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CHAPTER 1

SOME THEORIES OF THE PHYSIOLOGICAL ANU ACQUSTIC
BASES FOR THE OPPOSITION OF MEMHERS OF

COGNATE PAIRS IN AMERICAN ENGLISH

Withln the phonemlc lnventory of American bnizlish
there are several palirs of sounds which are termed coy-
nates by many llingulsts and phoneticlans. There is
veneral ayyreement that the members of each cognate palr
are characterized by the ldentical manner of articulation
(e.g. stop) and by the ldentical place of articulaticn
(e.g. apico--alveolar').l These cognate palrs may bve

deslgnated as follows:d

TABLE I-~-1

ENGLISH COGNATE PAIRS

Stop Fricative
Bilablal /p-b/
[Labio-Dental /T=v/
Lingua-bental Ae-8/
Apico-Alveolar /t-d/ /s-2/
Alveclar-Palatal /S -5/
Dorso-Velar /k-g/




There 1s considerably less agreement about the
characterization of the feature(s) which distinguishes one
member of a cognate palr from the other. Many lingulsts
have sought one distinctive feature which would separate the
members of all of the cognate palrs, whatever their phonetic
reallzations, Intc two groups: /ptkfeés§/ vs. /bdgvdzz/.

The two features most commonly proposed as performing thls
function are tre volced/vclceless opposltion and the
fortis/lenis copposition.

On the other hand, some investiga.ors, dcocubting or
denylng the exlistence of any generally distinguishing
feature, have proposed a serles of individual phonetlic
features whicti., taken 1ndlvidually, or in varlous combina-
tions, are sald to underly the opposltion of the members of
the palrs of sounds in a varlety of phonetic environments.
Among these features are the nature of the burst and as-
piration of stops, the duration of closure of stops, the
duratlion of the frilction of fricatvives, and the duration of
sounds preceding the members of both stop and fricatlve

cognates.j

The Voicea/Voiceless Upposition

In 1ts most elementary manifestation, the voiliced/
volceless opposition is caused by the presence or absence
of perlodic vibrations of the vocal folds during the
articulation of a speech sound.u Thus the vocal folds may

be described as vibrating during the articulation of such



sounds as /b,g,v,z/ and at rest Jduring the articulation of
such sounds as /p,k,f,s/.

A variety of impressionistic tests 1s recommended
to demonstrate this assertion. C. K. Thomas suggests that
one touch the tip of one's larynx lightly whlle saylng the
words fall and vell to demonstrate the volceless/volced
contrast between /f/ and /v/.5 banlel Jones remarks that
when "breathed [voilceless] and volced sounds are pronounced
while the ears are stopped a loud buzzing scound 1s heard 1n
the latter case but not in the former,” and adds that "It
ls possible to sing tunes on volced sounds, but not on
breathed [voiceless]) ones.”b The valldity of such tests 1s,
cf course, questlonable, particularly wlth recard to stops
Such as bknglish /b,d,g/, where tactile sensitivity may not
be acute enough along the time dimension to distingulish
the volcing during closure (1f there is any) from that of
the followlng vowel.Y

It 1s, in fact, the category of stops whlch supplies
much of the basis of the argument which denles that the
voiced/volceless opposltlicon (in the form so far consldered)
effectively separates the members of cognate pairs 1in
English. Spectrographic evidence reveals that in 1nitlal
position before a stressed vowel, botn /p,t,k/ and /b,d,g/
are often produced without volcing during thelr closure
stage.8 Thus, according to the elementary definitlon of

volcing, both series of stops are volceless 1In English in

at least one very common phonetic context.



Spectrographlc investigation further indicates that
there is often audlble volcing present 1n the closure for
/p,t,k/ when these stops are preceded by volced sounds in

I Finally, there 1s evidence that cognate

running speech.
stops in whispered (1.e. volceless) speech can usually be
distinguished .’

There 1s some 1ndication that members of the frica-
tive serles /v,b,2,3/ may be articulated without accom-
panylng vocal fold vibrations upon occasions. Trans-
1llumination studles reveal that members of these series
are often produced with an open glottis, and, less fre-
quently, without wvocal pulsing.ll

It appears, then, for fricatives as well as for
stops, that the presence or absence of periodic vocal fold
vibrations 1is not always a certaln indication that a sound
wlll be percelved as belonging to one phonemlc category
rather than another. That 1s, the voiced/volceless con-

trast does not serve to separate the perception of stop and

fricative cognates in all thelr phonetic manifestations.

The Fortis/Lenis Opposition

An alternative contrast often sald to perform the
above function successfully 1s the fortis/lenls opposition.
Most lingulsts use the terms fortis and lenls to refer to
elither or both of two parameters:

1. The degree of oral breath pressure during the

articulation of a sound.

2. The tenslon of the muscles 1Involved In articula-

tion.12



In thls scheme sounds such as /p,k,f,s/ are said to be
characterized by relatively greater muscular tension and
high oral breath pressure and so are labelled fortis. Sounds
such as /b,g,v,z/ are sald to be characterlized by relatively
lax articulation and low coral breath pressure and so are
termed lenis.

Many linguists hold that 1n knglish the fortis/
lenls cpposition 1s more fundamental than the voiced/
volceless c¢opposition. Jakobson, lialle and Fant comment that
"In languages lackling an autonomous opposition of veiced
and volceless consonants, the latter 1s elther used as a
mere concomltant of the oppositlion of lax and tense con-
sonants, as In English, or oral consonants are normally

volceless .“15

Stetson, 1n much the same manner, states
that the pressure difference underlying the fortis/lenils
opposltion "1s more fundamental than the voicing of con-
sonants, and persists after the voicing distinctlon 1s lost,
1.e. after both surd (fortis) and sonant (lenls) are
volced . . .“lu
Although earlier statements of thils theory were
often based on impressionistic evldence, some experimental
work 1n recent years has supported the validity of the
opposition in a variety of phonetilc environments. Black
found the mean oral air pressure during the articulation of
/p,t,f,s/ greater than that during the articulation of
/b,d,v,z/. This finding held for sounds in initial, inter-
15

vocalic and final pesitions. Stetson found that vertical



movements of the larynx caused pressure differences in the
oral cavity and that these pressure differences were 1in
agreement with the assignment of /p,t,k,f,9,s5,5/ to the
fortis category, and of thelr cognates to Lhe lenis group.l6

Maldcot found that oral air pressure measurements

taken by means of a nasally Inserted catheter matched his

subjects' "kinesthetic 1impression of force of articulation
in a general way and . . . [fit] the lenis-fortis theory
perfectly.“17 In a later study, using improved mechanical

devices for measuring pressure, Malédcot found that there
were significant differences in peak pressure, time integral
of lnstantaneous pressure and total duration of pressure
between classes of stops 1in intervocailc, pre-stress
position.18 Further, Malécot determined that the subJects
of his experiment were sensitive to differences 1n peak
pressure ana time integral of pressure that were '"well
within the range of values observed real Speech.”19
Some recent studies, however, by Maldcot, Lisker
and others, have shown that there is no conslstent physical
basils for a fortis/lenis distinction in Enpllish, either 1in
terms of breath pressure or of articulatory energy.eo
Measuring the breath pressure component of the oppositilion
in stops, Lisker found "questionable the ready acceptance of
the view that a difference in supraglottal alr pressure 1s a
thoroughly reliable index of the /ptk/-/bdg/ contrast, and

that such a pressure difference constitutes the evidence for

the existence of a fortis-lenls dimension independent of



-
nel | isker mea-

ana more funuamental than one of volicing.
surea peak pressure, the time 1ntegral of instantaneous
pressure, and the auration of pressure buildup and decay

for stops inrn 1Initlal, medial-pre-stress, meuial-post-stress,
and final positions.za No one of these measures of pressure
effectively separated the stops L each of the positions
Investlgsateu, altiough all of the measures werec effectlve

in final positlon and one or more measures were operative

L each position.“”

It may be noted that Lisker anc “alfcot aiffer in
tnelr results for meulal-pre-stress pusitlon in re.caru to
peark pressure, opoutn, however, found the tlme inte.ral of
instantaneous pressure to separate stop caterories 1n tnls
position,a“ and Lisker, in a later stuuy, founu tLotal
duration of pressure to ve a rellable Indicator of
categorization.gb

Lisker hias polnted out that the fact that initial
stops of both classes show no significant difference in
pressure proflies 1s of speclal import: Olnce initial
stops of wouth c¢lasses are often prouuced without voicine
aurlng the c¢losure period while pressure 1s increaslng,
"tne aovsence of any difference between the two . . . does
contradict the view that a aifference in pressure in-
varlably marks the contrasts between /ptk/ and /bdg/.“20

Further, 1in questloning the consistency with which
phoneticlars apply the terms fortis and lenis, Lisker

notes that a medlal post-stress stop, such as the /p/ 1in



copper has been characterlzed 1n the literature as being
lenis. Slnce /p/ l1ls elsewhere referred to as fortls, Lis-
ker concludes that "we must reckon with the fact that there
1s some disagreement as to the existence of a fortlis-lenls
contrast vetween /ptk/ anu /bdi/ in Just that position where
the two series (alveolars excepted) differ most [accoraing Lo
stuaies done at tlas«lins Lavoratories) 1n pressure. Con-
versely, it 1s where phoneticlans seem most in azreement
that there 1s a fortis-ienls difference, namely In initlal
position, tnat no pressure uifference may be founa." Lisker
concludes that "if we wish Lo contlnue to say that the
initial stops differ in tenslon, we must reject the [alr]
pressure definition of the fortis-lenlis difference and
search for some other physical interpretatlon of this
uimension."27
The second of the foritis/lenls measures, muscular
tension of tne articulators, was investlpated by Malécot.
Measuring pressure duration, peak pressure, and pressure
impulse of the muscles of opposlng articulators, for lablal
and alveolar stops and nasals, he found that "American
speakers do not articulate consonants 1in such a way as to
vield values [of articulatory pressure] sufficlently dis-
tinctive to be used propriloceptively in ldentifying phonetlc
class."” Malbcot concludes that motor commands to the
articulators (for the sounds he studied) contain no in-
formation regarding tension, but merely that an occlusion

28
be made at a particular place 1 the mouth,



Force of muscular tension auring articulaticn has
also been measured In two independently conducted studles
which employed electromyographlc techniques. Measuring con-
tractions of the orblicularis orls muscle durlng the articu-
lation of oral and nasal lablal stops, 1n initial and final
syllable position, a research group at hHaskins Laboratories
found tnat althougph some differences in tension exlst be-
tween /p/ and /b/, they "are small at best and non-exlistent
for some subjects. The differences observed 1n these ex-
periments could not serve as the basls for a workable
phonemlce distinctlon based on muscular tenseness or
laxness."EQ

Fromkin, 1n a separate stuay, found such a great
overlap vetween the peak amplitudes of the EMG traces for
/p/ and /b/ 1In initial and final positions that she con-
cluded "the gestures at the lips were virtually ldentical"
for both sounas. OShe did, however, find a ereater duration
of muscular tension for /b/ than for /p/ 1n every utterance
tested.30 This finding contradlicts the fortls/lenis theory.
In the data supplied by the principal subject of Fromkin's
experiment, "initial /b/ . hows both greater amplitude and
greater duration of muscular activity than initial /p/,
whlle final /p/ shows greater amplitude but shorter dura-
tion than final /b/." On the basis of these results
Fromkin concludes, in agreement with the Haskins group,
that "a feature other than the tense-lax feature must

differentiate these two phonemes [1.e. /p/ and /b/]
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in English,”31»32
It seems, then, in English, that both the volced/
volceless and the fortis/lenls oppositions, 1f internreted
in their most baslic and fundamental senses, do not possess
the generallty necessary to separate the members of cognate
palrs Into twc claszes, That 1s, there 1s at least one actual
contrasting phonetic manifestation of each cognate palr tnat

nelther of the oppositions adequately explalns.

Acoustlec Cues to Cognate Differentiation

Phoneticians, both in attempts to extend the nature
of the opposlitions described above, or in recognition of
thelir inadequacy, have lnvestigated a number of phonetic
features that characterize the allophone of one phoneme 1n
a given phonetic environment, but not the allcophone of
its cognate In the same environment. It 1s likely that
those who view these features as reflexes of the voiced/
volceless or fortis/lenis coppositions recognize that these
cppositions must be substantlally modifled from their funda-
mental forms Iin order to serve as theoretical tases whlch
adequately account for each of the several acoustic events
that might be ascribed to them,

One of the features whilch has been studled 1s
agspiration. It has long been noted that asplratlon accom-
panies the release of English /ptk/ (but not of /bdg/) when
these sounds occur initlally in a syllable before a stressed

vowel.33’3“
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Two 1lndependently conducted tape-cutting experi-
ments are wldely interpreted as demonstrating the presence
of aspiration as cue to /ptk/ and 1ts absence as a cue to
/bdg/. In both of the studles it was found that when the
/s/-friction was removed from the beginnings of words such

as splll, still, sklll, native speakers of Engllsh identl-

fied them as blll, dill, glll, rather than as worcs 1niti-

ated by /ptk/. Since the stops 1ln these words are often
described as volceless and unasplrated, and since they were
heard as "volceua" stops by the llsteners, the experlimenters
concluded that "aspiration 1s a more dominant cue than

voicing 1n the perceptual separation of these two classes of

Hultzén argues that stops after /s/ in 1inlitial
clusters should be interpreted phonemlcally as /bdg/.
ile uses tape-cutting experiments as evldence, and refers to
arialogous cases where '"the segment atter /s/ 1s a recognized
lenis, elsewhere volced, which has no recognized fortls,
usually voiceless counterpart, [e.g. /sm/, /sn/, /sw/,
/si/, /s1/ . . .1.m30

Lisker objects to Hultzén's assumption that volced
consonants such as /m,n,w,Jj,l/ 1in post-/s/ positlon are
lenls and volceless. Referring to work by Sholes, Llsker
indicates that alr pressure measurements for stops after
/s/ do not vary significantly from those for initial /ptk/.

Further, "spectrographic evldence also contradicts Hultzen

in his consignment of the second members of such clusters



12

as sp, sl, and tr all to a single volceless lenis category,
inasmuch as there 1s no acoustlec baslis for claiming that
they are equally devoiced in that position.”™ Lisker con-
Jectures that Hultzén may have mistaken a "reductlon in the
duration of the second conscnant'" in such clusters as /sm/,
/sn/, /sl/, for devoicing.37
Lisker further rejects Hultzén's contentlion, polnt-
ing out that although the tape-cutting experliments indicate
that post-/s/ stops "can be dlstingulshed from initial
/ptk/, they certainly cannot be taken to force the decislion

that . . . [they are] /bdg/." That is, the stops beginning

the words labelled as billl, di1ll, gill, are not 1initial

stops. Rather, they are acoustic segments which have been
displaced from their actual context. Thus, comparing them
with initial /ptk/ and /bdg/ may lead llsteners to make a
phonemic identification that 1n fact "conflict[s] with an
assignment required by the phonological facts of the
language." Lisker notes that when "the /p/ 1n words llke

rapid copper, etc. were presented as inltial stops for

Judgments . . . they were by and large called /b/. 3Since

kEnglish contalns such palrs as rapld-rabid 1t is very clear
that the results of this experiment cannot be phonologlcally
decisive."38
Some phoneticians feel that asplration 1s simply a
reflex of the pressure differences which characterize the

fortis/lenis opposition. If it 1s, 1t 1s a reflex that 1is

absent 1n several phonetic contexts: /ptk/ are often
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unasplrated (i1.e. unreleased) in English 1n absolute final

position,39

and preceding other stops, especlally thelr
cognates.llO For those contexts where /ptk/ are clearly dis-
tingulshable from and in opposltion to /bdg/, in splite of
the lack of aspiration,ul one must assume elther that the
fortis/lenis opposition 1s inoperative, or that 1t mani-
fests itself 1n other ways (see below: vowel duration pre-
ceding final consonants).

Other 1investipgators tend to view asplration as a
reflex of the voiced/volceless opposltion, although their
Interpretation of the opposition 1s different from that
described above. Thils interpretatior will be dealt with
at length 1n a later section of thils stuay.

Much the same lilne of argument that has been applled
to the cue value of the aspiration of stops may also be
applied to the burst-release of /ptk/.'° As with as-
plration, some lingulsts tend to view burst pressure or
intensity as a reflection of fortisness or lenisness.

Halle, Hughes and Radley, maklng acoustlic measurements
of stop consonants, noted that burst pressure 1is the

q3 "laX

essentlial cue that separates /ptk/ from /bdg/:
stops . . . show a significant drop 1n level ir. the high
frequencies [of the burst]. Thls high-frequency loss 1s
a consequence of the lower pressure assoclated with the pro-
duction of lax stops and l1s therefore a cruclal cue for this

class of stOps."uu However, Halle et al. found that using

an electronic gating device to remove the bursts of flnal-
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position stop consonants45 caused little confusion between
members of cognate palrs, '"because of the very marked
difference 1in duration of vowels before tense and before
lax stops. . . _"u6,h7 There was, however, =ome slgnificant
confusion 1in judging syllables originally ending In /ptk/
which were thought to be "open" (1.e. unchecked) when heard
with the burst removed.u8 This would seem to Indicate that
the burst 1s a cue for the presence or absence of /ptk/, but
not necessarily a cue opposing those stops to thelr cognhates.
Malécot and Wwang report simllar results in thelr
studles of plosives in flnal poslition. Malécot states that
"suppresslon of the releases leaves the volced stops
practically unaltered, but results In a drastic reduction of
the manner [(i.e. voicing] 1dentlfication of the volceless

49 Wang explalins that since American speakers tend

stops."
to release final /ptk/ more frequently than final /bdg/,
the releases of the former set are more important cues for
ldentification than are the releases for the latter set.50

Both wang and Malfcot found that replacing the re-
leases of final /ptk/ with those of /bdg/ generally tended
to shift the perception of the final consonants from the
former to the latter set, although there was no significant
shift when filnal /bdg/ releases were replaced wilth those of
/ptk/. These results were explained by the fact that there
was volcing during half the closure for both classes of

stops. Thus, for example, when a /p/ release was sub-

stituted for a /b/ release, the volicing durlng closure cued
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the original perceptlon as /b/, whereas a /b/ release sub-
stituted for a /p/ release merely reinforced the perception

51,52 mys 18

of /b/ cued by the volcing during closure,
further evidence of the relatively greater importance of

the release of /ptk/ as a cue for ldentification, as opposed
to the release of /bdg/.

As 1n the case of asplration, 1t must be noted that
burst-release 1s not a universally present reflex of a
fortis/lenls opposition, 1f, in fact, 1t can be ascribed
to differences in breath pressure and articulatory pressure.
That 1s, there are cases wnhere stops are unrelessed 1n
English and in which, therefore, no differentiation 1s pos-
sible on the baslis of the acoustic nature of the burst. It
1s interesting to note that these unreleased allophones
occur 1n phonetlc contexts where Lisker found that there is
a pressure difference between the two classes of stops
(see above, p. 7).53 Further, when stops In these contexts
are released, 1t does not appear that the pressure differ-
ence always cues a dlstinctlion between them.

Another phonetlic feature, studled for both stops
and fricatives, 1s duration. In the case of stops the
duration measured 1s that of the closure or 'hold' period.
For fricatives, the duration of the friction in the acoustic
signal 1s considered relevant. Both of these types of
duration have generally been found to be relatively longer
for the /p,t,k,r,0,8,§, / series than for thelr cognates,

4
in those contexts where differences are I‘ound.5
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Lisker, using varying lengths of blank tape to
simulate the closure portion of intervocalic bilabial and
velar stops, found that "there exists a closure duration,
perhaps about 75 msecs for trochees in isolation, such
that all stops of a briefer duration are heard as volced
by American subjects; and that there 1is another c¢losure
duration, 130 msecs ., . . such that stops of thils duratlion
and longer are assigned to the voliceless category."55

In a similar study, using spectrographic analysls,
Sharf found a signlficant difference between the closure
durations for /p/ and /b/, and for /k/ and /g/ in inter-
vocalic post-stress positlon. No such difference, however,
was found between /t/ and /d/. Thls was expected, since
the /t/~/d/ opposition is effectively neutralized in medial
post-stress position by many, 1f not most, speakers of

American English in such words as 1atter—1adder.56

These results recelived further confirmation in a
later study in which Lisker measured closure duration by
noting the duration of the rise and fall of intraoral
pressure assumed to accompany stop closure. The data were
virtually ldentical with chose derived from spectrographlc
measurement. Lisker found, however, that there was only a
negligible difference in closure duration between the two
categories of stops in other than intervocallc post-stress

57,58,59 He does, however, note another type of

pesition.
difference between the two classes of stops: The closure

duration of intervocalic /bdg/ is much more sensitive to
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varlation in stress on the preceding and following
syllables than 1s that of /ptk/. 1In fact, the difference
between /bdg/ closure duration following stressed vs. un-
stressed syllables 1s as significant as "the difference be-
tween volced and volceless categories in the one position
in which it is found."bU
In a later experiment, employing spectrographic
measurement, Lisker found the relation of stop closure
duration of /ptk/ to /bdg/ to be the reverse of that for
post-stress intervocallc position: /bdg/, separated from a
preceding /s/ by a worda boundary as in It's Bill's (/s

¥ b,d,g/), evlidence a longer closure duration than do /ptk/

in a similar context such as It's pills (/s # p,t,k/}. The

"neutralized”" stop 1n expressions of the type It's still

(/s # sp,st,sk/) and It spills (/ # sp,st,sk/) evidence
closure durations that do not seem to differ significantly
from the closure durations found for stops in contexts such

as It's pills (/s # p,t,k/).%1

Lisker concludes from hls 1lnvestlgations that stop
closure duration Is unrellable as an indicatlon of the
fortis/lenis opposition because it fails to separate the
categories of stops in a consistent manner. The fortls/
lenis opposition must thus be rejected as a useful theory
if 1t is maintained that '"the two stop categorles differ
in force of articulation only where they differ in
duration."62

Investigation of the duration of friction for
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/f,0,8,5/ indicates that 1t 1s relatively greater than 1s
the duration for /v,é,z,s/.63 The perceptual significance
of friction duration has been demonstrated by Denes 1in an
experiment on the words (the) use /jus/ and (to) use /juz/.
By interchanging the final consonants and adjusting their
durations so that /s/ was shortened by two-thirds and /z/
lengthened by a factor of three, Denes causec listeners to
reverse thelr judgments of the originally recorded words:
/Jus/ was heard as /juz/, and vice—versa.Gu In the same
experiment, varylng durations of /s/ friction were coupled
with a precedlng vowel of varylng duration. The results
of listeners' Judgments indicated that ". . . the duration
of the vowels and of the final consonants have a definite
and consistent influence on the perception of f‘voiclng.'"
The durations which were varled were found to be inter-
dependent, with the effect that "the perception of 'volcing’
of the final consonant lncreases as the ratio of the dura-
tions of final consonant to preceding vowel decreases."65
Two experiments by Sholes, using syntheslized /s/,
in final position, produced results similar to Denes'. In
the first study, preceding vowel (syllable) duration and
friction duration were co-varied along with formant tapering
and total vcice duration. Friction duration was found to
be the most important of the varlables tested, although
preceding vowel (syllable) duration alsoc proved cruclal as
a cue for most of the listeners who judged the final /s/

as /z/: ". . . shorter total length [of the preceding
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vowel-syllable] tends to disfavor /z/, whereas longer, or
at least medium total length tends to favor 1it. In this,
totali length works at odds with friction length, which

favors /2/ when shorter, but rules it out when longer'."66
Further analysls of the data indlcated that a constant
friction duration of 110 msec was most approprilate for /z/,
whereas the most unanimous Judgments of /s/ were '"for some

nbT This

{sufficlently lonyg) value of friction length.
findlng corntrasts wlth Denes' that /s/-/z/ identliflication
depends on the "ratio of friction and vowel duraticns.”
However, DbLenes' use of very short syllables in which the
optimal friction duration for /z/ {(as determined by Sholes)
was not always reached, may explain the dlscrepancy. In
any event, both authors clearly Indicate that "non-spectral
characteristics, such as duratlional relatlions, play a
by-no-means insignificant role in our perceptlion"” of speech
sounas as 'voiced' or 'voiCeless.‘66

Both Denes and Snoles comment on the cue value of
the intensity ratio between the preceding vowel and the
consonant. Denes notes that "the effect of intensity 1s
greatest . . . where the duration ratlios [of vowel to
consonant] change over from the 'volced' to the 'unvoilced!'
values. . . . [T]he final consonant 1s more likely to be
heard as a 'volced' sound as 1ts intensity becomes less
and less as compared with the vowel."69

Sholes, by synthesizing vowel formants with varylng

degrees of tapering, was able to adjust the Intensity
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ratlos between flnal consonant and preceding vowel. He
found that two of the four subjects required a tapered
formant in order to hear /z/, and that none required a

tapered formant to hear /s/.70

The first of these results,
for /z/, seems, Iin part, to contradict Denes' findings.
That 1s, taperling the vowel formant tends to lower the in-
tensity of the vowel relative to the consonant. This,
according to Denes, should make /s/ a more llkely response,
rather than /z/.

An oft-noted fact of (American) English pro-
nunclation 1s that vowels preceding consonants of the class
/b,d,g,v,0,2z,5/ are of greater duration than those pre-

cedlng the class /p,t,k,f,B,S,S/.7l

Frequently the differ-
ence Is assoclated wlith or ascribed to the volced/volceless
opposition: "The same vowel if stressed, 1s longer when

final or vefore a volced consonant than it 15 before a volce-

wle

less consonant. The fortis/lenls classlification of the

consonant 1s also offered as an alternatlve basis for the

systematlic variation in vowel duratlion: ". . . the volcing
characteristic (or the effort) assoclated with . . . the
followlng consonant . . . changes the average duration of

"73

vowels markedly. Differences 1n vowel duration have

been most closely studied for stops in final positlon in

74

i1sclated words. Absolute measurements of duration vary
greatly from vowel to vowel, since intrinsically shorter
vowels such as /I1,8,e,U/ when lengthened before a con-

sonant of the class /bdg/ will not be as long as
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intrinsically longer vowels such as /i,el,®,u/ in the same
context.75 One must thus view absolute values of duration
as fully significant only with relation to a single vowel
in a single phonetic environment, especially since a vowel
such as /1/ may, 1n the context /b _t/ be shorter than a
vowel such as /I/ 1n the context /b_d/. Per cent
differences, ratlos, and ranges of absolute values will thus
be more revealling than any single absolute value or mean

of absolute values. Table 1-2 presents some of the
measurements and estimations of vowel duraticn reported

in the literature. Flgures are presented as orlglinally
stated by the writers with the additlon of ratlos, per

cent differences and ranges of varlatlon as determlned,
when possible, by thils writer from the data. All durations
have been converted to miiliseconds for the purposes of

comparison.



TABLE I-2

COMPARISON OF DATA FOR VARIATION IN VOWEL DURATION BEFCRE

'"VOICED' AND

BEFORE 'VOICELESS'
(ALL DURATIONAL VALUES GIVEN IN MILLESECONDS)

STOPS

VOWEL DURATION BEFORE ALL STOPS

RANGES OF VOWEL DURATION BY PLACE OF

ARTICULATION OF FOLLOWING STOP

%
Differ- Range Average
Author ence /ptk/ /bdg/\|/ptk/ /bde/ || /p/ /o/ /da/ /k/ /g’
Heffner'® | 20 140~ | 190- 140- | 190- 200- || 140-| 270-
2T0 330 250 280 330 250 300
Rositzke77 50
Peterson’® | 33 138-1 168- | 197 | 297 |l138- | 203- 206- || 145_ | 243-
2u3 318 188 307 318 200 314
Stetson79 60 149
(Avg)
GimsonS? 50
Belasco81 40 140-1 260-
270 290

ee
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Results similar to those recorded in Table I-2 have
been found for vowel duration preceding medial stops.
Lisker found an average difference of 25 msec between the
shorter vowel before /p/ and the longer vowel before /b/

for trochees of the type staple-stable, rupee-ruby.82 Lorge

notes the difference in vowel duration before intervocallc
post-stress /t/ and /d/,83 as does Sharf, whose spectro-
graphic measurements reveal a 9 msec difference. This
contrasts with the 30 msec difference found before inter-
vocallc post-stress labial and velar stops.au This dis-
crepancy might well be expected, however, since, as has
been noted above, the /t/-/d/ opposition 1In words such as

bltter-bidder, latter-ladder and metal-medal 1s often

neutralized In Amerlcan English.85 It 1s clear, therefore,
that the difference in vowel duration before final stops
is preserved 1n the case of 1ntervoca11c86 post-stress
stops, although it 1s greatly diminished, especlally before
alveolar /t/ and /d/.87’88
Vowels preceding fricatlves show a simllar variation
in duration. Peterson and Lehlste found an average vowel
duration (for intrinsically long and short vowels taken
together) of 228 msec before fricatives of the class
/f,0,s,5/, and of 376 msec before fricatives such as

89

/v,8,2,3/. The corresponding ranges of variatlon were

192-278 msec and 231-410 msec for an approximate ratio of
2:3 and a per cent difference of 33.90

Although the differences in vowel duration recorded
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above have been noted for at least a century,91

it 1s only
recently that thelr cue value has been investigated. Daniel
Jones notes that, "In some varileties of English it would
appear that no difference 1s made between the sounds of
final d ana t, both being pronounced g. In the speech of
those who pronounce 1in this way words llke heed and heat

. +» . are distingulisned solely by the length of the vowel,
H. J. Uldall . . . conslders this pronunciation common in
America, but the point does not seem to have received much

n¥2 Lisker and

attention from American phonetlcians.
Abramson concur, adding that "The single differentiating
feature [for stops 1n final position] that all descriptions
agree 1s regularly present 1s the greater length of vowels
followed by /bdg/, but this 1s usually treated as a matter
of vowel allOphones.“93
The vilew of the difference in vowel duration before
consonants of dlfferent classes as non-dlstinctlve 1s put
forth by several American phonetliclans. Thomas states that
“"Some of these differences are, of course, so slight that
we usually dlsregard them."gu Wise comments that "Since
changes of length . . . take place 1rn the utterance of
English-speaking people automatically and without signifi-
cance, it 1s c¢f 1little value to the layman even to know of
the changes. . . .”95 Heffner and Locke, writing specifi-
cally of the durational difference of vowels before final

/t-d/, doubt if it 1s long enough to be perceptually

significant: "This difference is of the order of .04 to .06
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seconds, which 1s 'perceptually' very short indeed. . . ."96

It 1s not unreasonable, however, to assume that the
duratlon of a preceding sound might have perceptual signifi-
cance as a cue to the nature of the sound following 1t. As
Lisker supgests, there may be "& one-many relationship
(which] exists between linguistic segments and acoustic ele-
ments specliflied by a subset of the features contributing to
speech perception.” Thus "each acoustlic segment might
be sald to supply cues to a singcle 1lnguistic segment, whlle
any features 1t contalins which have cue value for some cther
linguistic segment could be considered 'automatic' in the
nelghborhood of the acoustic seegment or segments having a
recognized relation to this other linguistic segment." 1In
sum, "a single llingulstic segment may be identifled on the
basis of cues contalned 1n more than one acoustlic segment,
and . . . a single acoustlic segment may provide infeormation
for the 1dentification of more than one llngulstic segment."97

Some recent work, often based on experimental evi-
dence derived from newly developed and improved measuring
devices, tends to ascribe relatively great perceptual
significance to vowel duratlion. Jakobson and Halle suggest
that "The relative duratlon of the consonant anu the ante-
cedent phoneme may remain for certaln contextual or optlonal
variants of tense and lax consonants the chief or even the
only cue to thelr distinction."98 Pilch notes that the
durational difference in vowels "before volced rather than

before volceless stops . . . has . . . 1n certaln dialects,



acquired phonemic significance by virtue of being maintained
even when /d/ and /t/ coalesced under [r} between stressed

and unstressed vowels as 1n latter /lers / o ladder,

/lmtesr /, and similarly in writer . . . rider, pouter . .,
powder. . ."99 Lorge's study revealed that Ss, when

ldentifying their own and other 3s' recordings of potentially
minimal palrs wlth intervocalic post-stressed /t/ or /d4/

(e.g. latter-ladder), tended to make more errors "on the

words contalning short vowels than on those containing long
ones. . . . This imbalance might posslbly have occurred be-
cause the distinction between /t/ and /d/, when lost in the
Intervocalic stop may be preserved in the length of the
preceding stressed vowel, and diphthongs allow for greater
variation in length than do short vowels.”lo0

Denes' experiment, noted above (see pp. 18-19),
indicated that vowel duration can be a sufflcient cue to the
identification of a word-final fricatlive as /s/ or as /z/:
[s] preceded by a sufficlently long vowel was ldentifled as
/Z/.lOI

Related experiments, employlng only synthetic speech,
and attempting to syntheslize final /z/ using hiss (aperilodic
vibrations), revealed that vowel duration or total syllable
duration can be a significant and sometimes essentlal cue,
although not as lmportant as frictlon duration.102’103

Other experiments, on syntheslzed final stops,

indicated that a shorter vowel duration (225 msec) enhanced

the perceptlon of /ptk/, while /bdg/ were more readily
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jdentified when the preceding vowel was lengthened (to 300
msec).lou More specifically, "A syllable having a vowel
duration of 200 msec. was so0 syntheslzed that 1t could be
heard equally well as /ek/ or /eg/ (Previocusly 1dentified
volcing cues . . . were . . . at neutral values). The
duration of the A&/ portlon was then extended and contracted
in steps of 50 msec., so that the flnal range of vowel
durations to be tested was from 100 to 400 msec." Vowels
longer than 200 msec produced listener Judgments of /eg/;
vowels snorter than 200 msec caused listeners to hear
e/ 10°

In a study employing tape-cutting and filtering
techniques, Noll found that shortening the vowels before
‘volced' fricatives, although 1t did not cause a change 1in
perception, did result "in a slight impresslion of voice-
lessness," when the volce bar was simultaneously filtered
out,.lOfJ

In testing filnal "voilced" fricatives, Noll found
that "The perception of post-vocalic /f/ and /s/ as volced
conscnants seems to be especlally affected by 1increasing
the duration of the preceding vowel, particularly 1f thls
is combined with an addition of a voice bar. . ., . The post-
vocalic /f/ and /€6/, on the other hand, do not seem to be
nearly so much affected by the vowel duration factor. Thus
vowel duratlon would seem to have some effect on the per-

ception of volicing in post-vocalic consonants [fricatives],

but the evidence of this study would indicate that thils
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effect varies with different phonemes and is secondary as
compared to the presence or absence of a periodic component
in the consonant spectrum."107

Estimates of the perceptual cue value of the dura-
tiorn of vowels 1n re the sounds that follow them bear a
close relationship to the question as to whether these dura-
ticonal differences are physiologically conditlioned or learned.
It the differences were found to be a function of physlology,
that is, 1f vowels must be longer before volced sounds than
before voiceless sounds because of factors 1lnherent 1n the
human vocal apparatus and its control mechanisms, then one
might confidently expect that vowel duratlon would turn out
to be a highly significant perceptual cue, since a vowel of
a given duration would always be assoclated with consonants
of a given class.108 On the other hand, physiocloglcal con-
ditioning 1is not crucial to the 1lmportance of vowel duration
as a cue 1n any gliven language: Theoretically, duratlonal
differences could be learned and Just as consistently
assoclated with different classes of conscnants as if they
had been physiologically conditioned.

Perhaps the most popular argument for the case of
physiological conditioning is that 1dentical relatlonships
between vowel duration and the nature of the followlng
consonant have been found 1n a number of languages: e.g.
English, Norwegian, Icelandic, German, French, Itallan, and

Hungarian. "The existence of the lengthenling effect . .

in so many languages supports the assumption that 1t has a
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physiological background."109

Peterson and Lehlste, however, on the basls 3f
cross-linguistic 1lnvestigatlion, maintaln that the con-
ditioning of vowel duration In monosyllables 1s a particular
feature of English and not a '"general principle applicable
toc all languages Induced by physiological factors."llo
House's rejection of physlclogical conditioning 1s based on
tne ldea that whereas vowels preceding fortis socunds should
have a greater duration than those preceding lenis sounds,
the opposite obtalns 1n hnglish.lll

Other writers, however, dlsagree sharply wlth House's
positlion. Delattre points out, contrary to House's estimate
of the fortis/lenls effect on vowel duration, that "We have
always made the opposite hypothesis, namely that the antl-
cipation of greater effort would make one shorten the vowel
more in bit than in gig!llg

Desplite some experimentally-based, though ambiguous
and frequently unrellable evidence presented by Stetson,113
as well as some speculation concerning neuro-physiology by
Heffner and Locke,llu and by House and F’airbanks,ll5 there
is very little 1in the way of empirical or theoretlcal evi-
dence relating to the physiologlcal events underlying the

phenomenocn of vowel lengthening in English. Further theo-

rizing and speculatlon should awalt such evidence.

Timing Relationships: Articulation and Glottal States

Among the most recent thecrles explaining the

perceived differences between members of cognate phonemes
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is that proposed by Abramson and Lisker. This theory seeks
the generality of the feortils/lenis and of the volced/voice-
less oppositions. In fact, one may easlily view the theory
as an extension and adaptatlon of the volced/volceless
opposltion which was presented at the beglnnlng of this
chapter, Uslng an ldea presented Ly Fant, Lisker and
Abramson have suggested that differences between cognates
may be explained in terms of the timing relatlonships be-
tween actlvity at the glottis and supraglottal articulatory
movements.llb Since the glcttis 15 one of the primary focl
of attentlion in thils theory, the relation to earller con-
cepts of volcing 1s apparent.

The development of the new volcing hypothesis de-
rives 1n part from the early work done in speech synthesis
at Haskins Laboratorles. The presence or absence of voicing,
originally assumed to be the primary cue differentiating

117 was shown, 1In a seriles

members of stop cognate pairs,
of experiments, to be of less importance than the nature of
the first formant transition and "time interval between the
burst and transition."ll8 These latter cues are both evi-
dent from spectrographic analysls of real speech. Gimson
notes that '"there is likely to be a marked rising bend of
Fl of the adjacent vowel in the case of /b,d,g/ which 1s

“119

not as marked in the case of /p,t,k/. Fischer-

Jfrgenson states that the beginning of the [vowell]
transition after /ptk/ 13 concealed by "the volceless pause

[containing aspiration] between the exploslon and
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the vowel. . . ."120
Delattre, reviewing the findings of the Haskins
group, indicates that it is the presence of the first-
formant transition whilch "seems to contribute very strongly
to the presence of vcleing and 1ts absence {along with
aspiration 1in the second- and third-formant transitions]
to voicelessness."l2l
Since the transltion of Fl is a significant cue to
volcing, the cutback (or removal) of F1l may be viewed as a

(further)l22

delay in the onset of volcing. Thus 1t 1s
posslble to "define the amount or degree of voiclng of a

stop [in 1nitial position] as the duration of the time inter-
val by whilch the onset of perlodic pulsling elther precedes

nles If the two classes of stops dis-

or follows release,
play distinctly different ranges of values of voicing onset
time {(hereafter, VOT) 1t 1s then possible, In a sense, to
reinterpret the difference between them as one of volicing,.
Further, the presence or absence of asplration, often taken
as a slgn of the fortis/lenls opp~=itlion, and "coordinate
with voicing, 1s then regarded simgi, as the autcmatic con-
nl2h

comlitant of a large delay in volce ouset,

Abercrombie explains thils last point 1in Elements of

General Phonetlcs: "Flnally we must consider the co-

ordination of the states of the glottis with the different
phases of a stop. . . . If volcing does not set in until
after phase 111 [release] 1s completed, the plosion itself

will be voiceless, and the stop 1s sald to be volceless
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aspirated. If, however, volcing starts simultaneocusly with
the beginning of phase 111, then the plosion 1s voiced and

the stop 1s termed voicless unaspirated. . . . A voiced stop,

a volcless unaspirated stop and a volceless aspirated stop
differ, then, according to the point at which volcing sets
in. . . .“lEb

Lisker and Abram.on, 1n a cross-language study
using spectrographic analysls, sought to determline 1f, 1in
fact, the VOT measure would serve to distingulsh classes of
stops in inlitlal position. Thelr data for four kEnglish
speakers, speaking lsolated words, revealed that in every
case of 1nitial /bdg/ there was an earlier onset of volcing
of the followling vowel than there was in the case of the
cognate class /ptk./126

The authors conclude that thelr findlings can be
explalned by '"certaln Inferences about glottal behavior.

. 1t 1s to be understood that thls is neot merely the
obvious questlon of whether or not there 1s laryngeal
vibratlion. Instead, 1t seems evident that a falrly com-
plicated acoustic output 1s dependent upon the relatlvely
simple matter c¢f varying the area of the glottis. If the
speaker closes the glottis down enough for phonation, he
does not directly 'command' the vocal folds to vlibrate;
rather, he makes the necessary muscular adjustments that set
the conditions for vibration when sufflcient airflow is

nle?

supplied. In sum, Lisker and Abramson propose that

"glottal mechanlsms" are the basis for explaining most, 1f
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not all, of the phonetic features which distinguish stop
cliasses in various phonetic contexts.
A later study sought to determine what effect

running speech (context) would have on VOT in stops. In
general, 1t was found that VOT values were reduced 1n running
speech as compared wlth the prenunclatlion of isolated words.
Another effect was that the VOT values for members of cog-
nate pairs were fourd to overlap 1n context.128 Lisker and
Abramson maintaln that the fallure of the VOT measure to
separate the two stop categorles 1n context means elther
that there 1s "some general 'blurring' of distinctiveness
that may be inevlitable at . . . higher articulation rates

. . where lingulstic constralnts willl take up any 'slack'
in intelligibility . . ." or that there are "other acoustic
features, whose contribution to intelllgibility may be re-
dundant for dellberate speech but 1ndispensable at higher
rates of transmission.“129

In seeking to explain the cause of the overlap in

VOT values for cognate sounds, the authors polnt to several
contextual factors and experimental artifacts. One factor
contributing to the overlap 1s stress. The VOT values for
/ptk/ are greater when these sounds appear before stressed
vowels than vefore unstressed vowels. The reverse 1s some-
times true for /bdg/, where values are slightly greater be-
fore unstressed, rather than stressed, vowels, 1ln those cases
where there 1s no voicing 1ead.130

A complicating factor Iin measuring VOT, especlally
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for /bdg/ before unstressed vowels, 1s that in a voliced
centext, vocal pulsing usually continues from the preceding

sound through the stop closure.131

Thus overlap between
stop categorles appears to be greater than i1t 1s, since only
very few "occurrences of /bdg/ . . . could be measured for
VOT," and most of them overlapped with /ptk/ values. If,
however, these cases of continuous volcing are taken as
negatlve VOT, then there is little overlap between stop
categories.132
The /ptk/ serles also provides measurement diffi-
cultles before unstressed vowels. These sounds, In a con-
text of volcing, often have audible "edge vibrations” of the
vocal folds during the articulatory closure period. Lisker
and Abramson view edge vibraticns as the continuing
"laryngeal oscillations of a preceding volced environment,"
which occur "for a whille even after the glottls has begun to
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open for a voiceless stop. These vibrations, however,

drop "from 2 to 20 db. below auditory threshold" after the

134 Since these cases of audlbly dis-

release of the stop.
contlnucus volicing are not taken into account when one
measures VOT from the stop release, the overlap between
categories 1s agaln made to appear greater than 1t might
otherwlise seem.135
Taking these factors into consideration, the authors
conclude that there does seem to be "a very close match
with respect to the relations between stress and VOT,"136

and that when the effects of stress are taken into account
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it can still be maintailned that "/ptk/ and /bdg/ are
characterized by significantly different distributions of
137

VOT values.," In isolated words before stressed or un-
stressed vowels, VOT completely separates the two stop cate-
gorles. In words in sentences, although there 1s an overlap

"not

in VOT values, especlally before unstressed vowels,
only are the mean VOT values greater for /ptk/ than for
/bdg/ 1n the same context, but . . . no contextual varlant
of /ptk/ has a mean value as small as that of any varlant
of /bdg/."13b

The fact that there is an overlap, however, indi-
cates that there is posslbly "no single acoustic feature
by which the category membershlip of any glven stop may be
determined Independently of context. Instead, there 1is
reason to belleve that /ptk/ are invariably characterlzed
by a gesture of laryngeal opening, and that such a gesture
does not accompany the articulations of /bdg/.“139

The inference concerning the states of the glottils
during stop productlon 1s based, in part, on early
transillumination experiments done at Haskins Laboratoriles.
Although the data for these experiments ls somewhat re-
stricted with regard to number of subjects (only one) and
utterances analyzed, there were examples of "all the Englilsh
stop and fricative consonants" in initlal and medial
positions.luo The experimenters found that "in the case of

the stops, the volced and voliceless categories are almost

perfectly sorted on the basls of presence versus absence oOf
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glottal opening or interruption of pulsing." As in the con-
text experiment, the authors found that /ptk/, especially
before an unstressed vowel, occasionally showed either no
glottal opening during articulatory closure, and/or no break
in phonation.lul Before stressed vowels /ptk/ was produced
96% of the time with an open glottils; before unstressed
vowels, 84% of the time. /bdg/, on the other hand, was pro-
duced 94% of the time with the glottls closed.'?
Other experimental filndlngs support the correlation
between VOT and stop classes, as well as iInferences about
glottal states. Lisker's study of stops after initial /s/
(see above, p. 17) indicated that VOT "sharply"
separated utterances of the type "It's pllls" (/s#p,t,k/)
from those of the types "It spills" (/#sp,st,sk/), "It's
ski1ll" (/s#sp,st,sk/), and "It's B11l's"” (/s#b,d,g/):
The "mean value of %5 msec [for "It's pills"] 1s appropriate
for stops of the kind called voiceless and aspirated.“1“3
If, of course, VOT were cruclal to perception, by virtue of
the fact that 1t condlitioned the presence or absence (or
degree) of aspiration after the stop release, we would ex-
pect from these results that the stops in initial /sp,
st,sk/ combinations, not having appropriate VOT values for
the set /ptk/, should be perceived as /bdg/. The two
independent tape-cutting cxperiments clited above (see
pp. 11-12) confirm this hypothesis. That 1s, when the /s/-

friction 1s removec¢ from before the stops Iin words svch as

splll, still, and skill, they are percelived as bill, dill
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and glll by speakers of English.l*4»145

Electromyographlic evidence also lends support to the
effectiveness of the VOT measure in separating stop cate-
gories. Although no differences in muscular tension could
be found between 1initial and medlal /p/ and /b/, experiment-
ers felt that the "difference between the bilablal stops
can be accounted for on the basis of the behavlor of the
glottis. During the serles recorded here [e.g. /gpik,
sblk, plka, bilke, depl, dembl, dempl,/ etc.] the vocal cords
were always vibrating at the time the stop occlusion was
released for volced scunds and never were vibrating at the
time of release of volceless sounds."lub

Simliarly, Fromkin found an average difference of 45
msec between the peak of muscular activity for initial /b/
and /p/ and the onset of voicling, the shorter duratlon belng
between /b/ and the following vom.w':l.lu7 For /p/ and /b/
in final position, Fromkin's data 1ndicate that the offset
of volcing occurs simultaneously with lablal closure for
final /p/, but continues for some time durlng the closure
for final /b/.lu8

Experiments employing synthetlc speech and designed
to conflirm the perceptual significance of VOT have been
performed. Abramson and Lisker syntheslzed a vowel pre-
ceded by an alveolar stop. The VOT was varled from a lead
of 150 msec to a lag of 150, as measured from the release.

The synthesized stimull consisted of a burst, preceded by

a volcing bar of varying length in those cases where there



38

was volclng lead, or silence when there was no lead,
followed by an Fl with a 50 msec transition that was re-
placed by hiss as it was cut back in the series of stimull
with volcing lag. Attempts were made to keep the burst-
hiss 1Intensities at a ratlo equally approprlate to both /t/

and /d/.lug

When the stimull were heard by speakers of
English it was found that the phoneme boundary between
initial /t/ and /d/ was at +25 msec, a value which "co-
incides neatly with the boundary between the two non=over-
lapping ranges of VOT values for productions" which had been
determlined 1In an earllier experiment.150
Lorge, using the same synthetic stimull described
above, 1n another experliment, sought to compare perceptlion
with production for specific subjects. Her fifteen subjects'
data gave a /t/-/d/ phoneme boundary "between 30 and U0
milliseconds of voicling lag," slightly longer than that
found by Abramson and Lisker. The phoneme boundary was
sharp, "/t/ responses golng from 33% at 30 msec. [of

nl51 Four subjects were then

volcing lag] to 89% at 40 msec.
chosen, two with "100% consistency iIn identifying sounds up
to a certaln point [specifically between 30 and 40 msec of
volcing lag) as /d/ and beyond that point as /t/," and two
whose responses were less consistent and whose phoneme
boundaries were different from the group mean.152 The sub-
Jects chosen produced initial /t/ and /4/ in monosyllabic
words, and their productions were analyzed. It was found

that the subjects whose perceptual phoneme boundaries were
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100% consistent produced utterances in which VOT values
clearly fell into two categorles on eilther side of the
perceptual boundary. The subjJects with less consistent
perceptual responses produced utterances 1in which VOT values
did not fall consistently on the appropriate side of phoneme
boundaries as determlined for the group of 15 subjects,
These subjects tended to produce some /t/'s having VOT
values ldentical with those of the synthetlic stimulli which
they heard as /d/.153
There has been very little experlimental work done
on the applicability of VOT and of glottal states to frica-
tives. In general 1t may be noted that the presence or
absence of a velcing bar and of the first formant transitlion
have perceptual significance for fricatives as for stops,
and have often been used as cues in speech synthesis.
Delattre found, however, that the most effective cue 1n
syntheslizing volced fricatives was the contlnuation of low
intenslty formants through the articulatory closure period.lsu
Kanter and West present a theory of aspliration in
final fricatives which bears a distinct similarity to
theories based on VOT and glottal states. They point out
that in "English the transition from a vowel sound to a surd
fricative 1s usually accompllished by opening the glottis at
the instant at which the tongue quits the vowel positlon
and begins to move in the direction of the position it will
occupy for the fricative. Thus 1In the interval between the

cessation of the volced tone and the beginning of the
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fricative sound alr 1is streaming out without reslistance
(1.e. aspiration is present]. . . . If the timing at the
glottis 1is altered in such a way that the voice continues
until the fricative sound starts, there i1s a typical un-
asplrated surd fricative, not standard 1n English. . . .
If one continues the volce on into the fricative, he affects
the volced fricative usual in English., . . .“155
MacNelilage, however, found that for /f/ in absolute
final posltion, or as the first member of a final cluster,
the cessatlion of volcling corresponded with the onset of

156

frictlon, a state of affairs which Kanter and West, as

noted above, feel should produce a non-standard English

157 MacNellage presents no data for final /v/ or

sound,
any other fricatives of elther category and thus no com-
parlson between classes 1s posslible.

The early transillumination experiments indicate
that both classes of fricatives are produced with an open
glottis, and differentiatlion between classes depends mainly
upon whether or not the vocal folds are 1in vibration.158
It is pointed out that the "hlgh incidence of glottal
opening for the voiced fricatlves as compared with the
volced stops is not unreasonable 1f we suppose that.a well-
formed fricative requlires audible turbulence, and that the
alrflow needed for this is most easlly supplled when the
glottls 1s partially open. . . . {I]Jt 1s almost exclusively
the fricatives with higher levels of nolse intensity,

primarily /z/ and /2/, that show opening of the glottls as
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the normal accompaniment of the oral constriction."??
There 1s, at present, little significant data avallable on
the timing relatlionships between the onsets of articulatory

activity and glottal states Iin the case of frilcatives.

Conclusion

In a sense, this chapter has come full circle in 1its
attempt to trace the theory and experimentation that seek to
explain the physlcal bases which underlie the perceived
difference between two classes of (American) English sounds,
The sense 1n which this 1s true 1s that glottal activity is
agaln being consldered by several Investigators as the
dominant factor contrilbuting to the opposition which has
been varlously labelled as fortis/lenls, volced/volceless,
surd/sonant, etc. The search for a general explanation, of
whatever form, clearly reveals that although such a theory
may be simply stated, 1ts manifestation in human behavior
1s indeed compliex: It must account for a large number of
grossly different acoustic events whlch are Iin themselves
audible cues to the opposition in different phonetlic environ-
ments. That 1s, the general underlying difference, which
may not itself be "audible" in the usual sense of the word
({e.g. one cannot "hear" timing relationsnips per se between
glottal states and articulation), must be shown to give
rise to those numerous acoustlc features whlch are per-
ceived by listeners.

Nor is 1t abundantly clear that such a general

explanatlon will be found, or at least that 1t can be
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verified. It does seem, at this time, that simple notions
about presence or absence of volcing, or aspiration, and
differences in articulatory tension or breath pressure have
been discredited as general theories. Yet such differences
do exist and certalnly bear perceptual significance 1in one
phonetic context or another. Whether or not such differ-
ences may, 1n turn, be related to differences between
glottal states ana thelr timing 1n relation to articulatory
events remains, for the most part, to be proven. Initial
experimental work 1is promising in this regard, but 1t may
well be that phoneticians and linguists will have eventually
to fall back on a selection from a large set of acoustlc-
articulatory cues to explaln the oppositlon of /p,t,k,f,
e,s,// to /b,d,g,v,82,3/ in any given context in which such
an opposition may appear. Such cues have been summarized

in the following table (I-3).



TABLE I-3

SUMMARY OF ACOUSTIC ANL ARTICULATORY FEATUKES ASSOCIATED WITH OPPOSING
AelbeRS OF COGNATE CLASSEZ OF STOPE ALD FRICATIVES

Acoustic Inter-, Inter-,

Articulatory Postvocalic Postvocalie Post-Vocalle,
Feature Prevocaiic Pre-Stress Post-Stress word-Final
Vocal Pulsing} Traditional: Intervocallc Intervocalic Cornflicting evi-

Present fer /vdz3/, es- /vdzz/, es- dence:

/oagvdzz/ . pecially /z3/, peclally /z3/, 1. /ptkfesf/
Avsent for often produced cften produced usually pro-
/ptuf@sf/. with open glottis,| with open, vi- duced with no

Gften absent 1n
stops auring
closure stage
wnen precedlng

ad stresseqa vowel
anu preceded by
silence or a
volceless sound.
/ptk/ may have
voicing durlng
closure wnen
preceaea by
volced sounus.

and occasionally
with no vocal
fold vibration.

brating clecttils.

vocal pulsing;
/odgvdz3/
usually pro-
duced with some
vocal pulsing.
Voicing found
auring half of
ciosure dura-
tlor. for both
/ptk/ and
/bde/.

£



TALLE I-3..Contlnued

Acoustic
Articulatory
Feature

Prevocalic

Inter-,
Postvocallc
Pre-Stress

Inter-,
Postvocalic
Post-Stress

Pest-Vocalle,
word-Flnal

Intra-0Oral
Pressure

Conflicting Evi-
dence: tarlier
data: Higher
values for /ptk/;
Later data: no
difference be-
tween stop cog-
nates.

Conflicting Evi-
dence: Earller
data: Hlgh peak
pressure, time
irtegral of in-
stantaneous
pressure, for
intervocalic
/ptxfesf/. Later
cata: difference
only in time 1in-
tegral of 1instan-

tanegus pressure--

higher for /ptk/.
No difference
found between
/ptk/ after

/s/ and 1nitial
/ptk/.

Higher wvalues for
peak pressure,
duration of onset
of pressure, and
time Integral of
instantaneous
pressure for
inter-vocalle
/ptk/ than for
/bdg/.

Values of all
measures higher
for /ptk/ than
for /bdg/.

Articula-
tory
Tension

EMG studies
reveal no
difference be-
tween 1nitial
/p/ and /b/.

EMG studles reveal
no differences be-
tween /p/ and /b/
in terms o¢f mus-
cular activity.

hh



TABLE I-3..Continued

Acoustlc
Articulatory
Feature

Prevocalic

Inter-,
Postvocallc
Pre-Stress

Inter-,
Postvocalic
Post-Stress

Post-Vocalic
wWord-Flnal

Aspiration

Present for
/ptk/; Absent
for /bdg/, ex-
cept before a
stressed vowel
after /s/.

Present for 1inter-
vocallc /ptk/;
Absent for /bdg/.
Absent for /ptk/
after /s/.%

Burst-
Release

Higher inten-
sity for /ptk/;

Lower for /bdg/.

I

More intense burst
for /ptk/ than for
/bdg/. Burst may

te absent for both
but more commonly

present for /ptk/,
for which 1t is a

sue.® Absence of

burst may lead to

confusion between

identification of

cognates.®

%Cue value demonstrated by synthetlc experiments, manipulation of real speech,

or both.

G
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Acoustic
Articulatory
Feature

Prevocalic

Inter-,
Postvocalic
Pre-Stress

Inter-,
Postvocalic
Post-Stress

Post-Vocalle,
Word-Filnal

Duration

No duratlonal
differences
found, either
spectrographi-
cally or in
terms of dura-
tion of intra-
oral pressure
rise and fall.

No difference be-

tween Atk/ and
/bdg/ after an
/8/ 1n the same
word., Longer
closure duration
for /bdg/ after
an /s/ endlng a
preceding word.

Longer closure
duration for /pk/
than for /bg/.
Evidence from
spectrography

and from duration
of rise and fall
of intra-oral
pressure.

Friction duration
greater for /f@sf/
than for /vbzz/.*®

Intensity
Ratlo Be~
tween Vowel
and Con-
sonant

Some 1ndi-
catlon of
greater ratio,
consonant to
vowel, for
initial
/ptkfesf/.

Conflicting evi-

dence:

1. Lower ratio--
vowel to con-
sonant before
/s/. ¢

2. Lower ratio--
vowel to con-
sonant before
/z/. %

%Cue value demonstrated by synthetic experiments, manipulation of real speech,

or both.

9k
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Acoustlic
Articulatory
Feature

Prevocallc

Inter-,
Postvocalic
Pre-3tress

Inter-,
Postvocalic
Post~-Stress

Post-Vocalic
word-Final

Vowel
Duration

Greater before
/bg/ than before
/pk/. Greater
before /d/ than
befcre /t/, al-
though difference
is less than
before labials
and velars.

Greater before
/bdg vdz 3/

than before
/ptkfeésf/. Cue
value demonstrated
before /s-z/.%

Fl transi-
tion

Full transi-
tion after
/bdg/,; Atten-
uated transi-
tion after
/ptk/ . *

Same Fl re-
lationship
found between
fricative cog-
nates.

Full transi-
tion after
/bdg/;
Attenuated
transition
after /ptk/.
Same Fl re-
latlonship
found between
fricative cog-
nates.

Full transition
before /bdg/;
Attenuated
transition
before /ptk/.

*Cue value demonstrated oy synthetlic experiments, manipulation of real speech,

or both.

L
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Acoustic Inter-, Inter-,
Articulatory Postvocalic Postvocalice Post-Vocallc
Feature Prevocallc Pre-Stress Post-Stress Word-Final
Voice Onset VOT lag for Greater mean VOT EMG Data: Labial

(Offset) Time

/ptk/; @ VOT
or voicing lead
(positive VOT)
for /bdg/ in
initial posi-
tion in iso-
lated words.*¥
EMG data:

Vocal folds
vibrating at
/bdg/ release;
not vibrating
at /ptk/ re-
lease. Peak of
muscular
activity closer
to volce onset
for /b/ than
for /p/.

values for /ptk/
than for /bdg/,
but values over-
lap in running
speech.

¢losure for /p/
simultaneous wilth

offset of volcing.

Cffset of voleing
after labial
closure for /b/.

#Cue value demonstrated by synthetic experiments, manipulation of real speech,

or both.

84



b9

Footnotes - Chapter I

lArthur J. Bronstein, The Prconunclatlon of American

English (New York: Appleton-Century-Crofts, 1960), pp. 70,
83, 85.
2The affricates, /tf/ and /daz/, which are often in-
cluded among the cognate pairs, have been omitted here be-
cause of the lack of agreement as to thelr classification
in English. That 1s, some lilngulsts hold that the affricates
are to be regarded as unit sounds, others that they are
sequences of sounds.

3It must be added, however, that many of these
features are interpreted by linguists as manifestations of
the fortils/lenis or of the volced/voiceless oppositions.
The discusslon of these features below willl thus relate them
to their approprlate theories as well as examine them as
independent cues,

uClaude ii. Kantner and Robert West, Phonetlcs, re-
vised edition (New York: Harper and Brothers, 1960), p.

159, 3See also Claude M. Wise, Introductlon to Phonetics

(Englewood Cliffs, New Jersey: Prentice-Hall Inc., 1957),

p. 62; David Abercromble, Elements of General Phonetics

(Chicago: Aldine Publishing Company, 1967), p. 27; Roman

Jakobson, D. Gunnar Fant, and Morrls Halle, Preliminaries to

Speech Analysls (Cambridge, Mass.: MIT Press, 1967), p. 26.

5The Phonetics of American English, 2nd edition

(New York: Ronald Press, 1958), p. 34. Wise recommends the

same sort of test, Introduction, p. 54.




50

6The Pronunciation of English, 4th edition (Cam-

bridge, Cambridge University Press, 1966), p. 34, N.B,
Although this study deals with American English, there are
many features that AE shares with British Recelved Pro-
nunciation and other ulalects. Thus the work of British
phoneticians wlll occasionally be useu 1n these pages when
thelr statements and findlngs are in agreement with or
relevant to American English.

7Wise, Introduction, p. 64. Wise notes this short-

coming for the "ear-ringing" test as well.

dLeigh Lisker and Arthur 8. Abramsor, "A Cross-

Language Study of Voicins Iin Inltlial Stops: Accustical
Measurements," Woru, 20 (Uecember, 19b4), 3&4.

9Leigh Lisker and Arthur S. Abramson, "Some Effects

11

of Context on Volce Onset Time in English Stops," Language

and Speech, 10 (January-March, 1%67)}, &.
10

Alvin M. Liuerman, Plerre C. lelattre, and Franklin
S. Cooper, "Some Cues for the Distinction Between Volced

and Voiceless Stops in Initial Positiorn," Language and

Speech, 1 (July-September, 1958), 153. Kantner and West
nold that fricatives, unllke stops, cannot be distingulshed
in whispered speech. Phonetics, p. 208.

llLeigh Lisker, Arthur S. Abramson, Franklin S,

Cooper, and Malcom H. Schvey, "Transillumination of the

Larynx in Running Speech,” Haskins Laboratories Status Re-

ports on Speech Research, 5-6 (November-June, 1965-6), 4.4,

A. C. Cimson inaicates that initial and especlally final



51

/v8z3/ in British English may be completely volceless. An

Introductlon to the Pronunciation of Engllish (London: Ed-

ward Arnold, Ltd., 1962}, p. 174,

12K&ntner and West, Phoneties, p. 60.

13Preliminaries, p. 26. The terms tense and lax are

taken here to be synonymous with fortls and lenls respective-
ly, as they apply to consonants. There are some differences
between the lnterpretation of the former and the latter
pairs of terms, but such differences do not seem to be dis-
tinctlve enough to this writer to alter the essentlal meanings
of statements in which the terms are taken as synonyms.
Jakovuson, Halle and Fant deflne tense phonemes In terms of
the "greater distinctness and pressure” with which they are
articulated, as opposed to the "corresponding Lax phonemes

. a lower vs. hlgher alr pressure 1in the cavity behind
the maln or only source (i1.e. . . . behind the polnt of
articulation for the consonants)." "Tenseness and Laxness,"

reprinted in Jakobson, lalle and Fant, Preliminaries, p. 60.
14

R. H. Stetson, Motor Phonetics (Amsterdam: North

Holland Publishing Company, 195%1), p. 50. See also Lee
S. Hultzen, '"Volceless Lenis Stops in Prevocalic Clusters,”
Word, 18 (December, 1962), 308 and passim, and Gimson,

Introduction, p. 32.

15John W. Black, "The Pressure Component in the Pro-

duction of Consonants," Journal of Speech and Hearing Dls-

orders, 15 (June, 1950), 208-9.

16Motor Phonetlcs, p. 50.




5e

17 pndre Maldcot, "An Experimental Study of Force of

Articulation," Studia Linguistica, 9, No. 1 (1955), 42,

It 18 not quite clear exactly what Malécot's subjJects are
responding to when they give thelr 1mpressionistlc responses
of effort needed to produce sounds. That 1s, they may be
responding to Ilntra-oral pressure differences, and/or
articulatory tensions, and/or some other factors assoclated
with the production of the sounds in question.
lB"The kEffectiveness of Intra-0Oral Alr-Pressure-
Pulse Parameters 1in Distingulshing Between Stop Cognates,"”
Phonetica, 14, No. 2 (1966), 69. It should be noted, how-
ever, that Malécot ascribes these pressure dlfrferences to
varlatlons in glottal posture durlng the productlon of the
two classes of sounds. Ibild., p. 77.

19£2$9_, p. 76.
2OMany o the differences between the results of the
earlier and later studles may be explained by the use of
more sensitlive and sophistlcated measurlng and recording
devices 1n recent years.
2lLeip;h Lisker, "Supragiocttal Alr Pressure 1n the

Production of English Stops," Haskins Laboratories Status

Reports on Speech Research, 4 (November, 1965), 3.12.

Lisker made hls measurements with a pressure transducer,
attached to a catheter, which was inserted through the nose
and suspended in the pharynx above the glottils.

22;239., p. 3.5

°31bid., p. 3.12.



53

2h1p14.

25"Measuring Stop Closure Duration from Intraoral

Pressure Records," Haskins Laboratorles Status Report on

Speech Research, 7-8 (July-December, 1966), 5.3.
26

"On Hultzé€n's 'Voiceless Lenis Siops in Prevocalic

Clusters,'" Word, 19 (December, 1963), 384,
27

28

Ibid.

"Mechanical Pressure as an Index of 'Force of

Articulation,'" Phonetlca, 14, No. 3 (1966), 178.
29Kather1ne S. Harris, Glorlia F. Lysaught, and Mal-

com M. Schvey, "Some Aspects of the Production of Cral and

Nasal Lablal Stops," Language and Speech, 8 (July-September,

1965), 146.
3%1ctorta A. Fromkin, "Some Phonetic Specifications
of Lingulstic Units: An Electromyographic Investigation,”

Working Papers in Phonetics, UCLA, 3 (1965), 166.

31bi1d., pp. 168-69.
32Fischer-J6rgensen, in her analysis of Danish stops
reaches the same conclusion: "There is no physiocloglical
evidence . . . for a stronger tension of ptk. Muscular
feeling goes in the opposlite direction, particularly for t-d,
and palatograms show identity of contact, or slightly more

contact for d and g." "Acoustic Analysls of Stop Consonants,"

Miscellanea Phonetica, 2, Nos. 1-3 (1954), 45,

338ronste1n, Pronunciation, pp. 68, 70. Kantner and

West, Phoneties, p. 275. C. K. Thomas, Phonetlics, p. 157.

Jones, Pronunclation, pp. 69-76.
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3“Fischer-Jprgensen notes the same thing for Danish
stops. "Acoustic Analysis," p. 4i.

35J. A. Reeds and W. S-Y. Wang, "The Perception of
Stops after s," Phonetica, 6, No. 1 (1961), 80-1. See also
John Lotz, Arthur S. Abramson, Louis J. Gerstman, Frances
Ingemann, and William J. Nemser, "The Perception of English
Stops by Speakers of English, Spanish, Hungarian, and Thail:

A Tape-Cutting Experiment," Language and Speech, 3 (April-

June, 1960), 77.

36“Voiceless Lenls Stops," pp. 310-11.

3Twon Hultzén's," p. 386.
381bid, pp. 386-87.
39

40
41

Bronstein, Pronunciation, pp. 70, 72, 77T.

Ibid., pp. 71, 76, 78.
e.g. [bet-] /bet/ vs. [bed-] /bed/; (put your)
[bet—- daon)] /bet davn/ vs. [bed- daon] /bed daun/ (the
horses).
u2Host writers use '"release" in final position to
refer to both burst and following aspiration in the case of
/ptk/. For /bdg/ the term generally refers to the burst
plus the embryonic voiced or voliceless (aspirated) vowel
transitions following the burst.

Jl‘:”"Acous;t:ic Properties of Stop Consonants," Journal

of the Acoustical Soclety of America, 29 (January, 1957),

107.
Ibid., p. 108. The experimenters also found the

lax /bdg/ bursts to be more intense than the tense /ptk/
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bursts: 8 db vs. 5 db, respectively. This finding would
seem to be at odds with the alir pressure relationships that
Halle et al. posit between tense and lax stops. He does
not comment on this apparent contradiction.

51t should be noted that Halle et al. do not say
whether or not the stop closure was als¢o removed by the
gating, although their description so suggests. This appears
to weaken their conclusions seriously, slince they state
earlier 1n the same paper (p. 107) that voicing during
closure can distingulsh volced from voiceless stops.
u6Halle at al., "Acoustlc Properties,” p. 114.

“Trhe experimental findings of Halle et al. and of
others discussed below, are taken here as a rejJectlion of the
claim made by Rositzke that non-release of final stops,
since 1t "produces no discernable sound, . . . recduces the
distinction between [cognate stops] . . . to & polnt where
these sounds . . . are often impossible to discriminate
with certainty." '"The Articulation of Flnal Stops 1in

General Amerlcan Speech," American Speech, 18 (February,

19“3)) 390
"Bﬁalle et al., "Acoustic Properties,” p. 115.

1|9"The Role »f Releases in the Identificatlon of
Released Final Stops," Language, 34 (July-September, 1958),

379.
50

"Transition and Release as Perceptual Cues for

Final Plosives," Journal of Speech and Hearlng Research,

2 (March, 1959), T71.
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5lMaibcot, "Role of Releases," pp. 379-80. Malbcot
does not 1ndicate that there was volcing durlng closure as
Wang does. He did, however, cut the closure halfway be-
tween 1ts beginning and the release, so 1f there were
voicing during the first part of the closure, that is pre-
ctisely the part that would have been left.

52Wang, "Transition and Release,” p. 70. This would
seem to indicate that volcing durling closure i1s a more im-
portant cue than burst release. Further, 1t should be noted
that Wang does not 1ndicate whether the "release" he 15 using
is simply the burst, or the burst plus aspiration (for final
/p/) or low intensity vowel transitions (for final /b/).
In either case the results might be expected to be the same.
What 1s not clear, however, from Wang's description, 1is why,
given the importance ascribed to closure volclng as a per-
ceptual cue, the substitution of a /ptk/ release for one of
a /bdg/ did not reverse perception. Such a substitution,
all other things beilng equal, should create exactly the cues
which Wang describes as belng present in the sounds originally
percelved as /ptk/. 1In fact, 1f closure volclng 1s as sig-
nificant as Wang states, one may well wonder why listeners
perceived the unaltered final /ptk/ set as they did. Two
explanations are suggested here. One 1s that all other
things are not equal with respect to closure volcing: 1l.e.
there 1s a greater duration of volcing during /bdg/ than
during /ptk/, although Wang does not state that this is

so. The other answer might be that some other cue 1is
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operating here, namely vowel duration. For example, it
might be that the long vowel before /bdg/ 1s a more impor-
tant cue than the release of the consconant (for as Wang
says, release of final /bdg/ is less common than that of
/ptk/), whereas the short vowel before /ptk/ is not as
slgnificant a cue as the release of these consonants. Thus
when the release 1s changed to one that 1s 1lnappropriate,
the perceptlion changes also.

53"Supraglotta1 Air Pressure," p. 3.12.

5“P1erre C. Delattre, "Acoustlc Cues 1n Speech:
First Report," trans. by George Sholes from the article appear-
ing in Phonetica, 2 (1958), 108-118, 226-251. Translated
version distributed in mimeographed fcrm by Haskins Labora-
tories, pp. 29-30.

55"Closure Duration and the Intervocalic Volced-
Voiceless Distinction in English," Language, 33 (January-
March, 1957), 49. Gimson notes the same closure duration

relations for medial stops 1n British English. Introduction,

p. 149,

56"Duration of Post-Stress Intervocallc Stops and

Preceding Vowels," Language and Speech, 5 (January-March,

1962), 29.

57"Measur1ng Stop Closure Duration from Intraoral

Pressure Records," Haskins Laboratories Status Report on

Speech Research, 7-8 (July-December, 1966}, 5.3.

583pectrographic measurements made by the writer

confirm that in final position there is no consistent
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difference in the closure duration for the two sets of stops.
59Danish stops, according to Filscher-Jgrgensen, do
show a difference in closure duration in 1nitial position.
This difference 1s the reverse of the one for intervocalic
post-stress stops 1n English. That 1s, the closure for /ptk/
is shorter than for /bdg/. MAcoustic Analysis of Stop Con-

sonants," Mlscellanea Phonetica, 2, Nos. i-3 (1994), 45,

60
61

"Measuring Stop Closure,” p. %.3.
"The English Stops After /s/ at Word Boundary: A

Three-Way Contrast," l1lth Final Report on Speech Research

and Instrumentation, Haskins Laboratories (March, 1965),

pp. -7, 9.

b2Ibid.

ijohn Douglas Noll, "The Perceptual Significance of

Certain Acoustical Correlailes of Consconant Volcing Con-
trasts," (unpublished Ph.D. dissertation, University of Iowa,
1660}, p. 27. See also Pierre C. Delattre, Alvin M. Liber-
man, and Franklin S. Cooper, "Formant Transltions and Locl

as Acoustlc Correlates of Place of Articulatlion in American

Fricatives,"” Studia Linguistica, 16, No. 2 (1364), p. 109;

and Peter Denes, "Effect of Duration on the Perception of

Voiclng," Journal of the Acoustical Society of America, 27

(July, 1955), 761.
bl
65

"Effects of Duration,” p. 761.
Ibid., p. 763. It 1s interesting tc note that the
final /s/ used in the experiment was always heard as /8/

when judged in 1solation, regardless of 1ts duration. This
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indicates that the contextual cues supplled by the vowel
may be of greater significance than Denes 1ndicated 1n his
study.

66"Hiss Alone as a Cue for Final /z/ on Voback,"

Haskins Laboratories Quarterly Progress Reports, No. 31

(1959), Appendix 1, pp. Al, 6-7.
67"Acoustic Cues for Final /s/ and /z/," Haskins

Laboratories Quarterly Progress Reports, No. 31 (1959),

Appendix 3, p. A3. Sholes does not report any speciflic
friction duration as being most approprilate for /s/. It is
understood, however, that the friction durations approprl-
ate for /s/ are greater than the 110 msec. whlch character-
izes the highest percentage of /z/ responses.
68£gig., pp. A3-4.

69"Ef‘fect of Duration," p. 763.

7O"Hiss Alone," p. Al-7. See also Louils J. Gerst-
man, "Cues for Distlnguishing Among Fricatives, Affricates,
and Stop Consonants,"” (unpublished Ph.D. dilssertatlion, New
York University, 1957). Gerstman concludes that for frica-
tives and affricates in initlial position, the intensity ratio
of consonant to vowel 1s likely to be a significant cue to
cognate opposition. He finds that /vd z 3d3/ have a lower

intensity 1n relation to the followlng vowel than do

/T8s ftf/.
71Pilcn notes that durational differences have had
a changing significance in American English. Prilor to the

19th century "the lengthening of the short vowels as 1t
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occurred before s, f, p, r was phonemic, 1.e. 1t meant theilr
transfer to the level of contrasting long phonemes," the
opposltions at that time belng of the nature /i/ # /1:/.
When thls phonemlic lengthening ceased to be distinctive,
that 1s, when the current qualitative oppositions of the
nature /1/ # /1/ came 1intoc belng, "the lengthening of the
short vowels . . . before volced consonants and volceless
spirants was only of allophonic significance, i.e. it pro-
duced no phonemlc changes, but merely varlant pronunclations
of the same phoneme as in . . . [bI-d] vs. [bIt]." H. Pilch,
"The Rise of the American English Vowel Pattern," Word, 11
(April, 1955}, 57.

One should note, however, that thls does not ex-
clude the possibllity that there were durational variations
within the ranges of the phonemlcally sheort and long vowels
prior to the 19th century. That 1s, there may have been a
long varlant of /1/ before "voliced" consonants, but not so
long as to overlap with the range of durations of /1:/;
and there may have been a short varliant of /1:/ before
"volceless" consonants, but not so short as to overlap with
the range of durations of /1/. The probability of such
durational differences relates directly to the nquestion as
to whether or not they are physiologlcally conditioned (see
above, pp. 28-29).

72John 5. Kenyon, American Pronunciation, 10th

edition (Ann Arbor, Michigan: George Wahr Publlshling Co.,
1951), pp. 41, 45, 121-31. See also Arthur S. House, "On
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Vowel Duration 1n English," Journal of the Acoustical Soclety

of America, 33 (September, 1961), 1175; Roe-Merrill S.

Heffner, General Phonetics (Madison, Wisconsin: University of

Wisconsin Press, 1964), p. 209; Thomas, Phonetics, p. 165;

Wise, Introduction, pp. 117-18. Durational differences are

also noted for British English: Abercromble, Elements, p.

81; Gimson, Introduction, pp. 147, 174,

erouse, "Vowel Duration,” p. 1176. See also W. N.
Locke and R-M. S. Heffner, "Notes on the Length of Vowels

II," American Speech, 15 (February, 1940), T4-75, and for

Britisn English, Gimson, Introduction, p. 90. Belasco also

ascribes the difference to the force of articulatlion of the
followlng consonant, although his measurements were made
for French utterances: "Influence of Force of Articulation

of Consonants on Vowel Duration," Journal of the Acoustical

Socliety of America, 25 (September, 1953), 1016,
Th

See especially the serles of articles authored
and co-authored by R-M. S. Heffner: "Notes on the Length of

Vowels (I-VI)," appearing in American Speech from 1937-1943.

75The notion of intrinsically short and intrinsli-
cally long vowels has been put forth by many authors,
notably by Peterson and Lehiste for American English:

"Duration of Syllable Nuclei in English," Journal of the

Acoustical Society of America, 32 (June, 1960), 701-03;

by Kantner and West, Phonetics, p. 69; and for British

English by Danlel Jones, Pronunciation, p. 137; and by

Avercromble, Elements, p. 81. Heffner and Roslitzke, on
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the other hand, can find no evidence for dividing vowels 1into
a long and a short series. "The most that may be sald is
that in each of these serles the vowels [I], (e], [U], and
[A] head the 1ist of brevity. . . . That 1s to say, the
relatlive shortness of these four vowels 1s real only with-

in each type of phonetlc context and cannot be a character-
istic of the vowels only. . . . The length of a vowel 1n
English 1is not determlined by the nature of the vowel but only

T

by 1ts phonetic environment. . . . Heffner, General Pho-

netics, p. 210. Heffner bases thils conclusion on his
studies of vowel duration before /t/ and /d/, in which he
found no "absolute sequence of vowel durational values which
might be in any way structural." Although two classes of
duration emerge from the data before /d/, no such divislon
is possible before /t/. Heffner and Locke, "Notes (II),"

p. 78. Similarly, Rosltzke points out that "The classifl-
cation of GA vowels into 'short' and 'long' must according-
ly rest upon the natural groupling of the objectlive measure-
ments Iinto categorles more or less clearly set off from each
other, if these terms are to have any meaning. It has been
pointed out that no such clearly demarcated groups of dura-
tions appear in the pronunclation of the five subjJects [used
in this study]. If, notwithstanding this overlapping, the
GA vowels be grouped into categorles according to length,
the following divisions based mainly on the durations of the
vowels before mediae [voiced stops] may be taken as most

nearly correct: Long [1 u e c m o a] Short [I U a el.”
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"Vowel-Length 1n General American Speech,"” Language, 15
(April-June, 1939), 107. Peterson-Lehist., Heffner and
Rositzke used General American pronunclation as a source

for thelr data. The differences between thelilr findings may
be ascribed to the more preclse techniques of spectro-
graphlc measurement avallable to Peterson and Lehiste, which
had not yet been developed when Heffner and Rosltzke did
thelr studies,

"®Herfner, General Phonetics, pp. 209-10. The data

for /p-b/ and /k-g/ are from Heffner, "Notes on the Length

of Vowels (IV)," American Speech, 16 {(October, 1941), 209,

TTwyowel-Length," p. 104.

7B"Duration," p. 702.

79Motor Phonetics, p. 58.
80

Introduction, p. 90. Gimson, speaking of Brltish

English, presents no data, and the ratic presented 1n the

table 1s only an approximation: "/1i:/ in beat 1s only about

half as long as the /1:/ of bee or bead. . . ." Ibid.
81"Influence," p. 1015. Belasco's measurements are
for Frencn stops preceded by the French vowel /g/. The
data are included here for purposes of compariscn with that
of English.
82"Closure Duration," p. 45,

BB"A Study of the Relationship Between Production
and Perception of Initial and Intervocalic /t/ and /4/ 1in

Individual English Speaking Adults," Haskins Laboratorles

Status Report on Speech Research, 9 (January-March, 1967),

3.15.
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8q"DuratiI.on of Post-Stress,”" p. 26.
85Oswald, for one, maintalins that the label "volced

t" often given to the stop in such words as little, latter,

etc. 1s a misnomer: "Whatever the varlants of the sound,
whether they be well articulated, cor trilled or tapped, or
merely flipped, they are all voliced sounds. . . . Now there
is nothing about such a sound, phonetically speaking which
would lead an obJective observer to conclude that 1t 1s

a kind of [t]." Oswald concludes from hls own experimental
work anu from that of others, that "except when a volceless
stop was used to represent t, the listeners heard otherwise
similar words spelled with t and d as homonyms." '"Voiced

/t/--A Misnomer," American Speech, 18 (February, 1943),

21-25.

80The term "intervocalic™ here i1s to be taken both

literally (e.g. latter-ladder) and to mean between a vowel

and a syllablc consonant (e.g. petal-pedal).
87

Gimson notes that the difference 1s also pre-
served when final or medial stops are preceded by other
consonants, "notably /1, my n/ . . . especlally when the
"

consonants themselves are preceded by a short vowel. . . .

Intvoduction, p. 147.
88

Sharf points out that differences 1n vowel quall-
ty may occur wlth consistency before /t/ and /d/ in 1nter-

vocallc post-stress position. He malntalns that in General
American speech /al/ 1s realized as [al] before volced stops

and as [AI] before voiceless stops. He then notes that
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listeners consistently hear a "voiced t" as /d/ when pre-
ceded by [aI], but show confusion between /t/ and /d/ when
it 1s preceded by [al]. "Distinctiveness of 'Volced t!

Words," Amerlcan Speech, 35 (May, 1960), 107, 109.

89"Durat10n," p. 7060,

1b1d., p. 702.

9101aes—Christ1an Elert, Phonologic Studles of

Quantity in Swedish (Uppsala, Sweden: Almgqvist and Wilksells,

1964), p. 134, Elert notes Sweet's recognition of "The
lengthening effect of a volced consonant on the preceding
vowel" 1in 1877.

92'I'he Phoneme: Its Nature and Use (Cambridge,

England: W. Heffer and Sons Ltd., 1950}, p. 121. Gimson
agrees with Jones about the cue value of vowel or syllable
duration, stating that final stop and fricative cognates,
in which "the voicing factor 1s not strongly operative,"
are differentiated largely "by the length of the syllable

which they close." Introduction, pp. 147, 174.

93"A Cross-Language Study of Volcing in Initial

Stops: Acoustical Measurements," Word, 20 (December, 1964),

385n.

9“Phonetice., pp. 165-66. Thomas notes a similar
variation 1n the duration of consonants: "Thus [n] 1s slight-
ly longer before the voiced [d] of bend [ben-d] than before
the voiceless [t] of bent [bent]."™ As 1in the case of the

vowels, however, Thomas notes that these varliations are so

slight that they may usually be disregarded." Ibid., p. 167.
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951ntroduction, pp. 117-18.

96"Note3 (11)," p. 78.

97Le1gh Lisker, "Lingulstic Segments, Acoustic Seg-
ments, and Synthetlc Speech,"” Language, 33 (July-September,

1957), 372.

98"Tenseness and Laxness," p. 60,

99"The Rise of the American English Vowel Pattern,”

Word, 11 (April, 1955), 85-86.

1004, study of the Relationship,” p. 3.15.

10lvprrect of Duration," p. 761.

lOdSho'les, "Acoustle Cues," p. A3-4.

lOBSholes, "Hiss Alone," p. Al-1.

0
1 H"Terminal Stops and Nasals," Haskins Laboratories

Quarterly Progress Report, No. 13, Appendlx 2 (1954), pp.

A2-2-3. This article and the one 1n the followlng reference

are unsigned in the Progress Report. The staff at Haskins

Laboratories has infcormed the author, however, that the re-
search reported was carrled out by George Sholes.
105"Stop Consonants 1n Final Position," Haskins

Laboratories Quarterly Progress Reports, No. 21, Appendilx

5 (1956), pp. A5-1-2.
106“Perceptual Significance," pp. 58-62.

lo?;glg., pp. 64-65.

lOBAssuming, of course, that use were made of the

class distinction to begin with. That is, in a language

where [s8] and [z] were allophonic varliants of the same

phoneme, vowel duration, even 1f physiologlcally
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conditioned, would be ilgnored, Just as would the other
phonetic features which might distinguish one of these phones
from the other ir a varlety of phonetic environments.

1093ert, Quantity in Swedish, p. 134. See also

Jones, The Phoneme, pp. 177-78, and Plerre C. Delattre,

"Some Factors of Vowel Duration and Their Cross-Lingulstic

Validity," Journal of the Acoustical Soclety of America, 34

(August, 1962), 1142-43, and S. A. Zimmerman and S. M. Sapon,
"Note on Vowel Duration Seen Cross-Lingulstically,” Journal

of the 8coustical Soclety of America, 30 (February, 1958),

152-53. Zimmerman and Sapon comment that although the differ-
ence exists in Spanish, 1t 1s too small to be of perceptual
significance.

llo"Dur‘ation," p. 693.

lll"Vowel Duration," p. 1177. Together with Falr-
banks, House goes so far as to say that "attempts to inter-
pret the effect of voicing of the consonant upon vowel

duration have thus far been frultless." "The Influence of

Consonant Environment upon the Secondary Acoustical Char-

acteristics of Vowels," Journal of the Acoustical Soclety

of America, 2% (January, 1953), 108.
112

Delattre's argument 1n terms of anticipation of
greater effort is well taken here, in the light of Llsker's
finding that all measures of air pressure difference are
operant in final position (see above, p. 7). Support
for Delattre's contention 1is found in a relatively early

study of vowel duration by Heffner and Locke: "Mr, Locke's
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final {t] articulation, when he began his experimental work,
was very weak, and normally not exploded. When he saw this
on the recordings, and before we began to take measure-

ments, he became consclous of this fact, and as a result,

may have expended more energy on the formation of his final
(t]'s than was entirely normal for him. It seems possible
that this added energy expended on the articulation of the
final [t] should have the effect of shortening the preceding
vowel slightly." '"Notes (II)," pp. 74-75. See also Belasco's

"Influence," p. 1016, and Elert, Quantity in Swedish, pp.

134-35.

lleotor Phonetics, pp. 35-36. Stetson's work has,

of course, been proven unreliable in many respects in recent

years. For example, see Phillip Lleberman, Intonation,

Perception, and Language (Cambridge, Massachusetts: MIT Press,

1967), pp. 191-93. In this case, Stetson's findings indi-
cate that "The duration of the syllable depends somewhat
on the force with which i1t 1s uttered. Increased force of
utterance involves a greater contraction of the positive
muscles of expiration and this requires a longer time for
the process of the arresting movement. Sometimes this in-
crease in length shows in the vowel, when the negative chest
muscles which arrest the movement come into play durlng the
later part of the vowel."

The ambiguity in these findings arlses from the
problem of where in the syllable the force of utterance is

manifested. If in the vowel, and if one posits a total
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energy for all syllables that approaches a constant, then
one might predict the sort of vowel-consonant relationship
proposed by Delattre: That 18, the more energy expended on
the vowel, the less will be avallable for the consonant.
This interpretation, however, is one which would explain the
fortls/lenis differences between final consonants in terms
of the preceding vowel, rather than one which would explain
durational vowel differences as a function of the nature of
the followling consonants. On thls polint, see Danlel Jones,

The Phoneme, p. 118,

If the syllable force 1s to be determined from
the final consonant, then Stetson seems to be saylng that
the consonant will be lengthened. 1t appears, however, that
only final fricatives evidence durational differences be-
tween members of cognate palrs.

Finally, if forcefulness 1s to be determined
for the syllable as a whole, one might expect to find the
type of theoretical relationship posited by House. That is,
more forceful (long) vowels would be assoclated with more
forceful (fortis) consonants, and lnversely.
llu"Notes on the Length of Vowels (VI),"” American
Speech, 18 (October, 1943), 211. Heffner and Locke suggest
reasonably that the innervation initlating a final con-
sonant occurs sooner when that consonant is voiced than when
it 1is volceless.

115"Influence," p. 108.

llG“Cross—Language Study," p. U422,
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ll?Alvin M. Liberman, Pierre C. Delattre, and
Franklin S. Cooper, "The Role of Selected Stimulus Variables
in the Perception of Unvolced Stop Consonants," American
Journal of Psychology, 65 (October, 1952), 499n.

118p anklin S. Cooper, Plerre C. Delattre, Alvin M.

Liberman, John M. Borst, and Louls J. Gerstman, "Some Ex-
periments on the Perceptlon of Synthetlic Speech Sounds,"

Journal of the Acoustical Soclety of America, 24 (November,

1952), 600; Liberman et al., "Selected Stimulus Varilables,"
p. 499; Pierre C. Delattre, Alvin M. Liberman, and Franklin
S. Cooper, "Acoustic Loci and Transitional Cues for Con-

sonants," Journal of the Acoustical Scoclety of America, 27

(July, 19%5), 773; Alvin M. Liberman, Plierre C. Delattre,
Franklin S. Cooper, and Louls J. Gerstman, '"The Role of
Consonant-Vowel Transitlons in the Perception of the Stop

and Nasal Consonants,”" Psychological Monographs, 68, No. 8

(1954), 5; Alvin M. Liberman, Plerre C. Delattre, Louls J.
Gerstman, and Franklin S. Cooper, "Tempo of Frequency Change
as a Cue for Distingulishing Classes of Speech Sounds,"

Journal of Experimental Psychology, 52 (August, 1956), 128.

As some of their titles indicate, not all of the above
studles deal primarily with the volced/voiceless distinction.
The pages cited are thus those which contaln the pertinent
information.

llgIntroduction, p. 149,
12

0"Acoustic Analysis,”" p. 45. Although Filscher-

Jgrgensen's study deals with Danish stops, she notes that
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the similarity between Danish and English stops allows for

a meaningful comparison of data from the two languages.
121"Acou3t1c Cues," p. 29.

122F1 cutback and VOT are not necessarily iden-

tical measures. A sound with no Fl cutback may evidence a

gap between release and the onset of voleing. For example,

a stop burst may be followed by a perlod of slilence before

a relatively unattenuated Fl transition. If such a stop 1s

percelved as voliced, cutting back on the Fl transition might

change the perceptlion to volceless. The cutback in such a

signal would thus be equlvalent to further delay 1in volcing

onset.

l23Lisker and Abramson, "Cross-Language Study,"
p. 387

12H£9£Q.

125

Elements, p. 148. Abercrombile's "voiceless un-
aspirated stop" 1s, of course, usually referred to in
English as a 'volced' stop. See also Kantner and West,
Phonetics, pp. 159, 163, 270-74.

126"Cross—Language Study,” p. 394. 1In general, VOT
values for English stops clustered around + 10 msec. and

+ 7% msec. for /bdg/ and /ptk/ respectively. Ibid., p. 403.
In general there was little or no overlap in VOT values
between /p/ and /b/, /t/ and /d/, /k/ and /g/, or between
labials, alveolars and velars. Ibid., p. 399.

VOT values are assigned 1n reference to the stop

release, which is arbitrarily given a value of zero.
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CHAPTER 11

CUES TO THE CLASSIFICATION OF THE MEMBERS OF COGNATE
PATIRS IN WORD-FINAL POSITION: SPECTROGRAPHIC

ANALYSIS AND TAPE-CUTTING EXPERIMENTS

The experiments described in this chapter were de-
signed to determine the relative importance of two potential
cues to the categorization of the members of cognate pairs
in word final position. The cues investigated were (1)
Voicing Offset Time: the final-position analogue of Volcing
Onset Time, and (2) the duration of the vowels preceding
the flnal consonants. Two other related potential cues
were also investigated: (1) volcing during consonant closure,
and (2) total volcing duration in the syllable.

Volcing Onset Time is measurable from the release
of an initilal stop consonant, with a lag in onset after
release being specifled by positive values, onset occurring
before release beilng specified by negative valuesl (see Flg.
2-1). An analogous method may be used to determine the Volcing
Offset Time for stop consonants in final position: Voicing
which ceases before the release of a final stop may be
specilfied by positive values of offset time, and volicing
which continues after release may be specified by negative

offset values. In those cases where a final stop 1is

75
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unreleased, the offset value 1s assumed to be zero: Since
the silence which marks the closure 1s unbounded, it is
reasonable to assume that the consonant 1is coterminous with
the offset of volcing (see Flg. 2-2).

The time at which volcing ceases may be cdncidental
with the termination of the vowel preceding a filnal consonant.
In spectrograms this point is taken to be that at whilch
(because of the closure for the consonant) there is no
trace of formant structure above Fl, elther as volce or as
noise (aspiration). Thus, in the case of stops, volcing
during closure (1.e. any presence of volcing, as indlcated
by the presence of Fl or of a fundamental frequency which
extends beyond the termination of the formant structure of
the vowel) will be the complement of any positive Voicing
Offset value for the total duration of closure. Posltive
Volcing Offset Time is thus the duration of the period of
voicelessness, if any, between the release of the final
consonant and the offset of volcing during closure. For
example, 1f the duration from the termination of the vowel
to the release of the final consonant (i.e. closure duration)
1s 100 msec., and 1f voicing continues for 40 msec. into
the closure, then the voicilng offset value for the final
consonant 1s + 60 msec.

The procedure used for measuring Voiclng QOffset
Time for fricatives 1s similar to that used in the case
of stops. Positive values are assigned to those utterances

where volcing ceases before the end of the friction, and



VOICE OFFSET TIME: STOPS

voiceless stop

i
m |
o {;

[

positive
offset value

voiced stop

o
Y .
—h

iy
M
R

Illlll!!lﬂllllllﬂllﬂnlunT

b a
negative
offset value

point a: offset of voice

point

figure 2-2

b: release of stop

78



19

negative values are assligned in those cases where voicing
contlinues unbroken through and beyond the cessation of
friction.2 The question of non-release 1s obviously not
relevant here since the friction cannot continue 1lndefinite-
ly. The duration of voicing during closure (1.e. voicing
during the friction portion of the consonant) 1s comple-
mentary to the positive volcing offset value, for the

total duration of closure (see Fig. 2-3).

In general, then, an increase in volcing offset
values lfor a glven utterance mandates a decrease of the
duratlon of volcling during closure, and thus in most cases
both measures can be determined by a singie measurement
{(once closure duration 1s known) and can be altered by a
single experimental manipulation of the stimulus.

The duration of a vowel preceding a filnal con-
sonant can be determined spectrographlcally by measuring
from the point where a full formant structure first be-
comes evident, either as perlodlc vibration or as noise
(aspiration), to the point where such formant structure

ceases to be evident.

Experiment I: Spectrographlc Measurements
of Potential Cues

Procedure
In this first experiment a corpus of test items was
developed which consisted of minimal and sub-minimal palrs
of English words., The palrs contrasted by virtue of the

final-position phonemic oppositions /p-b/, /t-d/, /k-g/,
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/t-v/, /8-d/, /s-z/, /f-3/ (see Appendix 1 for a complete
listing of the corpus). The vowels and diphthongs chosen

to precede the final conscnants were /1, I, e,e ,®m, u,

Uu, 0,9, a, a,¥®, al, auU, 9I/. Each word was spcoken by each
of three native male speakers of Standard New York City
dialect. The speakers each read from one of three different-
ly randomlzed lists. For the purposes of thils experiment

the results drawn from one speaker's recording of the list

of words are reported,

Wide band spectrograms were made for each recorded
item using a standard Kay Sconograph. A -10 db amplitude
display was incorporated into each spectrogram and was used
as an ald to detect both the onset of consonant closure and
the cessatlon of volcing. Narrow band spectrograms were
also made in those cases where it seemed that an inspection
of harmonics might be useful as an ald to determline the
presence or absence of volcing.

Four points were marked on the wide band spectro-
grams:

(1) The onset of the vowel {or diphthong) pre-

ceding the final consonant.

(2) The offset of the vowel (or diphthong) pre-

ceding the final consonant.

(3) The offset of volcing during the closure perilod

of the final consonant.

(4) The release of the final consonant: 1.e. the

burst (1f present) in the case of stops, and
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the cessatlion of friction In the case of
fricatives. (See Fig. 2~-4)

The dlstances between these four polnts were then
measured 1n millimeters and converted to thelr equivalents
in milliseconds. Flgures were rounded to the nearest five
mlliiseconds as an estimate of experimental accuracy. Four
princlpal measures were then computed for each 1tem:

(1) The duration of the vowel preceding the final

consonant (point 1 to point 2).

(2) The duration of the voicing during the closure
of the final consonant (point 2 to point 3).

(3) The total duration of the volecing during the
syllable, dilscounting the initial consonant (i.e.
vowel duration plus duration of volcing durlng
closure: point 1 to point 3).

(4) The Volcing Offset Time (i.e. the duration of
the period of voicelessness, 1f any, between
the release of the flnal consonant and the
offset of voicing during closure: polint 3 to
point 4). (See Fig. 2-5)

An additional measure was also computed:
(5) The total closure duration (point 2 to

point 4).

Results
An inspection of the data reveals that, with few
exceptions, all four principal measures correlate with the

opposition of the members of cognate pairs: Vowel duration,
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volcing during closure, and total voicing duration exhibit
larger values 1n syllables ending with /bdgvdz3/, than in
syllables terminating with /ptkf®sf/. Volcing Offset Time,
as predicted from 1ts relation to closure volcing, exhibits
larger values in syllables ending with /ptkfésf/ than
in those ending with /bdgvdzyz/. (See Tables II-7 and
II-8.)

Vowel duration averaged 164.0 msec before /ptk/ and
316.4 msec before /bdg/, a ratio of slightly less than
2;1.3 For fricatives the average vowel duratlions were
210.4 msec before /f@sf/, and 362.2 msec before /vdzy/,
a ratio of 1:1.7 (see Tables II-1 and II-2). Average
Voicing Offset Time was 97.6 msec before /ptk/ and 23.2
msec before /bdg/, a ratlo of 2.5%:1. The average Volcing
Offset Time before /f@sf/ was 212.0 msec, and before /vdzz/

66.1 msec, a ratlio of 3.2:1 (see Tables II-1 and II—2).“



TABLE II-1

SPECTROGRAPHIC DATA FOR STOPS

: : %;- m
aveg. ratio avg. ratlio ave, ratio avg. ratlio
Dovation | 20376 121 L O I T S I R R A T O
Voteing | 1368 138 38T v | 3320 ne | A28 1
L uae | BN e | B0 e | RO 1o
votelng 22t 2.9:1 oL S I 95 2.9:1 315 25
Siosure 15372 Ll igg:i 1:1.3 %ég:g 1:1.1 1538 1:1.1
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TABLE TII-¢

SPECTEOGFAPKIC DATA FCR FRICATIVES

f [ s fos*

v A Z vhz*
avg. ratio avg. ratio avg. ratio aveg. ratlo
Daration | 36006 BT 3o wae | RDE o war | B8 1a
Vototng | fols  BL | a3l mz | 3pp mss |Gl 12
votetng |35 mt3 | D e ORISR [ TS S
Rl N8BS sea |20 saa | A0S saa |9 sen
cowre BB asa |82 | RS aaa |20 usa

%Data for tne one minimal pair ending in /[-3/ may be found in Table II-9,

L8
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TABLE II-3

DATA FOR MINIMAL PAIRS ENDING IN /p-b/
TIME VALUES FOR EACH PARAMETER ARE
GIVEN IN MILLISECONDS

Vowel Closure Total Volcing Closure
Duration Volicing Volcing Offset Duration
Heap 210 30 240 130 160
Hebe 330 175 505 -55 175
Nip 95 75 175 95 170
Nib 130 150 280 g 150
Gape 140 40 180 90 130
Gabe 250 135 390 o 135
Rep 225 85 310 30 115
Reb 230 170 400 -35 170
Lap 200 10 210 o 10
Lab 355 120 78 =25 120
Mop 165 5 170 G 5
Mob 410 145 555 Q% 1445
Lope 215 60 275 95 155
Lobe 340 175 515 0 175
Loop 85 50 135 130 180
Lube 350 80 430 80 160
Sup 100 0 100 25 25
Sub 215 150 360 O% 150
Slurp 195 25 220 55 80
Herb 270 80 350 o# 80
Tripe 190 ko 230 o# 40
Tribe 350 145 g5 -30 145

%#Denotes unreleased stop.
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TABLE II-4

DATA FOR MINIMAL PAIRS ENDING IN /t-4/
TIME VALUES GIVEN IN MILLISECONDS

Vowel Closure Total Volcing Closure
Duration Volcing Volicing Offset Duration
Pleat 155 40 195 55 95
Plead 305 135 440 -30 135
Bit 105 by 150 10% 150
Bid 185 160 340 -55 160
Rate 190 65 255 55 120
Raild 360 Y0 450 0 90
Bet 16% U 165 20 20
Bed 260 100 360 -45 100
Hat 245 10 255 25 35
Had 350 120 470 b 120
Pot 125 24 150 O# 2hH
Pod 315 70 385 o 70
Sought 190 25 210 100 125
Sawed 320 140 460 -40 140
Moat 210 ye 260 100 145
Mowed 355 10% 460 =40 105
Put 115 30 145 30 60
Good 180 150 330 ~-49 150
Suit 175 4o 215 100 140
Sued 359 70 k2w b5 115
Hurt 135 20 150 Q#* 20
Heard 405 135 540 ~40 135
Helght 200 30 230 95 125
Hide 390 60 Lyt o* 60
Hoyt 210 85 290 65 150
Boyd 375 175 550 -85 175
Clout 185 45 230 65 110
Cloud 450 100 550 ~-30 100
Pallet 235 75 310 G 75
Pallid 355 115 470 ow 115

®Denotes unreleased stop.



TABLE II-5

DATA FOR MINIMAL PAIRS ENDING IN /k-g/
TIME VALUES GIVEN IN MILLISECONDS
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Vowel Closure Total Volcing Closure
Duration Volicing Volcing Offset Duration
Leak 135 65 200 100 165
League 275 135 Los 80 215
Wick 260 39 295 35 70
Wig 270 55 325 -25 55
Fake 14% 70 2895 20 g0
Vague 320 145 325 -25 145
Peck 144 100 245 40 140
Peg 320 125 450 -15 125
Sack 130 193] 200 75 140
Sag 215 105 320 10 115
Clock 140 65 205 65 130
Clog 335 75 410 -55 75
Hawk 175 0 175 70 70
Dog 310 155 465 -70 15%
Broke 150 30 180 160 130
Brogue 330 165 Lgs5 -40 165
Duke 185 15 200 65 80
Krug 335 105 440 25 130
Tuck 110 70 180 35 10%
Tug 180 105 284 10 115
Bucske 155 70 225 60 130
Burg 315 105 420 25 130




DATA FOR MINIMAL PAIRS ENDING IN /f-v/

TABLE II-6

TIME VALUES GIVEN IN MILLISECONDS
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Vowel Closure Total Voicing Closure
Duratlon Volcing Voicing Offset Duration
Grlef 145 80 225 175 2545
Grieve 330 80 410 65 145
Syph 165 65 230 145 210
Sleve 270 100 370 35 135
Safe 215 80 295 200 280
Save 385 95 480 70 165
Ref 225 60 285 220 280
Rev 255 174 430 25 200
Halfl 280 b0 340 210 270
Have 380 100 480 45 145
Proof 200 70 270 130 200
Prove 410 90 510 20 110
Duff 200 4o 240 215 2h5
Dove 325 75 400 65 140
Serf 190 115 305 150 265
Serve 400 25 425 80 105
Life 250 70 320 160 230
Live 490 85 575 lig 130




DATA FOR MINIMAL PAIRS ENDING IN AN -9/

TABLE II-7

TIME VALUES GIVEN IN MILLISECONDS
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Vowel Closure Total Voicing Closure

Duration Volcing Volcing Offset Duration
Teeth 175 30 205 200 230
Teethe 315 105 420 85 110
With 150 85 235 185 270
With 265 170 43% 30 200
Loath 180 65 244 210 275
Loathe 455 55 510 55 110
Sooth 160 24 185 200 225
Soothe L35 35 470 50 85
Mouth 250 60 310 230 290
Mouthe 310 260 570 90 350




TABLE II-8

DATA FOR MINIMAL PAIRS ENDING IN /s-z/
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TIME VALUES GIVEN IN MILLISECONDS
Vowel Closure Total Volcing Closure
Duration Volcing Volcing Offset Duratlon
Peace 150 20 170 235 255
Peas 310 60 375 125 185
Hiss 115 85 200 200 285
His 265 160 y25 40 200
Pace 220 10 230 250 260
Pays 360 80 4y 95 175
Press 205 20 225 220 240
Pres 320 165 485 45 210
Ass 345 40 365 220 260
As 20 13¢G 550 65 135
Floss 250 15 265 255 270
Flaws 3306 120 350 B5 205
Dose 225 25 250 255 280
Doze 420 140 560 95 235
Deuce 225 25 250 255 280
Dues 400 125 525 70 195
Bus 140 70 210 225 295
Buzz 225 170 395 60 230
Dice 255 50 305 255 305
Dies 475 75 550 110 185
Boyce 245 4o 285 240 280
Boys 470 50 520 110 160
House 235 15 250 270 285
House 390 175 565 0 175




TABLE II-9

DATA FOR MINIMAL PAIRS ENDING IN /S-3/
TIME VALUES GIVEN IN MILLISECONDS
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Vowel Closure Total Volcing Closure

Duration Voicing Velicing Offset Duration
Cash 285 50 335 215 265
Cags(ual) 370 110 480 12% 235
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Figures 2.6-2.13 indicate that the two categories of
stops and fricatives are generally, though not absolutely
separated by all four measures. That 1s, there 1s rela-
tively little overlap of values between categorlies along each
of the dimensions measured. More important, with but three
exceptions in each one of pailrs of words studled, there was
a vowel of shorter duration and an earller cessation of
volcing during closure before the sounds usually labelled
as "volceless" than before those usually labelled as "volced."
In the exceptional cases, and 1n those cases where differ-
ences were minimal, the addition of the two measures re-
vealed that for each minimal palr no total volicing duration
was greater 1n a word ending 1in /ptkfésf/ than 1in a word
ending 1n /bdgvdzy/.

An analogous observation obtains for the Volcing
Offset measure. That 1s, for each minimal palr the values
were greater for words ending in /ptkfésf/ than for words
ending in /bdgvdz3/. This fact 1s somewhat obscured in the
case of the stops which were unreleased sounds; these,
assigned a value of zero for the Volcing Offset measure,
occasionally had the same value as their cognates (see
Tables II-3 and II-4).

It should be noted that eight of the cases of unre-
leased stops were for the sounds /b,d/, while only four
cases of unreleased /p,t/ and none of /k,g/ were found.

This findlng corroborates the view that voiceless stops

are released more frequently than are volced atops.5
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The additlonal measure of closure duraticon proved
to successfully categorize the fricative consonants into
cognate classes. With one exception, the closure durations
for /fOs/ exceeded those for /vdz/ in every case by at least
30 msec. The average closure duration for each member of a
coghate palr and for each class of coghates as a whole were
clearly separated, and there was a minimum of overlap in the

absolute values (see figure 2-14 and Tables II-1 and II-2).

Discussion

All of the parameters investigated provide data
which effectively categorlize cognate sounds. The most
effective measure was that of total voilcing duration. This
measure, 1in turn, may be viewed as belng comprilsed of two
component measures: vowel duration and, alternatlvely,
volcing during closure or Volcing Offset Time (since these
last two are, in general, complementary). The fact that
these measures allow for categorization of cognate sounds
does not 1ndicate that any or all of them are perceptually
significant. The correlation between acoustic measurements
and lingulstic categories does, however, suggest the like-
lihcod that there is a significant cue value to be found
among the parameters investigated. The experiments de-

scribed below were designed to test thls likelihood.
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Experiment II: Volcing Offset Time/Volcing During
Closure as a Cue to the Classification ol the
Members of Stop Cognates in Word-Final
Positlon: A Tape-Cutting Experiment

Thls experiment was designed to determine the
effectiveness of the measure(s) of Volcing Offset Time/
Closure-Volcing Duration as a cue to the categorization of
cognate stop phonemes in word-final position.6

Procedure

A typical minimal pair was selected from each of the
three categories of stops tested in Experiment I (see Tables
I1-3, II-4, II-5). All of the syllables, except for the one
ending with /p/, had clearly released stops in final positlion.
Each pair (six words in all) was re-recorded many times.
These dubbings were made at a tape speed of 15 ips.

A cutting and splicing technique was then employed
to remove some portion of the volcing durlng closure from
each member of the palirs ending 1n /bdg/. The amount of
closure volcing removed from each successive dubbling was
increased 1n steps of 10 msec. Blank tape was added to re-
place the segment of tape with closure volcing that had been
removed. The effect of the cuts was thus to decrease, pro-
gressively, the duration of the volcing during closure from
one stimulus to the next, while at the same time 1increasing
the Voicing Offset value for the final stop.

The cutting and splicing technique, used 1n this
and the following experiment, began by placing an audible

¢lick on the tape recording of the original ucterances



108

before the dubbings were made. This was done by touching
the edge of a magnetized razor blade perpendicularly to

the surface of the tape. The click was manifested on a wlde
band spectrogram by a vertlcal spike, occurring some
distance after the release of the final stop.

The distance from the click to the point of voicing
offset was then measured and converted to a time value 1n
milliseconds. This time value was 1n turn converted to the
corresponding length of tape which represented it on the 15
ips dubbings. It was then possible to locate the reference
click on each dubbed stimulus by turning the tape reels
slowly by hand untll the deslired polnt on the tape passed
over the recording head. This polnt was marked and the point
at which the volcing during closure ceased was determined by
measuring the calculated distance along the tape which
corresponded to the time value derived from the spectrogram.
The tape was cut at thls polnt and a further length of tape,
corresponding to the desired time value of closure voiclng
to be removed was marked off. Another cut was made at this
point. The plece of tape containing volcing during closure
was removed and a piece of blank magnetlic tape, equal 1n
lenzth to that Just removed, was substituted in 1ts place.
The several sectlons of tape were then spliced together to
yleld a completed 3t1mulus.7

The cuts were made on an Editall splicing block
having a splicing groove milled at an angle of 80° to the

perpendicular. This angle provides a stimulus that does
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not lose as much of the time dimension as the usual 45°
splicing cut. Further, it avoilds placing an audible click
ocn the tape which is often heard when a 90° cut is made,.
The accuracy of each cut was verified by making wide-band
spectrograms of each altered stimulus.

The stimull used 1n each of the three tests of the
experiment consisted of one unaltered utterance ending with
one of the stops /bdg/, a serles of altered words with pro-
gressively greater durations of volcing durlng closure
removed and ending with the same stop as the unaltered
stimulus, and an equal number of recordings of the second
member of the minimal palr which ended in the cognate of
the unaltered stimulus.8

The stimull were then randomized and played to
twenty phonetically-nalve native Engllish Speakers (standard
New York Clty Dialect). The subjects were asked to Judge
each 1tem as either one or the other of the minimal pair
originally recorded. They were told to make a Jjudgment
for each item, even 1f they were unsure as tc which 1t was.
Listeners heard the stimull as played on an Ampex 301 tape
recorder over a loudspeaker in a sound-treated room.

Results

No significant changes in the llsteners' perceptual
Judgments were found for any stimulus. That 1s, there were
no instances of a majJority of listeners hearing words
originally ending with /b/, /d/, or /g/ as words terminated

by /p/, /t/, or /k/, regardless of the amount of volcing
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during closure that had been removed and the resultant
increase in Volcing Offset Time. Similarly, all of the
unaltered items which ended in /ptk/ were percelved as
originally intended.

Figures 2.14-2.16 reveal the almost total lack of
change in perceptual Judgments. The final /k-g/ opposition
displayed no change whatsoever in percentage of listener
ldentification: All stimull were heard as originally re-
corded, whether they were altered or not. The final /t-d/
opposition yielded only six Judgments (out of a possible
300) of /d/ as /t/. Two of these Judgments were made of

stimuli In which the volcing had been cut back % msec 1nto

the end of the vowel, another for a stimulus in which the
volcing had been cut back to the end of vowel, and another
of a stimulus in which only 5 msec of volcing during closure
remained. The /p-b/ opposition ylelded similar results.

Of the two Judgments (out of a possible 120} of /b/ heard

as /p/, both were of items Iin which the volcing had been

cut back 5 msec into the end of the vowel.

Discussion
The measure(s) of Volcing Offset Time/closure
volcing duration does not appear to be a significant cue
to the perceptlon of final stops as belonging to the class
/bdg/ or /ptk/. Any perceptual changes caused by increasing
Voicing Offset Time (1.e. removing voicing during closure)

are few in number and limited to the stimuli 1in which
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volcing uuring closure has been virtually eliminated, or in
which volcing has in fact been cut back into the vowel,
These flndings suggest that vowel duratlion may be a more
potent cue to the categorlzation of word-final stops than
the measure tested in this experiment.
Lxperiment I1I: Preceding Vowel Duratlon as a
Cue to the Classification of the Members
of Stop and Fricative Cognates in Word-

Final Position: A Tape-Cutting
Experiment

This experiment was deslgnea to determine the
effectiveness of preceding vowel duration as a cue to the
categorlzation of word-final stcp and fricative phonemes.
From the corpus described above {(see pp. 80-81 and Appendix 1)
one minimal palr from each of the steop and fricatlve cate-
gories of place of articulation was chosen. The tape cutting
and splicing procedure previously described (see pp. 108-13)
was used, except that instead of measurlng from the referernce
click to the offset of volcing, the distance (and duratlon)
from the reference click to a polnt in the vowel just before
the final transitlon was calculated and marked off. The
cutting and spilecing 1in this experiment removed progresslive-
ly greater sections of the vowel in ten milllisecond steps.

Thie words chosen, with one exception, all con-
tained what are generally termed "lax" or "checked" vowels.
Such vowels display a relatively steady-state formant
structure and thus sound more natural when subjected to the

cutting and splicing procedure than do "tense" or '"free"
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vowels, whose formant structures often display large changes
in frequency from beginning to end. The accuracy of all
cuts was again verified by spectrographic analysls,

In this experlment only the stimull which were
origlinally recorded and perceived to end in /bdgvdz3/ were
used in the llstening tests. That 1is, the slgnal heard by
the Ss was comprised of an 1nitial consonant {or cluster),

a vowel (usually shortened to some extent), and the complete,
originally "volced" consonant, with the transitions leading
to it, as spoken by the principal informant.

The stimulil were randomized and played over a loud-
speaker for 100 pnonetically-naive, natlive speakers of
American kEnglish (standard New York City Dlalect) on an

Ampex 3Ul tape deck in a scund-treated room.

Results

Flgures 2.,17-2.19 indicate the results for the
stimull ending 1in /bdg/. A crossover in listener Judgments
was obtained for each place category of final stop con-
sonant. In the case of the lablals, once the vowel had been
shortened by 90 msec, more Ss heard the flnal stop as /p/
than as /b/, the crossover polnt being approximately 86
msec. The crossover for /t-d/ was 75 msec, and for /k-g/,
82 msec.

It should be noted that the /t-d/ and /k-g/ Judg-
ments reconverge at the extreme limits of vowel reduction,

there being a secondary crossover in the case of the
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alveolars. This "end effect"” 18 not evident in the data for
/p-b/, where the relatively short vowel (130 msec, as
opposed to 185 and 215 msec for the other vowels before /d/

and /g/) may preclude its occurrence.

Fricatives

Flgures 2.,20-2,23 indlcate the results for the
stimull ending 1in /vBz3/. It 1s clear that the fricative
data differs somewhat from that for the stops, although
there 15 a general similarity between the two manner
classes.

The /f-v/ opposition is simllar to that for the
stops, except that there 1s no "end effect." Further, the
crossover 1in Jjudgments takes place only after a proportionate-
ly greater segment of the vowel has been removed than in the
case of the stops.

The /f-3/ opposition resembles the stop results most
closely. There is both a relatlvely early crossover of
Judgments and a reconvergence of judgments, resulting in a
secondary crossover, near the extreme limits of the vowel
reductfion,.

The /8-d/ and /s-z/ oppositions are the least
dramatic in terms of crossover Judgments. Such crossovers
are sporadic and weak, and reflect, perhaps, an ambivalence
of judgments and an ambiguity of stimull rather than a real
change in the perception of the listeners from one cate-

gory to another.



AS A FUNCTION OF PRECEDING VOWEL DURATION
D= OO OO Q@_O -

PERCENTAGE OF JUDGMENTS

figure 2-20

PERCEPTION OF FINAL wv/ AS /f/

MILLISECONDS OF VOWEL REMOVED

[l Qm=
v/ O—@

BTT



(

2
<
L]
=
D
-
)
R
L
o
2
QO
o'
L]
a.

PERCEPTION OF FINAL /8/ AS /e/

AS A FUNCTION OF PRECEDING VOWEL DURATION
0 -

P, )
)"Q A 'O O

!

l ' l 'IAO ' ' 200 ' ' 330
MILLISECONDS OF VOWEL REMOVED

18] Om=

,QO [/ O—@

611



PERCEPTION OF FINAL /z/ AS /s/
AS A FUNCTION OF PRECEDING VOWEL DURATION

Q /S| Omm=e)
/2| @

PERCENTAGE OF JUDGMENTS

‘g 5F T 1 Y I T T T I Y Y
figwe2-22°  MLLISECONDS OF VOWEL REMOVED

0cT



PERCENTAGE OF JUDGMENTS

N

0
|

O-o-Q\

PERCEPTION OF FINAL /3/ AS /§/
AS A FUNCTION OF PRECEDING VOWEL DURATION

i

ﬁgoure 223

180 ' l o 230 ' 380 '

MILLISECONDS OF VOWEL REMOVED

Tt



122

Discussion

Preceding vowel duration, in general, does prove to
be a sufficlent cue to the perceptual categorization of the
members of cognate phoneme pairs in final position of 1lso-
lated words. The data indicate that the cue 1is more effec-
tive in the case of stops than in the case of fricatives,
Fricatives generally require a proportionately more ex-
tensive reduction in preceding vowel duration than do stops,
in order for percepticon to change from one category to
another. Further, the members of each of the cognate pairs
/0-d/ and /s-z/ do not exhibit a significant crossover 1in
percentage of listener Jjudgments. The sounds are merely
confused as the vowel 1s shortened, indicating an uncertain-
ty rather than a change in the perception of the subjects.
The remaining fricative pairs and all of the stops, on the
other hand, show a definite categorical change in Judgment
on the part of the listeners.

A possible explanation for the difference between
stops and fricatives might be that the longer duratlon of
closure for the fricative manner allows the volcing during
closure to play a more prominent role in cueing the cognate
opposition than in the case of stops. One might then ex-
pect that the preceding vowel would have to be reduced pro-
portionately more in the case of fricatives in order to over-
come the relatively stronger cue wlthin the closure and

bring about a perceptual change.
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The reconvergence and secondary crossover of Judgments
noted for several of the stops and fricatives tested suggest
that the parameter of voicing during closure/Voiclng Offset
Time may indeed be a cue of some significance. It seems
possible that this cue, although & minor one as compared to
precedling vowel duration, may assert{ itself once the vowel
has been sufficiently shortened. That is, once the vowel 1s
reduced almost to the point of elimination 1t may be too
brief to be of any value as a cue, and so the listeners may
be forced to rely on the secondary cue in making thelr
Judgments.

Two other observations support the hypothesis that
Volcing Offset Time may be a cue of minor importance. First,
when the stop closure 1in Experiment I1 was fully eliminated,
a cut of 5 to 10 msec Into the vowel did produce a slight
shift 1n the percentage (10%) of Judgments of the listeners
for the /p-b/ and /t-d/ oppositions. In Experiment III, on
the other hand, when the stop closure was left intact, such
a slight reduction of the vowel caused a smaller change 1n
the percentage of Judgments. Second, if volcing during
closure were of no significance whatsoever as a cue, one
might expect the crossover 1in judgments to occur at that
point where the vowels before /bdgvBz3a/ had been reduced to
the same duratiocn as the vowels precedlng /ptkfésf/ in the
corresponding member of each minimal pair. 1In fact, with
one exception, the crossovers were attained only after the

vowel had been reduced to a polnt where it was 10 to 140
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msec shorter than the vowel preceding the other member of
the cognate pair. 1In the exceptional case of the /0-8/
opposition, which showed a confuslon rather than a clear
change in perception, the first crossover in Judgments
occurred when the vowel was reduced to a point where 1ts
duration was equal to that of the vowel before /8/.

The results of this experiment, then, indicate the
relative importance of preceding vowel duration as a cue to
the separation of the members of cognate phoneme palrs when
such vowels are reduced before /bdgvdza/. The tape cutting
and splicing procedures employed here, however, do not allow
for the testing of the reciprocal relation: the lengthening
of vowels before /ptkf@sf/. In order to determine if such
a manipulation of the acoustic signal would cue an analogous
change in perception 1t was necessary to turn to speech

syntheslis.
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Footnotes - Chapter II

lLeigh Lisker and Arthur S. Abramson, "A Cross-

Language Study of Volcing in Initial Stops: Acoustical
Measurements," Word, 20 (December, 1964), 387 rr.

2In the 1solated words studled in these experiments
no cases of volcing extending beyond the cessation of
friction were found.

3See Table I-2, Chapter I, p. 22, for a comparison
of these data with those of other investigators.
qu the data supplled by the unreleased stops 1s
ignored, the averages for Volce Offset Time before /ptk/
and /bdg/ respectively are 70.8 and 23.0 msec. The ratilo
is then 3.1:1, which 1s qQuite similar to the 3.2:1 ratilo
found before fricatives. The exclusion of the data for un-
released stops might be Jjustified on the grounds that the
arbltrary zero value assigned to Voice Offset Time in these
cases might not reflect the fact that closure was, 1ln fact,
released, although not audibly, or that some cue to the
cessation of closure might not be evident on the spectro-
grams.

5william S~-Y. Wang, "Transitlon and Release as Per-

ceptual Cues for Flnal Plosives," Journal of Speech and

Hearing Research, 2 (March, 1959), 71.
6

The nature of the experimental procedure used
precluded the investigation of Volice Offset Time/volcing

during closure for fricatives. 1In cutting and splicing
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the tape 1t would have been necessary to alter the duration
of the friction, & duration which has been shown to exhiblt
significant cue value for the categorization of cognate
fricatives in final position (see above, Chapter I, p. 18).
This, of course, would have introduced a second varilable to
the experiment.

7In cases where there was a negative value for
Voice Offset Time, a preliminary cut was made removing all
volcing following the stop release.
8In this experiment, closure duration was essen-
tially unaltered. This writer has performed a similar ex-
periment in which blank tape was not used to replace the
volcing durling closure that was removed. Thls procedure
progressively eliminates the volcing durling closure and
shortens the closure duration, but does not affect the
Voice Offset Time. The results for that experiment were
virtually ldentical with those reported here for the cue
value of Voice Offset Time. That is, neither total closure
duration nor the amount of volcing during closure proves

to be a significant cue to cognate opposition for word-

final stops.



CHAPTER III

VOWEL DURATION AS A CUE TO THE PERCEPTUAL
SEPARATION OF WORD-FINAL COGNATE SOUNDS:

SYNTHETIC-SPEECH EXPERIMENTS

The purpose of the experiment described in this
chapter was to determine the effect of preceding vowel
duration upon the perception of final consonants as belng
cne or the other of the members of a cognate pair. This
experiment employed synthetic speech and thus differed from
the one described in the preceding chapter in that it was
possible to explore the effects of varying vowel duration
before sounds of the category /ptkfOsf/, as well as before
the cognates of thils category.

Further, this experiment tested the effect of
varylng vowel duration before word-final clusters of the
types: stop-plus-stop; stop-plus-fricative; and fricative-
plus-stop.

Using the results of the tape-cutting experiments
as a basls, four hypotheses were developed and tested

experimentally:

Hypothesis I predicted that final consonants and clusters

regardless of the volcing cues used in thelr synthesis,

would be percelved as volced when preceded by vowels

127
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of long duration and as volceless when preceded by

vowels of short duration.

Hypothesis I] predlicted that any changes in the perception

of final consonants or clusters would be continuous
rather than categorical. That 1s, the Ss in the ex-
periment would be able to discriminate the test
stimull far better than they could label them, Thus,
the discrimination functions for the stimuli would

be at substantlally higher levels, both across and
within phoneme boundarles, than would be predlicted
from the labelling data. This hypothesis rests both
on the results of the tape-cutting experiment, and on
the assumption that the perceptual classiflcation of
the final consonants is in fact conditioned by the
duration of the preceding vowels (Hypothesls I).
Perceptual changes in vowel duration, as well as
quality, have been shown to be contlnuous, rather
than categorical.l’2 Thus, 1n the case of final-
position, post-vocallc consonants and clusters, per-

ceptual changes will be predicted to be continuous.

Hypothesls IIIl predicted that volcing during consonant

closure would be of minor perceptual significance as
a cue to the classliflcation of word-final consonants.
Once again, thils assumption rests on the findings of
the tape-cutting experiment, in which 1t was found

that (1) in order to cause a perceptual change,
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vowels preceding volced consonants had to be shorten-
ed to a polnt where thelr duratlions were less than
those which preceded their volceless cognates, and
(2) once the vowel had been so shortened that its
duration could no longer serve as a cue, perception
tended to revert to the original categorization of
the final sound as voiced. In the synthetic experi-
ments 1t was expected that this cue value would be
manifested by a difference between the durations of
vowels needed to cause equivalent perceptions of
sounds syntheslzed as cognates. That 1s, it was
expected that a shorter vowel would be needed to
cause a final consonant to be percelived as volceless,
when that final consonant had been syntheslized with
cues for volcing, than when cues for voicelessness
had been employed. Conversely, 1t was expected that
a longer vowel would be needed to cause a final
consonant to be percelived as volced, when that final
consonant had been synthesized with cues for volceless-

ness, than when cues for volclng had been employed.

Hypothesis IV predicted that the varying of vowel duration

would be more effective in causing perceptual changes
before final stops than before flnal fricatlves.

That 1s, 1t was expected that the results would be
similar to those obtalned from the tape-cutting ex-
periment in which the varlations in vowel duration

that caused perceptual changes before stops would
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be smaller than those before fricatives. Since the
durations of vowels preceding clusters in real
speech were more lilke those precedlng stops than

those preceding fricatives,3

it was further pre-
dicted that the range of varlation of vowel duration
needed to cause perceptual changes 1n clusters

would be more similar to that needed in the case of

the stops than 1n the case of the fricatives.
Procedure

The synthesizer employed 1n these experiments was the
Haskins Laboratories' Pattern Playback. The Pattern Play-
back 1s a device that '"generates speech by converting hand-
painted spectrograms intc sound.”u

The stimull produced by the Playback varied with the
type(s) of consonants being tested. The final stops were
synthesized by using a three-formant, steady-state vowel with
50 msec transitions appropriate to the place ard voicing
characteristic desired for the (initilal and) final con-
sonant(s).5 A typical stimulus pattern for a syllable end-
ing in a volced stop 1s shown 1n Flgure 3-1.

A series of stimull of the type shown in Flgure 3-1
with vowel durations varylng from 150 to 350 msec was pre-
pared. The range of vowel durations synthesized was deter-
mined from both the experiments reported in Chapter II
and from studles of vowel duration reported in the literature

reviewed 1n Chapter I. All final stops were synthesized
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without burst-releases.

After recording the serles of "volced" stimuli,
each member of the serles was converted te a "voiceless"
stimulus by eliminating the final 50 msec Fl transition.

The new volceless serles of stimull was then recorded
(see Figure 3-1).

Final fricatives were syntheslized by random stipp-
ilng 1n the frequency ranges appropriate to the desired
place of articulatlon as reported In the Haskins literature.
Flg. 3-2 shows a pattern used for a stimulus ending in a
volced fricative. The duratlon of the friction patch was
70 msec ana was accompanled by a volelng bar in the lowest
harmonic produced by the playback. After the voiced stimull
had been recorded, with vowel durations ranging from 200 to
400 msec, they were converted to stimuli ending in voiceless
fricatives by a three-step process: (1) the voicing bar
beneath the friction patch was removed; (2) the Fl transition
was removed; (3) 80 msec of friction in the appropriate fre-
quency range was added to the frictlon patch, making 1its
total duration 150 msec (see Flg. 3-2).

Final clusters were synthesized in one of three
ways, depending on whether they were comprised of stop-plus-
stop, stop-plus-fricative, or fricative-plus-stop. The
two syllables ending in volced stop-plus~stop clusters were
synthesized exactly as were those ending in simple stops,
with the addition of a 100 msec silent interval after the

first stop of the cluster, followed 1in turn by a release in
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the form of embryonic transitlions of 30 msec duration.
These transitions were appropriate to the place of articu-
lation of the second consonant in the cluster and pointed
toward a following, non-exlistent, schwa-like vowel.

Figure 3-3 shows the pattern used to synthesize a typlcal
syllable ending 1n a velced stop-plus-stop cluster. After
these stimull had been recorded, they were converted to
syllables ending in volceless clusters by: (1) removing the
final Fl transiticon of the vowel of the syllable;, (2) re-
moving the Fl transition after the final consonant of the
cluster; and (3) changing the final embryonic transitions
from solld to dotted lines 1n order to simulate aspiration
(see Figure 3-3).

The three syllables ending with volced stop-plus-
fricative clusters were synthesized as were those endling in
simple stops, with the addlitlion of a 100 msec silent gap
after the stop, followed by the voice bar and random
stippling appropriate for the final fricative as described
above 1n the synthesis of final fricative stimull (see
Figure 3-4). After being recorded, these stimull were con-
verted to syllables ending in volceless stop-plus-fricatlve
clusters by (1) removing the 50 msec F1l transitlon of the
stop in the cluster; (2) removing the volcing bar beneath
the friction patch; and (3) extending the duration of the
friction patch to one appropriate to a volceless fricative.
The friction patch was extended to the right, thus main-

taining the silent interval at a duration of 100 msec (see
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Figure 3-4).

The single syllable ending in a voilced fricative-
plus-stop cluster was syntheslized as were those ending with
a simple fricative, with the addition of a silent interval
of 100 msec followed by the embryonic transitilions described
above 1n the synthesis of the final volced stop-plus-stop
clusters (see Flgure 3-5). After recording, the con-
version to volceless final clusters was accomplished by:
(1) appropriate lengthening of the friction patch; (2)
removal of the volce bar beneath the friction patch; (3)
removal of the embryonic F1l transitiony and (4) changing
the so0lid F2 and F3 transitions to dotted ones to simulate
asplratlion. In the case of these stimulil the final FZ2 and
F3 transitions were removed and repainted to maintain the
duration of the silent 1lnterval for the stop closure at
100 msec (see Flgure 3-5).

The range of vowel duratlons synthesized before
the final clusters, as determined from the results of
spectrographic analysis, varied from one set of stimull to

another. The diphthong in the minimal palr tights-tides

ranged from 200 tc 400 msec. The lax vowel in the tucked-
tugged minimal palr ranged from 100 to 300 msec. The other
vowels in the final cluster stimull were varled from 150 to
350 msec, the same range used before syllables endlng in
simple stops.

The stimull chosen were all intended to represent

a corpus of real English words. The test corpus and the
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oppositlions tested are shown in Table III-1. The use of
stops excluslvely as the only 1initial sounds in the stimull
tended to restrict somewhat the cholce of minimal palirs
avallable, but outside of the relatively artificial palir
cash /imf/-cas(ual) /ke3 _/ the sublJects reported no diffi-
culty 1n accepting the stimull as real words.

Tables III-2 through III-6 give the full specifi-
cations of all the stimull used in tnis experiment.

An attempt was made to use a representatlve sample
of all vowels from the traditional categories: (1) front-
central-back; (2) high-mid-low; (3) tense-lax. Figure
3-6 gives a detalled breakdown of the classification of the
vowels used 1n the synthetic stimuli., In additlicn to the
simple vowels, one diphthong, /al/, was used. This diphthong
was chosen as representative of 1ts class because 1t appears
commonly in minimal palrs.

A simllar attempt was made to balance the classes
of stops inltlating each of the stimuli. Table III-7 shows
the classes of stops represented according to place of
articulation and volicing characteristic.

Each of the series of stimull was randomized and
placed into the following order on the test tape:

(1) Syllables ending in voliced stops. /bdg/

(2) Syllables ending 1n volced fricatives. A4dz3z/

(3) Syllables ending in voiced clusters. /bd, zd4,

bz, gd, dz, gz/

(4) Syllables ending in voliceless stops. /ptk/



TABLE III-1

TEST CORPUS AND OPPOSITIONS TESTED

140

Stops

Gape-gabe /p-b/
Bet-bed /t-4/
Burke-berg /k-g/

Fricatlives
Duff-dove /T=v/
Teeth-teethe 6~/
Deuce-dues /s-z/
Cash-cas(ual) ’5-3/

Clusters
Bopped-bobbed /pt-bd/
Tucked-tugged /kt-gd/
Cost-caused /st-zd/
Cops-cobs /ps-bz/
Tights-tides /ts-dz/
Picks-plgs /ks-gz/
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TABLE III-2

SPECIFICATION OF STIMULI USED FOR
SYNTHETIC STOP-PINAL SYLLABLEST

Stim-

ulus tl te t3 Fl F2 F3 T1 T2 T3

/gebs | 0 [2640 | 2760 | 420° |2220 {2520 | 0o |[1480 | 2160
/gep/ | 0 |26u40 2760 [420 {2200 |2s20 | - [1480 ] 2160

/b1d/ 0 1320 | 2280 | 540 1920 2520 0 1860 | 2680
/bit/ 0 [1320 |2280 | 540 1920 | 2520 - 1860 | 2680

/beg/] 0 | 900 | 1800 | 600- |1260-|2160-| © 2040 | +
480d | 12009]113804d
/bsk/| 0 | 900 | 1800 | 600- |1260-)2160~| - |2040| +
ygod |1200d]1380¢

at: Transition for 1nitlial consonant.

bT: Transition for final conscnant. t, T values are
terminating transition frequencies, not locl.

°F values are for the central formant frequency.
Fl and F2 were painted with a bandwidth of two harmonics
(240 Hz.), F3 with a bandwidth of one harmonic (120 Hz.).

dThere were 60 msec of steady-state at the second of
the two frequencies listed, before the final transition.

€a slight positive transition of 10-20 msec was used.
Because of the steep positive T2 1t was not possible to
use a full 50 msec final transition.

rThe range of vowel durations synthesized before
stops was 150-350 msec.



SPECIFPICATIONS OF STIMULI

TABLE III-3

USED TO SYNTHESIZE FRICATIVE-FINAL SYLLABLESr

120 YVolce
Stim- a b Friction |Friction Bar Belog
ulus |[t1 t2 t2 Fl F2 F3 T1° | T2 T3 Range |Duration®| Friction
/dav/ | 0 1560 | 2580 | 660 | 1200 |2400 | 660|900 [2100 | 960 - 70 msec yes
2760
/daf/ 0 1560 | 2580 | 660 1200 |2400 - 900 12100 960 - 150 msec no
2760
/tid/ | - 2100 | 2880 | 360 | 2400 |3000 360 1920 ;26800 962 - 70 msec yes
2760
/tie/ - 2100 | 2880 | 360 2400 }3000 - jgz20 2800 960 - 150 msec no
2760
/duz/ 0 1320 | 2520 | 300 840 22380 300 1200 |2520 Egoo - 70 msec yes
00
/dus/ 0 1320 | 2520 | 300 40 12280 - 1200 |2520 3000 - 150 msec no
4800
/eez/ - 2400 | 2520 | 780 1740 | 2400 780 |1680 |[2580 1920 - 70 msec yes
3600
/mef/ - 2400 | 2520 | 780 1740 | 2400 - (1680 |2580 1920 - 15C msec no
3600
8¢:. Transition for initlal consonant.
bT: Transition for firnal consonant. t, T values are terminating transition fre-

quencies, not locl.

chl



TABLE ITI-3..Continued

®The edges of the friction patches were palnted unevenly to avold inducing stop
or affricated stop perception.

d

The volce bar was palnted as a formant tapered at both ends.

€p values are for the central formant frequency.
bandwidth of two harmonics (240 Hz

f

Fl and FZ2 were palnted with a
.}, F3 with a bandwidth of one harmonic (120 Hz.).

The range of vowel durations synthesized before final fricatives was 150-400 msec.

£n1



TABLE III-4

SPECIFICATION OF STIMULI USED TC SYNTHESIZE SYLLABLES ENDING IN STOP-PLUS-STOP CLUSTERS

4] Closure 30 30 30 Range of
Stim- A N (Silent) | msec |msec |msec Vowel
ulus tl7] t2 | t3 F1|lF2 | F3 IT1 Te2i T3 § Duration| Tic | T2 T3 ||Purations
/mbd/ 0 900 | 2040|] 72091080 |2400| © 900 | 2040 100 0 1560 |2520 150-
msec (sol-|(sol-|(sol~ 350
1d) 1d) id) msec
/apt/ 0 900 | 20401 720 1080 |2400]|| -1 900 { 2040 100 - 1560 |2520 150-
msec (dot- |(dot- 350
ted) | ted) msec
/tagd/ - 1560 |2520]| 60G P200 |2400]|| 0 2160 | 2800 100 0 1560 12520 100~
msec (sol-|(sol-|(s0l- 300
id) i1d) i1d) msec
/takt/ - 11560 |2520]| 600 p200 |2400f| - P160 | 2400 100 - 1560 (2520 100-
msec (dot- [(dot- 300
ted) | ted) msec
a

t: Transition for initial consonant.
bT: Transition for first consonant of cluster.

cg: Transition after release of second consonant of cluster. t, T, T values are
terminating transition frequencles, not loci.

dF values are for the central formant frequency. Fl and F2 were palinted with a band-
width of two harmonics (240 Kz.), F3 with a bandwidth of one harmonic (120 Hz.).

il



TABLE III-5

SPECIFICATIONS CF STIMULI USED TO SYNTHESIZE SYLLABLES ENDING
IN STOP-PLUS-FRICATIVE CLUSTERS

' =
Closure Fric- Range
{(silent) | Fric- tion 120 Voice of
a a a b Dura=- tion Dura- Bar Below Vowel
Stimulus| tl t2% | t3 F1 F2 F3 Tl T2 T3 tion Pange tion Friction Durations
/kabs/ - 1200 | 2580 ?20c 1080 2400 0 900 | 2040 ] 100 3000 - 70 yes 150-350
nsec 4800 msec maec
/kaps/ - 1200 | 2580 (| 720 1080 2400 - g00 | 2040 100 3000 - 150 no 150-350
msec 4800 msec msec
/tardz/ - 1400 | 2560 |M760- | #1080~ |®2400- 0 1920 t 2640 ] 100 3000 - 70 yes 200-400
360 2040 2640 msec 4800 msec maec
/taits/ - 1400 | 2560 )m7C0- | *1080~ | ®2400- - 1920 | 2640 100 3000 - 150 no 200-400
3160 2040 2640 msec 4800 msec maec
/pi1gz/ - 1200 i 2160{| 390 1980 2520 0 2800 { 2760 100 3000 - T0 yes 150-350
msec 4800 msec meec
/piks/ - 1200 | 2160(| 390 19380 2520 - 2hoo | 27601 190 3000 - 150 no 150-350
msec 4800 msec msec

8¢, Transition for initlal consonant.

bT: Transition of stop in cluster, t, T values are terminating transition frequencles,
net loci.

cF values are for the central formant {requency. Fl and F2 were painted with a band-
width of two harmonics (240 Hz.), P3 with a bandwldth of one harmonic (120 Hz.).

$Starting frequencles of formants of the diphthong /al/ had a steady state of 50 msec;
final frequencies held at steady state for 20 msec.

i
|
91



TABLE III-6

SPECIPICATICNS OF STIMULI USED TC SYNTHESIZE SYLLABLES
ENDING IN FRICATIVE-PLUS-STOF CLUSTERS®

120
Volce| Cleo-
Fric-! Bar sure
Fric- tion [Below | (Silent) c
tion Dura-|Friec-| Dura- T1 T2 T
Stimulus t12 t2 t3 Pl P2 F3 le T2 T3 Range tion [tion tion - - Ll
Juazd/ - 1080 | 2400 600d B840 |2400 | 600 |1200 | 2580 3000=- 75 yes 100 0 156¢C 2520
h3oc msec msec (s011d) | (s0l1d) }{solid)
Tkost/ - 1080 | 2400 || 600 840 2400 - 1200 | 2580 3000~ 150 no 100 - 1560 2520
4800 msec msec (dotted) | (dotted)
B, Transition for initial consonant.
b'I‘: Tranaition for first consonant of cluster.
cT: Transition after release of second consonant of cluster. t, T, T values are termina-

ting frequencies of transitions, not loci.

dF values are for the central formant frequency. Fl and P2 were painted with a bandwlidth
of two harmonics {240 Hz.), FP3 with a bandwidth of cne harmonic (120 Ez,).

®The range of vowel durations synthesized before the fricative-plus-stop clusters was
150-350 maec,.

orI
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TABLE III-7

ANALYSIS OF FREQUENCY OF OCCURRENCE OF STOPS
USED TO INITIATE TEST-STIMULI

/p/ -1 /t/ - 3 /k/ - 3 Voiceless - 7
/b/ -3 /d/ - 2 /gl -1 Voiced - 6

Bilabial - 4 Alveolar - 5 Velar - 4
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(5) Syllables ending 1n voliceless fricatives./fesf/

(6) Syllables ending 1n voiceless clusters. /pt,

st, ps, kt, ts, ks/

The test tapes were then played to 25 undergraduate
students of Hunter College of the City University of New
York. The students were enrclled in an advanced course in
phonetics. There were 20 females and 5 males, all with
normal hearing, in the group. The sublects were told only
that they would hear a series of words produced synthetically
and that they would have to Judge, for each stimulus they
heard, whether it was one or the other of the two cholces
on thelr response sheets. Sample stimull were played for
the subJects 1n order to famllliarize them with the type of
slgnal produced by the pattern playback. There was a five-
minute rest perlod between the playing of the voiced
stimuli and the playing of the volceless stimull,

The subJects heard the stimull on a loudspeaker in
the sound-treated speech sclence laboratory at Hunter
College. The tapes were played on an Ampex AG-500 machilne

at 7-1/2 1.p.s.

Results and Discussion

Hypothesis I

The experimental results confirm Hypotheslis T, with
one exceptlion. All final consonants and clusters among the
stimull, regardless of the cues used in their syntheslis,
were percelved as volceless when preceded by vowels of short

duration and volced when preceded by vowels of long duratliomn.
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That 1s, a final consonant or cluster synthesized with the
cues for volcing would be perceived as voiceless when the
vowel preceding it was of short duration, and voiced when
the preceding vowel was of long duration. A final cluster
or consonant synthesized with the cues for volcelessness
was percelved in exactly the same way.

Figures 3-7 through 3-12b show the percentage of
listener Judgments of the consonants and clusters heard as
volceless as a function of the preceding vowel duration.

The exception to thls result was found in the case
of the /f/-/3/ opposition. As can be seen in Figure 3-13,
although there 1s a general trend on the part of the sub-
Jects toward percelving the stimull with longer vowels as
ending in voiced sounds, the overall picture 1s one of con-
fusion of perception, rather than change in perception of
the type seen in the other consonants and clusters. The
subJects never percelved any stimulus syntheslized as ending
in /3/ more than 64% of the time as ending in /f/, or more
than 76% of the time as ending in /z/. Of the stimulil
ending in /f/, none was ever percelived more than 80% of
the time as ending in /f/, or more than 88% of the time as
ending 1n /3/.

It 1s true, however, that the peaks in the per-
ception of /f/ occurred near the short end of the vowel
duration range, and the peaks of the perceptlions of /z/ near
the long end of the range. Nevertheless, 1t 1s clear that

the subjects were never fully convinced as a group that any
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stimulus belonged to one class rather than to another,

Three explanations are suggested here for the
failure of the /f-3/ opposition to behave as did the other
final consonants. First, these two sounds are not well
synthesized by the Pattern Playback. The hlgh noise level
of the machlne 1itself tends to make the synthesls of any
volceless fricative difficult, Thus, the cue of short vowel
duration, rather than offsetting the cues of presence or
absence of volcing during the friction, tends merely to make
the stimuli ambiguous.

Second, the /[ /-/3/ opposition 1s one of extremely
low yleld 1n English., It is thus possible that the Ss were
not used to listening for it and so lacked the experience
necessary for making rapld declsions as to the class of the
final consonant of the stimuli.

Flnally, the minlmal palr used, as mentioned above,
was somewhat artlfliclial: It contained what might have been
an unusual or even unknown word for some of the listeners,
and lacked the difference in vowel articulation usually used
by speakers of New York City English 1n distingulshing the
members of the pair.8

Since the indications are that the unique results
for /f-3/ are due partly to the structure of the language,
partly to the nature of the synthesizer used, and partly
to the choice of test utterances, rather than to a fallure
of the cue belng tested, the data for /f-a/ will not be

conslidered further, either in comparison with other final
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fricatives, or in comparing one manner class with another.

Hypothesls II

The results of the experiment generally confirm the
second hypothesis: The changes in perception on the part of
the listeners were continuous rather than categorical.

The question of categorical vs. continuous per-
ception 1s of particular interest in the experiment descrilbed
above. Previous findings have indicated that synthetlic stop
consonants (in partlcular) are perceived categorically with

9

regard to changes 1n place and voiclng,” and that changes

in vowel perception are continuous with regard to quality
and duration.lo In the experliments described here, however,
the cue to the volcing characterlistic of a final consonant
lies not within the articulatory perlod of the censonant it-
self, but within the duration of the preceding vowel. If,
in fact, the changes 1in duratlion are continuously perceived,
then the changes 1n consonant perception that they cue should
be percelved in a similar manner, as hypotheslzed.

The verification of this hypothesis consisied of
an experiment in which the stimul! previously labelled by the
Ss were presented in a test to determine how well listeners
could discriminate one stimulus from another. Earller
studies employing thils type of test have revealed that where

perception 1s categorical, there is a close fit between the

discrimination function predicted from the labelling curves

and that obtalned from the discrimination test 1tself.ll



162

In those cases where perception was continuous across a range
of varying stimull, the curves did not fit, the obtalned
discrimlnation function lylng at a considerably higher level
than the predlcted I‘unction.12 Further, if perception were
contlinuous and Ss discriminated more accurately than they
labelled, the greatest dlstance between the curves was at

the polints where stimull within a phoneme boundary were

being compared, rather than at points where stimuli across
the phoneme boundary were presented for comparison.l3

In the discrimlination experiment reported here, one
member of each class of test consonants was selected: a
final stop 1in the word Berg /bsg/; a final fricative 1In
the word dues /duz/; and a filnal cluster in the word picks
/ptks/. Further, the sounds selected represented either
the shortest or the second shortest critical vowel durationlu
of their classes. It was felt that categorical perceptlon,
if it were present, would be most likely to occur in those
stimull for which perception changed over the fewest
stimulus steps.

The stimull were prepared for the test in an "odd-
ball" format, in which the Ss heard a triad of stimuli, one
of which was different from the other two presented. Ss
were asked to pick the odd member of each triad. The
stimull used were taken primarily from the critical vowel
duration. Each stimulus was matched in a triad with the

stimulus which differed from it by one, two, three, and

seven stimulus steps. Further, each stimulus was heard
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once in the triad in all three positlions, sc that three
triads were prepared for each oddball stimulus for each of
the stimulus steps tested. An example of the result for
a stimulus in the middle of the range of stimuli being
tested was as follows:

For a stimulus with a vowel duration of 220 msec,

3lx triads were prepared in the one-step test:

220 210 210 220 230 230
210 220 210 230 220 230
210 210 220 230 230 2290

S1x more trlads were prepared for the two-

step test:

220 260 200 220 240 240
200 220 200 240 220 240
200 200 220 240 240 220

And a third set of six triads were prepared for

the three-step test:

220 150 190 220 250 250
190 220 190 250 220 250
190 190 220 250 220 220

For stimull at the end of the test range, of course, fewer
triads were prepared because of the absence of stimull to
the left (at the short end of the range), or to the right
(at the long end of the range).

In order to compare discrimination across phoneme
boundaries with that within phoneme boundaries, a seven-step

test was prepared. Seven steps were necessary because of
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the extended critical vowel duration which separated the
phonemic labels applied by the Ss (see Pigures 3-8, 10, 11b).
Because of this relatively large number of steps and be-
cause perceptual changes occurred at the short end of the
stimulus range, there were only three or four stimull in

the seven-step test, In all cases, one stimulus was from

the volceless range on the lavelllng test, and two were from
the voiced range. Thls allowed for one comparison across

and one within the phoneme boundary. In the discrimination
test for dues /duz/, there were enough stimull from the

long end of the range to add another comparison within the
volced phoneme category. There were, however, no comparisons
within any volceless phoneme category.

The discrimination test tapes were prepared and
played to twenty-five undergraduate phonetics students at
Lehman College of the City University of New York. The stu-
dents had first been given the labelling test so that the
range of stimull for the discrimination test could be de-
termined. It should be noted that the range selected coin-
clded almost exactly with the range that would have been
selected from the labelling curves obtained from the Ss 1in
the experiment reported in the discussilon of Hypothesis I.

The results of the one-, two-, and three-step dis-
crimination tests are shown in Figures 3-14 to 3-16-15
Because the results of these tests contain no intra-phonemic
comparisons, they are not as revealing as the seven-step

test results. They do, however, indlcate a generally
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higher level of discrimination than would be expected from
the predicted curve. This 1s particularly true 1n the

case of the final stop and fricative tested, especially

as the step-function increases from one to three. The final
cluster results for picks /piks/ are ambiguous, with little
difference between the obtalned and predicted functions,
and occaslonal points where the obtalned functlon actually
dips below the predicted runction.16 Thus, although the
indications from the one-, two-, and three-step tests are
that perception 1s continuous, these are by no means con-
clusive findlngs.

More convincing results may be seen 1n the seven-
step test (FPigure 3-17), which allowed for inter- and intra-
phonemic stimuli comparisons. In all three categories
tested, the obtained discrimination functlion lies at ex-
tremely high values, both for inter- and intra-phonemic com-
parisons. On the other hand, the predicted levels, whille
high 1n the inter-phonemic comparisons, stilll lie con-
siderably below the obtained functions., Further, the pre-
dicted levels for the intra-phonemic comparisons are
virtually at the chance level, whlle the obtalined functilons
for the same comparisons are at or near the ninety per cent
level.

From these results it appears that 3s can discrimin-
ate far better than they can label, both across and,
especially, within phoneme boundaries, and that when the

volced-voiceless opposition 1s cued by the duration of the
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preceding vowel, that perception is continuous, rather than

categorical.

Hypothesis III

The third hypothesis predicted that the minor cue of
volcing during final consonant closure would cause a differ-
ence between the durations of vowels needed to effect
equlvalent perceptions of sounds synthesized as cognates.
This hypothesls 1s confirmed by the fact that the curves for
the volced stimulus serles generally descend earller than
those of thelr voiceless cognate stimulus series (see
Figures 3-18 to 3-21). There are some differences, however,
cetween the classes of sounds tested.

Three points on the curves may be taken as indlcative
of the differences between the effects of vowel duration on
the perception of the stimulil:

1. The beginning of the critical vowel duration.

The critlcal vowel duration is taken to be the
range of stimull over whlich perceptual Judgments
change from elghty per cent to twenty per cent
agreement of volcelessness.

2. The first fifty per cent crossover point.

3. The end of the critical vowel duration.

Table III-8 displays each of these points for each of the
contrasts tested.

It was assumed that the particular vowel used 1in the
synthesis of any serles of stimull did not materlally affect

any of the measures used to conflrm Hypothesls III, or
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TABLE III-8

CRITICAL VOWEL DURATIONS
POINTS OF MEASUREMENT (MILLISECONDS)

STOPS
Beginning Peoint 1st 50% Crossover End Point
Opposition Voliceless Voiced Voiceless Voliced Volceless Veolced
Tested Stimulus Stimulus Stimulus Stimulus Stimulus Stimulus
/p=-b/ 265 215 282 245 300 265
/t-d/ 252 187 275 205 289 235
/k-g/ 202 19¢C 243 223 260 242
Average
Difference 42.3 42.3 35.7
FRICATIVES
/f-v/ 186.6 183 228 198 305 275
/e-8/ 228 208 269 251 330 258
/s-2/ 243 190 271 217 308 260
Average
Difference 25.5 34.0C 50.0
CLUSTERS
/pt-bd/ 214 200 239 218 265 252
/st-zd/ 243 215 265 265 303 307
/ps-bz/ 230 200 238 218 275 243
/kt-gd/ 148 140 194 162 226 169
/ts-dz/ 262 252 273 263 294 294
/ks-gz/ 194 185 221 223 235 240
Average
Difference 16.5 13.5 17.7

QL1
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Hypothesis IV, in which the measures were compared between
stimulus classes. Thils assumption seems reasonable, what-
ever view one takes of inherent vowel duration in English.
Obviously, 1f one assumes that there exist no inherently
long or inherently short vowels, then the particular vowel
used 1is of no lmmedilate signliflcaace in determining critical
vowel duration, or the locatlon of the first fifty per cent
crossover polnt. On the other hand, if one assumes that
there are 1inherent uurations, and that vowels may be divided
into long and short groups, then it 1s posslible to polnt out
that vowels from toth groups were used before all the
classes of final consonants tested, and that this did not
seem to make a relative difference 1n the critical vowel
durations or in the locatlions of the first fifty per cent
creossover points.

The stops conform most consistently to the hypothe-
sls. In every case there 1s at least a 12 milllisecond
difference between any pair of points for each contrast
tested. The average difference between the three polnts
measured for each class of sounds 1s greater than 35.milli-
seconds 1n the predlcted direction.

The fricatives are about as conslstent as the stops.
With the exception of the /f-v/ opposlition, where the values
for the beglnning of the critical vowel duration are only
3.6 milliseconds apart, every pailr of points 1s separated by
at least 18 milliseconds, and the average difference between

the three points measured for each class of sounds 1s greater
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than 25 milliseconds in the predicted direction.

The findings are somewhat different in the case of
the clusters. Although the average difference between any
of the three palrs of polints 1s 1n the predicted direction,
it is never more than 17.7 milliseconds, and as low as 13.5
miiliseconds. Further, there are two cases where the values
for a palr of points are identical, and still three others
where the difference between the values, though small, 1s
not in the predicted direction. It would seem that 1n the
case of the final clusters, there were fewer differences
between the perceptual changes 1n the volced and the volce-
less stimull than between the voiced and volceless stimull
of the final stops and fricatlives.

The overall tenaency for a volced stimulus to be
heard as volced after vowels of shorter duration than a
volceless (cognate) stimulus heard as voiced, supports the
conclusion of Chapter Il that the presence or absence of
voicing during the closure for the final consonant does con-

tribute to perception iIn some minor way.

Hypothesls 1V

The fourth hypothesis held that changes 1n per-
ceptlon caused by varylng vowel duration would be more
readily effected before stops than before fricatives.
Further, it was predicted that the clusters would resemble
the stops more than the fricatives in the way in which vowel

duration affected their perceptlon.
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Two Interrelated measures confirm thls hypotheslis,
One of these 1ls the critical vowel duratlon. If the volcing
during consonant closure is a more important cue in the case
of fricatives than in the case of stops (see Chapter II,

p. 123), one would expect that the critical vowel duration
for fricatives would be greater than that for stops. That
1s, the range of durations over which the vowel must be
varled to overcome the effect of voiclng durling clesure and
thus cause a change in perception wlll be greater before
fricatives (which are relatively long in duration) than be-
fore stops (which are relatively shert in duration). The
data in Table III-y confirms thils assumption.

The slopes of the perceptlon curves during the
critical vowel duration (which are, of course, a function
of that duration) present the same evidence 1n another form.
{See Table III-10.) Although there 1s one case of overlap
between the slopes for the twc categorles, the averages are
clearly separated. The flgures Indicate a much steeper
slope and thus a much more rapid change in perception per
unit of vowel duration in the case of stops than in the case
of fricatives.

The clusters, as predicted, do resemble the stops
more than the fricatives in the way in which their perception
is affected by preceding vowel duration. Although the range
of variation within the cluster category 1is greater than the
range within the other two categorles, the average critical

vowel duration for the clusters (51.2 msec) is much closer
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TABLE III-9
CRITICAL VOWEL DURATIONS
(MILLISECONDS)
Volceless Voiced

Opposition Stimulus Stimulus

Tested Serles Serles
/p-b/ 35 50
/t-d/ 37 48
/k-g/ 58 52
Average:

Each serles: 43.3 50.0
Average:

Both serles 46,6
/f-v/ 118.4 92
/e-8/ 102 50
/s-z2/ 65 35
Average:

Each series g5.1 79.0
Average:

Both serles: B7.1
/pt-bd/ 55 52
/st-zd/ 60 82
/ps-bz/ 45 43
/kt-gd/ 78 29
/ts-dz/ 32 42
/ks-gz/ 41 55
Average:

Each serles 51.8 50.5
Average.

Both series 51.2




TABLE III-10
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SLOPE OF CRITICAL VOWEL DURATION

Stops

Volceless Volced
Stimulus Stimulus

gape 1.71%5 1.200 gabe

bet 1.740 1,240 bed

burke 1.070 1.15¢ berg

Average: Average:
Volceless Stops 1.508 1.197 Volced Stops

Fricatives

duff .507 .6U5 dove

teeth .585 1.200 teethe

deuce .945 .858 dues

Average: Average:
Voiceless Fricatived .679 .9061 Voiced Fricatives

Clusters

bopped 1.110 1.150 bobbed

cost 1,330 .655 caused

cops 1.385 1.330 cobs

tucked .765 2.070 tugged

tights 1.915 1.460 tides

picks 1.460 1.090 plgs

Average: Average:
Voiceless Clusters | 1.328 1.293 Volced Clusters

Average: All Stops

Average: All Fricatives

Average: All Clusters

1.353
. 790
1.310
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to that for the stops (46.6 msec) than to that for the frica-
tives (87.1 msec). Similarly, the average slope of the
critical vowel duration for the clusters (1.310) 1Is much
closer to that for the stops (1.353) than to that for the
fricatives (0.790).

One can infer from these results that it 1s the
presence of the stop 1n each of the final clusters that
conditions both the vowel length and the rapldity of the
perceptual change as manifested by the critical vowel dura-
tion. Thls 1s true even for those clusters contalning a
fricative and 1independently of the ordering of the stop and
fricative 1In the cluster. Table III-1]1 presents data re-
vealing that, In real speech, vowel duration before final
clusters of all three types tested more closely resembles
that of final stops than that of final rricatives.l7

It can be concluded, then, that identical variations
in preceding vowel duration will cause a greater and more
rapld change in the perception of stops and clusters than
in the perception of fricatives. It should be noted, how-
ever, that this difference, manifested 1n the generally
greater critical vowel duration of fricative syllables, 1s
not the only one distingulishing the classes of sounds. The
manner in which the perception changes for the fricatives 1is
often markedly different from that of the stops and clus-
ters. The latter, during their relatively brilef critical
vowel durations, produce curves that are generally smooth

and which do neot often reverse direction. The few reversals



TABLE III-11

AVERAGE VOWEL DURATIONS
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Vowel
Precedes: Msec
Stop + Stop
volceless 163
volced 242
Stop + Fricative
volceless 150
volced 219
Fricative + Stop
volceless 157
volced 240
All Clusters
voiceless 156
voiced 230
All Stops
voliceless 164
voiced 316
All Fricatives
volceless 210
volced 362.2
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that do occur are most usually at the extremes of the
critical vowel duration. That 1s, once the listeners' per-
ceptions begin to change, they contlinue to change until the
cognate of the sound originally percelved is heard.

This 1is not the case for the fricatlves, where there
I1s often a zone of confusion during the critical vowel
duration, Within the central portion of this zone the per-
centage of Judgments tends to change 1n small steps, and
changes in the direction of the curve are not uncommon un-
til the perception changes rapidly to that of the cognate
first percelved. These characteristics of the varlous
curves are evident in Filgures 3-8 to 3-10, as well as 1in
the functlons derived from the tape splicing experiment in
Chapter II (Pigures 2-17 to 2-23).

In Figure 3-22 the critical vowel duratlons of all
the fricative and stop stimull have been set equal to one
hundred per cent, and the average values for all the curves
for both classes of stimull have been plotted together.

The resultant curves are much snoother and more unidirec-
tional than any of the curves for a speciflc series of
stimull, but even here the differences between the classes
of sounds can be noted: The center of the critical range
(from 60 per cent to 40 per cent) of total judgments covers
a span of 26 per cent of the total critical vowel duration
for the stops, and 48 per cent of the total critical vowel

duration for the fricatives.
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Footnotes - Chapter III

5. B. Fry, A. S. Abramson, P. D. Eimas, and A. M.

Liberman, "The Identificatlion and Discrimination of Synthetic

Vowels," Language and Speech, 5 (October-December, 1962},

171-189.

2J. Bastlian and A. S. Abramson, "Identification and

Discrimination of Phonemic Vowel Duration," Journal of the

Acoustlical Soclety of America, 34 (1962), 743 (Abstract).

See also A. M. Liberman, F. S. Cooper, D. P. Shankweller,
and M. Studdert-Kennedy, '"Perception of the Speech Code,"

Psychological Review, 74 (1967), 443,
3

See below, p. 183, for the data comparing vowel
duration before stops, fricatlves and clusters.
uHoward S. Hoffman, "Study of Some Cues in the Per-

ception of the Voiced Stop Consonants," Journal of the

Acoustical Soclety of America, 30 {(195%8), 1035. For a more

detalled description of the Pattern Playback, see F. S.
Cooper, A. M. Liberman, and J. M. Borst, "The Intercon-
version of Audible and Visible Patterns as a Basis for

Research in the Perception of Speech," Proceedings of the

National Academy of Sciences, 37 (1951), 318-325.
5

All initial consonants in these experiments were
synthesized as stops in order to facllitate the accurate
determination of the duration of the vowel in each stimulus.

6Preliminary experiments showed no significant
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difference 1n listener Judgments between stops synthesized
with releases and those syntheslized without releases.

7There 1s some disagreement in the literature as to
whether (@] 1s a tense or a lax vowel. Bronstein, for
example, notes that {=] is "commonly considered a lax vowel,"
put adds that "a clearly tense varlety . . . exists in all

parts of the country." The Pronunclation of American Eng-

1ish (New York: Appleton-Century-Crofts, 1960), p. 154,

The vowel has been c¢lassifled here as lax, partlally be~
cause 1t 1s, lilke most other lax vowels, found almost ex-
clusively 1n checked positlion. Since there 1s no objJective
evidence confirming the exlstence of a tense-lax opposition
of vowels, the linguistic c¢riterion seems no more arbltrary
than any other that might be chosen.

8The difference 1n vowel quallty alluded to here 1s
the use of a lower, perhaps laxer [m] in cas(ual), and a
ralsed, perhaps tenser [ea], [ev], or even [eva] in cash.
Even with this difference omitted in the synthetic stimull,
the results suggest that if the range of vowel durations

had been extended 1n both directions, perceptions might

have approached unanimity. Such an extension, however,
would have contained vowels both much longer and much short-
er than could be heard 1n real speech.

Ipry et al., "Identification and Discrimination,"

pp. 171-189.

loBaatian and Abramson, "Identification and Discrim-

ination," p. 743.
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11'I‘hat i1s, on the extreme assumption that Ss can

discriminate no better than they can label. Thus, if per-
ception is categorical, the discrimination curve which is

predicted from the labelling curve should not differ in any
significant way from the discrimination curve obtalilned from
the discrimination test. See A. M. Liberman, K. S. Harris,
H. S. Hoffman, and B. C, Griffith, "The Discrimination of

Speech Sounds Within and Across Phoneme Boundaries, Journal

of Experimental Psychology, S4 (November, 1957), 358-368;

A. M. Liberman, K. S. Harris, J. A. Kinney, and H. Lane,
"The Discrimination of Relatlve Onset-Time of the Components

of Certalin Speech and Nonspeech Patterns, Journal of Experi-

mental Psychology, 61 (May, 19bl), 379-388; A. M. Liverman,

K. S. Harris, P. Eimas, L. Lisker, and J. Bastian, "An
Effect of Learning on Speech Perception: the Discrimination
of Durations of Silence With and Without Phonemic Signifl-

cance," Language and Speech, 4 (October-December, 1961),

175-195.

12Fry et al., "Identification and Discrimination,”

pp. 180-182.
13

14

Ibid.
"Critical vowel duration"” 1s used here to refer to
the range of stimull over which perception changed most
rapidly for a given stimulus serles, The boundaries of the
critical vowel duration were determined by the points where
the perception functlion intersected the ordinate values of

80 per cent and 20 per cent.
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15’I‘he equation used to predict the discrimination

function from the labelling results was (p;-p-)}2(.66) + .33.

For the derivation of this equation, see Appendix 5.
l6A1though spectrographic evidence and inspection
of the palnted patterns used in the synthesis doc not reveal
any error, there are clear indications that at least one
s5timulus from the long end of the range was faulty in some
way. Thils 1s suggested by the stimull comparisons 6, 5,
and 4 In the 1, 2, and 3-step tests, respectively. Instead
of the expected increase of the obtained function there 1s a
decrease from the 1- to the 2-step test, and a rise from the
- to the 3- step test. Further, the final obtained value
in the 3-step test for the 4 comparison is, in fact, lower
than that for the 6 comparison in the l-step test.

17

Samples are taken from the same speaker sources

as those 1n Chapter 1I, Tables II-1 and I1I-2,



CHAPTER IV

SUMMARY AND IMPLICATIONS

On the basis of the results of the tape-cuttlng and
synthetlc speech experiments, 1t is posslble to reach the
following conclusions:

1. Preceding vowel duration 1is a sufficlent (and,
for the types of stimull tested here, a necessary) cue to
the perceptlion of the volcing characteristic of a word-final
stop, fricative, or cluster.

2. The perceptlon cued by the precedling vowel
duration 1s continuous, rather than categorical.

3. The presence of volclng during closure does have
some cue value, although 1t is minor compared to that of
vowel duratlon.

4. The cue of preceding vowel duration is more
effective before clusters (of the type tested here) and
stops, than before fricatlves.

That preceding vowel duration should be a powerful
cue 1s not surprising, especlally I1f one contrasts 1t wilth
the nature of the other potential cues to the volcling
characteristics of final consonants: Variation 1in vowel
duration 1s the most consistently present of all the cues.
Examples of voiced consonants with little or no voicing

during consonant closure are not uncommon, especlally 1f

189
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such consonants are followed 1n context by volceless sounds.
Similarly, volceless consonants which evidence vocal pulsing
throughout most or all of their closure period are not un-
common, especlally when such consonants are followed in con-
text by volced sounds.1 The cue of stop release, 1t will

be recalled, 1s often absent in American English in final
position,2 and fricative duration differences, although con-

sistently present,3

may be accompanied by contradictory vocal
pulsing cues, depending on the context of the utt:erance.iI
Since the rellabllity of these cues 1s not great, it might
be expected that the more consistently present cue of pre-
ceding vowel duration would attain a primacy in the perceptual
categorlzatlon scheme of listeners. 1In a sense, what we may
have here 1s a sort of natural selection among the cues,
with the one best equipped to survive the destructive effects
of context becoming the most significant cue of all.
That vowel duration i1s a necessary cue to velcing
15 indicated by the fact that when all of the potentlal
cues mentioned above were synthesized to be appropriate for
one of the categories of volcing, a preceding vowel of in-
approprlate duration caused the listeners to percelve the
final consonant as belonging to the other voicing category.5
The assoclation of the volced-volceless opposition
with the cue of vowel duration appears tc bring about a
situation in which continuous rather than categorical per-

ceptlion occurs. Such a situation differs from most others

already investigated, 1in which the cues to the opposition



191

are such that changes in perceptlion are more nearly cate-
gorlcal. For example, perceptual tests of synthetic stimuli
involving Fl cutback and VOT for initial position stops, and
for real speech tests on intervocalic stop closure duration,
reveal a perceptual pattern in which listeners can discrimin-
ate stimull only about as well as they can label thern.6
There 1s, then, somethling more here than just another
case in which different cues to the same distinctlons are
in operation 1n different phonetic contexts. In this case
the cue 1tself 1s perce’ved differently from other cues to
the same opposition 1n other contexts. Further, the time of
occurrence of the cue does not fit into the usual pattern of
expectation. The phonetlc features which are said to dis-
tinguish one sound or class of sounds from another are al-
most universally assumed to be present durlng, and as a
direct result of, the articulation of the sound(s) in ques-
tion. That 1s, for example, the phonetic feature that
differentiates a volced stop or fricative from a volceless
one 1s generally expected to be colinclidental 1n time with
the closure for that sound. For the stimuli tested here,
however, the cue for volcing does not colinclde with the
articulation of the sounds. Rather, 1t occurs durlng a pre-
ceding vowel segment. We have here an example of Lisker's
point that "a single linguistic segment may be identified on
the basis of cues contalned in more than one acoustlc seg-

ment, and . . . [that] a single acoustic segment may provilde

information for the 1dentification of more than one
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7 One could further hold with Lisker

linguistic segment."
that "each acoustic segment might be said to supply cues

to a single inguistic segment, while any features 1t con-
tains which have cue value for some other lingulstic seg-
ment could be considered 'automatic' in the neighborhood

of the acoustic segment or segments having a recognized re-
lation to this other linguistic segment.“B Specifically,
the acoustlic segment manifested by formants here supplies
cues to the single linguistic segment identifled as the
vowel. One of the other features 1t contains, 1ts duration,
has a cue value for ancther linguistic segment, the follow-
ing consonant, with which 1t has "a recognized relation.”

It appears, then, that any system of distinctive
feature analysis which purports to account for the pro-
duction and perception of English sounds, or, more generally,
for all sounds in all natural languages, should take dura-

tional factors into consideration, at least Iin the sense in

which they have been investigated here.
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Footnotes - Chapter IV

1. Lisker and A. S. Abramson, "Transillumination of
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Pre-
cedling
Vowel
Sound
/i/
/1/
/e/
e/
»/
Aa/
R/
/o/
e/
4’V
/a/
/®/
/a1 /
Rt/
/av /
8/

194

Appendix 1

ITEMIZED CORPUS OF WORLS USED FOR
SPECTROGRAPHIC MEASUREMENTS OF
POTENTIAL CUES

/p-b/ /t-d/ /k-g/

heap-Hebe pleat-plead leak~league

nip-nib bit-tla wick-wig

gape—-uabe
rep-reb
¥lap-lab

mop-mot

lope-lobe

loop-lube
Sup-sub
%¥slurp-Herb

tr'pe-tribe

#sub-minimal pair

rate-rald
bet-~bed
hat-had
pot-poa
sought~-sawed

moat-mowed

®¥put-good

sulit-sued
but-bud
hurt-heard

helght-hide

%Hoyt-Boyd

clout-cloua

pallet-pallid

®fake-varue
peck-peg

¥sack-sag
clock~-clog

®hawk-dog

broke-brogue

*duke-Krug
tuck-tug

Burke-Berg



Pre-
cedling

Dummy Corpus (incorporated 1in randomized
list with test corpus above)

Vowel Sound

/1/
1/
e/
’e/
An/
A/
R/
/of
fo/
/u/
/A /
r/

/al/
Y/
v/

R/

heave please
niche bin
wretch Bess
gave rain
E®jax hang
mom palm
song
loaf moan
Efnhuss
lose soothe
sun bus
##hearse Hersh
tries wine
REhoys
clown
palace

®®dummy item for sub-minimal pair

135

leash
wish
pen
#*ralse
#%sasgh
clotch
*%#jawn

broach

dune
tcuch

birch
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Appendix 2

TEST INSTRUCTIONS: TAPE-SPLICING EXPERIMENTS

The speaker on the tape you are about to hear will be
sayln,; one of the two words listed on the top of response
sheet A each time he speaks. Your task will be to deter-
mine which of the two words the speaker 1ntended to say
each time you hear him speak. To indicate your decision,
cilrcle the word that you think was Intended next to the
approprilate item number on the response sheet. Since a
particular word was intended 1n every case, you should
respond to every 1ltem spoken, even if you are not sure of
the speaker's intention, and so have to guess,.

There are no "rlght" or "wrong" answers on this test,
we simply want to find out what you hear, individually, and
as a group. There 1s therefore no need to be concerned if
you are uncertain of your response, or 1f your responses
are not 1in agreement with those of your c¢lassmates, in
whole or in part.

I will now play flve practice items for you, for which
space huas been provided on the top of the sheet., These are
the items labelled A, B, C, D, and E. Are you ready?

Then here are the practlce items.
(The practice items are played)

Are there any questions you would like to ask at this

time? (Any questions whlch are not likely to contaminate
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the experimental results are answered.)

We are now ready to begln the test proper. We will
begin with item number one {1). Remember, you must respond
to every item you hear by clircling the word that you think

was 1lntended, or by guessing if you are not sure.
{The first test tape 1s played)

Turn now to response sheet B.l Your task this time 1is
exactly the same, but with another palr of words, the palr
listed on the top of the new response sheet. Here agaln

are five practice ltems.
(The practice items are played)

Are there any questions you would 1ike to ask at this
time? We are now ready to beglin the next test. Remember

to respond to every ltem you hear.

(The second test tape 1s played)}

lThis section of the instructions, with appropriate
changes in the response sheet letter, 1Is repeated for each
succeeding test tape played.
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SAMPLE RESPONSE SHEET: TAPE-SPLICING EXPERIMENTS--
VOICING OFPSET TIME, VOWEL DURATION

4 # & 4 8 8 & 3 8 8 % & 8 8 4 B2 RS R E B NN NS s RS

NAME

RESPONSE SHEET A

PECK PEG

PRACTICL ITEMS:
A, PECK PEG
B, PECK PEG
C. PECK PEG
D. PECK PEG
E. PuCK PLEG

TEST I'TEMS:
1. PECK PEG
2. PLECK PEG
3. PECK PEG
y, PECK PEG
5. PECK PEG
&, PECK PEG
7. PECK PEG
g. PECK PEG
9. PECK PEG
10. PECK PEG

{(over)
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Appendix 3

TEST INSTRUCTIONS: SYNTHETIC-SPEECH LABELLING EXPERIMENTS

The speech you are about to hear 1s spoken by a machine.
It was produced by a speech synthesiszer called the Pattern
Playback, whlch was developed at Haskins Laboratories in
New York City. The speech does not sound like human speech,
but this 1s basically due to a lack of melody {(the machine
speaks on a monctone), and to a difference between the voice
quality of a machlne and a human being. The actual speech
sounds spoken are, however, quite intelligible, and you
should have very little difficulty understanding the words
and sentences produced by the synthesizer.

In order for you to become famlliar with thils type of
speech, I am going to play some samples of the synthesizer

saying the sentence: "I am a speech synthesizer."
(Play: "I am a speech synthesizer." three times.)

Here is another senterce. This time I will not tell

you what 1t 1s until you have heard it twice,

(Play: "Alexander 1s an intelllgent conversationalist.,"

two times.)

The sentence you heard was, "Alexander is an Ilntelll-

gent conversationalist."

(Play: "Alexander 1s an intelligent conversationalist."

once.)
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Is there anyone here who could not understand the
second sentence after I told you what it was? (If there
ia, he 18 instructed to write that fact on the top of the
first response sheet. His results will be discounted for
uge 1in the study.)l

On the tape you are about to hear now, the synthesizer,
each time it speaks, willl say one of the two words listed
on the top of response sheet A. Your task will be to
determine which of the two words the syntheslzer said, each
time you hear it speak. Ycu will indicate your declsion by
clrecling the word that you heard, next to the approprilate
number on the response sheet. You should respoad to every
item, even 1if you are not sure which of the two words you
heard. If you are not sure, therefore, you must guess.

There are no "right" or "wrong" answers in this test.
We simply want to find out what you hear individually and
as a group. There 1s, therefore, no need to be concerned
if you are uncertaln of your response, or 1f your responses
are not 1n agreement with those of your classmates, in
whole or 1n part.

I will now play five practice items for you, for which
space has been provided on the top of response sheet A,
in the items labelled A, B, C, D, and E. Are you ready?

Then here are the practice ltems.

lThere were no such subjects found in the course of
the listening tests.



201

(Practice items are played)

Are there any questlons you would like to ask at this
time? (Any questlons which are not likely to contaminate
the experimental results are answered.)

We are now ready to begin the test proper. Remember,
you must respond to every liltem you hear by clreling one of
the two cholces next to the approprilate number. Circle the

word you hear 1in each case, or guess 1f you are not sure.
(The first test tape 1s played)

Turn now to response sheet 8.2 Your task this time is
exactly the same, but with another palr of words, the palr
listed at the top of the new response sheet. Here again

are flve practlice items:
(The practice items are played)

Are there any questions that you would like to ask at
this time?
We are now ready to begln the next test. Remember to

respond to every ltem you hear.

2This section of the instructions, with appropriate
changes 1in the response sheet letter, is repeated for
each succeeding test tape played.
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SAMPLE RESPONSE SHEET: SYNTHETIC-~-SPEECH LABELLING EXPERIMENT

NAME

RESPONSE SHEET A

pfcks P1GS
PRACTICE ITEMS:
A, PICKS PIGS
B. PICKS PIGS
cC. PICKS PIGS
D. PICKS PIG3
E. PICKS PIGS
TEST ITEMS:
1. PICKS PIGS
2. PICKS3 PIGS
3. PICKS PIGS
4. PICKS PIGS
5. PICKS PIGS
6. PICKS PIGS
7. PICKS PIGS
8. PICKS PIGS
9. PICKS PIGS

10. PICKS PIGS



203

Appendix 4

TEST INSTRUCTIONS: DISCRIMINATION OF SYNTHETIC STIMULI

The tapes you are about to hear contain syntheslized
speech of the same sort as that which you heard on the
lJast set of test tapes. Your task this time is somewhat
different. On these tapes you will hear three successlive
synthetlc utterances, separated from each other by one-
second sillences. Two of these three ltems are ldentlcal,;
the third differs from the other two. Your task is to pilck
out the odd stimulus from each group of three,

You will indicate your cholce by circling the appro-
prilate letter next to the proper utterance number on the
list: circle A if you feel that the first item of the three
was different from the second two; circle B if you feel that
the second item differed from the first and the third;
finally, 1f you feel that the first two ltems were the same
and that the third was the "oddball" 1n the group, circle
the letter C.

You must respond once to every group of three utter-
ances that you hear, even if you have to guess because of
uncertainty as to which item 1s unique among the three.

As with the other test tapes, there are no "right" or
"wrong'" answers. We Just want to see what you hear, both
individually and as a group. There 1s, therefore, no need
to be concerned i1f you are uncertalin of your responses, Or

if your responses are not in agreement with those of your
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classmates, in whole or in part.

I will now play five practice 1tems for you, for which
space has been provided on the top of response sheet A in
the i1tems labelled A, B, C, D, and E. Are you ready?

Here are the practice items.
{(Practice ltems are played)

Are there any questlions you would llke to ask at this
time? (Any questions which are not likely to contaminate
the experimental results are answered.)

We are now ready to begln the test proper. Remember,
you must respond once to every group of three ltems that you
hear by circling the letter of the odd item in the group.

Guess 1if you are not sure.
(The first test tape 1s played)

Turn now to response sheet B.l Your task this time 1s
exactly the same, but the utterances will be taken from the
words listed on the top of the new response sheet. Here

again are a few practice items.
(The practice 1tems are played)

Are there any questions that you would like to ask at

this time?

lThis section of the instructions, with approprilate
changes 1in the response sheet letter, 1s repeated for each
succeeding test tape played.
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We are now ready to begin the next test. Remember to
respond once to every group of three 1ltems that you hear,
circling the letter of the item which 1s different from

the other two.

{The second test tape 1s played)
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SAMPLE RESPONSE SHEET:

DISCRIMINATION OF SYNTHETIC STIMULI

& % # & R K B R #& B R F OB N OE AR OB R R E E A& B E E E R O KR

NAME

HESPONSE SHEET A

PICKS PIGS
PRACTICE ITEMS:
A. a b c
B. a b a
C a b c
D a b c
E a b C
TEST ITEMS:
1 a b c
2 a L C
3 a b c
! a b ¢
5 a b c
o a D ¢
7 a D C
4 & b c
9 a b C

10, a b c
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Appendix 5

DERIVATION OF THE DISCRIMINATION PREDICTION EQUATION

The subjects in the dilscrimination test are assumed to
be able to discriminate only as well as they have labelled
on the perception test. They have two alternatives on the
perceptlon test, and the same two possible ways of ldentifylng
the stimull on the discrimlination test.

Eacih stimulus can be discrimlnated 1n two unique ways
as 1t appears 1n a trlad: one in which it is the majority
member of the triad (occurring twice), whille another stimulus
{s the "odd ball," e.g. A-B-A;, and one in which 1t Is the
odd member of the triad, e.g. A-B-B.

In the prediction equation (using the /p/-/t/ opposition

as an example here) we shall let:

P, = the probability of an S hearing the A stimulus as /t/.
P, = the probabllity of an S hearing the B stimulus as /t/.
P. = the probability of an S hearing the A stimulus as /d/.

P. = the probability of an S hearing the B stimulus as /d/.

Thus the subJject can hear the A stimulus as /t/ or as /d/ and
the B stimulus as /t/ or as /d/. This means that there are
eight ways in whlich any given triad can be heard, each of
which will cause the subject to make a certaln decision or
type of decision as to which stimulus in the triad 1s the

"odd ball." Some ways willl lead to a correct decision,
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others to an incorrect decision, others to a guess.

For a triad of the type A-B-A, the possible ways are:

Leading to a Leading to an 1in- Leading
correct decision correct decision to a guess
t-d-t t-t-d t-t-t

o
d-t-d t-d-d d-d-d
d=-t-t
’ d-d-t

For a trlad of the type A-B-B, the posslbly ways are:

Leadlng to a Leading to an 1in- Leading
correct decislion correct decision to a guess
t-d-4a d-t-d t-t-t
d-t-t t-d-t d-d-d
d-d-t
t-t-d

Since both types of triads are possible, but only one
can occur at a time, the probabllity of a correct decision
in the case of any triad wiil be one-half the sum of the
probabllitles of a correct decision for each of the two

basic types:

P = 1/2(P P

corr corr (ABA) corr (ABE))

Thus :

Pcorr (ABA) ~ corr tncorr t - gUEess



Binoe Pd =

209

1-P, and Py ® 1-Py we may substitute as follows:
PR(1-Py) & Py(1-P,)® & .33(P§Py o ((1-P}))((2-P))?)
P%-P%P; & PL(1-2P s PZ) o .33(P%P; +((1-P;))

((1~-2Py # P3)))

t ] J t
P2-PRP, ®Py-2PyPy + .33(P2Py # 1-Py-2Py ¢ 2Py Py
2
t‘-
' ' t '

P24p ~2P Py + .33-.33P4-.66P, + .66P Py ¢ .33PS

2 ?
+ P PtPt)

P

1
PE 4 .66P, - 1.33P P, - .66Py & .33

Peorr (ABB) ®* 1 X Peorr ¢+ O X Pynoorr ¢+ «33Pguess

8ince Py =

1 1.t 1 1 t_.t
PiPaPy ¢ PqPtPy + J33(PyPyPy ¢ P3PaPq)
l-Py and Pé a 1-P£ we may substitute as follows:
c 2 12
4 '33(PtPt + ((1-Pt))
((1-Py))?)
2 '
Pq(1-2Py ¢ Pi°) ¢ PLPop, P2 4 (33(PyPi? ¢ ((1-Py))
((1-2Py & P4%)))
t
+ .3,(1-Pt ﬂ?Pt
'  fa)
#?Ptpt ‘Pt )

Py(1-Py)° + (1-Py )Py

2 c

‘ ' '
Py =2PyPy PPy < ¢ PyS PPy

]
Py -2P4P, #P12 ¢ .33 =.33Py =.66P, & .G6PyPy
1
‘oB)PtQ

Poorr (ABB) = =66P¢ = 1.33PyPy ¢ 1,33Py° - 66P, & .33
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Adding Poorr (ABA) to Pagpr (aBB) Y@ get!t

Poorpe ® 1.33P% —2.66PyPy +.66 ¢1.33P}°
= 1,33(P-P')2 2.66

Pividing by two ylelda:

L]
Poorr = +66(P=P' )2 4,33
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