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ABSTRACT - X
The perceptual impact of Voice Onset Tlme (voT) was
examined in an experlmental design 1nclud1ng three factors.

\place of artlculatlon, manner of artlculatlon, and whlte o

noise masklng. The percelved v01ced/v01celess dlstlnctlon

| was upheld throughout the entlre range of masklng condltlons,

while a SLgnlflcant place by masklng 1nteract10n was
observed._ _ fljl,"v : "f"‘ L :v.— :
ngh levels of whlte no;se masklng were also ac-
-:companled by the confu51on of place of artlculatlon. Suchv
confu51ons ~gave rlse to a re- evaluatlon of the present .
.synthetlc stlmull in acoustic, (pre lngUlStlc) terms.
'-Varlatlons in a numper of stlmulus features in the'frequency
domaln were observed to correspond closely to changes 1n
thT. -As ‘a result of thlS observatlon ’ 1n conjunctlon w1th
earller studles of both speech and non-speech audltory anal-l
1y51s, 1t was suggested that at least some of those

' assoc1ated stlmulus features may be analyzed by the‘listener

1n a non- 11ngu1st1c mode.
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.~ =~ *: _° ©  CHAPTER I
_ B T
~i...y - .. ...  INTRODUCTION . '

ERCTN X . . ~ - - X . P

« ... i .. " Preliminary.Considerations | - . = 4

T ‘;- The prlmary goal of thlS study was to examlne 1n some

v

detall certaln aspects of the percelved v01ced—v01céless f\

-4

' manner dlstlnctlon in’ 1n1t1al stop consonants., Although.
some con51deratlon waS'glven~to several studies whiCh'were

\ ' belleved to be related to the 1ssue on a general level

3

most serious attentlon ‘was. glven to thSe whlch dealt more  °.
spec1f1cally w1th the notion of v01ce ‘onset tlme (VOT), the

~t1me 1nterval between cohsonant release and the onset of

»

gl}ftal pu151ng.' VOT 1s a recent addltlon to the llst -of"

fe tures whlch are assumed to be 1n some way 1nf1uent1al

“in the percelved d1fference between Enqllsh v01ced' (b~d—g)

and v01celess (p -t~ k) categorles in 1n1t1a1 p051t10n. R
_ . .

' ' The status of VOT has rapldly evolved from that of

9

a descrlptlve ‘ameter (Lisker & Abramson,~1964) to belng

@

1ndlcat1ve of a- blologlcally srgnlf;cant aspect of human B
e \

neural structure (Elmas &'Corblt 1973). In-accordance‘

L w1th the loglcal and chronologlcal development of the

Yo

status of VOT, several ma]or assertlons have been offered°.’

-

Analytical claims

-

’

la For all languages whlch exhlblt at least two‘,

percelved manner categorles of 1n1t1al stop



¢ ’ S ] ot ‘ ’ ) '

.ﬁ(;z_ ‘ censonants, the perceptual manner categorles
"N, . canbe dlfferentlated along the slngle dimension

fof VOT. In this sense, VOT has been reaarded

P

< l,: .- as a unlversal phonetlc dlmen51onz
B ... 1b. Other proposed teatures.are'to be‘regarded
,fsimply-as-conseqUences of VOT and therefore,‘
need not be invoked in the categorlzatlon of
initial stopMconsonants. Thus, VOT is a suf—:
.flclent perceptual cue for the observed |

K . : ~”‘dlst1nct10ns. , L ‘

'. - - ... ~

s 'Biological'claims P

1 Ll - . . N »

. ",“ Lo 2a.. All- speakers nust share some common means bxﬁ&

which thls un1versa1 dlmen31on ‘may be sub-

- - R = - - Lo
b o . coTTT

. B dlvrdqd into oerceptuallclasses;
v S o ER
' '\2b.riExper1mental ev1dence 1nterpreted as supportlve
;; h _~.rof llngulstlc VOT dlstlnctlons in predverbal
;,—r; _‘-ﬂ.eﬂlnfantsxgedﬁto the hvpothe51s that the~mechanlsm

for voT dlscrlmlnatlon 1s an 1nnate human

fneural complex, i. e., a spec1flc 'llngulstlc

r_, e feature detectqr mébhanlsm.hv”

‘ Examlnatlon of the few cr1t1ca1 reports avallable
‘has led to the conc1u51on that the above assertlons\may be -

bpremature.' Furthermore, 1t has- become clear that VOT,~-v

vmeV1dently treated ‘as the sole necessary and suffic1ent cue-

.in the’ percelved v01ced—v01ce1ess manner dlstlnctlon has been

.
-

'.gf,

, . . ' - . A}
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i The'"Voiced/Voiceless"YDistinction .

as v01ced. T . e

B

elevated to 1ts present level of 1mportance w1thout hav1ng

been observed under a suff1c1ent1y broad range of strlctly

B Ce ] - N,

deflned experlmental condltlons. U (_; .

Background: of the Problem

[
v . -t

Engllsh stop consonants are tradltlonally olassed
P

‘.as-either vorced" (b d- a) or v01celess" (p-t-k). - ThlS

3

descrlptlve c1a551f1catlon was- orlglnally based on the
/ S ———
presence or absence of 1ow amplltude glottal pulses durlng

the 1ntervalcof oral occlu51on, just prlor;to the consonant

' release.; Although in 1h1t1al p051t10n, the presence of

&

thls glottal "buzz".(or 'voice bar", as it has been more

@

- recently termed 1n spectferaphlc analy51s) would clearly

Llndloate a v01ced stop, ‘it has been noted that thlsefeature'

~.

?“'1s not necessarlly preseﬂt in the case o Certaln Engllsh

o

1n1t1al stop. consonants whlch may nevertheless be percelved‘\

N .
> P

N
i LT 2 4‘ . . \\\

Because of such cases, 1t became necessary to con= -
t+

script the use of another (prev1ously secondary) feature,

asplratlon, to dlstlngulsh between the Engllsh v01ced and

o

. ¥oiceless stop categorles in 1n1t1al p051t10n. Asplratlon _

can be seen ‘'in ‘a spectrographlc dlsplay as-a noxse compo-
W

nent 'appearlng after ;he consonant release, whose frequency 3

-
d trlbutlon 1s generally sprcad over the range qf the .f;

. second and thlrd vowel formants. Thelpresence ofvsuch a

~ "
. ,



€

Lapparent dlfference in the productlon oﬁ tense and lax

Lo - S

"

*n01se component was c1ted as 1nd1cat1rn of a v01celess stop;:>*57ﬂ

consonant. As a result, the added con51derat10n of elther R

. o » .

_v01c1ng or asplratlon was found to yleld more con51stent
.dlstlnctlons between the two ‘manner categorles.‘ However,
it became ev1dent that for various 1anguages, 1nc1ud1ng
hEngllsh the occurrence of these two key features was. some—”

g
what unpredlctable, in that on the one hand, initial stops

Y

, perceived as,voiced might or might not,exhibit:a distinctv

e

;voice'bar; while_on the.other hand,'those perceivéd'asv

-~

v01celess mlght or mlght not exhlblt a dlstlnct amount of

kS

'asplratlon 'in final p051t10n, .or. before unstreSsed vowels.

4
t H‘

. A'third distinction between the stop consonant

‘”icategorles was based on acoustlc qualltles noted by

P

Fletcher (1929). It”was 1ntroduced'as.the"tense/lax or
'fortis/lenis’ dlstinction;_ Fletcher dlscussed the two

phonemlc categorles in terms of their relatlve amplltudes,A

. and noted that the voiceless. (tense) categorv (p t- k) showed
'con51stently hkgher audlblllty than the correspondlng
: v01ced (lat) category (b d g). In the course of his

'experlmentatlon, he noted that the number of dec1bels of

dlfference req01red for complete attenuatlon of a glven .

'fortls phoneme was, con51stent1y hlgher than that requlred

, for its. lenls counterpart (Fletcher, 1929). J" . S Lot

Jakobson, Fant, and Halle (1952) mentloned an

ef.consonants . o "Tense consonants are aﬁtlculated w1th

P E R



h exceptlon to the Jakob n' n phcuologlcal system, often

greater dlstlnctness and pressure than the correspondlng
lax phonemes {p. 38)." They proposed that prev1ous dls-
tlnctlons could he v1ewed as largely redundant in light of
this contrast évThus, the tense/lax distinction alone was

'i

employed by Jakobson and his as5001ates, in thelr ‘phonol-
Ve

oglcal system, to separate the two groups of English

phonemes.‘ The proposed contrast was 1nc&uded 1n thelr set

of "twelve blnary oppositions" ‘which they descrlbed as

. . . "the inherent dlstlnctlve features whlch we detect 1n_
5the 1anguages of the world and whlch underlle thelr entire

-lex1cal and morphologlcal stock e e e (p. 40) ."

~

The nature of the tense/lax feature, however, must

'be questloned ‘when referred to as dlchotomous. ThlS is-

espec1ally true in llght of the obv1ously contlnuous scales

*

: _offered for the determlnatlon of tenseness/laan?s, such as;

~

‘;dlstlnctness, pressure of artlculatlon, muscular straln,

.

'ten51on, deformatlon of the vocal tract from neutral

_p051t10n, and segment duratlon.'-It should be mentloned

-that although thlS partlcular dlstlnctlon bears a certaln

PR

iamount of 1nterest 1n the present study, many have - taken ‘

/
I
i

R solely on the ba51s of the hlghly arbltrary nature of‘

‘features llke tenseness/laxness, and on’ the grounds that

"_,such features may rot truly be blnary (see Fant, 1967)

Malecot (1970) argued in support of the tense/lax

'opp051t10n, pe r-se. Deallng strlctly w1th phy51olog1cal

:',, -



.A’—\/,@"

scrlgslons, were, in fact, 1ndependently capable of -

.acco

K
'Ultlmately, it would seem only reasonable to ask what

evidence, he concluded that the opp051tlon, based on a

?cale of "forcee of artlcmn", was apparently e - . "a
llngu1st1c reallty but is primarily a synesthetic response
to 1ntrabuccal alr Pressure impulse, with closure duratlon

|

perhaps playlng a secondary role (p. 1591)._ | I S t‘

[

If this,distinCtion, still common in phonemic—de=

t1ng for all Engllsh (p-t-k) : (b-d -g) contrasts,

;then reference to v01cing (v01ce bar) or, asplratlon in the

« N

dlfferentlatlon would be rendered clearly redundant. But,

1as noted by Lisker and Abramson (1964), .. . it is’too'

often the case "to be acc1dental that v01celess and asplrated
stops are dlscovered to be fortls, wh11e v01ced and un-

asplrated ones are at the same t1me lenls (p. 386)

jdlmen51ons are actually in questlon in the percelved "v01ced-

v01celessb‘oop051tlon, and further, what boundarles on those

'dimensions iLllmlt the two pefEelved manner classes.~ Wlth B

respect to the tense/lax oop051t10n, nelther of these

questlons has been unamblguously answered leadlng one to

conclude that the'tense/lax dlstlnction, so often co- operatlve

P

with v01c1ng and asplratlon, lacks phy51cal correlates _\<;'

wthh are truly 1ndependent of the other two features.

-

Questlons regardlng the 1solat10n of relevant para-'

‘,meters, and notlons of perceptual boundarles, mlght best H‘

berdealt w1th 1n terms of the so- called "categorlcal speech



e

H

- perception” hypothesis as set forth by Liberman et al.

(195Z, 1958). Their notion was basegvon the premise that

speech stimuli- drawn from a physical continuum are perceived

as members of discrete categories. Various subsequent
experiments, conducted mainlynat Haskins Baboratory, were
'almed at the dlscovery Qf the relevant phy51ca1 (physxo—

4

loglcal and acoustlc) parameters upon whlch the language-

user s perceptual processes rely.

The'Concept.of VOT
Lisker and Abramscn (1964) began a series of studies
in an attempt to flnd the dlmen51on upon whlch the percelvede'

';v01ced/vo1ce1ess dlstlnctlon mlght be conc1u51vely dependent

They proposed that V01ce Onset Time (VOT) was~the pr1mary

’ feature'in the-observed distinction, and defined‘VOT'as thé -

L
3

. . ; durataon of the tlme 1nverval by whlch the onset of
perlodlc pu151na elther precedes or follows release {p. 38;)._
It was held by Llsker and Abramson that thls fundamental |
: t;mlng relatlonshlp was‘the,result of,artlculatory and

. glottal adiustments which werebalsopreSponslble for the"
predictable;co;Qccurrences.Of aspiration; voiClné,'and_\fl

- =N e

B articulatory ﬁOrcep(tenseness/laineSS),_V

Imp11c1t 1n Llsker and Abramson S p051t10n ‘was the

’7~iassumpt10n that VOT was a prlmary unit of productlon, and N

- . ;

that'other features were 51mply 1ts‘consequences. When'
fstated in such terms, the1r 1nterpretat10n of voT could be

/.
-ea511y 1ntroduced\1nto the Motor Theory of Speech Percept1on .

!:



fas a . - p0551b1e link, between perceptlon and a tlcula-»'

"

Lisker'and Abramson'c experiment was whether VOT alone'could"

tion (p. 421). ,
s L o, o oo

Ev1dence Proposed for the Unlversallty of VOT -

A

In a- study whlch Involved eleven languages,

—

Llsker and Abramson (1964) e11c1ted 1dent1f1cantlons of

BN

stlmull'drawn'from natural speech.j The 1anguages observed

were chosen from those wh1ch dlstlngulshed among two, three,

or four consonant manner categorles in 1n1t1a1 p051t10n,

before a'voWel (Table‘l)- ?he fundamental issue in

i
i

be used to determlne phoneme class membershlp in any of the

two, three, or four cateoory languages.ﬁ Thelr results'would'

',seem_totlndlcate that this may not be the(case.'

The perceptual phoneme categories:of the six two-

cateogry languages uere.sufficiently‘distinguishable'from

one another on the basis of ‘the features of voicing and

aspiration, as shown in Table 1. Furthermore, the phonemes

0f the first two of.the three category languages Eastern

Armenian and’ Thal, were equally dlfferentlated ' However,~ ,

q'accordlng to Llsker and Abramson, ‘a thlrd feature, 1ength,"

Lo

was. requlred to dlfferentlate betwéen Korean s two classes
of weakly and strongly asplrated v01celess 1n1t1a1 stops.
Flnally, the 1n1t1a1 stop consonants of both Hlndl and

- : '

Marathl, the four~category 1anguages, were also cla551f1ed

:satlsfactorlly on the ba51s of only the two features of

voxc1ng and asplratlon.,‘

L



TABLE 1

OCCURRENCE OF I\ETIAL STOP CONSONANTS

IN TWO—, THREE—, AND FOUR—CATEGORY LANGUAGES

-~

Item- b-d-g bh'dhégh Q}t-k ph--th kh
Voiced? yes .  yes no . no
. Aspirated? | . no . s%es no yes
Two-Category Languages »
. English ~ X '
: - L
Can;oﬁese . X X .
Tami'l X N X ’
Hungarian- x X
Spanish x x 'v\b;
Dutchb' ‘ ix* x N
~ Three-Category Languages
Eg'Armenian X ) X x
Thai x* x ' X
| “Korean x X**
,iFour-Categdry Languages
Hindi x X x ox
Marathi C X :x X

*Dutch and Tha1 do not exhiblt -an. 1n1t1al v01ced velar.

R4

,A'**Korean bears a dlstlnctlon between weakly- and stroncly-

asplrated v01ce1ess 1n1t1al stops.

oL
~N



e e « 10
| VOT productlon values for initial stop consonants
1n all of the two category languages, plus Eastern Armenlan
- and Thai, exhlblted relatlvely dlstlnct category d1v151ons
valong the VOT contlnudm Korean,-however, gresented a
dlfferent case. The dlstrlbutlon of voT* s for the Korean:
‘_1n1t1a1 unasplrated and weakly-asplrated" stops ‘showed a
51gn1f1cant degree of voT overlap, while the dlstrlbutlon

for strongly asplrated" stops clearly stood alone. Lisker

and Abramson defended varT, stating that "N e . h11e the

~
N

dlstrlbutlon of values is thus somewhat anomalous, we
cannot say w1tb reasonable assurance that our measure of"
voice onset tlme falls to. separate the three categorles of

e e

'Korean stops, 1t w1ll certalnly sufflce to dlstlngulsh the‘
7 .
asplrated set from the other two and it may st111 well be
ﬁthe 51ngle most 1moortant measure for separatlnc the latter

(1964 P. 403).

Kim' (1970) proposed ‘on thenba31s of c1neradlograph1c
ev1dence, that asplratlon 1s an 1ndependent factor in. the
dlstlnctlon of Korean 1n1t1a1 stop categorles.- Kim found | 'if45

A asplratlon to be hlghly predlctable, based on" the 51ze of
. the glottal openlng at consonant ;elease. Like Llsker and
Abramson s approach to the artlculatory foundatlons of VOT
K1m explalned asplratlon as a laryngeally controlled |

| phonomenon. By sh0w1ng a hlgh correlatlon between 31ze of
glottal openlng durlng consonant artlculatlon and asplraglon
in the threé Korean 1n1t1al manner categorles, Knm av01ded -

1 .
the dlfflculty encountered by the Llsker and Abramson t1m1ng o

.
[ . . o Coow
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_relationship. in.discussing_their resuits,'Lisker and
Abramson (1964) did not attach any significance to the
possibility that‘ashin Korean, aspiration;.or_atmieast
Kim's type‘of interpretation of‘it,.might have been a'more>
_reliable index than VOT in distinctions among 1nit1a1
.Korean voiceless stops.

!

- A second observation in‘exception oé Lisker and

| Abramson s hypothe31s is not unlike the foreg01ng.: Both of'
the four category languages, Hindi and Marathl, presented )
doverlapping voT distributions‘in the production of.aspiratedi
. and,unaspirated voiced stops,.whiie-the'voiceleSS unaspirated
andpvoiceless aspiratedastops.composed the:tWQ~remaining -
mOdes‘in'the'similar trimodai VOT distributions. As in the
"case of Korean, VOT may have been an 1nsuff1c1ent measure

“infphoneme manner categorization.

»

With respect tolthe p0551b111ty of alternative
explanations; their 1nterpretat10n of results appears tone
somewhat restricted: "To be sure, the v01ced unasplrated
'and v01ced aspirated stops show differences 1n average :
values that are "almost systemat1c* nevertheless, they occupy .
ranges that are nearly co- exten51ve (p. 403);- The explana— ;
tlon offered in the case of" Hlndl and Marathi was as follows-

"I seems very likely that the v01ced aspirates are dis-
: ytinguished from the other v01ced category by the presence

of 1ow amplitude buzz mixed w1th noise in the 1nterval

follow1ng‘release_of the stop (p,'403)ﬁ;' Given that both
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',categories fall'on_the negative side of the VOT continuum
(voicing precedes'cohsonant release)! it is difficult to
:justifyisuch an éiplanatiOn; VIf ﬁlow amplitude buzz® is to
be equated, in thlS context, w1th the glottal waveform, ‘then
the dlstlnctlon should have been reduced to one of asplra-
tlon. In any case, the amblgulty of th s explanatlon is
sufflclent to suggest that as in the case of Korean,
add1t10na1 measures, be31des VOT, mlght have been nmore

fellably enllsted in the observed dlstlnctlon.

i

Additlonal counter eVLdence has recently been pre-{
1sented by Caramazza, Yen1 Komshlan, Zurlf and Carbone
(1973). They examlned VOT w1th respeot to both the per—v.
.ceptlon and the productlon of 1n1t1a1 stop consonants by

~fCanadlan French Engllsh and blllngual French—“ngllsh

L speakers._ In both productlon and perceptlon, the Canadlan

French speakers showed substantlal VOT overlap for three
classes-(lablal, aplcal and velar) of initial stop conson—
ants. Caranazza’et al. ‘concluded that these results " ; ;h;
'tstrongly suggest that VOT is not a suff1c1ent cue for the
perceptlon of v01c1ng dlstlnctlons in Canadlan French

- These authors also. belleved that thelr results

.warranted con51deratLon with respect to the proposed unlver-:

sallty of VOT., They reasoned that in the case of. Canadlan

Y
[N

French, their data " . .. .fcast doubt/on any theory a551gn--:

‘[1ng VOT a unlversal status 1n theétotal determlnatlon of the

RN
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phonetic :dimensions of voicing, aspiration; and articulatory

AN

) ™~
force (p. 426)*, and offered the p0551b111ty that alter;\‘\

-

natlves such as artlculatory force or rate of formant -

| tran51t10n may be -more 1mportant in the Canadian. French
v | A ’ X B
percéptual classification. D~ - '
' 5 , - . N
In light of the Korean, Hlndl, and Marathi counter—

: ev1dence, Llsker and Abraﬁson could not justlfy .any general?:

statement concernlng the proposed unlversallty of f”'

onset t1me as a perceptual cue..~Nevertheless, the authors

hoffered the follow1ng conc1u51on- _ »
- . . . -this measure of voice onset time has .
. < -+ been applled to word-initial stops in- elex\x&

languages and has been found to be highly
effective as a means of separating phonemic
"categorles, although these languages differ .
"both :in the number of those categories and -
in the phonetic -features usually ascribed . . [
4 . to them . . . It would seem that such features
as voicing, "aspiration and force of articula-
~.tion are predlctable consequences of differences .
in the relative timing of events: 'at the glottis
and at the place of oral occlu51on (1964‘ p. 422)."

rs J

In additioh,_several-authors (Eimas'et-al.,hl97l;f

A QElmas and’ Corblt, 1973) malntalned the unlversallty of the

“

VOT dlmen51on, and contlnued ‘to expand 1ts range of

appllcatlons. ?,
. £

Biological claims

)

In the flrst of two closely related studles, Elmas

<

‘ et al., (1971) were 1nterested in. p0551b1e b1010g1ca1 '\

foundatlons for the categorlcal perceptlon of VOT dBY h

N

S

Codwal
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conditioning the non-nutritive'sucking activity ofmone—f

and - four~month old~1nfants, when exposed
-

in VOT, 1t was hoped that the results would indicate first,‘;

S

to stimuli varying

a differentlal response to,palrs of stlmullldraWn'from o

dlfferent adult Engllsh phoneme categorles, and-sé&ond 'no'

dlfferentlatlon between stlmull drawn fromyg 51ngle category.

8 Stlmull were chosen from the set of synthetlc CV. syllables

. prepared by Llsker and Abramson for their.own VOT cxperi-

ments conducted earlier at Haskins Laboratory. When a

sub]ect had been habltuated to a stlmulus, a second stimulus

TN

was presented and any . changes 1n the rate of condltloned

response (non nutrltlve sucklng) were measured

T

The authors reported‘a signiffcant increment in

response'rate when stimuli were drawn'from different stan-

. dard Engllsh perceptual manner categOrles, and" no change

W 4

.'They 1nferred from these resultsvthat "

when stlmull were drawn from a 51ngle manner category.

... the meansiby .,l

e

'which‘the categorical’perception ofISpeech' that ls,_

’

"~ perception in-a,linguistic mode, 1is- accompllshed may well

pbeipart of the'hioldglcal mahevup‘of the

Offerlné_eguruocéliconclusions;'based'on
.ciently.defined.evidenceiithis'studyfwas
K for~further:eXtensions,of_the‘conCept'of

S

- The’Eimas:and Corbit-Modelr

Elmas and Corblt (1973) extended

assumed blologlcal 51gn1f1cance of VOT

-

organ1sm.(p 306) ﬁ

ratha’ 1nsuff1—

used QF the basls

-

VOT AR

theﬁnotions,of-the

ESummarizingfthe;

.-.'“.
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\

'fd:earlier works regarding VCT, such as Lisker and Abramson )

[

)

(1964), and Abramson and Lisker (1970), they presented the

' ‘following characterization: -"Of particular }nterest-is:

the fact that the categorical nature of the perception of

the VOT continuum appears to be'universal'(p. 101) ."
Moreover,.the citation of'Eimas et al. (1971) Was,presented'

as ev1dence of the pre—verbal occurrence of VOT dlscrlmlna-
. /

'tlon, leadlng to the conclu51on that “Thikapparent

‘universallty'of this phenomenon suggests hat it is a
manlfestatlon of the ba51c structure of the human braln
(p. 101) To propose that the fore901ng asgumptlons are'
questlonable on fundamental grounds should requ1re no

further Justlflcatlon than the equ1voca1 results of those;

studles c1ted as supportlve by Elmas and Corblt, -since

' thelr subsequent experlmental hvpothe51s was contlngent

: upon the prev1ously dlscussed analyt1ca1 and blologlcal

clalms.

-

Elmas and Corblt prOposed that the categor1ca1 per—;4
ceptlon of VOT was’ medlated by a selectlvely tuned

llngulstlc feature detector" system. The system, they held,

': is composed of 1ndependent"detectors one of whlch lS“

spec1f1ca11y tuned to a 11m1ted range of vOoT values cor-

; fspondlng to v01ced Engllsh lnltlal stop consonants, and

the other to the range of VOT values correspondlng to"

v01cé1ess 1n1t1a1 stop consonants. Exc1tat10n of the

e

former;feature,detector (FDl) would.;nduce “the perception LT

" of a voiced consonant, while excitation of the latter



detector (?Dz) would_induCe the perception avVoiCeless

. consonant.

Several 1mportant assumptlons were requlrgd 1f

Z
Eimas and Corblt S model were’ to account for prev1ous data

from categorlcal perceptlon exper1ments. First, the detec-"
‘tors had to be dlfferentlally sen51t1ve, each to’ 1ts own
limited range of VOT values. Elmas and Corblt suagested
that~zhe sen31t1v1ty of ‘a given detectorﬂ' .« e . mlght be_ f
measured in pr1nc1p1e, bv the output 51gna1 of the . detector

(p. -108) . _“ Next, since stlmull could Dresumably fall,

‘_beﬁ\een the modal detectlon values Qf the two detectors,."

thereby exc1t1ng both 51multaneously,'1t would have to beﬁ R

tassumed that only the detector whdse output 51gnal was

' stronger would be recognlzed at hlgher levels of analy51s‘
,nln the audltory pathway. 'If, however, a stlmulus were to
iex01te ‘both detectors equally, it was sald to fall at. the

N

phonetlc boundary (B) . _"' R : ' T

Certa1n 1nfercnces can be drawn from the fore901ng
'.’assumptlons., Por example, one mlaht exnect that the "4ln
pr1nc1p1e~ measurement of the sen31t1v1ty of the feature
'_detectors would prov1de (as pr03ected 1n Flgure 1) a graph
‘ of output 51gnal strength ellcvted by subjectlng the
»detectors to a w1de range of stlmull varylng along the voT
i';/contlnuum. The flgure was constructed to agree w1th the

propertles dlscussed by Elmas and Corblt (p. 108). However,"

no- such measurements were made by Elmas and Corb1t

-
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o
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Output ,Sfrength_ -
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o1

\

~ optimum VOT.

—
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Figure 2: . Output'strength;éftef #da§tation of FD2 to

\
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S 4' \ y : |
e ;.f Instead of pursulng the hypothes1s that the feature
] detectors ex1st in the form described, Elmas and Corblt
chose to take a step further and attempt to test the effects
of adaptatlon on that mechanlsm. They postulated that |

%*
repeated stlmulatlon -of. elther detector would cause fatlgue,

thereby lessenlng its sens1t1v1ty.v The further assumed *
"for purposes of 31mp11c1ty (p. 108)", »that the output_
'SLgnal strength of a fatlgue detector would decrease t
qually for the entlre ranéggof VOT values to which 1t is
normally sen51t1ve. Flgure 2 represents a pro;ected graph'

I
"wof 51gna1 output strength after adaotatlon of FD2 Noteﬁ

that Flgure 2 like Figure 1, 1s quallfled as thlS author s
1nterpretatlon of the dlscu551on bv Elmas and Corblt

'((p. 108) . They presented no such examples. :

N ‘The effect that Elmas and Corblt hoped to observe
“in support of thelr proposed feature detector system was a
ﬂjShlft in the phonet1C\boundary toYard the adapted stlmulus.g
Adaptatlon to a long VOT should have caused'an upward shift
in. the phonetlc boundary (as in Flgure 2), whlle adaptatlon

to a short VOT shOuld have caused a: downward Shlft in the

<phonet1c boundary._

a

Here it is 1mportant to note- certaln shortcomlngs
Vof Elmas and Corblt s model _ Flrst glven a blnary response7

cla551f1cat10n of stlmull as elther v01ced or v01ce1ess, a-’.

_slngle‘"feature detector_ would sufflce. ~This 1s~on1y one .

._hxl
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’area in Wthh alternate models may have been consldered -
rSecond in o;der to eénsure accurate measurement of'the
'iphonetic boundary in the present*model, it was necessary -
thatdthe two feature.detectors-bey)specifically-tuneddbt0"
',overlapplng ranges of VOT values. Although in thls respect}

»‘the effic1ency of the proposed detectors falls somewhat |

short of. 1deal 1t was on thls ba51s alone that the authors
.could postulate changes in the phonetlc boundary as a re-
sult of adaptlon procedures.- In other words, “had- they
‘assumed that the detectors were, 1n fact, sen31t1ve to

restrlcted ‘1ndependent ranges of VOT valuesﬂ'then the adap—

tlon could not have been predlcted

Cou .

Elmas and Corblt e11c1ted 1dent1f1catlon functlons
for lablal and dental stops (b p, a- t), both before and
,after adaptatlon._ Their experlmental deSLgn employed a

two- alternatlve forced chosce (ZAFC) paradlgm, riot unllke
; the forced ch01ce methods used in earller VOT studles, 1n‘
ﬁﬂwhlch, for any given condltlon, both stlmull and responses
were llmlted to-a SLngle place of artlculatlon,'and st1mu11
‘were to be 1dent1f1ed as elther voiced or. v01celess.“ U51ng
‘the Lisker 'and Abramson (1970) synthetlc Stlmull,'lnltlal.
1dent1f1catlon functlons were ellc1ted for the 1ab1a1 and
,dental serles, separately. Subjects’were-then asked to
1dent1fy the same stlmull, after hav1ng been "adapted" to
.one of ‘the other extreme of the VOT serles for elther the_
flablal or dental stlmull. The obtalned 1dent1f1cat10n

ffunctlons 1nd1cated a Shlft toward the adaptlng stlmulus.,

i
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This Shlft was’ 1nterpreted as a Shlft in the phonetlc )
boundary, leadlng Elmas and Corblt to conclude that thelr
model was, in fact, supported | - e
Elmas and Corblt attempted to rule out the p0351b11—
.1ty that any 51mp1e acoustlc (as opposed to llngUlSth)
‘varlables might be held to account for the observed
'phenomenon. They showed that adaptatlon to an dental stop
produced a Shlft 1n the 1dent1f1catlon functlon for lab1al
'stops. Conversely, adaptatlon to a lablal stop produced a

51m11ar Shlft in the functlons for dental- stops. On the

basis. of thlS cross-series effect, they proposed that the

'._detector system was: not sensitive to»"51mole acoustlc

1nformat10n", but only to "those complex aspects of the
sound- pattern that both Serles had 1n common, namely, voice

| onset klme (p. 105)

Thls assumptlon, howeyer, may not be warranted as
ev1denced by the fact that- the proposed "phonetlc boundary“
for dental stlmull was several mllllseconds greater than'
that for the lab1al stimuli (cf P 105), suggestlng that
VOT' was dealt with in a somewhat dlfferent fashlon for the
two places of artlculatlon. In order to deal w1th thls:"

: partlcular phenomenon (to whlch Eimas and Corb1t attached
no apparent 51qn1flcance),¢and yetlmalntalnvthe orlglnal
notion of fixed VOT—detectors,'it~wou1d appear necessary'
to postulate elther a. separate Set of VOT detectors for

each place of artlculatlon, or an 1ndependent mechanlsm,.,

_“.
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capable of translat1ng VOoT's 1n d1fferent contexts, or
places of artlculatlon, 1nto ‘some unamblguous f0rm amenable

R

to the feature detector mechanlsm. ,Furthermore, it 1s}not‘
2

" at all clear that the only feature.shared by bothvseries'

was VOT.

_One mlght conedudé that the mechanism descrlbed by
Eimas and Corblt mlght have been more reasonably characterlzed
as a hlahly comolex mechanlsm, compoigd of numerous "feature
detectors all of whlch contrlbute to the gross functlon
of the meChanlsm.- For example, consider any complex'
'mechanlsmh composed of smaller, functional un1ts. The lossv
“or alteratlon of the function of any of . the compone 5 . \v
through adaptatlon procedures w111 »to a- certaln degrée,.
‘h affect the output functlon of. the mechanlsm. Thus,'experl- ’
-mental alteratlons of gross functlon (much 11ke the results
c1ted by Eimas and Corbit) would not be a clear 1nd1cat10n
- of the spec1f1c propertles of the . meéhanlsm,vunless those.
lower—level functlons had been ant1c1pated In llght of

‘ p0551ble alternatlve explanatlons, E1mas and Corblt s results

are held to offer no unequlvocal supnort of thelr partlcular

model.
- Statement of the Problem
The issue of greatest 1mportance here 1s not 51mp1y
" whether the theses put forward by Elmas and Corblt (1973)

werexsuppOrted The main questlon to be offered is. whether'

- voT alone, as or1g1na11y def1ned by Llsker and Abramson (1964),
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is truly a suff1c1ent crlterlon for the a551gnment of . °

,phonemlc status to 1n1t1a1 stop consonants.

If one .were to regardicertain-established 'cues{
such as asplratlon and force of artlculatlon, as analytlcal
tconsequences of artlculatorv and glottal gestures, then
there would be no argument agalnst the’ analytlcal necess1ty
'of voT, 51nce Lisker and Abramson have also dlscussed VoT -
in terirs of essentlally the same relatlve artlculatory and
"glottal ad]ustments On the other hand to say that VOoT
alone is suff1c1ent for the percelved dlstlnctlon is to
1gnore other features whlch have been experlmentally

establlshed as 1nfluent1al in the percelved v01ced/v01celess

'dlstlnctlon. ' _ o " R ';f””

v It would appear that a. study of the effects of
_'(§\arlous treatments on the oerceptual 1mpact of VOT is 1n’
order.' The acceptablllty of VOT as a unlversal perceptual

cue should be contlngent upon the repllcablllty of earller

results under a broader range of well -defined exper1menta1

'condltlons. Furthermore, a cr1t1cal re- evaluatlon of key

assumptlons underlylng the concept of VOT and its acoustlc

\ .
',consequences may prOV1de a framework from whlch more reason-

" 2ble accouynts of observed phenomena may emerge;

’

‘he present study was ﬁe51gned to examlne the nature

o Of the erfects of place of artlculatlon,\manner of artlcula—;'
wtlon, and whlte n01se masklng on the dlstrlbutlon of stlmulusd

'vldcnt;flcatlons as measured on the VOT. contlnuum,' Using

\/

&
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' the ‘median VOT value of a given'reSponSe distribution'aslaf \
: - . ¢

measure of performance, the various factors were 1ntroduced b

on the ba51s of several con51derat10ns.

Flrst, since VOT is by deflnltlon totally 1ndependent
of place of artlculatlon, medlan VOT values for one place
" of artlculatlon should not dlffer s1gn1f1cantly from those
of another place of artlculat1on, 'By llmitlnq stlmull and
responses to a single‘place of'articulatibn, the two.altenr
‘native forced choice (ZAPC) “paradigm, as lsed in earller
VOT studles, could not have prov1ded any avenue for the
dlrect comparlson of dlfferent places of artlculatlon. The
. present study, however7 employed avfour‘alternatlve (4AFC)
paradigm in.which mireddlabial and dental‘stimull Qere’not
only to be identified as 1mp11c1tly v01ced or v01ce1ess,'

‘but were also to be classified w1th respect to place of

artlculatlon.
(.

‘Second; manner of.articulation'(moiced_or VOicelessl'
.”_may; with'certain-qualifications,.be reéardedvas'the onlp
factor ln the present experlment in any way . assoc1ated w1th
lthe perceptual dlstlnctlon between v01ced and v01ce1ess
'_1n1t1a1 stops 1n Engllsh If subjects are 1ndeed capable -
of a551gn1ng the phonemrc status of volced or v01ce1ess to-

i stlmull whlch vary in VOT, then accordlng to prev1ous re-.
psults, the dlstrlbutlons of v01ced and v01celess responsesv'

: ,should occupy relatlvely dlscrete ranges of VOT. That'ls,

volced' responses should be concentrated at the low end of
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the VOT scale, while 'voiceless' responSes should be’ConF-

‘centrated at the high end. .Under such circumstances, it

follows that'the median VOT values of those distributions

~ should be_consiste?tlﬁ differentffrom one anoether, as long.

’

. \
as subjects maintain a discrete,mode,of response..

. : \ ' - ‘ - - ‘
L : Third white noise masking was:- chosen as a factor

on\the ba51s of 1ts p0551b1e 1mp11cat10ns in . two areas.,

'First, if the temporal measure of VOT 1s, in. fact the sole

'perceptual cue in the v01ced/v01ce1ess dlstlnctlon, then‘

the nasklng of frequencv Jnformatlon durlng the VOT 1nterva1

should have no effect on observed patterns of‘Lflmulus

i

1dent1flcat10n.- Moreover, w1th respect to the "lanulStlc

Py

‘:feature detector" mechanlsm proposed by Eimas and Corblt

"(1973), addltlonal motlvatlon is prov1ded by . con51derat10ns

in the domaln of 51gnal detectlon. : : .

The separate effects of adaptatlon and of noise on

a multlple detector mechanlsm are fundamentally dlfferent

P

Adaptatlon is deflned as a decrease in the output of a

11

51ngle receptor (1n thlS case, a ltuned~detect0r') in reé -

sponse,to a constant stlmulus.' The addltlon of random noise

to a 31gna1 should not have thlS effect The effect of

.random noise on a receptor svstem has been descrlbed by

Green and Swets (1966) 1n terms of 1nterference y-Or. un4

certainty in‘sensorv measurements. For flxed n01se-backaround_

0 L

‘levels, the amount of uncertalnty is evenly dlstrlbuted over

\

,the entxre range of sensation of the partlcular modallty.

H—
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'Thus, random. noise masklng should. not have a selectlve
effect on a 51ngle receptor»or output ‘distribution,- as

would adaptation. P N

Finally;twith tespect'to tne notion of'"fi#ed“ 
neural detectors, sub]ects should not be expected to dlfferA
51gn1f1cantly in patterns of performance. One 1mportant@
aspect of the present study is the con51deratlon of the

p0551b111ty of dlfferences amonq subjects.

A



CHAPTER II .
METHOD
étimuli
- In nearly all fespects, the synthetlc cv syllables
‘~used as stlmull -in the present experlment were 1dent1cal
to those used by E;mas and Corblt (1973) In order to
achleve ‘'some understandlng of the tvpes of dlfferences
between the two sets of. stlmull, it may be of a551stance to-

0‘4“
frrst present a’ brleﬁ»descrlptlon of the latter.

The . stlmull used by Elmas and Corblt were those
’ generated by Llsker and Abramson in. 1967 at the Hasklns
Laboratorles for use 1n thelr early cross-= language tests.
They used a parallel resonance synthe51zer, equlpped w1th

"

« <« « three formant resonators w1th varlable frequen01es .

"_and amplltudes, a ch01ce of buzz or hlSS exc1tatlon, or a

-mlxture of the two, and control of the overall amplltude R
and fundamental frequency (Llsker & Abramson,.l967 PP. 563;f.‘
564) ." . All of the synthe51zed 1n1t1al consonants were
followed by a three formant approx1matlon to the vowel tal, -
-and the lablal,,aplcal, and velar place categorles were

B achleved by the addltlon of approprlate release bursts and

_formant transxtrons at_the beglnnlng of each syllable. V01c—,

'1ng before consonant release (001c1ng lead) was represented

":by»the 1nsert18h of low frequency harmonlcs of the buzz

source. V01c1ng lag, v01ce onset after consonant release, _
was achleved by supre351on of ‘the onset of the flrst formant,

~relat1ve to the second and thlrd formants, whlle fllllng

S
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|Corbit used onlﬁwlgpfrom* '”“géblal serles ( 10 msec tow+60

3 ’ .

'msec) and 14 from the dental" serles (Ovmsec to +80 msec)..

EN "
v,

The present experlment employed a Parametrlcf‘ CeE
\_ .

L]

vArt1f1c1al Talker (PAT) in the synthe51s of the requlred

st1mu11 (see Anthony & Lawrence, 1962, for orlglnal concepts

in the development of the PAT) “The PAT was drlven and con-

trolled by a PDP 12 dlglta] computer.’ Included in PAT' 's
elght control functlons are:. Frequenc1es of the three’-
darlable formants, frequency and amplltude of the glottal
‘ywaveform,-amplltude of the wide-band noise source for exc1ta-
tron of the formants,.and flnally,_the central frequency and
ampl}tude of the second wide-band noise source, wh1ch 1s
:1ndependent of the formants. Thls second noise source, most
éommonly employed in the synthe51s of frlqﬁtlves, was not

needed for the purposes of . the present study. wControl

voltages for the remalnlng six parameters were graphed as a

;_functlon of time (Flgure 3), dlgltlzed by means of a Hewlett-

-Packard F -3B Line Follower, and stored in computer memory
,(see Hlll 1969, and~Ak1tt, 1970, for further detalls of PAT
f programmlng in conjunctlon with. the PDP system) A general
overv1ew of varlous speech sydaie51zers is also avallable 1n

'Cooper (1961). '-v'. o

L
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Two sets of,stimuli,da labial series and a dental
;serles, were prepared, each contalnlng 14 VOT varlants. 1
‘The approprlate (Delattre, et al., 1955) formant loc1 and~” A-
transitions were~1ncorporated to 1dent1fy-1n1t1al'qonson—-’
ants'as either labial or*dental. All of the SOOYmsec cv

' Asyllables ended\with a three—formant approximation'to the

vowel [a], with a. fundéﬁéntal;frequency of 110 Hz,,dropplng

ﬁtoward the end.

‘With duratlon of tranSLtlon set at 40 msec, the t
three vowel formants for the labial serles in ascendlng order,
started at approx1mately 370 Hz, 1009 Hz, and 2500 Hz, ris-
‘1ng to 760 Hz, 1280 Hz, and 2650.Hz; respectively. Formantsf

for{the_dentalgseries, in ascending_order, started at .
approximately 370'Hz,“1560'ﬁz;5and 2800 Hz, with fl riSing?.

Ato approxlmately 760 Hz, whlle F2 and F3 fell to 1280 Hz
Aand 2650 Hz,-respectlvely.‘ Varlatlons in VOT were achleved‘
by shlftlng the. onset of" the glottal waveform w1th relatlon
to the release burst - VOT varlants for the two serles were

w

- the same as those used by Elmas and Corblt the range of VOT
G,,-.

for the 1ab1a1 set was from -10 msec to +60'msec and for the-
dentals, from 0 to +80° msec. In both serles, voT varled 1n

5 msec steps, up to +50 msec, after whlch VOT 1ncreased in

10 msec steps.‘i

“Recordings

| ©  Ten different randomlzatlons of the entlre ‘set of

28 1ab1al and dental st1mu11 were. dav1ded 1nto two equal

N

o

7%\'.\.
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Blocks of flve dlfferent randomlzat1ons (140 presentatlons)

each The stlmull, separated by two seconds of 511ence,

were. then recorded on magnetlc tape, in analog form, from
,PAT output, using a TEAC A—7030 tape-deck The - flnal re-‘*'*

; cordlng consisted of flve complete Blocks of st1mu11

(Block order 1 2- 1- 2 l), or 25 presentatlons of each st1mu1us;

Durlng the experlment, the recorded stlmull were

played back through the left channel of the tape-deck

- Peak rms syllable value was held constant at optlmum play-‘

back level as monltored by the left channel VU—meter. As

a source of the white- norse masklng 51gnal a GRC (General !

A;Radlo Company) 1382 Random N01se Generator was used Prec1se

varlatlons in 51gna1 to—n01se ratlo were achleved with a_
Hewlett -Packard 3SOD Attenuator Set. ' The whlte n01se out-~

-~

‘ put of the n01se source passed through the attenuator, and
,flnally, 1nto the rloht channel of the tape-deck ‘where

rms value could be monltored (see Flgure 4). By regulatlng

the’ whlte n01se output level 51gna1 and nolse w?re ‘bal-

anced. For S/N=O peak ms syllable value and rms white’

;n01se value were equal Holdlnq the 31gna1 constant, it

was then possible to vary the attenuatlon of the whlte noise.
in 10 dB steps, from zero attenuation (G/N——ZO dB) to 40 dB

attenuatlﬁh (S/N=+20 dB,. whlte n01se barely audlble).

YPreSentation

The two separate output channels from the tape—deck

'were mixed, u51ng a Braun CSV 250 Power Ampllfler, and ‘the °

¥ .
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Figure 4: Shematic diagram of

experimental apparatus.
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resulting monophonic output was presented to‘squects

binaurally, at'a‘comfortable'fistening'level, using Telephonics

‘TDH:49 earphOnes,lwith MX41/AR cushions; ‘The‘level‘Of white
\n01se was changed after each Block presentatlon, in such a
way as' to prevent any two consecutlve Blocks from having the
_same leVel of background noise. On the ba51s of'S/N ratlo,
:subjects were d1v1ded into two qual groups of five as
1nd1cated 1n Table 2. The order of white. n01se varlatlon.
'Afor Group 2 subjects was ba51ca11;'2 reversal of . that %gi-j
sented to.Group l‘subjects.' Group-l and,Group 2 sub}ects -
K - . AR v , o
were_tested separately, each normally in‘three separate ,v
'one hour sessions, of flve, ten,'and ten Blocks, respectlvely,
:the flrst se551on 1nclude§ a set of pre recorded 1nstruct10ns

’»(see Appendlx A) ~Se551ons were‘separated by at- least 24°

‘hours. :? -

\ . i - - .
In what was essentlally a 4AFC procedure, subjects
were - requlred to 1dent1fy each stlmulus as belonglng to- one
of the four possrble response categorles, [p], [b], [t], or:
,[d], and to record each response, accordlng to presentatlon"
-number and category, on a prepared IBM answer sheet ‘Responses
- were tabulated by\an IBM optical scorlng machlne."The finali
.set of ‘raw data for each subject 1ncluded 25 1dent1f1cat10ns
~.of each of the 28 st1mu11 under each of the’ flve 51gna1 to—‘
;n01se condltlons (25 X 28 x 5 = 3500 responses for each
subject) The basic: exper1menta1 design for stlmulus pre—

'.sentatlon is represented 1n Table 3..



DISTRIBUTION OF S/N CONDITIONS BY SESSION

e

TO TWO GROUPS' OF FIVE SUBJECTS

TABLE 2

N

.33

Session

Bloek Number

2

| Group

~

12

SERATS K

(O

- +20 |

~_,.+2¢>7"

+IC

- 40

+20 |

420

-20

slo
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~“TABLE 3

]

| BASIC DESIGN FOR ELICITATION OF PSYCHOMETRIC

FUNCTIONS FOR A SINGLE SUBJECT

o

. SERIES

MAsKING | . | . vor

CONDITION

| raB1an

DENTAL
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'Subjects

Subjects were ten nat1ve Engllsh—speaklng female

a

'student volunteers from the Unlver51ty of Alberta, whOSe' ‘
;ages ranged from 18 to 36 years.: None of the subjects had
had any experlence with synthetlc speech. All were sub-

Ay

jected: to standard Pure Tone Audlometrlc (sweep) Tests,

b, ‘'with the use of a Beltone 10-D Audlometer. The mean‘results.
: N

(both ears) for each subject ‘are ’resented in Appendlx B.

Wlth only one exceptlon, sub ct HA age 33, who showed a

'

'.decrease 1n rlght ear sen31t1v1ty to frequenc1es above

6 kHz,‘all were found to be normally sen51t1ve to frequenc1es

~in the speech range, with threshold crlterlon set at 15 aB.



'CHAPTER III. . .

RESULTS

Data Preparation °

Previous experimenters have generally applied a Twov‘

~ ~

: Alternatlve Forced-Ch01ce (2AFC) method to" e11c1t responses. -

~ i

For a glven place of artlculatlon, say, labial or dental,
partlcular VOT‘varlant was to be 1dent1f1ed as~e1ther voxced”
- or VOiceless. -Cumulatlvemfrecuency dlstrlbutlons of cate-
’TVgory 1dent1f1cat10ns by VOT were readlly constructed and
bthe 50$;cross—over:p01nt'wasxtaken as anfoverall‘index‘of

the subfect's“performancefundgr'a given set of conditions. -

Such a dlrect 1ndex was not r adlly avallable in

s :

:the present experlment, whlch employed a’ Four Alternatlve
'Forced—Ch01ce (4AFC) parad1gm.~ Lablal and dental stlmull
were mlxed and presented at random, and subjects were

g ' 4‘ .
required not.only to 1mp11C1tly'1d-nt1fy stlmull as either

5'v01ced or v01celess, but also to catecorlze stlmull accord-v-

‘

‘1ng to - place of artlculatlon (labial. or dental) As a

.result of subsequent confu51ons in place of artlculatlon,‘

-

!the cumulatlve frequency dlstrlbutlons of v01ced and voice-

.less responses,.based on total presentatlons for a glven

‘

place og\Xrtlculatlon, were asymmetrlcal. lThus, it became

‘tnecessary to employ an alternate 1ndex of the subjeCt s'

response.'
S ot :

' It was believed that'stimuli incorrectly classifird

oy
2

.

36



with respect to place_of'articuiation (place errorsj;vre—
gardless of manner'identificatiOn,;could be'treated as
"errcrsﬁ ‘ Subsequently, they were dealt with 1ndependent1y'
of. the remalnlng "correct" responses. Dlscusslon of errors
appears_ln Chapter/IVf

Deallng only w1th “correct" responses, 1t was ap-»

.

parent that. the two cumulatlve frequency dlstrlbutlons of )
v01ced and voiceless 1dent1flcat19ns would have to be
:represented by Beparate Vot values.; That is, a 51né§e "index
- was needed to represent each of the separate v01ced and E'
:v01celess response dlstrlbut;ons'e11c1ted for_each of the"v
two stinulus series (lahial,and dentalf._ Given that the
.distributjons under:CQnSideration in the present study

hare of an asymmetrical'nature, the mean_wculddpresent»a
’blased estlmate of central tendency.f The.aSymmetry‘was -
,suff1c1ent to suggest the dlstrlbutlon mld—p01nt as the
-preferred statlstlc to represent central tendency in the
analy51s of "correct". responses.~ The resultlng VOT 1ndex
values for voiced and v01ce1ess 1dent1flcat10n dlstrlbutlons
‘(Appendlx-C) were used: as ba51c data p01nts 1n-the experl—
- mental de51gn for the ana1y51s of varlance oresented in
’:Table 4. | | |

AN B
Wty
L

‘Analysis of Variance

The analysis'of variance can be described as a

completetZV(place'oﬁyarticulation) by»2'(manner'ef'



TABLE ‘4"
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EXPERIMENTAL DESIGN FOR ANALYSIS-OF VARIANCE

S/N

J LABIAL

DENTAL

“Voiced

. Voiceless

 Voiced»

Voiceless

RN
RS '
AN

10 -
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articulation) byASI(masklng level)_factorial design with
'repeated:measures on.all‘factors,-for ten subjects,t‘Each
of the 20 cells ln‘theipresent design (Table 4) contained;p
.l the correspondlng VOT index values computed for each of |

. the ten subjects. The results of the ana1y51s of ‘variance

are presented in Table 5.’

Place by Masking Interaction

Although signlficant overall F-ratios nere~observed
for both the ?lace andeasking factors, the interaction
netween them'Was also»significant (F=3 798 ‘p<0.01). Thus,
the two factors cannot be dlscussed 1ndependently. The
'1nteractlon is represented by Flgure 5 ‘in whlch voT
(ordlnate) is plotted as a functlon of masklng level K

‘(abc1ssa) for_the two placesvof art;culatlon.?

‘ﬁl Flgure ‘5 1nd1cates that, as a result of masklng,
VOT values for'the dental'serles Yarled over a-broader
\.—/—1‘\

_range than dld vOT values for the lablal serles._.An a

poster10r1 Newman- Keuls test (Ferguson, p..274) for'signi-

flcant‘drfferences among<means_was performed.on VOT's:for'
the labial and dental-series separately. Tne result$ of
the Newman—Keuls tests are presented in Tables 6(a) and
"'6(b) :-’ﬂ B

. - . sz gh ) : 3

Table 6(a) would seem to 1nd1cate that VOT s for

the lablal serles dld ‘not undergo any 51gn1f1cant chanqe-

as a runctlon of masklng,'whlle Table 6(b) reveals that -at -
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'TABLE 5
ANALYSIS“OF'VARIANCEi
MEDIAN VOT VALUE AS & FUNCTION OF
PLACE OF "ARTICULATION, MANNER OF ARTICULATION
' AND MASKING LEVEL
' SOURCE ~ss - df S Ms F
_: _Place -
‘Labial/Dental B - . : ' SR
N 48.585 .1 - 48.585 15.21%%*
Manner _
Voiced/Voiceless S o L
() 123358.87 © 1 / 23358.87 " 7315.65%%*
<
Ma%klng Level . s T
o © '179.049 4 44.762 14.001%**
. =0 SRR
AxB 1.086 ~ 1 - 1.086 1 0.340
RPN xmc' 48.511 . 4 12.128 3.798%*
-. : ) . s T R -
B x C -16.708 4 . 4.177  1.301.-
‘A X BxC 13.970 4 3.492 1.093
Subjects_l' o x o S : |
"R (ABC). 1623.784 9 69.309  21.7065%**
Error ©545.9460 171" - 3:193
**p  0.01




Figure 5: vot as a funétion of

S/N ratio.

.41



TABLE 6
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NEWMAN - KEULS TESTS FOR SIGNIFICANT DIFFERENCES AMONG
MEAN VoT VALUES BY S/N RATIO

ey

(a) /. LaBIAT SErIEs
| Mean VOT's | | |
- S/N in order of Differences Among Means
ratio magnitude B , .
T | -10 dB_+20.d4B +10 dB 0 4B
=20 4B - 21.05 0.80  0.82 0.96  1.42
-10 4B 21.85 0.02 0.16 0.62
+20 dB ~ 21.87 0.14  0.60 .
410 dB S2522.01 0.46
o aB 22.47
(b) ” DENTAL SERIES
. Mean VOT's
_ S/N in order of Differences Among Means
- ratio magnitude : : o
| / ' ~10 dB-+20 dB +10 dB 0 .dB
=20 aB | 20. 43 2.04* 2.54%x 3 03%x 4 40**
| -10 aB 22.47 0.50  0.99  2.36*
+20 dB 22.97 c.49  1.86
.+10 dB '23.46 1.37
0 aB 24.83 o
*p 0.05-7
**p 0.0l
¢




‘hlsource of variation in the present analy51s.'»VOT vaers‘

43

masking levels of 0 dB,.-loidB, and -20 dB, VOT's for the-
dental séries-wére, in fact, significantly different.- ThlS

would suggest that even though the labial and dental proflles
B
in Flgure 5 are in some respects VLSually 51m11ar, the

effects of masklng may only be reallzed in the case of S/N

ratlos below 0 dB for the dental series alone.»

Why the dental serles should be more sen51t1ve in

1
vy

this’ respect to white noise masklng is not a questlon whlch.

can- be 51mplv answered This questlon will be discussed ;
1n Chapter IV It w111 sufflce at this p01nt to state that

:VOT values for the-lablal series remained much more'stable
throughout the observed range of whlte noise masklng than

v

did those for the dental §er1es.

o~

Manner of Articulation
: - - -

The exceptlonally hlgh F—ratlo for manner categorles

- (F = 7315 65; p<oO. 001) was not altogether unexpected, and

reflects the fact that thlS factor was by far the larqest

a

for each of ‘the four response dlstrlbutlons are pldtted as

- a functlon of S/N ratlo 1n Flgure 6. Dlrectlv‘yp"

in Flgure 6 is the fact that for elther place of artldu tion.
the large dlfference (in msec) between VOT values for ;
v01ced' and v01ce1ess response dlstrlbutlons remalned

‘quite. stable throughout the entlre range of masklng condl-

tlons,' On the ba51s of the con31stent1y separate‘?

VOT values, 1t,may bevargued that white noise masking had - “fﬁfjf
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@ |
- no effect on the ab111ty of subjects to label stimuli - asw~v>«
v01ced or v01celess in a dlscrete fashlon, on the ba51s of

.

VOT. o - , T
Subjects
leferences among subjects were found to be 51gn1-’

- ficant (F = 21. 707 p<<0 001) Although the spec1f1c nature

of those dlfferences is not dlrectly con51dered in the

present study, - the 51gn1f1cant F—ratlo associated with 1nter—
’ ' .

sub]ect dlfferences indicates that one must approach the - T

notion of 'flxed' vVOT detectors with some caution.

B



' CHAPTER IV
DISCUSSION ,

Although various 1nterpretatlons can be offered to
account for the results of the present study, above all, it
.lS apparent that’VOT is, in faCt, an’effeCtive signai.char—
acteristic in the 1dent1flcat10n of v01ced and v01celess
1n1t1al stop- consonants in Bngllsh However, in light of the :

‘ 1nteract10n between the effects of place of artlculatlon ‘and

-masking on VOT values, complemented by the results of the

a posterlorl Newman-Keuls tests, it must be acknowledged
vi}that certaln aspects of the dental stlmull rendered them more‘
"}{vulnerable than the lablal stlmull to the effects of whlte

,rn01se masklng.

'r At hlgh Jlevels’ of masklng, the effects of whlte n01se

dental"response dlsgflbutlons, whlle VOT Values for the}' |
,lablal response dlstrlbutlons remalned stable. Thls leads'to_
the assumptlon that in addltlon to vor, some concurrentifre—
.'quency domaln stlmu"s features may play an lmportant role in
‘ the 1dent1f1catlon vulced and v01celess 1n1t1al stops,»
even though those same features might vary accordlng to placej

‘of,artlculatron.

Furthervmotlvatlon for the con31derat10n of alternate,-
Com
vstlmulus features stems from the results of spectrographlc
analy51s of the stlmull. The - spectrograms,ln Frgure‘J
.suggest»thatgat_S/N ratios of -10 dB and<—20'd§; the -

46



Figure 7(a):

Sound speCErograms of a labial

(left) and a &ntal (right)

. stimulus, at 0 msec VOT, under

thfee‘S/N conditions. (time

',along'abcissa)






m(/

Figure 7(b): Sbund'spectrogfams'Of a labial
' (left) and a dental (right)

.stimulus, at 50 msec VOT, under
kqﬁhree S/N conditions.‘ (time
}X§§10ng.atcissa)

¢
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initial noise burat signailing consonant release may have

been cbmpletely masked;vrendering VOT virtually undetectable.;'
Under such circumstanoes; it follows that the v01ced/v01ce—
‘less dlstlnctlon may have been sustalned entlrely on the

basis of features»other than VOT.

Bywremoving the initial‘noise buret from thevpreeent
stimuli, and examining subsequent stimulus identifications,
these contingenCies.bould be more directly examined. Within
the 1imits of the presentvstudy,'however, one,possibly‘

. beneficialhapproach to the relative perceptual importance
. of additionai stimulus‘features~might befprorided-by an

’

examination of the confusions of place of articulation.

The‘Confusion of Place Cateqories'

’Figure 8>represehts the number and peroent'og‘con-p
fueions of place'of_articulation under)eaoh;maekinq_f
conditionj for each of'theJVOT varfants from 0 msec to %6 o
‘msec (labial and déntal series oombined);. This. range covers‘
‘all voT values whlch overlapped both place serles;\ As one
‘would expect, place- errors were most’ pronounced at the
highest level of background n01se.u Moreover, there appears
to be a certaln S/N ratio (O dB) above whlch errors are |
A_negllglble (maximum error<:2%), and below whlch errors
‘increase radioally; The increase in errors 1s not equally
spread over the entlre range of VOT, .at hlgher masklng rgvels,_
- relatively moreverrors resultedvln.the range of VOT_abqve |

4
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The 1nq;easgb1n error as a function of VOT is A
plotted in Flgure 9 The frequency polygons 1n Figure 9(a)
represent the number of times each stlmulus from the dental
series was identified as a labial, While the reverse holds
for Figure 9(bl. In both cases, place errors are sub- “
lelded accordlng to manner category of" response {voiced :
or voiceless). Once again, 1t is ev1dent that dental and
labial- stlmull are treated dlfferently by subjects. W1th

respect to place of artlculatlon, dental Stlmull were more

often mis- cla551f1ed than lablal?stlmull.v

:In llght of the above observatlons, it would not
‘:appear unwarranted to assume - that as the masklnq level
1ncreased so ‘did the loss of aCOUSth 1nformatlon necessary
to determlne the place category of a partlcular stlmulus,
’and furthermore that the loss was more- substantlal for

dental stlmull than for lablal stlmull.. However, 1t is

ev1dent that at least mini: al 1nformat10n about manner of .

'artlculatlon remalned at even the hlghest masklng
order to enable subjects to 1dent1fy stlmull from the hlgh

vend of the VOT scale as v01celess K and those from the low .

enduas,-v01ced' ThlS observatlon, in conjunctlon Wlth the'
: analy51s of varlance results, supports earller clalms that
certaln cues for place\izd manner of’ artlculatlon are

1ndepen‘ent

The relatlonshlp between S/N ratlo and transm1tted~"

-1nformatlon (1n an 1nformatlon theoret1cal sense) was
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o dlscué gd¢py Mllépr and Nlcega?(IQSS, p. 348), andlls

oenerall§%suppd¥tfﬁﬂ'

S 1nterpretatlo§g%§They calculat-

L -
S8 that’ v01c1ng 1nforma,1onb Cang
o g A’

levels 18 dB below those needed fb%lthe transm1551on of

'place 1nformat10n k_The problem remains, - however, of

transmltted at S/N

‘vaccoun 1ng for thg“ﬁrror patterns .as they relate to VOT

Interplay Between S/N Ratio and. VOT as a P0551ble Cause of
~ .
Place Errors :

N

Numerous studles have reported experlmental ev1—
dence,to suggest that for both natural and -synthetic speech
stimuli] frequency characterlstlcs of the release burst _
-',and'adjacent vowel formant (F2) transitions are essentlal
Vhin the ldentlfication of stop consonants. The reader is
directed to~Mlller and Nlcely (1955), Delattre, leerman,
.and Cooper. (1955), Halle, Huches, and Radley (1956),
Liberman et al (1957 1958),'and Kozhevnlkov and’ Chlstov1ch

(1965) flor furtheridlscu531on.

vFor the present st1mu11, these formant tran51t10ns
can be.prec1se1y measured In thls case,'all of the formant.*
: spec1f1c tlons of a clven stlmulus series were: held constant
(see,F;g re 3). Systematlc variations in VOT were achleved

- by simpl ,shiftlng the ons .of the glottal waveform along

‘the't{me scale,_w1th rgspect to a flxed p01nt (t= o)correspond—

;1ng w1th consonant release. In other words, the temporal

was - 1dent1ca1 for all stlmull.

4
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'As noted in Chapter II, the overall tlme alloted

‘for formant tran51t10n was fixed at 40 mSec. Labial and

dental stlmull differdd only in the direction and initial

~,.ufggquencies of the Second and third formants;‘-The 30'msec

release noise burst was present 1n all stlmull as a source

‘

‘of 1n1t1al short—duratlon formant exc1tat10n. Thus, for
'VOT s in the range 0 msec to 39 msec, a11 or some'ofdthe

h‘adjacent vowel formant tran51tlon was’ modulated by the

)

_glottal waveform, 1n conjunctlon w1th the 1n1t1al 30 msec

noise burst. For VbT s of 40 msec or more, the only source

~of formant. exc{Latlon durlng the tran51tlon perlod was the

30 msec noise burst, since the onset of the glottal wave—

form did not occur until after the formant tran51t10ns had

’been completed and the formants had reached appropr1ate,'>

steady—state values for the folthlng vowel Ta}j. From this
assessment one would expect that us1ng a whlte n01se agent
1t would be easier to mask the formant trans1t10ns in
st;mull ‘which exhlblt long VOT's than in stimuli which ex-
hibit short‘VOT's._ Strong support for thls clalm re51des

in the observatlon that, for both stlmulus serles, “VOT 1is

hlghly correlated wlth place errors. For the lablal series,

r 0 9528 (p<:0 01), and for the dental serles,

0. 970 (p<0 01).

On the other hand, this ev1dence could as ea51ly be

cited in support of the claim that another feature, nameﬂy,f

the duratlon of perrodlcally exc1ted formant tran51tlons

(dt), might also be offered to.account for the same error.
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phenomena. From the perfect inverse relationship between
VQT and dt in the range of VOT from 0 msec to 40 msec, it
follows that dt is negatively‘correlated with errors, to

exactly the same level of significance as is VOT. However,

O

Sy
if the range is extéﬁdbd_to include all VOT's from 0 msec '

R 4 - L : . o

to 60 msec, the correlations are no longer identical. In
correlati g errors W1th VOT in the 1ab1a1 §g>1es, r = 0.9119,
and in the case of errors and dt,‘(r = =0, 9572) Slmllar-
;y, for the error by VOT correlatlon in the dental serles,
r =d£.8351, whlle r = —O 9635 in the correlatlon between"‘
errors and dtt‘ The purpose in pointing out these correla-
tions is to suggest that over antextended range of VOT,,

place errors might. be more closely asﬁoc1ated wr}h the

‘duratlon of perlodlcallv ex01ted vowel formants.

This relationship might he clearer in Table 7, inA
whlch a more prec1se account of a number of correspondent,
changes in the structure of the F2 transltlons for thel¢f
lablal and dental stlmulus series are presented From
Table'7, 1t rs noted‘that for VOT.s of 40 msec or'more;.allv
stimulivare essentlally the same,‘except for 1nformat10n
cOnveyedlby the 30 msec-release ‘noise burst Thls-mlght
account for what appears 1n Flgure 8 (S/N =,'20 dB) to be
"xthe complete 1oss of ablllty to dlstlngulsh between labial ',“

and dental stlmull at over 40 msec VOT

Presumably, the same parameters‘could'be specified

for stimuli used in earlier VOT studies, if a more precise



TABLE 7 .

‘ChANGES IN F2 AS A FUNCTION OF VOT
(Errors included for reference)

LABIAI SERIES

VOT R 1 df (Hz) - dt(ms) Errors
) ‘ 2 e ’ 3 ‘ ’
0 1000 280 - 40 43
5 1040 240 - 35 °© 82
10 1080 209 30 84
15 1120 160 125 102
- 20 1160 120 20 © 118
25 1190 , 90 15 110
30 1220 60 10 - 140
35 1250 - 30 - 131
40 |- /1280 0 0o 154
45 .7 1280 .0 0 151
50 1280 0 0 © 173
60 | 1280 0 0 146

'DENTAL SERIES

@ ' = . S ¢
) . - YA : ‘
ﬂfﬁﬁﬁﬂ . | .
.. VOT: 4% £ 4af (Hz) dt (ms) . Exrrors.
s B 1800 - },.+"520 - 40 -} .51
_ .5 " 1735 4 455 35 | a7
- 10 |~ 1670% -390} 30 - 81. .
Y 15 1605 325 © 25 - 171
r 20 f.="'1540 260 20 153
e 25 f-’ 1475 | 195 15 - | 193
30 , l410 - 130 ’ 10 255
35 | ' 1345 65 5 311
‘40 | 1280 0 0 397
i 45 1280 -0 0 . © 353
- 50 1280 0 0 299
60 1280 o 0 293 . ..
N

frequency of F2 ‘at onset of glott/p waveform.

. interval (Hz) between 1n1t1a1 and target freauency for .

the vowel [a] (1280 Hz).

mllllseconds of formant tran51t1on modulated by glottal

'mmmm.



R H_w1th long VOT s resemble the latter. It 1s therefore llkely o
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C | | | o
description of those stimuli were available; 4The possibie
,perceptugl,importance of these<stimulus features has beeni
glven very little attentlon by prev1ous authors concerned

with VOT Those authors carrled out their experlments

~under the assumptlon that VOT was the only property of the .

'stlmulus Wthh was systematlcally,manlpulated while in

reallty, the manipulation of VOT can be shown to result‘in

a number of related changes in other stlmulus features. Oon

the ba51s of some of these features,.lt may be p0551b1e’to

re- evaluate the stlmull.

3

In general perlodlc 51gnals have been shown to be

kY

“less vulnerable to the effects of white n01se masklng than

‘aperlodlc 51gnals (lesh 1952). wlth-resnect to placef
1nformat15n"conveyed by the release burst and adjacent

formant tran51t10ns, stlmull exhlbltlng short VOT s can be

4

\

'that in order to cause a 51gn1f1cant amount of place con-
1
‘fu51on, stlmulr exh1b1t1ng a dlstlnctlve amount of. perlodlc

exc1tat10n of formant tran51tlons (short VOT's) shoulds

.

require a hlghe.llevel of random masklng n01se than stlmu11

whlch eXhlblt lxttle or no perlodlc exc1tat10n of formant

‘((long VOT 's).. _It 1s 1mportant to note that thlS hypothe31s'

-~

contradlcts the clalms made by Fletcher (1929) to the effect

than v01ced (lax) consonants.

. i ’ FE

&

- that v01celess (tense) cOnsonants ‘are 1nherently more audlble



The dlfferences in error patterns mlght also be
'approached in terms of dlfferentlal sen31t1v1ty to masklng
. effects. Fischer- Jorgensen (1954) p01nted out certaln
acoustlc dlfferences between | [p] and [t] in natural speech.
He descrlbed [t] as hav1ng hlgher 1nherent resonances than_
(pl1, and before a central vowel [t] was lndlcated by a
steep falllng F2 tran51tlon. Because of the relatlveb
vweakness of the F2 tran51t10ns assoc1ated with longer VOT'
_one mlght expect the tran51t10n to be aulte ea51ly masked

<

' leaV1ng only the stronger, low—frequency energy assoc1ated

o

w1th [p]. fﬁ such a case, to expect a [p] 1dent1r1cation
would not be unreasonable, 31nce,'as Flscher?Jorgenson

stated, " . - . 1if there is no posrtlve reason for hearlng‘

[k] or . [t], there w1ll be a majorlty for Ip1 (p 55).

Within the present'framework' the relationships

whlch hold between confu51ons and VOT may be recon31dered

o ;and p0551b1y explalned in terms of the dlfferentlal

sen51t1v1ty of the present stlmull to whlte noise masklng.fl
ThlS approach toward more complete stlmulus descrlptlon may
prove benef1c1a1 1n the explanatlon of observed VOoT dls—

crlmlnablllty as well as confusrons of place of artlcuiatlon.’

:y‘Formant Transitions as a Plausible Cue

for Stimulus Discrimination’

'?w

leerman, Harrls, Hoffman, and Grlfflth (1957)

e ﬂ
‘ asserted that the llstener can only dlscrlmlnate between_'

speech st1mu11 whlch he can. 1dent1fy as belonglng to
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different'phonemic categories. Based on identification
[

'functlons, the phonetlc boundary between two, categorles was .
establlshed by the p01nt of subjectlve equallty (PSE),

: that point on the’ stimulus contlnuum at which a stimulus |

|

was'ldentlfled aS‘belonglng to either_category with equal -

probability.-

Llsker .and Abramson (1970), Lazarus and Plsonl
\ + .

(1972), and Elmas and Corbit (1973) generally agreed that

.

with, respect to the VOT contlnuum, the phonetlc boundary

»

Afp,

*between the Engllsh voiced and voiceless categorles was

4

X
LS

'’

found in the region of.30 msec VOT.
‘Functions of drgcriminability‘along the VOT
dimension’have been reported by.Abramson and‘Lisker (1970),
Lazarus andfPlsonl (1972), and Elmas and Corbit (1973)
Thelr results were obtained by ABX trladlc comparlson pro-}~
cedures, in which the third stlmulus in a serles was to be
Judged as 1dentlcal to either the flrst or the. second.. The
. authors reported a peak in dlscrlmlnablllty ‘at about 30 msec
VO” ﬁerformance at chance level was observed at about 15
msec in elther dlrectlon from the peak ThlS con51stency
‘_1s not surprlslng in llght of the fact that all three | .
i:studleSaemployed the=same (Llsker & Abramson,;;970)_synthetic
stimuli. | . o
Optlmum voT d%scrlmlnablllty 1n the reglon of the
phonetlc boundary was offered by the above authors as

! .
,ev1dence to support thelr claim that the lﬁstener 8

o



discriminates betWEen stlmull on the percept&ga%basxs of

phoneme class membershlp.

tran51t10ns

Lazarus and

?'1nformatlon was presented about spec1f1c frequency

parameters,
transitions
‘essentially

between VOT

The only dlscuss:Lon.“ofuformantE
‘associated w1th the stlmull used appears in

Plsonl (1972, Although very little
it was stated that the duratlon of - formant
was flxed at approx1mately SD msec.
complementary relatlonshlp has, been establlshed

and the duratlon of pernodlc exc1tatlon of -

vowel formant tran51tlons.

Thus, earller reports of optimum

'dlscrlmlnablllty at Just below 30 msec VOT may be restated

as optlmum dlscrlmlnablllty for perlodlcally exc1ted formant :

'

' tran51t10ns of just over 20 msec in duratlon.

Under thlS 1nterpretatlon, it is poss;ble that peaks

in observed dlscrlmlnablllty along the VOT dlmen510n may be

due to- llmenal acoustlc prdpertles of assoc1ated formant

tran51t10ns,frather than to abstract llngu1st1c parameters

Such a proposal lS by no neans unwarranted

3

On the contrary,.

it would seem premature’to assume the nece551ty of hlghly

spec1allzed mechanlsms for the acoustlc analy51s of a

partlcular type of speech 51gnal w1thout havlng demonstrated

'flrst, that the s1gnal cannot be regarded as a comolex of

that general

. more fundamental acoustlc varlables, and second

audltory mechanlsms are 1ncapab1e of the same ba51c analy31s.

Nabelek and'lesh (1969) examlned the ablllty of

o ‘
llsteners to dlscrlmlnate among varlous frequency"tran51tlons.

\/
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g ! ‘
'They computed relativeﬂ wgyerence’limens (DL's) for

. .
,frequency-tran51tlons varying in duratlon, frequency shift,

and general frequency region. Three frequency regions were
‘examined: 250 Hz, which the authors felt was related to
Vpltch and 1ntonat10n, and 1 kHz and 4 kHz, which they ,
regarded rgportant reglons in the perceptlon of formant
qztran51tlons. In'general terms, they reasoned that'the
llstener relles heav11y on gl1de rate” (fre%uency shift
.per unit tlme) in the dlscrlmlnatlon. In addltlon, the1r

| results«lndlcated w1th the exception of small frequency
nshlfts in the pitch reglon,‘greatest dlscrlmlnablllty
l(smallest ‘DL's) obtalned for tran51t1on duratlons of from
'20 to 30 msec._ Thus, 51nce these measures agree well in
magnitude with the range of duratlons of frequency'transi—'
tions in normal speech, espec1ally in the F2 - F3 reglons,
Labelek and lesh concluded that the observatlon of peaks
:} 1n dlscrlmlnablllty reflects a "™ . ;:.Dgeneral property of
hearlng and that it doef‘not appear only in connect1on with

4speech sounds (p. 1518)..

Further general agreement wlth the re—evaluated
results of voT studles suggest that certaln 1mportant
i acoustlc aspects of VOT varlants mlght also be analyzed
*by auditory mechan1sms whlch are not. spec1f1c to speech
“analy51s.g wlth respect to the '11ngulst1c feature detector":
dmodel proposed by ‘Eimas and Corblt (1973), it ~may be con-_.
cluded that no such complex speech—spec1f1c mechanlsm - ‘

(1 r€e, a phonet1c—1eve1 prOcessor) need be postulated ard

/
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that varlous mgre general audltory models can be offered

to account for the same phenomena.
. 9 N -

The Heed for Further Research

One point which is obvious is that a great deal of

further research is necessary in areas related to VOT.

Erperiments should be designed'for the'examination.of the .

nature of 1nter—sub]ect dlfferences. Although’it is

believed that the present data were e11c1ted under a broader

&

‘range of experlmental condltlons than data e11c1ted in

Et

: earller studles, the exper1menta1 de51gn 1tse1f leaves

vmany 1mportant research questlons out of reach fFor-ex—

i {'.’:

ample, in a number of dlfferent ways, the present results
suggest that placeaof artlculatlon is a very 1mportant
factor in the con51derat10n of VOT., Surmountlng past meth-

odologlcal llmltatlons, VOTﬁstudles should beuexpanded to
1nclude the perceptlon of 1n1t1a1 velar stop consonants .
and poss1bly the affrlc%te serles.j Furthermopé the pre-
sent Shlft of attentlon to such stlmulus fezture”'as
formant tran51t10nsﬂnecessltates the 1nspect}bn of vVOT and'
consonant perceptlon in relatlon to a broader range of

)

follow1ng vowels.'

The apparent co-operation of VOT with other acoustic’

properties of-the stimulus has given rise to.several'
’p0531ble re—lnterpretatlons of experlmental ev1dence whlch

‘has been prov1ded by earller voT studles.‘ In thlS respect,

w _)\

agreement of cen&aln aspects of the present results w1th
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those of. prev1ous studles, deallng w1th both speech and
- non- speech Stlmu11, prov13§s strong motlvatlon for future

postulations of more -general auditory models.
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 voiced and v01ce1eSS 1n1t1al stops._

CHAPTER v' R

§ MMARY

Voice onset time (VOT), defined as the tlme 1nterval

'between consonant release and the onset of laryngeal pu151ng,

orlglnated as an analyt1cal measure ‘in the determlnatlon of

‘ v01c1ng in 1n1t1al stop consonants. More recently, voT has

recelved 1ncreased attentlon as a posslble 'cue' for the
llstener in the perceptual manner categorlzatlon of initial
stop consonants. ‘Based on the assumed perceptual unlversallty
of VOT -a "11ngulst1c feature detector" model has been of-

fered to account for the dlfferentlatlon between Engllsh
$

vThe viability of a languége-specialized deteCtor

~ system whose sole 1nput 1s‘VOT nust be contlngent Lpon emplr-
~ical evidence of VOT's perceptual unlversallty. A three-

factory experlment w1th repeated measures was de51gned to ob-

serve the* effects of place of artlculation, manner‘of ¥

L4

~articulation, and white. noise masklng on the ldentlflcatlon

of stlmull in whlch VOT was systematlcally var1ed

-
)

The v01ced v01celess dlstlnctlon ‘was anparentlv main-
- !

talned throughout the observed range of masklng condltlons,
suggestlng that VOT 1s, in fact an 1mportant che for the

dlstlnctlon. However, under hlgh masklng condltlons, medlan

>VOT values for dental response. dlstrlbutlons chanced 51gn1—;

flcantly, whlle those for lablal dlstrlbutlons d1d not.f Thls

4
result was 1nterpreted as an 1ndlcatlon that 1n addltlon to

VOT a certain amount of frequency_domain'information such = -

66
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“confusion of. place of artlculatlon. An attémp
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as asplratlon and formant tran51trons may&play an;’ 1mportant i,

¢

role in the perceptual dlstlnctlon between the v01ced and

%
vo;celess categorles.

AT T TE ST SRR %‘ LR
. ; 1 . ,a,_p_‘v;f I A
‘High masklng levels were also assogiat ed w1th;the~"

“l)‘a ,,}" ‘“-b-‘

7z

t to determlne
B AP
the cause or such confu51ons gave rise to a.re- evaluatlon of

~

the present synthetlc speech st1mu11 1n terms of thelr
prlmary acoustic (as opposed to llngusstlc) comp051t10n.~‘A_
number of other stlmulus characterlstlcs, 1hclud1ng the F2

N . b

tran51t10n, were found to vary concurrently w1th VOT

'When considering!the results offstimulusVre4eValuationf'

in terms of earller studles concernlng both speech and non—'

speech audltory analy515, two 1mportant generallzatlons

.o .
v

‘emerged; Flrst the concept of VOT as a unlversal perceptual

cue may be 1nadequate, Sane assoc1ated theorLes place llttle.
perceptual 51gn1f1cance on” the dynamlc acoustlc components
of the stlmulus w1th whlch VOT is closely related ~In turn,

vVOT mrght.be regarded as a_comp051te feature, subsumlng a

. number of dyn 'c,fperceptually reievant'featuresL of which

"linguistic'feature‘of'the'stimu1US.-V

?

the 1nterva1 tweenfconsonant,releasefand.the'onset of
vlaryngeal'pulsing may be oniy one.’ Secondt the.fact/that‘
certaln stlmulus features which vary. concurrently w1th vorT 3
“can be quantlfled at the acoustlc, as opposed to the lin-

mlght be -

gurst1c’1evel, prompted the suggestlon that V,
'regarded as~a primary acoustigf; ' than a primary

< 2t

;‘;‘-. w
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‘Previous experimentalbresults suggest that the

J-

auditory analysis and discriminationvof frequency transitions

'may be a general auditory process, applicable to both speech

4

’

ahd non—speech stimuli. rlhe fact that formant transitions

play an 1mportant role in initial consonant perceptlon, and

.are also llsted among stlmulus features which vary concurrently

w1th VOT, suggests that at least some of the propertles of
VOT stimuli can be analyzed or at least dlfferentlated, on

pre phonetlc grounds.

. ] i
.“b. | | ‘
' Such hypotheses present alternatlves to the "linguistic -

feature detector“ model and for that matter, any other
/. :

“"audltory models requlrlng hlghly spec1allzed mechanisms‘for

the analy51s of complex speech stlmull whlch could p0551bly

be reduced to more fundamental acoust&c components.

I

A
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™~ APPENDIX A
INSTRUCTIONS TO SUBJECTS I

Hi. ' Thanks for helping me out by beingva subject.
in this erperiment. "What I'm tryinghto do is to find out
-how English speakers’distinguish between certain types of
initial consOnants: The tapes you are about to hear are
made up of syllables in the form of a. consonant followed by
the vowel a. All I'd like you to do is to identify the
consonant that you hear. I can tell you now‘that the only"’
consonants you will'hearfwill-be D's, b's, t's, and dfsi'

followed by a. ; o

In the e\perlment pa s, ba" s,.ta s, and da S. w1ll
be mlxed together, and presented in an 1rrecu1ar order for l
you to 1dent1fy. Each - 1nd1v1dua1 presentatlon w1ll beB
follwed by two seconds of 511ence, in which time you must
1dent1fy the consonant you heard by 51mply filling in the
approprlate locatlon on the answer sheet 0bv1ously, some_
Aegue351ng w1ll be necessary 1n cases where vou aren 't sure
1of the answer, but you have some 1dea.v In these Easé;, I B ‘-'“
want younto guess. You must give a response_for cevery item
presented.! In case‘you honestly miss an'ansﬁer,:sinply
leaye it blank and‘gvon to.the'next.,_we can correct that

laterQ

Usually, answer sheets 11ke these, whlch arée analyzed ,j/d

by a computer, requlre that mlstakes be completely erased.

1@2‘ /:
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_However, in case you should accidentally fill invthepwrong
answer‘Slot time won't”allow you to erase and flll another.
-So, just 1lghtly cross out the mlstake, and fill in what
- you thlnk is ‘the correct answer. Afterwards, I'll go back
}and erase the crossed-out answer for you. If you have any

questlons at thlS point, please raise your hand,

If you haven't already done so, please fill 1n the

Lnformatlon for whlch blank-spaces are prov1ded at the top
Ny

of the answer sheet So that I can keep track of your

answers, you w1ll be requlred to repeat this 1nformatlon at
. S

the top of each answer sheet Pay no attentlon to the

™

space marked S. # _1t refers to your 'Subject Number . and,4
'w1ll be ass1gned later, durlng the analy51s. ~Below the:
heading 'ID Number', please wrlte your Student Identlflcatlon
"Number, 1f you have one. The ten columns to the rlght of
 ‘the boxes represent the numbers -Zero through nlne, respect- -
.fully. Flll 1n the slot representlng the number you have
wrltten 1n each correspondlng row. Please -be careful not to
‘extend your penc1l marks: beyond the dashed guldellnes- it

pPresents problems 1n the computer analy51s. “Are there any

questions?

What you are about to hear, then, are a few examples

of the Stlmull drawn from the p-b group.
(Fourfexamples presented'hevb).

Now -listen to a few stimuli chosen frombthe t=d . ‘group:
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(Four exampies presented here). «

Now, séé-ifzyoh’can distinguish between pafs'and ba's, ta's:

and da's, when they've been mixed together: S

v

a

(Minimum and maximum VOT representa-
i . N B -.\(T
. 2 . '\i?

tives presented alternately)
Sincevyogywill be making)qqite a few identifications,

i

I've divided 5 fbations into- small sets. 'Aftér each

ed, there_will.be'a short rest period,
after we haVe:C'i;~ ~bd»the‘th%;d'page, we'll take a five
or ten minute break. Afe‘there any questions before we

begin? j. S :
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APPENDIX B

RESULTS OF PURE TONE AUDIOMETRIC SWEEPS ,TFSTS
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 FREQMENCY
55

2k - 4k 8k

IN Hz }

HA

33

-lo

5y

JP

36 |

Y

10

PY

18|

=)

SHOLD LEVEL IN dB

E

"HEARING THR



APPENDIX C
DATA POINTS FOR ANALYSIS OF
' - MEDIAN VOT'S FOR THE LABIAL SERIES

IANCE
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Vdiced
S S/N Ratio
+20 dB +10 @B’ | o aB o aB | -20 aB

1 6.73 8.65 9.67 9.05 9.75

2 1 12.40 | 12.39 | 12.90 11.67 9.43

3 11.41 10.96 | 10.24 11.45 13.75

4 10.42 |, 11.00 11.10 10.69 11.13
5 8.07 8.23 .| 8.65 8.48 7.84

6 10.13 | 10.00 | 10.s5 9.44 7.39

7 13.10 | ‘15.42 | 18.88 15.00 12.05
8 13.00 112;9q 13.50 12.50 11.85
9| - 9.28 9.1l 9.38 . 9.60 1;1qd
10 '11:35 11.40 11.85 /'11.63 11.03"

o S .Voiceless
1 '32.90 | 31.00° | .30.90 ﬁo;lé 3ie -

2 | 34.75 34.70 " 35.62 33.00 jd.so;;,
ENREEREE 'uézhéb_ -31114T ,ﬁﬁo;ﬁg ééﬁéstf,
4 32.81 33,§q 33170 315i9 30.54
'.5 “1- 29.20 29.20 :30;33 31,15 32.07
6 32.40 32.19 32.39 32.05 éqwzamw‘

7 35.83 | . 36.85 1 38.17 39.09 35.25.

8 35.50 35.21 -35.85 35.50 36£43
.9 31.25 31.20  31,56 30.75 33.24
10 | 33.80 33.90 | 31.90 33.95 30413

=
. N




APPENDIX C (continued)

~ MEDIAN VOT'S FOR 'THE DENTAL SERIES

o~ o " Voiced C

S/N Ratio

"+10 aB . | 0 am €_10 as

14.60 | .16.98 " |, . 14.90

4
e
=
o+
e
'—l
o

17.20 |  16.64
12,200 | 13.60 | 12350

©12.60 14.60 I 1dloo .

- .Voiceless.

1  "26}&oi‘ 3i29;9o; ;33.17;. S 200790 |
2 "'33?60f;'} 31§10’,;735,73. - srie7 ]
T"'_3tf,‘- 34-5‘0" 3396 | 33.37 E ‘3§Tij\>__

4 ,f3s.go‘ﬂ , ;e!bb 31;56?; 136107, §;}

57| 35.83 36féo | 36.94 - 3300

6 {3474 0 3318 | 3353 | 29079

8§ | *35.42 36.14 | 40.00 35.71

10 | 34.40 | 34.70 | 35.59 | 36.82




