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| “weather 1t 1s cue1ng a. phonem1c .or subphonem1c d1fference

Ao T N
w o *
\h .

» v . ' ABSTRACT -
e Exper1mental 'stud1es have - 'shown that jUncture

“pepcept1on can be . 1nfluenced by subphonem1c cues | How m1ght -

‘hpercept1on in. thms s1tuatwon d1ffer from the percept1on of
;>phonem1c ' d1fferences° -H.Dne‘ 'waym\ of, explor1ng these -

b s

dd1fferences 1s by us1ng the exper1mental techn1ques used for‘

' Atest1ng categor1ca1 percept1on where 1dent1f1cat1on and

‘d1scr1m1nat1on tasks vare conducted 1Honk a ‘ perceptual:

':contwnuum _ Th1s ’study compares the percept1on between ;
phonem1c and subphonem1c d1st1nct1ons us1ng ma1n1y ‘the dVOT_ o
tcont1nuum’» and occaswonally some. durat1ona1 cues . ;'The

R

fesu]ts seem to depend ma1n1y On how perceptua]]y sa1ient

e

the ¢cue 1tse1f is§‘ 1ndependent (to' a 1arge degree) ofdf”

A

‘In_:the' perceptua1 exper1ments (and also in the measurement~

3of product1on data) aspiration showed up as a- very strong~'

o

’cue; ofteh show1ng d1scr1m1nat1on well above what would be _'

.pred1cted from 1dent1f1catlon wh11e pnevo1c1ng was  a weak .

\

__cue as were the durat1ona] cues ;'a-, i

|

.}.("._

v



&

'which I would Tike to’ ment1on here.

-]q ” ACKNOWLEDGEMENTS C

a

From the start to the. comp]et%on ;g%hfs thesis 'owes_

" J
itself to “nUmePous facters from*m 'y 1&"
‘,1 a.h"‘\,

count However number of 1nd1v1duaﬁg and out f“a few  of

o

,nf too many tovi

b First, VL wou]d‘ 11Ke -to .thank 'my' 'superviSOrj'

'Dr._d.,T; Hegan and my prev1ous superv1sor Dr. T. M Nearey

It was ‘their 1nterest and part1c1pat1on that played the

maJor role wjhm helptng me along in my work 1 would also

“Mtlke j‘to ~ ‘acknowledge ‘the‘ members Of‘r my" comiffee

Dr. W. J. ‘Baker, Dr. A. U ‘Rozsypal’ (both for their -

*

R'crittcisms of the stylistics,_log1c, and statisties” of ‘the
_ thes1s) and Dr G Holdgrafer N

I must also g1ve credit to the departmental technicianxp

:Alten Opperthauser who gu1ded me out of numerous computer"

and instrument re]ated prob]ems/ Peop]e from around the

4

’dmportant aid in. certa1n aspects of th1s thes1s and I thanK -

'them

h department i(usua]ly fellow graduate students) a]so offered :

A‘ spec1at thanks'vgoes ‘outiftoi,aitb oflkthosev~‘who ‘;_

L part1c1pated as speakers . and ]istenerS'in.the experiments

tnrun 1n'th1s studyt Specifically, would' 1tke to' mention:

'those ‘who took part in eXper1ments III and Iv, where the 0

‘names are derry Kub1na‘ Kathy Look,. Gary Dkratmca Dev1nder'-‘

tasks 1nvotved were partlcularly 1ong and ted1ous ~ Their

' ,Pannu and. Max1m111an Welz They votunteered w1thout the

= promlse of materta] reward often g1ven in such s1tuat1ons

IR . s . . . EE : s

N



. \ /
- FinaHy_ I* would 1like to thank my pa"rents for their
consideration and help while ™ was working on the thesis,
. \ ' ) A : B '\ : Wl v /:
L S PR AT FeT — e T I T
‘ 0’._ t
i &‘




{
, Table of Contents | | ,
Chapter T d" ‘ o Page
1. Introduction ..........0...... T ey 1
2. Review'of titerature .;;..::.:.,..{...;' ..... Ta.{....::?,S
2.1 Voice Onset Time AR T I R o
2.2 Word Juncture .:f...!;fr..{; ..... \.,; ......... ;1....8_
3.0 1 ‘Produc§1on Studies ..... L '.}.{.' ...... 7'1‘;\8‘
‘\2 2 2 PercepfuaIetudles............‘ ............ }.:1b¢
_______ 2.3 Ca&egorlcaleercept1on ...N[TTTTTTT.......T........12
3 Measurement study of product1on ....................... 20

3.1 Procedure for Col]ect1on and Measurement of Data ..20

311 Speakers ....... S i.;.b..;;.;..ﬂ.r.....,,..20‘
3.1.2 Apparatus ...l el 20
3.1.3 Recording. ... .. \.;..,{...,{. ...... 2
'3 1.4 Digital Gat1ng .;...(;...{{f ......... D 21
' .5 Segmentatlon and’ Measurement ................ 22
3.2 Stat1st1cal Analy51s Results and D1scuss1on'.}.;..25
3.2.1 Analysis of Var1ance ...;...7..}.h.5 ..... .26
3.2.2 Summary ..;..,r,.;;;,;;p ...... };.,,...;f..;..sz"
4. PerCeptibn~ Exper1ments ..... R ,..;.;ﬂ...a..;u@...34
a1 EXper1ment I oo, B 1...14......;.{ ...... 34
4.1,1 Preparat1on of St1mul1 ...... R 35
4 1 1 1 Constuct1on of st1mu1us 1tems ....... 35
4. 2 Arrangement of the st1mu]us 1tems 39
o 4.1.2 Llsteners ....................... : ........... 40
| 4.1.3 Apparatus. ........ ,f;f'; ..... AR ;..;.r..4O _'J
4.1.4 Procedure-;...,...{..ui,r..r...;..;.;;1.{....41
~4{1.5‘Resu1ts and D%SCUSSiOﬂk:;..f,f;..{:..u.j.;.ﬂ;41

RIRVAR



4.2 Exper1ment II ........... e e e e 4§

4.2.1 Preparat19n of St1mu11 ........... ... .48

4.2.2 Listeners «..........o.oiiiiieiinen. .08
' . 4.2.3 Apparatus' and Procedure ...... ;..;3.,..1.;..i49'
 4.2.4 Resuifs and Discussion ............... .......49

14f3“Exper1ment 111 ..1}..:.,.1;.._ ....... P T 53

h 4.3.1 Preparat1on of St1mul1A..,...........;._ ..... ;53
\4.3.2 Listeners ...u,.:\;.;..i ...... '..;;..,5;: ..... 54 
4.3.3\PcheduTe°7;gﬁ].!.}[ ...... L :;.....Q.; ..... 54

4.3.4 Results and Discussion .;...r;.,..,.,;.f.p,..ss

4.4 Experiment IV ...;..ﬂ: ....... _Ln.,;....,..;..., ...... 62
| 4.4, 1 Results and D1scuss1on;:‘ ...... Q.,...ff;: ..... 63

5. Summary and Discussion .,;{.f ..... ;,.:..;.,{.;; ........ 69

'B1b11ography ﬂ.f;;.;._ ..... [EERRETE e O ... 76

" APPENDIX A ........ ;.,;,:,.{,[....}f;;...,.t ...... ...t

APPENDIX B .Q.}..,...}..}}];...;' ....... e
“APPENDIX C ..... i e
APPENDIX D ovvron., R '\{ .......................... .84
APPENDIX E vov et ute it et e it et e e e e .85

APBENDIX F oot TR TS '86

\
y‘
v
viii .



‘ N
« /
.
-,
i

1 ey I . LIST OF TABLES
| Page
1OMOWs for duration
2. Tukey ‘test | ‘

'Y L

29

. . .
f) “
A
/
\ -
v
i i
o
* *+
I
o
”,
¢ B
e .
- - .
3
o
v
| ¥
‘ o
. 4
[ o \
’ ‘@
. .
) \ 1-X
e



"'

11

12

Block diagram for digital gating and segmentation

LIST OF FIGURES

stimulus items

Pagev

23
24
36

Identification and discrimination for the two-way °

~distinction in

Experiment I

and discrimination for the

Experiment I

for Experiment 11.

for Experiment 11
and disérimination for the two-

EXperiment IIT (Vistener: DP) -

and“discriminatioh‘ for  the

'Experiment‘lll (1istener: M)
and  disériminafion for the two-
Expebiment IlI,(listener:bKL)

and discrimination for the two-

Experiment 111 (listener: GO)

and discrimination for the two-

Experiment I11 (listener: JK)

and,dischiminaiion‘for the 'three-

Experiment IV (listener: DP)

| Figured:
{_ L
2.1 Signal segmenfation

3. Preparati&n of

4, I
. distinction in
5. Identification
o distinction in
S;Z.Identificatioq
7; Identification
Identificatfbn
distinction' in
ldentifi;afion
distinction in
10. Idéntifjcation
L disfchfion'in
. Identification
distinction in.
L‘Idehtifféation
~ distinction in
3. Identification
~ distinction in
14.‘Idéntificatioh

andAdiécrimination for the three-

Experiment IV (listener: JK)

three-

two-

42

64

44
50
51
way
56
way‘
Y
Qay}\
>8
way |
\ &g
way
60
way
way
65



.\ii?
1. Introduction |

Inlé cross- language study of the voicing distinction in
initial stops, Lisker and Abramson (1964) found that
measurements of voice onset time (VQT) are dfstributed on a
continuum into three major areas. ‘The first situation is
where voicing begins before the release of the bufst and it
is this type of stop that is described as being voiced. In
the ; secbhd case vbicing begins simulta;eously or just
briéfly after the release of the burst, and this ¥is called
devoiced or unaspirated. The third case does not have
vo?cing until lohg after the burst, and is ‘descf{bed as
aSpirated:

In traditional descriptive phonetics the ' voicing
'e;fx . . .

distinction“inl Enélish was \usual1y portrayed in terms’of
thféé allophones: voiced; unaspirated, and " aspirated. ’ The
unaépirated stop is in complementary dﬁstribytion~w%th both
ﬁHe ‘voiced and kaspifated stops but the .aspirated and
'unaspiratéa stops are grouped tbééther3as aquphones of the
voiceless phoneme with " the voiceéd stop Arepresentfng ‘the
JVOiced phoﬁéme. However , voﬁcing lead rarely occurs in
English initi‘alvﬁst'ops unless being carried through .from - the
voiced  segment immediately ‘previous (Lisker and Abramsbn,
1964; and Zatlin, 1974). Though most initial voiced ‘stops
‘afe actually devo{ééd,' there are still some (Ladefoged,
18971) who d;scribe fﬁese asi being ’at least ‘partially
voiced' . In an experiment using tape splicing methods, Lotz

et al. (1960) +looked at the unaspirated stops of /s/+stop

1
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consonant ,cﬂusters When they removed the /s/ port1on from o
’mg;a. word 11Ke B 3p1n ; they found that the‘ stop f,Was L
”‘overwhelm1ngly 1dent1f1ed w1th the /b/ phoneme rather than’_,

the - /p/ phoneme ” However 11steners from languages. wh1ch N

“have a ,clear case of the prevo1ced category (Span1sh and L
Tha1) descr1bed the same stop as. be1:g devoaced ﬁ'So' in'
terms of phonet1c s1m1]ar1ty, the ﬁng]1sh unasp1rated /p/ of
sp1n is more s1m}]ar to /b/ than[asp1rated /p/ lat: leastv’
far as the burst and VQT goes ‘ Furthermore, comparat1ve o
stud1es on the percept1on along the VOT cont1nuum for Tha1 ’
and Eng11sh speakers (Abramson and L1sker 1970), show that
Tha1 speaKers can d1scr1m1nate between fajl three. .VOT‘t'f

pos1t1ons,}; wh11e fEng]1sh speaKers ‘can“ categor1ze only

( :
between udasp1rated and asp1rated cond1t1ons : Cons1der1ng,»\

th1s and the fact that other cues have been found to be ;"
"$;::_ suff1c1ent 1n s1gna11ng the vo1c1ng d1st1nct1on'tf9rv other
word p051t1ons, 1n Eng]1sh vo1c1ng lead seems to carry 1ess

1nformatwon jashid; perceptual 'cu thanlpts suggested by

M

trad1t1ona1 statements
»“ p However under certa1n rare cond1t1ons. prevotc1ng Joes'
- ha;e f‘ d1st1nct effect in the 1n1t1a1 pos1t1on Neagey.iu‘
ﬁ"w Hogan and Rozsypal (1979) descr1be a p1lot study, where,dﬁbyt
‘:vfiy-man1pu]at1ng "VOT- 1nformat1on alone w1th1n the approprtate
» context they were able to d1st1ngu1sh between lf s bat Jt
‘spat and lt SF pat In other words they were ab]e to make :fs,
Eng]1sh speakers categor1ze a]ong\jhe VOT: d1menslon_gin'pag__.i

ot manner superf1c1a1]y . s1m11ar ;}tow Tha1 speakers}v fThe*‘

L
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t,d1fference between ~the two s1tuat1ons 1s that 1n one case,

ffon]y a phonem1c d1st1nct1on ts' be1ng determ1ned at‘ each

crOSSOVer, wh1]e in the other case the pos1t1on of Juncture

1s aTso 1nvo]ved Here we are ofFered .an opportun1ty“to-"

“

kcompare d1fferent types .of 1nformat1on ~ phonem1c versus.; .

-;\subphonem1c,‘on a- s1m11ar physuca] cont1nuum
R Exper1mental ' techn1ques deve]oped fo tests -t[

l-ecategor1cal percept1on prov1de a’ framework for explor1ng the

ﬁcont1nuum 1nvo]v1ng word Juncture and th1s stUdy-isfan_v

S

The next chapter 1ooks more‘,closely at some of the

:inotlons out11ned here Vo1ce onset t1me w111 be def1ned

g

':]Qmore ,carefuliy and 1ts real poss1b1e usefu]ness qUa11f1ed

/

"1nterpertat1ons of 1ts mean1ng that peopTe have put forward'

Chapter f:lilh; descr1bes f a;srmeasurementv_ study of o

fstlll are exam1ned Durat1on measurements were made on'w

.\)‘

I to c]ar1fy the cho1ce of parameters used 1n the preparat1on{.

'

"btexp]oratory 100K 1nto that quest1on ‘”ff_h j"?.bf*ftfb'f&ff7f-

'bJuncture between it’s t:ll lt s d177 it’s stlll and it

'w1ssues ra1sed above Of part1cu1ar 1nterest 1s the quest1on,:b'”

fof enhanced d1scr1m1nat1on a]ong a- reg1on f the__st1mu1us"'

";;t

Has

R /
-'H_Some of the exper1menta1 work that has been done on Juncture /

e w1]1 be vrev1ewed and f1na1]y, the not1on of categor1ca1/-‘¥i
.perceptton w11] be cons1dered ' D1scuss1on w1]1 focus on the S

"~”demonstratton of categor1ca1 percept1on and the var1ousf**j‘
| sprodu0t1on -*7Thef poss1b]e ,cues affect1ng p1acement Ofyhrt“

"}sect1ons of the speech s1gna1 correspond1ng to certain typesﬁ,_,

L

= of acoust1c events These measurements were made pr1mar11y"



tfof stimu]i’forrtheupenceptiondstudies

Chapter v out]1nes four perceptual exper1ments PdIn;L.

'.th f]PSt exper1ment w1th var1at1on along the VOT d1mens1on{_

“on]y,.and where the data of the subjects had to bev pooled'

‘three categor1es wene obta1ned L as found 1n the Nearey ett

\alt.(1979) study A 1arge dtscr1m1nat1on peaK was: found on

N
the -1ag s1de of the VOT d1mens1on but not on the 1ead s1de

‘frThe crossover between the categor1es of the lead DOPt1°”‘ Of'

‘_ h VOT cont1nuum ‘was not very we]] def1ned\and pred1ctedd:'t

dpeaKs were 1ow SO 1t was dec1ded to 1nvo]ve other cues,.tn

?order V:tod. get sharper. category -curves for_'tHEf”nextf'h

*, d1scr1m1nat1on task dTo:;é how other cuesi could be;ih-f"

-~

_tcomb1ned w1th VOT in order to obta1n sharper 1dent1f1cat1onv,ﬁl,

' fcurves,'a crossed 1dent1f1cat1on tasK was:conducted for.;the-.ftl

+

Qsecond exper1ment W1th a”vnew set of st1mu11 and a more"’ -

‘l’fffor categor1ca] percept1on on the 1ead-vo1c1ng snde on]y

'j*}Resu1ts showed that categor1ca1 percept1on i cou]d ;;be? |

S

gvexper1ment d1scr1m1nab111ty 1s agatn tested Va]ong th VOfdQ.dh:

.scont1nuum but »asts;h, exper1ment one other poss1b1e Cues‘fﬁitﬁ
ta;lwere held constant i}Th1s exper1ment was done’facross‘ both"
ott]ead and 1ag areas bdt w1th a 1arger step s1ze than in the_vgg,.v
d-‘:prev1ous exper1ments B | L | | "i |
'w_vThé”: 1ast lchapter discueségrfthed‘resu]ts °of ’héi ey
:duﬂperceptual stud1es . ;In generat’7ittd‘appearsv that Athe}f”r

’ ddtscr1m1nat1on f:andﬂn_1dent1f1cat1on- {results_';aref' best_»

1

hh‘fnarrow]y focused methodo]ogy,ﬁthe th1rd exper1ment testedf“"*

'h’ldemonstrated forh'th1s part of the con¢1nuum In the 1ast:fi s



W .f - s

a psychophys1ca1 bas1s where the cues (such

1nterperted ‘on
pos1t1ve

)

as- asptrat1on) assoc1ated w1th a certawn range of

fVOT are more perceptually saltent than the rest of the VDT

‘cont1nuum “ _1h R |



"'fftn speech pnoduct1on has

-

[N
. B a .

Tt o Reviewot Liteatwe i T
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v;2 1 Vo1ce Onset T1me | S
~ t Vo1ce Onset T1me (VDT) is def1ned in terms ot’a ‘timtng
:re]at1onsh1p betWeenD ]aryngeal act1v1ty and supralaryngea],f
'dant1cu1at1ons Spec1f1ca11y,.1t _the' t1me between theﬁ
frelease- of the stop c]osure‘and the beg1nn1ng of 1aryngea1
%: phonat1on Th1s cont1nuum 1s then deftned 1n phys1o]og1ca1
'“terms and probab]y 1t cannot be sa1d to have the property of

Ca s1mp1e acoust1c d1mens1on

_:Even so, the measurement of it

j,shown to be f.usefu]

L d1fferent1ator of Vo1c1ng | h§f0p;7z0nsbhantsﬁ; Th VOT

: measurements d1str1bute 1nto three ma1nv

lusters a 1ong
a X

»¢vo1c1ng 1ead represented as negat1ve values,‘ ' ‘ t vo1c1ng

~vd1ag of around +10 msec,,and a 1ong vo1c1ng lag w1th v'Q" s

'“.around +60 to +1OO msec Th1s has been demonstrated w1th \\g;

.egmmds 1n 1so]at1on aoross“a number of ]anguages (Ltsker and
e Abramson 1964) and a]so'5ianrunn1ng,_speech i Eng11sh

fQ(L1sKer and Abramson f'1967) though for the 1atter case
’7there is a- sl1ght overlap of VOT va]ues‘ w1th smaJJer];]ead

7wdand lag values

:As'~for -acoust1c propert1es there ftsjfa"number f;a;_ﬂ

?tidiffereﬁt?_ poss1ble 1 co varxjng cues that ‘are. manifest
ff}acoust1ca11y ,i d1fferent areas of”othe, VDT cont1nuum
;Vo1c1ng. lead i1s §eneralty accompan1ed w1th a- 1ow amp11tude'

'jfand low frequency vo1ce bar before the burst When v01c1ng



‘»,;beg1ns after the burst there are. a number of poss1b1e cues

.bne is the de]ay of‘the f1rst formant (ca]led F1 cutback)

demonstrated by L1berman Delattre and Cooper (1958} S1nce_

‘*1F1 has a: r1s1ng trans1tqon after the burst the frequency at‘

wh1ch F1 beg1ns may also be a factor The trans1t1on 1tse1f

'_'may "be ta' cue :for~ vo1c1ng since jaf 1ong enough delay‘

eliminates; the -trans1tjon _(SteVensmﬂand JK1att 1974)

o Ahother acoustic property‘ of voicing = lag uis‘ “the noise

.'}exc1tat1on of the h1gher formant frequenc1es wh1ch is. ca]]ed'l)
Q-yasp1rat1on Some (Haggard et al 1970 o Fu31mura,~ 1971)

'“;have d1scussed the \role that perturbat1ons of fundamenta]‘

"ffrequency p]ay 1n vo1c1ng d1st1nct1ons

a2

‘ri pOS1t1ons othi ‘vthan word 1n1tia1 d1fferent K1ndsh

of cues have been shbwn"to 'be ,suff1c1ent or' more o

"r;approprtate than those assoc1ated w1th VDT ;. as. vo1c1ng cues h
tV“L1sKer’(1957) demonstrated that the durat1on of the- stop;v'

. closure»'isf uff1c1ent to - cue the vo1c1ng d1st1nctton for

» .

‘”n1ntervoca11c stops, wh11e t'fhas~ been _shown-vthat‘ vowelQ

VA*"length ;ﬁ§; the 'most 1mportant '¢Qe>'¥oﬁ< prepausalf’stopss
’Jp‘(Raphael 1972) Another d1fference between v01ced and
vfffunvo1ced stops '1s 1ntens1ty The vo1ce1ess c]ass of stops‘sm o
"has a more 1ntense plos1ve re]ease and ‘s1nce vo1ced stopsof,”

i;are usua]]y devo1ced 'ﬁ”: 1n1t1a1 pos1ton /some prefer to"

*tﬂtdescr1be the dwst1nct1on uas‘ 1en1s/fort1s i (weak/strong):‘

'trather than vo1ced/vo1ce1ess Wayskop and Sweets (1973) d1dy’

’h,some stud1es concern1ng th1s d1fference, demonstrating thatﬁ.“"

[ tthe,;burst, release \”Ve ‘a dﬁerceptual effect 1n VCti



'2.2 Word Juncture ‘= -

syliab]es.'

A

:Because of the-contihUous nature of the speech
there has to- be some mechan1sm For d1v1d ng the

acoust1c eVents 1nto words There .is no doubt that

P

:g7leve1 processes 1nfluence the par51ng “of the speec

-~ but, since minimal pajrs ‘such as a nice man and an

be bdistinguiShed‘ out ofe'cOnText there must

perceptual cues that can 1nd1cate placement of Junct

L4

s]gnal
flow of

h1gher
h s1gna]

ice oman-.

be some

ure. *a"

: Th1s sectwon offerso a qu1cK g]ance at’ some of the‘V

| Léhisfeefigﬁb)kStaPtédfhéf StUdY']QQRihg'fOanc

hcues 7to‘ morpheme boundahfes -but"discovered' th

~word boundar1es . In measur1ng m1n1ma] pa1rs d1ffer1
".p]acement of“ Juncture,: Leh1ste: 1dent1f1ed a nu
JunctUPa1 cues They 1nc1uded5 1onger dunatlons f

A;.in word 1n1t1al and"phrase?fina1 spOsftion;' ]ong

‘~adunat1ons 1n' word 1n1t1a] pos1t1on aspiratjonﬂfqr‘

g

» Voiceiess'.stops,  glo;LaﬂTzat1on or._Taryngea]iiat

phys1ca1
ser 1ook'

ns. into

‘“studies‘ tha& '100k 1nto 'fhe' quest1on of what
‘cOPhelates are assoc1ated w1th Juncture For a- c]o
”,_af‘SUch‘stud1es and— a]so nthe“ formal 1nvest1gat1o
juncture, See~Shammass (1980) B :
2.2.1 Production Studies . .

oustical -

at, 'forh

}4Eng115h the character1st1cs of Juncture are found ma1n1y at

ng ‘as - to
mber'vof :
or /s/'s

er stop

ion - for

jnit5a1 r{



word-initial'vowels; long durations for finat yoWe]s;‘f The

‘/1/' phonéme has formant d1fferences according to its

position in the word and also word f1nal /1/’s-:are longer

than in other positions.. Nasa]s also vary according;to”w0rd:

'pos1t1on with 1n1t1a1 nasa]s be1ng the longest
. ~
Leh1ste s resu]ts were ver1f1ed for: runn1ng speech by

Hoard (1966)./ He used four speaKers to produce the m1n1mar

‘pa1rs and had a 11sten1ng test to p1cK correctly 1dent1f1ed.

"1tems for analys1s Al]ophonxc d1st1nct1ons_ proved. to be

maintaﬁned within. connected speech ‘Segment’ duration cues

a .

correlated w1th Juncture but not fundamenta1 dfreqUency or

amp11tude i L1sker (1975) measured phoneme sequences of /s/ .

fo]lowed by a stop w1th the Juncture e1ther before or after
athe /s/ " He found f1na] /s/ § s1gn1f1cant1y shorter than
“word 1n1t1a1 /s/’s\support1ng prev1ous stud1es

‘-An exténs1ve study was made on subphonem1c deta1ls 1n

h'tAmer1can Engl1sh by Umeda and Coker (1975) g They'found that

: segmenta] a]]ophon1c ‘var1at1on plays a main role in stops
but” durat1ona1 a]]ophon1c cues are 1mportant for fr1cat1ves

- A]]ophon1c var1at1on for vo1ce]ess stopé was determ1ned by

4

devo1c1ng t1me wh11e word- 1n1t1a1 and stress-1n1t1a1 stops
i

: are marked-by a§p1ratwon Vo1ced stops were found to d1ffer‘

A

1n vocal cord v1brat1on ; For ‘the 1n1t1a1 pos1t1on the

glotta] waveform 1s “more: s1m11ar to a s1nuso1d rather than'.-

"saw tooth waveform as in the case of f1na1 voiced stops

Umeda band Coker found that consonant durat1on var1e3'

"accord1ng to such factorT as stress, pos1t1on, and context

Y

L,



"o
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L Aslatrule" they found that in ‘a ‘fricative ‘context the
duration ;is‘-shortened, ,whiTe'the Tengthehing factors were
stress, .word boundaries, and pauses v ’qu‘ Tengthening “at
word boundary they found that the 1mportance of the word is
a factor., The more 1mportant the word, .-in terms of

. , 5" . _
information contents the more,the”consonant is lengthened.

y";/2.2.2 PerceptuaT studies‘ o
:Weﬁhave seen what Kind nof "physicaT vcorrelates are .
assoc1ated' w1th WOrd juncture 1n‘ product1on but how
effect1ve are they as perceptual cues? In a »study ustngv
real speech, Nakatan1‘ and Dukes '(1977)'inyestigated how
‘ these'_cues affect 1dent1f1cat1on between minimal patrs
inyoTvtnd Juncture as'  the m1n1ma1dﬂdtfference | The two
“minimal pa1rs were each spT1ced 1nto four sT1ces for. areas?
of v suspected Junctural _cues; ‘Thenv these 1s11ces were '
exchanged at various Tocations_to”create ' hybrids’ ,ofa”the
two or1g1na1 word pa1rs "Ind this 'way’ they tested the

‘ strength of the var1ous cues aga1nst each other
They found that sthe strongest cues were: at word onset
i except for I/ and /1/ wh1ch have distinct a]loonnes \for-
d1fferent .word pos1t1ons vThe'.most,dimportant cues for
boundary percept1on were‘ burst, asptration;‘ glotta],'stop
p]acement Taryngeal1zat16n and'the'disttnCt aTTophones*of.
k 1n1t1a] /r/ and /1/ Durat1on 1nformat1on d1d not have much
Cof an affect in the resuTts but in the1r study they were.

) often compet1ng w1th stronger allophon1c spectraT cues
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McCasland (1977) stud1ed in more deta1l the effects of
segmenta] ~ duration by 1tse1f and in compet1t1on wtthi
asp1ratJon.' The' four mgn1ma1 pa1rs he used were it’s’ tlll
it’s dill, it’s still and it still. He found that ‘the
,asp1rat1on of /t/ almost a1ways gave the response it’s tlll
"desp1te the segmenta] values ;for. /s/-durat1on or stop’

‘C]OSUPe " The pars1ng responses of the other three cho1ces

:n'were a result of d1fferent comb1nat1ons of /s/- durat1on and

closure durat1on of the stop in the second word For a-i
.boundary to be heard after the /s/ the /s/ durat1on had ‘to
'“‘be 'short and the /d/ of lt s dlll had to be long For' the -
" boundary _to ‘be heard before the /s/r the /s/ had_to be long
.wtth‘théstop.éiosure'bejng.short;'fAn‘evenjlonger ]S/"was;

‘required‘to"sidnal.the geminate /s/t-h | - ' {

) Concern1ng prosod1c cues for word juncture,.}NaKatani‘
and  Schafer (1978) 'e11m1nated the"effect {Of Segmental
'.hspectral ,a11ophontc.»cues3‘to' test for the experimentall
effects Of’ rhythm p1tch and amp]1tude tllnuthetr'stimult
they rep]aced all sy]]ab]es of a threefword“‘noun-adjective ;
phrase with ~/ma/ ‘sytlables but with ‘the'stressipattern
,preserved as. the only cue left to signal whtch‘ two /ma/;s
went together .The _resu]ts- 1ndtcated'ythat’the_subjects,
o cou]d,parie the phrases'AusingA the - 1nformat1on fromb the

'stress“:pattern. W1th hybr1d speech synthes1s they studted"
_the effects of- amp11tude pltCh ‘and rhythm 1ndependent1y and
lfound rhythm 'to be ‘the" only aspect of the - three to affectl

pars1ng behav1our
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2.3‘Categoricat Perception o o e

The method for the .thestigation of categorical
~ perception. ortginates"from"an tmportant_hexperiment byr
-'Ltberman Harris, Hoffmédn, and Griffith (1957).  They set up *
a synthet1c serles of two- formant st1mul1 that approXimatedi

CV syllables and var1ed in the direction and extent of the

secondj‘formant, trans1tqon - The stimuli varied- . in
'.acoust1ca11y equal steps ‘along a range through Whtch'the
consonants /b/ /d/ and /g/v areVFperceiVedd‘as mehbers aof
d1screte categor1es | .

_ After an 1dent1ftcation task. ‘pairst iof : stinuti
.:differing i1n equal steps a]ong the range were presented to
subjects in an ABX. task - In such a task - listeners Ere .
i'firSt presented w1th the two d1fferent st1mu11 and then;one
A'of/them 1s~repeated. SubJects are then asked - to;'indtcate_

whether Athe th1rd stumdlds< is athe,ysame asfthe ftrst or
.second st1mu1us ’ | | ‘ : | '
| The 11stener‘sld1scr1m1natwon performance ‘was enhanced |
at d1fferent reg1ons of" the cont1nuum not1ceab]y vat“the

jdent1f1cat1on ' boundar1es ;- That is :'to e'say;‘. the

-j.rdiscrimination funct1on' 1ncreased as it. approached the

[}

1dent1f1cat1on_ bOundary"and then decreased as it left the

boundary In“contrast to th1s most d1scr1m1hat1on
ifunct1ons'1n psychophys1ca] stud1es are e1ther monotontca]]y
¥1ncreas1ng or decreas1ng | _ ‘ .
| “This estab]1shed a"standardn‘testb For :categorfcal
percept1on - The "cr1ter1a - were spectfied“‘{"byr

! S

b



. Studder t-Kennedy, Liberman, Harris anduCooper i1970) and are

as follows: o N N

+

1. There bshOUid be distinct labeling categofies with the -

identification functions having“an‘abrupt .crossoyer on

the continuum at the boundary ‘ / - '

2.. When the stimuli being compared in the dascrimination
task are from the same category, the disorimination
betweentthem ie at the chance level. |

3. At theb regioh'bof the . boundary» there ere 'peaKs of

improved performance in the discrimination.

4., Finally, thét' the discrimination 'function can  be -

predicted  from the. iabeiing functioni where the -

o vprobabiiity of discriminating two stimuii is equai “to

the probabiiity. thatv the stimuii are 1dentified as
- “different. ' ' |

-In ‘other wonds for categoricai perception the iistener can,

discriminate only as well’ as he can identify

As an exampie of how the disorimination function would

= be caicuiated under the above critera con51der tw0'_st1muii

being comp&red in the Liberman et ai (1957) experiment

Here the subJects were ‘asked to identify /b/, - /d/ or /g/

?

based on the_ siope' of the' second - formant.- After the
identification ‘_vaiues  were graphed,e the -percentage'
,identifieétionj values :wefe  used - to compute! vthe_;

odiscriminétion function For exampie iet Pbi represent the-

i

probabiiity of the f1PSt stimuius being 1dentified as a /b/ A

(taken from the percent identifioation of /b/. for that

»



st1mulus number) and Pb2 asklhe probability that the second
st1mu1us will be: identified as a /b/. Using the same"
convention for /d/ ahd /g/ the resulting formula (where P(D)

is the predicted discrimination) would be:

P(D)=.5+.25((Pb1-pb2)® +(Pd1-Pd2)* +(Pg1-Pg2)” )

.

This‘ function, called the Haskins mode] prov;ded a
fa1r1y good fit to discrimination data involving consonants.
However within-category d1scram1nat1on was usually somewhat
"better.thah,chancei Fu31saK1 and Kawash1ma (1970) added an
extra component‘-fo the Hask1ns model They proposed that'
beswdes a phonet1c memory for phonem:c category there is an
' aud1tory memory |ITwo "'signals could be compared in aud1tory '
memory_t0“d1scr1m1nate characteristics of? the signal that
, are‘"non~phonetic (called ’t1mbers ).‘ But because aud1tory
memory decgys, much faster~ than“‘phonet1c memory, it is
phonetic - memory \Ihat usually plays the dominant role in
discrimina}ion at cafegory boundaries. It wa fposited that
'auditory - memory is ’operatiVe “in v:within-category
_ d1scr1m1nat1on 1 Fu31sak1 and Kawashima (1870) added this as

'a factor to-\the Haskins mode 1 and found that it provided
; pred1ct1on curves which gave a better f1t to  the obta1ne
_curves. lt, should be noted that the a#ded componepi/ s
est1mated from the obta1ned data anp this d1d//no;/rprov1de

1ndependent evidence for such a memory. /‘
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tﬁe notion of two types of memory. Vowels had been shown to
be perceived more continuously thén consonants (fFry,
Abramson, Eimas, & Liberman, 1962; and Stevens, Liberman,
Studder t -Kennedy, & . Ohman, 1969) with fairly good

discrimination within categories and less dramatic peaks at

' ‘
the boundaries. Obtained overall discrimination was much
. .

)

better  than the predicted discrimination  and the

identification curves have less abrupt crossovers. Pisoni

(1973) suggested that more auditory memory is available for

vowels than consonants due to such factor5=és having longer

~ P
durations (supplying more information) and beinéﬁ presented

as steady state signals. Employing an “AB paréaigm (where

listeners judge the two stimuli as being diffé}ent or. the

-same) he changed the time interval between the two stimuli.

Vowels show a decrease in discrimination per formance as the

interval increages while consonants do not. The decrease is

kihterpretedvas result of ihfqrmapion in the auditory memory

being lost  as the interstimulus time interval increases.

Consonants. _already havewwiﬁTTﬂe'“héﬁ?égéﬁfgfiggr in the

auditory memory being discriminated via only phonetic memory

which lasts a 1jttle,1onger. This same argument has 'aiéo"

been  suggested for. the finding of categorical type

‘peréeption With'voweis of short duration. It, has been

suggested that rather than two distinct modes of péhception'

fhere may be more a difference of degree between so called

- categorical and continuous perceptibn (Pisoni 1971).

Pisoni (1973), thowever, did provide some evidence for
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sf Although categor1cal percept1on WTsﬁor1g1naTTy thought

to be un1que to speech st}mu11,« ti wasl Tater demonstratedf

:;f7for' varlous non speech st1mul1 Cutt1ng and Rosner (1974

T
R

demonstrated categor1ca1 percept1on aTong a d1menston w1thv'

)

f‘st1mu11 rang1ng in short to Tong Tise - ttmes > Sub3ect1veTy—*;

they were perce1ved be1ng e1ther pTucked or bowed typer

o sounds No1se buzz sequences were used by M1Tler W1er

Pastore, Ke]ly and Dooltng (1976) to demonstrate categor1ca1h

o percept1on for non speech sounds They var1ed the onset ofh;']

B LiE
the buzz 1n reTatton to the no1se onset w1th the offset of.

R N .
the components aTways endtng at the same t1me The TabeT1ng;_

funct1ons showed a sharp boundary at around 15 msec of no1se']

‘*_ set out by Studdert Kennedy et aT (1970), were met

o ¢

"

Tead (but w1th "a Jlarge amount ofh var1ab111ty between:'*

, subJectsT and the cr1ter1a for'vcategor1ca1 perceptton ’:as;y7

Fog

There has been _some | quest1on .t to whether these_,.

::effects aTong the cont1nuum show1ng categor1caT percept1on;-f

enare' natura]’ or Tearned Poss1bTe ev1dence :forz'ex1stence

'of: categor1caT ]1Ke percept1on has been shown for two month'
‘ on 1nfants aTong the VDT cont]nuum (tn, asp1rated port1on)?;ﬁ;
by E1mas,'S1queTand dusczyk and V1gor1to (1971); and aTong“ff

: a non speech cont1nuum (r1se t1me cues) by dusczyk Rosner

-Cutttng, Foard e and' Sm1th‘(1977)' ”KuhT and M1TTer (1975)]*

demonstrated that ch1nch1TTas are ab]e d1st1ngu1sh th Ff/b/-;f

h Such stud1es suggest thef poss1b111ty “of | naturaT’“jn'

'TT rather than Tearned categor1es but ev1dence has been shownf?;

ST : : : o . .
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'for“f]earnedf dtstinctions'fas we]] M1yawaﬁm" Strange}~'
kVerbrugge,fLibermah, denk1ns and Fu31mura (1975)dishoued7h
}that ~nat1Ve. adutt Eng11sh vspeakers, could' catégoh%bat1y,¢
perce1ve on a cont1nuum rang1ng from /r/ to /1/ but dapanese?-'
hadults whose 1anguage does not have the d1st1nctvon cou]d “
- 1Many"dhaye'?tnowyh‘been proposiné that ‘categor1ca1‘a
' _perception “may - be- ; more ,,appropr1ate]y / understood ‘ tf;ff
character1zed }at ﬁfhe psychophys1ca1 1eve].. M111erv W1éh"
Pastore Ke]ly, and Doo]1ng (1975) ta]K aih masked';;

.’gthreshold effect where a s1ngte s1gna] component 1s vary1ngfff

;'ud_tn re]atlon tok__ st1mu1us comp]ex( : Pastore,» Ahroon

s»Baffuto, Fr1edman Pu]eo,a and F1nK (1977) support s1m11ar.j

k-afve1ws- Rather than a d1rect casua] re]at1onsh1p between thea?'

R dn N S TR R
' w,bab111t1es - demonstrated ’;uby,b‘thev categor1zat1on vtand.v:
0”1‘"d1scr1m1nat10” funct1ons,:as found 1n mode]s W1th a’ phonet1cmﬁ

c_j‘memorym;component they prefer to have a SJngle#(but common)},
flfactorf;whichfftifirespons1b1e fOr';;theQ_atwo, types th
'°;fpékfbéﬁan¢e" ,Asfﬁto the exact character of -such’a factorv\!
fh;Pastore et a] ta1k of 1nterna1 or externa] 11m1tat1ons vAn'tf
'hVexample of 1nterna1 11m1tat1ons would be a. sensory thresho]di‘
t‘of some kwnd ln d1scuss1ng th1s not1on they note thati’
”t;many examples of categor1ca1 percept1on 1nvo]ve a t1m1ng:'
'fre]at1on w1th the cr1t1ca1 durat10n be1ng at about 15 to 25:Ct
-fmsec Such examp]es 1nc]udes most VOT stud1es 1nc]ud1ng theﬁf
"“?t1nfant study by E1mas__eff‘ (1971) »and,hthe no1se buzzfj;

';exper1ment by M111er ,etv‘al,(1976). .ExternaJ.JLmTtat1onic

S JRC
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“onTdfinvolve'some-Kindyof 1nﬁerfer1ng or reference stimuli.

”Ytnfsummaryr then, there fappears» to’ be 1a number Lof

.qualifications to3‘tthef or1g1na1 notion  of 'categor1ca1‘«

S R R o . e R
~perception.. The diffenence;between categOrtCa]‘ perception

.and.*contﬁnuous'”perception “appears to’ be _more a matter of

!

.. degree . of acoust1c saliency Also‘ in ~some- cases the

«

adifference _can be reduced to a psycho Acoust1c explanat1on‘.'

such as sensory thresho]d : Keep1ng th1s 1n m1nd .-what e

-

bﬂ_gpurpose can the d1scr1m1nat1on task have 1n the éxper1ments '

‘[,out]1ned 11n ChaptervaV ‘[ F1rst f_.a11iﬂ con51der dthe\ g

.).x

xlsjtuatlon ; 1nvolved accord1ng nto}:the standard phonem1chf“

v

iJuncture,.>in :the ]ead port1on of the VOT cont1nuum whereg,f

S8

'ethe crossover from It s dlll to It stlll occurs,,there s _ajﬁo
. change in phonem1c category a]ong w1th a change 1n Juncture,}g

.'j - :
B wh11e 1h the Tag port1on of h VOT cont1nuum (w1th the o

crossover from It stlll ﬂ ‘lf S t177) 'there 1s a change 1n{pgb

i

Jf;on]y a]]ophones that. 1nd1cates the change ,' : Juncture.afs

f~;However -in~gthef case w1th gon]y ”a, change \i phonem1c--

i

.category, the s1tuat1on 1s reversed The lag - part f the;_f7

l

;VOT cont1nuum is cue1ng phonem1c change wh11e pre vo1c1ng 1so”
“f:not cue]ng anyth1ng . | ' R o
4 :j:Th Jast case.lts?:th typ1ca1 type of s1tuat1on ford;n:
oytests of categor1ca1 perceptmon It tsf the goal of thxsbsti
v.ffexper1ment to 'compare t d]fferences between these twoi”,”
”‘tcases and exam1ne the subJect s d1scr1m1nat1on performance

[}hTheh~resu1ts ‘wtll- be- related to the pred1cted performanceof

anaTysfsf Eng]1sh stops o W1th the‘t case 1nvo]v1ngf”}f
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rWhiCh ;15 aoetermined tfrom the 1dent1f1cat1on performance
'The results may say someth1ng about how the‘ same aooust1c
oacue affects percept1on 1n d1fferent contexts and perhaps how
T1t operates d1fferent]y at d1fferent 1eve]s of perceptualv‘
“_proce551ng SStild, much of our 1nterpertat1on may rest on
1‘_assumpt1ons about categor1ca1 percept1on and phonem1c theoryﬁvt
“‘{ Wh1Ch we ‘may ‘want to cons1der d1fferent1y in 11ght of the_

. results.
e



3. Measurement. study oF'produétion%’fdff’(i/f;,

3 1 Procedure for Co]]ect1on and Measurement of Data
Th1s chapter dea]s w1th measurements made of the four'
v’m1n1ma11y contrast1ng,.utterances used ina. percept1on study
"hvpy,McCasland (1977) The. four utterances ;ar lt s tlll
"tf*s 'df77'7lrt s st177 it sglll where the 1ntens1ty and'

: N
,durat1on d1fferences near Juncture po1nts are analysed

'-v*,i
t}>3 1 1 Speakers .
Twe]ve speakers were used for record1ng,isix fémales;?'
- and s1x ma]es ' A]l were nat1ve speakers of Canad1an Eng11sh-f?

"except one of the fema]es who was ‘a nat1ve Amer1can

[ .

‘f3,3 1 2 Apparatus ;;‘ frﬁffg - ;:;,si _ fffj.ffvf ihf¥5."
S The fo]low1ng 1sf;%f111st % 1nstruments,ﬂ andpytheirhy,
c;techn1ca1 spec1f1cat1ons, used 1n th1s study R
3T;uﬂMlcrophone ,Sennhe1ser MD 421N frequency tresponse;

ftt30 17000 Hz 45bdé sens1t1v1ty 2 mV/m1crobar atf_1000wf'

”1:3 Hz}{'card101d d1rect1ona11ty

'ﬁ7pﬁ2,thape Recorder TEAC A- 7030 frequency response 50 15000”

+2dB »speed 15 1ps SNR 58 dB.

'i'3ideud1o frequency F1]ter FroKJauer densen’ type.;‘400,_ff

| e frequencypresponse'slope 36 dB/oct | f; ‘ Lo
© 4, Minicomputer:. PDP- 12A e»word 1ength 12 b1ts..A/D D/Ai__
» ‘°converters 10 b1ts f operatlng systems‘ 05/8 pgand“p_

\'géofqh;v'



 Alligator. 1./

3.1.3 Recording

* .

. Each‘ speaker-:was ‘tndivjdually recondedf inv‘a.SOUnd:vﬁ
pinsulated'recording-room«» They’ﬁeach went 'thPOUgH a ten

stimilusi Tist (see Append1x A) four times; where he or she

"hkrepeated the token when prompted by hear1ng 1t on»*a

tape ”5The. master tape was used to regu]ate the tempo of

q

;st1mu11 in front of h1m/her The speakers were to]d to talK

pp1n a natural manner and were al]owed to. pract1ce the 11st'

'ﬁbonce before the four rep11cat1ons were recorded The 11st

two word 1tems wh1ch were of ma1n 1nterest 1n th1s study

- It. is. poss1b1e for the last few 1tems of a spoKen 11st to be

“'oaffected by a d1fferent 1ntonat1on To avo1d th1s, another'

'.three two word 1tems were. 1nc1uded at the end of the 11st

o

“'H'u_f3 1 4 D1g1ta1 Gat1ng

ffA 1nteract1ve A111gator program was used to d1g1t1ze;:

’the des1red phrases wh1ch were then stored on magnet1c tape

. 1

]gjhy the procedure, the s1gna] com1ng from the tape recorder:_[

USRI

'1s band pass f11tered from: 68 to' 6800 Hz ’ Th1s fA$¢1tot‘

1.e]1m1nate 60 Hz hum and speech components above 8000 Hz

1Deve]oped by St ﬁ‘,enson and Stephens (1978) the A]l1g§ton';
o R

7,programm1ng syst is-written in QS/8 PAL 12D assembly:

~language and is designed for: psychoacoust1c exper1mentat1on

:‘vf-The system is executab]e on’ PDP 12 computers

21:_

master,

2‘»speak1ng Each speaker also had a‘ wr1tten 11st of -the ,

Ry

- tcons1sted of three. one- word 1tems fo]lowed by the - four_f_
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before the signa]‘ 1s d1g1t1zed  The signa]‘amplitude was

o adJusted for the broadest range of quant1zat1on whtle.'sttlt

“

7avo1d1ng s1gna1 c]1pp1ng On]y the f1rst three repltcattons~‘

twere d1g1t1zed i f one of them were bad

‘;he fourth.‘wan

. Used. 'In,F1gure.1 the_b]ock,d1agram is shown,

'3r3 1.5 Segmentat1on and Measurement B

Ut111z1ng Fortran programm1ng swmtlar to that descr1bed
by - Nearey and Hogan f(1979)_ eachrgst1mu1us sentence was
'segmented 1nto ‘seven or more Segments :t,vTo;i'aid ’fin

| psegmenhation; dev1ces were ava11able for p]aytng bacK and

H/ftobserv1ng the spectrum of des1red segments of ythe' s1gna1

'1'-The b]ock d1agram ig the same as 1n thure t. . The fo]]ow1ng !i

;gexplatns how the cursors for the beg1nn1ng of the d1fferent2 R

sect1ons were def1ned Reference to F1gure 2 w1]l maKe the '

"v'explanat1ons edsier to/?olkﬁk 2 ut“ O

’-'1f */1/ vowe1(1) Start of: vowel /I/ in. ’if'-b The f1P5t,;
”tf:cursor is ,'Set 'atl ‘the. beg1nn1ng Of the, Wavefopmb

v lper1od1ctty or a g]otta] stop, 1f the case be ”;Thef end 5

e FQOF each segment 1s marked by sett1ng the next cursor

alhj2t§ ﬂt/ closure(T): &tart of the c]osure of the stop /t/ “in -f

'v?it‘ Somettmes 1hd1cated by zero amp11tude bdt often~;

S

f¢there is, Vo]C1hg carr1ed on through part or aﬂl of the.
uﬁcld%ure A Judgement has to be made T’s“ to where ‘the

~'_;'vowel ends Th1s 1s usual]y ea511y detected by a change
S 2 It hou]d be noted that 1n changes from one' signal type tdt
'“lfanother (for examp]e, from: vowel to stop-closure therefare}

?‘.rnatural boundar1es for segmentat1on (Fant, 1982),
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T a0 ‘ : o o
. ;{ B ' PDP 12 Computer,' 1
. o |
O C (Alllgator 0perat1ng system) [
[ ,(_»Q..__‘._:.; ________________________ "J
N Y Experlmenter s i ? _ P
: ”” .' o ‘1nteract1ve cootrol L
5 g

“nguhe 1 B]ock d1agram of d1g1ta] gat1ng and segmentatlon

”*Dashed arrows 1nd1cate ssignal flows dotted arrows, contro}v

f]ows, dashed boxes, dev1ces, and dotted boxes 'controllers,

f;;/j
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" 95

in the'waveform with its simplification and decrease in
amplitude and also the change:ﬁn the spectrum. _

3. /t/-burst(B1): the /t/-burst of 'it'. Usually easily
detected ';n. the -waveform and gives a dtstinctive

~-

spectral section. i

4. /s/—frication(S) gives a spectral peak at approx1mate1y
6 KHz, and appears as? random points ‘on the d]g1ta1
dtéptay‘of ‘the waveform. o |

5.  Silent period(SP)f /s/-noise ends.givingpa:st]ent period
'representing‘the c]OsQre fdr-the next'stop:“ |

‘6f’ VbicehbartVdelmarKed‘by the onset -of its .waQeerml
' This cursor was rare]y used. B | |

7; -Denta] burst ( 827 ;. the burst'of the second stép inciuding
'asp1rat1on | o ‘ | o

8.‘ /tl/fnucleUS(IL) Beg1nn1ng of vowel - /1/ in. the' secend

A 'Word.v Dec1s1ons for the ptacement of cursors were based'
fdn study1ng the spectral sect1ons for the'start 'Qf" FZQ’

‘;'vTh1s segment 1nc1uded the /1/ | | . -

See Append1x B for the means of the measurements (thesé are

vl

."glven for  the raw scores and a]so for-the square root

' transformat1on d1scussed below). .

3 2 Stat1st1ca1 Ana1ys1s ReSUTts'a D ussiOn
- The durat1on measurements were,analyzed by“the analysis .
.".of variance . (ANOVA). The Bartlett test for. homogene1ty ‘was

‘ made “on. the raw duration data and a]so on"two_ |

7/
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transformations 'of ‘the data. The two converstons were Tog~‘
and,sduare root. The square root transformat1on showed the -
.Teast heteroscedast1c1ty so it was used for the ana]ysts of
the durat1on- measurements.n fHowever,.‘it' was -st1TT htgh
enough to warrant. a consényativef-F—test ‘(Wineh,ip.QOS,
1971) . Signtficant effects ane repor ted at’the..05 and .01

I

levels. o

3.2.1 AnaTys1s of !:r1ance _ 4
ANOVA’s were done fo: each of the segments exceot for
. the voice bar (VB) which onjy,occurred“f1ve times. The
_desjgn consisted'of twe]ye epeakers;'as'sdbiect'factor‘i(S),
‘fdlly ~crossed with'xthe:four sentencertypes, as'the~second:
factor (T), with"three ’nepTications in each ceTT‘ The
ANOVA’s for the duration va]ues of each segment ‘are sﬁown in
Table 1 ‘Speaker main effects were s1gn1f1cant for"aTT;
Vsegmentsi exc?PT. for the dental ,burst in."it’' (B1). . For -
Tsentence type} 81 is aTso the onTy section that 'shows vnoA
| significant effeCt The I sect1on is s1gn1f1cant fo the .05
Teve] while the rest are to the 01 Teye]. : None of the
interactions “showed : s1gn1f1cant f effects. - Twenty -one
’correTations,wene comouted_for the data ‘potnts‘ among “the"
"~ .seven ' ANOVA's. that | were Tcahried out.  The ‘highest
vcorneTatdon' CO-effecient'vwas - .30 which may 1nd1cate‘
pmeasorement var1at1on gtven the ftxed boundary between two

adJacent segments DnTy two were 51gn1f1cantJy d1fferent

from zerO‘ corre]at1on‘ wh1ch was also indicated in
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scatterplots made for each of the .21 pairs. 'Therefore’ the
data points in each‘ANOVA will be treated as independent of
each other and will be discussed separately
To ‘test for s1gn1f1cant d1fferences between the four
sentence types the ﬂTukey(type .a) test._was used. Main
effects due tO‘speakers»and also sentence effects due to the
- /1/-vowel segment were not analyzed Tablej 2 contains a
rsummary of the resu]ts |
For ‘the c]osure duratjon of the /t/ in ”it(s)r(i.e.
fT)ﬁ it sfill shows significantly longer closUre than in the
other/three-sentences, This demonstrates the d1fference in

" .duration »between the non-clustered,f/t/ -in  "it’ and the

‘f_o]dster'dl/t/'in “its’ .. In the case of the ANOVA for /s/
durations .the; doub]e‘,/S/_ of it’s still js‘sfgnificantly
.T,nger than in the'other three~sehtences Surpr1s1ngly, the
tWord-initiali /sl - lt still is not s1gn1f1cant1y longer p{
than the /s/ of the two sentences wi th ‘word-final /s/ od]y
- The closure durat1on of the ap1cat stop in the seoond'
onrd (see the ANOVA for SP) ts‘signitioantly shorter for the

(| C e
with st1]}’vin" o S,;as with T, the

two sentenees

.nhon-clustered stops are significantly shorter than the

“cldstered"stops,’ For \the burst, “and aSpiration,'of‘the
second stob 4n ;the' sentence (i'?'c 82) it’s till had
‘slgn1f1cant1y longer durat1ons than those of the other three
sentences,»due to the.a§é1rated /t/‘ F1na11y, for the vowel
‘p]ds [/ section (IL), lt s dill showed s1gn1f1cantly longer

/durat1ons than the other three.

" -l};\‘
\



Table 2

Tukey Test

Segment: T
1

sentence type: its dill

2
its till
7.118

2
0.127

5

its tin

132377

méah: 7.077
4
a  °
1
/ 2
R 3
4
3 A
Segmengi;égéf_i_i~_ﬂmﬁ_é -
- o1 ‘
sentehce'typé: its dill
mean: .?0.853
) v
..'-0 o
.
,
3
4

3

its still .

7.561

1.57
1.385

., 3

3
3,

ft.stil

11.877

. 3 -
3.7785
.845

Cits

29

4
it still
10.018

4 -
9.195%x
9.067*x
7 68%%

still
13.738

10.65%* -
. 8;71**
6”85**-‘
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P .

mean

Segment

82

"'Ségm?nf; Sp1.

sentence type
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4 :27

2
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9.035‘
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‘:3 2 2 Summary

: ‘, 1
The analys1s of the durat1on measurements 1nd1cates to‘

—

| .. -Us wh1ch e]ements of the s1gna1 found 1n speech product1on

'are avatTabTe to d1st1ngu1sh ;th fourb d1fferent sentence

;typesl>that were used 1n th1s study The ma1n factors were,f'

;_’aspirat1on /s/ durat1on and cTosure durat1on.’forﬁ thef tWo__‘"

y‘,stops Th1s for the most pari concurs ‘with prev1ous studtes o

- but: an except1on mtght be- /t/ c]osure (TJ} Wh1ch shows s o

strong factor f' thws‘ study 5 McCas]and (1977) onTy‘ttﬁ'

”'studted S, SP and asp1rat1on so that the effect of T ,as'.aﬁflt"f!'

'fperceptual cueawas not tested

Durat1on of /IL/ aTso showed up‘fas,ﬂaT}S?ghiftcaht,*:“

"tfactor \QVI product1on lt s tlll had hedtjowestugmean ‘;ﬁ

'f:durat1on»,vaﬁuef /IL/ ‘Th1s is because aspiratton

Tt”refTected ftnf_th 82 -measurements takes up part of the'fﬁ"M

: \
g syT]abTe In the’ sentences It s St177 and lt- St777'4,/IL/J

; ’hy,may be shorter due to some 1sochronous type of effect nn“the 1;

T“::/s/ durattonsvva_ often; reported fo';:

o

lf”product1on of the utterances if;“ffld .'?“‘fy,'dii%*5°h‘ :
' ”yfit'iwééf suppp1s1ng ‘to see that the word-intial /s/

As_v/ )

'fdurat1ons are not s1gn1f1cant1y Tonger than . the'\word f1naT.l

”%;roductton (Lﬁékéff

‘-;1965) and precept1on_(McCasland 1974% “Having . :t st;iﬁzftgyfﬁ°

‘ffatogether. w1th lt s Stlll in. the rec1tat1on of the T1st may_"ht;.f‘-r

T

B have caused some ,1f the speaKers to ut111ze prodUCt1on ey

jvstrateg1es they wou]d not have used otherw1se Although 1t;f~w

b Qwassnot 1ntended for lt S Stll] to play any part in;»thé[-'

N

vrperceptual experlments _1t was added here 1n the measurement tag-
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. study in order 'td‘get'é mdre7cbhbléte;1dok at the role of

the;durati¢na]:cues:StUdied‘hefe,,_v~



4. Perception Experimentsz

4 1 Exper1ment 1 |
‘ As ment1oned in: the 'tntrodUCtion‘ ‘Nearey,' Hogan' and
'Rozsypat (1979) reported that a three way d1st1nct1on could

"”be obta1ned on the VOT cont1nuum w1th a’ part1cu1ar set of

two word 'utterances ‘f Th1s exper1ment '_an attempt to' o

,rep]1cate the same resu]t For lt s tlll It S dlll ‘d‘ It

Ay —

\Sfili ~and asu we]l to test how c1ose th1s d1st1nct1on f]ts

dlthe Studdert Kennedy et a] (1970) cr1ter1on for categor1ca1

'tv,_percept1on S1nce we. are us1ng a consonant cué (VOT) wh1ch

’1s cons1dered to have poor aud1tory memory,v we' expect :the1“

s

'7,fd1scr1m1nat1on performance to f1t the curve, ‘as’ pred1cted by l

tthe Hasktns MOdel 3 fa1r1y we]] t‘rh'the three ‘category f;

- distihctﬁbn An 1dent1f1cat1on and d1scr1m1nat1on tasK was

"a1so done for the sentences 1ts a dT]]' amd "its. avt111”*"

' vorder to have an examp]e of the two way d1st1nct1on 1n an

g env1ronment comparable to the sentences above,'vrather than
}n~1so]at1on. ‘t]

n. thts;, and Tinf the“ follow1ng exper1ments gated -

'ifbfnatura]‘ speech is used except for the vo1ce bar . On]y'one;‘:‘vef

'fmale speaker was used due ;to, storage 11m1tat1ons-v0ffithet'n

”wy Omputer . The speakerf chosen had a]ready been used in.

ffc gprev1ous stud1es (Shammass,-1980) w1th sat1sfatory resu]ts

A_! .

s
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4.1, 1 Preparat1on of SthuT1 S _ﬂ L . R
The st1mu1ust>1tems wére prepared ustng interacttve

: ATT1gator‘ programm1ng ﬁatfhe: fo]ToW1ng descr1bes their
Dreparat1on o - ’ B .
. \.‘ ,,_‘._/'\\/'

4 1.1, 1 Constuct1on of st1mu1us 1tems

'sLn th1s experjment -aT] segment durat1ons except VOT17

b woqu'be.KeptICOnstant- The /1t/ and /s/ port1oq were taken,

: d‘from- one ’ofV the . ‘it stlll sentences be1ng 51m11ar to’ thec"

frame used by Neary et aT ‘ (1979) Th1s woqu g1ve fthee..

.+

f1rst pause (t cTosure refer1ng to thure 2) a durat1on ofz\

120 msec and /s/ a durat1on of 155 msec : The second ,stop o

LN

‘closure‘j(SP) was Kept at a. duratton of 100 msec .fThe7/IT/3”*s

port1on was from a It S dll] sentence A 1t s a porttong

\ was: taKen out of a: record1ng of ’1t s a d1TT’, made by the:'f'

’.;same speaker ATso a vo1ced /d/ burst‘ and ;the”‘1ntended g
vo1ce bar were gated from th1s sentence,tO'be used in: mak1ngv
the VOT st1mu1us ‘ "'t' h‘ y .1;1_;. |

For the explanat1on of how the sttmu]t &1ffer1ng in VOTL
were constructed we sha]l start w1th the asp1rated,part of:
the; ont1nuum ’ F]gure 3 shOws4(schematwcaTTy) a, dtll’:and’

't11]"utteranCe by the speaker and what sect1ons of them,
are to be gated out : The t1rst etght gTottaT pulses,>com1ngr
after the burst ""d111"'"afei segmented thetr ~ zero
cr0551ngs before» the h1ghest peak 1n the waveform of each:

gTottaT puTse 8 As these pbrt1ons were gated out and storedd'

they were ;Tabeled DP1 to DP8 The rema1n1ng ’d1lT' voweT
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"(1abe1edADV) was a]so'stored ' A]t-these putses‘ were. nine'

'msec in durat1on except for DPt wh1ch was e1ght msec ]ong

A

Fﬁnatty. the ‘dill" " -burst wa@ stored and was six msec long.

From ’tjilf, segments of aspnrat1on'correspond1ng to

/

“the duration. and eequence of the Idil’ - pu]ses Were' gatedt

- out and etored'ae?TAibto'TAB XSeetFigdhe 3). To produce the -

dtffehent4Astﬁmuli with stops -having positive VOT; the

./ di11’ -pulses  would be removed and replaced by sections of

"till’-asptrattdn " For. example, a‘CV-sylﬁabte'with 32 ‘msec‘
'of asp1rat1on wou]d be created by queu1ng together the burst‘

'plus TA1 to TA3 then add1ng the g]otta] pu]ses DP4 to. DP8_

,and f1na11y add1ng DV. ) s f1‘

: Append1x C g1ves the VOoT va]ues For each st1m1us '1tem'

~:Fbr the st1mulus item w1th.zeho vorT, the or1g1na] devo1ced s

o

',burst was rep]aced by .a"bUhst that had _vo1c1ng \carryed

',through ;i' (from the "its a d111’»sentence ﬁéed’to\th1s-"

- wou]d be the vo1ce bar of vahy1ng 1engt%J “To g1ve - the

Hﬂrema1n1ng 10 VOT st1mu11 The durat1on of each 15 n1nevmsec

| ,_exeept for between ‘the st1mu1US 1tems w1th 0 VOT and +6 VOT .

. f,and. between , 1tems w1th +6 VOT -and- +14 VOT ' These

| : L
d1fferences should not be too cr1t1ca] s1nce 1t is a matter’

..of conJecture %o say what acoust1ca1]y equ1va1ent step s1zes'

: calcu]at1ng the predlct1on funct1on from the Hask1ns mode]v

AL

"fon the VOT cont1nuumyare anyway (Stevenson v1979) A]so, in‘:

;:the 1mportant th1ng 1s/hqw the two stmmu11; be1ng compared :

are 1dent1f1ed ‘A‘

A'st1mulus 1tems w1th: VOT gvatuesa‘from' ‘90:"to O'fhave déﬂy'

‘a- rem1nder . it'shc01dtbe thed that
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d1fferent burst ‘than st1mu1us 1tems with VOT values from +6
. to +77 (see Append1x C) _

Tt was attempted to take the votCe»bar'from the speech
signal. However, in . the vprocess of being desampled and
recorded-onto tape ,it picked up a’ nonspeech Tike qualwtyh_
that caused it to be perce1ved as separate from the rest of
Athevspeech signal. A synthes1sed vo1ce bar was produced 1so

.that” it could be Edigitized at a h1gh amp11tude and then
d sca]ed down ‘which solved the prob]em somewhat but hnot--
h tota11y | The gsynthes1zed voice bar: had . the following'

{
-character1st1cs the‘waveform was a tr1angu1ar function

'band pass f1ltered at 70 to 200 Hz and varied 1h frequency_

fromﬂ105 Hz , at the start, to 93 Hz at. the end. _;The 100;
msec voiCe bars»was 'stored and to create the. appropr1ate
vo1ced bar durat1ons the' r1ght »amount of d1g1ta1‘ po1nts
" would be removed from the front ‘bf the s1gna1 The onset of
- the waveform was smoothed by muﬂt1p]y1ng it w1th the 1n1t1alt
'.ff1ve msec Of"aﬂ cos1ne squared w1ndow Th1s was done to
' e11m1nate any d1scont1nu1t1es in the vo1ce bar due to gating
, at a po1nt above -or below the zero 1eve1 .
‘ Th1s still did not total]y c1ear up the noise ~problem
ing the recorded st1mu11.» It was suggested to'addhanother
source of notse tosmask it out Fo]low1ng th1s 'suggeStion
. the lowest poss1b1e level of no1se needed to at]ev1ate “the

prob]em was determ1ned When the> st1mu]1 weref recorded

| Kwh1te no1se,(actua]ly a 1ower frequency band of no1se), was

‘added to the signal before 1t was filtered. The SJgna]v'to;"

9
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noise ratﬁo was monitored and measured to be euual‘to,BSdB}

4 1.1.2 Arrangement of the stimulus items 7
In the 1dent1f1cat1on tasK of each VOT cpnd1t1on, that

ﬁs; in the two category and three_category conditions, the

20'stimu11 were used with fiVetpresentationsxon each}‘making d

100 teSt~‘items. ’Before making each identiftcationv the

subjects 1istened to. the presentat1on tw1ce There Wasva'

tone after every ten pa1rs presented | |
Fo&, d1scr1m1nat1on a 4IAX ‘task was used In'this task

/

two pairs of st1mu11 are presented one after the other// One

'ot the pa1rs has the samelst1mu11 wh11e the other paqr has

"difterent stimuli. The Tisteners’ task 1s\to§iill’5h1ch onepf
is different. Thts arrangement'vputs less~ of(a_load.on4

memory than thé.ABX_taSK (PiSoni£‘j971) and, since we . are
- using stimulus‘ items which ' are . longer in"duration’than
usuaJ{‘it wou1dlbe appropriate to keep. the load‘on_memory as
'Tow as possibte.‘ The_prediction formuTa iS’thehsame as‘that
. for the "ABX task (Po]tack'and Pisoni,‘19715;‘and is shown‘inji
sect1on :3.1, (reptace thetp]ace of arttcualtiOn.cateQOrtesf

| for the sentence categor1es used here) . | "‘.
A p1lo, study was conducted to detéfm1ne the optimum :
step s1ze where 1t is not 1arge enough to g1ve too good a

f

d1scr1m1nat1on ;with1n | categor1e5v but a]]ows us to

i

demonstrate d1scr1m1nat1on between categor1es A step ‘stze.
. of three was dec1ded on, mean1ng that the st1mu1us pa1rs

be1ng compared were usual]y 27 msec apart on - the vcont1nuum
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Also this gave \us‘ i7. pairs to be: compared ‘aTohg the‘
continuum.  For qomparihg a stimu1ﬁsipair in 41AX there aré
eight possible combinations. These eight arrahgementé» were
uéed°aslthe.eight tria]s for each\siimu]us ifem which gave a
total of 136 comparigdns to be made in the discrimination
, task. - The 136 compariséné were randomized. and, with an
Alligator progrém, they weﬁe“recordéd ont¢ tdpe. Fonfnboth
discrimination . ﬁests. the time interval between the stimU]i.
in each pair was 50 $sec. The time bétween 'thg two ‘pairs
was 200 4hsec'~andvthé_iﬁtéryal betWeeh.each{group of pairs

was one second.

4.1.2.Listénérs; o ., . . _

There :Weré “teh‘subjects, eightv6f thm”weré faKfng an
'fntrOductéfy phdﬁéticé,cbubse. Niﬁeiof the Tisteners were |
natiVelépeaKehs“of:CanadighjEﬁg]ishﬁ The ténfh_Was”a natiﬂe‘i

~ speaker of American English and a trained phonetician.

. - : . o . . 5.
4;1;3Ap§aratus;‘v T o \
1. Powér’.Aﬁplifierf Brth‘AG Typée CVSl250t |
2. Tapg’vRécorder:_Teéc Af7030. :  _- 3 h
' 3-‘,Hégdphoﬁe- Séfs:’Te}éphoniqiTDH-49, .frequency 'respdhse 

30 to 6000 Hz +3 dB.

P

 4. 'Audio~FPequency 1Filteﬁ; 'Rockléﬁdw‘1524{91;7;51Qpe of
“ frequéncy reSpbhse:.24'dB/oct; | ' |

5. 33108 FunCtion'génératdh: Hew]ett—PagKéyd"

‘6;; 1382_Raﬁdom noise generafbr: Géherél RédioCompaﬁy_ 

. i
.



4.1.4 Procedure' |
Listénéhé first  did identificafibn on the 2-way |
,distinction (hame]y, it’s adill vs it’s é till). They were
given..éh ansWer‘ sheet ;aﬁd a key which indicated letters
encoding the response type. They where éskedrto make their
‘response§'- after' hearing the second  repepitiQn.. After
completing this, they did “the 41AX task on fhé: 2-way
dféfinétion; They wére to]d"td mark‘eithéﬁ a 1 on’a:’2’
for Whéiher .they,-heard, the second .or firéé pé;r f»as
"differént;i_ They wefe encouhagéd_tB guess”if they coqu not
tell which pair was‘diffeﬁenf! After this, identification
' <\and discrimination was done in a sﬁm%]ar_manner on the
Cstimuli wiih‘fhe thhge:&ay distinCtion'(that is'betweenAit7S-
gill, it stil], and it’s til}]. Each identification task
. Was:sik’minuteé 1on§ while :fhe'iaﬁscfiminafibn wEasKs were
twenty‘minutesAéach.f : \ | | '/. ‘ |
4.1.5 Results and Diszssion"

- Since thére wéréAon1y‘eight discrimination triéis,?énd'
fivi idéntifﬁcétion* tfialé for stimulls item per 1fstehen
tﬁé data had to be pbo]ed‘ tdgefher‘ . FigUre' 4"show5, thev‘

 identification anaf\giséh{hinatﬁon functions for the ff’s a
dill vs it’s a till f&sk.‘ﬁThe-numben néf-’t;iqjs; f¢r each
| stimu]uv_s‘ number . is indicated by ‘N’ which is a’ 'cOmposivt'ii_on
‘f.df'teﬁ~subjects each listening to five presentations for the
ﬁdentjficatjoﬁ - ‘task and - eight presentations for the f
dis@ﬁiminatﬁonkfasK.,,Thg crossbvérAbefWéen-fHe'two stimuli

1
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Figure'4: Ident1f1cat1on and Dlscr1m1nat1on for the tWo-Way

d1st1nct1on in Experlmeht I.
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is at about’ 32 Méec of positive VOT. The discrimination
peak is at +é7‘meec (where items with +23 msecband +40 msec
of VOT are presentedt as was'predicted from the Tabeling

function.v A chl—squared test for goodness of f1t reVealed a

sﬁgnificant dﬁfference, at the .05 level, »be}ween the

observed and Qhe predicted discrimination curves - (see.

. Appendix F). %he s1gn1f1cant d1fference is attributable to.

3

“ma1nly two po1nts on VOT contwnuum The 1argest d1fference

is the compar1son between st1mu1us 1tems with +6 msec VOT’

‘and +32 msec VOT . Wh11e 58% d1scrt;f

actua] dlscr1m1nat1on 515

between f44—msec VOT and : Since. they- are
labeled within the same category 100‘7 of the time,
d1scr1m1nat1®n between them should be at the ,obance level;

_ however, d1scr1m1nat1on turns out to be close to 75% In

Athese two cases it is -possib]e that they maly have been

'discriminated via an aud1tory memory rather than a phonetic
: )

memory . If so, th1s memory seems usefulo in only ‘certa1n

.Pegions:‘fot the 'vcontjnuum h1ntng at some Rjnd"’of

psychoacoustic explanation.

Figure 5 shows 'the_qurvesifor the 3-way distinction.

While the data are noisier and the’ orosspvérs are not as:

eharpq the three categorieeﬁare~obtained as was Found-in.the
Nearey, Hogan and Rozsypal (197@)‘study There are, however

4several p01nts~ on the 1dent1f1cat1on funct1on indtcating a

select1on of a category cons1dered we]t beyond its ;extreﬁeh

boundary value “on- the)VOT conf1nuum Dne'm1ght‘specu]ate'

- [

jation is predicted, the

s

0
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that many of these are errors due to 1acK of concentrat1on

when .the"st1mu1us was not attended to or a. response other

e

:than the 1ntended one was acc1dent1y g1ven Th1s ‘may have
R been because of added confu51on w1th the extra category and
"changes in word boundary but another factor may have been

v,'ﬂfat1gue and, boredom s1nce th1s task was done after the

o 1dent1ftcat1on" and : d1scr1m1nat1on ‘ffor:»;the;-> two way.vhc

'td1st1nct1on
The crossover between 'It S dlll ‘andr:lt Stll] tts:

cfapprox1mate1y at -14 msec It 1s not that wel] def1ned and

“hthe s]ope of the curves are not part1cu1ar1y steep compared;_hﬁf

R to those 'ot5 the prev1ous exper1ment One' th1ng that

x‘affected th1s crossover was the change in’ d1rect1on for.fthéy

”,gﬁst1mu11 w1th 0 and +6 msec VOT At f1rst th1s was thought

 to be due to st “'}*Ject di ffe"e“Geswpe'“haps t‘”o gro“ps with

'ccthe1r'*crossovers tat dwfferenswvlocatwons However 1ater s

(

e Q' Exper1ments III and IV ‘w1th 1nd1v1dua1 subJects revea]ed

L

El.that the 1nd1v1dua1 subjécts also showed th1s trend 5 For a f7f’

) 1

i-poss1b1e explanat1on,‘the noted change 1n d1rect1on may have

a .

béfbeen due*to}a change 1n the burst between the st1mu1us 1tems“ -

w1th the VOT values of O and +6 msec, however the change 1n

'trend ’already Starts w1th 0 msec VOT rather ‘than after itf“"u

.,:,

: fThere do not seem to be any other problems w1th the way the‘

5f_ést1mulus was set up .'*h1s part of- the cont1nuum may in: some"\

'5fway be»peceptually unstable for»'nat1ve Eng11sh speakers

kffThe 'crossov/r between lt stlll and- lt S tl]l 1s almost JUSt Iﬁf.j

1\

ff,as sharp/ a crossoverl§a§y;jn.gthéf task w1th Bust M?twéri' o

B 7/
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o Categoriest>;This«crossover!isl atd,approximate]y +40‘xmsec :
v As for the d1scr1m1nat1on' funct1on ath : Cht-quared -
1pttest fof goodness‘ of f1t showed a s1gn1f1cant d1fference 3
between the observed and pred1cted curves (See Append1x F).
':t Thea peak ftnb*the» 1ag reg1on Ts at 56 msec The pred1cted
’;t peah is at the same po1nt but for the most part 'obta1ned
| performance showed better than pred]cted 1n the posmt1ve VOT
f; f’ reg1on Although 1t may not be a s1gn1f1cant d1fference -as .
o dtn; the two way d1scr1m1nat1on 1t is cons1stent w1th the
poss1b1l1ty that some -d1scr1m1nat1on ; be1ng made vts:'
1ndependent f how 'thlr:sttmulﬂ aretlabeled Many of the '
'”lff subJects commented ‘on how the /t/ 1n ’t111’b‘stood out the
:~most sa11ent]y whenjUtt occurred 1n a dtscr1m1nat1on pa1r
As for the negat1ve VOT range, the obta1ned d1scr1m1nat1on:
: represented by an errat1c cUrve_ wh1ch seems to 1nd1cate
11tt1e relat1onsh1p to the pred1Lted curve erh | pred1cted
peak was at -22 msec VOT wh11e the h1ghest peaK for obta1ned

d1scr1m1nat1on was at -40 msec VOT though it never}~reached 5

o T

hlgher than 60% At f1rst 1t m1ght seem that the ava11ab1e

categor1es are not be1ng used to d1SCP1wi¥.te w1th but the ,_':*

peak ‘of‘ the pred1§t’ ﬁ d1scr1m1nat1on (62%) isi bare]y RNy

s1gn1f1cant4y aboVeihChance3 and obta1ned peaks are even

o Ower.h i Lo

o oS For. percentage va]ue to have the 11m1ts of 1ts co dence
"*Hv1nterva1 {at the .05 level) above the -50% level; more~than
o - 64% is- requwred when N is equal’ to 50 and more than 60% 1s

L ?q»b requ1red when N is.: equa] to 100... S

(LN



-~ This eXperiment‘ was an attempt  to y‘compare "~ the
- phenomenon of"CategoricaT' perception in,the two'difterenty,
s1tuat1ons (1. . the, two. boundary crossovers) bu't the:

‘hboundary-.between lt ] d?ll and It stll! d1d ‘not produce a“

‘.strong'enough'dist1nct1on (g1ven the step size usdd) to test

for_'categorical percept1on'” Qmay have beenAdue.to the

cue used: Perhaps the voice bar’: a‘;‘b‘w too weak ‘a que‘Ftoa

ﬁ:produce ‘a strong enough d1st1nct1on - On the other g@nd 1t .
bmay be someth1ng about the dtst1nct1on between it’s dlll and
it stlll 1tse1f that 1§ less sa11ent than the trad1t1ona1

f;phonem1c d1st1nct1ons that have been» tested (i}e.. perhaps

ﬁcr1m1nat1on between these two sentences taKes p]ace
tferent 1eve1 of process1ng) o Exper1ment T tr1ed _to_7
- d1st1nct1on by cue1ng af phonemwc change in the‘
: ;aJ stop, but perhaps a]]ophon1c d1fferences ofu the’ /s/
,_-aéa the stop closure d1fferences are the cues necessary tOvU

make thts d1st1nct1on s1nce they turned bt. to bev more.

3common ’tn; the' productton 'study } Th1s category boundary :
”dvshould be exp]ored more c]ose]y along w1th these other CUes

AWH1gher percentages of correct d1scr1m1nat1on are needed for
: @

. this d1st1nct1on but , tof get 1arger pred1cted peaKs 'uhe e

.zslopes have to be steepened Towards obta1n1ng th1s end

.,ﬁathe next exper1ment 1s an’. 1dent1f1cat1on tasK look1ng at how SO

",:these CUes' mtght be combrned wh1le Exper1ment III w111 -
'utlllse.the;cuesttn \?:ttﬁdéﬁtifTCattoh .and‘,d1scr1m1ant1pn |

T.experiment;;'f"




| d1fferent cond1t1ons

;Qsttmu117 These were random1zed w1th four rep]1cates to make 3

a8

4 2 Exper1ment II

Th1s exper1ment _manipulates'»some .segmentaT duration

values. (/t/-closure‘ of .the first word /s/;fricatidn;-and,

_the closure for the dental stop of the ‘second word)® in

et

“order‘ to"see how-’the recogn1t1on of VOT operates under

Tl

.4 2 1 Preparat1on of St1mu11

7o Keep fthek'number .df stth]us items.vdown' to ;a‘{,v'"

| : P

'freaSOnaPTe amQunt;'snx leveTs of VOT were chosen They wereu‘
atwij54,v ;27§1051¢Q§, +50‘ and +77 msec of VOT . There werer‘v?‘
'twdl»leve]s..de each /t/ closure { (55 f:andgiM99’ msec)

’h"/s/afrTéatton' (105 and 150 msec) 'and silent per1od 55 andd,r»

‘ v_99:m§eé> When these are ful]y crossed they make up 4,f‘-7r

.Up a tota] of 192 st1mu11 The /s/ durat1on was: man1pu1atedbe'f
7by queu1ng d1fferent durat1ons of - the m1dd1e /s/- port1onsaﬂhT’

Qbetween a beg1nn1ng /s/ sect1on and “an end /s/ sect1on

When: presented to the 11stener each 1tem was repeatedhf

'fﬂtw1ce w1th a 500 msec 1nterva] between; them, the{ 1ntervaT:,
between st1mulus presentat1ons was TSOO‘mSecf A tone wasl;yf-

”p]ayed after every ten 1tems As 1n the prev1ous exper1mentdﬁ‘

Q.

’-no1se was added to the record1ng BERTERE ~4é5”"‘
4 ! - » : A
See F1gure 2 J E - -
o .



-.iand' +23 msec showed up

4.2}2 Listeners

Eight subjects; four fema]es and four ma]es were used

A

'1n th1s study S1x were nat1ve speakers of Canad1an Eng]1sh“

B

and two were speakers of Amer1can Eng]1sh of. wh1ch one was

‘a tra1ned phonet1c1an The Jast.atso part1c1pated Jn‘the ]

' prev1ous exper1ment

4. 2 3 Apparatus and Procedure

f..

The apparatus is, the same as 1n Exper1ment I VAppendiX-

'tD shows the 1nstruct1on sheet g1ven to the 11steners‘”which

":gdescr1bes the procedure‘ ; As,;1nd1cated in Append;2=“D
7natura1ness Judgements were also co]lected ‘on the 1tems‘ as, B
v:to theilcategory 1n wh1ch they were 1dent1f1ed 'It:wasj

""origiha11y'£hoqght that these Judgements 7m1ght »add[dsomeni'

tUSefut‘ 1nformat1on,_:buts laterhfthe‘tresu]ts proVed to be’ -

'1ntractable for analys1s

.\

]f4 2 4 Resu]ts and D1scuss1on,

F1gure5‘76 and 7 shows the resu]ts of Exper1ment 117

:tThe graphs show the 1dent1f1cat1on curves a]ong-~ he,.VOT“'

’-fcontTnuUm for the e1ght dtfferent cond1t1ons of segment

N

;

‘tvdurat1on In the 1abe11ng of the graphs,t,:

'7longer durat10n‘,va]ue The /s/ durat1on has the greatestfd

«,é%féct - When the /s/ durat1on was- long, the VOT va]ues of O:N

R

J'fnext strongest durat1on cue 1s ;th s1]ent per1od of the_

second _stop c}osureF;_SP).-‘ Its effect 1s most not1ceab1e:»*

P

fu1nd1cates"the

strongty as. It stlll responses The

@
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when the /s/-duratton is at the shorter value. With both a
short /s/- durat1on and long SP there is no maJor1ty response
for it Stlll along the VOT cont1nuum _The two levels of
duration ‘for the first stop c]osune.(T) had very ]ittJe
~ effect on the 1dent1f1oat1on‘SCores, although this was * a
- di?fenence',that - showed up“strongtyiin the produotion study
.in'Chapten'IlLa These resu)ts are also 1ncons1stent with -
:th *production study in that /s/- duration proved to. be the
most potent cue d1st1ngu1sﬁigg@ 1n1t1a1“and f1na1 /s/ s,
‘wh11e it was 1ns1gn1f1cant for th1s 1n the product1on study
”dHowever these percept1on resu]ts are cons1stent w1th other
'stud1es, on‘ Juncture where the s1gn1ftcance of /s/ durat1on
is'indicated5v -For Exper1ment III'the most useful cues to
Use along w1th VDT w111 be /s/~= durat1on and the durat1on of

s
‘“the s1lent per1od after /s/

Another fth1ng to note from the resutts ts that the
'category along the VOT cont1nuum most res1stant aga1nst ‘the
-~ changes in segment dorat1on is it’s. tlll St1mu11 w1th +77
msec of VOT show pract1ca]1y no .change at’ alt and was

1dent1f1ed for the most part as lt s t}ll 1007 of the . t1me
On]y /s/ durat1on has some effect on stimuli w1th a VOTu'of;

+50 msec, wh11e the rest of the vOT cont1nuum values -are not

identtfted.as lt S»tlll at a]]' As w1th»'th 17nesu1ts from

'the product1on study and Exper1ment I pos1t1ve VOT appears;,ﬂ

to be a very powerful cue:- that separates lt s tl]l from ’the‘v

o -iother sentences

§See Sect10n.2,2»



[+

 per listener.

4.3 Experiment 11

In Experiment I, ‘categoricat perception involving

voicing lead may have not shown up for several reasons, such

aslpooltng of_subjects and theflack of steep enough s lopes
in the identification curves at the crossovers. In this

experiment we attempt '"to makKe the identification curves.

5

‘Steeper at  the crossover; this would lead us'to‘expect'

higher’discriminattoh peaks. Also we ‘col1ected ‘more “data

4-3,1'Preparatjon of Stimuli
So that more data'forieaohbstﬁmulus can: be chfeoted,

the area of the VOT contimuum studied in-thjs"experimentAhasw

‘been. limited to trom 154 to +23 msec VOT. We . were lldoKihg;

therefore at the 'ft’s dill versus‘it Sti]llbodndary only.

To maKe the slopes steeper at . the ' Crossover . other’

durationaT; cues'_haVe been added to re1nforce the VOT cue.

| For -54 msec of VOT we have the 1ongest /t/ c]osure but .theb;'

shortest /s/- durat1on,v~a11 of wh1ch cue lt s dl77 (as wasv

,shown’jn Experiment II) For each step towards the positive!
VDT valdes /s/ durat1on 1ncreases by f1ve msec, while stop

5 durat1on closure decreases by f1ve msec unt11 the VOT = value

\

of . +23 msec where we have the shortest‘stop o]osure'but‘the

_ 1ongest /s/-duration, al]‘fpr indioattng~it still. Appehdig

E shows the differerit values for each stimulus item.



4.3.2 Listeners

4

Five 1iSteners‘were used two females and three males.

A]J"are.fnatiVe speakers of Canad1an Engl1sh One of them

<

part1c1pated in Exper1ment I - \' R o _7/‘
'4.3.3 Procedure

. Instead of -recording the materia]' on tape'“F or
presentation, th1s exper1ment was done 1nteract1ve]y with

the. PDP—12 computer 1n! wh1ch an A]]1gator program would

- send the st1mu1us to a remotel listening- station and also

coﬂ]ect the_ responses of the Jﬁstenersi_ The program would:
'l wait.until all ’1tsteners “Qou]d giQe:Aa"response .betohe
?epresent1ng -the- next st1mu1us 1tem . | | R
Instruct1ons are the same as those in Exper1ment I and
some pract1oe 'was'a1lowed“1n the first session. gxsteners
came for‘three;to tiVe=sesstons ( the number bof triatls lpef
"stimulus is gipen as” ‘N’ on the f1gures show1ng the resu]ts
: forleaoh subjeot) Dur1ng the sess1on subJects- f1nst_ did
- one identificattbn task, 'whtch had‘10 thails‘per stimulus
item, and: then did the dischintnatjon task, which had 16
atria]s for 'each“comoarison.d‘ Some ]iétenens did anotheha
discrtmination taskxjn’the‘sane session. Whitek noise was
not added to these stimuli stnce_the problem'occuhing withd
_‘fhe tape recorded items did not occur  here. | The
-ﬁdentifioatﬁon tasks"took | about gsix minutes and ‘the‘
‘d1scr1m1nat1on task took . about e1ghteen m1nutes It. shouid

Q&

'/wbe'v noted the. st1mu1us conditions - will not ‘be quite .
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comparable to those of Experiment 1.
; . .
4.3.4 Results and Discussion |

* Figures 8 to 12  show the tdenttfication }and
diserjminationb curves for eaeh subject. Most of :the
subiects (JK,KL MW) have the1r crossover at'_abproximeteWy .
-13 msec VOT. The c¢rossover for DP (F1gure 8) is at f9>msec
VOT and for GQ~(F1gure‘J1) it is at -16 msec VOT "'Fdr' all
five subjects the Chi-squared test of‘goodnes% df‘fit showed
'nd.signtficant difference._hetween' obtained and hredicted
discriminetioh (see'Appehdix F) ‘ Bdt eVeh/though the = !rpes
of the 1dent1f1cat1on éuﬂVes are a’ 11ttTe “sharper 'thum ih_

A,

Exper1ment | ‘l, the d1scr1m1natwon curves peaK at

approximately only 75% correct 'for both obta]ned and f‘

predicted. | As a result, it could be argued that the f1rstd'
6f:the fQUchohdttions,set by Studderthenhedy et al. (1970;
’Aseetsection»263); requiring sharp sudden crossovers, has not
been met. One of thevbeasons.tfdr'bthis:ksituatioh is the
ghéddelness;'fdfr the: s]ope 'Off:the identificétion; curve .
corréspdnding to VOT:.vatues -3 msec and 0 msec. - This
,'prob1eﬁ: is less severeﬂxthah in Experiment I, due to the
ef fect of the supbohting‘durational cdeshb In any case; the
’rfit between obta1ned and pred1cted curves (espec1a]1y for
the 11steners DP and dK) demonstrates categor1ca1 perce6t1on

.where‘ ]abe]s -are beTng used for d1scr1m1nat1on between,

categor1es wh1]e d1scr1m1nat1on w1th1n categor1es is poor.
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Teﬁ tb111 1nstead of d111) were perc1eved

It would be easﬁer‘fto= interpert'the'results_if the

‘D"

\

. co]]ect1ng such an amount of data ‘would have been d1ff1qu1t

yExper1ment I, comm@nted on the def1cu1ty of the task They

w1th1n category compar1sons would haveﬂnade- the task even'

fmore bor1ng, a]low1ng the 11steners attent1on to dr1ft away

sy

”av‘“g demonstr‘ated categomea] 'perceptmn far-;f"theﬁ"””

I was,_ s1nce Exper1ment IV was done 1nteract1ve1y (and

‘-Exper1ment IV aga1n'.tr1ed to compare between the

61"

'po1nts, andv th1s would have been destrable howeVer_~
'eAl1 ofhfthe"subjects from ,th1s exper1ment and many from :

. found it very ted1ous yet requ1r1ng a vgreat dea] f '

attentidn, Because of th1s the number of st1mu11 wa Kept*V

o;aS’fl wﬁfas‘ poss1b1e Increas1ng the range to 1nc1ude more?“.

vslopes were sharper and also 1f there .were more tstimu_lusﬁ' .

TrAJso,usome subJects compla1ned of aud1tory fat1gue effects :u

ﬁwhere .changes ‘15« vowe]v qua]1ty and p]ace of art1cu1at1onf:f5

’(thundary between It s d177 and It §t177 w1th 3 comb1nat1oni r.fV
"rlfof a]]ophon1c and durat1ona1 cues,hthe next exper1ment was ai S

"lrshort study to see 1f two of the’ subJects' show1ng theb;rthv

hfcategor1ca1 percept1on 1n th1s exper1ment wou]d do the same 4f
'.,’for a cont1nuum d1ffer1ng in VOT on]y, w1th a]lf other cueS" e

”'“be1ng held constant o Exper1ment IV was more comparab]e to ER

¥

ttherefore ’w1thout hav1ng wh1te vno1se added)"‘as111Wasﬁ.'

‘hUExper1ment IIIgd'i W1th f?the‘ step size be1ng '1nCreasedd~w.giw

‘d1fferent boundary cond1t1ons found}ei the lead and lag :



o o f . - O
. . .

4 4 Exper1ment IV

For th1s expertment the Fu]] VOT range from Exper1ment;
RS was usedrbut 1n order to Keep the number of stimuli downt

to a managab]e 1eve1, only every-secondwst1mu1us‘ 1tem' from' :

"VOT values.-81 to +77 mseC\1s used (see Append1x C) Also,;;,~t'

L ds 1n Exper1ment I, on]y the VOT d1mens1on"was var1ed but

, r‘“‘*\

-not_ttheh other cue as was the case 1n Exper1ment III ‘The

percentage of correct dtscr1m1nat1on in- EXper1ment I. was

fa1rly c]ose to chance 1eve1 ?or the negat1ve VOT reg1onl

and s1nce we do not have the extra comp]ementary cues as 1npff

Exper1ment 'III,' théf»step 51ze “fo th1s exper1ment wasfﬁ

~

"1ncreased from three steps to four steps_'(to approxwmate]y'gt_‘

36 msec)

The procedure was the same as that for, EXper1ment .III

and he{ twof subJects who gave the best f1t of obta1ned to__

\.wv

pred1cted d1scr1m1nat1on va]ues from that 'study were used"
here They were DP and JK . but 1t shou]d be noted as 1t'wasf_

G not rea11zed ,unt11 too -1ate that DP has some second, i

P

1anguage expertence w1th PunJab 1n wh1ch prevo1c1ng p]ays a

ro]e 1n contrast1ng d1fferent types of stops



“between predicted and obtained values.

8,41 ReSuttS'and Discussion = ‘h - o
Results fnom -this experlment are shown in F1gures 13

and 14=. The crossovers ?or DP are at —22 and +45 msec of

Vo1 for “the two. boundar1es and for dK they are at‘~16 and

.,fSU'msec. In the ch1-squared test of goodness “ofe fit DP

= showed no hs1gn1facant d1fference between the obta1ned and

Prediétedd dﬁsoriminatton» curves-~vwh11e JK did show'v a
’stgntftoant'dttfenence (Append1x F) Compar1son pa1rs where ,7
"pogittvet VDT,'ava]ues darea 1nvolved show _very good_

'?td1scr1m1nat1on performanoe well above the pred1cted values

‘;When the ch1-squared test is performed on Just the part of .

' nthe' curves that arevjin. the pos1t1ve VOT range® the test

-t

. freveals a s1gn1f1cant d1fference between the"obta1ned dtt'd
pred1cted f alues jf both subJects,‘ wh11e the negat1ve"

f:reg1on showed no s1gn1ftcant effect for e1ther subJect Onez'_.'w

"pa1r espec1a11y above the pred1cted va]ues 1s the compar1son

-between st1mul1 w1th VOT va]ues of +6 and +41 where obta1ned'
hr}values are at 86 and 79 percent for DP and dK ‘respectjvely,f»f
tawh1Le the correspond1ng pred1cted va]ues, where 68 »and'"58 4"
| ”;percent respecttve]y ‘ Notef that _for the d1scr1m1nat1ongtbd‘
'tcurve tn“'theﬁ env1ronment 1nvo]v1ng ‘on]y the 'twofﬂiway'
vfd1st1nct1on‘v1n Exper1ment I, the peaK was, as pred1cted at

. i '
v{the compar1son of +14 msec and +41 msec VOT but there ‘was

.6 The pos1t1ve VOT va]ues seemed to show above pred1cted
: d1scr1m1nat1on while negative VOT- va1ues seemed to be ' -
-sl1ght1y below pred1cted indicating " po i 1C
the .way discrimination is being made.

- “positive VOT range,and chi- squared test we
on, the’ two dqfierent reg1ons (see Append1x

/ .:'}.4‘ s

63,

3409
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‘ alSo ‘very 'good discrimination betweenv+ékmsec.andﬁ+32 msec
VoT a]though it was not pred1cted ' Ty

. We have found in Exper1ment IV enhhanced dascr1m1natwon
of two s1gnals, wh1ch would usua]]y be on d1fferent sides of
.a /d/ and /t/ phoneme boundary in a norma] d1scr1m1nat1on‘
Aexperiment wtth this same VOT continuum. - In the' part1cu1ar'
,Context of the three-way efperiment the stimult w{th 46 and . -
'§322msec VOT .are "now _both"fOUnd to be members of the
;_unaspirated»/t/tcategory:(ifef the‘;t,stilljcategory). This’
is due to the fact that.the task requires'thevidentificatiOn
‘of three categortes rinstead of two and consequent]y the -
‘crossover va1ues for the categor1es are changed Thus these
tWo_ st1mu11 are no’ 1onger separated by a category boundary
Perhaps the extra enhanced A d1scr1m1naf1on,ﬂ wh1ch is
-1ndependent of'_theh category boundary, is due to some "
;psychOaCOUStTC factor (such as sensory thresho]d)7 that is
operative in. determ1n1ng phoneme boundar1es 1n the norma]
’r;phonemic'category condﬁt1on,and4wh1ch is still in effect in
the more complicated" condition' of‘ Experjment Iv.s This

- tuning to a specific factor 1n the stgna] cOmponent may be: a

: strategy eaS11y adopted by a 11stener 1n the task cond1t1onsvlv‘

of these exper1ments where he or she s hear1ng s1m11a ;

. 7 See section 3.3 for reference to Pastore et al. (1977)
~where a critical duration of 15 to 25 msec. is ment1oned
-The pairs of stimuli which discriminate well, as being i
~discussed here are compar1ng 1tems on either: side of‘ 25

msec VOT.

8 ‘Another not1on that could be argued along. these ]Ines are
detectors tuned to the output in the env1roment of natural
Speech : .

“Ly




“
L

signals over and over again, and having much of_the-tob-down
'pn0ceeses‘trivia1ized and atéo»hearing_bauditory or“'speech ]
~ distortions (such ae adaptation effects) of’everything;bqt.”
the‘chanéing componehtsrg~This-may cause the 1istenersv to
attend to more- .acodstic Adifferencee'thandis ueual.ih.the.
speéch: mode As mentioned, the tWo-way distinction in

:Experiment, 1 also had a point ‘well above the predicted.

L

valuesﬂ This may“still_be explainedf in ' terms of sensory
‘threshold ‘whére a ~critical duration :of 'aspiration,'gor
dexamble; 15 1nvolved |

.vAe _for the dxscr1m1nat1on ‘on the negat1ve end of the

- VT, conttnUum, ‘the chi-squared test of goodness of _fit' q1d
\ .

vy

not show any s1gn1f1cant d1fferences However it shou]d be.

'noted that none. of the po1nts of obtained d1scr1m1nat1on in .

the negat1ve part of the VOT range have a correct percentage‘
; of d1scr1m1nat1on performance tha has the 1ower 11m1t of‘
its conf1dence 1nterva1 above the chance level 9 A 51tuat1on
that appears to demonstrate the lack of us1ng categor1es in

-vthe negat1ve VDT reg1on but of aud1tory d1scr1m1nat1on tn

‘the pos1t1Ve VoT range is F1gure 14, show1ng the data from'e'ﬁ

th ‘The pred1cted values for both boundar1es are’ not that
“far dtfferent from each ‘other,} where ‘1t is 70% for the
negat1ve voT area and 78% for the pos1t1ve reg]on However
the' d1fference between the obta1ned d1scr1m1nat1on at these.

'potntsf1s much greater, 57 and 92 percent respect1vely. ‘The

R Tl S

 SAs mentloned before, the correct discrimination would have _
v,to be above 64% when- N is equa] to' 100. . -



results indicate that the subject'ié not using the . labels
ﬂwith much éuccese in the negative:’VOT range ' but - is
d1scr1m1nat1ng more than Just 1ahels in the poeitive VOT
'range. _ | | | o -
~In conclusion then, the‘ results * from Experiment v
apoeab ‘to be, to’a.large degree, due to discriminatiOn of
signals in aud1tory memory as we]l as. through Bhonet1c

‘1abels For _st1mul1 with pos1t1ve VOT, there is much

informatton gavailable,j such as Fi cutback ' fohmant

transitions ‘and, ésgiration,‘*that ~can contp1bute_ to‘the
better than pbéd%cted diécrtmination “As for/ stimuli with
| '_negative VOT there is Just the v01ce bar wh1ch 1s Just not
a good enough cue to g1ve us’d1st1nct enough categor1es.

As a ‘result the boundary between it’s dill and it stizi-is

-

‘very unstab1e;‘j

et it

101n the course of 11sten1ng to ord1nary speech the
frequency of, occurrence of the voice bar is 1nterm1ttent at
best. This was also reflected in the measurement study."
Hence, listeners expectanc1es for the. v01ce bar cue wou]d .
not be high. = -
11For - exampte, in Exper1ment IV the 1ndent1f1cat1on task

~ was done in two.sessions. For DP the boundary for it’s daill’
3 and it still d1ffered by 22 msec . between the two sessions.



| 5. S*mmary and Discussion

By}‘mahipulating ‘the same signal ;components vin two
_d1fferent contexts, we Jried to 1ook’et'how the - perception'
-of Juncture d1st1nct1ons m1ght beﬁs1m11ar or d1fferent from-
the percept1on of ordqnary phonem1c\, d1st1nct1ons “in
/identi‘fication‘ and - '.discrimina,tmn tasks,. Perceptué]
exoeriments were‘preceded'by a study'.ofhipfoductton 'data;
dwhere dthe items -it’ﬁntffl], _it’s diJl};it’svStill and it
still were measured for the duration ‘of different 'signéT‘q

| components in order to see what m1ght p1ay an 1mportant ro]e
1n/d}8fﬁth1sh1ng the four d1fferent”utterances De]ay of
vg¢c1ng in stop consonants came up - as the most s1gn1f1cant
clie ! It is the only. spectral cue that ‘ appeared and it

d1st1ngu1shed lt’s tlll from. the rest of the senteqces which

'Vlwere d1st1ngu1shed by. dtfferent comb1nat1ons of /s/ durat1on-"

and. pause QUratJon. The vo1ce bar d1d not turn out to be

that cohmon OCcur1ng in on]y five of ;the‘ 36 it’s dlll
__tokene.' ’ ‘ -

| anetoictng'isdrare ﬂhl'English, tunleeéfﬁbeing carried

through"trom‘ a previeus ,dee1- 'ontext; :andtjt does riot-

appear ' to serve an’ _;[mportqnt functiOn ~in cueing.

"]inguisticalTy “relevant d1st1nct1ons 'atx]east for stops.
Ident1f1catlon tasks, such as the i s.’t111ﬁv tash in:
Exper1ment I,- have demonstrated this where,\xon the VOT
cont1nuu@ prevoicing was. wellk’w1th1 'the 'cg%egohy: for
~voiced StOpS However, a second 1dent1f1cat1on task between

the categor1es it’'s dl77 ,1t stlll and‘lt S tlll produced an

L . |
\ . , , L
. : : . i
i
J

69



extra 'distinction along . the voT cbntinuum There was a new
‘boundary in the\pvevb1ced range, a]though it is far from

being as sharp ‘and well " defined as the boundary 1n the

“aspirated range. A1sd there ‘was little demonstrat1on of'w

“-enhanced discriminatiOn at this:new boundary, but.this may

have been due to the pool1ng of the data across subJects and

-of the slopes at the crossovers being too sha]]ow | Ati the-.
other“boundary, involving lt stlll and it’s £i17, there ‘was

+ good dtscrimtnation and it was even better than pred1cted.

from identification. Th]s boundary involved - a .change _in
Juncture but supposed]y none in phonemlc category

The 1ntent1on of Exper1ment 111 was to.try and make the

ccrossover boundary between it’s dill and it Sfll] sharper

'and to see how we]l we’ could pred1ct the d1scr1m1nat1on from

the 1dent1f1cat1on -resu1ts To do th1s it was dec1ded to
contro] other cues to. re1nforce thei category change being

marked " by VOT N Exper1ment 11 tested how VOT operated in

different. comb1nat1ons of the three segmenta] durations T,h_'

S, Sp (that is, the two stop-c]osures and the /s/-duration,

see. Figure 2). The results showed that /s/- durat1on and the

‘b'duration of the stop c1osure of the. second word. (SP) were,

. ’
along with VOT," the.most important duration cues, in  cueing

~ the difference . between lit/S di77'7ahd it 'sfi77 o In

’ \
Exper1ment III somewhat sharper boundaries were obtained and
~hone of the f1ve subJects showed a s1gn1f1cant d1fferencev
ubetween the obta1ned and pred1cted curves wh11e two of the

AJ//g/a/su5/5cts showed part1cu]ar]y‘good;examples of,d1ser1mtnation

o " ’ . ¥ R
. g £ >
[ : a7 Sy

@
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e

categortes. The laSt experiment again tested the whole

- voT range without extra cyes but the step-size was made one

step ]arger Dnly two subJects were used In the results,

positive VOT'showed better discrimination than would be

perdicted from identﬁfication, while the negative VOT range
appeared to show d1scr1m1nat1on pooreruthan?predicted

The case that involved a change in atlophones was the

" stronger, more sharply deliniated boundary wwthA good

discrimination 'among stimu1i near the boundary “The other
category boundary wh1ch had a ‘change in. phonemes was not‘.aé'

well def1ned and had poor d1scr1m1nat1on between the stimuli
"ot

from d1fferent SJdes of the boundary ) These results,.m1ght

seem surpr1s1ng ‘descr1bed 1n th1s manner, though. it should _
be adm1tted that the one boundary (between it’'s dill. and it

Stlll) hte( cued ’1n an uncommoQ manner name]y by the voice

bar;i The 1nterpretatlon ‘of the results are comp11cated by

ethe way the‘ eXper1menta1 cond1t1ons »a]low the cues to

e

funct1on d1fferent1y from the1r traditiona]]y,'deeignated

role. jf_Bufw

d1scr1m1natwon’between categor1es 1nvolv1ng d1st1nct1on§ in

iih‘s was_ more ‘of an expforatoryf study of '
word boundary | nd, "ii appeared that the categor1esv
d1st1ngu1shed by a phonem1c d1fference were not be1ng fu]ly
“used, wh11e at»the other boundary 4between it stlll and it’s
tlli) more than Just categor1es were be1ng used ‘(that 13,?

some' of the d1scr1m1nat1on appeared to be due to compar150n

':of t1mbers in aud1tory memory as proposed by Fu31saK1 :and

Kawash1ma, ,1970)_ _ The effectsgmay be largely attr1butable-



yd

/ d4 . “ T
7//</!to 'Some under1y1ng psychoacoust1c bas1s JAn féXpTanatjénu"
| /of th1s tYPe is often g1ven.,for” contrasts a16ng the.'VOTj

N o ‘ e
cont1nuum where it 1s proposed that vthere 1s ‘a- sensory'

constra1nt (a cr1t1ca] durat1on of about 15’ to 25 msec) thatx:‘t.

":/can sbe cap1ta11zed » ;‘as‘:a genera] perceptua]-strategy,u°

- Th1srwou1d g1ve 1mproved d1scr1m1nat1ng ab111ty at the deth_

- msec VDT reg1on but a]so around the7—20 mseo VDT range e
k‘ However, ;a* psyohoacoust1cs bas1s;‘ts:7not- the whole7f

"i:ftexplanat1on beh1nd the: results B Not ‘atl ‘1anguages have:”7 S

-

the1r boundar1es at plus or m1nu7 20 msec\of VOT ’ Tha1 fonf;dwad

examp]e has 1ts boundary between asD1Pated and Uﬂasp1ratedfftb;'vvw

stops t, around +4O msec Als for Eng]1sh the boundary

o

between asp1rated and unasp1rated stops d1ffers For p]ace off?ﬁifﬁY%

art1cu1at1on : Wh11e' the boundvry between word 1n1twa1 /t/l
| and /d/ Ts around +20 msec of VD‘;i1t 1s at about +4O msecibv"u
iV'7ﬁorf velars Th1s d1fference r”f]ects an. actua] dtfferenceﬁif:}v—fﬂ

\

_.abetween denta]s and ve]ars in speech productron 1nd1cat1ngf ff‘-;*'

: ‘w”_themf effect language exper1ence also has n the wayjdf

perceptual cues operate § B _”»@f'fui'f - ”ﬂ_faﬁT'

5 L_/,

asp1rated stops from unasplrated stops i Engl1sh iaﬁe;_%o

that we were 1ookang for 1n the compar1son d1st1nct1ons’ :

- Jmade phonem1¢a11y to d1st1ct1ons madeanonphonem1ca11y 3

;”ﬂ‘szhe average of negat1ve VDT va]ues for crossover L
vygFﬁExper1ment III ‘where. other .cues" were. }nvolved werfe.at
,,{ggcabout -13 msec wh11e fqr Exper1ment Iv they were around 20
“Jﬁi_msec ‘-v_ “‘grwi SR ;

Cetg R RN _,f S RN R S S N RO o
T T T T T e e T e

Sooheel e

Whatever,s?th reason "fthe_ cues that d1st1ngu1shﬁffft}

strong that j may have oyershadowed mang of the effects7 FR
of



t1d1fFerences a1n /s/ and whether a stop 1s 1n1t1a1 or medtat#

“iphonemes As a result
| man1pc1at1on -ofa subpﬁ%nemtc d%iu

@ % ,
change 1n phonem1c deta11 14 However when p]acement of word

-;usua11y _mark phonem1c d1st1nct1ons _.It appears that we are!.
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yHowever "thisﬂ may] notJ necessar1ly be- because of the{
_:. eXperimedT%SBsetup - was d1scussed fﬁn uthe"redults of

".p Exper1ment IV In Exper1ment III 1t was demonstrated thati,f

l

 the. t’s dill and it stil] boundary relied on other',.;,.
‘segﬁental a]lophon1c' cues such‘ as /s/ and pause It

‘vjprobable that the segmental durat1ons (1nd1cat1ng a]]ophon1c'

&

are the 1mportant cues as. -1nd1cated from the’ measurementir

B

‘stud1es ’3 Perhaps \phonem1c ,categor1zat1on doeS“not p1aygp,
that 1mportant ;nrole .;1hl 5speech percept1on o MostAEJEJ
'~_’categor1ca1 percept1on stud1es w1th speech are done w1th a

'fg”contrast that %nvo]ves only one word and, - therefore. dahx'

'\

: “mean1ngfu1 contrasts in categor1es w111 1nvo]ve a change 1n'

thfJuncture : piayé v cruc1a1 'role weiyc- demonstrate:f'

b'tcategor1ca1 percept1on"w1th acoust1c.'cues that do,ynx_f :

__________________

K ffeven able to change the phonem1c category of the stop w1th;f

"ﬁ13An expertment 11 (e tha{ of Exper1ment III on durat1onal
.- cues alone would hive Been useful in: ana]ys1ng the1r o
‘strength relative to the voice bar. . 7. S

14 -Some attempts have been made’ to get native- Eng]1sh

J;,speakers to distinguish between words with prevo1cwnghand
those. w1thout, but with words in ‘isolation.  That they b

“tried tdcgef’l1steners to distinguish a- th1rd but

3 {non11ngu1st1c category»along the VOT cont1nuum Strange N
. and; denk1ns (1978) claimed that it is very d1fﬁ1cu]t to.do "
~ .this.. ”.0n the other hand, Aslin ‘and, P130n1 (1980) ‘found: it = -
very easy to teach. the d1st1nct10n to English: ‘speakers, .and .
- feel that it depends on gett1ng the ]1stener to attend to,ﬁf~
'fthe d1fferencet : . ‘

4T e L P . S e .

apy_change 1n category caused byt

S

fs-not 1ndepenﬁent of afj




,‘_ﬂ;the perceptwon of . words ‘;4-'j5inf{;cf ,t. f__ 15WLL

”“ftwas on]ylﬁhe s
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" ,"c'h'anges in'. /s/-duration: “This  was demonstrated . in -
;Exper1ment II_‘where ',ifl you .look at F1gure 6 and 7. andV

SR B .
el ‘compare the two graphs w1th a short /t/ c]osure (T) and -

'short s11ent per1od {SP) but d1fferent /s/ durat1ons,,theret"

‘_1s a change 1n category at O msec VDT ‘ Th1s 111ustrates how

St the al]ophon1c var1at1on of one phonet1c segment can change;

ﬁfthe phonem1c category of . an adJacent segment - We m1ght

?*to quest1on" as Klatt (1979) does. whether ‘the: recog 1t1onh'

[

‘of phonemes or phonet1c segments are an. 1ntermed1ate step 1n‘pi‘

.f;

*;iij m1ght be. eas1er to understand the results of thev,ﬂff"iﬂ

xthfaCtOPS Of JUﬂCtUPe and phonem1c category and analyse theit'v“:

"hfresults in terms of how the second WOrd as a who]e was be1ng’

‘\

“f fpreceptua] eXper1ments h th1s study 1f we_ 1gnore -thef’

‘perce1ved ‘f Perhaps the reason why /t/ closure (T) d1d noti;t'

£

1‘p1ay suchd

1

" 1Eporta”t PO]e i, Exper1ment 11 is because 1t“"

“’ytasks g1ven to the llsteners 1n the perceptua] exper1ments,5'

“*sthey may have attended ma1n1y to the second word s1nce aTT\

I

ﬂfonly two d1st1nct1ons were made in the f1rst word Ask1ng_'f
b for the@1dent1ty of the f1rst word m1ght produce dxfferent_l

Q!:results,~ such as hav1ng the effect1veness of the pause cues

(T and SP) reversed From Experlment ‘Illfjﬁt'gis apparent

cond word" that was’ be1ng attended to. In/the‘:!"

~three d1st1nct1ons reqU1red were made Tﬂ the second word and[h,

3‘5Phonemes would st111 have psychol1ngu1st1c relevance 1n.”}7~'f

© ‘terms of. speech product1on and an:indirect role.in- speech

“Lffjpercept10n as this would be 1mportant for suoh th1ngs as’

: ]anguage acqu1s1t1on



v

v_cues.

that both the spectra]*and durationallcues'p]ay a role .in

B
B

'ianuencing the ]isteners 'categoriZation. "It can be seen

that the change 1n d1rect1on d1scussed in »theu'resutts‘ ofkv

i

Exper1ment TI« is, st111 there, 1nd1cat1ng that changes anng

"'the vo1c1ng cont1nuum are hav1ng an- effect However 'the"'

prom1nence of the change in d1rect1on is be1ng countered by

the durat1on cues »The effect _of categor1ca1 percept1on~,
demonstrated for at ]east some - of the subJects in Exper1ment3j‘

. III 1s no& f result of d1st1nctlon .between any onewgv

phonem1c or a]lophon1c co%% w¥
SN 4

that resu]t from the ‘1ntergr ;;

but between the perceptsi”‘t

Af‘*of‘,severa1~.subphonem1c_“
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APPENDIX A

Stimulus list used in measurement s tudy
5, o

/
f
il

tiln
dill
’ sfi11
Cit's tild
it's dill
it's still
it still
it tiny
it dill

it spill
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APPENDIX B

Means of the measurements for the raw scores and the

'square root transformations -

r3

@

it's till Cit's dill
©RS P seRT T Rs . seRT
I 119.46  10.91 - 1 114.46  10.87
T . 53.18  7.12 T 52.94 7.08
" B1 10.72 - 2.84 . Bl <. 10.85 2.79 .
ST 431011 11.38 S 119.47 10.8 |
SP 83.76 - 9.04 - 5P 98.42 9. AT
- B2 76.26 .« 8.45 . B2 23.22 4.73 N
CIL 252.55 15.85 1L 288.09 16.94 o
Cit's stilh . O itostil
110.23 . 10.46 1 - 116.67 ~ 10.76 . - z
. 59.34 7.5 T-  103.63 ~ 10.02 - .
B 12.75 . 3.37 81 9.94° - 2.71
S 192,70 .. 13.74 S - {42.46 11.88
. SP86.10 - 813 ° - -Sp  56.07~  .7.38
B2 29.20 5.3 B2 29. 14 5. 36
Il 265.85 16,25 . IL  "264.05 -  16.22
s . |



List of VOT values used for the stimulus used in Expeiment I

-90

b

APPENDIX C

-81
-72

-63

-54

- 45

-36

B

27

-18

° _9‘

0

,+5
14
+23
*+32
+41

- +50
+59

‘msec

i

msec:
msec

msec

‘msec

msec
msec
msec
msec .
msec

msec

83 -



'APPENDIX D

A

o ,
Instructions to Experiment I1I

v

- In thlS exper1ment you will be presented with a series of o
two word items. . You are asked to 1dent1fy the item ai/gﬂgfgﬁ/fgg/ -' ‘*V v
three sentences given ‘as possible choices Once 1dent1f1ed give ‘
a judgement on a sca\e of one to five. ' Th1s Judgement should |
reflect the degree to wh1ph you feel that this part1cular 1tem

represents a CLEAR NATURAL PRONUNCIATION of the sentence type YOUu

L » o
S N 'HAVE CHOSEN. A
o _,' Eaéh itemdwiJ],be'presented twice. Draw a line through the~
- sentence you' ve chosen and wrwte down yOur naturalnese Judgement : .
# R next to it. } L B ?
Use the‘follow1ng scdle as a gu1de11ne 1n makang your -
“fjudgements You w1ll first do a short 1dent1f1cation task on'a1l '
.ad
of the .different st1mu11 types used SO you can get a genera] idea
. - as- to how you w111 use the range ‘of the scale:
!40'.H\ !

. Naturalness A
(w1th respect to chosen category)

J=mestoeiaal. e bk EL L LR TRy SN 5° B
DESINITELY. ’SLIGHTLY DEFINITELY
. EBELOW ¢ BELOW - . ABOVE. -
'@EMGE AVERAGE " AVERAGE




-

vOT

-54
-4
‘a8

_27
-18

+5"
+14

+33

value

P

;
msec

msec =
msec
msec

msec .

©

‘msec ~

‘msec

msec "
msec

msec

R

Ty
/ it

APPENDIX E

KPR

~Stimulus values for Expepiment 111
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