. 182
164

149
290
509,

185

137
148
223

364
157
106

~ 151
222

388
213
135
182

234

466
254
114
278

39
1292
204
230
184
37
326
277

180

260
24
280

177

108
350
45
321
174
239
616

48 -

326

'228

108
310
- 28
279
131
135
246
42
285
176
185

- 320
31
335
186
167

196

35
290
194
178
271

28
289
211

136

224
7

276

104

224

254
268
348

80.

284
324
228

355

‘84
223

215
209

679

112

487
268

228

370
181
296
350
322
500

144

220
274

256
1409

152
223
366
252
390
132
246
256

300 .
" 313
112 ..

236

262

330
281

118

226

269

224
412
100

79

148 60
180 256
318 283
420 269 .
126 267
136 87
180- 290.
349 248 |~
381 298 -
87 244’
172 81
1H2. 243
272 241
410 216
120 216
179 105
217 232
368 304
520 298
117 302
221 .88
188 316
396 343
443 318
98 263
167¢5 61
182 214 . ,
292 295 ;0
366 276
94 193
177 78
318 280 . ,
417 269 ’
76 172
140 61
179
262
420
93
190
163
275
276
110
130
169
414
333 £
65 224 e
173 46 “
124 89 .

116



368
377
416
201
" 135

. 300
- 590

346
103
2472
332
323
119
200

160"
276 .
1247

355
340
186
192

“e 412

473
234
153
348
175
341

369
105

151

332
.-351

177

147
205
316
339
281
" 144
180

271

367
127
161
132
314
325
252

183
280 .

191

1239

119
270
138

82
225
192
216
120
116
179

95

170

167
146

254

163
92
263

. 188

223
173
66

200

114
160

114

.84
136

236

195

83
196

78
244
169

87
140
147
164
135

387

290

583

21
183
452
241

413

10
196
494
203

235

263
294
235
344

11

175
366
246

343

12

253
257

229
341

10
248

341 .

226
312

10

223
310
226

361

183
935
251
312

11

308 -

222

273

112
162
223

103

96
140

78

298"

105
31
66

82
247
114

65

141

146
300
116

- 64
129

139
292

94

69
113
115
256

96

65
141
165

275
92
55

75
65
390
98
49
126
83
293

- 95

28
110
117
372

38
369
398
158

64
415
295
125

31

83
387
319
146

47

48

349

307
188
160
117
436
259
178
207

38
314

286
116

127

361
224
170

54
105

- 302

281

188
- 73

33

324
374

107
113

49
309
255

179
212
349

13
108

254

256

313 -

93
103
147

193
449

312
196
417

258

12
134

188

202

390

80
275
197

138
200
175

356

11
185
276

206 -
232 .

76
137
157
203
222

54
159
189

160
336

117



' C2 Measurements

261

192
208
269

441

247

1M1

140

230
410

193
138

164

238

427

202
193

. 172
- 253

680

180
163
297

383

208
149
150

230
- 479

182
164
149

290
. 509
185

137
148

223
364
157

106
151

222
388 .

213
135
182
234
466

254

114
278

104

292

204
230
184

37

326

277
180
260
24
280
177

45
321
174
435
1143
48
1326
228
108
310
28
279
131
135
1246
42
285
176
185
320
31
335
186
167
196
35
290
194
178
271

289

211

136
224

276

108
350

104
224
254

268"
© 348

80
284

324

228

355

84

223 -

215

209°
679

112
487
513
228
370

181
296

350

© 322

500
144
220

274

256

409 .
152
223
822"

252

390

132
246
256
300
313
112

236

262
330
28]
118

226

269
224
412
100

79 .

A

148
180

318

544
458
136¥
180

349

784

"474'
172

172
272
464
120
179
400
683
520
117
221
188
396
443
167
182
292
820
94
177
172
572
417
24
140
179
262
420
354
190
163
275
276
174
130
169
414
333
65

173

124

60

256
283
269
267

87
290
248
298
244

81

243
241
216
216

105 .~
1232

304
298
302

88 .

316
343
318

263

61
214

. 295

276
193
‘78
221

280

269
172
.61

208
305
228

234

77
230
300
338

240

73

1227

292
245
224
211
546

RV

118



368
¢ 377
416
201
135

300.

. - 590
. 346
103
242
332
791

119

200
* 160
276
355
340
186

““)1‘12
473
234
347
348
175
1173
481

1105

151

332

351

177.

147
205

316
339

281
144
180
271
367
127
161
132
314
- 325
252

183
280
927

83
239

119

270

138
82

225
192
216
409
116
179

95

247 '

170
167

146
254

163
216
263
188
223
330

200
114

160

114
84
136

236

195

- 83
196

78

244

169

87

223
147
164
135

1387
290

. 968

21
183
452
241

413
10
196
958

203
235 .

263
294
235
344

11
175

366.

246

343

12
1569

355
229

341
10
248
341
226
312
10
223

. 310
226

1361
183
235
251

312
11

308
348

222.

273

24

112
420
223
103

86
140

78
298
. 105

31

&66

247
114
65
18
- 146
565
116
443
129
139
292
94
69
113
115
869
96
65

141

165
275
92

- 75.

65
569

49

126

633
95
28

110

117"

560

38

568
774

158 -

64
415
436

125

31
435
713
319
146

47

161
349

- 307

188
160

17

436
259
178
972

212

314
286
116
127

33
361
224

54
105

- 302

281

188

73
33
324

- 374

107
11

309
255

276

890.

838

13 -
., 108

966

313
93
103
147
660

1128

312
196
949

258

12

134

566

202
+390 "

629 ;
ps

492

138

200

175
356
170

11
185

645 -

206
232

76
137
157
514
222

54
159
734

325
336

256

-2
-

119



StV Measurements

108
92
70
33
88

102

. 64
82
56

91
84
60
68
56
65

118 -

111

94

93
92

125

52
91
- 67
92
103

78
71
100
133
72
53
81
65
120
73
88
61
91
114

99

83
64
73
110
67
63
60
77
78
167

52

60
128
91

95

172

148
161
58

106
140

86
124

152 196

120 116
124 161
145 152
96 46
206 186
140 128
134 236
128 128
81 65
208 164
117 94
146 217
96~ 111
136 70
252 221
154 145"
134 132
151 200
109 64
260 137
134 100
164 . 133
122. 111
56 60
217 135
84 93
110 104
108 102
58 50
155 127
128 111
111 97
120 108
81,38
219 “161
154 104
124 107
121 8
82 T8
169 169
113 96 .
112 142
111 92
64 63
204 . 162
133 97
99 137
126 149
72 32
184 79

173 100 -

144
180
64

124
160

140
64
120

161
140
52 1

124
56
180
193
64
136
72
159
196
62
137

93

138
161

55
107

94
117
151

51
79

161
156
151
62
117
58

142

150
51

106

77

143

132

52
122"
92

71
216

147

166
102

117

110
111
161
80
82

127

142
74

75

90-

138
‘92
64
99
112
168

76
92
79
149

91

70
80
61
221
209

W o
" R

120



112

128

169
159
98
133
163
182
194
123
139
121

159

197
80
118
113
133
139
73
61
104

114 .

129
209
145
205
499
228

143

150

73 -

77
135
87

84
153
173

96

107

87
120
72
88
87
156
143

94

147
‘165
81
169
70
104
174

126
110
' 85
171
82
162
117

132 .

165

71
168
113
106
136
149
194

236
97

175
71
135
-95
105
131
67
139
114
140
108
57
135
79
80
112
55
e 181
112

88
196

136
160
119
188
197

38
192

96

180 -

171
121
181

77

152

130

68
181
142
183
137
159

130

102

213
151

172
187
122
158
136
156
115

178
128

114
154
84

143

134
106

117

75

172

166
119
124

92

146
142
153

61
126

160

123
74

109
97
87
86

110

202 .

197

- 145

54
147
122
142
158

140

105
160

178 .

209
45
57

106

110

125

107
129
244
219
.40
67
97

139

88
59

109

145
178

197

65
164

96
200
166
143
229
103

167

52

75 -

109
105
173

51

155 .

143
101

147
S 145
127 .

137
138
223
110

214

185
111

144
146
124

75
105

180
157

117
162

53
125
115

185
118
125
196
185
100

199
175
131
232
234
170
177

17

81
90

140

81
101

212

123
197
255
132

175
123

144
181
118
295
186
224
160
150

190 °
112
152
151 . -

135
134

161 -

200
263
107

74

105

156
228
117

93

152
153
130

121



1UstV Measurements .

68
44
56
56
38
64
63,
32
40

40
52

12
57
43
123
‘36
18
67
87
48
31
30
69

24 .

41
41
25

56-

58
27
63
64

56
41

75
40
73

43

79
36
116
148
.42
131
141
160
70
137
85
135
65
132

40
16
52
69

35.

104

72

56
68
136
48
110
62
78
75

27
87
78

108

113

68

138

48
56
49
73
73
75
47
84
87
48
28
89
42
71

79
.43

70.

60
89
72
75

152

72
158

173
132
136

117.

68

125 .

150
80

76

69

60
58
104
100

20

92
104
88

40
44

"84

136

122



56

124
71
92
70

118
67

108

121

149
80

155
83

47 -

49
102
81
144
58
147
50
87
42
64
56
93
50
118

914 80
59 129
104 186
147 118
87 131
32 80
94 141
106 130
102 117
61 148 -
ig)q 139
- 152 130,
91 82
64 105
69 144
117 159
53 59
60 80
108 90
152 121
58 83
55 120
82 79
102 397
104 50
15 96
85 159
110 95

199
114
225
76
177
89
155
75

191

76
216
150
173

81

101

64

<184

111

185
55

160

54
130
63
162

105.

195
66

223

123

77

81
196
127

69

79
131
145

78

67
184
129

63.

86
171
118

68

66
144
104

59

183
120
62
72

Q

123



