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CHABTER  ONE ;
.  INTRODUCTION ~ . . - o

the‘theo:etical_frameyork and éeheral

P

' wf\fIhiéfchaptér sets

',backgroundvih which thé'preseht‘studyfgis ‘fb_‘be  set, and
' specifies ihe‘:iject‘"of.‘the-‘study'vtogether ‘with some
_fundamental,‘asSuMptiOns,jtakén by ‘the vpfesent"study as

vquidg hybotheSes.

1 ) . . : . @

cr

- 1. FEATURE“FRAMEWORK FOR SPEECH DESCRIPTION g

To facilitate a. déspxiptive_studyfﬁfulanquage,_;tw£$9““”'

pY

‘f,:fgené:qL1YQASsuﬁéd9that speéChﬁfis‘.a sequencé‘fof'“diéérete

entities’ i.e., certain phonological units in terms of which
a sentence is encoded. Halle.(1964:325) states concerning

N e

. “this: -
3A1most-évery idsiqhtﬁgained7by modern Yingquistics from

Grimm's Law tc Jakobson's distinctive features depends
. crucially on the assumption that speech is a sequence
7fdffdisppetegéntities.' In view of this fact many . .

“1iﬁgui§£s.hawé’béen’williné_:o postulate the existence

of discrete entities in speech. event while accepting asnﬂ]f"'

“true the assertion of instrumental phone icians that

there are no prbcedures*for’iSo;atfng'chSe,gntities;iﬂ"



A e . 'l,
e

"Even 1f the exlstence of certaln phonologlcal un1ts 15 takend,
for granted “the guestlon gof ,hQ" to deflne these unltsf
;ﬁ7‘rema1ns.‘_uodern phonolog1cal Cana; phonetlc research has

normally 'aSSumed*“that-sthe" phoneme-51ze segment 1s to beQ-'

further analyzed into feature-51ze elements.: fghe' presentgd

| stud-y will thus assume ulth Lleberman (1968 3) that "thefﬁ

§ .
phonologlcal feature lS the mlnlmal lﬁDQUISth un1t 1n terns;ﬂ'

:'of uhlch speech 1s coded" The pnesent‘study wlll furtherﬁ':'

L assume that an utterance 1s ba81cally the reallzatlon of a.

- . . . /‘ o
streanm of phonologlcal featug\s rather than a §t£;gg cof
rsegments. ‘As  to the nature of the phonetlc features,‘the

l’ .

P

A phonologlcal feature must ‘have both acoustlc and :

"articulatory correlates because speech must be’ produced
by the human vocal tract, and must be transmitted. -
through the air. Discussions of ‘whether the acoustlc.,v«
or artlculatory level is more "basic"aoften are really
discussions of whether it ‘is easier td obtaln and .
cla551fy acoustlc QT artlculatory data. ©(1968:3)

e Ty UL

¥

Since there is no"direct' empirical access “to speech:"w"

“todes, ‘that -is fc phonologlcal ieatures, a feature systemv

. similar - to the. tradltlonal P ACE -b.y ' HANNER by " YOICE

.

descrlptlon will be assumed in the present study.

iy "

P

Thls sectlon ﬁisf devoted o-'a brlef sketch of thesef7~i"

u PRV

features 75 d thelr tradltlonal deflnntlon. Hlthln the'ﬂﬁf

.traditional descrlptlve frameuork speech was essentially“A'.

thought‘of'as‘anxoutput of the interactlon‘of-g_gggt;gg and

Ly



LA c.*::;a.wff*

;_1973 127-209) G

’fartlculatlon (cf._ Mlnlfle Hlxon 8 Hllllam,

dlfThls V1eu of speech productlon :thCh vas orlglnated bY?nﬁ”

"‘Q,Sanskrlt grammarlans (cf Allen[ 1953) has been\\developed;pf

*;jia quant1tat1Ve1y formulated y modern phoneu1c1ans todw;

“",festabllsh the source—fllter theory "jspeech 'productlon;?

'xfln volc1ng QOSltlon whén they are drawn close"°

. -'!

 fth1Ch Hlll be revleued 1n the follouang seetlo

\ '

VJtO*PF9V%@efﬁ<.

fthe preSent study ulth a theoretlcal base.

2. SOURCE-FILTER THEORY OF CONSONANT PRODUCTION

u513§Accord1ng to Lleberman (1977 35f4: }:h S°“r°e fllter;

~

f;{theory speech productlon uas flrst prgposed by Johannesf;b;

'slnuller (18&0)._ Recently, 1t has'been put on a\\guantltatlveﬁ;if

'1,ba515 by 'Chlba & Kajlyama (1901) and Fant‘(1960).' Hodernjfg"

-

‘models of consonant productlon" have been ,.successfull"

'jjlmplemented u51ng

jquantal parameters correspoudlng closelyfﬁﬁj

,to sode tradltlonal features.p-h,fV,”:ﬁhff

Jones (1960 19) lndlcated that vocal folds are capable{f“ﬁ

Qbf actlng in. much the same uay as the 11ps durlng speech.°p. .

—--—-i 9_ Eosxtlonjff

't7Accord1ng to hlm, vocal folds are\ln _gféét

l?uhEnp they are’ v1de apart as 1n breathlng, and that they areﬂf}f

ﬂtogether so




RN the »

:VT}iThere-ﬁafé'ﬁaffféﬁ dlstlnct p0551b1e modes of VOICE such as.;'yﬁ

.?y:

ifxﬁaé

‘EtESYLf¢a£ 

v1bra\?:
?fFurthernore, he also deflhed that th_

réjm;j

sounds-pproduced Ulth vocal folds 1n v01c1mg3p051t10n,A7,9

vocal

voca

h' constrlcted

VOICE ls determlned by many artlculatory‘ parameters§ "

“ff 1nvo1ved 1n controlllng the state ofhglottal openxng (or theﬁH fi

"fhode of glottal v1brat10n) and‘thefconflguratlon of larynx..lffi

Au}]f[v01ce1ess], [uhlsper], [v01ced],wgcreax], [breathy ’v01c1ng;fJ  

Lleberman,

5'ﬂ968 14-18).f:‘Hovever,.51nce VOICE 1sff7T

only as elther [v01ced] or [&olceless} ‘>‘nornal B

- <' ‘\_.,*‘

.fﬂlgéééd§1;§¢ts}' f Engllsh ,'f w111 ,assune that VOICE 15 a: ﬂ' g




Accordxng 'f'mode:n ffaéonétiCzi mode1.j W§§f: speech

ptoduct10n~f (espec1a11y f_; consonant pro,uctlon),“ tuog

cross-sectlonal area,(l e., the max1mal constrlctlon area) 2

) ?

LR

"vocallc*f uhere the alrflcw Ls more or 1ess a smooth lamlna:

”'_;zqfé, there can be:¥’6f alrflou through th_t~7°°§l‘

By‘"vo’;L tract"' llke Stevens & House (4955) or Chlba 8'17
jiy ”?'1941),.ue wlll“narrowlyvnean the airway from . -
hrough or 1- ca

tyiup to llpS oﬂly;-excludlng naéail

2 Stevens 8 House 1ntended to deyel@p ghefparaneters to
explaln acoustlc correlates of’ vovels,_ Hovever, e flnd
“that -all+“oral: sounds can be explalned 1n terms of these
paramenierS"*if e S

.1L3 Stevens’ (1971“ 86) ﬂeports tﬁat the value is S 0 3 cm2
'V{° Refer, to the def;nltlcns of "vocal1c" ‘by Jakobson, Fant & .
Halle (1969' 18 19) and by Chomsky 8 Halle (1968-’176~177)\_




: 42',v.

AR tract untll the blockage 1s released 29 produce a stop or an-

'”iﬁlaffrlcate accordlng the release speed ds/dt._ If S rs

A

v1th1n‘a‘jcertg;gfﬁfagggﬁl such that turbulent alrflcu.

occurs, Vthea ) Thus,_ s can be

o regarded as a parameter whose value varles on ra. CQntlnuous

:a, Cy

scale between th tuo extrenes.{fthev~max;nqmja f 2 cmz

(Stevens,v1971 1188) to producetjoi vowel,vaﬁéi tﬁeftm;nlmu@ﬁ

of 0 cmZ to prdduce 511ence for a'stop consonant.

"-~W
- 'lﬁé:]a artlculatory parameterl:fth term “APERTdFE“f
1ntroduced by de Saussure_ﬁ(1969 70—76) early as the
_av L ) o N R
beglnnlng, of thls century seems to be the most appllcable
‘ i P ;

to S.‘ AEERTURE, though conceptually ‘narrouer, i closely

'f related to the tradltronal term ?MANNER“ ' Note for example

RN

}f;.trequently dealt ivlth :.‘ dlstlnct mﬁNNEB class ;i#j
)tradltlonal phonetlcs.ﬁ Ladefoged (1967 11) :1nd1cated that
’_sgﬁéf magnltude f the, subqlottal alr pressure (henceforth
.SUBGLOPRES) vhlch deterrlnes the: volune veloc1ty uf ethe4
lf'alrstream | (Stevens, 7 1971 1181' i Lleberman,:-1968 22-37)

1nteracts Hlth APEBTURE 1n characterlzlng tbe supraglottal

-”:f source.o_ In addltlon, 1n th.@tradltmonal.descrlptlon of the

HANNEvalass

‘fr1ca.1ve",laudltoryuconce tsvsuch as "hlSSlng
) _ pts

o.os cnz < s < 0.2 cmz o



4

‘ffit;?isf a major determlnant of the feature MANNFR ;'However;s'flb

’:7§]. besldes APERTURE,‘scme other factors such as SUBGLOPREsi*or;E

*VEGLOTTAL CONFIGURATION are‘~a1so 1nvolved in detetmlnlng‘

'presence offfrlcatlon n01se. Con51der1ng the narrovness

the term, .APERTURE fﬁ81 tradltlonal MANNER dlstlnctlon”

'3fap§ea£s~fo be'

' T?frlcatlve sounds than APERTURE alone.g

PLACE

'-The' locatlon L 'of mlnlmal cross—sectlonal,area 1n the ,”
,vocal tract  can .also take an arbltrary p01nt‘,oo>;§h¢'

Wye oS RARFE

'-Jlongltudlnal axls?of the contlnuous vocal tract dellnlted by

”'fthe llpsi and glottls at each end.i ThlS paramete'}L nalnly

determlnes two acoustlcally relevant factors- ‘

- (1) '(1) the conflguratlons of ‘the front cav1ty and the back

| -icaV1tY d“e t° the lelSlon }5Y._L' (cf. q,HQLn?.asr'ﬁ

.:WStevenS. 1961), and - ' ,i,  P . fﬁf;;ﬁ<‘

.H(ii)"the; shape and length 6f'éﬁhé-'éooétfiC£iaéi(fbf IR
"shapeﬁt see Flanagan, }972§1893;€ | o

'FlaﬁagAA (1972 72—77) descrlbed Qiﬁ‘ deta11 ﬁhef functhns

»thCh determlne poles and zeroes of spectral shapes 1n terms

v of the lengths_of the front cav1ty and the back caglty. ié-

e e

. can produCe dlfferent speechesounds v1th varlouS' spectral

jw%eaks ”and‘vaileys,even though these are exc1ted by,vrouQng

R

?1’ speaklng, the same supraglottal source byﬂmeans of shlftlng

»

hetter su1ted o. the characterlzatlon of .




v”{pos1t10n.pﬁi herefore,' 'theﬁ artlculatory évent kS vistia;"'

n*parametertdetermlnx

%fof a spectrum 1s not determlned by LOCATION alone. Neareyc.'V' |

“;role 1n deternlnlng vthe transfer characterlstlcs.,of' theLffﬂ}“
u’*:vocal 1tract‘ Mlnlfle et al. (1973 269) also noted that thej

) conflguratlon of 11p openlng ls also relevant Tto' pole aha;'

'”haCk*rand: forth alcng the longltudlnal axls o£ the vocalfu,'

'fValue.. In contrast, we can produce dlfferent speech soundspv

“

lfvarlous \supraglottal sources by ‘means of ad]ustlng S alongff'?

.“

Y

ﬁ'henceforth reserve the term LOCATION for thlS parameter.ﬁt:"’“'

Bu t 1t has been noted that pole and zéro conflguratlonff

~

'mostly tth locatlons of' poles Aandfﬁi'

Viﬁtract thle keeplng _3 constant ;asfua certaln determlned G
-5w1th 51m11ar spectral peaks and valleys hnt exc1ted Yl;?'

Poniits contlnuum “hlle' f1x1ng 'L% at,'af certaln determxned;~*l"

zeroes ‘:of;; speech sounds tinf'thelr spectra.,V"ﬁe fvlll L

(1977 25) poxnted ‘oﬁt that the ralslng or. louerlng of the ;f3”

,clarynx (henceforth "LARYNGEALITY”) and' the 'protrudlng

’retractlng of the llps (henceforth "LABIALITX") ‘can play a

F I '.‘.

B Zero conflguratlon of a’ spectrund Hlnlfle et a1..(1973 259)

.'than han ellptlcal orlflce of . the same area.n,Bvidentljjr‘ti'ﬁM”

“,and/or .movlng thef'ldcatlon of the mlnlual cross*sectlonaI;

fp'area posterlorly 1nf;xﬁe vocal tract. j}Por;‘example, theﬂ_

-

front cav1ty can be~”1engthened by addlng llp

fstated~ concernlng hhv s?ape of the cross—sectlonal area, o

‘,that a c1rcular or1f1ce is a mOre: effectlve n01se' generator,

R . i 5

’

.
" .‘.
e

protrQSiOni i

‘“3acoust1c dlfference between the frlcatlves, /s/ and /f/, mayh;f<ﬁ 5



e

L,

.Vbed7dueﬂﬁt0g$the; dlfferences in. the shape of llp

1

;ﬁ“well The';fact that /f/ .935. louer: prlma

:, . -

frequency than\ /s/,' appears not less attrlbut
effect of the 11p—protrusron for an artlculatlon

(3/ than to the effact of a palatalrzatlon of e

locatlon.! Thus, 1t seems, more descrlptlve ‘t o

unrounded alveolar frlcat;ve, and /j/ rounded al
fr1cat1ve2 as far’ 'asf Engllsh frfcatlves are

Thus,, LABIALITY3'and LARYNGEALITY are the factor

o artlculﬁtorlly orthogonal to LOCATION, nbn‘ftwhlc

-

wlth ”ohe, another~ to produce [a s1mllar acoust

Therefore, PLACE may 1n fact Fbe.‘aht art;culato

whlch flncludes _‘such'j ninor factors a LAEIALITY

' LARYNGEALITY as well ‘as LOCATION.a- LOCATION‘Qand

O
\

are-:not‘ fully crossed dini Engllsh, =and both

determlnants of'7theg'conflguratlon’

Eb;**fhé’ voc
Hence, . we u111yregard PLACE as a. 51mple artlcula
Hlth four categorlcal leve13°'[lab1al], [dental],

and [alveo-palatal] Through {&';Serles ;hf;

"testlng perceptual confu51ons of Engllsh consona

kS Ladefoged (1975 279) states concernlng thls tha

ry formantiﬁf

able to thef, i

of /j/

onstrlctlon;gp*jfj;g

veo—palatalff;fih”"
concerned-,uhif::.

s whlch areiri}ﬁgd;
h 1nteractifa3;ﬁhii

1c effect.,fff

Q

ry complex{i

1&

LABIALITyj;;;W;ﬁg-
fac tors are_ SRS

al tract..}uf'w

tory factorg

[alveolar];"
experlments];[:?

nts, Mllleryw?”

t

"Labxallzitlon <is>n a seCondary artlculatlon in: whlch 11p

. roundlng is added to a sound .as’ in Engllsh /f/"

2 It is interesting to note that ‘a'naive Korean- speaker_ff.f'

~Would think that the" dlfference betveen the strlngs /sa/ and_p L

/Ja/ ‘does not lie in PLACE "of consonants, but in:

LABIALITY

f‘of vouels since Korean" orthography treats: [rounded] of: (f/
as. a property of the fcllov1ng vowel sequence rather than

.one of ‘the preceedlng consonant.:

'. 3 Addressing. the measurement of vert1ca1 and horlzontal
~.distance of- lip—openlng, Ladefoqed (1975 257-267)

LABIALITY and ROUNDNESS.:‘w::

dxscernsphqﬁ_ff'nf’f

oPenlqg as,id;nV:*

call gsy




cues for PLACE;"J»“ﬁ7

llkely toxbe;more subtle than thoséf?f

dlfferEnce 1s ;strongly




fi;!efﬁhgsseﬁiby??anfgx1§€2;idfﬂﬁs7folipvs§-ﬁff

eroes llll appear;at app5011mately the same
peqnenc1es as - the‘poles representlng the tesonance_
e’;back ‘cavities. S S

_\very 51mp1e model fronthcailty may be thought of as a,'.*“

ilytube open at one end 'and’hack cav1ty ‘as’ a: tube ;closed at il

5”f;‘both ends..'Thetefore, pooe frequenc1eSLare P edlCted bV.l“

: -ofthe’ suptaglotyal n015e~“
fource 1s affected by glottal nodlflcatlon cf arlflow-q

:poynt is - pursued in: the. next. chapter. '
‘*practlcal consequences.;¢’~ :




rUVOlcele_s

.Obstruentygg
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7 \»‘.-», . CHAPTER' ;THOIX
. e A ‘ ST -
|  BACKGROUND OF THE PROBLEN 3
. o
%ﬁisf,cﬂapter‘ is devotéd' td the 'reVieﬁ.gf:pfeﬁious,
f stgdies‘éf tricativé cogsonaﬁts.= It has:threg §ections; théb ;
'{Ealf‘fifét s§¢£3oh_coﬁcefns;beneralQppoge;tiesblof' the ‘specific )
SPéééﬁﬂfS£bhal .tf;icative];‘:iig.,‘a fixed»yalue of MANNER;
'witﬁ spme;éonsidefétiOnjof.the'megﬂanisg‘of its érodqgtidn.
"éhilg'the'dther tuoféectibns EOQEefn digﬁinCt%ons of ;g;i;us;
- fﬁa;ues ;pfh_VOiSE ‘and PLACE with -HANNER'héld qqpsﬁﬁnt a$
N ff;icagivq].‘. - o . . n ﬁ
)‘ o . ! ” f . v ’
Sov 1.,._ ' GENERAL_PROP/ER'II ES°OF FRICA.TI"VAES : <
'Agerégxﬁgmic dspects of ;riéative géoduétion- “.1
. ) . AR .
e . . ' o T | ’ . . ‘, I = -

Like most .speech sounds, fricatives, are also best ',
defined by desctipihg"the;r ptodhciion'meqhanism. Jones

{19602 147) -‘Sta'tééffthaq; Do S
.. Pricative cons%nant' are’ formed by a,naff0¢1ﬁ9 of the - . , .~ =
alr-passage at some |point to such an extent that, the ~~ ..

y )

 escaping air," expelled by.ptpSsdre’ﬁtom1LEggs;m3£9dUCes';
o S S LR A S Lo Ca
: : S T e ' :
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”gvhere u isfwthe . volume yelocity and X is an appropria¢eij;gqu

“

14

audible friction, i.e., some kind of hissing sound’ -

This deflnltlon attempts ‘to capture the ba51c artxculatory'

dlmen51ons of frlcatlves, that 1s, the fact ‘that fricatlves

|

are produced when: NPERTURE is althln a certaln range no
H

m&tter where the constrlctlon 1s located Helnz 8 Stevens

(1961 589) descrlbed thlS as follovs.,

Alr s forced through thlS constrlctlon at’ hlgh
velocity, and turbulent flow occurs in the" v1c1n1ty of
the constriction and possibly also at ‘the teethl,
'NOlse 'is generated as a result of the turbulent floup
and this noise acts as’'excitation ‘for the acoustic tube
that forms the constriction and for- the. cavities
anterior  to the ccnstriction. There may also be some
acoustical coupllng through the constriction to the
- rear cav1t1es. . < : ‘

B3

-

Stevens (1971) states that the aerodynamlc factor uhlch

v.determlnes source characterlétlcs 'is'vthe. magnltude of
pressure drop Pd caused by energy. losses 'due ‘to"any

f§§hstr;ction-in,the‘ai;rpa$Sage, Since Pdtisvgiven by

I
N

() Pd = kuzysz,

. . . . .
. s - b ee L e
- . : . 4 . o

e e T L

a4

constant (Stevens, 1971:118{ the ma]or factor determlnlngh

Pd ' is the»-magunitude‘ of S prov1ded 0 is assumed constant

-durghg_‘speech.z A dlmen51onless parameter Reynold's

e

S R L - - - e -Q;'

Sh - o .
Flanagaﬁ (1972 53) noted thatvafturbulent a;rﬁ}ou can a150_

he generated by - drrectlng an- alr J@t across an obstacle or
sharp edge.‘, :

‘2 “But ‘note€ that § can be affeoted,hyuboth changes in: glottal ,i,r-f;

«conflguratlon and/or subglottal presshre Variatlon.‘- Shonge

R
e B
.,pJE-, Ree
o
N
W
i g
= e
e % e
:"
il T
-
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I

ﬁuﬁbér,he given by

’(5)'-Re'; vv/k,

a Lo

where:”v is the partlcle 7e10c1ty, u the effectlve vidth of

9

the a1r~passage, and k- an approprlate constant determlned by

veloc1ty and den51ty of the gas (M1n1f1e et' al., 1973:258)

is  an meortant reference. in _understandings turbulent

'\ . -
streaming and noise generatlon in frlcatlves. : Flanagan

(1972 55) stated that the maqnltude of the sound pressure of

a noise Pr is approxlmately determlned by . » .

R

>

(6) Pr = k(Re2 - Rc2),

~'where Rc is a critical value for a certain shape of

‘comstriction; and k is a constant Con51der1ng that Vo= U/S
.and that s can be p&oportlonal to HZ, by subst;tut;ng\(s),,(v;«'
6) can "be reurltten as -
(7) Pr = -ju2/s -“kRcz, , o
. N L ,7.1 el »u;’,,'n o .;,'v.,@‘.,“:, @ e

_mhereﬁk and‘,julgre: approprlate constants.v Formula (7)

PSS, -_‘.'o».«-ﬁa@ha..,_u o '-"-Ava“‘_ﬁ\»‘.&h-vrﬂv-

'-1nd1cates that Pr 1ncreasés (above some fhreshdld chZ) when

-

P

S “becomes smaller prov1ded the volume veloc1ty U 1s held

_'conStant ~and'¢hat“”?rf lncreases 1uhen hu becomes ~g’r_eat_:-er__j

o

prov1ded the conStIlCtlon area S is Held constant.“' <t : [

‘Stevens»(1971:1183)'classified turbulent noise into t wo

. - ’ R PR
groups: h"frication noise" due to a supraglottal turbulence,__.w

and- "asPlratlon n01se" aue to a glottal turbulenCE.< éuti'hejiﬁi"

- e : : hsid
sy, T e e

T

R .- - S ety e s



/. . T RS : Lo [

"added‘ that the? dlfferenee of the.tuo groups 1nvoives not';
donly the reglon where a. grlcatlon 1s generated but also howi'“
:Pr '1ncreases’ beyond the CElthal value so that a frlcatlonb
can occur.l A frlcatlon n01se (L e., i supraglottal ’noise)"
-.isb‘undoubtedly due  £05' decreased S But an asplratlon-
‘noise {i. e.,, glottal frlcatlve) is rather due .tQ’ an

ilucreased volume veloc1ty U.,"An asplratlon n01se /h/ is
. -

'produced Hhen VOcal folds abduct closer to _their breathlng

- e e

~,pos1tlon so that a v1bratlon for v01c1ng tannot take place.'iw'

™
- ‘ », » e ul_; Z‘f“

'-,Stevens (1971 1188) thus argues that

; _ -act'is:in*afybweILIike'“’
_COnfiguration but the " glottis is spread and there may .
- be no. vocal-cord. v1brat10n.~ The: airflow under ‘these RS
~ conditions- is cons1derab1y grea ter: than it is durlng S
A_normally voiced vowel sounds,-and 1s-generally in the"

_____ range 500-—‘1500 cm3/sec. These alrflou conditlons', -

. .occur fQILJQlCGlESS‘VOYelS% ‘for /h] s&und “and” for the’ '
: asplratlon ~that fOLJOUSathe'release‘of certaln sfop

e
ey

consonants in Engllsh T IRt e u_"“, ,
. e = Pl e v g @ . B B
. D "0 e e '-..» R C 4 - ot . ,-.."rw.‘_mtt - "- --'-"'-"' - =
o . IR S PR, ",

Im~ the ‘present study, éu: 1nterest uill be llmlted to

- -

* o

PR TN g
‘ﬂfrlcatlves" only those sounds produced by an - exc1tatlon of

frlcatlon no;ses only.--Thus, we‘lwlll henceforth -Bean ;by5§fﬂfﬁf~‘

'.'the vocal tract CaVltleS by a turbulent\n01se source due »to.:

_“any sugraglottal : nst tlgu (uhether or not there is an, T ufyv
." o I, (' - SR s PN
actlve glottal constrlctlon), thus excludlhg /b/ sound.- e e
K Troans - ..‘4 R gwm g “«’ o ~ .. Qﬂ’ﬂ. . - Aﬂ . 9. B Lo ” - 4. .ﬁ"“' - _-6 A
N . oo 3 v / - - .
N - X - X
) . - ! :
N , .
N . e - . s o > o SorwTs T R
‘ ; & - o ® » g 13 ‘
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The dlffereuces of 51gnal type due to dlfferent MANNER;ipF‘_

,tslare readlly ev1dent ln cOmnon spectrographlc dlsplayso;'Theitftffﬁ"

Zf 51gnal [frlcatlve], produced by an APERTURE value less than{‘;ja

[vocallc] but greater than [stop] or [affrlcate], exhlbltspgpt3"

. an 1ntermed1ate characterlstlcs of sxgnal pattern betueenfia“

-

observed 1n thelr zspectrum ﬂau'lYSes tuat, [frlcatlve] 'sﬁ,E;!T?V

conSLStently

oo

these tip; extremes. The slgnal pIOperty of "apetlodlclty";f,

.jof [frlcatlve] 1s shared by [stop] or [affrlcate], whlle therJ u ﬁT

51gnal property of- "contlnulty" of [frlcatlve] 1s shared by_!fpﬁf.;
an N L _ . . : . e,
[vocalic].w$ f

\""

"1iﬁst.early 5? 19“7 Potter. ikbpp?fa'ﬁkbéﬁ- (1966 35Xf75"’

: : ] We: dlstlngulshed frlcatlves fromaall
“other sounds by the ‘Thissy" ‘noise’ the turbulent alrf

stream produces uh1ch shows up ‘on spectrograms as. a ;:
fuzzy segment g : '

<

- AS '““previous ' acoustlc - studies.*fconcetnlng - fricatives ' .o\

- . t

”anlCa£E,,_[frloat1vea 41dent'f1ed hy the‘;;

existence of contlnuant Spectral euergy spread. uldely .over‘d"‘"

\ -,

the hlgh freguency bands (beyond 2 kHz) (for detalled,fﬁTiW

,.,n...

escrlptlon of general spectral conflguratlon of ftlcatlves,i RER

‘see Hlnlfle et al.,'1973 258—272' Ladefoged 1975 179).~5 .

0



R e LT T T Ll S R U E N
'::j'Lhi There have been a_ nunber of preV1ous_ studles vuhlcheqﬂl/ﬁ,‘wgﬁ

e

f;;attempted{;to explore the dlstlnctlveness of PLACE or VbICE~

rf53¢f fr1Cat1ves. These Hlll ee rev1ewed -1n h follovlnqlfw‘ |
u*fsectlons.1 Each jef the studles uas condﬁcted along one ofﬁf;egifﬂV”i”

‘fw}the folhﬁvlng three tracks-?*v

;]f(a) —(1) statlc dna1y51s of long term frequency spéﬁﬁf@é?qfﬁffa‘

'JffﬂSOme frlcatlon sectlons,-ﬂ':ﬁ‘f‘

'fl(iix dynamlc analy51s of short-term frequency spegtra ofjﬁﬂf-

'”7fﬁsome tlme dependent frlcatlveiSLgnal portlon, or'"

abeolute Ot*ﬁrelat1Ve neasurement of some prosodlcffff'

'”’Pr°9¢rt¥?5ifﬁ.g;, duratlon, overall 1nten51ty, etc;]ﬁfﬁ*”"‘“

Thls sectlon is devoted to the reylev of ? number' 9£j j{fi"

fricatlve consonants, by means of acoustlc f[;f*e"

R ”ameasurements or psychoacoustlc experlnents.r'

|

'rhe earllestﬂﬁ"

iffétteupts ui present

"'guantltatlve: descrlptlon fdf}“fﬁei



r;;acoustlc propertles °f ”ngllsh fr1cat1ves.:ﬁA few 1solatedf Dy

'7words contalnlng frlcatlves were recorded by two male andnng'"

PR P

'.fﬂ"°ne female speakers.« By means of -fa'f tl‘?llgger—tonem.nsertlngi...

';technlque, fa}fSoffmsec ‘long sectlon of frlcatlon vas gatedef~””

b

Hfrom the recorded 31gnals (the crlterla for 1ocat1ng“ thlsﬁ;”'”
o g _r o ; » . \ % 0,: B
.tfrsectlon t,n¢ﬁf clear) and sub]ected to spectral analy51s,f.«

A'.\‘.

hLCh gave frequency den51ty Spectra: ulthln the range .ffﬁje-“

“”.K0.3'- 10 kHz.'l Hughes ‘_notlced that 1n the reglonjfggt

:above 1. kHz, the spectre of v01ced frlcatlves and voxceless#?ﬂ'
uﬁ)frlcatlves do ﬂpo dlffer apprec1abiy;4:, d that v01cedtﬁ

'tffﬁmﬂ”frlcatlves.often have "a very strong component 1n the reglon;?gglr

'fbelow 700 Hz" (they called thlS "v01c1ng component") whlleif

‘wmﬁ "th1S reglon 15 never promlnent" 1n volceless frlcatlves‘hf'

'ﬁBut thex.argued that

u“srnce 1t uas not true that,a:v01ced frlcatlve has

li}walways a voicing component““tﬁe dlStlnCthn at acoustlc
_;ﬂ»level betueen volced and - v01celess fr1cat1Ves is not
jz,necessarlly made on: the ha51s of a 1ow-frequency

N component 1n the spectrum. B o S

_bn_f; o :

Jassen's spectral-apalysis

e

I . e e - .»....-., S ..y.-‘..-.,.“,

frlcatlves




' tives there ¢ross=o
envelope.i Below thlsftne_volced3sou

':v01ce1ess sound. The .. energy belou the cross—over pOlnt
(which OCCurs somewhere betueen 600: and 2300° Hz) iR Dt
31v01ced frlcatlves lS almost entlrely due to the volce FONETI
'source. ' S S ;o . , Cee e e e

‘ffBe51des thlS, he notlced that total energy level faé also
'ﬂ{ffound ;jbe' dlfferent :accordlng VOICE.af He dld ﬂ°t-‘ﬂ;ﬂ?f1

eagattempt to explain uhy, bnt nevertheless he reported that

.v01cedefr1cat1ve has less overall n01se source energy than a "H;5ZWg”

“fghomorganlc v01celess frlcatlve..jf*“-f“

':Rdbiier'sfolaigstr:tuo'égﬁpbnenfsfgfiiéiginQﬂeffeéts““'

..inf,&n experlment of speech synthes1s by a termlnal-'-"w"“'

“ynthe51zer,f Rablner




off'veiéed frlcatlve, (1 e.ﬁ the lowerf*#f

of

'W‘Wpetcepfibn ‘of‘ VOICE ' 1dent1f1catlon gféﬁ-f"n

1ves and affrlcates..,fﬁﬁdswx

: They obtalned samples}ofaﬁfa[' )sa/ and /t[a/“syllables_> ;“.,_,.

from 6 male Speaker;fTBY means °f'aitape‘sllc1ng technlque,;f"”“

'e%}each uhole frlcatlon portlon }iasb d1v1ded 1nto :Si equ1~}j
dlstant subsect10ns..~ They produced JSix_uneh 51gnals by_
recordlng the consecutlve playbacks of the frlcatxon portlon‘

and the vocallc portlon Hlth the last _subsectlon efA‘the

frlcatlon taken off one” by one. These six: new stJ.mulJ_,_"w--j

dlffer;ng 1n thelr frlcatlon duratlon,, uere presented' to7

to' ‘décide - on




*ﬁjf[v01ced] ‘and [v01celess] .tokens.',;ffh ANOVA réé@ifﬁ;“ﬂ”v

'?;flndlca:ed ?bhat a volcedfffrlcatlve clearlY had a Shbrﬁéi;ﬁfﬁ"‘

‘Rﬁfrlcatlon portlon than 1ts v01celess cognate.f

Masearo 5 Cohen (1976) voice—on5et

"thlme : (VOT)"ﬂ:would__ lay fag 1mportant role:;f VOICE

~ -

1dent1f1catlon ln frlcatlves as vell as n stops.r'lfv order

e

'=4?r test thls hypothe51s, Massaro 8 Cohen synthe51zed /51/

and /21/ by “‘means gag;" dlgltal-synthe51s technlque
"icontrolllng e duratlon of VOTl so that stlmull Ulth four

Zfdlfferent VOTs j(?é;.:gp,: 110, andx'139“msec lcng) were

"i 'I,Z

.:1,ge¢erated.

'a'who vere forced to dec1de 1f the stlmull-soundedv more llké

j/sx/ /21/.., The results lndlcated that thelr responses K
moved more tow&rd /51/ from /21/ uhen VOT vas 1ncreased.. *4¥%¥;;;;\¥#

Di;s.ge_;gn dnd summary of VOICE identification’ = . -
F1rst of all tfﬂ- found that .the ex1stence’ﬂdff
;,nvolc1ng component" 1n lov frequency area 1n the spectra of i f"fﬁaff

'7Vf-v01ced frlcat;ves uas ‘ﬁof} alvays detected._. ThlS .ﬁact{f;'y

QT vas”neasured as the 1nterval

: m,hedhﬂrst of noise’ and-the onset:of. Voicings:AS to *“"*‘“i'"
RIS frlcatlves, hqueVer_ it is .gui-te- dlfflcult o .find- a'stable R
e reference time” boint, " Bu s: Massaro. & - ‘Cohen indicated, T R
-.,'wsxnce°tme duratlcn o' the synthe512ed frlcation was held L L




e e

suggests that the frlc t1on sectlon of frlcatlues mlght not

be so uhrfi throughout fits’ duratlon »asf”' generally

assumed spe01ally in; the‘case of‘a_long v01ced fr1cat1vef$

'*fl:ln thch a- vorcrng start"relatlvely.late, the results of

'1,~¢".>— T ot e, .

Ve

< -z

spectral-~@hal?s1s fcould dlffer suhstantxally dependlng.onprf*i;

s uhlch pcrtlon of the frlcatlon sectlon 15 t0' be: analYZed,fe-””'
\ - b LR . .

1

: AW;Tt f' worthwhlle to note that‘thehoniydfr1Cat1ve an'vhlch"r—s%%%%%;
Hughes & Halle could not flnd a vorcrng couponent‘.ub. /z/, : g
uhlch' turned ouf\to be much longer than other frlcatlves 1nfaf |
“the present study (see Chapter vFouri{g‘ ut ?1t -shguld h 'fﬁ -

: “\Nxerr

pornted 'out that Hughes 8 Halle s gatlng-wlndow was- only 50 xffi?$ff*

nsec long whlle Jassem s uas 80 msec 1ong.vp Hence, 1t s o

suspected that vHughes

T\r..

8 Halle mlght have set thelr

‘....t-.

.‘“"

.underscores the necesslty of;conslderlng the dynamlc'aSPect;t;pf'"”“

55; of sﬁﬁgzhhsounds and that_speech 51qnals must be regarded as

mbstrlctly tlme dependent. The appearence of such studles as
L ) =

ALO 8 Cohen whlch uas concerned Hlth WOLCQ onset tlme ffvl

cornc1des ulth thls

'end 1n the study of speech souf%:,;

eratgres, rather

f*g{than as a strlng ofvsegments, vhere each segnent 1s;a hlock

E_»._..__.

The guestlon f«lhouffthp; spectral data,ﬁaregftof?heg7 r*t“ﬁﬁv

represented remalns open. Hughes 8 Halle (1956) adopted a

“f'ulthln—51gnal callbratlon: method whlch normallzest

R . . T . e L
K T N L , L e e T e
At S hdabas + AL I T e T ) AL M £ e AR ma Sl L 2 e L



“'51gn1f1cant dlfference 'ﬁf

and peterson,,1959 429)

' y very '::arqeful?'1




amplltude envelope betueen ;he

REN i

fundamental:




Thls sectlon xev1eus a- nunber .§f 1nportant

prev1ous“ ’

35studles whlch_attempted to dlscover

¥

_ ﬂcorre1ates of perceptual cpesljf PLACE featurerbf

experlmentally acoustlc

English frlcatlves.'

) investigated speaker differentiatinn wish

‘:—‘-AA.- aaim

l LaRlVlere (1970



half band (2 15 -~ 6. 00 kHz), “thle’ [1ab1a1] ‘has

RS

more: evenly dlstrlbuted energyn and JL

"~

| (1v) Falveo—palatal] has the narrowest energy peak PR

C ) ) . . "\__“, 1
L a e N . . |
C HArriet gece e B o n SRS ;

Harris' test of effects of con%extual vowel. |

— |

o
P

N . }

i : o

\ L

. |

. Harrls (1958) attempted to 1nvestlgate the effect of

.the succeedlng contextual Vouels on " PLACE 1dpnt1f1cat10n of

i /

@Engllsh frlcatlves.v She/edlted real speech sounds by means,

LS t

Aof a tape—sllc1ng technlgue to get 64 art;f1c1a11y _coupled_o

. <
. _frlcatlve-vouel 'str1ngs. : ~The]' same ptocess “was done

f.'saparately with '01ced and v01celess groups. She combined

the trlcatlon portlon obtalned from u drfferent PLACES (u1th‘

'-VOICE held constant) to each of all 4 dlfferent contexts of
: &L .
the same vovel. ThlS routlne was repeated with each of the

] .vowels namely /1/, /el /0/ and /u/. These stlmull uere
presented to 22 subjects who Judged PLACE . of the stlmull.,

’

Prom this perceptual test, she concluded that frlcatlon

. e

'portlons of labials and dentals appearedt ;perceptually.

,1nd1st1ngulshable,_ and .that -these tuo ' groups 'vere

y dlStngUlShed by the _cues fronm their"contextual vowels,

“

Lo 3 LI
uhlle . others were well identified 1ndependently ‘of

_contextual vowels;. But 1nterest1ngly enough, 1t-'was also

}‘.rfound that lablals 'and dentals could be- also  well

e 1 , .
':;adlstlngulshed by xhe;r frlcatlon porylons 1f the - contextual

"vouels vere rounded N ' .

.

SayL s




2 Notice that item {iif). is‘contr

;Srrevéos' sgeétrél ég 1iéi
Strevens' (i960) study con51dered the overall 1ntonsrt} 'Z*.i{:f”H:§

fof the frlcatlon' pcrtlon, and ‘the wldth of the frequency:i

rrangé over whlch the random eneréy is spread ,asv'candldgtesh

for , PLACE‘ 1dent1f1catlon ~cues. | Tokens .‘% ‘yoiCeless'

frlcatlves 1nc1ud1ng some non—Engllsh sOudEEQ»uerei féébfaed

by 13 uell—tralned phooet1c1ans. To achleve hetter sbectr§l 

shapeq\ ‘suojects were asked ,to}oproﬁuCe fricativesnof
~extraordinarily‘long duration {1000 mseé).'l ‘In'-a ,v1sua1.

) examlnatlon of Spectrograms coverlng the range of 0 - 8 kHz,;

]

he reported that: o o  'ﬂj

- . i e

(17)- (i) more overall intensity level was detected,xﬁ‘mdre
'.posteripr fricativof;;;

(ii) while the. freguency range of energy concentration“

>

of front frlcatlves vas- relatlvely wvide (5 -.6 kHz

Qlde), “that  of back frlcatlves. was‘_rqlatively_

narrow (3 - 4 kHz wvide), and T T i

(iii) while the energy peak of front fricatives was bélow;

2 kHz,and that of backs wasabove 2 kHz.2

[y

14
3

§

1 Por reasofis that- wlll be clear in the follou1ng -

discussions, it is convenient to refer: to [labial] and "

,[dental] together ‘as "front frigatives" ,and to {alveolar?

and . [alveo-palatal] as: . "baqkqfrrc§?;v & _ gwmguaVTﬁi
a ~the reports of souq R

- others. (e. g., Helnz & Stevens,.1961)..>4 . o

o s : B - )

f . A
: s adg

-




so i

[oe]

(12
e
< i

‘Heinz 'and §tevens',c1rcu1t SLmulgt Q‘gg gtigigiigs

S ) . .
Ty PR

L BT

mlted the scope of thelr study
?LACE 1dent1f1€atlon cf v01ce1ess frlcatlves. At flrst,

they con51dered the aerodynamlc mechanLSm of productlon fdf

Lk

v01celess frlcatlves and prov1ded a two—pole—one—zero model
.;hlch‘ 1s conceptually analogous to. a 51mp11f1ed vocal trac;
conflguratlon for, v01celg§a frlcatlves. _;Theﬁ specrra.fﬁere
slnulated by» an' electrlc c1rcu1t and'compared uirh those
'obthined:from real ;speech ,sounds (the dard prov1ded by’

Hughes & Halle, 1956) . Flnally, they conductedza perceptual -

experlment 3uslng synthes1zed . stimuli in- order to test theo

{a;ldlty'ofxfhéir predlctiOns. In~ the synthe51s process, i

hoiever;' they adopted an even more 51mp11f1ed modell ulth

’

ane polé and nc zero to get a reqsonable approx1:at10n-‘of

~

the ouiputs_-of tuo—pole—one—zero model “ The. Slmpllfled |

nodel was controlled by the“frequency and banduldth _of rhe'
;s1ngle. pole, ‘The analys1s of suhjects' responses indioated
that more anterior PLALE responses resultedi es4 pole
frequency 1ncreased.. Thls experlment also 1nd1cated that'
[dental] and [ labial] could not be dlSFngUlShedv fron. each

other ulth : the~ ‘lnformation obﬁained fron spectral

-

conflguratlon alone. They carrled out another experlment in ’

uhlch the relatlve' 1nten51ty level f frlcatlon portion

- ©

(vlth reference to that of the vouel portlon), and theAlocﬁs

il

K3 The effectlveness of this 51np11f1ed model uas conflrmed
" by Pujisaki & Kunlsakl's (1978) study of Japanese
frlcatlves._ .

A! _— . . . : ' p,:_“, Ll

a -




of second formant tran51tlon of the contextual vowel were ,

'concurrently consxdered. l-w n;" » | . . “g _.@
s O O SN
'ﬁTheir'study'coﬁclnded.that o

(129f(i) pole frequency 1s relevant to PLACE 1dent1f1catlon,‘

blii) overall 1nten<1ty level of the frlcatlon portLonVr”"

Se

‘Hlth ‘reference' to that of the contemtual vowel is:

valso relevant to PLACE 1dent1f1catlon, and

~

(1ii). second formant tran51t10n 1s also relevant to PLACE’

"4iﬁW"F‘ "ldentlflcatlon, partlcularly Hlth [dental] -and'

‘*[1ab1a1].

Delattre, Liberman apd Co geer's test of trapsition effect

3

Delattre;- Lihernan‘va, Cooper (196&) 1nvestlgated somef _-ri

acoustlc cues for frlcatlve PLACE 1dent1f1catlon, espec1ally

between [dental] and [lablal] 1n terns of some- conteitual'

,parametera : Delattre et al chose v01ced frlcatlves only,'

“2assun1ng that cues for PLACE should not be affected by VOICE“'

°

"factor.;’There vere tuo naln reasons vhy volced ¢fr1cativesf,;“

2 r

('Q'

(13) (1) louerﬂ overall 1nten51ty of a voxced frlcatlve nayf'

- ' 3
PRI

s

Uaf_4,Y ' reduce the 1nfornat10n from spectral cues, and

(11) longer tranSLtlon perlod of v01ced fracatlves uouldn"a

,prov1de better experllental control.-




By means of a pattern—playback technquG, they prodUCed{f;j“f“gfu;f"*
_isynthe51zed stlnull frcm_ hand-palnted spectrograms.; Each1*7{d

w-a-;o‘,stl-nulus 3 hadi‘f“gﬂ,contexthal vowel q;th therr"fo ant“ﬁié‘f‘“»

‘oitran51tlons codBletely controlled. The result supported the

. &

"COncluSJOn that [dental] and [lablal] can be 'dlstanUIShed
by dlfferent ’ loc1'o.of-hthev¢second,_ df thlrd formant

~_traﬁ$1t10ns.

'Jassem s _Eectral an ;1§;_

—mSma s 2pExvLal o
R

'7 Jassem (1965)/neasured the lenelsf‘and 1oc1 ”oﬁi féhg e
.formants,' and compared .the formants ulth oneﬂanother. :Inf“o,e;f“dff'”
'order to obtaln | ‘gome parameters ;IBYT: Uhlch maxlnun,f{'ijiv .
“dlscrlmlnatlon ‘of-*fth PLACEs of frlcatlves ‘could jbeafj;"';%“.h

, achleved he deflned for Engllsh two acoustlc features.
;’.":("j.1i1;;)".—'?(J'.'::).':'A-"SPR,EADNESS_'#-'.. “i"'f.-'.Fiui»‘- 1?3 1 8 kHz G
SO . hen [+spread]
_ elsevhere [ spread];;andiffi fh
(11) HIGH FREQUENCY«EHPHASIS (HBQEHP).'?T- ~
' . 1f ([+spread] and LQl- L2 > 0)

‘_,'or ([ spread] and L3-- L2 > 0)

?i o "y?';g.."‘ . t : then [+hfqenp]

elsewhere [-hfqenp]. '3'":

where Bl‘lndlcates

1th fornant.» In terns of these tuoff:““

the dB leVel

the




1nd1£$ted 1n Table 2.-57' 
.' ;{,’»-?? R e

uﬁv SR

fJ _;t;fTah1e 2. Peature spec1f1catlon of frlcatlves by
. 'Jassem ‘(Notice ‘that- ‘this table fails.to,. .
uq;dlstlngulsh [dental} and [lablal]), AR

L -fﬁ,,m, . PRI _ S ey
T T L REW s
. lab;al’l dental lalveolar ]alveo-palj“
v U L .
l FU AR l“ .:,f l SR % I - = 'E
S S - . 1 ENRY T :;.'_', 2 o s ',1‘ :
.. = = e =
S S R T it
o O :

,f- otﬁonly propoced some exp11c1t1y deflned aCOﬂStIC features 

to dlst1ngulsh among fr;cat;ves,_but also relled on relatlvefuj””

asures rather than abaplute values of 10c1 or levels offvf’"

s

ever, 1n“sp1te of hlS complexff_;?7'”

f*fornants and antlformantlf ‘Ho

-fﬁand dlSjunct;vely deflned crltenla, [lablal]

[dental] :

'f;uere not dlstlngulshed fron each other.”¢57" °

They expevlmentally dontrolled thé length of theiff”

et i e



250 msec)

‘iproduce.wyariouSo stlnulrern onehexperlnent- 3In another

"-[kexperlment,- they controlled 1tﬁe type 'f strnull flbY,

”3fe11m1nat1ng preserv1ng hef tran51t10n or the vocallc'

*f,ﬁportlon after t& frlcataon. The'a‘resnlts-n’of thernfﬁi“

*fperceptual experlments lndlcated that the back and the front_f

frlcatlves are dlst1ngulshed 1n terms of the degree of thelrE“'

e . «
a8 " R TN - PPN -;, Lo .
O‘ LR Y . .& Sy N

‘713;contextuai.dependencyam They reported that vowel rnformatlon;‘”

e

a‘,especaally‘ ihén folloued by the contextual vouel /1/., itf;ff“

:7<¢fthan in- back frlcatlves

"ﬁ;does nOt play ‘a 51gn1f1cant role 1n perceptlon of back%}fj;jj;.fuf

'dffrrcatlves, ~un11e ”it doec gsdftifo front frrcatlves,

'f‘yasﬁyalso reported that the 1nter-speaker varlatron oﬁff;.f% @

e

LRIy

'"-%peCtral peaks wasﬂgreater 1n the case of front fr1cat1vesﬁJ'"”

Fujlsakl 8 Kun1<ak1 (1978) recorded 60 CV and VCV typee;-rj'wlér;

?if:uords: contaln%ng /s/ :or /f/, and lowpass-flltered them at}:

'°dGold 1975 75—102) and were converted 1nto logarlthmlc power v

fg9 6. kHz for d"

'tal sanplrng. The frlcatlon segments werej'*

.:extracted by 50 msec Hannlng ulndow (refer to Rablner 8;-f:~v

‘fdkspeetra over the frequency range of 0 -_10 kHz.'“fEhe range

‘ \,fron 0 3 < 5 q: kHz was taken, and vas lelded 1nto 2u bandsv”f"

T j1eve1 sulthln ‘thé band U51ng the least nean~square error?ﬂ

"'_of equafqiidth each of whlch uas represented by the averageih”:ri”

;.Jcr1ter10n, they determlned h freguenc1es. of poles and"

¢
:’.'vl.«

R P ST

L



'“WierOes

one—pol'

n,‘-b..

‘5¢-measured°

that the nodels Hlth a

zerd‘ are Qfa' those

Q‘{glthout a- zero for/ the approxlnatlon of /f/, but the

dlfference ds. dlnla}shed for'the appr011matlon ofs /s/.,_&gnff

Ji

“*fth h351s ‘of thls analysis, an opt1nun>11near dlscrlmlnant

and percentage of correct discrlllnation by means *of7 those

"'Sv

: functlons ,vere examlned.;égthe results 1nd1cated that 100

percent recognltlon vas possrble u1th nodels 1nclud1ng

*i zero vhlle errors ,occurred 1n the case of models wlthout

Zeroes‘ __:,'. Cw

4.

Fu]lsakl hé?i Kunlsaklzg then :ﬁ tested perceptual

; effectlveness';of the wodels.hd They synthe31zed speech by

conputer 81nulat10n of a termlnal—analog synthe51zer;*

v The .

fﬁ outputs 'Here presented ‘ 'subJects who _categorlzed the

SR SRR ey

';stanull. The-results 1nd1cated that the two~pole—one zero

Vmodei and theﬂ one;pole-no-zero inodel produced the best

- approxrnatlons;'¢Through a naturalnes Judgenent test, they

L ~

"demonstrated that the tuo—pole—one_“ero nodel and the one-f

pole~no zero models uere superlof‘to other'hodels, hut they

-each other. Though

"I

f_uere' uot 51gn1f1cant1y dlfferent fro

they could ' explaln the reason for the dlscrepancy

hetueen ;ﬁthe;f results obtalned hy i ana1y51s Land;’HYVTj;fuffT

perceptual tests, and even 1f 1t 1s not clear whether or not




- -Kunlsakl s Uork was hlghly 1nstruct1ve 1n that 1t.suggestedﬁfi5

, ~fr1cat1ves.‘n Str

S

Hfthe nodels proposed by them wlll apply to Engllsh f7lcat1ves'{”75

"7J”irwiuh1ch there até;ffﬁc more categorles.{L Fujmsakl ;f&y?ﬁ S

' a e [

R

l?a aay of evaluatlng mcdels for frlcatlve sxmulatlop

Y

4

j It vas notlced that the flndlngs dlscovered by a numherp

™

”¢df> 1nvest1gators . concernlng “PLACE‘f 1dent1f1cat10n ﬁ‘of;f

o Afrlcatl ves . are f in general qu:l.te con51stent.- N But

ij'renarkahle contr'versy Jwas. ~observed‘* concern1ng< front

.éﬁs (1960) clalmed that front frlcatlves

iihavg-a peak_'belov 2 kHz,.‘uhllew Helnz 5 Stevens (1961)>

et

rfreported:Vthaﬁ:wai.peak is’ found’ln a much hlgher frequency.;
-farea, nanely’beyond 8 kHz.: However, 1t should be remeuhered'

fthar Steyens also p01nted out. tha ='he;handuldths ‘of front A

X

"l,aﬂ'fricatiﬁes uere con51derab1y deer 1than those of other,"
3_groups, uhlle the.overall 1nten51ty of frouf”.fricatlves is
fthe‘-louests ‘ Onfthls account,‘we can reasonably 1nfer‘that

73p;the spectrun of frcntal frlcatlves are more or less flat and"

;’depressed and the peak 1s nct so pronlnent.u The acoustlc

'ipjcorrelates of fr1cat1ve PLACES reported by preV1ous research“”

'~rare thus summarlzed as follovs-

. te oy

e

”'V(TS) (1) front B frlcatxves_..aré: dlstlngu1shed ‘fron back

frlcatlves by a v1de and flat spectrum,':V_‘f‘ ’

(11) [dental] and. [1ab1al] fl.e. front frlcatlves) afg

poorly dlst1n§u1shed from each other« by thelr

L.



ﬁﬁ¥f . (111) [dental] and [lab1a1] Can Bei dlStLBQUlShed fr°m : o

T

a- sharp peak 1n nlddle freguency area.'

statlc spectral conflguratlon,v’

f'each other prlnarlly by the fornant trans;tlon 1ntq :1,r 

the f°11°“lng vouel and '7_u* 7{ ?§TW}in

(lV) [alveolar] 1dent1f1ed by a. smooth peak 1n wign

frequency area and [alveo-palatal] 1s 1dent1f1ed by k . f

. s,
EE N K BN . RN AT d
. e “© ® -



CHAPTER L THREE ;j'-_},

QUANIITATIVE ANALYSIS OF FBICATIVES

. . - - : . ; i . S e
oo, o T . e " . e

ThlS chapter descrlbes the data usedf-ihf’the present;gﬁ""
study and 'reports ﬁ,av-'--ser-lec of quant1t1tat1ve5 analysesfift-

de51gned to. dlscover acoustlc correlafes of PLACE and VOICE;?"

)

dlfferences in- Engllsh frlcatlves by neans éfﬁ varlous"'”"
‘-statlstlcal tests.u The present study analyzes three sources“

qf 1nfornat10n' duratlon of frlcatlon, overall 1nten51ty cof

E2 . 'r

flrst séct1on descrlbes some relevant mahters concernlng the

_The second sectlcn descrlbes the analyses of the duratlon[

¥

last  section ‘is . devotedA to _the - analyses of ;spectra;.

propertles of the- frlcatlon portlon nhiCh ﬂi expected to" .

carry most of the llngulstlcally 31gn1fxcant Lnformatlon.'

oy

oy

1 For'coniehienée, we u1ll denote the 1nfornatron of the

overall intensity and the duratlon of the frication portlon-;

by "prosodic infermation®,” though this constltutes an,
extensxon of the ordlnary usage of thls tern..g-

3

i
o
e
B
!

4
e
&y
b

I

friéatieh;h and spectral conf1gurat10n of frlcatlon.g>$he o

ch01ce of’ paraneters for the data and thelr measurenents..4 _mﬁ,;

and the overall 1nten51ty of he,.frlcatlon- portlon.k._The~‘

b A b e

s




fg1;-}

'DESCRIPTION AND MEASUREMENT OF DATA .

(16) (1) four PLACEs of artlculatlon.
‘ ‘g][alveolar] and [alveo-palatal];iﬂ
 1ii) tﬁé;f VOICES - of: 1;glottal source.

Jﬁzl[voiceleSS]r,  ¥55ﬁf"'% R

(i) fo

SPEAKEst‘

LY

- __f‘.('.i‘.;v)).': ',t‘ﬁféé |

.: g}yiﬁ;:

o Unless othervlse sp?cxfled. SPKBBP 1swtreated as
;g'experlmental repllcatlcn 1n the‘present stndy. A




"'In order to enhance the_naturalness of the‘ readlng fgf;@ﬂ;fﬁ

" Mpparatus

- instruments Below, .v.ét..e |

used >1n thlS study. and‘ﬁf”

fﬁ;](19) (1) ulcrophone'— Sénnhelser HDTﬁ21N

Freguency response. 30 ;o 17000 Hz + 5 dB, ulth_uv

2_} Thls ‘idea’ uas_adopted fron that of Lehlsie & Peterson
}(1958 431).= - S 5

ca ’.';):‘ -



f}. 1_A111gato is an 0
"4 psychoacoust1c .expe

 ff4- Slgnal-to-n01se ratlo' 58 dB

'similar. computers,

-writtey. “in 0§/8" EAL-1ZDMassenblym o
language. _For detailed- descriptlon‘of the'systen,‘refe.
RS evenson & Stephens (1978a' < o

peratlng systen ‘progranm for
rlnentation executable on. a: PDP-12:Or_

'1978h),}




1)

‘repeatedly presentlng .toa_th"dspeakers a'control sentence
.hpre—recorded by a tralnedg epeaker.' thle’ a"speaker ﬁuas
'»utterlng his sentence, the experlnenter kept watchlng the YU
'me{Er‘ of the tape~recorder ensurlng thab the - 1nput level to

";the recogﬁer uas always around or helou 0 aB so as to avoid=~

a 51gnal dlstortlon.

S S ' S :
Thlﬁ procedure ¥as: executed by an interactive program>
:(henceforth “gatlng prcgran") vrltten in Alllgator;‘ - Two
fnagor steps auere cycllcally. executed ‘v1th each. recorded‘
ﬁﬁtterance:,the dlgltal gatlngl of an> audlo-51gnal,v'and

'segnentation wof'.th frlcatlon and the vocallc portlons.

M .

-This: procedure 1s schenatlcally represented np FLgure 1
'Ihé» sanpllng step converted analog speech 51qnals recorded‘
on the audlo*tape Adnto an arraz of dlgltlzed numbers in thefﬂ

-uork area of Alllgator. : Prlor to; dlgltlZng hy an A/D

'.converter, the aud10—51gnal fron the tape recorder uas flrst"r

9

'bandpass-fllfered to eliminate 60 ﬂz hun and p0551ble sneech

nvgfreguency conponents above 8 kHz (one half 6f the sampllng

. Y
‘ rate of 16 kﬁz). Thus, the antl—a11a51ng fllter ¥as: set to

o

.'a bamdpass range ‘of 68 to 6800 Hz, and attenuation slope of

S

_”1 Bor detalled theoretlcal and technlcal dlscu551ons,
concerning digital gatlng of Speech 51gnals, refer to
;Bozsypal (1976)._' - ‘ ‘o

o
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r-——-w

. P T
‘Tape— -7 |=—>} Audio~ LI o
b
J

» -

‘Loudspeaker -

P

-recorder A | freq-fllter

3

o o oy 1'-

1 : . R B}
2 I B R T \F et
: 1 o o O SR S
2 I . - R | o
; ‘ ... * - //"‘* L2 ' v.
- r 7 r a N e I
: 1, Head- i, 1 .A/D : I I D/A I A
‘3§ phone R | converter | I converter e
R - I — - L — ==
2’ S B S S
: H DU , o i ' .
:. . , l R ——— =4
: . F + s — .-
: i Y e T
: I | Alligator - V.0 ) Data RS I
‘3 ol | = work area" = |<—=>|  storage -.| - |
: -1 ¢ 4 s - s ——  5 . TR
: - A N R SRR IR o
I l fho..--..oq'qooovo- o .‘ -~ '1‘ l :
3 : N :Gating ° -z -} Progran< R R |
:..;........J.:-.- program. ,:<———+>|’ storage_~¥ﬂj.q 1.
’ , ' I :‘lii.?....h.‘..-...: ) ’ \ L ‘ l .
- N A ) A
E : ‘ R 3 T
| ; PDP-12 Co-puter : TR B
1 : (Alllgator operatlng systel) S
N - g
...i..‘..‘..........8.......‘...‘..".........‘..‘.."
: Experimenter's : H
s - interactive control: S
:‘....l’..........b....."....I...-.....‘.;....:
¥

b oo o M . -

;vF1 ure 1. Block dlagran Qf dlgltal gatlng and
S se !-entatlon.“;ﬁ,v
*Solid arrous/indlcate SLgnal flows' dotted e

;"arrovs, control flows; solid boxes, devlces. and

- doted boxes,/ccntrollers.

9 -

S R

)

RS



w3

e . . : . ' - A

}'36-dB/OCti‘ ' Hhi;e. the"tecatdetn vas ‘plajiné ‘back tthef”'
.utterance, 3the, sigﬁal hwas audltorlly mon1tored by the
»experlmepter "who 1n1t1ated the. sanpllng routlne.- Care uas;

' taken to av01d 51gna1 cllppmng.; Once a. successful _sanpllng*

,‘. .

ias, obtalned the segmentatlon of the frlcatlon portlon and 
the vocallc portlon vwas catrled out . u1th ‘the a1d tbf;iaudlo—%d’
i‘vxsual inspecticn | Of the digltlzed 51gna1; The.htiharyﬂ
:crxteria hfbt the'-segmehtatlons 'uere/ the shape'hef the
_amplitude _envelopes and  the pteeence ofi/the' v01ce
a,per10d1c1ty of the contextual vcwel A ptonounced 1nten51ty
minimum was observed between the burst‘.n01se~ due"toi the
v.exp1051on of /t/ in’ the carrler sentence "Please say. that
ff;; and the n01se due to the fr1cat1on of\ the contto&led
fﬁhfrlcatlve iconsonant Thus, the poxnt at Uthh ‘the: dlstance
vbetﬂeen the upper and. the lover amplltude enveldﬁZs vreached
'i'a‘ m;n1mun vas taken ‘as:hthei beglnnlng of the.ﬂ§;¢atloh
pottton; The end of the frlcatlon portlon ‘was: assuhed‘ ae
the beglnnlng of tﬁé; vocal;c portlon. :fIny the case. of
voxceless fr1cat1Ves thch uere ausually demarcated Afhy
unalblguous 1uten51ty llnlnun p01nts, locatlng the boundary:
hetueen the tuo pcrtlons vas not dlfflcult. But, for a
lv01ced frlcatlve, the 1nten51ty mlnlmul 901nt dih 'the
waveforn was extrenely d1ff1cult to locate’ because - of ﬁthe
~

v01ce ' modulatlcn. ) Thus, for v01ced frlcatlves, the

‘appearance of hlgher freguency per10d1c1ty due to the second'

o ‘A pllot study 1nd1cated that 8 PLACE-by-VOICE categorles
of fricdtives from one speaker could be well. 1dent1f1ed—by a
'dlsCtlnlnant functlon analy31s under these condltions. '

S SR e A



:Lformant of the folloulng vouel vas regarded as the beglnnlng

of the vocallc portlon.

Theband10;51gnals dlgltlzed and stored by H :h gatlngi
fprogram vere .processed by 1 FbRTRAN program (henceforth
.ﬂneasurenent‘program") run on the PDP—12 computer ' thatj'”
apﬁronriate~i quantltatlve datai could be -obtalned._;eTheiat
.measurenent progral measured the duratlogg of the fricat10n3§;

;and the vocallc pCIthn and perforned a spectral analy51sﬁ}-

e

'ﬁon the . fr1cat1cn portlon. Plrst, the DC blas vas reloved.-{h.
Then,vthe duratlon and’ the overall 1nten51ty of each/segmentn”
.were neasured. The ea nsec segnent of the fr1cat1on portlcn_;f
”_gltn naxlnul 1nten<1ty uas selected for spectral analyses.»?fﬁ
. - S ! : '
?iThis' segnent 'was -then nultlplled j . Hannlng ulndoa;fr
(Rablner & Gold, 1975:75—102),, Hhen the frlcatlon port;on:fd
»uas_shorter» than_:SRkﬁmsec(ﬁftnei 51gna1 ”.s; padded wlthf?;
trailing . zeroes.isuine' discrete_ anplltude 5pectra, uereet?
T"gcalculated u51ng rcntine based on the fast "Pcurfég;{f

-‘trams g_rn n (FFI) and converted to dB values. Each cell“’”

 of the array represented a 15.625 Hz bandvldth. _‘Sets-~”f L

>151xteen »consecutlve 15;6251&2' bands were averaged so that'
the entlre spectrul . ¥as d1v1ded 1nto 32 non overlapplng'j7"

S s SR G



“fggﬁggg_y ,b ,(henceforth BIﬁS) each 250 Hz ulde-

"conver51on‘etan1 between .Biﬁ: nunber an na: frequency Clis

“[;_Pr071ded’ ﬂi APPendlx -VK}r*'T data; obtalned by hf]ﬂ
51neasurenent Progran on the PDP-12 were transferred ftc thef;.

“};glndahl 470V/6 unlver51ty conputer for statlstlcal analyses.‘f’

- "V'
. N 2 .

LA

2. ANALYSIS OF OVERALL INTENSITY AND DORATION”

Loo»
B .

ThlS sectlcn concerns the contrlbutlon of.the duratlon;'
,and the overall 1nten51ty of the frlcatlon portlon Zféf;;ﬁgfff
’J'1dent1f1cat10n : of PLACE 'and VOICE factors.:;ffern&eéchtﬁf
neasurenent }an ANOVA is™ fxrst conducted e exanrne’ theifﬁ
";51gnlf1cancef level th;* effects due to the controlledftf

't“ factors and their 1nteractlons. . A' Nevnan-xeuls procedure:

-4;};f¢r‘ testlng 51gn1f1cance of dlfferences hetween 1nd1v1dual“,

*nvyneans for 51gn1f1cant factors 1s carrled foﬁt; Flnally, a .-

fserles _;qfe-VQisc;ininag funct _ g lyses (DFA's) 'efff

'Conducted to explore the dlscrlnlnablllty of the; datg_figfr;

'terns>of these factors. '&ﬂf ;H-IL e

T/ e
&

1 Con51der1ng the average fundalental frequency of ‘a’ nale
 voice, the width of- 250 Hz -may: be\too wide t'o' capture the: S
B lnforlatlon of every harmoni¢ of: the\v01ce fundalental.;, yV
This. process may ‘suppress some. 1nforlat1_ 'deflned as "v01ce
;fconponent of v01ced frlcatlves“ by Rahlner : ST
e : : i : B

’ ‘.'-.‘»','f Lo .'-f




| Zest of siduifiCance of duration differénce . - T TR

L T
4

SRENERER The alm of thlS test aas to dlscover 1f the duratlon of&f“

5~"fth fr1cat10n' portlon (cr any parameter dlrectly dependentf

{:éion 1t) 1s {31gn1fLCantly 'related tto PLACE ;and/or VOICE;“
fi?dlfferences.:f Two alternatlve neashres were cons1dereqf the‘f

;fiahsolute frlcatlon duratlon (henceforth "DUR") and ghe ratlof?}
V:fof DUR to the duratxon of the contextual vowel W (henceferthfam

,1,:‘_"31)[18")

Z;ANOVA was, conducted in/ thch fth factors SPEAKER,, vouELg;;_

?ffPLACE,_ and VOICE uere fully crossed Hlth tuo repetltlons.u'

'5;Por each of the tuo alteruatlve varlables, a a—way,7"

= The results of the ANOVA's ‘as’ shoun {f Tfhle 3, 1ﬂdlcatef;::

1f;that even‘ though RDUR uas less speaker-d‘pendenx than DUR,j'

‘1ﬁ1t uas nuch nore ccntext—dependent. uoreover,_nost f7fthe
Sl : I e s
fffvarlance oftgth duratlon*.of H uas due to the vouel /aa/”'

5ifjuh1ch nas longerf than' others by 5th ratlo ;qf; ‘3: 2.,;75;

:ffgueggrtheiess, the value of DUR assoc1ated Hlth thls vovelfj[f

‘?uas found to be the shortest.‘ Thus, RDUR appeared : toL;ff

'[#contrlbute to a context—nornalizatlon.~ Thus, 1t uas de01ded7fff

ﬂ .. ‘-.'_'
L}ﬁto take DUR as the releVant neasure Of frlcatLVe duratlon in

e

rffthls analysxs.fﬂJ..ef

.\r

'f;ihe aaln effect of PLACE and the 1nteract10n effect ofgif7

levels;

5asspc1ated

?Tfhifhehghglthe?: agnlthde of the effect 'ﬂf varr a¢r§§$§x~”

ion of the




fjuere

”:Aﬂﬁc”7
-ratlos of . ANOVA'E for duratlon of, the
.frication pcrtlon (DUR)" and: for ratio of frlcatlon
duratlon to vovel duratlon (RDUR).A, -

Table 3.-;

Source

'c.’g for r'F for

L i
A
)
i

, . g

oAl Lo
R
R Y

] RDUR

.

2;00 1
13.92%%

1063 %%%
10,59

, 3. 57* s
6 ;-; 2,24
6 23. 77**

i)

1

|
E
-~

|

|

[
: ‘ |
2 Basl

g,

96

cvoE 0
< o o

'fijnv"

jev

_ISHP
,ISPVZ
’]HPV'

ISHP

V

~

ﬂmsbeO\m(uuLM}pO\a\a}ulyh)f-‘

: o \ ‘. ’ ) . - . T o
s__;.;._u..;_;.._“_._.;_..._n_.b..q-;.q

Ty

§ 96

96 ..

96

Cse

Jcigsl
18

.‘_96;%m“

4.98%%kx

. 3.30%%x

3.34x

'3 96
12.03**
067 -

L oux

i

Coo.0.04 o
0439
L0038
© 1.28

2 67*
1,48

'2 78%
467

‘3,60
3.32

| -0,71;{j
0458 .

1.00

.-'Legend

*.

ETT
',¥**-
RE
<. P2
e

Etz};ds"

p < .01
B <_.001
'SPEAKER

‘CONTEXTUAL- VOHEL

PLACE
"VOICE

|
B
|-
i
L
I
1
I
1
T
A
1
1
1
I
1
B
|
1

al

‘gtresPecti

set }

SO

vely)

found to

‘be s1gn1f1cant at .01 and..OS levels,,_

 fspeake£s4~wThe effects of PLACE~by—VOICE and

e e D

:ffcoupled wlth VOICE and VOWEL factors. AT

vhlch means that the effect due

to

s

”P;ACE ,is>'

VOHEL—by-PLACE o

of Neuman-Keuls tests (Hlner, 1971 380—388 auzy“c;;

‘fﬁwas conducted to exanlne the 51gn1f1cance of the dlfferences:wii



,of the mean durathn of eacﬁ 1nd1v1dual PLACE 1eve1.  ;Thél7 ”

[results as. shoun 1m Table u 111ustrate that there are hlghlyff}‘ 

51gn1f1cant duratlon dlfferences between Qaiy frlcatlves*

ihelonglng to dlfferent superordlnate PLACE classes, uhllef’ﬂ,":

gthere are no or only Heakly 31gn1f1cant dlfferences between'.*~‘

-any fr1cat1#es of ﬁheg same class. _,Ifﬂ; appears : thath"

f[v01celessj5_ éé . longet frxcatxon tﬁan fv01ced], but the_f77:i

_f@ble 4;» P-tatlos of betueen-PLACE dlfferences 1n
duratlcn. ' : ' ‘ '

.

back trxcat1ve iffoﬁifftiégﬁiyef;f

PLACE [alv-pal] [qu]fﬁJ

-h—qn—q_.

;'_rsl.za*,n{ifa 1«'."]’f[’dfé!it‘fé]1J,

S

mean DUR TR ,"l PR
(usec)|175.97 ' 1SK 57” L
iy ) ;

102 89

[den].gJIZOB 91*** 200. 37Hk% 29065% . —m—in |
[lab}" 1,81 17*** 1. ea***‘ ,f----~'“" TR
[alv] Bt 1g<af—-, 48>

i-ﬁ;;_g;;;;”;q;;a;s+;{
I SRS SR A T R I

i&éhithde’df &iffebéh¢éfiS‘ redueed " foi

/‘.

iPLACE as deplcted }n Flgure 2.”'

effect.of PLACE npon dunatlon ;sﬁ,

”mdre posterlorﬂj :

It;also?appeared that thefﬂff7

",ﬂ_ﬁreduced the~454 W

1°°nt91t °f vovers /A/ and /u/ as: 111nstrated in- Flgure 3.¢{3f;ﬁ

A

;Bnt, not odiy because the 51gn1f1cance level of VOHEL—by-f_“ f*

‘PLACE 1s-lrelat1vely louet than the other effects, but alsoi;;fff

fbecause an even,Ahlgher SLgnlflcance. of

effect of sPEAKBR-hy VOHEL 1s observed 1t 1s presuned'thatﬁﬂ

}the lnteractlonf of VOBEL—by—PLACE  qo£ llkely  }5§[”*7l5



20

difference gfi”f
: etween VOICE

N SRR . ' [

1

. Q. o

Eigure 2,

AR

-:"*'af;ibbé';sffff”‘

[labial] {alveolar]

e [dental] [alveo-pa‘

PLACE
on’ duration (DUR)

v

Zw[labial]

| -Fisu_.r;ev;Si

[dental] [alveolar]_7

[alveo-pal]

VOWEL by PLACE interaction effect
S on duratipn (DUR) '

PLACE by—VOICE interaction effect ,e;z_[la

PLACE -

/‘o



"Issts of sigpificance cof intemsity ,.g;.;srence

‘ . . - ’(‘ . v&‘ ‘ | . p\
. 8 N oy N RPN

These tests iefe 1ntended to dlscover 1f the overall

4!

1nten51ty fjfthet fr;catlon pottlon '(efn‘an] parameter {V’

nfdlrectly dependent on 1t) lS 51gn1f1cantly telated to PLACE

‘*‘Qand/or VOICE factons.f The guestlon of the nost sultable vay

'tof measurlng the overall 1nten51ty 'sf.ralsed fn».'theSev

~

:,tests : Even if the experlnenter utged the speabets to

_nalntaln a. stahleA 1nten51ty level' and kept llﬂ'tthei

.‘v|_

_pertlnent ga1n controlsi,constant durlng each.step of data’

(RS

B ‘manlpulatlon, 'the' absolute .,value ffoff“ the‘ 1nten31ty

fis"’not only apparatus—dependent buf

ueasurenent 1n reference to a non-contextual arbltrary level

- J.,._.

gmot1Vat10n.» Thus, 1t uas dec1ded g 2_1or1 to nornallze .thej_'
overall 1ntensxty of the frlcatlon portlon vlth reference to;t

f_the f:contextual vouel Henceforth tn term "overali.'

/.

i1nten51t]" (INT) wlll denote the dB Value of the '1ntens;ty‘jf-
_5of the frlcatlon pcrtlon in reference to the 1ntensxty of-;

. the contextual vocallc portlon.ﬁ_’"

An AHOVA for the overall lnten51ty Has conductedl u51nga

‘the saue desxgn as that for the duratlo ‘test : The results

N

;shovn 1n Table 5 1nd1cate that the naln;effects of SPEAKER.'”

3gtand PLACE uere 51gn1f1cant at .001 level, and PLACE*by-VOICE,ﬁ

ff;interactlon effect fet‘f,01 level.; It uas also found that}

/ -

falso lacks a perceptualf W




A

R

Table 5. F-ratios of ANOVA for intensity.

r

B

SV 50urce s F atlo A

 nuB.. 'Vdéqom;E

e i
_Hui?-q

-,796=T"‘__2u 56***
N C 5.32%
B 7 99.35%%%
2 w0 0436 '
86 - .. 3.01%
96 - . 2.30 .
18 . . 3.04% -
S -96 '2 47
6 0498
e asoudy
96 0446
96 7-v1 76,
96 - . 0.88
T 96 072

‘-v-'--_"-r'-‘,-'-j—-—'w a

el ,fi"~ R R
OV PO WWNOAN aWWwN .

—
=
o
=

147]
t o

\

F‘_"'"“—""'"_",.'b"ﬁ"‘-

. Legend:. - ¥z E3<.-05«T~\
. *®%%: p. < .001_7
S5 SPEAKER e
‘.:H:ﬁCONIEXTUAL VOHEL
P2 PLACE .
. V: VOICE T T

[ o

vosz// SPEAKER by=- VOHEL, and f’vohﬁL4hy-9LACf‘ were . all g
'slgnlflcant. ';05' level*‘ .The hlgh 51gn1f1cance of both: 
SPEAKER and PLACE suggests that, though the 1nten<1ty varles 
»Ulth: SPEAKERS, fa  nobv1qus PLACE effect  'upon..}overalls o
'_iﬂtghslty canssﬁill'@e:ébSé:ﬁed,v" | e 4 =7

Neunan—Keuls_"tests. uere conducted to 'e;anide.ﬁfhé?"

51

; ‘Slgnlflcance of the dlfferences of hé; mean 1nﬁ§n§itynu5ff-'



R A

5fﬁg@ndlcated agaln that iﬁﬁef.two supé?ordlnate PLACE classes; %;
 :;‘1 eo' 
 ~fs1gn1f1cantly ( ‘;_.001 level)

. '_;__';':";the overall,intensjty. - .

T jfeach 1ndlv1dual PLACE level._ As shown 1n Tabl  6} the testsﬂ&fi? .

,__.

*'front frlcatxves | dﬁdg5j  ok

Table 6.>ZP—ratlos of: betueen-PLACE dlfferences 1n;;
overall 1nteh51ty. m{** ST T :

‘ back frlcatlves '| tfront frlcatlves

R
PLACE | i[élv—pal] [alv] l[lablal]

[dentalj

nean Iui‘l ' ’“-“;ﬁ*'.,;t
l .

152.35** 29 63** i

'37. 7*‘3: 18.7“**--

._..u. f _._"_d;. — __y o 4 '

PLACE-by VOICE 1nteract10n as 1llustrated 1n Flgure u

'fxlndicates that front frlcatlves have h}qher xntenﬁlty uhedefrs




v

dn tntensity (j;N'r)




-

est of PLAC '-,E_'di'sci._iﬁ__s;m  ;1 2roso g uf.guasa.sm

| .,j-,,.,.__-..hrch ,ere;f_ | :

, A‘ teSts. ,

u1th durat1on 1nformatlon




:J;Zijf'Tablev?.a-

. LN . . - )

i Ptedlcted-

- N

/

gDiscriiinatibn“bﬁ'ELAéE by %7éatioh{,(lk,”

- o o e o o e i e e e

7

_ | [lablal] [dental] [alveolar] [alv-pal]
. Actual- A . f . . L .
[dab] 4 2249 , zu7;9 P 2540 .;ﬂu.2>
[den] "'|* 6.2 . - 62.5 o 20.8 1044
[alv] - 1 .20.8° . 2.1 45,8 7 . 31.2
[alv~pal]|. 4.2 “:0'0' . - 33.3 - 62.5

proh. of random prealctlonf'l”

e o e e i i et e s e e, e e e

25.00 % _" e

-mean correct prediction: _ 4844 %
o .’-‘—--".‘"."--,‘."f'“""‘..""'l-’*“‘""‘""--".‘f"‘.-‘,"‘"-“"-“"°“"“""
@
crgbie 7.b _Discriqinéticn of-PLACE by'intéﬁsity,vkif
| Predlcted'- , -
1 [lablal] [dental] [alveolar) [alv—pal]
. Actual. ‘|' ‘-4ff".~- '___ c . 5 L P
R ‘[lab} 1' : 5:.1p-“c,f 3152 16.7 ~ 0,07
~{den].. b5 8797 L 2942 22.9 - 0.07
- [alv]. ,’1 5 0.0 "7 1406 66.7 ;p27_.
» [alv-pal]l Qa0 0.0 27 1 72.9 il»
_-z~-f-——f ------ '—-———~‘-—--°-----“—-—~-f ------ e ———
- AR prob. of’random predictjon: 25,00 ] '
‘ mean’ correct ptedlct10n~ 55.21 %
- = - T s PRI ./_ . "=
'“c;fc..rmable 7eC Dlscrlllnatlon of PLACE by duratlon
S and lntenSLty. (i) . " ’
- o ; ‘ 'L_ -‘..:__._'_..-.,.-_._ - '_ - L ..
i Predlcted“ B '
Coe N [lahral] [dental] [alveolar] [alv—pal]
2 Actual: . ‘ LT
5 -Tlab}. | ‘41 7 ,us.a ~12.5 '?_-‘0;0-~,
g- [alv} i Q.2 s 4.2 72.9 18 7
L [alv-pak]l “~D 0 0.0 20.8 | © 1942
3F§F,” “.ﬁrob. of tandon pred1ct1on. ;25 00 i
;#g, g?;;f'gj; mean: correct predlctlon' ‘63,50 54;

-

BTN
. .




‘Table h;‘ D15cr1l1nat10n of SUperordlnate
PLACE classes by duratlon. (%) ,f-"A';{

. . ’ . . s

.‘_' | Predicted°  ﬂ‘; |
ol fromt pack

- Actual: '*|f,"' R e

front ' 69.75 © . 730e28 00

back . 'I‘ L 13.6- 86.13 L _ »

proh. of tandon predlct1oﬂ~7':750‘06323 o

‘mean ‘correct pted1ct1on__af“;T;IS,OB*SQ

e e e i o e o i . s s . e e e o e v o e e
- " - . ——

<«

‘Tatle 8.b nlscrlllnatlon of superord1nate f"
PLACE classes by 1nten51ty. AS)

RS

-< Lo, - e j 4_q-;_----;,-;_---s,
‘ 'l‘Ptedicted' o
-} front . back

Actual°' ]_- T L
;fromt . .} .80. 2 /:.; 19.8 e T
hack : P 7 3 92 T ?;ji‘ -

proh of randa; predlctxon-f? 50,00 %

ﬂ . mean correct predlcilon"[ﬂ . B6.45.% .
- .‘- - ‘v ) - -‘.-. . - " - - -

ST
R

;*Tahle 8. DlSCUlllnatLO"Of superordlnate
- PLACE classes by duratxon and 1nten51ty._($)

‘ |,f front '
C - - .‘..-."_gas---.——-'-p-o 0.-3—9— - -g-f-'-_-— —‘“—'—»-’. - .“.

Actual: Voo s
. fromt - | ':“58.55,.u5‘
'”ﬁ'back' ;"l v ’4;20 e 95 80

] proh. of ra!doi predlctlon."_ 50 00 S
lean cortect predlct10n°~ 5!; 92.18 RN

s



3. ANALYSIS OF SPECTRAL CONFIGUBATIONS . = & .

o

'~,{'l This sectlon exam1nes the spectral Characterigﬁféé of

PLBCE and VOICE of fr1cat1ve consonants.»‘ e e

; ’ o ; ' ,
Normalization of spectra | ) |

'The first .question raised hete.‘ia,-.what uas to be
osen as a. reference for the '1nten51ty level oﬁ each

. v T N
< . C -

sTectrun. Th:eelalternatiVes'ie;ezconSLdered:l
(%0) ‘(i) ‘the’ absolute 1nten51ty level "d ) ; d:=‘ :di:lvl
| (ii) the level of:dthe"overall 1nten°1ty of éécw

S

_ Vg
COnteXtual vouel and»

(111) the uaxlnun lnten51ty level Hltbln each spectrum,

Ihe absolute ovetall 1nt_n51ty -nufst‘f.bef haghly correlated

: vxth the mean of the dB levels Hlthln each BIN. Hence;’it
.'auas concluded that norlallzlng the Specttal Ievels 'to ”any

A . 4

.e%tern&l reference level uas not sultable.; Therefore, the”
_ - X
';alternatlves (1) and (11) -vere ellulnated.- Accordlngly, the.

e

":séectra ohtalned by the neasurenent pnogtan gere all: "‘?

-

‘a Tjusted s¢ that jach 'spebtrun could be norlallzed in

'reference to the la‘xnun peak ﬁlth1n each spectrul 1tself;*57




W

It vas dlscussed 1n Chapter One thatc PI:'A‘CE:'____:1 VQICE f-j

.are . artzculatorxly 1ndependent of each other, and that,\; ‘

furthernore, fron sonrce—fllter theory of speech prodnct10n5

oA

1' that the aconstlc effects should be essent1ally orthogonal.»

T g . * - \ L
’mherefore. 1t v} decaded :tcv nnnerlcally deconpose the -

FOT

;spectra ‘1nto thelr PLACE and VOICE conponents.t In order tof‘f

thest the orthogonallty hetueen the two factors,

.;theb elght{?”
;}fcomblnatxons of PLACE %y VOICE«'uere processed by a DFA*'

C{assnllng the elght -uere ;all 1ndependen’* 1 deconposablef}”

ffcategorles.[;tlhe_ elght categorles v ‘86 98 % correctly;:?

1fj1dent1f1ed uhen the grosodlcugnforlatlon vas -1nc1udgd,;;_-qf““-

v not 1ncluded; The centroldsjf

"f'f80 739% correctly-uhenultnua

deterllned ',by fef

flllustrates the centroidsg_ff"

‘c‘ﬂ}arrange& accord)hg to each pLACE and VOICE . The centr01dsvff

."fff°f all the' cognates_;cf dlfferent VOICE value are located?wct

B

’5very close toueach other in: the spaces of the- flISt ftiohci'

7_gfunct10ns asi shoun 1n Flgures G.a and 6 h, and are nearlj??f;

f~parallel to each othet 1n pthe;:spaces of the last tuo:;ﬁﬁ

'fnnctxons as lllustrated ' Plgures 6 ci'and  ¢ Thlsf.ﬁ;

.result \1ndmcates that;

L.

rega:dless_whow the spac,s ”ré]f

‘ AR e : : 2. AN
ot uote that the probab1l1ty of randon predlctlon_uas T
" 124 50 %. S SR : _ e e




Position (_TSCOIQ)

' »-"’f.'s 1 60

L:'; =6;80f11;  ”'ﬁoi¢9igsélh”"% l*-~7

L 3«00

/

}}1,'.,-?i~ Idenl Talvd, 'i'au;pai‘]' B ;‘i!,;,llab] Ben] [81"] (al"'P“]
: CPLAGE- PLACE

. ,;Pigure 6 a: Centroids of . ~f3wfrigure 6. b Centtoids of Sl
Lo  "PLACE-by-VOICE categorles - ‘,:”ﬁfPLAcE-by-voIcz categories’;_;~'ij¢f
o fer function 1 e -3~3§f_f;;uj,1‘ fbr function 2. O

Poé;ﬁidéf(gggebtetjw§,f;-

w6lced] > [0.80.
’

.;QSWA;ﬁgtﬁf.t ‘3;°”-1”'  ‘ =7731 60ffiﬁﬂ

yI[lab.] [den ] [alv S {alv-pall
L PLACE

rigure 6.c Centroids 6f
;h;u PLACE by -VDICE categories
-~.1.; for function 3. R .




,uﬁexotated, the centr01d of each voxced PLACE category can be';}fj

S

;;aa;ftranslated to that of v01ce1ess cognate category hy addlng[f{;h

"3ffso"ef constant scalar for all the PLN.Es.r Thus, 1t appears S
'?fgnantltatlvely that the effects due VOICE and d“ev3?°fgfif

MfffPLACE upon spectral conflguratlons are largely orthogonal tot,jlc

o

”%FEseach other.

',f'“

VOICE and PLACE havéVébeé"

found reasonably ,

Slnce

”*ﬂe?orthogonal to each other it 3111 be” assumed thaﬁ thefit,j

ffigalfferencei 1n fthé' at each BIN betueenft

'tof voxcn_i’¥7

"[v01ced] and ?[v01ce1ess] cognates due:f

nunerlcalf"fff

valuesr of v;;c1ng effects tef‘glven 1n Appendlx B)."it

‘*],f{appears that tbe vc1c1ng effect 1s not entlrely 1ndependentg§ef*

sul of the tuo effects..fit”;

: ,5egu1va1ent to’ !ultlpllcat;on of anplztnde spectra‘ hence .. "
"len accord ulth the sonrce—fllter theory (Eant, 195“"7~~'f2w41p‘"
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Figure 7.a Voici g effect for each PLACE..¢ ftg
L Ev(f P) in Equation (21) R

-

‘-“g;. ‘,;3;5* ¢-4; "’;s; . 'Ea;fl

EE e et gns. SN

HWA4;;30(BIN)

PLACE adJustment C(P)
+ [labial] .
[dental]
[alveolar]

__[aIYEpral 1:

1.2146°
}2_148714

-0, 9079f“:{£&j°}, S
r 33086

Co7omml

- am

zgé‘"f'i Figure 7 b Generalized ﬁbicing effect

5“§~ ) r~iof“ 15

‘Svﬁ —y

©F(£) in Equation (21)

30(BIN)r”:-




-‘ uhere F(t) 1s a . PLACE-lndependent non-llnear functlon f

: ' T AT A PR S ST

4 PSRN

‘*”forequency f C(p) 15 a PLACE—spec1f1c constant, and e 1s an

"error teru.u Estlmates of F(f) and C(P) uere obtalned by

L

1c;jconput1ng the nean VO1c1ng effect ar each BIN over all the

41# ;jPLAcEs,vfand C(P) a$= est1lated hy 'coqput1ng the nean

,a’

7

' ?fdev1at10n fron P(f) of the v01c1ng effect of each PLACE for 5,;1

S ;né- flrst DFA denonstrated that the spectral 1nfornat10n

3ifgialone could predlct VOICE correctly 1n 83

(83 78 :).,_ o

'.5toward a no

'=The 1nc1usxon of he prosodlc

'_Substantlally 1nprove

-:i?an estlnatlon of C(P) for each PLACE. «In general Hlth h'f;i,i

'!f fexcept1onﬁ‘ofv [dentalj,y C(P) 1ncreases a§;gLACE~1s_co!eﬁ,

posterlcr @051t10n.

Loy

Addltlonal DFA's uere,carried out 1n order to test heg,,giﬁ

'} d1scr1n1nab111ty of VOICE 1n terms of spectra171nfcrnat10n.-

'~of the cases.ﬁ;r}jg‘

Je

'glnfornat on

the correct 1scr1n1nat10n of,VOICEQ?3F

v01ced frlcatlve. f:ﬁg{




e

L
S

| Lisual ‘exasination of general spectral shases

- R
R .

5T§fihef‘spectral 'confxguratlon obtar%ed after the VOICE-wj

flnornallzatlon can reasonably be thought of*as purely dUe ;toft'

- l:tthe effect of PLACE. Flgures 8 present thé average SPeCtruntf

.HEifOFl each PLACE.V. The 51n11ar1ty between-t¢e class nenbers,,n

'“Eﬂwl h1n each supetordlnate PLACE class fis apparent. Backi

“ilfflcatlves have pronounced spectral peaks rlslng 23 dB to 303»3

ﬁ‘fﬁdB'- hlgher_ﬁlabOve‘“ftb base. 1 Front : frlcatlves ‘aréf

'5V:cbaracter12ed byﬁfn“ relat1ve1y flat energy dlstrlbutlonjji

spread over tbe uhole spectrun ulth no prononnced peaks or{if

' 'valieYS.’ The spectral peakst:of [alveolar] and [alveo-i

.f»;ffpalatal] found at 5. 1 kHz and 3 1 kHz, respectlvely. el

‘fbhlgh centered around 2.0 kHz'a_d'sllght suppress1ons at botbv

“1fhu.}QEpAcE‘DiSCRIHIﬁl?icﬁ'Bi’ﬁfitt_'

'\

~speceral st

shous

' 'rﬁ‘lablal] broad‘spectral peak of about 8,1”ﬁf1

In order to test the dlSCtlllnablllty of PLACE, : ;JDfAiff;

'fvas condncted 1nclud1ng both the spectral 1nfornat10n andani‘

-

fthe prosod;c 1nfornatzon.' ThlS DFA resulted 1n 90.79 x

correcffPLACE dlscrlnlnatlon of 192 tokens 1n total based onffff
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Table 9.
‘~? space by

Centroxds of each PLACE 1
DFA u1th all 1nforlat10n

frlcatl ves f.‘§f6n'”}f‘_efii:“hﬁf'.:."jé"tliiéf.» . Tah

"f’frlcatlves

dls¢t1l1nant }functlonsiﬁVA
y ohtaxued hy the DPA_lnvolvl g.'sSpec tal#lnfot-atlon only and"'

;1fThese"funcflons uere all san1f1cant {pi<



2 '-'__::.""'lPredlcted'f"‘ S g Ay
ol [lab:.al]‘_].[dental] |[a1v ]‘




bi1lx _."‘of g nelbe’f hl_"-"‘
618) whilé ‘all others. were




D
oA

 €2/]; Table 11.‘ uehn reglon levels of eafH‘PLXCE'df L
e superotdlnate PLACE claszzé - [vo;cea] sxgnals
/vere devoxqu by YOICE— lallzation. (dB) :

AN O
r ~->‘. PR

l[lahxal] [dental] t[alv] [alv-pal]

r
;N
- 1 L

' : T p < P . .
base RN BRI .“' : ;l :
region | -8‘8681.;_~9 u168 |-22.95uo -27 1172 L
upper ' ). o A . 1
. reglon 1-11.6590° -13 960“ |-11 5250 fJ1?53351'1“

J s . . P l

-t G e af
<

™~

9.

N

back frxcatlves

- -':‘_'.

iront ﬁr1cat1ves

base,~'

ereglon
upper ‘
reglon

-12.8097 ‘5_-25.Q35hi;fv

e

RN g

\héié,agéi“

I‘v
_.h—-;—— — gy w—

u.;',..:v-i_..:;-'-n._.y'u .

i
s

‘f ‘Vd1Cé1eSS tokens only
..........I.‘.....-’......“........‘.‘.‘

‘ s

4

L]

A

R

EE
_.‘ g
e
—4

)

ftont frlcatlves back ftlcatlves

‘ . .

l
l

‘?gf{( : -26.96a1
1

s
. ’|
R

TV ,'..

o

“reglon 1

-‘
T T

-k1 1176

ot

b o i e e b a'__'._.‘.:.. —

'fconputed. The nld-polnt uas at 1 8050 sypndardlzed dlstancéff



700

ke nig;;i;gnag;ogﬁ;itgig@kasé ££i$$£112,2§$£3“¢13§§f“f

‘d'df about u kﬂz), dl'ldlng hpjtupper reglonﬂ 1nto1jtvo suh;f;- -

et g RO
R prevxously defxned houhdaty,, 1‘e.,' at about 2 kHz.ﬁ Theﬁ,w~f

- 4

'd The spectnal dlstlnctlon betveé& [alveolat] aud [alveo—fq’

palatal] Hlll be consxdeted brlefly lxght ef 'presentfh,fm

N data.u, Tﬁe 'nore dxfflcult questlon' of h dlstlnctlonff"f_

betueen [dental] and [lablal] wlll be addressed Chapterf E

Eour.' l 11sual 1nspectlon cf the averaged spect{a 1nd1catese
v ’

that the s@ectral functlon of [alveolar] and [alve°‘Palataljfﬁ

L" . 5"

cross each other twlce.;‘The flrst Fross1ng uas found at the:y":

second grOSSLng uas found betueen bln‘ 16 d b1n 11 " Jf:}'"

7,

q.

,:

E ' PR

regxonS' owe;_ggg gglo ana h;ghgr— pg { gg;_g f_: DFAE{j

vas conducted ta test the dlscrxllnablllty of the tuo PLACEsj;?g;
. x Sy

) '_\

Except one '1ncorrect Ldentlfacatlon,

”“ch spectra:"';

separately,__dfd_¢

e
"coefflclent‘ uelghts a551gned

‘e



l

e

;
'aupper reglon uasb3.09 dB.‘ The fact that each PLACE shcys“ ’7

';csubstant;anlly'snaller standard dev1at10n 1n a reglon of 1ts

3_[peak may 1nd1cate that the posxtlon and the 1evel of thelr‘

'rspectral peak 9F:f9f sone extent SPEAKER-invaraant _dfi
.-v?ian—lnvar1ant, v‘ég;reported by LaR1v1ere et al.;(19T5). s
]e Therefore, 1t appears to be suffic1ent tﬂ check the

frequency for dlStngUlShlng hetween [alveolar] and [alveo—»*

peak

&Pﬁlatal] frlcatlves.:f;:ﬁaifﬁ:i;f?;'iﬁ*fff 1 7i3cf;;f;:ffa

Coan



,ﬁ{}¢,;[f5ﬁi7fﬁ," CHAPTER %onR

PERCEPIUAL mxpzaluznr

‘s

Frcn prev1ous resear h, as uell as the present ~study,.»A

appears that the phy51cal and perceptual dlstlnctlveness

'vf betueen [alveolar] and [alveo-palatal] and betueen the

EIPE

”s ;~superord1nate classes, 1s' cleat.{ Bouever, the'dlfferences

"“fpresent experlnen-

._,guipkacn

‘only,"fhas tno \objectlves.. Flrst 1t

of tuc front,’frlcatxfes.l




~ -ﬂf#bh:f¥£ﬁé speech materlals descrlbed 1n ﬁhe;yigééf;;h

:‘ér} the ue tokensl of:{v01cele S lab;al] a, éﬂfvoiégiéssﬂ

"e re p:'esen-te.d,, 1 1 ;;'J




nstruuentc‘ llsted helox vere used

L

pergeptual experlnent ’/Thelrwtechnlcal spec1f1cat10ns;uere,;'ﬁ:f“af

(22),(1) ulnlconputer

(;1) Auﬂlo—frequency fllter  f Rocklaqd Model 152@-01ﬂf;3Jiﬁf

(fon 51gnal cnoothlng)

e




"*fThef test programf could 'be] 1nterrupted at any arbltrary
'w‘nonent by the experlmenter hho uas monltorlng the experlment ‘T;ffr
fron another SHltCh Hox. The experxlent began*31th a brlef

oy

h'ff practlce se351on” of 10 syllable—type and 10Jcoﬁsonant—type ojff337

ﬁ; Stllull followed by fohr_test se551ons._¢ofhe¢ test‘ prograjh,&r;‘gf

verbally

announcedfto the sub;ects at the beglnnlng oﬁ each QoVﬁ ‘

: \
presented torllsteners at a uaxxmum rat

were

four seconds;v The experlment‘con51sted of :four“ seselons;;iff.:,gf
“ io--each se551on, there uere three blocks of Pr7&entat;og;:f”‘u‘
repetltlons (PRESENTREPS) of l;a stmuhf_'-"" DI
sx; ?fifbt;

f

sub;ects (henceforth “Group {QtlwereL 

syllable-type st1|u11 ' f1r§t and

consonant-type stlnull ln second and fourth se951on;
v ; g

t*Qiﬂé;7 other ,Enlne .subjects (henceforth "Group B")

"f_t5preéented the tuo STYPE b%?cks 1n the revbrse order. t



;[  orrect recoghltlon rate.,(x)

a) Responses tc all the st1nu11. *?"-ﬁ. 82.362
" CONSONANT(/£/," /0/) 89.70 75402 " o :

.. SPEAKER(s1,s2,s3) - 82.52 85.82 78, 73 'wuvﬁlw
'ffVOHEL(/l,aa.4\pu/) 75 70 77.82 79 59 95.33

—

' 77Besponse,Nto syllable—type stlnull'” 1(’ 81 BBfaj;gﬂ Lt
.. CONSONANT(/f/, /e/) 91496 71480 ' R | ,
R }SPEAKER(S1,52 53) 80 15 88. 37" 76 97
VOHEI. (/1,;: P ,u/) 76_ 77 7u 92 78 01 97.61

: 5{Responses to" consonant-type’st1iu11 L ’82;89; L
43*Y'cousouau1(/f/, /e/) 87454 T78.24 T R
?f‘ﬁfSPEAKEB(sJ,SZ,sB) 84, 90}83%28 80.50' "
VJ‘TVOHEL(/l,i::/\ u/) ”76,62ﬁ§0;71 81_17;93 06

e \

o v o s
'_qiaesponSes by~ gtoup )

- i} CONSONANT (/£/, - /6/) A

. . \SPEAKER-(s1,s2,53) " °
 WOREL (/i s ALu)




s]”lndlcates_ fhai ftont frlcatlves can;fsb

falrly Helllx
ﬁllldentlfled _even :uhen fﬁé

r.«'
i

freguenc1es 'ahove 6 8 kHz‘H-/;*”'

.Q:ﬁ'tenovedi ThlS also leads to the cjncluslon that the ewiﬁJ“‘AKV,

hly

hlgh freguency range i's -hi
3“f]ffufﬁfperceptua11y 51gn1f1cant.‘; ss;jq“ff’“

-Awfousouanr, : and VOHEL “were 3 fully

‘repetltlons.; The results shovn Table:fB 1nd1cate thaty“ ;

':fijspEAxER by—CONSONANT

e A ',
n«,f?(2< 001) uhlch 1np11es

”zﬂffrlcatlve consonant were prdduced by d;fferent speakers.‘fg_

”fgIhe 1nteract10n_effect of SPEAKER by-CONSONANT by,VOYEL

";sfalso 51gn1f1cant"‘"'”
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=
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N

“ ichapter uhere examlne the general role of LABIALITY 1mf|’

'?fjﬂnodlfﬁgng the 31gna1 propertles. .t.fﬂ~

. {““ff;\ slnce 1t was found that there are 31gn1f1cantly strongffﬂ.-

“}1nteract10ns betueen e numher oﬁ factors thch affect the@ji;;:>*

$ correct recognltzon rate, an attempt vas made to exanlne thefg
. R0 .

'3dlst1nct1veness of the 1nd1v1dual tokens of front frlcatlvesffi,_”

;W*°so that h” guant1tat1ve analyses vould be emplrlcallny

-'”ffcompared. _ Flrstly, _ ‘“t;{s determlned by SPEAKER STYPEfy]iH:fﬂtﬁ

fand CONSONANT uere 1nyestlgated. The results are glven 1hf"

th v-:_:.‘q-t'te.r‘a._p,c.e_s. by e L

Table 14.' Correct reqognitlon rates forjﬁfffkt“{”
"‘; each SPEAKER' CONSONA&T and STYPE. (%)‘”

: AT ;'

T e
« J/SPEAKER. . SIYPE

“*f??f 1|sy1 typepfij}”




Ttz e

rimination. . Ta

Table. 15 Correct recogn1t1 0T
ffor 1ndlv1dual tokens. (11 ;

98.15I 57.7uﬁf'?f‘»~
: _97 221 @5. 93

"f’”_f;;s‘s' 071"6
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c“;QVfﬂsﬂﬁ f“_;7akﬁfsfﬂga~f-ggv?_ﬂ:]éfﬂ;c" -
- cro$s~over-p01nts'ueredat adet~1‘0’kHz and‘ﬂ.3'kﬂz;,‘ﬂence;"
;"as 1n the case of back fracatlves lentloned Ln the prev1ods, ﬁ;pwp

'7w7chapter,‘ thrée reglons dellllted by these crosang p01sts

vere deflned ilth the DFA's based on the nean _levels fv R G

'fthese ' three " reglcns, ’fthe»fivo PLACEs vere;'correctly “,;.“--_giﬁ

"'Cldent1f1ed at a rate of 80 21 ) 4 for VOICE—nornallzed tokens;

3} ’and at a rate of 85 u2 i of v01ce1ess tokens only. @Houever,

,"tee d1£ferences in lean levels of these reg1ons uere” found:’

f all uxthxnu one standard dev1atlon. In the uorst case; the
'vnnean level dlff?rence 1n the hlghest frequency .reglon _aas

Bl gL EE : v

;‘only 0 9535 dB uhlle the assdcxated standard dev;atlon vas

-
g

-.u364 dBa Slnce the discrlllnabxllty .ini each ‘of thesep":
'xtnreé hroad reglons is relatlvely ueak, ancther approach tofg_
ﬂf?(;*varxabre reductxon uas attenpted..:In order th search fgr
| :-j*rhe lOSt | predonxnant 1nd111dual iy BINs TVin> terns.10£

dlscrllxnabxllty, af*an' vas conducted _utlllzlng 'all,JSé

‘ 1nd1y;dnal B;Ns.‘ The 1dent1f1caﬁ10n ratesl were 96.88 * and .

‘. A

‘100.00‘%'cu;th" VOICErnorlallzed and vo1ce1ess tokens alone,
respectiyely. CIn an attenpt to reduce vkrlables, ‘the. BINs

jshouing"th hlghest dlscrlnlnant functlon coef£1c1e6ts 1n

""rhe,_full 'spectrum. DEA ‘were selected 2. b1n -1A4‘3 ‘(0';ﬁ'

750 az;,l»bia_ 5 (1001 - 1250 Hz)., biii:9 (2001 - 2250 Hz), . ©

W

bin 13 (3001 - 3250 Hz), bin 16.- 17 (3751 ~ 4250 H2), j_amd}_'“

?

.

Vfl -Notice" that’the Identlflcatlon rates by DFA- are aluays 3:gwﬁ7
f hlgher than the CRR's by human.listeners. ' :
.2 Thls procedure lay not necessarlly produce an optlmal set.

»



e

f has nore energy in. all the selected BINs and reglon B,,whlle]'

‘particularly great- (distance.. >,71A§)' in - bin -9 (2001 =

:.normallzed tokens and 85.42 % Of \voiceless <tokeessuere :

© errors COnnltted by the DFA Hlth full spectral 1nfornat10n'

3

.reduced nulber of varlables corre

another. DPA was carried

""bin_l2ﬁ~~ 25’715001'- 5750 Hz) BEGIONs uere defzned uhere -

.

lore than a- 51ngle adjacent BIN among ;the cag%ldates hadffﬁ'ﬁ
Helghts _o£ he*fsa-e 519n.. Thus, reglon A uas deflned for

0 - 750 Hz Dand, reglon ‘?« for_ 3751 —-3250 Hz band, . 'éﬁf 

ereglon c for 5001 - 5750 Hz p?!;. fﬁ DFA based on thlsiﬂf;'iﬁ"
B\ :

Yy c1a551f1ed 93.75 %

VOICE nornallzed tckens 'and 97 92 % of voxceless tokens.

oy

) The spectral levels of each PLACE uere ;such that [lab1a1]

[dental] has ’mcre-.energy -_reg1on 1S and reglon C.,gThe g

dlscrlnlnabllrty of\eefh 1nd1v1dual varlable (selected Biﬁs'.

I~
™~

or REGIONs) ‘were 'examlned »in terms 'of the nean:levelv"

t

.

difference in a standardlzed score. ' The‘.differehceifuhs

12250 Hz), bin 13 (3001 - 325

ut ;ufiLizing these three,most

proﬁiﬁent':variables. féy 'rh

\

h*fcorrectly cIassifxed. : Con51der1ng ‘that. tﬁe'_hurber7 soﬁ
varlables .used was snall ' the rate_'seeﬁs'.io‘belhighly'

slgnlflcant;' A 51lple ronp&r&son ‘was nade "between ‘the -

f

and the last one hased on the sxx reduced varlables. * All

the erroneous cla551flcat1ons by the prev1ous DFA vere still

lncorrectly - classxfxed ’P}; the DFXK  with" wore reduced

i Notlce that _bin 5 (1001 - 1250 Hz); b1n 8 (2001 -

- ,
[

2250 Hz), bim 13 {3001 - 3250 Hz), ‘and regxon B are all the
frequency areas Hhere Zeroes of . [dental] exlst. ‘ ,

[ PRI S DRIV S )

?Hz),.zend”-region A; ’ Thus[

s _Dfx,. 82m29 % ofgw vqxegr;qﬁ,:.
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L .1sc1a551f1cat10ns due ¥;c thlS varlable reductzon ‘were,jf

x,;iassoc1ated B~th~tqkens contalnlng contextual -back vouels_é el

(o uJ.th /1/, 20 x uth /w_/, uo x uth /A/, 60 % uth_.g“x"-’”
B /&/).w Con51der1ng that thls‘4reduct10n ;”&as~5 ptlmanlly“"”

f7con&erned Hlth the energy ln the S -_é kHz band,zlt appears”ge“ |

. u

' that the difference 1n the S'- 6 kHz reglonfié”‘partlcularly

-z;related to the dlstlnctlon of tue PLACB of front frlcatlvesdlf:fy

'71n the context of back vouels‘ : Thus, fron -these aﬂalxtlétr;
-fdlscrlmlnatlon, tests ”ve[ led t presune that frcnt |

'ffrlcatlves are Uell claéslfled'by the spectral 1nformatlon

':21n teglon A (0'~ 750 Hz), b1n 9 (2001 - 2250 Hz), and b1n 13 BR ;-“ -'J
“ ) | EE ) e ‘_

"Afic(3001‘*}3250 Hz) inp general., But. 1f they are coart;culated

‘01th a folloulng back vouels, then t@g,spectral 1nfo£aat10n‘fxt

- e N T

in the 5L 6 kHz band is- also lnportant._ -uf.?p_,f” o

= . e o
. B AR . S ! 5
P seeden L : SRR o 7

1 v1sual 1nspect10n of 1nd1vudua1 specttographs separately g
,plotted according to the factors, VOWEL. and- SPEAKER - ‘ ¢
} confirmed that [dental] tokens uttered -in the. ‘context of . L
s vowel /uy show: an.important. ‘emphasis in thls frequency band..'*
. - Some: /8/ tokens nostly uttered -by: speaker 3. uhlch 1nduced'f"Aﬂ , L
the poorest: CRR\}n ‘the perceptual test clearly shoued e e
1nsuff1c1ent energy 1n thlS reglon., : , . DR ‘ g

s



o Ty c
1,an acoustxc model cf speech ?roductlon.. It exa¥1nes some of
D .

largely suff1c1ent to ldentlfy PLACE of Engllsh frlcatlves/u

e

o could be nore 1uportant for v01ced frlcatlves.

" CHAPTER _--_FIVE .

*fhigja.-r, ﬁ*’l $ome maJor \flndlngs,. gnd:.

atteupts: to 1nterpret and explaln the flndlngs 1n terms of

thelr theoretlcal 1np11cat10ns ulthln ‘%he Itamewprk _‘fff

recent phonetlc nodels of speedh descrlptlon.A -

: ; R g
o s ol
N T - T - ) . ‘. o
P . . . e L B T .t LT :
: . ‘ - S ! “
&G '- s ; e
S : - :
=
: 1

VTh??péaggafperceptual expetlmenf, at uag shoun that the

1nf0tnat10n contalned 1n Qf’ fr1cat10n port1op alone isi

,1,

: ; kel
(at least, of v01celess ftlcatlves).lgkjset of dlscrlmlnantwg

functlon analyses 1nd1cated that a spectral conp051te cafﬂbef

A
i

1

analyzed a 1nt015 two largely 1ndependent . Componentsf”"

' DA

attrlbutable te PLACE and VOICE, respectlvely..

,‘\'_‘,.

Based

thls ;jortbogonallty,ufaa.;geagralmzedg vplq;ng4jeffg¢t»qyasaff%ﬁ*

.‘.“

v The 1nfornat10n of fornant tran51t10ns 1n vbcallc port10nsj¥fi”"




uhat PLACE categorles cqnstltute tuo supetord1nate3

u‘.

fVPLACE classes,.uamely frcut and back classes.-ff'

.-)“"

S GENEBALIZAIION OF puca EI’PECIS T A P T e

[ﬂ;ﬂjikﬁ | It uas found that f%herei ate a- nunber.;ff}abhehbiéﬁdﬁfa

- e o ’ R a Cie s ‘{ :
‘*;Q-concernlng PLACE vhlc& generally hold';QH;Q;“}~245’;{u}fj¢:L;Qa;hij

(23)x41) a more pcsterlor PLACE 1s assoc1ated uith;aﬁléhééf “fﬁ[}}‘

?jﬁfrlcatlon durathQg ' :ildr{:?{ffigjbﬁfky:” :

(11) a nore posterlor PLACE 1s assoc1ated u1th a hlgher

'"f{overall 1nten=1ty nf frlcatlon,

a' )bre’ posterxor PLACE has nore p051t1ve PLACE~5ﬁ n

\\

\*ff;adjustment of v01c1ng effect. and

“_a ‘ore posterlotWPLACE has a lover' spectral liévﬁl§‘fw\

,fin theffrequency redlon 0 - 1000 Hz.ﬂ‘Qf,*~~f"

‘nay 'be .relevant .f"”"' '



;also appears Qo befj

R I, also be 1nvolved in’ thls events Iten*(xp

A -

. N ,difflcult to explaln.ﬂ Ho&evep_ 1t 1s possxble that dnratlonﬂ‘
st f] élso edundantly lengthened by the speaker for a moref*
,‘\. v .:\t .“ - N - - ‘ L
1ntense "_1cat1ve.“ Iteu (111),:that a'more posterlor‘ PLACEf

C'haS%rf nore pos;tmve v01c1ng effect. seens tQ he related toJ;

the 1ﬂtr1n51c 1nten<1ty of the S1gnal.4;“itffist uell kuown

..1 3'-1 Lt

ﬁhatfav01c1ng generally depresses the energy 1n the upper.t

EERETI
reglon (l,e.,_above 2 kHz).‘ The degree of thlS suppreSS1on

.‘A . e

‘v01c1ng '1s llkely to be more Gruc1a1 for frlcatlge

=;*V'j:_'7jw51gnals hav1ng less overall 1nten51ty becqase drop a%
: B gf&' 3
3 551gn;1 so that no frlcatlon can take place.; The fact stated -
o (1v)‘“def1n1te1y appears to be a55001ated ulth the"f
N A : e S AL B
. 'afi}pro-'nenCe of the spectralv peak :' Itvjis noteuorthy thatly

con51stant ~'_' many of theSe acoustlch

propertles, duratlcn, overallf?

prfn nenge of the spectral peak may each bewa

puc Es in

y\r[dentalla [lablal}: [alveolar] and [aIVeo-d.

t ls_concluded that the 51gnaL of ‘aﬂh

»_ACE has, Ln general greater nagnltude ontﬁ

'1119'5'- 1

S ;*ﬁfl The results of Mlller & Nlcely (1955) shoued that the _ o
T)*uf&gﬁsconsonants of more “pos erlor 'PLACE .were less: confused in ‘the '
 perceptual.test.  Thus’, it is. suspected that the magnltude"f*
“o:-on' this §tale reflects the perceptual d13t1nct1v1ty of
”“w&rlcatlve saguals.e_u Sl T T :

ERCIE



3. CcoNTRIAD i’iﬁdﬁz_«;‘}_b E; I.AEI ALITY TO PLACE = . * R

T RO L .
e LY T

e g e T T T e e e
B D e

L A close exaulnatlon of each gana1151snfinf;§h present

| lthat [dental] is: artlculatorlly regarded
‘-very reasonably by con51der1ng acoustlc aspects Loff speeeh

'7.percent value lndlcates that he.'najor. source 'forlmja

i

Tfﬁ;ﬁﬁdy_:shows that the generallzation ve hawe attempted ]ust

'words, [dental] appears to be anterlor to [lablal] 1ns termsb

) S

:@ofﬂlfth generallzed vcrlter1a (1.e.,- duratlcn, 'overall

1nten51ty and prcmrnence of spectral peak)}zi;fplte the fact

T

e |

4

fﬁae_ dlscussed that l1p—protru51on ca? lengthen the front

’”cav1ty of the vocal tract vh1le__?he: conflgurathp :fthe"

?

2

5:the‘effect1ve front caxnty for [lablal] could e? sllghtly

k.‘

N 4
'f*ﬁﬁflonger than that [dental] 1n splte of the fact that

fﬁlablal] 1s a nore anteeIﬁr to [dental] nf terls of

e g

n'{tradltlonal concept prllarlly based artlculatory :

. ‘;ELOCATION.' The sllght spectral rlse of [lablal] (conpared

°

h¥u1th [dental]) centered around 2 5 kHz, llgbt then also ‘be

. s ‘[ .
g - B B o -

posterlor ’to

N
~

efjc?productlon.if Ladefoged's (1975 270) systeng”of_’feature:

i

*flcabove dbes notnhcld betueen [labxal] and [dental].; In other if__f

T*E[lablal] Houever, this'-exceptlon\ seens to be eXplalned f-*f”

"f_dlstlnctlon o [lahlal] and [dental] 1s rathef LABIALITY ’

than PLACE (more P[€C1SG1Y: LOCATION).F In Chapter One, xti:h“”:

-,back cav1ty relalns unchange,j_ Thusw lt 15 p0531b1e that p:f~"”

e Ladefoged a551gns 90" % value of LABIALITY to /f/. and‘5 % if”

© . ta’/8/ while a551gns 95 ! value of‘?LACE to /f/ and 90 %
':value to /G/a»;‘.- , , v

o e T



Ce

"}uell-- Because the zeroes of [alveolar] and [alveo- :

(g

e

) are #found -nearlyg at the same freguency, the len
back cav1ty\for these tuo back fricatlves 1s not
be’ 51gn1t1cdntly \Plfferent.xf The reuafkable d1ffbrence in

frequency locatlon ofj spdckral peaks theSeL two back
P :

frlcatlves .y p055151y be explalned by assumlng that the

°

N ?3cal tracts for these categorles dlffer substantlally only

thelr ‘front cav1ty.! It 1s ufdely observed that alveo-

)

'f_aﬁtributableﬁ'toitthef dlfference in their 'LABIALITY.M"A
ST N . o v»._f'
”ﬁ,siuilarw phenomenOn.fuay take “pTace ln bapk frlc tlves as

¢

palatal frlcatlves generally 1nv01ve more 11p—roynd1ng kthan'

| alveolars. ;gIﬁ this observatlon‘holds generally, [lablal]

‘¢

[dental] ‘and [alveolar] respectlvely although LOCATIONs may

‘So; 1n the case cf frlcatlves, 1f we regard [dental] - an
extreme value .o f PLACE "then, PLACE 1s a feature more

Ly B . . ‘ .
,productlon" than‘,te”;th anatonlcally deflned point ' of

o and [alVeo— latal] becone functlon lly more posterlor to
_ R& a T
‘s

nbt be 51gn1f1cantly dlfferent 1n their actual artlculatlon.°

S closely related 4 certaln qeometrlc aspectsl of speéch .

artlculatlon *of tradltlonal phonetlcs. Thus,"lt”seems nore_

llkely that a feature franeuork based on’ an acoustlc model

)

of speech productlon would more approprlately descrlbe"the

speech 'sounds‘:pf languageg(at least, the frlcatlves of

e The freguenc;es cf poles ‘and zeroes are also subJeqt to

the shape of: cross- sectlonal area at the constrlctlon_

locationy v

2 Ladefoged (1975 270) a551gns to /J'/ 60 % value of .

‘LABIALITY and to- 60 % value of ROUNDNESS and to /s/ MO %
E value of LABIALITY and QO % value of ROUNDNESS. .

~



'1-',6 vf : .' RIS ) . _v..‘v‘__.,_‘

. G o 3 N

Engllsh).; But,' thele .speculatlons .are ‘no based __fa”’

: ”"u~ : L R T S

suf£1c1ent‘ experlmental grcund : Therefore, further studles

‘~a'-':‘i,""v . : o
ace requxred tc test these hypotheses in nore rlgorous uays.' SRR

- ._'“ .' - :5’ . \.‘ R s -.'~ ‘ L. @ : - ) ) ‘ o o>
et T T UV P
© . 4. DETECTION STRATEGY FOE .IDENTIFICATECN OF FRICATIVE PLACE
R . s Dl e e R L
! w. . / (T X :e : )

' g Every analytical test in. the Apreseht-'studypjindicated'
-ﬂthat“ the tuo superordlnate PLACE claSses; namely,.frontfandﬂ7
back frlcatlves, icpnstftute a. hlerachlcal structure of

2 -

~

‘PLACE,:_'AsWﬂtoirthef'Identlflcatlcn of PLACE betveen back' )

fricatives;iVa peak detect1n91' strategy appears ‘to .uork
successfully.viﬂovever, it vas dlscovered 1n the exanlnatlonva g“
Jof the‘ averaged spectra of’ frlcatlves that the speotral “
.'peaks of the tuo \fropz frxcatlves_‘a-‘? all piH”'the 'same,
'frequency. bdnds.h Therefore, ev1dently a dlfferent strategy‘
for 31gnal 1dent1f1catlon should be requlred 1n the case ~¢f~"
'front frlcatlves.;xf'lt appears //true that the /PLACn
, 1dent1f1catlon of front ff&catlves does not 1nvolve a 51mp1e'f' r:?‘
strategy.( In the early studles, Hughes & Halle (1956)-iand
t'JaSsen*;(1965;’ falled d* drstingulsh the PLACE of front
tricatives.~,0n the:fother_ hand,' harrisf (1958}, ﬂexnzrlﬁﬁrih:.

:étevensﬁJ1961), DeIattrefet-gl.'(1964), and LaR1v1ere et al

(19175) indicated _the” inforhation fron adjacent‘_fornant o

1 We u1ll regard local naxxna in the averaged spectrun as ‘
spectral peaks, leeulse, wve will regard local mlnlma in
the averaged spectrum as spectral valleys. S



.

;transltlons contrlbuted strongly to the dlstlnctlon PLACE\of

_front frlcatlves.lfaht, the perceptual test of 'the“ present

vstudy-;ndlcetgd, at least for v01celess frlcatlves, that:a;f

.t"
e .

-(20) (1) the frlcatlon portlon ger s of a frlcatlve conveys

suff1c1ent 1nfornatlon for a
"PLACE 1dent1f1cat10n, and
;11) the addltlon of the -vocallc ;

‘Rignlflcantly '1ncrease“,the;

..“l. )} A . R } ) '

e rate. o S L e

rThe vxsual examlnatlon of the spectrum of each f_ the/ 20

tokens 'of front frlcatlves 1nd1cated bhat the freguency

5

4tlocat10ns of zerces1 of the tuo PLACEsf vere systenatlcally

dlfferent between the tvo front frlcatlves., A satlsfactory

b -\ v : -

-h rate cf correct .

RIS

Foa

.c1a551£1catlon Has‘vobtalned by dlscr1m1nant functlon'

= 3

‘analy51s» 1nvolv1ng a llmlted nuuber of freguency bands."Infff

,1these 5ands, thera uere large dlfferences betueen [lablal]

vand [dental] because of tbe dlfferences 1n frequenc1es of
-

%groes Ain gke spectra.‘ Thu ,vlt is concluded that m: pole-ETf

.zero detectlng strategy is a. plau51b1e candldate for the

v

modellng of ‘the' perceptual - process [ﬁof{5jthed PLALE

1dent1f1cat10n oi front frlcatlves.‘ ?‘

.

, ~ I T P S R VR
.Y Zeroes were inferred frpmjtccal‘spectral\ninina.

oo ’
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\\APPENDIX A | ;-
,\ .

Frequency range dnd mld 901nt (1n Hz) of each BIN

~ BIN # from to mid-pt .
1 250 125
; 2 281 500 375 ‘
.3 501 750 625
a4 751 - 1000 875 : .
' 5 1001 1250 1125
6 1251 1500 1375
7 1501 1750 1625
8 1751 2000 1875 :
9 2001 2250 2125, .
10 2251 2500 2375
11 2501 2750 2625
12 2751 .3000 2875
13 3001 3250 % 3125
14 3251 3500 3375
15 3501 3750 3625 , '
16 3751 4000 3875 a
17 4001 4250 4125 -
18 *u;g1 4500 4375~
19 4501 475Q 4625
200 @751 5000 = 4875

27 6501 6750 6625 .-

98
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In the present experlment, I am" 1ntereste “in hou

“agpeople 1dent1fy the tvo specific consonants of" 'Englishy

- .-like you to do is to 1ndlcate whether~ the e'ch glven

'ﬂF56551ons 1n ‘the experiment, . all the stipuliiin: each se551on

l~fﬁ1t receives the: responses from\all of ‘you for ‘each’ given.

”nanely /f/ as.in-"fat" and. 9/ as in "thick] . What I- vould

stimulus sounds closer to /fy° “Qr’ 79/ by pre_51ng one “of . thF e

| two. ‘Buttons of ‘the switch bcx ‘located in: frgnt of you, uhlch- SR
Cise connected to the computer. The ‘consonants’ Hlll be ﬁmy A
‘presented to you either ‘alone -or followed by a“contextual. RDERTN

vowel, i In the latter case, ‘you: have to pay ‘attention to’ theE“jj;f:

eflrst ‘socund_ in maklng your - dec1sron. There will be four R

'*jare of ‘cne of the’ two. types: just ‘men 1oned.-At ‘the beglnnlngf¢,__;
of each se351on, you ¥ill be- ‘told uhst type of st1mu11 you St
<u111 hear in the ses51on.fi~~'~ _ . L

e e

o Stlnull Hlll ccme from A computer located 1n'a separate
~_room.;The computer will not’ present the next: stlnulus untll

Citem. It reads 1n ‘your' responses\Very qulckly.,But it may-
take a 11ttle loﬁger. Sa, - please Keep pressing the hutton
vuntll you heara: ‘very weak and short pulse whlch s&gnals R
‘that the: computer has read in your respoﬁs “You can-use- asv_'h.
. 'much time as you wWould, like to. 1n°mak1ng you’vdec151on._tgfay
f;Houever, pledse -do. nct keep pre531ng the huttom~. = - Sl
;Tunnecessarlly long since the: computer wills not "PLOG ed to
v the nekt stlmulus unless all the buttons are released.* '

f_nf If you have any questlons, please ask them nou. If you_}E
“'do not have any, please uear the hhadphone set” glven to you;;
properly so - that they cover your ears" completely.,- :




