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Abstract© - - R
-

.

. A French and English word-initial 1ab1al stop consc:nants produced in four

vowel contexts were compared in prbductxon and perception atud;es In the“ \
productlon study‘ speakers of European French and’ Canadlan English produced
CvC nonsense words ina sentence frame. Duratlon and amphtude measurements

were made of v01ce bars sllent mtervals bursts and aspu'atlon intervals. It. was

discovered that'in French differences between voiced and voxceless categones could

| _ be easily charactenzed in terms of vmce onset time (VOT) Moreover, VOT in

French was more dependent on the quahty of the“followmg vowel than was VOT in  .»
N}

t ,Enghsh Although French /p/ was generally not as strongly aspirated as English /p/,

notlceable asplratlon occurred in many French /p/s produced in h:gh’vowel

’ contexts A further -difference between\the two languages whs observed in vorce bar |

productlon While French b/ was charactenzed by long, umnterrupted voice bars,

Enghsh voice bars tended to be shorter qnd ‘to have notlceable vmce breaks

.

- Fmally,_ comparison of French /p/ and Enghsh /b/ revealed gsome- small but'

., or Enghsh /y/. Despite the small d1ﬁ'erences in VOT betWeen‘ these categories, v'x\;ost t
hsterters were able to reliably separate thg categones at levels above chance. -',‘

Analysls usmg multlple regtessm%veahdthat the hsthners may«h-ave used VOT

" and overall amphtude as the basis for their categonzatlons These findings md1cate

N

-

consistent dlff'e_rences in VQT.

.

' v
. ~ "

_ In the perceptual study, Enghsh—speakmg hsteners (eXpenenced and (

1nexper1enced) were asked to categonze a set of natural tokens as elther French /p/

-“' 2

that hsteners may be sensitive to small differences between categories in their

?native language and ahalogous categories in a foreign language.

B Y
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Chapter 1: Introduction
- : ) }
3ross-language‘atxdiea have often constituted valuable contributions to the
field of phonetics. For instance, Lisker and Abramson’s (1964) importa)t. research
~ ' !
on voice timing in a number of languages has led to a better t\x.nderstanding;of the

general mechanisms involved in the production and perception of stop consémanta

has also sparked®a great deal of controversy and further research. Delattre

(19 5, 1966), through his compai'at‘i“vg.fwork on English, French, and other .

- languages) made a significant contribution to our understanding of the phonetic
\ . . oy
similaritie

‘inventories. ) .- - . '

- —

The particular area of concern in this thesis is that of so-called voiced and

voiceless stop consonantd in English and French. It has been obsarved that‘while

su})ﬁtﬁcia{h‘r these languages have virtually thg same stop inventories, there are

Al

sg)me significant differences in stop production between the two in térms of

/ . s \
phonological contrast. Much of the research on voiced and-voiceless stop cognates

"

in both languages has focussed on timing differences between categories within and

& .
between languages, though there is far from unanimous agreement on the precise

role of voice timing in English and other languages (see Malécot, 1970; Wihitz,

‘Lariviere, and Herr‘iman; 1975; Keating, Mikos, and Ganong, 1981). In general, :

; English is Enown to contrast (in initial position) a set of aspirated voiceless stops
having fairly long voice onset times with a “voiced” set characterized sometimes by
short-lag voice onset‘times and sometimes by the présgpce'of voicing duriﬁg stop
closure. French, on the other~ hand, contrasts a short-lag VOT category, generally
de_sci'ibed as unaspiratéd, with a category of fully-voiced stops. Although th;re hag

been extensive investigatio}l, to say the léast, of'the voicing distinction in English,

——
g

d differences between languages' with simila( phonqlogicnl“

-

s

-
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thm have been relatwely few studles (espec1ally perceptual stu\dles) of the i

analogous drstlnctron m French Furthermore few researchers have undertaken

comparative studles of stops in the. tWO 1anguages There are, however several.

4‘ N

1ssues whlch deserve further 1nvest1gat10n In partlcular, there me

e

. mconsmtenmes in ﬁeporﬁ@mng voice t1m1ng and the presenoe of asprratlon in

PR
Sy

- .Understandmg of the »perceptlon and product1on of s.peech sounds in a second or

French /pl, There is also some confusmn regardmg the relatlonsth between French ) ‘

) G

P

/p/ and Enghsh /b/ ’I‘radltlonal pedagogucal descnptmns (e.g. Delattre, 1951) seem_‘ |

- hot to polnt to any clear dlfferences betWeen the two, yet recelnt measurement'

T -

studles suggest otherwrse A cross-language study such as the present one may

L

prove valuable m 1 that it may ‘help us to understand in more detall the dlﬁ.‘erences

in stqp productlon in‘the two languages | S R

X -

- In addltxon,icross language perceptual expenments may 1mprove our

forelgn language Flege (1984) Mas found ev1dence ‘>hat a forelgn accent can be

.detected by natlve Speakers in short segments gt speech lastlng only a. few _

: mxlhseconds He concludes that “human hstener? are acutely sensm-ve tol

v - 5 s

: dlvergences from the phonetlc norms of thelr natlve language (p. 704). We can

‘ ‘expect then thatqeven monohngual speakers may be able to percelve ‘small

subphonemlc” dlﬁ'erences between categ.ones in thelr own language and analogous o

‘ categones ina forelgn language The degree to wh1ch hsteners are able to percerve '

' _” _the dlfferences between phonetlcally slmrlar sounds from the1r own language and ;

theoretlcal (and possrbly practlcal) ram1ﬁcat10ns Spécrﬁcally, 1t may help us to

“ understand more fully how Speech perceptlon is aﬁgcfed by ﬁrst language learnmg o

2

those from anotner lang'uage (whether itis famlhar or unfamlhar) has 1mpo~'tant o

For mstance, some researchers (e g Plsom A1511n, Perey, and Hennessy, 1982)-

have recently attempted to. determme the extent to wh;ch monohngual speakers

[N



_ Yetain their sensitivity 'tmd;fferences in voice onset time which are much smaller

\

b than those used in then' natwe language. The present study also looks at thls

‘ problem ahd focusses as well on the questnon of whether or not llsteners can

- perceive differences 1rfnse tlme wh1ch may reﬂect dlfferences between the native

‘and foreign language eategones. - . ‘ e

N
i /

i

1

' The remaiﬁdjer of this thesis is structured as follows. Chapter 2 is a

y

summary of some of the ~recent literature on.stop production and perception in .

| French and English. Attention :h_as been restricted to initial stops because of the

¢
&

vast literature ava’iiable on Stqps in_.‘general.-"l‘he re.su'lts of two prbductio’n studies

~of. l@bials produeed‘ in-word-initial position jn sentehce context are described ih
- ‘.Chapters 3 and 4 “Chapters 5 and 6 cover the results of “two perceptual
expenments Fmally, a d1scuss1on of the results is presented in Chapter 7.

$ . L
v

~

.

e
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Chapter 2: Productlon and Perceptxon of Laitial Stops. L.
< \ A Review of the therature '

.

-

/' Voite Onset Time in French and English

.
.
- - \ . . * . . »
: , : \ . -
/ . . . Y
/ - ) X 10 . PR / £

Lisker ‘and Abramson (1964) showéd‘ that the difference between so-called

voiced and voxceless homorganic s‘tops in initial pos1t1g;1_1n a variety of language§
_could be fa1rly simply charactenzed asa dJﬁ'erence in t1m1ng between the release of -
’ .the stop and the onset of quas1-penod1c energy resulting from. the v1brat10n of the
. "vocal folds The rolé kof this d1ﬁ'erence, commonly referred to af voice onset time
| (VOT), has be. ‘n cntlcally evaluated in a very large number of studies of speech :

perceptlon and productlon in what is probably one of the most deeply researched ! ;7:

areas of. phonetlcs Because of the vast number of suclrstudws, it is not even‘? L

remotely posslble here to cover all of“ the 1ssues relatmg to‘ voice onset ti
Instead, attention will be focussed on some of the major problems, and dxscusszov
~ will be restncte;l to studies of Engllsh and French stOps in word-1mt1al posmon
| Such studies have consistently shown that in English absolute initial pt k/ "
the time of voice Q}‘et lags the time of the release of vth‘e stop by a relatively l_‘ong'
duration while‘ in/bdg/a 'shortlag or even a voicing lead is observed. As well,
| perceptual studies in which synthetlc VOT contmua were employed (e’g Zlatin,
1974) )mve 1nd1cated that the t1me difference between a synthenc burst and the
onset of periodic energy alone can serve as a powerful P rceptual cue to the v01c1ng

dxstmctlon In productxon stud1es of English word-lm al stops w1th1n sentences, -

VOT measurements have been found to be lesg useful in charactenzmg the

| d1ﬁ'erences between the two categories (Llsker and Abramson.,~1967). Here, vso‘me'

L overlap is observed, even when some contextual factors known to affect VOT (e.g.

« - RS L.

. , .
- . o E .
o - s . . X
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_stress) are controlled for. Nevertheless, as Lisker and Abramson‘(l 967) point out, it

is consxstently true that the mean VOTs associated with. word 1mt1al /p t k/ are

longer than those associated W1th b d g/.

, - “

.

’I‘here are some languages not 1ncluded in Llsker and Abramson 8 (1964)

study in which drfferences bétween stop cognates apparently cannot be.

characterized in terms of VOT. Jaeger -(1 983) argues for two types of languages.
those in which VOT is relevant (in mltxal pos1t10n at least) and those, sometxmes
referred to as “fort]s- lems languag@s1 (see dlscussmn below) in_ whlch 1t is. not
Amonhg the studies & arently conﬁrmmg the existence of the latter category 1s | ,
Caramazza Yea -Ko shlap, Zunf an,d Carbone s(1 973) study of. stops in absolute |

initial position: before /a/ produced by ten speakers \of Canadxan French Their .

measurements i cated some overlap in VOTs betw%en the voiced and vmceless

categones becau some voiced tokens were produced/ in the short-lag VOT regxon

occupled by v01celess pt k/ Moreover in their perceptual expenment in which a

s‘ynthetlc vOoT contmuum was-used st1muh near 0 msec. of VOT showed
amblguous category membe‘rshxp In contrast, the category boundary for Enghsh-

speakmg hsten,ers was qulte sharp and the number of ambiguous st1mu11 smaller.

, The,.Canadxan French hsteners 1dent1ﬁcat10n {unctmns were descnbed by the

.

authors as, grossly non- monotomc,” 'and it was concluded that VOT i8 “not

phonemlc in Canadlan French However, a subsequent study by Carama2za and

: Yem -Komshian (1 974) mdlcated v1rtually no overlap in VOT between the two

| categones of stops produced: (agaln in absolute initial posmon before /a/) by ten

&

T " French speakers from Nantes,. France They d1d not, however, report a perceptual

»

. study It was concluded that the role of VOT in French depends on dialect: VOT

may be a pr;,mary perceptual cue in some dJalects but not in others

~

- 1Jaeger actually argues against the use of this termmology



[

| stops in runnmg speech although an. overlap in VOT was

..

Whlle Caramazza et al 8 ﬁrst expenment does 1nd1cate that VOT may not-

be a umque perceptual cue to the vowmg dlstlnctxon in Canadian French, 1t is -

likely that the authOrs case agamst VOT is overstated In the ﬁrstl\place the

“grossly non-monotonic” 1dent1f1catxon f\m:tmns observed showed ambiguous

i

Judgments only over a relatively small range of. st1muh (about -10 to +10 msec. of .

VQT for /pls-for mstance) Although the general shape of their Canadlan French :

subJects 1dent1ﬁcat10n functions d1ffered from ‘that of the Enghsh speak?fng

subJects,\stlmuh with large negatlve or large pos1t1ve VOTs were always .
categonzed by French- speakmg 11steners as voiced and v01ce1ess respectlvely, afact

which mdxcatu that Canadian French’ speakers are sqnsztwe to voice timing .

dlerrences in stops Second, as in L1sker and Abran%son 8 (1967) study of English
}observed in the

production study, the mean VOT values of the two Canad1an French categories
£ . f .

~‘'were quite different. No speakers ever produced French /p t k/ with prevoicing, and _ - ]

none produced /b d g/ with long positive VOTs. The ac'tual overlap between the two

categones was far from total. It was nothmg like- the ex ns1ve overlap cla1rned by -

Enstrom and Sporn-Butler (1981) to-exist in Swiss- German stops or that observed

by Jaeger (1983) in Zapotec and Jawon, although 1t is perhaps comparable to the.:' .

partial overlap between “fortls and “lenis” unaspirated stops known to occur m

Korean (Han and Weitzman, 1970) While no means for Canadian French voiced
19

stops are given, 1t is fa1r1y clear from Caramazza et al’s hlstog'rams that, on the -
average, voicing. beems f‘ar sooner .in /b d g/ than it does in /p tk/ It seems'

L premature, then, for Caramazza et al. to conclude that VOT i is. ummportant or “not.

-

phonemic”‘ in-Canad.ian French. In fact, their resultfs are perfectly éompatible with

" a perceptual algorithm which uses VOT as a pnmary cue and 1nc1udes bther

secondary cues (see discussion below) just in case VOT is in the amblguous range of . .

&

. . . -
i . ' N \ 1, ) . .. .
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+/-10 m:ec Another possibility is tbié't VOT.and gome other cues :re weighted non-

. hlerarchlcally in hsteners decision cntena in such a way that VCT plays a malor )
role in stop tokens w1th “VOTSs outside the amblguous region, but a mmor role in

. 'other cases. It is conceivable that the synthetlc stimuli in thls expenment lacked
some cues whlch might have dlsambxguated the stops havmg VOT values w1thm "
.\thl,s range. ,Fmally, it should.be polnted out that in these two studies, all stops ._

; preceded lal. _Perhap‘s a wider range of VOT values would have been observed if o
" .ot>her vowels had been included It is known, for exa}nple, that VOT in English

stops tends to be longer before hlgh vowels than before low ones &(latt 1975;

Smlth 1978) A S1ni'11ar phenomenon has been observed in European French

(F‘lsher-Jorg_e_nsen, 1972). ° 7{‘ -

. /

} o ’ .
_ Voiceless Stop Production in French " _ ‘ \

\ An interestirlé question arising from Caramazza et al.’s and"Ca‘ramazza and
Yen1-Komsh1an s ﬁndmgs concerns thexr'measurements of the voice onset txmes of
French vmceless stops. In the case of /pa/, for 1nstance they report a mean VOT of
18 msec in Canadlan French and approximately 12- 13 msec. 1n European French .
(from the1r graph p- 244) and axigwum VOTs of as much as 25 msec. in both
French dJalects, findings which ppear to conflict with those of early studles such
as Delattre (1966), in ‘which jit is argued that French vmceless stops are.”
unasp1rated because the vocal f; lds are closjd pnor to the stop release (p 13). It is
not clear how a VOT as long as 25 msec. could occur W1th no aspu'atlon or why
glottal pulsmg should begxn sp late if the vocal folds ‘are in fact in the appropnate

. conﬁgux:atlon for voicing eve before the time of release More recently, ﬁbrescoplc T
techmques (Benguerel Hirose, Sawash1ma, and Ushijima, 1978) have revealed

. that the glottis is oden for

ost of the closure duration i in Eu;'opeanv-‘French /p/ and
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that glottal adductlon may sometlmes occur a short txme after release. Wm
Eu.ropean French voxceless stops have usually been descnbed as unasplrated
(Delattre, 1965 Kim, 1970; Keatmg, Lmker, and Huffmanrv1983) and trad1t10nally,

"'_ prafl.wal hdndbooks of French pronunc1at10n seem\ot to have identified any

8

; artlculatory dxtf}encesbetween French /p/ and short-lag English’ /b/1 Benguerel et :

' al (1978) and Sermclaes, D’Ahmonte, and Alegna (1 984) descnbe French pt k/ as
slightly asplrated The latter mformally report a mean. VOT of 22 msec for initial
French /p/ (though they do not 1nd1cate which vowzls were produced by their

~
. subJects) a value whlch i8 conmderably larger than the.1 msec. reported by Llsker

\

| 'and Abramson for absolute initial Enghsh b/ \(excludmg tokens produced with

prevmcmg) Two 1mportant questlons then, which deserve further 1nvest1gat10n
concern the role of asplratlon in French /p/ and. the s1mxlant1es and dlfferences

between French /p/ and English /bl. & ‘
1 " Voiced Stops in French and Englis'zf

European French /b d g/ are usually descnbed as more vmced than their
L3

Enghsh counterparts since irf French the vocal folds are known to close and begm

to v1brate well before the consonantal release (Del;at.tre 1966; Benguerel et al,,

- .t"“

€ s »
Y .-

L% Ehgl.fsh ones, 1llustrate a true “voiced-voiceless” distinction, one which is. deﬁned by

the presence or absence of glottal act1v1ty during the closu mterval Enghsh

(prevommg) or shortly afterward (Lxsker and Abramson, 1964) Flege (1 982) has

g
I‘Sree Delattre (1951, p. 53-54). He states that glottal pulsx,ng begins at the moment of

- release in French /p/ Also his diagrams illustrate no difference between French ol and)
Enghsh /bl. See also Nicholson (1927) and Valdman et al (1970).

-4

. g’we a..n;xean VOT for. French initial /b/ of -145 msec. Thus, French stops, unhke :

("

1 978) and to contmue wbratlng untll the momeht of release Serniclaes et al, (1 984) .

bdg/ show two bas1c patterns: vmcmg may. begm elther some t1me before release° ’
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demonstrated that it is partlcularly ri\ky to make 1gferences about the tate of the

glottls on the basis of these two patte ns since in many cases in which glottal
adductxon occurs well before the release, no prevmcmg occurs, H1s findings; based
on stops p\roduce'd1 by-ten English speakers, indicate that the presence of prevoxcmg
' appears 6 depend on speaker idiosyncrasies and may occur in as many as half the

voiced stops produced in absolute initial position. ° ‘ T :

One interesting phenomenon whlch has been(observed in Enghsh prevm?d

w

’
L]

stops in- runnmg speech is a “voice break”: glottal pulsmg may occur early during
’
the closu}re interval and then “dle out” several msec. before the: stop release,
. #f .
) resultmg in a period of s1lence (Warren i976) Why this phenomenon occurs in.

Enghsh p;:wmced stops is rot fully understood It is believed that voi cmg is
possible during a closure mterval only if the supraglottal cav1ty expands (whether
passively or actively)vor 1f some air is allowed to-escape through the nasal cavity or -
both. (See Warren (1976) and Abramson (197'?) for a discussion. of the relev_ant
literature.) It is ‘possiblle that in~stops‘with voice. breaks, this e).cpansibn,rea_ches its |

: xnaximum prior ta the. release,-and because the supraglottal and subglottal air
pressures become equal v01c1ng cannot continue. None of the research discussed ’
here mentions the occurrence of voice breaks in European French. Srnce the .
present- study focusses on consonants w1th1n sentences, an opportumty to
mvest?kate this phenomenon further is avallable. If @e\he\ak;are notéfound to
~ occur in .Fren'ch,- their absenceignsay result from some basic difference: in the_
production of voiced stops in the two 1anguages.

L}

-

Klm (1970) takes a functlonal approachm an attempt to acoount for the lack
of congruence between Enghsh and European French voxced 1n1t1a1 stops by

_ argumg that the absence of asplratlon in French voiceless stops makes it neeessary
4. .

1y . : ' v
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for prevmcmg to be conslsteﬁtly mamtamed in/b d g/ to keep the two categones u.
distinet. However, such an account fails to explam the apparent partial loss of VOT

) contrasts in Canadian Frencl in which some Mbls. are produced in the short lag

VOT region already occupied by /p/ (Caramazza et al., 1973), unless one accepts the
‘possibility that in Canadian French (but perhaps not _1n European Frénch)
perceptual cues other than VOT are available. to listeners. Measureinent data, in
-fact, do not seem‘to indicate that languages necessarily (perhaps even usually)
’make optimal use of VOT dlfferences in d1st1nguxsh1ng stop categones Keatmg et

~ al. (1983, p. 280) list over twenty-five languages which dxstmguxsh two homorganic
stop categories 1n initial position. Of these, several contrast negat1v versus short-

/ lag VOT categdnes while others have short posxtlve verSus long pos:nx(ontrasts.
' NOne distinguish cat_egories exclust'vely by using maximal differences in VOT. That

. . v ..
. is, none exclusively contrast negative with long positive VOT.

One final point shoulcl be raised here regarding differences Bletwgeﬂ English
l;argd languages such as Frerch which have a true voxced-voweless d1stmct1on Some
researche%s feigt Keating gt al., 1981) hav; pointed out that from the point of view
| of someone hstemng to natural speech tokens, a change in VOT from a négative
value to a positive one involves not only'a quantitative diﬁ'exjence in timing, but a
é qualitative shift as well. They point out that in Polish, which contrasts stop *
o categories m a sinnila‘i' manner to European Fx:ench “the initial voicing contrast can
.be seen as one of voicing dunng closure versus abSence of closure v01c1ng, and no
| actual VOT value need be computed by a hstener That is, our proposal is that
. Poles do not use VOT as Enghsh speakers do, in the sense of a tempora interval
between burst and v01c1ng onset” (p-1268). Slm;larly, Abramson (1977) has 4
stressed that “VOT is not an acoﬁ‘stm continuum, although it may be v1ewed as an i
- articulatory or physiological continuum” (p. 296). While cues other than voice

B
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timihg may be important in Polish and French, and may even be mbdre important

" tHan timmg differences, the line of reasomng used by Keatm% gral in contrastmg

Polish and English does not seem entlrely satisfactory becau* quahtatwe changes
do in fact occur in English as one moves from the short- lag to long-lag region. One

might just as well argue (as Winitz, Lariviere, and Hemman 19758 essentially do)

tha{ m English no actual VOT value ‘has to be computed either and that the '

A

v

distinction can be seen as one of aspirated versus non-aspirated tokens. This

‘problem is discussed in more detaf}-below. In any case, there is a clear need for

more perceptual studies in languages other than Englis}x in order t- determine the

role of VOT and other 'proposed cues in the perception of stdps.

»

Other Perceptual Cues

AN

C

Whether or not VOT.is a'primary cue.in French, it is probable that other

11

cues play a role in listeners’ perceptions in this and other languages. Several’

) additional properties of stops in English and other languages are likely candidates

for “cue status Researchers ‘have investigated the roles of a number of other

. dlﬁ'erences fncludmg diﬁ'erences in fundamental frequency (Haggard Ambler, and

Callow, 1970; Han and Weitzman, 1970; Ohde, 1984), the presence or 9bsen'ce of -

foi'mant_transition's (Stevens and Klatt, 1974), the degree of aspiratigdn‘ (Repp,
19795 closure duration~(Lisker, 1957' Wajskop and éweerts, 1973), ‘and phonation

onset type (Han and Weitzman 1970; Darwin and Pearson, 1982; Darwin and

'Seaton, 1983). In general it is believed that some of these differences may operate

as secondary cues in the perception of Enghsh stops with VOT functioning as a

prii'nary cue.

LN
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Aspiration noise - ,

One of the most inlpottant of the.se cues is aspireﬁwu noise. Liberm‘an.,
Delatt;:a' and Cooper (1958) observed an increase in voiceless lden?’ﬁcations by
Enghsh speakers hstenmg to a synthetic F1- cutback contmuum, when F2 and F3
wveré filled w1th noise during the cutback ortipn. Nevertheless, such, nmse dld not

have to be present in order for subJects to identify voiceless percepts. More recently,

~Repp‘(1 979) observed a time-intensity tradeoff for. “aspiration” noise in perceptual

experiments usmg synthetic continua. (See also Darwin ‘and Seton, 1983.) Stimuli

were perceived as more voiceless wheh the aspiration phase was increased in either
. < .

" duration or amplitude. A 1 dB increase in the ratio of the noise amplitude to the

amplitude of the following periodic portion (resulting from either an increase in

\

noise amphtude or a decrease in synthetic vowel amphtude) caused a “leftward”

- -

.movement (i.e. toward the voiced end of the continuum) of the categbry boundary of

~ about 0.43 msec. It appears, then, that his listeners evaluated not simply the

presence or absence of aspiration noise but perhaps the total amount of vaspiration

-

L.

-

energy in maKing their categorizations.

In English, as\rpiration “and voicing are’ largely mutually excluslve
phendmena in an aspirated stop, the asp1rati§>n phase of the stop continues as air

passes relatlvely freely through the glottal opening until the vocal folds are

approxlmated and glottal pulsing begms Therefore the end of noise exmtatxon of

the vocal tract coincides with the beginning of periodic excitation, although the‘re

may be an overlap, and the duration of the aspiration phase is highly correlated

~

with VOT. Precisely how VOT:(or duration of aspiration) is controlled is not well

| understood'. Kim (1970) has argued that aspiration is™a \{‘function of the glottal -

opening at the time of release of the oral closure'of a,gtop.” (p. 115) Since the glottis

]
-

¢
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negessarily follow from their data. In faci, virtually any of the lgnown differences -

[ ]
requires a certain amount of time to close down, a large opening results in longer
asﬁiration than a 'small opening. This view "cont.rests with that of Lisker and
Abramson (1967, 1971) wl\o‘argue that the ectual tfme of glottal'closure is

\ .

controlled.

]

" In perceptuﬁl experiments some researchers have attempted to play off VOT,

and aspiration in order {o determine*wh:ich is the stronger. Winitz et al, (1'975), for
example,' ergue that presemce or absence of ,aspiration noise functions as tile
. primary perceptual cue to voicing in English and that VOT “operates as a relatively
o‘nimportant eecondary cue” (p. 41). ’I‘rxey claim to have altered only' the VOT in a

number of naturally-produced stop + vowel syllables by makjng separate

13

4

recordings of the apenodlc and periodic portions and then playing the two portions .

back with silent periods between them in the case of natural voxced tokens (to

increase VOT) and with portions overlappmg in the case of natural voncelese ones
(to reduce VO’f). They were thus able to create /p/s with VOTs suppose.d}y identical
to those of /b/s and vicé versa. In general, they observed that listeners’
‘categonzatlons of the mampulated segments were not much different from their
categonzatlons of the original ones and concluded therefore, that VOT was a less
important perceptual cue than aspiration noise because radxcal e‘henges in the
former did not result in changes‘m the subjects’ perceptions. In fact, they went 8o
\ - -

far as to argue that “aspiration rather than the trdcking of time is the significant

. feature in the perception of the voicing contrast for initial stop consonants” (p. 52,

emphasisidded). \

Now, strictly speaking, Winitz et al’s claims about aspiration noise do not
oy . .

between English voiced and voiceless stops, such as differences in ‘fundamental

~ ——

i
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frequency or in formant transiti_ons (these were not controlled for) could have

. L4
A

functiaped as the‘critical perceptual cue or combination of cues in the experiment.

But aczx ,,,,,

nature of their stimuli. In particular, there may be serious drawbacks to their

method of cut‘gu: and splicing of tape in the preparatlon of stimuli. It is possible
h

that their hig unnatural modified voxceless stops with asplratlon noise and

14

vowel occurring simultaneously or their voiced stops with long silent periods (often -

~ as long as 30 - 40 msec.) insérted between burst and.vowel were not even perceived
by the listeners as unified CV- syllables. Finally‘, as noted, earlier, Repp’s results
indieafe that there is a temporal aspect to the perception of aspiration noise. That
is, aspiration may not be perceived in a binary “on-off” fashion. If so, then it seems
inco;'rect to claim that timing‘ per' se is unimportent in the perception of stops.

Rather than regarding VOT* and aspiration as making entirely independent

contributions to listeners’ perceptions of stops, it is perhaps more appropriate to

regaLf'ﬁthem as at least partially equi'valent. (See Darwin and Pearson, 1982.) One,

may ihink‘ of both-VOT and amount of aspiration energy (duration and amplitude)
as mdacatmg the txme dlfferenc&between the release of the stop and the onset of
glottal pulsmg In addition, perhaps because of thexr different spectral propertles
both aspxratlon noise and penotixc energy may make independent Tontributions in
tne nerceptien of English stops.
P

A similar argument may be offered in- response to Keating et al s (1981)

dlscusswn (see ahove) of voicing in languages such as Polish and French That is,

the amount 0} voicing during closure in these languages may have some.lmportance

- -

in listeners’ perceptions. In addition, other properties, such as spectral -

\

\

characteristics, ma); be relevant.

—
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Force of articulation

Some researchers have disputed the ;:laim that differences in glottal ;’timing
~are the chief means by which stop cognates are dxstmgmshed Malécot (1970) and
Marchal (1 98&) for example, have preferred to descnbe the Iptk/ -/bdgl
distinction in Frehch (and in other languages) in terms of “force of articulation,”
which, according to l\‘/lalécbt! refers to “ .2 synesthetic inter‘pretation of magnitudes
of intrabnccal air p.ressure...” (p. 1588). A variety of phenomc‘na are argugd to lead
tn a “mistaken proprioceptive impression” of greater f:orce {n the articulation of
fortis stops £han in lenis one§. Jaeger (1983) summarizes some of the relevant
literature, pointing out fodr general categories of differences': air pressure
differencés, resulting in differences in the intensities of bursts, frication noise and
, aspiration noise; articulatory differences, resulting in greater force and. degree of
contact between *articnlators; difTerenc&es':in closure durations; an:d differences in
voicing. Hallep Hughes, and Radley a 957) and Lubker and Parris (1970) discuss air
pressure differences in English, and the former claim that since the presence or
absence of voicing during stop.closures is insufﬁcient to disting“iéif‘/p t k/ from

/bdgl, these stops*ﬂaxld be dassxﬁed as “tense” and “13x respectively. In a study

of French stop pr, ductlon Marchal (1983) found a greater degree of lmguo palatal

contact in /t &/ than in /d g/. Malécot (1970) points out that fortis consonants in

French are geégerally characterized by longer closuré durations than lenis ones.
Finally, it is well kno that in many languages, the presence of voicing du;'ing
closure often distinguis}g s/ptk/from/bd g/

Unfortunafely, some of the research in this area suffers from the serious
drawba_'ck .of extremely small sample sizes. For instance, Marchal (1983) cited

above used a subject pool of two. Furthermore, while there-may be some reliabler
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correlates of the fortls-lems distinction whlch can be measured in natural speech, it

16

)s not at all clear what adva’ntages there are to invoking what ‘appears to be a.

rather vaguely deﬁned property of consonants 1n an attempt to charactenze
dlfferences betweera@p categones (See even Marchal 1983 ) Pn partlcular ‘as
Llsker and Abramson (1 964) argue, in languages such as Enghsh a fortls-lems

descnptlon does not.seem to account for any propertxes whlch cannot be explamed

in terms of. glottal t1m1ng Whlle some researchers (Hardcastle, 1973) have ms1sted

| that fortls lenis or tense lax features are necessary in descnptlons of some}other

languages such as Korean others (Jaeger, 1983) have dlsputed fortls lenis a%counts. _

e whxch were prevmusly aCcepted for such languages as Zapotec and J awon What is

A

AN

W

N ex‘plicable in 'termsf-of~VOT., o e

" Overall intensity -
verass inie

clear at the present time is that conslderably more research is requlred

. pa_rtlcularly .kmthose languages having contrasts which are apparently not

N R . ) . - : ! . : . -

' 'DarWin'r and Pear'son (1'982') and Darwin and Setonf(l 983) have been‘ careful

to dJstmgulsh betwee? the t1me of the physxcal onset of Vmcmg in a-stop consonant

(or, ift equlvalent terms the t1me at whxch asplratlon ends) and the percewed t1me '

‘of voice onset. Studles in the perceptlon of musxcal tones (Vos and Rasch, 1981)

have estabhshed that the perceptual onset of a tone occurs after 1ts phys1cal onset »

)

» : '1ntens1ty reaches a levﬂ 1 5 dB below manmum By mampulatmg overall mtens1ty

levels mdependently of VOT i 1n synthetlc stlmuh on several /pa/ /ba/ contmua,

' Darwm and Pearson were able to 1dent1fy a: s1m1lar phenomenon in speech.

J

: %the degree of difference dependlng on the nse tlme of the st1mulus Vos and Rasch Lo

. observed that a tone 1s generally percelved to. onset at the - tlme at whlch 1ts_;

’ perceptlon. The startm_g-_:pomt for the1r investigation was the observatlon that in -
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higher than the critical level for the pemo'dic‘stimuli.

17

natural speech the point of voice onset is marked by a,numbgr of phenomeha,

‘e

inclnding the appearance of periodic energy and strong low freque'ncy components

- and an increase in energy. They presented to thelr hsteners several synthetic

- contmua in whlch- the times at whlch these event Qccurred were varied

subJects category boundaries were best predlcted not by thettlme at whxch %erxodlc

1 n

energy ﬁrst appeared in the stlmuh or by most of the other correlates of voice

onset but by the time at which the overall infensity of the stimuli reached a level

2.
about 20 dB below the maximum 1ntenS1ty of the vowel” phase Spemﬁoally, ;

/
Darwm and Pearson found ev1dence that none of the following commded with the

tlme at whlch v01c1ng was percelved to onset the point at which perlodch energy

onsets, “the point at which spectral balance changes m favour of low frequency
energy, -and the point at wh1ch magzimum 1nten81ty(1s reached Also included in
speech which cons1sted of noise’ exmted formants contalmng RO penodlc energy at

all. Desp1te the absence of “voicing,” some of these st1mu11 ‘were percewed as /b/s

_ their stlmulus«set were synthetlc contmua comparable to segments of whlspered .

Again, the best predictor of the subJects category Boundaries was the time at which

7'

a critical overall 1ntens1ty level'was reached, although this level was somewhat

| Whlle complete conﬁrmatxon of Darwm and Pearsons ﬁndlngs usmg_

natural stop tokens as’ stimuli- is _probably not possuble (because some of the1rT o

.

tokens may represent impossible conﬁgu\'atlons of the human vocal tract), it is

‘.pos51ble to use naturally-produced stops dxffenng in rise time but not in 'VOT to

test the1r claims. Some further eXpenments usmg natural speech tokens and a
\

minimum of mampulatlon are included in the present study. (See Chapters 5and.

.4

6)

4 : \



Darwin and Pearson’s results may prove useful in accounting for the
apparent failure of VOT to completely separate stop categories in some languages.
It is 'con.ceivable that '\,in such languages the type of ph'onat'ion ons}et‘”pla‘ys a

~ significant role in listeners’ percéptions. In partioular, alth“ough there may be a

consistent overlap in measured VOTs between stop cognates, d&e perceived times of

18

" voice onset may not-overlap or may overlap less than measured voice onset time

- ' . » . ¢ . ) » J - . . )
because of differénces in phonation onset. In Korean, for instance, which has three

voiceless stop categof-ie'sw_contrasting'_i_n initial position, it is apparently not possible .

- to'characterize the differences between categories in terms of VOT alone because

there is some VOT overlap (Lisker and Abramsop, 1964; Han and Weitzman, 1970;

but cf. Hardcastle, 1973, who found no suoh?verlap). Nevertheless, on the average

L)

~'there are consistent differences in mean VOTSs for these categories. Han and

At Caa \

Weitzman, as well as Hardcastle, have argued that at least part of the diffet'euce

between the so-called fortis and lenis categories may be described as a difference in

LI

intensity characteristics at the onset of Xgicing, although fundamental frequency

| 'differences~ruay be important as wéu According to Han‘ an'd Weitzman’s production
' study, penodlc energy onsets more gradually in the lenis stops than i in the fortis
ones, in whlch v01c1ng abruptly reaches its mammum level. They were also able to
fmd evidence of the perceptual relevance of rise tlme by using a tape cutting and

sphcmg method slmllar to that used by Winitz et al. (1975). They concluded that

“the difference between weak and strong stops is a function of the slope of the *

‘leading,edge of the intensity contour during the ﬁrst few centiseconds of 'voici'ng,' ‘

followmg stop reiease CIf the éIope rises abruptly, then the stop will be heard as
strong, and if the slope rises gradually with the same time mterval then the stop
- will be heard as weak” (p.127). ' . ' ,Q
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The problem of the lack of a simple correspondence between physical
measurements, such as VOT and their perceptual correlates is not a new ohe,
Lisker and Abramson (1964) discuss at length their dlfﬁcultxes in evaluatmg the .
pereeptual relevance of “edge wBratxons in making VOT measurements of non-

Y
initial stops from spectrograms These v1brat1ons are seen as “faint verhca]

striations at glottal rates near the baseline of the spectrogram below the clearly

aperiodic high-frequenc; @kse of aspiration” (p. 416). While an investigator might -

he tempted to analyze these 'as marking the moment of voice onset, they are

~ normally not audible and therefore apparently have no relévance to dtop
perception,

. . ' C .
AN L N RN
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Psychophysical Basis for the Perception of VOT '

§ - . v [y

—

A-general psychophysical account of how listeners rnay make use-of VOT in
the perception of stops is offered by Pisom (1977), who argues that languages may |
‘take advantage of naturally deﬁned regions of hlgh‘ydxscnmmablhty” (p. 1353) in
| the placement of their VOT boundaries. In par#icular, his experiments reveal that ~
' m order for :Enkglieh-speaking listeners to correctly identify tlre teinporal order of
~ two pure tones. differing in freqq'ency and oriset timet t}ié onset» of one tone x'nust lag -
that of the other by at leagt 20 msec. His naive subjects were easily‘trained to
Jldentlfy three categones of tone stimuli on a contmuum one with th“e low tone
leadlng by at least 20 msec.; one with the low tone lagging by the same amount,
and one in which the deference in onset ‘times vaned betw%+20 and -20 msec.
Apparently the tones in the Iatter category were percewed as havmg mmultanebous
" onsets while in the ,other categories their temporal order was p_erceptua’ly "
resolvable eince, aa in th’e_ F’p’erceptjon' of etop consonants,l‘within‘-categor.y.

discrimination of the etimuli was found to*be much f)oorer than between-category
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dxscnmmatlon in an ABX discrimination tagk. szom hypothes1ze( that the '

.

underfymg basis for the dmcnmmatlon of consonants in terms of VOT is the

listener's threshdld for the temporal resolution of two events. . r
,‘ V
Such an account is seductive because of its simplicity; also,'it may explain
s
how ammals such as chmch1llas (Kuhl and Mlller 1978). and rh.esus monkeys
(Waters and Wilson, 1976) can be traxned to dlstmgulsh v01ced from v01celess

consonants and have been found to have very slmllar category boundaries to those

of humans.‘ _On the basis of this hypo.th’ms, one can predict that lgnguages in which ,

VOT functions as a perceptual cue will locate their stop categories on the VOT
LY QQ * . ' .

continuunx in such a way as to ensure that perceptual discontinuities are taken

advantage of. Presumably no language w1ll contrast two stops whlch both have

AN ‘\

VOTs betw en -20 and +20 msec. Instead a language w1th two stop categones
should contrast stops from any two of the three poss1ble categories defined by the
+2l) and -20 msec. bouhdal'ies. ln fact, such.a;,predi-ction ig fairly consistent with the
available data. An examination of Lisker and Abramson’s (1971) chart
'-summarizi'ng mean VOTs in several langtlages (p. 172) reveals that the three VOT

categories observed to occur cross-linguistically - voicing lead, short lag: and long

lag - correspond more or less to the three categories of tone stimuli.
. f- l' - .

However thxs explanatmn faﬂs to explain differences between languages in
mean VOT values mthm the three umversal” categones For example, the mean

VOT value of English long-lag stops is conmderably shorter than that of Cantonese

. or Hindi long—lag stops (Llsker and Abramson, 1971) It appears, then, that the -

exact positions of categdry boundanes within languages must be to some extent
learned. Another limitation of Pisonis account is the fact that the "positions of

subjects’ perceptual boun‘daries in experiments.ifivolving synthetic continua have
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been shown to ciepend, on the range of VOTs in the stimulus set (Brady and
’Darwm 1978; Keatmg et al., 1981). If VOT boundanes are determmed by basic
psychophysical constramts on temporal;processmg, it is hard to explam why these

boundaries should move around at all.

-

Overview of the Present Study
As can be .seen {rom the above dxscussxon, the issues relatmg to the
. perceptlon and prdduction of stop cognates are very complex Nonetheless there

are several 1mportant questions whlch can be addressed in a study such as the

21

present one.. In general, the purpose of this study is to compare and’ contrasta

French and English stop tonsonants. In Chapters 3 and 4, two experiments are.

v

described in which attention was 'focossed on the production of word-ini_gial labial

stops in several different vowel contexts. The experiments described in these

/

chapters were aimed at clarifying some of the questions discussed'above‘fconceming

the production of French stops. In genei'al, an attempt will be made to ide’nﬁfy the

‘ 'teﬁbOral and amplitude characteristics which disftinguish French initial labial

. stops froni English ones. Should French /p] be regérded as aspirated, and under :

-what ‘conditions does.aspir'ation occur? Do -French /b/s exhibit voice breaks? Are

there eigniﬁcanf diffexences between languages-in voice bar and aspiration

amphtudes'7 Specxal consnderatxon w111 also be g1ven here to the sxmllantles and

differences between the French /p/ and-Enghsh /b/ categories. Are t‘hese two

categories virtually the same? Contrastlve studies of ,this type are partxcularly

important in 1mproﬁng our understandmg of how languages may differ in the ways

in wh1ch they distinguish superﬁcxally s1m11ar consonant categones
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Chapters 5 and '6 deséribé two perceptual e:i;;eriments in which English
listeners werel ‘teéted in'order t?), determine whether they coqld actually perceive
'diﬁ'ere;lces between French Ip/ m;d;English /bl Thé'ﬁndin‘gs héﬁe some relevance to
our understandmg of the perceptxon ‘of the speech sounds of a foreign language. =
Can hsteners attend to small dlfferences m timing which are not dxstmctive in
their native language? As will Iée seen in Chapter 5, the nature of the two
categ?ries alsp offers a good opportunity to use naturally produced-stimuli to test

Darwin and Pexirsoh’sq(l 98.2).ﬁndigngs about the -effe%ts of intensity on the perceived"

point of voicé onset (@ops. o : : \
v N ‘ U\'
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’ Chapter 3:’}Ae Ex’ploretory.Study ef‘lni'tia‘l'St'op_Productlien
| in French and English (Experil;lent 1) .
.\\.
Introduc‘tien ‘ - '
| » . g
In this expexj:;n(;nt some properties of English and French initial bilabial
stop consonants weré analyzed and compared. Attention was. focussed on the
durations of several segments of these consonants: VOi'ee_ b.ars, silent periods,
_ closure intervals, release bursts, and aé})iration noise intervals. |

Experimental Method

S -

Speakers |

S

‘Speakers in, this experiment were ten.xhati\ve'speake'rs ot' Eur(;peah French
and seven native gpeakers of Canadian English. Of the Frenth speakers, five were . h
‘ female and ﬁve were male. All were between 25 and 65 years of age. The’ dJalect |
reglons represented by thede speakers included §w1tzerland do'rsxca Lyon, and
Northern France. Four of the Enghsh speakers were female, and three were male.

[4

All were between 20 and 35 years of age. None of the part1c1pants had any knoﬁwn

.- speech abnormalities.

Speech material$
\ .

The French speakers read&lgud the sentence frame “Répétez _ une

f01s, ﬁllmg in the blank w1th each of 16 nonsense words.,The words were

monosyllables representmg all posmble CVvC comblnatxons of the French

A
L -

23



. etc.). The English speakers read the frame “Say

¥

. ' : '
consonants /p/ and /b/ and the vowels /a/, /¢/, /i/, and/u/ (e.g., /pip/, /pib/, /bup/, /bub/,

again, please,"'ﬁlling in the
blank with similar Words consisting of all possible CVC combinations of /p/, v/, leel,
/£/ /i/,-and /u/ Both frames were des1gned so that the mgxsense wprd was preceded

s

¢ by a wordending in a vowel and followed by a word beginning with a vowel. Only

the initial consonant in edch word was analyz_ed. »

!

»

Equipment /

(v

-

’ ’ »

p ‘ A set of recordmgs of-the French speakers had been made by Dr. ”B. Rochet

24

of the Department of Romance Languages dt the University of Alberta prior to the-

present study. The speech samples had been recorded in a quiet room on a‘'Sony TC
182 monaural cassette recorder with accompanying mlcrophonetRecordmgs of’ the
English speakers were made in a sound- treated\oom at-15 ips. on the'left chann’el

of a Teac A- 7030 stereo reel-to-reel tape recorder A Sennhelser MD 421N cardioid

directional mlcrophone set to “speech” was used. It is recognized that d1fferences in

eqmpment ‘and recordmg ,condltlons may have effects on the outcome of a

‘r“nomparative study such as this one. However, since it'was very difficult to locate

and obtain speech samples from a large number of native speakers of French, it
was decided that the recordixrgs would be. acceptable for an 'exploratory study of
stops in the two lang'uagesvThe potentlal dlfﬁcultles in drawmg conclusmns about

the dlfferences bemen Enghsh and French are dealt w1th in the conﬁrmatory
/
study reported in Chapter 4, '
. - R / )
y ¢ . - H - .

The s1gnals were bandpass filtered w1th a Rockland Programmable Dual

\
Hi/Lo Filter, Series 1520 Dunng dxgmzatlon a Sony TC K61 Stereo cassette deck

- ~and a Teac A-7030 tape recorder were used. These were connected togp D1g1tal

-
-

N

¢
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PDP-12A computer through analog-to-digital Eonverters. The software used was

. v :
written in 0S/8 and the Alligator system (Stevenson and Stephens, 1979) which is -

~ available at the Department)pf Linguistics at the University of Alberta.

< "

Procedure < C B

The speakers were asked to read the sentence frame sixteen ﬁmes at a

4normal~ conversational volume and rate, ﬁlling in the blank with a dif‘ferent

nonsepse word edch time. Three replitations were made by each speaker. From

these, a s&t exhibiting no instances of speaker hesitation and hayiné little variation
in volume was chosen for measurement. The signals'were band-pas.s filtered. (68-
6800 Hz) in pfeparation for digitizing in order to eliminate ‘line-freq\lency hum and
_ any high-frequency speech components which might result in aliasingaThe signals

were then digitized at 16 kHz :and edited with a visual editing pregram available

on the Alhgator system This program allowed the experimenter to dxsplay the

waveforms of the sxgnals on the CRT screen of the PDP-12, edlmhem, and gave the
desn‘ed parts by positioning a pair of cursors (usmg potentiometers) on the sxgnals
.The partion of the signals between the cursors could be played through headphones
50 that the experimeriter-could place the cursors exactly where desired. In each

case the CVC portion of the s1gnal \)Jas saved along with the last few milliseconds of

the vowel precedmg it and the first few milliseconds of the vowel following it. The

saved portions were s{ored digitally on hard disks and then transferred fo digital -

tape for later use.

+



< For the measurements, an mteractwe program wntten in Fortran IV was
used.l The program displayed one- sxgnal gt a time at the top of the CRT screen,
and the expenmenter made measurements by placing a set of cursors on the sxgnal
at several points: the begmmng/of the voice bar and/orsilent period associated with

\ : S v
the closure interval of the stop, the beginning of the release burst, the beginning of

26

‘the aspiration phese (if any), the beginning of the periodic (vowel) phase,"'snd the -

end of the periodic phase. The program automatically calculated’(to’the nearest 0.1

msec.) the durations of each of the segments determined by the positions of the
cursors. RMS amplitudes of the segments were also calculated to the nearest 0.1
upit of a sampling range of 1024. For ea‘ch initial stop, up to, five segments were
measured, depending on which were present: voice baf‘, silent penod, release burst

(including frication noise, if any), aspiration noise, and tfowel.

\

There were a number of wa')ts to deterrgne where exactly to place th

’

cursors on-the signal. For precise adjustments a small portion of a signal could be .

“magnified” and -placed in a wmdow at the bottom of the screen ~Also, the

‘experimenter could hsten to any portlon of the 31.gnal through headphones by

positioning the cursors on either side of the segment to be hstened }:.o and pressing

a “play” sw;tch. Fmally, the pro gm allo

the signal to be viewed on a Tectrdrics Type 611 display. \

‘. -

Segmentation Criteria .. -

K
For the sake of cons1stency in making the measurements several criteria

| were adopted for the posmonmg of the cursors. In the majority of cases, the

1The program’had been developed by Dr T. Nearey of the Department of Linguistics,
University of Alberta. . ‘

) spectral section of any portion of '
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decisions were quite straightforward. The begi/ming ofa V(’nce bar was defined as
the point‘a‘t which a sudden change in the waveform'was observed following the

final /e/ of “répétez” or “

y” (cf. Koating et al., 1983). All voice bars had a
distinctive low-frequencyﬁ Jatively low-amplitude sinusoidal pattern which could

be easily distinguis‘hed,fromi the complex pattern of the preceding vowel. The

beginning of a silen}geriod was defined as the point at which a signal reachéd

.

almost zero. Peaks in the signal which were clearly tape noise or ambient noise
were ignored. A release bux;st'onset waé judged to occur at the first point at which
transient energy was observed i'n a signal. In some instances (mainly in French
/b/g) the burst was supe‘rimpose‘d on a periodic waveform apparently because
voicing continued through the burst phnse _,Alsb, in some French’ /p/s and Engiish
/bls it was difficult to determine whether or not there was an aspxratlon phase
followmg the burstband if 80, where the aspiration began. Very short noisy
» segments (usually of low amplitude) which did not'sound like aspiration were
judged to be frication noise and were treated as. part of the burst. Those segments
which were J:udged to be aspiration noise often sounded like brief whispered, vowels

and Were usually of higher amplitude. The aspiration phase was judged to begin at

the point at which the amplitudé" of the signal* f_ollowa'»tig the transient burst (and

27
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- any frication) reached a minimum and then either levelled off or began to increase. -

. 3
Aspiratiory was judged:to end at the first sign:of periodicity following the burst.
Such periodicity was usually signalled by the presence of a periodic wave pat .rn of

low amplitude which, in Yome cases, had aspiration noise lasting a few

superimposed on it (breathy voice). This portion of the asﬁiration' was ignored since
" the measurement program de not a}low the cursors to be placed in such a Way that
the measured segments overlapped. Finally, the end of the vowel was defined as

the beginning of the voice bar or silent period following it.
)
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Since there were two t kin each language, a total of

160 French and 112 English stops were 'measured. All measurements were ‘stored
on hard disks and then transferred to the University of Alberta’s Amdahl 5860
computer system for analysis. -

Results ' ,‘ .

-

Table 3-1 gives-‘tnhé mean durations and Table 3-2 the mean relative
amplitudes of the measured segments (voic'e bar, silent period, burst, aspiration
“ noise) of each'consonant. Also included are closure durations which were obtained
by adding the voice/ bar aﬁd silent peri(;d dtlxrations for each hegm nt. Because of
posmble variations from speaker to speaker in speaking effort and Axstance from
the microphone, the amplitude measurements of t% apenodxc portions and voice v
bars of each stop were normalized — they were divided by the RMS amplitudes of
the vowels f(;llowing them. Therefore, “felatiye am“plitude” in this study always
‘;efers to the RMS amplitude of a segment diﬁded by the RMS amplitude o'f'\thé
vowel following it. Although the relative amplitudes of thé' segments are ﬁreéented
here, *’they were not analyzed statistically for reasons discugsed below. Instead
7 Expex‘:imént 1 focusses on the segment d_urations only. A statistiéal analygis of
~ } .

\//

~

amplitudes was performed in Experimént? (See Chapter 4).

- : . ~

The mean durations and amplitudes for all segments are also represented in

! 4
the schematic diagrams in Fig. 3-1 and 3-2. Each consonant is drawn to scale with
respect to both duration and amf:litudé to give a representation of the “aver}ge

case” for each type of consonant. , N



French
The 80 French /p/s fell in‘t_o two categories: 44 6f them showed a measurable
amount of aspiration noise ranging from 5.8 to 62.8 meec. (mean 26.5 msec.), and

. 36 tokens showed nOAme‘asurable a‘Spiration”Tase. The relatively large mean

¢ duratlon of asmrat:on noise (wher present) is'somewhat surprising, given that

French /p/ has oftén been described as “unaspirated.” In fact, some of the French
/p/s had longer aspiration phases than sox‘he of the English /p/s. Table 3-3 ahows the
mean aspirati\on duration (when aspiration was present) associated \xxth each of
the four French vowels. It is interesting to note that aspiration‘occﬁrred three
tiftres as often before the two high vowels (33 of 40 cases) as it did before the non-
high ones (11 of 40 cases). Moreover, the mean duration of aspiration (when
present) preceding the high vowels’ Was x;o;'e than 2.5 'times as long as it was
before the other vowels. Also, there were' differences in the’ degree to which
individual speakers aspiratéd. Individual patterns are shown in Table 3-4. While
all speakers aspirated at least some tokens, some aspirated as few as two /p/8 (of a
total of eight), and or;e subject aspirated seven. The range of thé subjects’ mean

durations was from 11.6 to 39.0 msec.

Voice onset times for the /p/s were determined by adding the‘burst. duration
of each stop to its aprratlon duration (if any). Mean VOTs assocxated with each
vowel are given in Table 3-5. The mean VOT for /pa/ 18 14 1 msec., which appears
very similar to ‘Ceramaz‘za and Yem-Komsl}xan s finding of 12-13 msec. (See
Chapter 2) for absolute initial /pa/. For /pi/,'/f)&‘), and /pw/ the xﬁeans were 32.6, 140.5,

and 38.6 msec. respectively. ' o N

(

~

29
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v The French /b/s all followed one pattern In N0 case was a sllent penod
observed dunng the stop closure Instead the closure 1nterval was always m;rked
_bya strong volce bar begmnmg at the moment of closure (actually a contmuatlon of

"'. the vmcmg of the final /e/ in répétez) and lastmg up to the point of release The B
release burst was a phase averagmg 7.6 msec. between the v01ce bar and the vowel
No asplratlon noxse was observed i nn any of the French /b/s Since no s1lent penods

_'occugred all /b/s were ass1gned negative voice onset tlmes equlvalent to thelr

’ vclosure duratlons 1 The mean VOTs are given in Table 3-1 and agam in Fig. 8- 8in -

‘, a hlstogram comp able to the ones used by Llsker and Abramson (1964) and

L ;nstances the v01ce b

f C}ara’mazza et al. (1 9'7_3). There is no QVerlap in VOT,between the two French ‘ g

. o N U
categories. & : N .

English

Iinhke the1r French cGunterparts, alt Enghsh /pls showed large amounts of |

- asplratlon as expected (Range 19.2 to 103 ?msec mean 56.2 msec.) The v01ce

' onset tlmes for the Enghsh /p/s were determmed as they were for the French /p/s :

. The overall mean VOT was 63.1 msec. o

In 54 of the 56 Enghsh /b/s, measurable voice bars were observed These

- anparently resulted from a contmuatlon 1nto the closure mterval of the vo1cmg of

the vowel in say However 1n 42 cases there was also a notlceable s1lent penod or

. A’vmce breah between this,voice bar and the releaSc burst of the 1n1t1al /b/ In most o
‘avjpeared to decrease in amphtude gradually to nearly zero' : B

‘ vat some pomt before the burst a pattern qulte dlfferer}t from that observed in

. llt should be noted that thxs procedure dxﬁ'ers from that of Lisker and Abramson (1967)
who chose not:to assign any VOT values to word-initial voiced consonants in runnmg
',speech in which voxcmg contmued from a vowel into a cloSu{e mterval
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French, in wg the voulgl/h#l“ﬂ“’

nplitude remamed more or less constant up to the

_‘ pomt of release 'I‘were of the foufgen Enghsh cases w1thout a voice break can be
attnbuted to ,two Speakers In other words these two speakers frequently produced
“French-hke v01ce bars. TOosummanze there were three types of English /b/s in -

| ~these data those w1th no vmcmg whatsoever during the’ closure 1nterval (2 cases),
., those w1th voice bars followed by a voice break (40 cases), and those with voice. bars .
| lasting throughout the entlre closure interval (14 cases). See 'l‘ables 31 and 3-2 for
the mean duratlons and amphtudes of the Enghsh segments and Fig. 3 2 for the

-schematic representatlons of t.hese values.
Assigning‘VOT values to the English /ols po,sed some difficulties. Of course
the two cases in which no v01c1ng occurred during closure were asmgned posxtwe .
VOTs equal to the sum of burst and asprratlon duratlons Those which resembled
the French /b/s, in thch vmcmg contmued throughout the entire closure duratlon
were dealt W1th in the same manner as the French /b/s: they were asmgned
negat1ve VOTs equal to their closure duratlons For these /b/s an overall mean VvoT
of -111 5 msec. was calculated. For those w1th both a penod of voicing and a voice
break during the closure mterval it was not clear how to proceed. Llsker an'd
\Abramson (1967), who exammed word 1mt1al stops m context mentlon stops 1n
N ‘which voicing contmues throughout the entire closure (p. 9), but they apparently do
not discuss those w1th mterrupted voicing. One mlght mfer from their chscussmn
that such stops were assxgned positive VOTs. Also, Gther researchers (e. g Keatmg -
- et al,, 1983) appear to have 1gnored these voiced intervals during closures in medlal
stops and have measured VOT from the pomt of release to the onset. of the
foﬂowmg vowel Two problems come to mmd here First, 1t is concexvable that v01ce

bars of short duratlon and relatwely low. amphtude which are. followed by long.

penods of s1lence (and some such cases were observed here) may not actually '

b
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function’as'perceptual cues to the voicing distinction. In fact, theylxnay not even be

32

- r-mnotxced at all by a hstener From the pomt of view of a llstener, then it would be

mxsleadmg to evaluate tokens exhlbltmg such propertxes as having long negatlve ,

V@Ts because the vommg precedlng the.burst may ‘be’ 1rrelevant as a perceptual
cue. This problem is mmﬂﬁ to the problem of “edge vxbratlons dascussed by Lisker
and Abramson (1964, 1967), but these short voice bars dJﬁ'er from edge V1brat10ns

(See Chapter 2.) In fact, the voice bars are always audible to some degree ‘1f they

are isolated from the rest of the signal. Second (and conversely), voice bars of

relatively long duratlon may well play an important role as perceptual cues even
‘though in tokens- of this type, voicing is interrupted. In such cases it would be
misleading to assign positive VOT values to the stop_s.

W

-Nonetheless, some criterion for assigning a VOT value had to be adopted

Here. The negatlve voT values given for the Enghsh /b/s in Table 3-1 and ;

represented in the h1stogram in Fig. 3-4 represent only those cases in whlch

.

umnterruptecl vo1c1ng occurred during the closure interval. In cases in wh1ch there

was a voice break between the voiee bar and.the release of a stop, the VOT value -

=

assigned was posmve For stops of thls type, the overall\moan VOT was 8 5 rhsec. |

In order to present alnore accurate plcture of the nature of the bnghsh v01ce bars, -

however, add1t10nal hlstograms showmg the dlstnbutlon of voice bar ﬁuratlons —

(Flg 3 -5) and of the percentages of closure duratlons dunng whlch voicing was

observed (Fig. 3-6) are also given. The latter appear to be dlstnbuted with two

. peaks ‘one in the 60- 70% and the other in the 90-100% category Tt is 1nterest1ne to -

4
‘note the gap between the 0-10% and 20 30% éategones a”tently 1nd1catmg some

. lower hmlt on voice bar duratlons in this study A similar ﬁndmg ha&'been reported'

by Lisker _and-Abramson (1964, 1967) and by Flege (1‘982.). ,

o
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‘The correlation (Pearson r) between the_ voice bar durations and their
corresponding burst + noise durations was also calculated. If voice bar durat.ion

and burst + noise duratxons are both determined dn'ectly by the dlfference m

| glottal timing beheved to dJstmgmsh stqps in Enghsh one might expect to find a’

sigmﬁcapt correlation here; however, no significant relationship was found

(r'= 0.09). This finding may indicate that speakers have independent control over
< ,

conclusion to be drawn.

N
o

Statistical analyses of durations

o

In order to explore further the differences in segment durdtions within and

i

between languages, several analyses of v_aria'nce‘wi:_th repeated measures were

performed using BMDP statistical software. The measures of interest were the

. durations of closure intervals, bursts, voice bars and aspiration noise. For the first

two of these, three-way analyses were ?'f'performéd with Language (L) as a grouping

. groups (English and French), four levels of V' (English %f?./-“?hd French/

'factor and Vowel (V) and Consonant (C) as within subject %actors. There w!e‘!g)

“treated as a single vowel category and will be referred ta here’?s;"{a/.) and two levels .
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the two stop parameters, but the evidence here is. not sufficient for a firm-

[

of C. For the other two measures, two-way analyses were pé‘for_med._ Because no

voice bars occurred with /p/s, C was not a factof in the i'oib

since no aspxratlon was ever observed with French /b/, C was not a factor in the

bar analysis. Also,

analys1s of asp1rat10n D?ISG Because there were two tokens of each Cv combmatnon '

1

from each speaker, the mean of the two rephcatlons was used'in the analyses A

‘summary of the results of the analyses is given below.
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. 1:VBurst du‘rations‘ o T . /

o ‘. e - ” k o . | -
’I‘hi's variable showed the most straightforward results There was a
| .sxgmﬁcant effect of L (F(1,15) =10.58, p< .01) which was due- to longer burbts in
French (mean 8. 98 msec) than in Enghsh (6.40 msec.). There was also a
sxgmﬁcant effect of C (F(1,15) = 6.81, p<.05) résulting from longer /p/ bursts (mean .
= 8.93 msec.) than /b/ bursts (6 90 msec.). There was no significant effect of v, and

.
there were no ey\lﬁcant interaction effects..
§
iR .

2. Voice bars’

“Ie{e, a sxgmﬁcant. effect of L. was observed (F(l 15) = 23.95, p<. 01). In
general the French voice bars were much 1onger than the English ones. The mean
* voice bar /duratlon for French was 107 78 msec.; for Enghsh 1\t was 76 90 msec.
‘There was also a mgmﬁcant effeet of V. (F(3 45) = 6.76, p<.01). A Tukey (a) test
(Winer, 1971) on the means for the vowels revealed that th1s effect was due to the
voice bars associated with /fu/ being longer than those as'szocmted with /a/
(Q(4,45) = 5.63, p<.01), which confirms Smith’s ‘(1978) findings for Engli.sh. He
generally found longer voice bars with /i/ and /u/ than with /e/ and /a/, but no other
significant dlﬁ"erences were observed in the present study. There did however,
appear to be a general trend toward Vbary > Vbarg >Vba}) > Vbara No significant

L)

VL mteractmn was observed o , ,

3. Aspiration noise

_For this variable there' was a significant effect of L (F(1,15) = 32.39, p<.01).

-

The mean duration of aspiration for all /p/ tokens was almost four tintes as longin. - -

L4



English (56.16 msec.) as it was in French (14 57 msec ). There was also a sxgmﬁcant
effect of V (F(3 45) = 7 23, p<.01). Because of the sxgmﬁcant VL mteractlon
(F(3,45) = 7.73, p<.01), a Tukey test on the mean duratlon of aspiration for each )
vowel in each language was performed It revealed that in French Asp} > Aspa
(Q(8,45) = 6.37, p< 01), Aspu>Asp5 (Q(S 45 5.66, p«<. Ql) Aspj . > Aspa |

(Q(8,455 = 5.37, p<.01), and Asp; > Aspe (Q(8,45) = 4.66, p<.05). In summary, the

L

high vowels were acco'mpanied by more aspiratibn'than the non-high ones. I -
English, however, there were no significant differences among vowels. This

interaction effect is plotted in F1g 3-7. It should be noted here that the low mean

* durations for French /a/ and /d are partly due to the occurrence of a larger number '

of unaspirated /p/ tokens before these vowels than\before /i/ and Y/ (i.e. several ' .
mstances 1n which asplratlon duratlon = 0 msec.). However, even when only the

as rated cases were used in the ana,lysns, there were slgmﬁcant effects of L, V, and
E(F(I,S) = 8.97, p§.02; F(3,24) = 6.52,p§_.01,_F(3,24) = 7.00, p<.01 respeetwely). )

* “ .
4. Closure durations’

.. For the -cloenre duration;& there were signiﬁcant effects‘- of C
(F(1,15) =10.72, p<.01) and V (F(3 45) = 4. 76) p<.01) but not ofL and significant
VL (FG, 45) = 5.48, p«:01), VC (F(3 45) = 4.13, p<.05), and VCL (F(3, 45) = 3. 36,
—/ p<. 05) interactions. The VCL mteractlon is plotted in Fig. 3- 8 In general, it
appears that the effeets of ‘V and C are stronger in Enghsh than in French, but
there are no obvious-patterns in the data'in terms of vowel height or advancement.
A Tukey procedure performefrbn the means of each vowel separately revealed that
closure durations assoc1ated thh /b/ were longer than those associated W1th /p/ in
the envifonment of /u/ in both French and English (Q(16,45) = 6.73, p<.01 and
) “Q(16,45) = 6.27, pﬁ‘.t)l, respectivelx) and before /e/'in'lEnglish (Q(16,45)=5.46, .
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p<.05). This finding contrasts with an earlier’finding of longer closures’for /p/ in

word _medi.al positio\x}\i.n English (Lisker, 1957). '
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Chapter 4: Amplitude Measurements (Experiment 2)

Introduction ? | j ' .

*

*

As mentioned‘\:in the previous*chapter,]"one cohfqunding variable in'

Experiment 1 was the diﬁ'erence in recording-conditions for the two languages In

particular, the equipment used for recordmg 'qhe English samples was of hlpher'

quahty than that used for recordlng the French ones. While initially 1t was
predlcted that the use of two sets of equipment ‘would not have important eﬂ'ects on

_the outcome’ of the experlment some dlfferences in frequency response

(partlcularly in the m1crophones used) may have caused low frequency components -

to be amplified and higher frequency components to be attenuated in the French

recordings. Whlle such dlﬁ'erence&lre very unlikely to have affected the duratlons '

of the segments measured in the experlment (see compansons below) some of the

Therefore it was decided that the Experiment 1 productlon study should be

va- htu& measurements for French and English may not be comparable\

partlally rephcated Speech samples from three French- speakmg subjects were

obtamed using the same equlpment that was used for the Enghsh speakmg
subJects in Expenment 1. The purpose of this second expenment was to determine

whether the different conditions affected the outcome of the onglual experiment.

Experimgx,\ltal Method

Subjects
The partlclpants in thJs expenment were three native speakers of Eu.ropean

French rangmg in age from 20 years: to 45 years, one from Bordeaux S1 ), one frm

37
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Lyon (S2), and one from rural Bnttany (SB) S2 had partlolpated in the first
experiment. Two of the speakers were female, and one was male. None KHd-aPy
" known gpéech or hearing abnormalities. \ ‘ u
‘Equipment and Procedure

W
[

3

The equlpment anfl procedure in this study were 1dent1cal to those' used for

the English speakers in Expenmeng 1, except,-of course, that the subjects read the

French sentence frame, “Répétez Al une fois.” Recordings were made of the 16

38

CVC combmatlons of /b/, /p/, la/, A/, Ie/, and /. .,These were digitized and measured

using the same equipment and’ procedure as in Exﬁéinment 1. The new set of
) French recordmgs is therefore comparable w1th the original set of English

recordings. . - 4

»

Results

General findings

In general, the tokens analyzed in this experiment resembled the French

stops in the ﬁrst expenment quite clqgely For example as can be seen from.Table
4-1, aspiration in 1mt1al /p/ occurred more frequently (100% of the time) and for
apparently longer durations with the high vowels than with the others. ThlS time,
however a greater proportlon of the tokens (17 of 24 ) showed mgmﬁcant
- aspiration. All of the &/ and /u/ tokens were preceded by asplratmn which lasted on

— -
t1_1e average, about 3to 4 g:{)es as long as the aspxratmn wh1ch occurred in the 5

aspirated (as compared with 7 unaspu'ated) /a/ and /e/ tokens. As well, mgmﬁcant%

voice bars ‘were alwlys found with /b/s iu the new sample. Nevertheless, a few
L - ’ _ ;
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differences emerge.d in the case of one subject (S3), who seemed to produce more
- heavily aspirated stops than the other two subjects here and than the French-
speaking subjects in Experiment 1. For this reason, _meah aspiration amplitudes for
each suhject are given ih Table 4-2. The mean relati\;e aspiration noise arriplitude
of the 11 aspxrated tokens produqed by S1 and s2 was 0 21 (cf overall mean 0f 0.13"
in Experiment 1). For S3 it was 0.59. The large mean amplitude for SB is mainly
due to two /p{ﬁkens in which very strong asplratxon accOmpamed vowels of

.unusually low amphtude Also, slgmﬁcant aspn'atlon (on the order of 12-14 msec. )
. was noted even in the two /bi/ tokens produced by thls subject. Finally, five of the
eight /b/ tokens she produced had‘ voice bar patterns similar to those found in
English: that is, she sometimes produced voice bsrs\vhich.“died out” several msec.
before the burst. She, was the ohly.Fre_nch shbject in either experiment to exhibit
such a pattem, and it is poss1ble ‘that the differences observed'in her stops were
due to dialect. The subject was ongmally fro‘m rural Brittany, a dialect regmn not
represented in the original sample. |

N

The mean amplitudes for all .segme,htsw._are given in T@ble 4-3, and voice

onset times for the nevr sample are shown in a hﬁtogram in Fig. 4°1. In contrast
A with the results of Expenment 1 there is a slight overlap in*VOT here because the -
five /b/ tokens produced w1th voice breaks by S3 fell mto the shart lag category

4
However, all of these /bls were preceded by notlceable v01ce bars ranging from 68

~ msec. to 124 msec. in duration. aTherefore, 1t is still’ the chse that the initial French
stops in thlsitudy are always dlstmgulshable by the presence or absence of voicing

during the cIbsure 1nterval. /
. ' g

. Y
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One of the partiéipants in Experiment2 had also participated in

Expcrim’ent 1. Her results in both experiments g fven in Tables 44 (a) and 4-4

o

" (b). | ' | \,

§tatis?‘cal Analyses

s

In order to determine whether the recording crﬁdltlons of Expenment 1 .

/ght have affected the measures made, several analyses of variance were

/? subject factors. There were two groups ‘(Experimen’t 1 and Experiment 2), two
. o
' levels Qf C (/p/ and /b/, a¥d four levels of V (/a/, /i/, /e/, and /u/). Two sets of analyses

\ . were run, one for the %u'ation measures and one for the amplitude measures.

.
r

As expected, there was no significant effect of E on burst durations,'

. asplratmn noise durations, or voice bar durations. Nor were there mgmﬁcant CE,
~_VE, or VCE mteractlons However, there was an effect of E on closure duratlons
which wag sxgnrﬁcant at the 5 level but not at the. 01 level (F(1,11) = 6.47). {Tms
/ was due to longer closure duratlons in the new set o recordmgs Nevertheless, iti 1s

highly unhkely that the recordmg conditions aloge could have aﬁ'ected the elosure -

duration measuremepts but not the other duration measurements. It may simply

be that the three s{;bjects from the new, smaller sample*collectively spoke more -
'slowly than those in the first sampie and that the only noteworthy effects of this
diﬁ'erence in -speatdng rate were on closure durations. In fagt, there w\én.lv;iak, .

Vaal

®
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non-significant trend toward longer'vc;ice ars andlonger aspiration in the second
experiment as well. ' ' S &
/ | o Y e
A:ﬁalyses of variance were also carried out on the amplitude meagurements.
It was-found that there was a significant effect\qf E on burst and; aspiration
amplitudes (F(1,11) = 5.04, p<.05 and F(1,11) = 9.67, p<.01 respectively) and on
voice bar amplitudes (F(1,11) = 8.02, p<.05). The mean relative amplitudes for each
segmei\t for the nev} French-speaking sugjects are given in Table 4-5 along with
the corresponding mean amplitudes from Experiment 1. In. éenezzél’,axese figures
indicate Iowe; voice I;ar amplitudes, but higher burst and a;apiration amplitud?_s in )

the second experiment. Bowever, when S3 was omitted from the second sample,

the difference in aspiration amplitudes was no longer significant, even at the .05

\ ’ YQ'
. ) {

[

level.

’ Bécause there was no evidence of strong differences 1n burst, as_piration, or
" voic€bar durations between the two groups of Fren‘gspé;king subjects, it was

concluded that the refultala of the analyses O‘I\l t{?gse urgﬁions in Experiment 1’
should be accepted without further investigation. However, since there were
~ differences in the amplitude measurements in Experiments 1 and 2, it was decided
that the ampli}ude measurements of the French subjects in Experiment 2 ihould
be‘ compared with those of the English subjects from ~Experimelmt 1. Several
repea\ted measures analyses_ﬁo\f variance were carried out. The design ugea was the
same as that used for the "du‘rgtiox}.meésurements in the previous experiment. It
should bg pointed out that because of tth small sample size, the resﬁlts‘ reported
below must be'interpreted vglth some bcaut/ion. (::\ N } b

1
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1. Voice barr :
- -

The analyses re'vealed no significant effect of L on voice bar amplitudes.
There was, however, a significant effect'of" V (F(3,24) = 35.44, p<.01 ).‘ Also, the VL
interaction was found t,o be significant (F(3,24) = 3.43, p<.05).1 When the VL
interaction was explored further using a T\xkey (a) prbcedure, a tendency for the
differences in voice bar amplitudes*among vowels to be greater'in French than in
English was observed. It ‘was d}'scovered that in French Vbarj > Vbarg’
(Q8,24) = 10.50, p<.01), Vbarj > Vbare (Q(8,24) = 10.42, p<.01), Vbary > Vbarg
(Q(8,24) = 8.64, p<.01, and Vbary > Vbare (Q(8,24) = 8.57, p<.01). While the voice

bars assetiated with both high vowels in French were stronger :than those -
associated wit\'Lthe non-high vowels, English /bu/ and /bi/ had stronger voice bars
than /ba/ (Q(8,24) = 6.00, p<.01 and Q(8,24) = 550, p<.05, respectively), but only
/bu/ had stfonger voice bars than /be/ (@(8,24) = 5.14, P<‘0§,?' There was, howévc;r, a

trend toward stronger voice bars before both high vowels in Ehglish.
2. Bursts " o o o

There were no significant effects of L or C on burst amplitudes,*ﬂ%rwere

there significant CL or VCL interactions. There was, however, a significant effect of

7V\<1,"(3,24)‘= 11.24, p<.01), and the VL interaction.was signiﬁcant’when.calculated
by the usual method (F(3 24) = 3.55, p<.05) but not using the Greenhouse-Geisser

" cntena A Tukey analysis showed that /i/ was preceded by stronger bursts than e/

in French (Q(8, 24) = 6. 15 p<. 01) but that the d1fference ‘was not sngmﬁcant in

»

1The VL intergc): ion was not found to be significant when the more conservatlve
Greenhouse- Gexf:s%{method (see Myers, 1979) was employed. Unless\otherwise dxcated
all other effects desdribed here as significant were also significant by t! Gree

Geisser method



Engljsh. Nevertheless, a tendency for the high vowels to be preceded By stronger
bursts was evident in both languages.

3. Aspiration

Interestingly, there was no effect of L on aspiration ‘amplitude. Initially it
waé felt thakthis finding might be somewhat misleading. ﬁecause 93 produged
heavy aspiration in /pi/ syllables, the overall mean aspiration amplitude for French
/p/ was fairly high,las was its standard deviation. There was rj&!ﬁ-in the data
frpm the other subjects (and from S43’s dat\a “Yor the ;)ther vowels) for French
consonants to have lo;ver aspiration amplitudes than English consonants, but when
an analysis of variance was performed with S3 excluded: the effect of L.was still not

sigﬁiﬁcant, even at the .05 level.

]
lhere was a significant effect of V (F(3,24) -
VL interaction (F(3,24) = 4.47, p<.05). When this it was explored further
with a Tukey (a) procedure, it was found that French /pi/ had significantly stronger
aspiration than did French /pa/ (Q(8,24) = 6.82, p<.01), /pe/ (Q(8,24) = 6.31, p<.01),
or /pu/ (Q(8,24) = 5.49, p<.05). This finding must be viewed with some caution since
the dlfferences may have been exaggerated by S3's heavy aspiration. No significant

differences were found within English.

A Brief Symmary of the Production Studies
It

From the results of these two studies, the differences between the stop
categories in the two languages may be briefly characterized as follows. While

o , ©
initial English /p/ is always signiﬁca%aspirated, the presence and degree of

\

43

< .01) and a significant \



Y
~ asplratlon m French 7p/ seems to be condxtxoned by the height of the followmg
; vowel. Frené‘h /p/ is frequently (but not always) asp1rated before A/ and /u/ although

the duratlon, of the splratxon phase 1s thkely to be ‘shorter than 1t is in Enghsh
. ; French /p/ theref012 has a shorter VOT. than Enghsh /p/ but a longer VOT than

} Enghsh /bl. There is rio evxdence however, that aspiration in- French is of lower

amphtude than asplratlon in Enghsh In1t1al French Jo/ shows’ longer voice bars

than Enghsh /b/ and whlle in French these almost always contmue through the
entire closure penod in Enghsh they frequently end several msec. before the stop
N4

is released. On the average, French vo1ce bars. do not appear to be of hlgher

amphtude than Enghsh ones Stop bursts in French appear to be longer than those i

S in Enghsh but do not drffer in amphtude In nelther language do the two stop

'categones show an overlap in terms of voice onset time. ,
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- Chapter 5: An Exploratory Cress_-Language Perceptipn Study
SR ; - o ‘» '(Experiment 3) |

. Introduétion

&
A\l

One interesting question arising.from the riesults;of Expefiments»l and 2
concerns the relationship bet;veen English /b/ and French /p/ .As meptiqned earlier,
some previous con;parative descriptions of French and English stops make no clear'_ :
distinction hetween these two categories. Ode might infer thatvan English speaker
attemptmg to produce French Ip/ need only produce an English /b/ without
prevoicing. The results of the productlon expenments however 1ndlcate that whlle
.ther is some overlap between the two, there may also be s1gn1ﬁcant dxfferences

' ;partlcularly in terms of v01ce onset, t1me Even if we. 1gnore dxfferences resultmg'
_ from the presence of v01ce bars in some Engllsh /b/s, the sumg (:f burst and

) asplratlon duratlms appear to be smaller on the ?.verage for Enghsh /b/ It may

Wncorrect then to charactenze a word 1mt1al French /p/ as simply an Enghsh o

‘v-\_;

.‘

‘ subJects would be asked to categonze 4 set of natural French /p/ and Englxsh /b/

tokens shc‘)&ld be performed The a1m of Expenmean thén, was to determme
o e ,‘r( ‘

whethe): a number ef ’measurable dlfferences betweén the two categones could be |

ercelved ¥ 1ia 1Ve speakers of Enghsh Not only did such an expenment afford an
opportumty to test listeners’ ab111t1es to recognize small differences between
)3'}': ; categones whlch are superﬁcxally 31m11ar, but in t}us case 1t was also posmble to .

test Darwm and Pearsons (1982) claims about the role of differences m overall

45
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this basis alone mthout at.,endmé‘to the properhes of the oonsonan'ts

46

4
\

f‘ry intensity meas.uremen'ts were made of the- stimuli The ‘relationships

~ between these and the subjects’ 1dent1ﬁcat10n scores were then ccfns1dered

Experimerital Method o o 2

.
\ “ ' . . . *

~ Subjects v . . - -~

Listeners in tiisgexperim’ent were eight natiVe spea@ of English between
22 and 40 years of age, all of whom had studled some phonet1cs Two were male .
and six were female All had at least a bas1c knowledge of French, and seven had
completed at least one umvers1ty-level French course
§ti77i'uli\ R k< | :

. . _ . .

"The subJects listened to a modified subset of the words recorded in

Expenment 1. "Recordings from elght speakers four French- speaklng ag(d four

Qv

English-speaking were used. For each language coﬁdltron, two speakers were' .

-

' female and -two were male. Exce'pt with respect‘ to sex and language category, the

selectlon of speakers was arbltrary no reference was made to the méasurement

data from Expenment 1. From the French recgrmngs only the six /pa/, /pe/ and

‘/pl/ words were selected. The six Enghsh b/ words, contmmng the vowels /ae/,./e/

and A were also used. The words con,tammg /u/ were excl,uded because of the

'dxﬂ'erence in th@ quahty of* thlS vowel in the two langua%gs It is concelvable th&t

(* »

;hst.eners might have been ahle t,d’tihgmsh&"rench syllables from English ones on.

N _,? S -

. - ’ . } ' -
I ' . . "
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The stimuli were windowed on a Digital PDP-12 computer by a Fortran 4

prograr;i AN speech components precedmg the burst in each mgnal were removed,

| and the signal was truncat.ed at 68 msec. The final eight msec. were windowed with
a ramp function so that the sighal decreased in amplitude to 0 at 68 msec. As a»

result, each of the 48 stimuli consisted of an m1t1al French /p/ or Enghsh 7b/ burst

v followed by the imtial portion of the following vowel. No part of the ﬁnal consonant
| was included, and the stimuli were dehberately made short 80 that the vowel
quahty would be unclear and thus qnot gwe any indication of the language of the

L

speaker. s ‘_ . - A
. : C A ' . :
7o Wﬁ!: ey, A1 -
. ' .i‘; 'v .

Followmg the wmdowmg proceduré" each stlmulhs was mspected both

k)

.visu'ally and aurally‘with tHe Alhgator system. It was found that the vowel quality

. ' . ' - . g . .
in most 'cases was highly ambiguous; there was not enough informatlon in the

vowel port1ons gf the 51gnals to indicate whether they were French or English. In

s 1tems In the case of the French /i/ “syllables, however, 1t was noted

' that- many of the consonants were easﬂy 1deht1ﬁable as /p/s because they were' :
N R .

strongly asplrated.

Each stimulus set consisted of four replications of each of the 48 tokens in

By

g random.order fof .a total of 192mitems. A different randomization_ was used for each

»

‘replication of the experiment. ' | .



Equipment N o . o
C}“ ‘A Diéital PDP-12 computer and the Alligator system‘v‘vere used to play’ the
li to the hsteners and to record thelr responses The stimuli were played

tl;[gh digital- to- analog converters, band-pass filtered (68 6800 Hz) jwith a,
Rockland Programmable Dual Hi/Lo Fllter (SeNes 1520) and amplified through the -
left channel of a Sony Integrated Stereo Amplfier (TAF35) set.t\o a comfortable

hstenmg level. The :dhjects listened on Telephomcs TDH- 49 headphones and
r‘egist—ered their responses_ ona s‘w1tchbox with two switches labelled French p and
English b. Responses were recorded automatically by an Alligator program and
.stored in Alligator files for later sorting and analysis. o [/ |
‘Procedure ‘

The stimuli were presented to the sub,]ectsf right ears through the
headphones in a, sound treated room. They weregadvrsed that they would hear a
stxmulus set cons1st1ng of French /p/s and Engllsh /bls and that they were to
ldentlfy which category each item belonged to by*pressmg the appropnate button
on the sw1tchbox They were not to assume that the two sounds weré‘ equally
represented in the set. Each stimulus was contlnually replayed w1th an. -
1nterst1mulus 1nterva1 of 1 second until one of the buttons on the swltchbox was’
_pressed. The subJects were told that they could listen to a stlmulus as many times
- as necessary but that they should make the1r choices as qmckly as possible rather
than listen to a stimulus many‘inl\és over. They were also instructed to'ignore the
-vowel qliality 'ofj,the_ stimulus items and to make their judgments strictly on the

~ basis of the consonahts they hear‘d. Finally, they were told that if they heard a
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stimulus which did not seem to fit either of the two categories, they were to choose

the category which seemed closest‘ to the stimulus item in question.

Each subject was asked to listen to a total of five different randomizations of
the st_irnulus set \ﬁlth,ough one subject dropped outs after listening to on‘l&»four.'
Therefore, a total of 39 listening sessions were'held, and 7488 re_sponses were
collected for analysis. No more than two sessions were held:on a single day for any
hstener, and a short break of 15 to 20 minutes between sessions was given o
Individual sessmns lasted from 15 to 25 minutes, depending on how quickly the
listeners entered their responses. Following each replication, a short debriefing
sassion was held d‘uring which subjects were asked for their impressions of the
exPenment In general the subJects reported that their Judgments were not

ffected by vowel quality. because they 'could not identify the language of the
speakers on the basis of the yowels. They also reported that the heavily aspirated o '

stimuli were particularly easy to categorize.

'Results'
A preliminary examination of the:. resyults indicated that the subj'ects were

generally successful at the task The highest 1dent1ﬁcation rates were obtalned for
the /p/ syllables (seven of the eight tokens were correctly 1dent1ﬁed over 99% of the
time) Whlcll as mentioned earher, sounded heav11y aspirated in eomparison with
the other sounds Because these stimuh were much more aspirated than the others, \
it>was felt. that the subJects may have used diﬁ'erent critena in making, thelr'
Judgments on them than on the other items. That is, they may have labelled
v1rtually all of these as /p/s simply because the asplratlon was clearly present.

Inclusion of the /pi/ correct 1dent1ﬁcation (CID) scores in the analysis might have
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led to some distortion of the results because some other stimuli with far less

aspiration and with shorter VOT values were also well identified. For these

L

reasons, the identification scores on the 16 /pi/ and /bi/ syllables were not used in

the subsequent analyses The results reported are therefore based on the subjects’

-

categonzatlons of the remammg 32 stimulus items. : ,

v ro
p N

A t-test of 4 =50% rev_ealed that the subjects were able to d‘identify the

remainihg stimuh correctly at levels well above chance (¢(7) = 6.02, p<,001).The

. CID scores for each subject on  the non-/i/ stimuli are given in Table 5-1. The,

highest score was 80.9%; the lowest was 54.1%. The overall rate was 69 1%. The six

. hlghest sconng subjects all of whom had CID scores above 65%, showed a slight

50

response bias toward French /p/: of the 4992 responses collected, 54% were /p/ -

categonzatlons The total CID score for French /p/ was 73.3%, for Enghsh /b/ it was

65 0%. 1t appears, then that most of the hsteners were able to use one or more cues - g -

to distinguish at least Qome members of one category from those of the other

category.

Analysig of the stimuli
From the prehmmary exammatlon of the data it appears that in terms of

perceptlon, French /p/ and English /b/ are only partially overlappmg categories

whlchb‘?:An be dxstmguxshed at least part of the time. 'The next- step in this study‘

was to determme what charactenstlcs of the stimuli the listeners may have'

attended to when making their judgments. The meas?rements made, in

o

‘E‘xperiment-l-, along with some additional ones were considered in an attempt to

identify possible perceptual cues.
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VOT values were determined for each of the stimulus 1tems on the basis of .

the results of Expenment 1. For the French /p/s and for the Enghsh /b/s without

voice bars, the VOT values were the same ones calculated prevmusly However, the

' VOT valués for five of the /b/ tokens had been changed by the wmdowmg p?éure L

‘because their voice bars had been removed. The VOT values for these iterns were

determined by adding their burst duz:ations to their aspiration glul:ations, except in
the case of two stimuli which clearly ;how\ed high-amplitude periodic 'eher‘gy right
' gt the moment'“ of releasé. Both of 'theseltol;e‘ns had had strong voice bars prior to
w1ndowmg, and voicing apparently continued right through the burst phase They
were both assigned a VOT value of 0 msec. ¢

“ar,

A description of the §timuli in terms of VO’l‘ is given in T‘able 5-2. The
cverall range of VOT;s‘J was from 0 to 25.5 msec. (0 - 17.5 msec. for Enélish /b/ and
7.1 - 25.5 msec. for French /p/). The mean VOT for French /p/ was 12i0 msec.; for
English /b/ it :was 6.9 msec. An examinetion of the VOT values of the individual
stimuli revealecl' a tfend for tokens with long VO'BQ 10.be labelled as /p/s and for

~ those with short VOTs to be labelled as /b/s: ‘of fhe 7 “best 1dent1ﬁed” /bt stimuli
.(CID over 75%) 6 had VOTs of less than 10 msec The worst /b/ (CID 15%) had a

VOT of 17.5 msec. The 5 best French /p/s (CID over 95%) had VOTs ranging from ‘

138 to 25.5 msec. Of the four}wor‘st /p/s (CID 44-47%), three hall_VOTs of less than

8.5 msec.

" In order to explore f\ﬁ't’her the relationship between VOT and the subjects’

categorizatfons, some g@ditional aﬁalysis was carried out. The total number bf

| t1mes each item was ‘zdentlﬁed as a /p/ (hereafter labelled the /p/-id score) by all
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subjects was transformed usmg an arc sine transformatlon (see Ferguson, 1981). A

/Pv\a r of 0. 767 (p< 01), indicating a: falrly high correlatlon was calculated
the transformed scores and the VOT values. It is possible, then, that the

~

subjects rehed at least parily on VOT (or on some property or propertles of the

52

stimuli h1ghly correlated mthﬁVOT) as a means of categonzmg the stimuli. |

Nevertheless, two important observations should be made here. First, VIOT_ could'

not have bee¢n the 6nly factor influenc; g the subjects’ judgments. For instance, one
of the mqét poorly identiﬁe‘d /p/s had a fail'ly long VOT of 13.0 msec. and one of the
worst /b/s had a short VOT of only 7.5 msec. Fnrthefmore some pairs of stimuli
w1th very mmxlar or identical- VOTs were found to have markedly different
1dent1ﬁcat10n scores associated with them (see Table 5-4). It was decided that the

4
roles of other potential predlctors of the subJects BCores’ 'should be assesved in an

‘attempt to account for these dlscrepanmes. Second, the range of VOT values in the

stimulus set was much smaller than the range usually‘ idenﬁﬁed for either English

or French bilabial stops. Lisker and Abramson (1964), for instance, report a total
VOT range of from -130 to +120 msec. for the English bllablal categones
Caramazza and Yem-Komshxan (1 974) give an overall range of from less than -150
msec. to almost +25 msec. for European French. It appears tha,t the subjects in the

present study were able to make‘disti.nctions finer than those normally expected of

subjects in similar perceptual studies involving synthetic stimuli. It is possible that

!

the rather fine dlstm,ctlons made were faclhtated by perceptual cues in addltlon to
¢ .
or other than VOT '

t
t

2. Other Predictors

In order to explore further the perceptual cues which might have influenced
the subjects’ identification scores, a multiple regression analysis was performed
# ’ . . »
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using Minitab statistical software. A number of post]e predictors were enteroﬂ

Among these were some measures of attack" or “rise {ime” based very roughly on

) Da/rwm and Pearson’s (1982) study. They argued that voxcmg onset was perceived

/ o

to occur not necessarily at the time at which the periodic portion of a synthetxc CV

syllable began, but at the tlme at Wthh the overall intensity of the- shmulus

?

reached a critical level of 20 dB below the vowel steady-state. One might expect
that in natural speech t}me tlme at whxch such a cntlcal mtenslty level is reached is

positively correlated with VOT since the onset of voicing is accompamed by an
/. ¢
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increase in overall intensity. The critical intensity level should be reachedvsome- |

time after the onset of periodicity, qssumi;lg that periodic enefgy first appears in

the signal at a relativel low“amﬁlitude and thereafter increasés to a maximum

¥

level during the steady-state povtlon of the vowel. However this correlatlon is
: unhkely to be perfect. It i posmble *hat intensities in two stops with identical

VO‘Ts}nay reach the critical levgl at different times because of different, rise slopes.

- . i

.® Onpe ‘exhibiting a steep rise 'port'i"on shc_juld be perceived as'more vpiced'because the

critical intensity level is reached earlier. _

|
/

s

To obtain the necessary information for the present study, the amplitudes of

the stimuli at fixed times were measured using a Fortran 4 program on a Digital

PDP-12A computer. A 16 msec._ rectangular integrating window ,wag moved along

each signal beginm'ng at 0 msec., and RMS amplitudes were calculated at 2 msec
intervals. Thus, for each 68 msec. slgnal 35 measuremer:ts were made. These
values were entered lnto another program whxch calcu]ated a “mean peak”
amphtude by averaging the 15 measurements from 20 to 48 msec. mcluswe This
value represents a mean amphtude for the morg or less steady-state portlon of the

vowel. The values discussed above were used to calculate three different attack

méasure_s labelled d, ¢, and na. First a program was used to determine, by linear

P g
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interpolation, tha.approximate time (relative to the onset of the stimulus) at which

the RMS amplitude of:“;ach si_glal first reaghed‘a critical percentage of the mean
peak. The critical percentages selected for exploration were 10, 25, 50, 75, and 90%

(-20, -12, -6, -2.5 and -.9 dB) and were labelled d10, d25 d50 d75, and d90

.respectlvely. For example, the value of d75 for a particular stimulus item is the -
approximate time (in msec.) that the RMS amplitude of that item first reached 75%
of the mean peak. A small value for 475 y‘indicates that the amplitude of the
stimulus item neached the critical level early and theyefore exhibited a relatively
“hard onset” (see Flege, 1982) or, in eqmvalent terms, a steep\xnse envelope A
prefminary exammatmn of the d values for the stimulus 1teme revealed differences
between'the two stop categories. (See Table 5-2.) For example, the range pf d75
values for Enghsh /b/ was 9.95 to 17.65 msec.,-with a mean of 12.94 msec. For.
' Frengh /p/ the range was 186. 36 to 34.61 msec,, and the mean was 24. 14 msec. In

general, then, the English /b/ amplitudes reached 75% of peak earlie than the

French /p/ amplitudes. Furthermore, there appeared to be relatively little overlaf,

between the d75 values for the two categories.

Obviously, 1n a study such as this one, there is no way to predict a pfiori all
of the characteristics of a set of etlmuh which may ﬁgure in sub_)ects judgments.
: The measure of (attack discussed above does not: conform exactly to any theoretlcal
model; it is merely an educated guess. In fact, many other measures could have

been used in the regression analysis, and mnany other plausible methods of

calculation could have been used, but in an exploratory study there are obvious .

' practical" constraints on the number of potential cues which can be i’nvestigated
One potentlal dxfﬁculty w1th the d measure was that it did ot take into
consideration the dxffermg onset amphtudes of the st1muh It is. concelvable that

. the listeners used as a reference point not only the mean amplitude of the vowel
_ . ' ‘ .

«

H | - o r'

,54

¥



55

steady-state, but the ampljtude of the signal at its onset. In syntheﬁc:timull, onset
amplitudes can be controlled; however, ir'w}'these natural uttefarlees a wide rangé of
onset amplitudes w‘as found, Wor this reason, a more éomplex set of,measurements
was _also used in the regression analysis. In"this case, the 'mean peak amplitude
was calculated as before, byt this time %he critical amplitude was defined as the
amplitudex% of the range between the amplitude measured at 0 msec. angd the
mean peak, where x =>1(.), 25, 50, 75, and 90. Each of the ¢ values, the.n, was the
\approximate time (calculated by linear interpdlation) at which one of these critlcul"
amplitudes was reached and was labelled t10, t25, etc. A small ¢ measurement has
the same sm1ﬁcmce asa small d measurement; that is, it 1nd1cates a steep onset
amplltude slope. Also lxke the d values, the ¢ values for the Englxsh stimuli ,
appeared to be smaller than the French ones although the overlap in the twoz
categories appeared to be grgater. For example, the range of t25 Yalues for angliSh
o/ .was from 2.56 to 10.52 msec.; the' mean was 4.89 msec. For French /p/ the range -

N 4
was from 4.13 to 19.30 msec., and the mean was 11.93 msec.

r - “ | ] 7
‘ A third, .simplex; measure was also used: tlle first ten amplitude measu;es
for each stimulus item were divided by the mean peali value.'The result was a set
of 10 ;‘Ilorn'mlized amplitude” measurements for each stimulus item taken at 2
msec. intervals from 0 msec. to 18 msec. \’\I‘hey were labelled na0, na2, etc.. and may
'Be interpretetl as the px}opo’rtion of mak'imum amplitude reached at tlxed times
durixlg the stimulus. A large na value at an early point ih the signal indicates a
steep onset slope Overall, there was a trene for the Enghsh stops to have larger na
' values than the French ones. For na8, for example the range in Enghsh was from
0.0942‘ t0 0.7291 With a mean of 0.5338. The range for the French stimuli was from

0.0577 to 0.5357 with a mean of 0.2418.

uw



a_splrétlon noise duration, and other selected predlctors is given in Table 5- 3. VOT

56

Finally, it was noted that the only stimulus item with a /p/-id score of 100%
had the longest aspf’{atxon noise duratxon (14.9 msec. ) of all the stimulus 1tems

according to the measurements made in Exﬁenment 1. Furthermore, the worst"

)b) (which was identified as a /p/ 8?% of the txme) had the second longest aspiration -

noise duratxon (12 msec.). thle these tokens had fairly long vOT values associated
wjth them, not all of the stxmulus items with relatively long VOTs were aspirated %,‘

» 9
(many simply had long bursts, accompanied in some cases by low intensity frication

, noise,' which was not treated.as aspiration), nor did all of the items with high /p/-id

a

r
scores. It is possible that aspiration noise made a contributio%})to the subjects’
categorizations independently' of VOT. For this reason;_ the aspiration noise
durations and aspiration noise amplitudes of the stimulus items (measured in -

Experiment 1-5 were alsg entered into the analysis. The durations ranged from 0

4
.

msec. in 23 of the 32 cases to a gpaximum of 14.9 msec. It should be neted that v
enlering the aspiration durations into the analysis together with VOT was
effectively the same as entering the burst durations because VOT is the sum of the

burst and aspiration durations.

Statistical analysis

i . ) AR "«-
" 0

A cogrelatlon matrix for the suhects transformed /p/-id scores, VOT N

is the predictor which.is the most highly correlated (r= = 0. 767) w1th the

transformed identification scores. The d, ¢, and na measurements most H‘lﬁhl""‘; R

correlated with the transformed scores were d75 (r= 0.649), t25 (r = 0.634), and
na8 (r = . .0.713) (p<.01 in all cases). Furthermore, these three hlghly-corr-elated :
predJctors showed moderate to high- correlatlons with VOT of 0. 443 0. 675 and
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amplitude and the transformed identification scores were relatively low (r = 0.320

and 0.284 respectively).

’
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An examination of the predictors discussed above in 9)&11(011 to the subjects’

categorizations revealed some interesting trends. A’I‘able 8% lists five pairs of
stimuluslitems in which the two items had identical or almost identical VOTs yet
very different /p/-id scores. The sui)j'ects( identiﬁed one member of each pair fairly‘
consistently but ﬁerceived the other as relatively ambiguous. In every case, the d7§

“value for the item with the lower /p/-id score was smaller, indicating a steeper rise

slope. For instance, stimulus items 23 and 30, both /p/s, had identical VOTé of 8.4.

msec. ,’Yet%te;n 30 was perceived as a /p/ 84% of the time while item 23 was much
more ambiéuous and“was identified as a /p/ only 46% of the time. One dimension on
which the two items seemed clearI}; to differ was the d75 measure: the amep‘\litudeyof
the more }p/-like stimulus did not reach 75% of peak until nearly 25 msec. In the
case of the other token, this level was re&hed 7.5 msec. earlier. A similar pattern
‘is.seen in the oﬁxer four cases. It should be noted, however,!that atthough the d75
' measure apparexitly can account for some of the Qdifferences.in the pairs of stimuli

. .
listed in Table 5-4, it is less successful in accounting fer other differences. For

example, items 32 and 30 have very similar d75 values but quite different /p/ id

- "

PR

f

"I‘he arc sine-transformed p-identification scores were regressed on the three

f‘-sets oﬁ attack measures discussed above, along with the voice onset times and the

,asplratlon noise durations and amplitudes measured in Experiment 1. Smce there

r N S

. were ﬁve sets ofd measurements five sets of t ‘measurements, and ten sets of na

. measurements as well as the aspiration noise durations anc%,samphtudes, the total

4

5 res. Sample waveforms of some of the stimulus items ffom ’I%ﬂ)le 5-4 are given

¢
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: number of pre‘dxctors was 22, A s@pwuse procedure (Myers 1979) was used to’

"""" ~

-

- calculate regressmn equatlons and the1r corr\Spondmgfmultlple correlation’

coefﬁc1ents (Pl for the best comb1nat10ns (those y1eld1ng the thhesti values) of

pred1ctors w1th F to enter set at 4.00. The hlghest R was obtamed for an equatlon‘

58

NN

Whlch 1ncluded\VOT aspll-atlon noise duration, affd d75 (F(l 28) 81.27,18. 07 and, '

'10.90, respectwely p< 01 in all cases) W1th this. equatlon it was possible to account ’

! 5—7% w.1th the regressum equat1onc‘1nclud1ng VOT alone The five next best”

; equatlons were also detef‘mmed and were found to have R2 values rangmg from

)

: br%‘to 70% All of these 1ncluded VOT andsthree of them 1ncluded one set.of d

a

o measurements (d75 d90 and d50). It appears then that in combmatlon with VOT'

- the d measure can be a partxcularly useful prédmtor ‘Figure 5-1 1llustrates the‘

'

dlfferences m all 5 mean'd values fOr the two categories. In gereeral the categones

. appear to be farther apart for the :175 d50 and d90 values In order to determine

4 ubfects scores. could be predlcted w1thout VOT -an addltlonal

'analysxs was perforx,ned w1th VOT excluded as ‘a pred.rctor In th1s case the hlghest

' ’f f"z/zalmost 78% (R2) of the,,vanance in the transformed Scores as comparéd with"

f R2 (5. 4%) was obtamed for an equa’uon wh1ch mcluded na8 and d75 ‘both of which -

. -were correlated w1th VOT anyway It ‘agpkrs then, that although some pred1ctors

in combmatmn with VOT are better than VOT\ alone no combmatlon of the_

. L i} exammed predrctors wthh excludes VOT glves a better pred.1ct1on than YOT alone.

\H'The elght eq_uatxons dxscussed above are given in Table 5-5. along mth their -

. corresponchng R2 values and the standard dev1atxons about the regressmn lines. . -

“

ThlS prehmmary mvestlgatmn of hsteners perceptlons of ’French and

g ' bEnghsh stops 1nd1cates that VOT 1s a falrly powerful pred1ctor of the subJects./

) categonzatlons In add1t1on sofe measure dl‘attack, such as a d value may be used .

-

in oombmatlon w1th& VOT to 1ncrease the\aewggy of the pred1ct1on Nevertheless ‘ |

L
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a ; . . .
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'~ some cautmn is reqmred in,

| | . 59

W ' W .
N . . )

a’wing‘conclusions‘ based on -these results. In

“ partlcular, the use of a largeﬁ'xumbe of predlctors in a stepwise multlple reg’ressxon

procedure 1ncreases the chances tha ‘s1gmﬁcant results w11.1 be fouﬁd In order to
>

2 ( .

-

~ confirm the Qndmgs, a perceptual study similar to the pmie]nt one was perfo ot ed :

using different sﬁmuli and a new group of listeners.

.
Ll

! _ .
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Chapter 6: Cross-validation of Perceptual Study (Experiment 4)

: Introduction '

5

o

+Because Expenment 3 was intended as an exploratory study mvolvmg a

prehmmary assessment of a large number of varfables and because the two sets

(French and English) of stop tokehs used in the experiment haQ been recorded on

different equipment, it was felt that the 'results of Experiment 3 should be cross-

validated. In Expenment 4, two groups of hsteners one na1ve ang, one expemenced
were asked to cgtegonze a new set of French /p/ and Engllsh /b/ stimuli. ‘The new

results were compared with those of the prevmus expenment.

&

_ S\ ' ‘
Experimeﬁtal Method CoT e

' Subjects™

The part1c1pants were ten na§ve speakers of English, eight female and two

: male All were 'betweemth‘e ages of 18 and 35. Five of the speakers were classified

)

As expenenced"'~ all had stud1ed some, French at the umver31ty level or equ1va1ent

LY

" and dll had studled some phonetics. .The other five subJects were naive hsteners

who had essentlally no knowledge Qﬁ elther French or phonetlcs Two of the:a 4

experienced ,sulyects*had_ part1c1pated- in the previous experiment.
Stimuli o v ,

‘In this;study, the stimulus 1te‘tns were modified tokens tajxen from the two

' production sthdies_ discussed in;Chepters 3 a‘nd‘4. The stimuli were similar to those

60
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+ used i 1n Expenment 3, except that in this case the French tokens all came from the
three speakers 'who had partlcrpated m the Expen;ent 2 productxon study.
A Therefore all recordmgs from which tokens were tayxen had been made on the
“same tape recorder in the same sound treated room. Also, a shghtly smaller
stg\mulus set was used ‘All stlmuh were modified in- exactly the same way as in
Expenment 3. The recordmgs from the three Enghsh speakers in Expehment 1

-

whose recordings had not been used in Expenment 3 were used. B

The six French /pa/, /pe/, and /pt/ syllahlevs from gach subject and the English

/ba/, /be/, and /bl/ tokens were modified as in Expenment 3. Although the subjects

_ 1dent1ﬁcatlon scores on the /pi/ and /bi/ stlmuh were not used in the ﬁnal analysis
(aswxExpenment 3), these 1tems were 1ncluded to ensure that the condltlons of

| Expenment 4 were as much like those of Expenment 3 as possxble In particular,
since some researchers (Brady and Darwm 1978; Keatlng et al., 1581) have found
~evidence of range effects on 1dent1ﬁcat10ns of stimuli from synthetlc VOT continua,
it .was nec:ssary to use roughly the same range of* tokens (in terms of VOfI‘) in thls
;- study as, in the previous, one The stlmulus set consnsted of 36.items, each one
repeated four times, for a total of 144 stimuli.

.

Procedure

-

R
' The subJects hstened to the stxmuh through headphones 1n a quxet room and
v- reglstered their Judgments on the same sthchbozhw\vras used in Expenment 3.

The’ lexpenenced listeners were ‘told that they wotuld hea® a stlmulus set consxstmg B
of French /p/s and English /'b/s, and the st1tches ‘on: the box were labelled

accordmgly, for - the nalve cond1t1on the labels weref'impﬁf P and b since

mformatlon about the languages of the speakers would%e of no; use to them As

,.Q

7 . K . »

#
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hsteners, the CID range was from 47.4% to 75 5% with a mean of 61.4%. The lower

Jreplications.

-

beforey oach Btuxmluiﬂwas played repeatedly until a response was entered, but the
1sub3ects were encouraged to. make their declsrr)ons as qmckly as posslble Each,

part1c1pant hstened to the stimulus se{ four times. Eight subJects hstened to two

rephcatmns per ‘day on separate days whlle the other two hstened to all four

62

‘rephcatlons on the same day.-A break of about fifteen minutes was glven between 7 ;.

b

\l‘,
S

Results ) %

General Findings -

o
s

A prehmmary ‘examination of the' subJects responses revealed s1m11arv

~ T .
results to those foundnn the pr@ﬁé\xs expenment As before, at- test of u=50% on -

the CID scores indicated thabthersubjects generally performed at levels well above
chance (¢(9) = 5.19, |  P<. 061) Table 6-1 gives the individual subjects’ CID scores in

percentages. For the expenenced hsteners these ranged from 66.1% to 72.7% with

an overall mean of 69. 4% - v1rtually identical to the overall mean 1dent1ﬁcat1on )

score obtamed for the. e@;penenced subJects in Eprnment 3. Among the naive

_mean for the naive group was due to pobr performance by two hsteners (St and S5)

B who were apparently uaable to dxstmgulsh the:two categones they obtalned CID

scores very near 50% wh;le the other three nmvevsub_]ects scored above’ 65% With

the two lowést- sconng sub_]ects excluded the mean for the naive group was 69. 9%.

' srgmﬁcant d1fference The overall mean for alr ten subJects was 65.4%. Both the

. hlghest and the lowest (}‘ID scores were observed in the naive group

g

_A t-test on'the means of the two groups (nauve and expenenced) revealed no



N

N

A response bias in favour of French /p/ (which was also ol)s‘erired in-

N Experiment 3) was e\fident in the cateéorizations of four of the five expérienced

63

and i 1n those of the two unsuccessful” naive subJects (70% /p/ 1dent1ﬁcatlons) A

S
bias toward Enghsh /ol was seen in the responses of the suocessful naive listeners

(64% /bl identifications).
 Analysis of the Stimuli .

The main pul‘pose of the statistical analyses performed here was to

determine whether the subjects’ categorizations in Experiment 4 were comparable- ’

to the categorizations in Experiment 3. Therefore, th'e'ampli’tudes of the stimuli

N

were measured and d and t values were calculated as in Expenment 3 As well, the

VOTs &ﬁd ‘aspiration durations measured in the production studles were included

i

-in the analyses'.

Statistical Analysis

These values were entered into‘the reg’ressmx@quatxons caleulated in

Expenment 3. (See Table 5-5.) In each case a RMS error value for the equatlon was
calculated using the followmg.

N

i ' " RMS error = (Z (y -y)2/n)1/2, |

where y =the arc sme-transformed value of the total score for all sub_]ects on a

partlcular stlmulus 1tem ¥’ = the predlcted value of y accordmg to the regressxon

-



. equation in question, and n = the total number of stimulus items for which

identification scores were predicted (24).

64

Table 6-2 gives this error value along with the standard deviation about the

regression hne for each equat Eg def.ermmed in Experxment 3. In general, these

values are qulte comparable,

: ,pre&xc fan'ly well the subjects performance in Experxment 4, The three lowest )

RMS error values were those assomated w1th the regression equations including

VOT and d50, VOT and t90, and VOT and d75.

Ca

In addition the correfatioas between some. of the more “successful”

: predlc?ors found in Expenment 3 and the transformed /p/-1dent1ﬁcat1on scores were

calculated, and completely mdependent regression analyses were performed on the

data from Expenment 4 usmg the five “best” combmatlons of predlctors found in

- Experiment 3 (VOT, aspxratmn duration and d75 VOT and asplratlon duration;

ating that the equations from Experiment 3 can .

VOT and d75; VOT and d90; and VOT and d50) and using VOT alone. These.

~ combinations. of predictors were forced into thé analysis in order to determine

which ones accounted for signiﬁcant proportions of the variance in the transformed |

scores.

VOT (r = 0.793) was more  highly correlated with the transformed scores than were

The results of these analyses are glven in Table 6-3. As in Ex)enment 3,

any of sets of d or t values. ‘In the regressmn analys1s, VOT accounted for a

s1gmﬁcant pﬁ)portlon of the variance in the transformed scores (F(l 22) = 37 19,

" account for a s1gmﬁcant proportlon of the varig

p<. 01) ThlS tlme the most hlghly-correlated d value was d50. However, aocordmg .

to the new regressmn analys1s,, aspp'atmn duratmn, d50, and d90 were not found to - |

> in the transformed scores after
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VOT was entered, but d75 did make a significant éontribution (F(1,211) = 6.19,

' p<.05)when used in combination with VOT.

' 0 .
!”) )

To summarize, in both perceptual expenments VOT appeared to be a good

predictor of the subJects categorizations, and when VOT was used in combination

N

with d75 even more accurate predictions were possxble thle in Expenment 3,

‘ 'other pred1ctors such as asplratlon noise duratlon 250, and t90 were Tound to be

useful p‘redmtors when }n‘clpded with VOT, such w as noi the case in Experxment 4.
w 'Ik
X

o
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Lo Chapter 7: Discussion and Cor€lusions

¢+ : . -

i

" French and English Labial Stops; Coxnparison an& Contrast

~

Release bursts and aspiration noise a

In cbntrast With.English labial stops,‘ the word-initial European French’

labial stops exammed here are charactenzed by s1g'n1f1cantly longer release bursts -

and, in the case of /p/, s1gn1ﬁcantly shorter or non-existent aspu'atlon phases the

durations of whlch are ‘greater before hlgh vowels than before non-hlgh ones.

%« Differences'in burst duratmns may reﬂect dlﬁ‘erences in the amount of supraglottal

L3

. airin the vocal tract at the time of release. Itl—rs also interesting to note that

aspirated segments in both languages tend to have shorter ‘burstd than unasp1rated

ones. Thxs finding may reflect a greater overlap between the burst and asplratlon

phases than between burst and vowel when no asplratlon is present In other

words the end of a burst may be less well defined when it is 1mmed1ate1y followed

by asplratmn As a result, befcause of the greater frequency of occurrence of '

aspiration in English (in both lp/v and /b/)-, ,En_ghsh bursts mély be measured as

shorter than French ones. e R

“\

than Enghsh burst amphtudes (in French bursts precedmg /1/ are stronger than

those precedmg /e/), there is no mgmﬁcant difference overall in burst amphtudes

between the two, languages, nor are there dlfferences between /p/ and /b/ burst »

v amphtudes mthm languages Th,us no support is found here for the claim (Halle et
al, 1957 Malécot, 1970) that dlﬁ'erences in force of articulation result in stronger

_bursts for /p/ than for /bl. However their claJm is not refuted It is concelvable that
. . . [} /
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While French burst amphtudes seem to be aﬁ'ected by vowel context more
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" if the peal{ rather than the RMS amplitudes of the bursts:had been measured
significant differences might have been found between /p/ and /b/. In fact, in both
languages /p/ bursts are slgmﬁcantly longer than M/ bursts (and the possibility that
- ithis difference has some 1mportance as a perceptual cue cannot be ruled out) When
| the burst m:lsurements were bemg made, 1t was noted that /p/ bursts m both
languages often included a short penod of fairly high amphée followed by a’
~ mgmﬁcant penod of low- amphtude energy frequently attnbutable to fncatlon
noise. ’I‘hls was less often true in the case of /b/. Consequently, it is possible that
the RMS' amplitudes of /p/ bursts (but not of /b/ bursts} mlght be conmderably
smaller than their peak amphtudes and a difference in burst amplitudes may still

exist in the /p/ /b/ opposxtlon On tHe other hand, it is also possible that the burst
i

»

“and asplratxon phases of stop consona’hts are not percelved as separate Because of

~ their short duration and their spectral properties, bursts may, not be very salient.

W
,

when followed by audible aspiration noise. | AR
q

| _/p/is unaspirated (Delattre 1965; Kim, 1970 and others) They also clarify the
more recent ﬁndlngs of Benguerel et al. (1978) and Sérniclaes et al. (1 984) who
have stated that French /p/ is shghtly asplrated It appears that the truth lies
somewhere between these two claims. When a vanety of dialects and speakers are

1nvest1gated word-initial French /p/ is sometimes (aboht 55% to 70% of the time)

The ﬁndmgs of the present study do refute the traditional cla1m that French

found to be accompanied by measurable asplratlon, wh1ch may in some rare

instances last as long as the aspiration assoclated w1th Enghsh /p/. In French,

aspn'atlon noise occurs more freq_uently and lasts for greatet durations bef"ore high

vowels than befofe non-high ones. In contrast aspiration duration in the English

/p/ tokens exammed here is not vowel-contmgent A somewhat similar pattcrn is

observed when asplratxon amphtude 1s considered. While there is no overall

3

-
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dlfference between French and English in aspiration amplitude, hke French burst
amphtudes French aspiration amplitudes seem to be mﬂuenced more by vowel
context than do English ones. | S
Although the findings of th‘e present study confirm to some degree the
wide -held belief that glottal adduction is effected relatively early in initial French
’ voxceless stops, the presence of mgmﬁcant aspiration also indicates that adduction
is not necessarily completed prior to the release of the stop. The reasons for
dis'crepancy between these and earlier findings are not entirely clear, but several
possibilities may be suggested. One has to do with the widespread tendeney of
researchers to draw conclusions based on measlurements of absolute initial stop
consbhants only. (Yet absolute-iﬁitial-tokens probably constitute only a tiny
minority of the total number of stops produced in natural speech ) It is possible
that in runmng speech, precxse control over the relative timmg of glottal
vapproximation and stop release may become more difficult. As a result, glottal
adduction in French may be less likely to coincide exactly with or immediately
precede the release of the stop than it is in the case o‘f absolute initial stops. A
second possibility is that the presence of aspiration in French may de’penduto some

degree on the dialect of the speaker 1 Thus, results of studies on very small subJect

- pools representing a smgle dialect may be misleadmg In the pres?nt research, a

68

variety of regional dialects are represented and these together with speaker .

1diosyncrac1es, including level of education, may have affected the results Also, it

may be the case that some registers in French are characterized by the presence of

lessraspiration than others. Another possibility is that a change in the way in
. ; .

which French stops are p‘i‘joduced is in progress. Therefore, claims made some time

“ago (Nicholson, 1927) may be less true today than they were earlier. It is possible,

1Th£ere is some anecdotal evidence of such influences.
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too, that some of the discussion of French voiceless stop produchon in pedagomcal
wnf/ngs (Delattre, 1951; Valdman et al. 1970) is a. hypercharactenzatxon of the
diffefence between the English and French categories. In other words, some wx{ters
méy ve‘szhed to stress to English-sﬁenking legrners of French that‘ there is
"generally less aspiration in French stops. Finally, one confounding variable in the
‘present study is the fact that some of the French spenkers have been long-time
residents of western Canada. The extensive exposure which they have Kad to
Canadian Englioh may have had some effects on their stop ptoduction. In'dny cnse,
there are large differences in the degree to which the individual French npealggrs

aspirated (between, as well as within subjects), both in terms of frequenty of

aspirated tokens and the durationsof aspiration when present.
Voicing during closure

When word-initial ij,ench /b/ occurs in running speech after a word ending
in a vowel, it appears that voicing always continues into the closure intérval of "thé
stop,_ resulting in a voice bar. The same is usual}y true in English, but in a very
small minority of cases (fewer than 4%), no rneaSurable voicing occurs during
closure. These ﬁndings are consistent w1th the findings of others whovhave
inves’ugated European French stop consonants in absolute initial posmon all
occur w1th voice bars (Caramazza and Yeni-Komshian, 1974) and more or less.
consistent with the results of similar studies of English (Lisker “‘and Abramson,
1967), except that af%;f.rong' focus on absolute initial Englisn stops may lead one to
underestimate the extent to which some degree of voicing during closure actually
occurs in English stops. within sentences (cf. Smith, 1978;oF“lege,-1982). Flege also
found that almost all absolute-initial prev@_{b/s were produced without ifoico |
breaks. However, the presen£ study. indioafres that this is not the case for initial /b/s

7

b



e

One problem which appears pot to havé b;aen clearly aédressed in the
literature is the question of how long an E,ngliéh voice bar must be blefbre it can be
deemed to have “cue status.” The/résults of the present study reveal that audible -
voicing~‘_during,\a closure following é vowel may last for as little as 27 msec. an\d))may
be follﬁowed by a significant sil8nt period. Such voice bars may have little

# : ) w
perceptual relevancé, especially if they are of low amplitude. However, longer ones,

- even though they may be accompanied by voice breaks, may play a significant role

'as percept;xal cues. Lisker and Abramson (1964, 1967)‘were careful to point out
that when mqking their VOT measurements they ignored ‘i';xaudi‘ble “gdge
vibrations” which they felt were perceptually unimpbrtant. Their discussion maﬁes
clear the impor:tance.-éf distinguishing measurable but perceptually"irrelevan_t
properties of speech from characteristics which are important from the listener’s -
point of view. But ;all of the voice bars measﬁred in Experimenté 1 and 2 were

audible to some extent; hence) the researcher who wishes to evaluate the role of

closure voicing in English does not have available any simple basis for rejécting the

" possibility that this phenomenon is perceptually important. The fact remains tha£

the only way to answer the question of what constitutes a perceplual cue is to
pefform perceptual experiments ir which the efficacy of the cue linguestion is -
evaluated. A need for further exploration of this‘problem is clearly indicated.
4 - | ,
, Déspite the high freqﬁency of occurrenceJ of glottal activity during stop

closure in both languages, the presence of voice breaks in English but not in Frqnch

" suggests some significant difference'in the"productio'n mechanisms associated with

i

/
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Mo/ in the two ‘eg,és.i While it is not possible here to draw firm conclusions

il

T about the precise ‘echanisms involved, it is conceivable that"in English

,"t,“

Ik \3‘
MF ‘M (followmg Warrenn, 1976), but not in French /b/, some lumt on the expa.nsmn of the

N
anq.»l

. ’ oral cavity is reached before release. This ma§ ;)ccur because the~ ca'\nty isvnot
i

ALY

. «W& to expand as much in English as it is in French or because the.size of the

cavity is larger in French Another possibility is that the velo-pharyngeal seal is

not as tight in French, and as a result, 'ﬁ)me air may escape through the nose. It
4%

appears that the difference degcribed here may imvolve factors other than simple
differences in timing. That is, English voice bar‘s do not simply “start sooner” dnd

therefore “die out” sooner than French ones; in fact, the English voice bars are
, a .
-significantly shorter than the French ones.
- ¥

“~

-
A further difference between /b/s in the two languages is the occasional

presence of short, low-amplitudefspiration after English /b/, which contrasts with
a nearly total absence of asprratlo,n in, French /b/. Again, while it is not possible to
use measurements from waveforms to~ draw preclse conclusxons about glottal
events, it may be that’ sOme degree of voicing continues from the closure right
through the stop reledse in \grtually every French /b/, thus prohlbltmg aspiration.

_~"In Enghsh smce voice breaks regularly :qccur, some shght"aspxratlon may be

@ l»

observed Just befb!‘e g}ottal pulsmg resu:mes Interestmély, there is no ‘significant

correlation between the amount”bf cloéure volcmg‘ in Enghsh o/ and the amount of
aspxratlon folloxﬁ/rng .rele;.se If both cIosure voxcmg and aspiration are effects of a
single un:ierlymg wpropi!xjty of stop consonants %(r:e voice timing) as Lisker ard
Abramson (1 5;64' 196’?1y iQ“'Il‘) argue one mlght expect some degree of negative

ERS

correlation- here However at 1s true that, in those English Tb/s in which voicing

[N WY y) .
continues unbroken' th'roughout the ¢losure “interval, asp1rat10n is unlxkelm
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In fact, mly three of the fourteen /b/s whlch were “fully v01ced” showed any

72

'}“v

V7 . ‘ . _ (O e B
Some of tne unu ors Jythe productlon expen.n}ents descnbed hJ agree

I

.
o \ mgmﬁcaﬁtly longer in the context\ of high vowe(l\s‘than they were before low ones.

lHe speculates that the d1fferences may be attnbutable to larger supraglottal cavxty'

: 'volumes for h].gh vowels In the case of voice bars produced W1th larger cav1ty

T thh those of Smlth (1 978), who found that voice bar durat1ons in Enghsh were.

‘ tvolumes, 1,t may tak?longer for supra- and subglottal air pressures twbecome;.

,ﬂ ' 'equal and glottal pulsmg may last longer In Expenmen 1, Enghsh /bL( and /bu/‘/

/

were found to have mgmﬁcantly long‘ér voice bars’ than /bw/ and French /b1/ ind
- /bu/ had longer voice bars than /oa/ ”also, in both lang'uages, /b1/ d /bu/ had voice

bars of h1gher am]?htude than /ba/ These ﬁndmgs give some suppo Smlth’

¥ clalms because one mlght expect such d1fferences m durat;ons to occur across -

: <

B lang‘uages However, thls questlon StIll requ1res further exploratlon
l . .

B Closd‘re{dura(ionsi_

N

& .

L3

R and Enghsh /b/ than in /p/ ih Expenment 1 does not agree w1th earlier ﬁndmgs for'

The ﬁndmg of longe1 closure durat1ons 1n some mstances(of 1n1t1al French‘:

med1al stops in Enghsh (Llsker, 1957) and for post-voca/hc stops 1n Frenchv

‘ (WaJskop and Sweerts \197 3), although 1t has beén pmgted out (L1sker, 1978fthat )

closure duratlons probably have llttle perceptual 1mportance for Enghsh s ps in- ! .'f"' :

' ,(presumably absolute) m1t1al posxtlon ﬂ‘he dlfference found between categ ries in : ‘

Expenment 1 is qmte small (about 12 msecJ in cordpanson wlth the mean overaIlH"

K

e closure dux:atxon (over 1@) msec ) It should be noted that’there 1s consxderable :

5 RN

‘.vanatxon in closure duratxons, both anlong and w1th1n subjects, m the pres’e\nt. R
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study _an‘i %, In Experiment 1, several subjects from b‘oth language groups

,;often produce @75 with longer closure duratmns than /b/s Flege (1982), algo

73

reports that four of ten English- speakmg subjects produced /b/s with average

closure duratlons longer than those of /p/s in aﬁgkrte initial posxtlon leen the

-

'small degree of d1fference between categones found here, the conslderable '

~ kN

varlatlon among subJects and the probable susceptx‘mhty of closure duratxons to

-strong effects of speakmg rate, 1t seems likely that Llsker 8 clalm is vahd for both \

[

Enghsh and French 1mt1al..stops produced mthm; ntences. Moreover the frequent

- mention of differences in closure duration as #argument for a “fortis-lenis”

account of'stop 'production or ‘perception (¢.g. Malécot, 1970) without due at’tentio’bﬁ

- to the context or. contexts mﬂwhxch such differences: are found to have perceptual

relevance (see L1sker 1978) appears to be mlsleadmg

N . X . K X ’ ) ; o
S " . ‘ * kl‘h L - .2 .
Voice onset time . . ' S

e ¢
) ¥ ~

Desp1te the problems 1n measunng VOT resultlng from v01ce breaks in":' |

Enghsh (see Chapter J3), no matter how VOT 18 measured (from the onset of a vmce‘ '

X

"bar, even 1f there is.a voice bmakm or. fr'

. begmmn%% release burst to Jh
g :

end ‘of asplra tion), 1t is vrrtually always possfble to dJ;’tlngulsh /p/ from /b/ in the
-

/\_N'_’
' enwronments under cons1deratlon here on the basm of VOT alone in both Enghsh :
B .'and European French These ﬁndmgs therefore agree thh those of Caramazza and\

.-Yenl-Kom?h-an (1974) in that 1t appears that in European French mltlal stops, :

' vo:ce tlmmg clearly separates the categones and is th\us a plausxble pereeptual cue..

Y,

Nevertheless, perceptual expené:ents of the, type performed by Caramazza et al
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leferences in VQT ge,,cleaﬂm describing dlfferences in stops:
; ‘,—-J;m languages as well Examining the VOT axis,” one ﬁnds that the
negatlve slde is occupied by French b/ which is conﬁned'excluswely to that region.

‘4

Thls category overlaps with Englxsh M, but the degree of overlap depends on how

V@T is deﬁned In the pos1t1ve short- to moderate lag. regmn of the contmuum, ‘

overl.ppmg%th short lag Enghsh /b/ is French /p/.. Fmally, on the extreme

positive slde is English-/p/, whlch overlaps to some extent w1th French /pl. These

ﬁndmgs generally conﬁrm Sermclaes et al.’ 5 (1984) 1nforma1 reportmg of mean

v

' VOTs for English and French.
< ? A _ ‘

e .
s
] s %
vt a : ‘ . : M
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' ere'nch /p/ and Eng:lish o/ Implgcations of the Expérin;ents .
@ o . ' | - _} |
| ’I‘he productnon expenments descnbed in, Ghapters 3 and 4 1nd1cate that

N
P 28

74

{ there;are some important dlfferencesbetween French Ip/ and Enghsh /b/ in runmng '

v speech The most obvious of these i is of course the preSence of some vo:lcmg dunng

the closure 1nterval of anhsh /b/. But,even when a VOT 1nterval is defined as the _

B sum of release burst and asplratlon n01se duratlons (except when v01cmg is present
‘,6
wh1ch is longeﬁgan that of Enghsh /b/ Thls is true because the former has longer
burst dur-atlons and is frequently aﬁo pamed by longer asvnratlon noise.

- The perceptlon expenments descnbed in Chapters 5 and 6 mdlcate that
.Enghsh speakmg hsteners ar;?ﬂe to dlstmg'ulsh French /p/ from Enghsh /b/
rehably between 65% and 75% of the tnne (at least under he nearly 1deal hstemng

L4 '
: conchtlons o@the expenments) Naave hsteners who have no expenence with French

.may sometlmes be less successful at thls task than phonetlcally-tr ped hsteners

= . who have studJed French there is. clear ev1dence here however, that hsteners need
w

4 . R . . irad .

throughout ag entire closure 1nterval) French /pl is produced W1th a mean VOT |

P

, e

O

P
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not have expenence with French in order to make correct 1dentxﬁcatxons at above-

‘ chanc‘e Ievels In fact the subJect mth the hxghest correct 1dent1ﬁcat10n'ﬁcore in

"v"

- Expenment 4 was a naive hstener Analysis of the subJects 1dent1ﬁcat10n sco?q m‘

both expenments reveals that voice onset time alone is a fairly good predicter of

" how subjects will categonze 1nd1v1dual tokens In general tokens with long VOTs
.are categonzecbs French /p/s. Of course,’th1s ﬁndmg does not prove that hsteners

: actually use VOT in makmg their Judgments, but at ‘the very least it suggests that

sens1t1ve to the acoustical consequences of slight 1fferences in laryngeal tlmlng

whlch are smaller than those normally found between initial stop catego‘nes in

Enghsh Moreover VOT.is a fa1rly stable predictor accountmg for about 60% of the [

’vanance in sub;glcts categonzatlons in both expenmen_tsk : o o
! aa . ’ : : ' ' '

s >

Ade of a token. reaches a crltlcal

’ken into cqns1deratron along with

>

VOT, niore accurate predictiong of subJects P gonzatlons of a set of French /p/-

‘

_confirms to some xtent the ﬁndmgs of Darwm and Pearson a 982) who used

synthetlc st1mul1 to test the perceptual mgmﬁchnce of the pomt at whlch‘a crltlcal

‘1ntens1ty level is reached in a stlmulus, Thelr results suggested that an overall
1nten51ty meas% should be a more accurate predlctor of when voicing is percelved

‘ "to onset than VOT alone, because such an 1ntens1ty measure more closely

_ measure may be. thought of as a ref'mement of the notxon of VOT. However, the d
o
values calculated for the tokens used in Expenments 3 and 4 were not found to be

better pred1ct0rs of subJects categonzatlons than VOT alone One posslble o

—~

e "vl‘ziv-_‘;*.c . »"'./

1

._,'Enghsh-speakmg llsteners, regardless of their guistlc experience, are falrly o

’

o

'corresponds to perceptual events than does VOT In other words, an mtensxty k

,explanatlon for such mdmg is that wh11e voicing is percelved to onset when the L



time of vorce or )

- 8and4. T

»

amplitude of the srgnal reaches some critical value, as Darwm and Pearson argue,

the methods of measurement and calculatlon of' the d valueegpsed here may be too

. imprecise. The expenments performed here were very' exploratory Perhaps a

"larger or smaller 1ntegrat1ng wnndo‘w should have been used when the amphtudes '

.of the shmuh were measured or perhaps the peak amphtudes of the penodw

portxons of the stimuli should have been calculated in a different manner
. 8 - A !‘

Nonetheless, when 'amplitude and VOT'measurements are used together as

predictors of subjects performance more accurate pred1ct10ns are obtalned than

with VOT or d values alone: Therefore, a second poss1b111ty is that when the VOT :

;'-and d values are taken together, mé result is a more accurate measr.f rlse t1me

as it is percewed 3 he l1stener than gre the d values alone "It may be that the

¥
'rves as, a"’;eference poxnt thhm a 51gnal whlch when

hi ed with an amphtude measure provudg a‘falrly accurate measure of the rise

-'ti ) 'the periodic portron of the stimulus. If the?';OT values are subtracted from
the d75 values for 1nstance " the result 1s the length of t1me it t‘ges for the "

alone, however md-reate nse t1me in a much cruder sense ‘they srmply indicate the
txme at whlch the stlmulus reaches some critical amplitude regardless of the type
of exc:tatlon of the vocal tract Thus, the amphtude charactenstlcs of a stop + vowel
‘token may still be‘% plausrble perceptual cue to whether the stop 1s a volced or
Jvmceless one, except %hat, contrary to the ﬁndmgs o} Darwm and Pearson, l1steners
may focus malnly on the nse/txme of the penodJc portlon of a strmulus The

\
: vanance in the subJects 1dent1ﬁéat1on scores in the two experiments Whlch is not

attnbu'table to‘VOT and d7 5.is still faxrly large and may in part be the result of

: spectral or other stlmulus charactenstlcs whlch were not measuredq@cpenments .

Iis .

.1(‘

\

3mphtude of the vowel g) uicrease from about O to 75% of maxmlﬁm 'l‘he.d values k&‘

R
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~ in the present study

; distinguish

LA
N
]

Once agam the fact that an amphtude measure such as t.he d measure used

here is useful in accountmg for hsteners categonzatxons of natural tokens does not

prove concluslvely that hsteners necessanly use amplrtude character‘txcs as a -

basis for thelr Judgments however, the ﬁndmgs of the present study i m whlch

Anatural tokens have been used taken together thh the ﬁndmgs of Earwm and

Pearson (1 982‘), provide encouragfngewdence that rxsek time may play an 1mportant

‘role in distinguishing perceptual. c‘ategories Thes; results also suggest that the

smaple physical measure VOT does not necessjlly have a simple perceptual

~

correlate Obviously, con51derably more research into thxs problem is required. In

l&?
rather tha/n rely. on chance dr{rences whlch oomr in naturally produce R

/

performed ‘ which deserves senous attent i

s j\m /b d g/ in wmspeged speech in both Enghsh and French Smce
whispered syllables are produced w1th no penodlc énergy, temporal cues other than
VOT (such as.overall 1nten51ty) may play a role m the perception wunds To
date there has been very httle dlscu3s1on of whlspered speeclr (é!ld espemaﬂy of

M.
. wh1spered consonants) in the\ph)o/netrcs“ hterature Yet,ﬁe h&potheses prestnted
”

here and those of Darwin and Pearson make some 1nterest1ng pred1ctlons about
.how whlspered gpe&éh md&’@p@celved s ¢

u;%: . ¢ ‘ . c o ’::' "_‘,
‘ The fact that asplratlon noise dur‘atxon also seems to ﬁgure in subJects

categonzathns of stxguh in Expe 'ment 3 mot 1n 1tself surpnsmg, however, the.

du‘ec-tlop of the correlatmn in .'the

. - N e ” s
- . y or “ '2 - . ! oL
- : . R : R [ Co e . PN
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g o

" ‘Also, an interesting question‘ arising 'ffofgi .epceptual experimerlts :

L4

*eSSmn equatlons w,as unexpected Nme of the '

'J

i




.
'*wr*w'

-

thxrty-two tokens used in Expenment "3 mcluded some short but measurab)e

asp‘iratlon nmse, and accordmg to the regressld" equataons the duratlon of this

noise is nega,twely correlated with the number of /p/. 1dent1.ﬁcatlons for a particular"-_. o

%

[y

3 .stlmulus ‘The reasons for this phenomenon are not cl‘ear, although one poss1b1e:

4 L

explanatlon is that it is not the asplratmn nmse duratlons of the stimuli which : are

important here, but the*burst duratlons, wh1ch are equal to the dlfference bétween

®

VOT and aspxratwn duratlon, both of wh1ch were mcluded in the regression ,

‘ analysm As mentloned earher, aspirated, consonants in both languages tend to

@

have shorter bursts than unasplrated ones. Furtherm"e, in both languages /p/ -

bursts are- sngmﬁCantly longer than /b/ bursts, and 1t is p&sxble that thlS d1ﬁ'erence

%,

categonze the tokens w1th short bdrsts (1 e. the asplrated nes) as /b/s.

[N

. Nevertheless, asplratlon noxse duratlon was not found to play asi

| predrctor 1.n Experhent 4. The reasons for thxs d1screpancy arenot ci¥ar.

conﬁrmmg to Bome extent Flege 8 (1 984) claim that*humans are highly sens1t1ve to .

'has some hmlted value- as a peroeptual cue. If 50, the subJect’s may have tended to ’

’. \ .
‘Implications for the Perception of Categories . “
from a Foreign Language . @b ' : T ‘
. \ , ’ . . L ¥

The results of the perceptual;,expenments performed hers can be v1ewed as_ A' ‘

d1vergences from the phonetlc norms of {heir native. language Although the -

French /p/ category i8 very close in several respects to Enghsh A most subJects

B %:ere able {o attend to rel 1ve1y small d1vergences from t%» normal Enghsh /v/.

.
B stxmulus 1tems may have been measured” agamst a prototypical Enghsh /b/ and

. .
i TN RE R . . . . oy - . : '{‘;-5,

Thlsimay be, as. he suggests because they had access to a phonet1’ prototype

agamst whxch they were able to compare stlmulus tokens In thls case, the

categonzed accordmg to how well they cmespon’ that prototype In the case of

l



- v

/

the e:'cperienced listeners,.a prototype of Frertch /p/ may also have been used, while

1, -
N T . .
B ”h“"

How}vever it sho e pointed out that such an explanation is not a unique

- -one for the results Tt is posslble that the subjects’ categonzatxons were in part the

9

Cl : . . o . . - .
in the case of the naive listeners, an Englishy/p/ prototyp.hy have been accesged.

result. of anchoring or range effects {Simon and Studdert-KennedyMﬂrady -

’hnd Darwm, 1978; Keatmg et dl. 1981) Therefore, comparisons may haVe been
. 4 made not only agamst»some mternahzed standard but agamst tokens from mthm

e the stlmulus set lf That-ls, some tokens cle&ly dlffered from each other in

i ?«\s

A ;set into two categories on tHe basis of these -

,_’,,

t@rms of nse tlme VOT charactenstlcs, or both and the subjects were able to -

?%roﬁernes The factt that the nalve sub_]ects were w1111ng to classlfy some of' the '

\\3"4

-4

tokens as Ip/s at all suggests that this is, the case. If these hsteners, who had no, o '

N M g :
o hnowledge of French had compared the stnﬂfulus items excluswely agamst

‘ prototh both Enghsh /b/ and Enghsh /pl, they m&t well have categonzed all
tokens as /b/ because the maJonty of ’ ém were much closer to English /b/ than to
_ Enghsh /p/ in terms opr 3

) 2

Enghsh /p/” tokens in the s ~ ‘ulus set. On the other hand, because differeht

patterns of response blas were observed among'}he expenenced hsteners and the

successful nalve ones, range and anchorgxg effects cannot completely account for

R ;«f‘v

‘“’results In other wor‘ds two groups of hsteners hearmg the same stunulus set

' ther charactenstlcs. That is, there ‘were no good

L3

s = showed shghtly dlﬁ'erent categonzmg strategles, presumably because of dlfferences

a“m their lmgulstlc expenence Among the experlenced hsteners in both

A

‘ . successful 1nexpenenced listeners in Expenment 4, there was a prepondera ce of

expenments, there was a shght blas in favour of /p/ responses whlle among the

/b/ Tesponses. The cbbnenced hstenen were more mllmg to label some df the

h‘ambxguousﬁems as /p/. perhaps because they were able to compare the tokens thh

.

»
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: contraz such as, the /p/ Mol dlstmchon‘xmvesngated here Flege.(1 984) has found

i

andﬂfmrly slow rise times (i.e.- the tokens closest to English /p/).

' performance, they mlght ha‘{vea

[ed

80

a prototyplcal French /p/ whlch is charactenzed by a relatlvely short VOT and rise

time in comparison W1th Enghsh /p/ The mexpenenced hsteners, on the other
i

hand, may have felt that most tokens were quite close to Enghsh /b/ and therefore

‘may have preferred to categorize as /p/s ohly those tokens with fairly long VOTs

o

B et

7

rom tlg;e perSpectlve of an Enghsh speaker leaming French, the results of

‘the perceptual experiments disgussed here have some mgmﬁcance The fact that at

least some nalve listeners cw#' hably hear d1fferences between the categorxes'

_ 1nd1cates that they are sensxtlve,to glati,vely small cross-linguistic dlfferences in

mabxhty on the part of Enghsh-speakmg

fact demonstrated that lahqxipxy trammg procedures can lead to s1gmficant

‘ ormed even better Plsbm et ali ¢! 982) have in

1mprovements m hst ers performance onutasks sumlar to these. It also seems '

plauﬂble that 1£.s\ﬂ)3ec 'are able to percexve small phonetlc dlfferences between

applying laboratory tralmng pmdures to'fafclhtate suhects’ learmngtto prhduce a.

eviden that a forexgn accent can be detected in very short segments of speech and

r

~ voice onset time and rise time’ charactenstxcs of consonantsv produced by them,

perhaps gy)could betrained to modify:tﬁhe,ir production appropriat.ely. -
i , . . .

th e 1\: a good chance that they can learn to produce
8 temp.ghz to speonlate about the future poss1b1hty of .

that such an accent cﬁd sometrmes be detected on the basls of VOT If lapld

“feedback could be glven to second language learners indicating the accuracy of ‘
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(

A few shortcomings of the present study should be noted.JFiret, t/here were

-;some diﬁiculties.er{countered; in Experimerit 1 because of the equipment used. In

partieular, the use—c:f different tape recorders and rﬁici'ophones for the‘ two
lau,guégeéonditioue was found to have effects on the amplitude measurements
made in that expe;fi,"‘meut. Howeve?, no effects on th’g duration measurements we
found to occur. These observations suggest that comparisons of the results ot‘
experiments performed b.y ditkreut reeea!'chers using different equipulent may be
acceptably valid mofar as they entaﬂ durational measures such as VOT, burst

s

duratmns and so forth, Other com%nsons mvolvmg spectral and in nsxt&

‘ measureme{xts should be made with cautwn As well, there are some diffic {ties in

’drang firm conclusmns abou%»the results of Experiment 2 because of the small

sample size. The fact that one ‘subject’s data'seemed to differ somewh?t from the

- others may be due to dialectal or idiolectal dlfferences : /

° , ,
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' Tables

-
~ Table 3-1: Mean duratiox{s of segments (in msec.)
| TS
Consonant n Sil. Per. V.Bar  Burst  Noise 1" VvOT
i
V_French
/p/ (unasp.) %6 110.7 0% 13.6 0.0 13.6
jo/(asp) 44 89.6 0.0 76" 265 343
/p/ (total) 80 99.1 00 - 104 146 - 25.0
LM | 80 00  107.8 7.6 0.0 -107.8
S % : 5
ﬁsﬁl‘; nglf sh. - | o : o
ol - 56 1050 0.0 6.9 56:2 63.1
o/ (:_il': p.) 42 611 654 5.6 2.9 8.5
| o/ (no §p) 14,0 00 ,11%;,55; 70 15 -111.7. h
; /b/(to‘t?l?. 56 45.9 76.9’ . 58 2 — S
3
. )
N ya
,
Y 82 **



Table 3-2: Mean relative amplitudes of segments*

‘, .
.
Consonant n V. Bar Burst Noi,se
French * ) '
/p/ (unasp.) 36 | 0.00 0.16 0.00
/p/ (asp.) 44 . 0.00 013 0.13
/p/ (total) 80 000 . 014 0.07
/1o/K7 : 80 0.32 027" 0.00
)
Eng{igh
ol 56 ) 000 < oz 0.37
Miilp) 42 0.13 0.24 0.06
/bl (nos. p.) 14 015 . 025 . 004
/bl (total) 56 014 024, - 0.05
K e
¢ ’ N

* Amplitudes are expressed as proportlons of the amphtudes of the
following vowels.
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T&blqkh: '{Api bated French) /p/ in Experiment 1.
’ '!. h . e ‘ .,

‘ VI . '
Vowel™, * Proportion .of .. Mean duration of
. ' \as"pirabeq Ipls - aspiration when .
' " " N0 e present (msec.)
e/ © o 5/20(25%) 11.8
- 7 16/20 (80%) - 302
le/ _ 6/20(30%) 111
o 17/20 (85%) ’ 30.5
Total = 44/80(55%).. = 26.5
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S 'l“ablel"s-‘il; Mean aspiration duration by subject

LR 85

4

- Subject n lasp. tokens) mehn asp. dur, when -
; * present (msec:) e ® .
4 . . ' . "
. S1 2 " 116 § 1 .
. . 7 '\
S2 5 ©19.9 )
A~ S .2 20.8 - *
54 7 17.2
S5 4 26,6 ‘
S6 6 36.2
S7 i 3 331
S8 . 6 31.3
. 89 4 " 184 B

S10 5 39.0

Table 3-5: VOT in French /p/ by vowel

' . .

Cv Mean VOT (msec) VOT range (msec.) -

/pa/ 14.1 7.1-30.1

i/ . 32.6. 8.7-69.6

/el " 145 _ 7.3-26.3 | -

pw/ . 386 7. N 11.2-655

. v -



______ e -
\{ :\;Tab;e‘f-i‘F:A‘si‘};ir‘étedﬁ\I“rrench L‘p/ ;n E:iflperiment‘2- |
aVogve} . - »Pr(;pbrtion of = = "{Méaﬁ duiﬂ'atiqn‘ of

o oy

aspirated /p/s aspiration when

~ B present (msec.)
- ' : ) ) ‘

ped

ol B6(50%) . . . . 84
"

I

6/6 (100%) . . 360
) ' . . ~ . '
.k 2e@%) .- . 82

e T ele@oo®) -, 287,
. | v

ey

Total * 1724(M%) - . 253

& AN

| | N
- Table 4-2: Mean amplitudé of aspiration noise by subject

f ,Subject .,; | Aspirated4okens A: . Amp. of aép. |

st 48 -+ T 033
s2.. . ws , U 014

ss 68 B 060 -

86



Table 4-3: Mean amplitudes of segments . -
Consonant . - «h ~ . .. -« V.Bar * Burst = ‘Asp. *

fitesh) ¢ 17 00 w043 085 -
/ol (unasp) 7. o P0. 0100 0
woow 2 o om  om,

b 24 'L, o015 040 . 012

O
! -

) . > M . “‘ - e . A: . .
Table 44 (a): Mean durations of segments for S2 (in msec.) -

Ip/ , R TN

s.per‘ ‘burst . asp.n) /’ v. bar burst

(8990 95 3313 [ 1168 47
964 71 2337, . 1109 [ 44
. . " ) ) ’,b .

b

" Table 4-4 (b): el amplitudes of segments for S2
. B . ) . ’,' \. . \

R A A
burst 'as/pJ.(n)h' v.bar burst’

- -~

hY

Exp.l 013 40083 - 029 033
CBxp.2 - 027

/

Looidln 022 038

é
’ —
/ N R

. /K .
/

DOE e T e el R B '
. RRFRY X o . o e “ B
. ; PR % “ coL
. i . P e S . x 3 . . . B N N i
. N . e . Loe T . LR . »
" P R o N B . - R ) PR
. v A : P Wy .
Al . . '. P . " . ¢ . o | A4
. o ‘, P 'I. N B .
. v -0, : . - . ) b B . |

1
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Table 4.5 Mean reiaﬁtive amplitudes for both samples -—

burst - = asp. ~  v.bar
.9 ’ R '
" Exp.1  0.2067 0.0692 ’ 0.3167.
‘Exp.2 03676 02450 / 01505
. - ,4 - _ B . ‘
Table 5-1: Correct identification scores (%) by subject
. N R o . ‘ . a
Subject English. « French " . Total ’
_ ,JM _ — ;
S1 69.1 74.4 M7
< “ . . . . ’
sz 581 581 58.1°
. i o C C «
S3 . 794 - - 825 - 809
s¢ . 515 506. 541
S5 - 588 856~ 72.2
'S6 .- . 688 832 . . 761
7 . _ 69 . 188 . 723
¥ .6 72.7 67.2
Total . 650 . 783, 61

-



A i‘ . Vs ! . ; ,'4. , ' . | .- ‘ )
"Td\\blé 5-2: Means and ranges of selected predictors )

- "Prec‘lic'_tor o ‘,I"-Mean, | J IR 'Range -
Y A oo

VOT (msec) ~' 1200 690 7102550  017.50
475 (msec) /2:1._1,4" 1294 i,6736-34.61. 9.95-17.65

3 tzs;(éissee.) 1188 489 4131930 2.5@-‘10.‘52

asp. (msec) 32377 178 0-14.90 0-12.00

nas* ~ \ 02418 05338 °  00577-053570.0942-0.7291° -

~ *expressed as a proportion of mean peak S S

-

o5 Table‘g-3_: Correlations among selected predictors and /p/-id scores

L] \ a .-
) /’ . 1. e
: . ' asp.dur.  t25 d75 . na8 VOT-
£25 0444 o
d75 0210 0645
na8 0492 0885~ -0.605
“vor 0737 - 0675 0443 . 0761 -
o J/pHd 7 .0.320 10.634 0.649  0.713-  *0.767
’; ‘



e
Yy I
Table 5-4: Characteristics of 'selegted stimulus items‘ ,
| . | \
. Stim. ~ VOT Nat.  /piid 475, t2’5{)_‘ ~ na8*
A (msec.) Cat.. (%) -(msec:) =~ (msec.).
\ ‘ . . _ . ‘ .
16 el . 22 1215) 397  0.6622
"7 o6l y\ 46 1765 ° 527 0.5239
PR | NS
15 70 *Iol 17 1012 492 04187
24 71 /o 58  16.36 553  0.3703
- ) . . » | q .' AN
. 32 * 8.0 Il 45, 2565 1519 02734
29 80 . /p/ -8 3461 472 05357
‘23 g4 /p/ __46 1716  -453" 0.4589
30 84 - ‘p/ 84 2466 413 05268 _
, . AN - N
. ) . N . ‘
25 - 130 3 /p/ 44 1749 1444 01916
18 128 M 82 ~ 2300 1262 01832
. ) ) ) ? ] ) G’. -
*expressed as a proportion of mean peak - . :
v‘ ' d
— @
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‘Table 5-5: R‘e'gressibn equati'o‘n's

-

Equation -,

1 0.02 + 0 0695 VOT - 0. 0377 -asp. dur + 0 01 63 d75
2 0. 162 + 0 084 VOT - 0.0445 asp dur '

3 OO74+0432VOT+0019 75
4, 0076+00478 VOT+00128 doo
T 5.0.221 + 0432 VOT +00186 d50 -

6. 0. 140 + 0 494 VOT +0. 00939 £90

L -
7.0.322 + 0.0555 VOT ot
© 8.0.866-0.884 a8 + 6.01,75\d75

=3
-3
R 2]

.

S 554
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Table 6-1: Correct ident

-

A\

ifications by listener (%) ~

~

‘ ,
Subject ~ English/ . French /p/ " Total =~ /p/id \
2 : o
: Y < S ) ‘
Naive o
&1 85.4 51.0 . 68.2 33 o
sg . ea1 T 583 755 33 h
.'s3 72.4 59.4 65.9 | 43 °
84 229 _ 719 474 74 N
S5 ‘339 656 , - 497 . 66 -
Total 615 612 .. 6L 50 -
.‘ < : \
Exﬁa:iénced‘ | = 4 ) ¢
's6 — . 609 . | 813 711 0 /
87 63.0 o 76.6 98 -1 |
S8 59.4 75.0 672 \ 58 |
s9* 583 740 - 661 ( 58 )
s10 . 711 .'-"“68.2\“‘\}72.-7’ AP g
| Total ' 637 75.0.. ) 69.4. 56,\Q . ‘
. Total (ov‘erall_){ ., 68.1 65.4 53 -
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\‘ . _‘ \ v i . - vﬁl;"
.. .

' prle.6-2:‘cb;§pariso§&:wﬁuts (Exp. 8 and 4) \

Equation . sin Exp.S " RMS erroxi ' & o

“ g % in Exp’."4 o L]

. - - — - T
VOTlasp. dur/d75 . 01731 ]T 02779

VOTlasp. dur. - 02005~ o2,z Y
vorais N 02047 - 02463 o
VO'P/d90 . omsz . - 0253 .
IVQT)dsg . Ao.22i4.. 02425 |

VOTASO: 02275 02453 .

vor . - 02386 ., 0254%

na8/d75 0.2444 - 08398 .

Table 6-3: Correlations among selected predictors and /p/-id scores

A \ o
.( ) R ' . 1, . e ”
as;y dur. - t10 - @50 . - d75 . VOT =
T Y- S N
d50” - 0319 0.689 ° o
. . ( .
d75 0285 0792 . 0660
VOT . 0707 0587 - 0520 .. o228 . - ¢
/pid - 0345. 0773 0567 0.464 * 0793
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aspiration
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Figure 3-1: Schematic representation of ave;age-cgses

(French)
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Figure[3-é: Schematic representation of average cases ‘ ,
. (English)
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»Fig. 3:3: Voice onset time in French (Experiment 1

~

304 K /b/
/p/
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.k
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I
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Fig._ 3-4: Voice onset time in English (Experiment 1)
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Fig. 3-5: Durations of “interrppted”/
voice bars in English /b/ ~
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- % of closure

Fig. 3-6: % of closure intetval ¢
which is voiced in English /b/
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Fig 4-1: Voice onset time in French (Experiment 2) --
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‘ Darwm, ,C J & Pearson, M'(l 982). What t.ell/&us when voicing has started?
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Appendix

e

A. Stimulas List (Enplish épvakurn)
.

Say pap atain, please.
bab
pab
bap
peep ' A
beeb
peceb
becp - T
pep
belr » ‘
peb .

v bep

poop
boob

+ poob

boop

pop

112



B, Stimulus List (French Speakefs)“

~ Répétez pape

pabe
}bépef
babe*

; . pipex
pibc
bipd
‘o .. bibe-
. .pepe
_‘péhe_
’bépC

bebe

H‘pcupé

poube

. boupée

une’ folis.

boube

g | pape

pabe

ey
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E

C. Ipstructions -~ Perception Experiments

.In this experiment you will hear a number of syllables
consisting of a consonant and a vowel. Yourjtask will

LS
oy

I+

be to determine whether the consonant is a Frenéh:'/p/ or

an English /b/. Each stimulus will be repeated tﬁf&ugh . ?
- ' 5
4 g &

‘the;headpponeskuntil you' make your choice by pgéssing one

i
<

of the switches on the switchbox. -
' In making your decisilon you should not assume that -

.there are an eqdél number of /b/ and /p/ stimuli.f (You

'méy or may not find this to be true. ) vNér should yoq J v

4 . . oo

assume that alpartiéular'speakef»always uses his or her | - ¢
native” language. (You may hear an English speaker producing
a‘Frencﬁ‘/p/“ for example.) .

~You may listen to each i@em)as many times as necessary.
" ) s B

You should, howeVer, try to make your decision as quickly
as possible, . S .

_Occasionally you may hear a consonant which does not
‘seem to fit either category. In such a case, you should T

"choosé the category which the sound is closest to. . .

a
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D. Windowing Programs’ (Experiments 3 and 4) .

UL RO G R CCURG DR 3) :

o COMHINZ L P CIIEF 7 NWTLE = N 5 mI8A T v LMY o L U e

CLONWRE WO AR SAMBRAT SLET - TP EANGTURY - ) :

e L ENFE TS MaXx TMuUM NUMBEER O SanbLio P ' .

C OTHAN CeN BE HANDLED . ' :

C LPGCOKRI 1% ORI R OF LG THERE &k LFCORE RO

G OCOEFE I 1 NS ANll RGO T & COEFETICLINTS
“hata 7AM|\(§]/|5>0()()” ' o

(4"050ll00000000"00000‘00000500’l

g ltNthv]LXhthJth
(UMMUN/(UNNOI/SLUR(’O)

;(.I . L i

(-‘ fees Beas e qaa med anie whn ames aen - T sign ner et sems S SRas Gees are et
A LVEIER 1093 AS 0F 4 SEFY 82 o
: COMMONZUE TLES /NUE Tty LUFTIEF (106 3) T .
COMMONZVE TISRN/VF ISR Iy 3) B
COMMON WL ARS/ LETGO FELOT y 1ST G

b[thl)N RIL (—\U‘;/I I+ (,..‘)yl 1 \U~| R
AT TN STURE ‘
TNV EGER Nb' 1id y'MFWlJl:I v e xR WL '
0 RUMEER OF WA ssiaxbs mad Ll LENG T H
T INIEGER LSTWINCLOY | 5 .
TRTEGER LENWIN L0 : .
HETR MAXAW/ 10 ,W-{Xh.ll AR o . .
FORAML TR : : -
RE 6L RGamig t())vhmlu : lt))
el HEGH (233) vHIELUR Y o0 ,I AR A
b el ALy TLECE )Yy m_ SUid L

CALL, uru>L1<'|zn“r ;
Catls tneKdl) :
Co THIS WiLL L A LOOF

CaLl TNWIN

CALL UFIEF

C - . .

. o hR 995 =120
SA S QCU (1) =00
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, VRTTE (ay 7801) :
@1 FORMATCY FULL AL RIRATION ¢ 7 9%
[READIC4y 782) THUM
700 S FORMEN C10710)
COoPERNGTH OF RAME
RLEH=8
T2 NOM
TI3=TNOM+RLEN o .
CNRNDTG=5 ) '
3100 C CONTINUE™ ; o .
. CALL NXTSIG(STIGLySEGL)
Coooooooco‘ . .
‘ REAMFL1)=1" :
RMUL.(1)=0 o
(2)=SCUR(I)-1
SAMPL2LLT41) FSaMie?)=1 <.
(2)=00
RSAMF(3)=SCUR (3)
<L RMUL(3)=1.0
. KSAMP(4)=T2%164SCUR(S)
CRMUL(4)=1.0 . Co
RSAMF (5)=13%16+SCUR3) ‘
RMUL (5)=0.0 o A .
'ACoonoooooo-
' WRKITE(4999) SIG1ySEGLySUURCA) - '
99 FORMATCZ FILES SEGMENTs SCURCH ARG ARG 1 Xy LE)
IFRINT=0 IR : . '
CCALL GETSEG(SIG ySEGLy PALLIG v 1FRINT LIV ¢ :
IFCIERT «NEO4) CALL FRIORC TRACK S SEOHMENT e SIEIAL

¢

u .
i . : ?
WRLITE (4939280 LENSED
Cxoe8 TFORMATCY LENSEG vLilb ) ;
‘ CALL SIGXF (FS1G0), - ' -
CORESEY OUUT, LENTGH -
CALL UFLEN(IS1GLA0y1)
o @ : L .
C GALL. UINSUH1]S]GO,]S]GIvPMJN~tnlﬂ!wylLNM]N)
py T . | PN
CALL NORAMI OIS TG0 16161yl anits i o
ccalt uHNuHV(S)mL,'th’v’N%:',uJuUU\v :
_ ) WETIE (4w 101) G161y ST0OLNA
10l f”Hﬁﬂ](]X73ﬁ6!1173Ab)
AMl =1, - '
BC=512. . o
Covoas '\ = o ' o
INORM=0 ‘

1FRT=0 o . d@@

CALL ﬁLURT(]S]Gj;S]UUU1vS[Givﬁﬁf}“ﬁ1]NUFhr]fHHy1PH|)
GoTe 100 7 ' ‘ , co

B

S10F
END

. [V



RETURN
END

o

/]
N} “ !.I,IM’\'('!U\ TNE DOleprdt AN O 9Nl\NlH° s besgamge el
COMUbLETED g aun 84 10 arly L |u1n|¢u FLAsUL
1N1I?J[\ TNy QUT y NENF LS —
REAL RGAMPONKNOTS 5) ¢ el Crdl Nlll'p'
REAL BUET (257) y BULOC257)
INTEGER NBUF - - " e
’ NATA NRUF/257/ : ‘
CALL. ShTB&(IN;BU!]vNNUl) © .,
i CALL SETHFE (QUT y RUFOy NEUF) '
' IF(NKNOTS.GE.2) 60TO 100
WRITE(4y1) R ,
1 FORMAT (/ DORAMFS NEEDBS AT LEASY 2 KNOTS )
, RETURN o * . - ©
oo C ' ) 7’ : . ® .
100, CONTINUE =~ ' ~
C SK1F OUTPUT
NSKIF0=0
IF(RMUI(i) EQ. 04« AND, RMUL (2) EQ.O.) NSAJIUuhqnnI(‘;
IF (NSKIFOWLT.0) NSKIF0=0
“( WRITE(4,?9) NSKIFO
T FORMAT (Y NSKIFO‘v615.9)
' 00 200 T=1¢NRNOTS-1
IST=RSAMF (1)
. LAST=RSAMF(1+1) .
Ar=RMULC(I) ,
a2=RMUL(I4+1) é
NPTS=L.AST-IST+1
- ISTI=IST
. 1510»191 -NSKIFO
G I1STO=16T1
C : ~
v WRITE (492) NETGy I6T Ty 1510 AT v A%
o CFORMAT (Y NPTSyISTI»ISTOrALy A2 ¢ 217« 266T15.5)
-, cat.l. I\AMHN(l‘n]N;Jlevth LaOUT o LS T e BLIE LI v @t v
200 CONVINUE ‘

n
kb
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MU

;AL

. (50

e

"\

Bt.

- e
. . - )

LGE

l./0000

Lo GEN

¢ OAME

R llh‘

Cr (e
Lol b

OB

- :u),)

WitRinb SEE RN B4 o
12 Jur ga FOR CORENITINE,

LG 1Ok NEG DUTEEY E (R N E AL R PR

L EALH NG ZERD Sllemal. A RE L RUME
»UuhuUltNl hhnttNl|w~|N~|nl|ynH|lunn|~|)\n»un|n,
AMP1, AMP2) .
ENTE GER NETSy Nt g PRI RI RN RN » .
Al BUFTCL)Y yBUFOCL)
REAL.AMPlvGNP” L
. 3 :
""" )MMUN/VFlli /NUIJI|,|U|H||\1u~x)
SL.IM... T0O CALL SETRUF . REFORY ll‘) L . . »
Ful, FUNCTIONS . .
LOGTICAL OUTVy UUTVH! )
INTEGER IRF _ ’ A
OUTVHI CTVUT s 1V =L G P RE ¢y 1LY '
IBP(IUUTTvITT)wITTwIVFnﬁr(%vqul|i )

THE RITIAL RECORDS :
TEFONPTSLE $0) CRETURN 2 -
Call, GETURCINyISTIyRUN LD K
Call. GE:.'I\«‘R(ElUT;‘].SS'l'('.)vl:'-HI-- A s '

YA .

L ADEL= AN ANMF )/\I()nl(au TG

AMF=arFL
TTHI=18TT
ITHO=TSTO
00 10 I=LynP1s
PNy ITHT VALY BUETY
TFCOUTURT CEN DTS 2 AL ik
VAL»BUtannltluulanlx) C,
VAL =AMPRVAL : L
OUTy TTTHO VAL r BUK S
Rk QUTEUT BEFQRE FE b ar
c IFCTTHOGLE 0 GO 10w B
LECOUTUHT COUT » LTHD Y CALL G
RUF O CIRE l(lUlv!le; LAt H(lll
CONT INUE - -
TYHI=TT1HL41 ’
LTHO=1THO4 1 :
AMP=aMP+anEL ‘
CONTINUE
MAXOUT=LSTO4NFTS
IF(MAXOUI.hl.lvTHII(49UUI))
CEALL FUTVROUT s BUFO)
"RETURN . .
END

TN U L E VT vty b

Lt s U 1Ny

VAL CIY y by L
IIH ¢l LIHHJIIHIH)

AU DEE Cayrn g =EMAX UL
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- Table 4-2: Mean amplitudé of aspiration noise by: subject

.Subject .’; . Aépirgted‘tokens A: _ Amp. of aép. A

Total *  1724(M%) - * 253 | |
S < oy

SN\

<«

-

st 48 -+ T 033
S2.. | 8 b 014

ss 68 B 060

______ », .- 8
e = SRR ‘1\ ., . . -
~Table 4-1: AspiratedéFrench /p/ in Experiment 2. "
) . .I- .. . - X N . -l( , . s .
«Vowel . Proportionof =~ . ‘Mean duration of
b aspirated /p/s Y aspiration when :
s o7 R present (msec.)
‘ T . o T ) : ' R [ 3 ¢ )
/a/ : 3/6(650%) . . . . 8.4 S : '
- v’ : . ) . LN - ’
W N 6/6 (100%) . . . - 7860 o
: . . . T -
.o el - 2/6(33%) R 82
md. T el@oow) <., 287 .
. n . ] o ] ) . . ~ /: <
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el L .ow W h ok Lo
0 . . DR . . . CE . .
- . . P . ~ T B - . “ . .

o v‘i‘able‘zi.fi‘;:‘Mgan‘ampﬁtudémfsegménig‘ T

Sl e e . o o Y .
L B . L . ‘

Consonant .~ «f .. . V.Bar . Burst ' ‘Asp.

@sk) ¢ A7 0 - 043 035 -
/p/y(ﬁﬂas_p.); SN AR o 010" 0

woow  #. o om0k,
M. 24 7Y ois 040 o012

. W

' .
H .

Table 44 (a): Mean durations of segments for S2 (in msec.) -
_ /p/ ‘ ' - o/ )
s.per ‘burst _asp.(n) /’ v. bar ~ burst

(8990 95 3313 [ 1168 47
964 71 2337, . 1109 [ 44

1]

b
e -

' Table 4-4 (b): Mefh amplitudes of segments for S2
. : . . . ," : . A

N R Y VA

-

burst 'as/p;.(n)h' v.bar ‘;ﬁurst’

- -~

hY

Exp.l 013 40083 - 029 033

CBxp.2 - 027

Looidln 022 038

é

,
4 . ?

LS
/
/
/



-~ .

i
\J

et

L

Table 4.5 Mean reiaﬁtive amplitudes for both samples -—

¢

-

burst - © asp. v.bar -

"Exp.2 . 03676 ', 02450 /01505

" Exp.1  0.2067 0.0692 ’ 0.3167.

-~
o

e

,_'.

~

Table 5-1: Correct identification scores (%) by subject
X \, . o o . a

.

Subject English. « French . Total
_ = —
S1 69.1 74.4 W
< “ . . . . ’
s2 - 581 ~ 581 58.1
. s T s «
S3 . 794 - 825 - 809
s¢ . 515 506. 541
S5 - 588 856~ 72.2
'S6 .- . 688 832 . . 761
7 . _ 69 . 188 . 723
¥ .6 72.7 67.2

Totel . ‘650, 733 . 691

-

8



Coh Table‘g-3_: Correlations am

ong selected predictors and /p/-id scores

~ h ]

\.,,‘ -n\.i‘ ) 4 !, . . e
_Table 5-2: Means and ranges of selected predictors - e
‘Predictar - . .-Mean, J "Range o

' Y Y ol m
VOT (msec) ~' 1200 6.90 7102550 0-17.50
d75 (msec.) 24.1.4.. 12.94 16.36-34.61, 9.95-1 7.65
» .- ” 4 . E . . . ) N N
T t25(msee.) "11.93 489 4.13-19.30 2.5\6-‘10.‘52
asp.(msec) 323877 173 01490 01200 _
a8 " \ 02418 ~ 05338  _ 00577-0535700942-07291
‘ .*éxpfessed as a proportion of mean peak T e

-

v \ s ..
) /’ . 1.
: ** asp. dur. t25 d75 na8 VOT
it | .

£25 0444 o

d75 0210 0645

na8 -0.492 0.885 < -0.605

'vor 0.787 0.675 0.443 0,761 ‘
~ Jprid ©.0.320 1 0.634 0649  0.713-  *0.767
’; «“
{ 3
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Table 5-4: Characteristics of 'selegted stimulus items‘ ,
. : - N 3
X * . ‘ K . ) ) o O
. Stim. ~ VOT Nat.  /piid 475, t25 = na8*
A (msec.) Cat. (%) ‘(msec:) (msec.).
16 61 . 22 1215) 397  0.6622
"7 o6l y\ 46 1765 ° 527 0.5239
S A | NS
15 70 *Iol 17 1012 492 04187
24 71 /p/ 58  16.36 553  0.3703
- ) . . » | q .' AN
. 32 * 8.0 Il 45, 2565 1519 02734
29 80 . /p/ -8 3461 472 05357
23 g4 /p/ __46 1716  -453" 04589
30 84 - ‘p/ 84 2466 413 05268 _
‘ . RPN i N
. ) . N . ‘
25 - 130 N /p/ 44 1749 1444 01916
18 128 M 82 ~ 2300 1262 01832
. ) ) ) ? ] ) G" :
*expressed as a proportion of mean peak - . :
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‘Table 5-5: R‘e'gressibn equati'o‘n's

-

Equation -,

1 002+00695 VOT - 00377 .asp. dur+00163 d75
z 0162+0084 VOT - 0.0445 asp. dur.
3.0.074+0432VOT + 0.019%d75

4, 03076+00478 VOT +0.0128d90 . >
50221+0432VOT+00186d50- | - R

6. 0140+0494VOT+0009391:90'7.‘

L -
7.0.322 + 0.0555 VOT ot
© 8.0.866-0.884 a8 + 6.01,75\d75

~

S 554
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Table 6-1: Correct ident

-

AR

ifications by listener (%) ~

~

‘ ,
Subject ~ English/ . French /p/ " Total =~ /p/id \
2 : o
: Y <. S ) ‘
Naive o
&1 85.4 51.0 . 68.2 33 o
sg . ea1 T 583 755 33 h
.'83 L 124 59.4 65.9 43
84 929 TL9 474 74 N
S5 T 339 656 , °© 497 . 66 ‘
Total 615 612 .. 6L 50 -
oo - \
Exﬁa:iénced‘ | = 4 ) ¢
's6 — . 609 . | 813 711 0 /
87 63.0 o 76.6 698 -1 |
S8 59.4 75.0 672 \ 58 .
s9* 563 740 - 661 ( 58 )
s10 . 711 .7 682 ‘\ 20,46 g
| Total ' 637 75.0.. ) 69.4. 56,\Q . ‘
. Total (ov‘erall_){ | , 68.1 65.4 53 -
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Table 6-2: Comparison.of results (Exp. 8 and 4) \
Equation . sin Exp.3 " RMS error & _
g % in Exp. 4 o BN
VOT/asp. dur/d75 . 01731 k4 027719°
VOT/asp. dur. - 02005 © 02962 N
- VOT/d75 N o207 T 02463 o
VO'P/d90 L 02132 - 0.2534 o~
‘vorasp§ . . 02214 02425
VOTA90: 02275 02453 .
voT . - 02386 ., 02545
na8/d75 0.2444 - 08398 .

Table 6-3: Correlations among selected predictors and /p/-id scores

A \ : o
.( ) R ' . 1, . e ”
as;y dur. - t10 - @50 . - d75 . VOT =
T Y- S N
d50” - 0319 0.689 ° o
. . ( .
d75 0285 0792 . 0660
VOT . 0707 0587 - 0520 .. o228 . - ¢
/pid - 0345. 0773 0567 0.464 * 0793
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Appendix

e

A. Stimulas List (Enplish épvakurn)
.

Say pap atain, please.
bab
pab
bap
peep ' A
beeb
peceb
becp - T
pep
bel o ‘
peb .

v bep

poop
boob

+ poob

boop

pop

112



B, Stimulus List (French Speakefs)“

~ Répétez pape

pabe
}bépef
babe’

; . pipex
pibc
bipd
‘o .. bibe-
. .pepe
_‘péhe_

t‘ .’bépc

bebe

H‘pcupé

poube

. boupée

une’ folis.

boube

g | pape

pabe

ey



E

C. Instructions -~ Perception Experiments

In this experiment you will hear a number of syllableb

. ‘,% wm ’
consisting of a consonant and ‘a vowel. Your task will

J‘

O
be to determlne whether the consonant is a Frené% /p/ or

an English /b/. Each stlmulus will be repeated through

4
‘; 3 ,\"' . &!’ ?\%
"the. headppones until you' make your choice by pre551ng one

i
N

of the sw1tches on the sw1tchbox.~

: . &
‘» In making your decision you'should not assume that .

.there are an eqnél number of /b/ and /p/ stimuli.f (You

'méy or may not find this to be true. ) vNér should yoq J v

N . . e

assume that a partlcular speaker always uses his or her

iy

native‘language. (You may hear an Engllsh speaker produc1nb_

a‘Frencn‘/p/“ for example.) 0

~You may listen to each i@em)as many times as necessary.
" ) s B

You should, howeyer, try to make your decision as quickly
as possiblé. . S .

Occa51ona11y you may hear 4 consonant whlcb does not
’seem to -fit either category. In stch a case, you should

"choosé the category which the sound is clOsest'to.

a

114
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D. Windowing Programs’ (Experiments 3 and 4) .

UL RO G R CCURG DR 3)

. COMHNN L CHIEF / NMInruNHulwtnhﬂ<AlyLluM,ql|1|H1!»HH\~‘

UONWC B b ARLE SAMIRA 1OOLE b aNaTURY - )

C L ENFE TS MaXx TMuUM NUMBEER O SanbLio P ' .

C THAN CaN BE HANDLED . ' :

C LPGCOKRI 1% ORI R OF LG THERE &k LECORD RO

G OCOEFE I 1 NS ANll RGO T & COEFETICLINTS
“hata 7AM|\(§] /16000, ' o

(4"050ll00000000"00000‘00000500’l

: COMMON/ SEGIOF/ TALL LG » SEGE 1 C5) v SEGHAM D) »
4 TENHLK TEXBLKy LENSEG. SR .
IIMM(HQ/((JNIWN /SCURC20) . ‘

(‘.........A...... - ot bome one sem aas sebe amme nibs vim $bes sent ewee sess et sie

(R T RV VT |o,& As OF 4'0Lru 9w o
: CUOMMONZUF TLES/NUE TLS s FUFTIEF €10 ¢3) T S
COMMONZVE NSRN/ VISR O &) B

COMMON/ VL ARS/LGTG0 PELOT e 15T

«ummuN/ullltU/Nhljnﬁ'rHrnuv<793> /
COMMON/RE ISRNZRENSR G, 50
L OHHONS hllﬁhﬂ/ll(Oylll\U~llll
U B
AT TN RTW STUEE i
THTEGER N TR MAXHL s M a Wl '
BRI AR B OF WUR00G st bl e sy NOW LENWIH
L INIEGER LS NOLO? , . . .
ARV GEL LA NWENCLO) : .
NETA MAXNW Loy ,M(-\'Xh.ll Lty . ' R iy
LORAMT TR : -
ek Al u)nMI\tO)vhmH|«|0>
b e v g g
plal SEGT 2 GLELER) y sl o)
WE el ALyl eE Gy yal st el

CALL, TERSET C/IRAGTTY >
CALL RICRK (L) :
Co THIS WL BE A LOOF

CaLl TNWIN

CALL UFIEF

C - . .

. o hD 99T l=1e R0
‘?_‘?f) - QCU (1) =00
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URTTE (ay781) |

@1 FORMATCY FULL AN IRATION ¢ 7y g
READC4Y 782) THOM
290 - FORMAIC10110)

GO ERGTH OF RAMI
LgNe=8 o
T2 NOM
T2=TNOMHRLEN o 4
CNRNOTS=S ' :
100 C CONTINUE™ o )
. caLl. Nx1810(slb1..|ﬁ1>
(‘.........‘
RSAMP(1)=1"
RMU[(])-O SR
(2)=SCUR(I)-1
SAMPL2LLT41) FSaMEvR2I=1 <
(2)=00
RSAMF(3)=SCUR(3).
S RMUL(3)=1.0
KSAMF (4)=T2%164SCUR(S)
CRMUL.(4)=1,0
RSAMF (S) = 11*16+scun(3) '
RHUL(9)=0.0 \ 4 .
'ACoonoooooo-
' URITE(4999) STG1ySEGL»SUURCH) - '
99  FORMAT(” FlLEv SEGHENT Y SEURCE) S v hAGs QA6 1Ky L&)
IFRINT=0 :
-CAL.L BLlﬂfb(S]blvylﬁiy?ﬁlt'(’-llhlulvllhl) ¢ :
IF CIERT NE .04 ) CALL flndn\< CTEACK S SUORENT (UL O

v

WRITE (49 3928) LENGED
228 TEORMATCY LENSEG vL1 )

CALL SIGXF (FSIGO0), - ' ' '
©CORESEY oUruT, LENTGH .
CALL UILhN(Jﬁ]hlﬂnvI)
B 4 ’
(1 CALL UIN%UH1}S}GO,] |h1vUHlN~!HIH!!y||NM\r)
- "
CALL TIORAMIP OIS TGO 1616 HJI AR GARTA Ly LR E LR
CCAll CHMGIVSTORy “D1 37y TNAL IhUH\) ‘
. . WP C4v101) Gy G100
101 fnrnnc(|x,1nuy11,%Ah)
atif =1 .
1‘C, \J 1 ..). . -« ) . »
Lovenr L \ T S %
INORM=0 _ '
C c . - . -,

1PRT=0 : ' ' dwﬁ e R
CALL ﬁLURT(]S]G]ySIUUU1vSTG]vﬁﬁFjUFvJNUFmvliHijPHl)
60T 100 7 ' ' R

S10F
END

. W .
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°hUhHUU\iNh Uﬂlﬂﬂ|lle“HlthNUl%rl%hnt N TR

COMULETED L U 84 10 0l ) LEAITNG 710N

1

y . - C

100,

ITNTLGETR TNy OUT ¢ NKNFH G o
REAL ROAMPONKROTO) ol ML NG I‘p J
KEAL RUFT (2 57) y BUKOC2S7)

INTEGERy NEBUF - ' T

MATA NRUF/257/ : ‘
CALL SETEF (INy BUFI/NEUF)  © .
cALL SETHF(OUTyHHFOvNBUI)

IF(NKNOTS.GE.2) GOTO 100

WK1TE(4y1) . |
FORMAT (¢ DORAMF: NEEBS AT LEASY 2 KNOVS‘)
RETURN e : T .
" r o,

CONTINUE =

C SK1F, OUTPUT

99‘

C
C

200 |

NSKIFO=0

IF(RﬁUl(i)‘tQ 00 JAND, RMUL(2) JEG.0.) NSAJIUuhqnnI(A;

IF(NSKIFOLLT. 0) NShJPU Q

WRITE(4,99) NSKIFO

FORMATC NSKIF(Q/761S.5)

po 200 I=1¢NRNOTS-1 = -
IST=RGAMF (1) | o
LAST=RSAMF(1+1)
AT=RMUL (I} ,
A2=RMUL(TI+1) ¢

NPTS=1.AST-IST+1
- ISTI=1S8T

1510»191 -NSKTFO
1STO=I5T1

N

WRITE (49 2) NETSy ISTIy 15100AT AL

‘FORHAT(’ NEPTSyISTIv1ISTOyAL vy A2 2T 26GT NN

CALL hAMf‘N[IHv]N!JbIJvHUOlyUHIvI‘IUvH“|H~&I'H
CONT INUE :
RETURN
END

n
kb
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LoOGEY THE LTTIAL RECORDS w

"\

Bt.

SUIkRUUT 'Nl h(mt (N S e Five PHTE U Loty iy )\IIvIHII Hy

AMP1, AMP2)

ENTE GER NPTSy ENy S e OU e 1510 : -

CREAL RUETCL) yRUEQCL)
REAL: AMI’»?' 1y AMED

5

""" )MM()N/W ILES/NVETLE y TVF \II I \ l\)v 3)
SLH\L. TO CALL SETRUF . REFORE ll‘)lth g L »

CUSEFUL FUNCTIONS

LOGICAL OUTVyOUTUHL
INTEGER® IRF

2

’
-

QUTVHI CTUUT » 11y =TT G IV NEF Uy DL R

CFONFTSLE S0) CRETURN
Call, GETURCINyISTIyRUN LD
CALL GETUR(C OUT y1ST0y l'.'-UI-- (s

¢ AME DIEL.

LAl LE AN AMF 1) /\ LLOAT ORI l 3
AMP=arFl
TTHYI=18TT
ITTHO=18TO
D0 10 I=lynPS

Co GETPCINSITHY sMALyBUELY T S ,
- TFCOUTYHT CLte THHL ) GAL T ik Ve ders DT it

VAL =RUFT CIRE Ly LEHE YD C,
valL.=aMF¥vAL. : o

L U A uTy I '\\‘U sVl s BUKL Y
. lup lf'l'i:'\‘}:i. QUTFUT BEFDRE R b dedu o

b

CIF CITVHOGLE <0 GOT 1wy

TRE CIVUTTy $TT ) =TT FVEDEF Ciy I ,

By
i

Y

Lt s U 1Ny

TEFCOUTVHT COUTLTHI Y)Y UALL ‘GE L w'lll'lyltlmmm L
RUF O CIRE t(lUlvHHm; Ll H(lll mt oty G )

CONT INUE . #
TYHL=T1HL4L ’
TTHO=TTHO4 1 '

CONTINUE

/2 AME=AMF+ATIEL
S0 TINUE

MAXOUT=1STO4+NETS

[F(MﬁXOUI.hI.IvTUII(4vUUI))
CCALL FUTURCOUT» BUFO)
"RETURN . :

ENI

TUFDNEE Cayni=paXxuli



