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ABSTRACT

Ue investfgated whebher an intrlnsic pltch (IP) effeet occurs
in Stsnderd Chlnese (SC) and 1f 1t exists how IP and pitch
level lnterect Hlth each other. The fundamental frequencies
(F0) of each 9 Chfnese vowels at dlfferent tonal polnts were
neasured in three postbions: (1) 1n a nonosyllable, (2) 1n the
word-lnitlaI and (3) t,he word-f1nå1 posltion of a disyllable
word. The test items (400 monosyllables and 509 disyllablc
rords) ¡rere embedded in â frame sentence and uttered by 5 uale
and 5 female lnformants. The results sho¡, thâb the
eharacterlstics of IP are to be found in all dlfferent ¿ones of
SC in spfte of th€ fact that those tones have dlfferent tonal
configuratlons. Further, the hi.gher the relative pitch vaIue,
the larger the dlfference in F0 anong the vowels. the IP
differences are reduced 1n Hord-flnaI posltion. These resuLts
suggest a new hypothesis.

IIITRODUCT I ON

Intrinslc pltch (lntrlnslc F0) descrlbes the influence of

tongue helBht of vowels on the F0-value assoclated Hfth t'heD:

high vowels have hlg,her everage F0-values than 1ou vowels when

o¿her factors are kept consbant.

A great deel of research hãs been devoted to the analysls and

quantiflcation of lntrlnsic pltch ln several languages:

Engllsh (Crandall,1925i Taylor, 1933: House and Fal.rbanks'1953i
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Lehls¿e and Peterson, t96l ), Italian (Ferrero et al. , 1975) ,

Danlsh (Petersen, 1978 ), Japanese (l{ishinuna, jgTT ), French (Di

Cristo, 1985), German (Neweklowsky.. 19?5), Greece (Samaras,

1972'r, lalwanese Chfnese (Zee, l9?8). Yoruba (Hombert, 1977r,

Serbo-Croatfan (Ivió ãnd Lehlste, 1963), Itsektri (Ladefoged.

19611 ). and Chinese (Conncl et aI., 1983). Ip has also been

observed Hhen vonels were sung at the same pltch (Ewan. l9?9.

Personal comnunfcaLlon by C.K.Chang).

Verlous experlnental conditlons lrere applied ln Lhese sbudies.

In the early experlments, lsoJ.abed rrealr words (such as ln
Peterson ånd Barney,1952) ag well as rrnonsenserr words (such es

1n House end Fairbenks, 1953) wcre used. The segmental

envlronments ( l.e. consonantal context) were carefuÌly

controlled. Laterr the test Hords Íere embedded in a frame

sentence (as 1n Lehlste and Peterson, l96l: nsay the r.ord

agaln.rt). The èffect,s of prosodic environment on Ip were also

studied. Petersen (1976) reported that bhe magnitude of Ip in
sbressed syllables is larger than ln unstressed sylLables.
Sinllar results were obtained for Itellan accen!/nonaccent

words (Ferrero and at. , 19?5 ) . All of these studies generaLly

sho$ed slmilar results except Umedars (t98,|) which reported

that bhere erere no conslsten¿ IP effects 1n a 20-nln readlng by

two speakers. In order to tnvestigate whether Ip effects occur

1n connecbed speach, Ladd and Sllverman (1984) compared test
vowels (tn Gernan) 1n comparable segmentel and prosodic

environments under t,uo different experlmental con,:itlons: ( 1 )

a èyplcaL laboratory task 1n whlch a cÊrrler sentence served as
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a frâne- for test vo¡re13i (2) a paregrâph readlng tesk tn $th1oh

best vowels occurred in a variety of prosodlc envfronmenÈ3. It

¡{as shown that the IP effecb does occur tn connected speech.

but that the slze of thê IP differences is someuhat smaller

èhan 1n carrler sentences. They pointed out that Uneda t s

findlng was questlonable because she apparenbly had not made

any atternpt to coBtrol for bhe prosodlc envlronúrent of the

vonels that were measured. In a recent study' ShãdIe ( 1985)

investlgated the interactton of IP and lntonatlon 1n runnlng

speech. She examlned the F0 of the vowels [1,a,u] ln four

sentenee posltlons. The resuLts shorred ã large maln effect of

IP thet lessened ln aentence flnaI positlon. the study by Zee

(19?8) on Taiwenese Chlnese showed that the IP also appeers in

a tone language' and that lts nagnltude l¡ less for lower

tones. In hls study only two contrastlng tones' high tone end

lon tone were analyzed.

Honever. none of these studles Here concerned wlth the roles of

pltch Ievel and the positton 1n tl¡e Íord 1n âffecting. tntrlnsic

pltch. The natn goeÌ of the present experiment Has to get a

general idea aboub the effect of intrlnslc pltch in Stånderd

chinese. The effeôt was to be studled as a functlon of the

follolrlng variables: (1 ) pltch level (in different tones)¡ (2)

posltlon fn dlsyllablc Hords (rrord-inièlaL and $ord-flnaI).

171



I{ElHOD

The meterisl consists of trro par¿s. 400 nonosyllables and 509

disyllablc ¡rordB. The monosyllables consist of alI possible

arrângem€nts of consonãntg and vowel s ln Chlnese, each

arrangeÍren¿ havlng all four tones. Among theD there are 279

nrealn monosyllablc worda and 121 rrnongenBerr words. The

dlsyllabic words consist of one test syllable (a vowel preceded

by an lnltlal consonant) and one matched syllabte. The matched

syllab1e Has chosên ln such e way that bhe test vowels could be

compared 1n a slmilar segmental environnent ånd the same tonal

surroundlngs. Exanples are fãhuà/fühuà; wé'fbã/¡rãf![/wetbf;

tí jlng,lúxYng, (The test sytlables are underlined). of the

test syllables 273 vere 1n word-initiâ1 and 236 tn ¡rord-final

posiflon. As nany combinatlons of tHo tones as posslble were

lnvolved in thls part.

fn order go make all test ltens occur

envlronment and approach the situation

fhe nonosyllabl.es and disyllabla words

f rame sentence / ll'o dí "ì . / ttl utt""

ttí aí znà gE .'i./ ,,f u¿Eer the word

in the same phonetic

of connecbed speech. al,I

were embedd ed 1n the

the character .n and /

respectively.

l0 speakers (5 males and 5 females) of Standard Chlnese Here

recorded. Before the recordings each speaker Hâs glven a short

tralnlng perlod . A naturel style lras alned at. The test

materlals were read once by each speaker fn ân ecousblcally

treated roon.
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the records were fed into a Visl-Pltch (model 6087) for the

extreation of F0. The counter provldes a dlSital display of F0

for sustalned vo¡reIs whlle the cursor aLlo¡rs the user to

determlne the F0 of any polnt on the pltch curve shown on the

screen wlth +1 Hz accuracY.

Fig.l shows the measurlng polnts of F0. They are: for hi8h

tone (T1) the mfddle potnt T1; for rising tone (T2) the lowest

polnt T2-1 end the hl8hest polnt T2-2i for dtpping tone (T3)

the starting point T3-1 and the lowest point T3-2; for falling

tone (T4) ttre hlgnest polnt 14-l and the lowest polnt T4-2.

As a first step ln our analysls we only cared about averege IP

dlfferences between vowels but ignored the dlfferences bet¡reen

consonental context end lnterspeaker variãbllltles. The

sbatistical nethod was a one-way analysis of varlance (wlth

speakers and congonantel envlronmenbs es a repeated measure).

high risirtg dippi¡tg fall-j¡rg
T4

Fig.l l"teasurj-ng poirrts of fu¡rdane¡ta1 frequenq¿

T3T2T1

-{- 14-1

T1
12-2

T3-1

'12-1 î3-2
t4-2
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RESTJLTS

1. Vowel lntrlnslc pltch in four tones

the dâta which ¡r111, be ånalyzed ln thls sectlon were derived

from 400 nonosytlebles. The lntrlnsic F0-values for each of 9

vowels at dlfferent tonal pofnts are glven 1n Table I in whlch

the data ârê neãn val.ueg averaged acrosg conaonants, for 5

males and 5 females respectlvely. The vowels were arrenged in

order of F0-value (based on the data 1n Table 1 avereged across

10 speakers) in labIe 2. The rel.atlve mean F0 dlfferences

between IoH vowel tal and the rentalnlng vowels are shown in

TabIe 3 (see 'nonosy.' parts).

The data mentioned above perrft us to make the folloning

obseryatlons: 1). At polnts T'1. T2-2, and T4-1 the Fo-values

of hlgh, ñlddle and low vowels go from hlgh to lol¡ and the F0

dlfferences bet¡reen hlgh and lor¡ vowels are 10-30 Hzi 2). Ãt

polnts 12-l and T3-2 a high vowel also has a higher F0 except

that the Fo-value of Io] is e b1t higher then that of t'Ll anO

tll. Thls is also shoun graphlcally 1n Flg.2 (see .-. ) Tt¡e

date at these flve polnts show thet Chlnese al.so exhlbit,s the

lnfluence of intrinsic pfbch.

At poÍnts T3-1 and T4-2 the situatlon is more complex. In the

meåsurements rre found conslderable lnter end ln¿ra-speaker

varlabillty for F0-values ab T3-1. For point '14-2, the maln

probLen ls that at Èhe end of T¡l the energy is very Lor and bhe
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TabIe 1

sex

mal. e

fem al e

Table 2

FO

htgh

Mean lnurin'slc FO-value for each of the 9

vouel s ab d lfferent ¿onaI polnbs, derlved
consonantal

respectlvely

Chlnese
from 400
conLexts,monosyllables, averaged across

and for 5 males and 5 females

vowel number of
(IPA) occurrences

(each tone)
-1 T2-2 T -1 13-2 T4-t T -2

f
1

1.

v
u
e
o

r
a

12
3
4
6

t9
l9
18

I
18

12

3
lt

6
l9
19
18

1

18

175
181
179
rB0
181
r 64
168
170
r54

1r8
122
ll6
lt9
117
114
117
rr6
ltl

167
171
r69
175
r 68
156
r60
170
151

1r3
r16
115
rl5
112
114
11ó
122
108

89
90
90
90
90
88
90
88
83

197
208
r95
197
206
187
r8q
178
175

97
99

101
101
105
101
100
100
97

I
1

T
v
u
e
o
g
a

291
302
295
300
307
289
278
302
276

205
206
200
209
209
202
200
200
r98

265
27 1

264
278
289
270
270
274
255

219
214
216
219
2r8
215
213
209
227

169
1'12
168
r7r
172
170
170
t6r
171

312
326
319
318
335
315
310
314
302

184
183
183
182
187

r80
r82
192
176

Vowels ordered from hl8h F0 uo low F0 (derived
from 400 monosyllabl.es, averaged across 5 male and
5 female speakers and consonantal contexts)

Tt T2-1 Î2-2 T3-I 13-2 Tr¡-l T4-2

u
1

v
o
x
t
e
a

v
1
u
I
o
I
e
a

u

L

v
L
t
e
o
a

u

v
7

t
1

o
e
a

u
1

v
L
1

a

u
a
1

t
I
u
o
e

7
u
e
a
o
1
v
i

low
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Table 3

point position i

T4-1
monosy.
word-f.
uord-f.

1r
mono sy .
r¡ord-1.
rrord-f.

meen I

T2-2
mono sy .
word-1.
word-f-

mean I

12- 1

mono sy .
nord-f.
rrord-f .

T 3-2

Rel,alive F0 differences (AF0) beLween Lhe vouel Ia]
and Lhe remalnlng 7 vowel s aL dlfferent t'onal points
in three condltions: monosyllable, word-initial and
word-final . ( da¿a were aver aged ac ross consonanbal
contexts and all speakers)

F0 dlfference (Hz)

ltv

9

o nean 2r I

I
8
2

2
9
3

I
1

9

I
9
4

4

3
0

9
7
5

2
3

-l

4
7
5

u

16
r6

8

28
5

l0

19
15

6

32
22
l6

19
15

9

mean l¡ 13 lll 12 13 23 16 9 14

19

13

r8
20
11

27
24
23

22
30
I

25
23
19

30
21
12

12
21
l5

I
20
13

20
23
l¡t

17 25 20 23 21 16 l4

1t
tt

2

15 r8 I t9 18 7 7

¡1
22
13

16
21

21
21
15

23
17
14

14
15
t0

10
7
J

3
-2

1

21

nean 1

mono ay .
¡rord-1.
rrord-f.

mean I

I mean for 3 positlons
tr ¡neân for aII 7 vo¡{el s

A negative
Lras lower

7
12
1t

4
12

B

8
10
11

10 15 I ? 10 2 2

6

9
6

7

4
2
2

3
4
2

3

2
5
2

4

5
3

4
6
1

2
6
3

354q41

value lndlcates bhat bhe F0-value of vowel
than that of votlel Ia]
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Fig.2 Mean FO for the vowels, plotted as a function of

tongue heíght, averaged across consonants and for

5 males and 5 fenales resPectlvely
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perlodlcity is not good enough

measurêm6nts. As a result there

IP at these tl{o polnts.

to perrnlt preolsion 1n

ls no consist,ent lnfluence of

2. Effect of rrord-positlon on IP

Uhen the test syLlebles were ln bhe dfsyllab.lc words there are

addltional faotors influencing F0. There 1s sone modlflcation

f n F0 cauged by the adJacent tone. The data in Ftg.Z (* an¿Û)

and table 3 (see 'word-1.' and'r¡ord-f.'parts) show that,

fhough meanlng and tonal envlronment arê not separated 1n the

data. the effect of lntrlnsfc pltch sbill occurs regardless of

whebher the test voHels lrere in word-initfal or word-final
po3ltion. Houever the magnitude of IP uas reduced in

uord-flnal posftion. This reductlon appears to be related to a

1o¡rerlng of FO in thfs posltlon (in Flg.2, the curves derlved

from the word-final posltion are the loBest ones in most

cases).

3. Interâctlon of lntrlnslc plEch Htth pltch level

Fig.2 shor{s Fo-values of 9 simple vo$e1s as e functlon of the

tongue hetght associated í1th them. In each part of Fig.Z,

fron left, to rlght, ¿he tongue hefght of the vowel goes from

hl.8h to lou end it lE accompanled by a drop ln F0, which

reflects the effect of IP. But the curves at different tonal
polnts have dlfferent slopes. It lndlcates that although each
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vo¡rel appeers bo be assoclated rrith an lntrlnsle F0 aE â

cêrtain tonal point, the differences of lntrlnslc F0 across the

vo$rels vary from point bo Point. Thls varlanoo can be sêen

more clearly ln Tab1e 3' ln rúhlch from top to bottom, the mean

relative F0 differenass (ÁF0) between the low vowel [â] and the

remalning vouels become smaller and smaller as F0 drops. The

Afo at potnts Tl and T4-1 (high F0) are much larger than those

of poinL 13-2 (lor¡er F0).

Going a step further, there 1s Iittle difference tn ÂF0 between

the males and the females in splte of bhe fact that the F0 of

the females 1s hlgher than that of the males. It lndfcates

thab the magnitude of AF0 1s directly proportlonel to some kind

of relatlve pltch value rather than to the absolute Fo-value.

In tone languages' rtonal valuerr ãnd tttonaL registerrr are often

used to discrlbe the reLaLive relablonshlps of pltch values.

If we cell the ebsolute FO-nlnimum as F0(min) and F0-naxlmum as

F0(max), then the tonal value T(p) (in oct.) for F0(p) (tn Hz)

ls the binary logarithm of the quotlenL of F0(p) and F0(mln).

Hhen F0(p) ls equal to F0 (max ) , bhe T(max ) fs the tonal

register.

Thu s

The ÁF0 between 1-a

of the normal ized tonal value ( T(p) dtvtded

Oct.

Oct.

as e functlon

by T(nax) ) in

TonaI- value: T(p)=logr(F0(p)/F0(nln))

Tonal register: T(max)=logr(F0(max)/F0(mln))

and betneen u-a are pLotted
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Ftg.3. The notr represents the averâges over l-a and u-â,
across the males and t,he feÍtaIes. It is obvlous that the

hlgher the tonal vâluer tho Iarger the ÂFO. In other wordsr

tho IP ls more nerked in the hfgh frequency reglon of the t,onal

reglster than ln the lower one. But the slopes of bhe tilo
curves of the females turn negatlve when the normallzed tonaÌ
vålue 1s bigger than 0.8. It seens that lrhen the F0-va1ue goes

beyond certaln llmlts, the dlrect proportlonaL relation between

ÀFO an¿ FC wtl1 no longer be Lenable. Thls suggests bhat it
mlght be north l¡hfl€ to sbudy intrlnsic pltch ln a larger F0

dynanic range such as ln singlng.

Table 4. Cornparlson of FDr for diff€rent lanßuages

FD of FD of Chlnese
mal e femal e

ItaIlan- 23.3 25 .2 (1 1)
2r¡.5 (T4-r )
1 4. 5 (T2-2 )

23.5 (T1)
22 .6 (T2-2)
19.6 (T4-r )Danfsh

Greece
EngIlsh
French
German
ItaL lanrr
Japanese

16 .5
11.9
10.5
9.8
9.6
9.2
9.0

7.2
7.2

(T2-1 )
(r3-2 )

r FD=FH-FL

- accent
rÍ unaccent

9. r (T2-1 )

FH: mean F0-value of hfgh vor¿elg [1,u.y]
FL: mean Fo-value of Iow vowels tt,,€,.C,aj
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4. Com par I son

For the purpose of comparlson, the term nFDn Has defined ãs the

dlfference bet$reen the mean F0-value of hiSh vowels I i'u.y ]

(FH) and the meân FO-value of 10Í vowels [€'at't.a ]) (FL), l.e.

FD:FH-FL. The FD-vã1ues of sone other languages (quoted from

Di Crtsto, were compared to the FD-velues of SC 1n Tabl.e 4. It

seems that the megnltude of IP of SC at different tonal poll¡ts

Just varies bebween those of other languages. Itallan and

Chlnese are similar wlth respect bo the fac¿ thag for Itallan

the FD-val ue of an accented syll able 1s larger than the

FD-value of an unaccented one, and for Chlnese the FD-value for

a higher tone 1s lerger than the FD-value for a lower tone.

The mean ratlos of Ii]

present sbudy and ln ã

in F1g.4. It 1s clear

in good agreement wlth

and Iu] to Ia] as esbabllshed 1n the

nunber of other lnvestlgations are glven

that the data of the present study are

the results of other studles.

DISCUSS ION

There have been varloug hypobheses for the cause of IP.

Tåylorrs rrdynamoBenetfc irradiation hypotheslsrr (1933) appears

to be the earliest abtemp¿. He thought that rrthe rûost

plausibte explanation of the vowel pitch triangle appeers to be

that lt, reEults from dynamogenetic lrradlation of the tongue

benslon to the vocal cord musculature.rr But 1t was obviously
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questiohable

There 1s a source/tract coupllng hypothesls (See 1.e. Flanagan

and Landgraf, 1968; Atkinson, 1973 ) based on the assumptlon

thab the IP could be caused by acoustic interaction b€t¡reen the

flrst vo¡reI formant and the vlbratfon of the vocal foIds.

Slnce higher vowels have loser first formants bhan low vowels,

¿he acoustic lnteractlon should be greatest for hlgh vowels

whose flrst formant frequencies are cloaer ln frequency to F0.

Ho¡rever. the results of the experfments made by Beil (1962) and

Ewan (1979) contradlct this hypotheslE. And the relatlonshlp

betereen tf l and Iu] does not tally with t{hât the hypothesis

predlcbs elther. t{e usually find that the flrst formant Fl of

ltl fs lower bhãn that of Iu]. Accordlng to the hypothesls Ill

should be expected to have a h18her F0 than Iu]. Neverbheless,

the present and a number of other lnvestlgetlons shotr the

opposlte relatlon. l.e. a higher F0 ln tul lhan tfl (See

Fi.g.4 ).

The Ii]-[u] relatlon ]¡e Just dlscussed also contradicts enother

hypothesis Hohrts rrpressure hypothesistt (1971 ). Mohr

assumes a pressure of alr bo be bullt up behlnd the

suprag,lottal constrlctlon, trhlch reduces the alrflot{ through

bhe glottls and, consequently. the rate of vocal fold

vibratlon. The greater bhe dls¿ance between the constrlction

and the glottfsr the longer 1t ¿ekes for the al.r pressure to be

established behind bhe constrfotlon and hence for the F0 to

drop. If thls erplanation lrere true, a hlBher F0 should be

tÕ 1



expecbed ln Ii] than in Iu]. Thus,

study support nelther gource/tract

hypothêses.

the results of the present

presaureeoupling nor

Of the varfous hypotheses, it EeemE thab the tongue puII theory

hes recelved the greatest abtention. The earl.y tongue pull

hypothesls ( Ladedoged. 1964 ) supposed that, the tongue. when

ral3ed to produce high vowels, pulls the hyold bone and the

1 arynx upuards, thus resulting ln an lncreased vocal-foId

tenslon whlch 1n turn Ieeds to a hlgher F0. Buf this

explanatlon is contradlcted by t.he fact that the hyold/larynx

posltlon alr.reys seems to be loner 1n Iu] than 1n Ia]. OhaLa

(t9?3) modlfled the tongue pull hypothesis. He thought thet

the increased tongue puLl 1n hlgh vowel s gives rlse to

lncreased vertlcal tension in the vocal, folds through the

mucous nembrane and other sofb tlssues wlthout lnvolving the

hyold bone and the hard tissues of the larynx. In supporb of

thi,s explanablon, it appears thâb there is a posltive

correlation between ventrlcle size, which ls assumed Lo reflect

verticaL tensfon fn the vocal folds and tongue heighb and

fntrinslc F0 of vowels. The tongue pul.Ì hypothesis has been

expanded further by Euan (1975). In addltion to bongue

pu11--or ratber, Ieck of tongue pull-- Ewan proposes a rrtongue

retractlon/pharyngeal constrlctlon componentrr to eccounb for

thè low lnt,rlnsic F0 of low vowe!,s. Ewan suggests that ¿he low

F0 of low vowels. whlch are also assumed t,o involve a ton8ue

retraction or phâryngeal constrictlon conponent, 1s caused by

the soft tlssues belng pressed down¡{ards in the dlrectlon of
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the larinx ãnd thus lncreaslng the vlbratfng mass of the vocal

folds, whlch results fn a decrease 1n F0.

But fe¡r of bhese hypotheses âtt€mpt en explanatlon of the

rrnonllnearltyrr 1n IP. In Chinese the hlgher the tonal va1ue,

the larger the IP dlfference; in Itallanr the eccented

syllables dlsplay greater IP than unaccented ones (Ferrero et

aL.,1975)i deaf speakers often exhlblt a larger than norúal IP

whlch may be related to a htSher than nornal average F0 (Bush,

1g81). IP ls reduced ln final sentence positlon ¡{lth a lowered

FO (Shadle, t985). The conmon polnt ls thet a larger IP

dlfference seens alïays correlated to å hlSher F0. Moreover,

the varlation of tonã1 chãracterlstlcs due to syntactlc and

semantic factors 1s much larger a¿ the tonal roof than at the

tonal floor (Bannert, 1984 ) . So e larger veriatlon of F0

always corresponds to a hiSher FO. And this sort of

nonllnearltylsrelativeboa!|LLhtn-subJectvarlatlon(1.e.

lbdoesnobneanthefemaleshouldbeexpectedtoheveelarSer

Ip difference than bhe male because of a hlgher voice). there

was ã simpler explanatlon thet general relaxatlon (as 1n an

unaccenLed phrase-final posi¡1on) may reduce lnbrlnslc F0. But

ft is conbradicted by the evidence egalnst vowel neutrallzetlon

ln !hat nrelaxedÚ senbence posltion (Shadle' 1985) '

Here, rre try to 81ve a probable i.nterpretatlon froú the point

of fnherent nonllnearlty of the vocalis rluscle itself'

Accordlng to Ohalers theory (19?3) the tongue pu11 glves ri'se

to increãsed vertlcal tension 1n the vocal foIds through fhe
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mucou3 neDbrane and other soft tlssues. l{e could asBume that

there must be a series of deformatlons 1n bhe mucous membrane

ãnd the soft tlssues. and flnalty 1n Lhe vocalis nuscle ltself

thus causing lncreased tenslon. The reletionship between the

tenslon T and the elongation x of the vocalis muscLe can be

approximately expressed as ( FuJlsaki et al.. 1981 ):

T=a exp( bx )

The lncrernental tenslon per unit elongatlon, as glven by

yT/yx, Ls obvLously Breeter at larger values of x uhlch

generalLy correspond to higher F0-values. In other wordsr bhe

såne lncre¡lental eLongation due !o the tongue puIl could câuse

ã Iarger lncrease 1n tension T, thus leadlng to a larger FO

varlance et hlgh F0 than at low F0. Howeverr lt must be

emphaslzed that thls is only a probåble conJecture. The

rellâble evldenee for the 1n¿erpretatlon should be båsed on

physlologlcal data. Last r we thfnk that lf this kind of

nonllnearlty ln the productlon of speech could be confirmed, it

r.rould be helpful for a betÈer understandlng of ¿he similar
nonlinearity found ln the perception of speech.
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