-
P

-

LINGULETICE, 2ESYCUCLICY,

NMLCPHE CEIWESE LAMGUAZE

aditad by
Ecnry =, B. Eao
CLEA

Famdese Eocsalo

Centre of Asran frudics
Oniversity of HAong ©o0G

1uth

af

R




Fo de bide e awm b o s s

=TT

Lexteal Tong Perception in
Mandarin Chipese:
Evaluation and Integration of
Acomstic Featurey

Lhin-Yo Taeng
Trwditude of Ffistory- and Philodery
Academia Sinica, Ty .

Dominic Y. Mascerm and Mleleel M, Cohen
Lindversity of CNIRDrnia, Sumiy Srrr

A oo concom o speeck retenrch (5 1o determine 1he 2oomsl=e caes that
we stilized n peroephon. The geai s o caiablish the peywlogca) meladanship
belwee perceprion and srogreciess ol the speseh sorpulus. Contimwipg n this
tredidon. the powse of e poosens investiztion s 10 Celermins the seowns
ekamran:ngs wtilized in the perceplion of lexical 1one io Meodary Clhisewas, Lt
hai bren asamed m inzuistc theory mat ake prinspal phoneris rsenes of fons
i (ol in the demain of pich, wlose Py aconstic corzciolw i3 1he
lurdemenoal frequenty §1 0, The team e eefers o a e o bar vy i wiich
patvl: 15 ablized n Janpuace. 4 jone funguage is a langieape (hat utilizes pch oo
conccas: Sndividwsl Jrogil oems or wonds (vcCaaiey, 197E) Thes dehoation
incibcies ke redilione: wonr lngusges of Afrea, the Ajsncas, zod Asiz.as wll
A% the margioel ong ur Yo occent™ lceeaees of Eecope and Fapzn: and
el acles “nlonzrior. langeages. Fle Fapii sy oo which piea 35 used Lo sipnel syroactis
arid,or semantic distiosticng L 1be phrasz o satence level (Gaodper, 1973,

There ars four bexacal oo in Mandion Chincee. Aveomling ‘v e cwerall FO
pumerns, these wones @3e by described as highsb: vef, mid-rsing, mic-allingising
arnd high=Tallyag (CRao, 152E) They me rradilivrally calied Trmes |, 2, 3 ans 4
Tespectively. For example, rhe seliasle e with Tuges 1.2, 3 and 4 wrnodd imeeg
‘methen,” *kemp” *horss) end Srapenesh C Afthough Lingisti rheory has stressed
o fkazure of pitch in e descopuoo of tone. it 8 pessilile that other eha racteen o
gz asad o perception. Besides the FOY 512 anset freguzuey ang Jinecnon: sams
other possinle acowstic humpoemsms speartving QiMmemoes o lomes Bre wowsd
ducaticen, sn plilude and vowe] quatity.

Studies of tone procuctine {Choame Hiki, Sane, 024 Memoen 1970 Bowio.
1076, Tecng, TEET: have found thar cortein ucoustie chavacteisrcs vare wilh
¢hungzs in tenal vasiants i Mamlads wonds producsd in sulawon For examele.
Lbe forrisisee: stz sy diilired tor different 1wy, The taling-dsina one (Tonz 3)
Was i lorpesl o vorwel doeation, while the f5iliop, oone fTeome 4) wes thesharosst.
The Larinsic anplitvde also seemed v vane. The fling-risiag tone § Tone 3} was
poties] with the fowcst ampliond:, winly the falling tooe (Troe 4] wars he




Mgt Adso, he FOF palicg B g possicndy Wele seerpaeda rg ned vl mgee bnolilionen
vl w100 W e ulscrvibons netheca aeliclsle tlitlereneae o [l
ULHATIC R EStes oF U hiness bore, e [ leners right L the Blormalion
e pererprtna | regegaition gMiene, In Adlition, the eenet pooperly ar RV E g
LY pavern imprasL 0 oy eEREptien Bave not Leen detsomensd. ¢y
[resem JEpiaa s 18 vy Jebesming 1he o usLic feiliures rasponzilale lor i)
pereeplion ul Chincse lones, e relsive imporance of thuse adnres. ond Lpw
taesy atre combsied during perceepi reCade i Lion., -

. Severul previcns studics huve Allempled 10 eventliuge ehe peroepion of
Maanleoin onnes, Chmwmg e el 1975y Preseiiod sels of seql-speech Chigese
sy iibles Jilfeentiatee by tenes sind Frnne i €00 wse liseners can reudily
ihenlife s dones, Masl eornes invalved conlusiogs belween 'one 2 and Toay 3
Huowie 11977, (%701 counlucted 3 gerieg gf perceprlion wsts ln which Chinase
liszeste s wore asked te idennife the Tour nes greder v, iU crmkeltioars, T hen
e lour 42 Mzrem synlfiedic 1nnes were taspused en a renl-speech syllyble, listeers
flzwiilizd g pures coorecry 5% af [he 1, lowic alse gemeied a s ol reg)-
spezch cilalion avilables aod replicesd their orizinal FO oonLeare weilll B enstant
POVl 28 Nz Tas bisie v s oid Iy inoddealilyisg e tnes mider this coesdtion,
Heswie canchiated ihad (e 102 pannen is eeitfenl in e i nbilicarion of 2l tisr
wiakdanm Clonese sanes, Huweyer, Blawie's stidoes id sl Turiler addrcss 4l
tpaeslion of wlich chaucteristieg ol 1he Foy PHICCH Adce Snipsoriand,

The pereeplion of fahe Lag plsa been studicd Osing the procedure of
smettlimes siong sealing. Chiencdi ceanel Flarshmgy § (078 spnthegied B3 valinls
ef the ayllalle 2wes diffedng in Twah Curetan and 1% Tregoency. The speech
Sctlimls were gitler long ar short o Jumauion, and bad FOY Freguavcies [hat were
e, raing, nnd Galling. The pveral] O requency wes also yoried 55 was e
slope o the Boear rajec o vs of 1l fulling and Tising fones. Thai, Yoruha, and
Americiin Coglisl s lyec s coted (e dissimituriey e ween ol possible i ol the
|} £prech saunds oa a0 | F-poing 2cale. Five dimensioms besi descrine (e
dissimiturily ratings, The dibwasions were in deCreesing ardee of irmporinnes:
overul} POy regnemcy, divectlen of FO chenge, <y raLon of e syllahl= 1he cxireminy
ul 1lke FOY Irequeney o1 the vad of 1he wyllable, and the slape of the [0 chanpe
during 1 syllasle, Thers were alen incersing cruss-laneware Jubronces in the
t-lative impotiance of Uz fve dipensions, : -

EXPERIMENT | .
FO Tatee o and Darsdlug

Ay e Lave sigted pravipusly, e inodivaton al condecling an esperime| on
(e role of B0 maitern ead vows) durarim alems fom abservudons af syailahle
croduction Cula, Figae | illustimes overdge I enabcns sl lumacicns af the
Four liexivel lones in Manderin Cincse, 14 shoull e noted 1l omdy @12 prcroges
are gletted in Figime 1 and e are lo-ge diflorencas =3 g function o o=l
bt il seBehte g i, Tae potizins wsed in (e [resenl enerizsenis one
I addelle:] ater more sprcifie ocoeences of the pating s antl, 1lerstone will dile=r
SR Enly Sory luess gverspe puierns, Bolly B4 riktern ard duridion dilter
ameng 1z il nes. The 10 pattern Jollows, a1 Foast rompliy. 1ha high-lovel,
rid-rigig, mid-lalliag-rising, @) lph-Calling deacrigptian of 1 four icies, The
Tour bores dilso @iller semsaliz in durakion, Do 11974 abseeved 1hal in
Pansdering vowels o syllalies weo fonger wigh tising 1naits thats Gilllng 1nnes,
Tueng's (1P ding demananined thal e lalling-rising tone had the longest
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v
d the Buling tane the shoHi
0 sz, Jovpee @ Silling-risis
L thes? obsarvadions, thie AT cageriment ey lea. -
umiLtean i 1l pereepLivg of the tan go e,

duraciony Aoress all Mamlann vows] phenenies oo
The mean duation lor the vowel Sif was over 20
e Nhun io Gallipgg tene, Crivs
the rule of B0 paltern and o

Figare | Average Fundamem! Froguener
of e Fodie Chinese Toaies |
fAelaptod froe Gangdene, P78

Clrurcnr gead Decranion ione soret
e Bades 1 Prepgnsad Positio,
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Sidyets. The present cxpermenrs Desied relagve:
lonp pexiod a5 ppposed b lesting nuany subjecis f
praciical [evel, it was dithen
conrlieunily. Howewver, s g
CUOCETNiG [he guesiions al i
test oof Al fuzzy lopical o
neutralize amporiant rends o the cesnlt

Six Clinase cubjeets, four male 2ad v female v
of Califarnia Santa Croz, participeted io the expe o
wers nallve speokerd of Mandavin Chiners wia b
ear sl of Lhei e lives prioe 1@ theie recent @i v §
inIte 105, & few rmonghe bl gie ox
wortact will forcigne s, The
Up 1o fone sudjests could ke

P lew sulszcns for a calagival-
O just i shor pocing, A1 e
e fad nEny native Chivese-speaters in ni
trateyy vaultled ws io look a1 individoal fesyl-«
clerest. Todividunl suksgecs dal

A provice 3 glrmieer
del qicee zv

cinging Hrrosk subjecly will saelfme;

e e R Y Eprwy T MAN L gEp e et Tt

isiting schiirs a: Lniversis
eab Al of the satyiects sclhes i,
ol resided o Lhe Pezig ares,
nthe LLY, Brior e reir agv
poriment, these eabjects hed lin'e ar oo
sidjects were pund $5.00 pes e S 1hein seryiar
tesied simullaneaesly in sepazie sound 4l erua s

e

Seireds. The s3imeli wore

43 wonwels procluec by she Bwtuzial eamilunation of
stven lowel of FO

e ael seven fvels ol vowel durmticoh, | he vowe: gse |
wis B high fronl wnoaurded I To seathesme ha wowel, we L
frnnam Trequenay valueg given Tay | lowie L1970, Thes
derva n ideal Mundeein Chiness /iy, 2% judged by one of |
FL F3, [4 and F35 wene 255, 2190, 3131, 5710

Ean Wl Le
wowlaes wears modifc] L
iv authms, Tae vzlue,
and G300 T qesmectivel e
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BOJ padlern renged bevween falling-rising couc and Ja¥fing 1002 in Banuazin
e i eqeal sleps. The FO pallecns of e 1wy eximeme listiag wers 5ol equol

I
m1d the 3verade b pudlerns for che vowel fif piven in loede kR T.h': Frl
“priiern was specilal w13 paings duding e vowel and the ECF wis linvarly

iree polaied between adjancogp vaiues. The iefi panel of Fipurs 2 Eives 1he FO
villues ol'the end o, stimuli far e fllitg-nsiog to allipg lone contiouum.

Freare 2 Kudvotor FO Petterns Lised i Kxperimends [ Throueh §

Eas | Evpm 2:8.5 Evp &
n-.:1
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Parcuatagy of Your! Durotion )

The duretion nd e vowe? stimuli eanged drom [0 ms. tn 400 e, (o equal
sleps af x0 ma. The FOgwlem wos simpty compressed v eagandad ar dues lion
with thanged. The amplilods pararasier [AV) waz 526 82 O dB a1 the ansel of {he
vowel, thet v linearly i 55 B sl 30 g, elber e ol Uhe amplicody
[ur decreasenl linearly eo 30 dB 2t 30 ans, betors the oalfsel, und to 11 dH 50 the

el Al stimali wsed o Exprzionen) 1 hed this bisie form, with $ysternatic

variplion of ths FO paltern a2 well us the durstion,

Ta2 speecd younds werg spnilcsizcd using Uiz Klai (1580} sofiware speech
synihidis prograse implzmented on o Digital FLWS| 17344 corepiter, Time valoes
wre specibod ind purametay were calculalsd in 5 me, increments. T ontpul
of the: speech symtliasirer was reconded with a ssnpling rate af 6% K172 and stored
in files an a dige, Duripg e experement, e stiomok wors played hack ar 14 K Liz
by & 12 hit DA converier [Dala Trasskallon ddoge| [T 1L The avipal of Lhe
T3A vonverter was flered at 204600 Mz hy 3 Kroho-Hice Model 15008 hand)aes
filtzr, The stitnuli weee Hen amplificd {Melntosl maqde MCC-50) and praseried
e subiects of approsimatety 68 JH SPL gver Kogs Pro-dAA headphones.

frovdnee, Bach risk Began with Lhe presciation of ooe of the 48 vowels
selecie ridomly withou foplacemstent in Elocks of 4% [riake, e subjcrls wop
tobd s idewsify (e tenal patern of the stimuli, ic., falling-tislog or falling,
tradarrennlly eallzd Tone 3 and Twne 4 in Mancdarin Chinese. Esch Tiinjed]

-
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resprded by pressing eitlicr the Sevy 3™ or 9y cotmpuer zranaal key o
Televidzo Madel B50). Subjeos T 3 5o, e make Their respense. Toe newr pi.
Liegan imredivicly afier e rosponge joleeval, Theve were 25 practice ria
Slloweed by 294 experimenzt riats in each LXpurimental session, Tae s ez
did net kyew bet the first 25 (rals wme pracoice and wonld nol e analy.es
Befons Lhe £rs1 seardon of the e dav. & poactce scwion of 190 rigl wits al:
alrninistered, The swbijects parucipued in wn fessions o rach ol Roor difisrer
das, '111; slgjoi s oak abeet a [0 minoies hreak Llween scosians. A oolal of o
aBERrYATIUNS were cuolleotad for =20 subiest By each of e 49 Les] sounds,

Kusultg

Fiaume 3 shwars Tha promorciong ol lailing jodgroenls as 8 Mo ol e fi
patern, dunidion ef U vowel is the curv- perazczen, The likeizhesal of s "l line
Juedgenent incezend systemanizally wich vhanges Iram Glling-rising 10 hiph-tallis
B petiea, 16.20)=2 19, p< i, Alough e main eCier ol vews? meio:
PR Ll syumibcant, vowo dummiine ¢ iobago) @il TT palleon, FI3A 50w 177
A== 001 Orverall, the hizelihono oFa lailing judzmen) decizases with 1ncreases -
wowel uralion el chis e was frgesl al oke amlipocus fevelz of 1he Fr,
patlern (Zevels 3und 4 of tne EO pittern in Fizure 31, Tukle : gives e Arap=artiol
ul Jaling jode-newls for the sis suljects. Tas overel| eifect nf duracine va2Ecas. ;

A decrease in I'allin_g._imlgm-:ms Pith iucrensoa i vowel durition fom L0 msec
o 2500 nsen,

Lre 3 Fropoeripe af Faliiny Jdeniifieaiions avd Fusetion o' the MO Payern

Foaud Dairafiom in nai. is ghe Cooe Prarvimesss (oo gawa) I
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I additiog 1o the role ol deralion ws & cue 1r Lhe discrininalion al Lesicl
L aendler resull shown 1o Eipane 2 15 of inderest, Suljoels wire aess congssecil
in Lheir lene podareentg gieen 00100 ma. vowel. The resoby indicates 1hat the
deserirninaticn of FLY patern was mlatlvely degenced when che duraiion of 1he
worwe| wirs 100 sws, This rescll sugpests Lhac oplimul processaae of the FO palless
used in 1his slusty reuirss @ e ihat is ave: 200 ms. loce. - - .

Mre might aegue tR2d the 100 s, chinatieon level was responsibla far the
Taterzclion of duratien swd FOopavtarn seen v Fisare 3 1o 1es this e, we
elieeresed Ihis lzvel it ar addidional amalysis. The dwration.cileel w23 now
SipnEaens, B45 252 T, p=l0d, and the inleraclion belacen Garetin ol FO
pallers remaived stahistcally signaficart, PG, LED LGS, p<l0%. Accordingly,
shere is 57l 2 sipifcant cfloe of Aucation and cspecialky when the EO pallero is
oL THIER ) )

Altlaazh 1he effest of duaticn was stalistizally sipaiieent, ooy tw of the six
stlyes s sbknwed o loraz and svstemistic Bt Their ligguistie backgroud dic ral
grem 1o favr mial 1elevance w3 1keis eensitivily 10 dozulion @ oo L lesical
Lz, Far Enese wo soizperts, FO patieen was 21itl e mosi inlluenoizt coe and Lhe
infleence uldmasios was srnagest when the 1702 palierm was T ltively iunbigeows,

Dz nssann

The meenlis of Experiment L desamasirale that the subjects” pereeplion of lune
wits rpialy udfluenced 9y Gas FOpatteon, 2 olaer pravasus studies have repanted
ACandnar, 1976, 19915 Deration hicd teo Jiilirgat eltecia, Firay when Lhe voesl
dueration was very shurt (102 mg). snljecs’ judpment of the PO ol e
deprnded, 'Ly suagesls that in ordey lor (ke FO patfsro to b pareei ved securaely,
the; wawel parifon thnt bears the PO padeen stecsts 1o 1 lonper thon 100 ms,
Seeond, T oouwl of the @ subjects did ose wowel durstion @s @ cog in pereciviog
fenes, Linguistze backpraund of Lhe subiscis &id not secm e oftr any explanation

frr 1hess hitosences. Su far, we cipoenly conclude Lhat some speakers ulilee
durnlion 34 2 fu2 for one peseeption, s hps been suggesied in same previous
shizdjes (Crandaur, 1Y78),

Towhi g
FXPERIMERMI 2
FO Tutiern and Yowe] Quotie

The gral of 1ke zeeend and thicd crperiments was i evsiuaie e nelucnes |
vl uuylng.- ol the peree puon of Jexical lone, 1| Ess beck etheerved tial Lhe F&
PAMETn Fow' fome varics willi different vowels (Hywie, 19740 FLuwic's (1476
Mcaser ements indiane (ks beh the staccine, FO and e FO copice ey Bivrr
Iulr_-': -Elilﬂ'-lt‘l mr iferent vowels. For cxmaple, in & four Maadan Wzizs, Lan
ﬁ}-:[::b-m with the Righ vowel /iy weoe sipnificarcty higeer o b D Lthen susiespond.n .
avl*ibles n;.-:!h [ Iq_n_u vl S DMang, 197 Tas Fesilive canrzison tﬂf'.'.-'hr.e!!ﬁ
vowel heaght and pircl, height has Leen ohscees) Jar Erplesti iLamigig, 1070
]_"n:l_-:rs::-n ened Harney, ]_'3 32}, anclpiber iang g as, tor examols, Mancsh -:]-‘é'.m:.u_-l-
£S5 an Boorewn [KEu, 1YGE). 1 mdght Be 1he case 1Rat listoners vl 1|1..:
IF['I (uillern relalive b s vowed conleal. Homborg (1978} cnnglucted an |":'.-:|:|-"i.||| m
in whlﬂi H I woreesls A JB7 il A were synthesized, a0l iree 190 i;-m:.:n;li'n_r;
1L15, :IJI, anl 123 Ha) wee supeseimposed on eozd) wgweel American m.h!n,_-L
wors gl bva-voveel sednenees in which fhe FO ol the soeand cawsal wig cilhor
5 Hz belaw, equzl Lo ar 5 Fe ahave the FO of the firs) womel, The subrocly' lask
was to judge wherher l':|j:: Iirst_n-r This sevond vivwe| was higler in ek, The low
vorel fap war Ieelpend higher in piteh than Tke high vowels A7 ar o), allaough
thedr FO freqmenries wese i Gel equal. S milar resulis werg sliain el [y 'I:"-I'.u:m
and ‘F-.'augl[l'!:l'.'ﬂj. IFAleesc: 1 peiits goneradice (o Joxical 1one jedrmenis, a _gil;tn E-'{_E
nativrn mipht b fferpreeed differenily in difersnt vowel coniesis. Howeseer
lven that the perccived warinion of FO wilh vowel quaily con b svoncled 1
bz Al | relnlive o i changes in Fecicul cone, fws el of oo | eualest shoald
anly neaur wilh smbipeows valpes of FO 1aneon.

L Experiment 1, a wooecE eantinuam was creed between 1he vowe's fi7 rne
fxSo A contiauum Poeween f O and fa) was used i Faperimar: L E:1Jl-c:>'|.
SADETIMENLS, the 3nre conlinuum ol FO paiteen ging betwaen twlling-:.s'riv anc
falling tone was vszd. Sehjects idzet Rzl beth 1he vl qualite am® hegeeal tore
Bl we rzatric! eer analysis ta just (L tone Juduniznls. ' ) ;

Wad lupd

In the socond capueriment, e 1wy vmiahlcs nanepulated wers Lhe FOY pat e
ened th: foaman patrers. My FE Parfesns were siases Tor the ends ulthe [lline.
rieng W FNE coptinuum basid oa Lhe ovessges aorces sy illisront -.-::.w:
cenlcaty {see the rndillz pamel of Figore 2 fov these new vaoues ot the FQ palrera
aptimun]. Thete valwes 0 FO panern wers apain soecified &1 1 | PUITLLs rlr.riu-b
the wiwel, As in Experanent |, the eontlinuom waa divided o 6 e slens i
gunerate A sol el f perterng., sanging from flling-rising 1nne 1o laleay L. |
1w formman panern, a conlinuum nf $even vowels Fom FL 10 A ws [!,.:n-:_'-aill';:l,
Bath vewels are high henl vewels in Mandudn €hinss which difa in only
ruuadng. i, My is a rounded vowe] while fi i pnroundad, The voless o 17
F2, F3 o i3 for vowe] pof were 260, 197, 3542, angd 1442 Hr respcLive e, Tl
valuey !pr A dere 252 EZ, ZBA6 wind 3583 tlz, The values were bogee i|{i1i.;.'|l;
ui | Lowie (1975 and later cevivedd slighily. The seven swmcli alony the gontingesm
were squalfy cpuced in terms of it farmant Feoiencies, The valuss for T3
ressinlned vonsland a1 4500 Hy fin loth eowsl, Thye 49 vl e e
ﬁj:*.nnlal enmbazalion nf FO puiem ood firsiaon puleem were SVE I Nesicgg o 11
Fapuiiment 1. Tha ducalion of cach veseel was 250 ros. )




esane 6 Chenrse subjectg angd idenlicnl wsiang procednes wene cripleeal,

reapanse chooes wers wards curpespolid (iR 0 the yowels JE and fv/ b beth

[ it tg-risit e { Lone 3) and high-lalling lone { Fone 4). Fowr kees on e

"eoitipeler wermical evhboard wene bancled with Uae fowr Chinge wowds, Tle sulipeos

- potreipatad in two R-minones setsions on sacly of fone differen) Guys, & totgl of
AR ohservations werg eollecued tof el ol e &% s vom @el G ljed,

Hegindix

J'J_'.l‘.' =N |'|El'|-.‘:’. nsk ig,un’! 4 sbwea e |:l|l;:-||l.:-|'|i-.:-|| sl f':ﬂl*.i.llg respa sy s [ureliom
el ol FCa e l."||1'.'.i:.=||'||.||.| muwIng Fraun I'5|Ilin|:ll-ri.5i1'|_|:ll Lu tli:_t'.'l!a-‘lial.lliﬂ]_',: wrao]
lzrment paliern 5 the curee poremieicr. Aa coie ke seen, the likeldoned ol Gilliog
epnoends vewecassd spseesaocally wich choges a1l PO atern, FS =477,
P00 Adlough FO pailletn uppaur: ta change with changea in wowet qualiy
it rend E-pl:\:l:h. N | quaJit:f lead na i|||||..|l.1r||.:¢ iy l.|:|-e.: lunl:_iudgm:nls.

Figare ¢ Propasticer of Mg Idearificetions as a Funtion of vy Frd Patter;
' Feveer Ceasdy 18 thie Cueee Facasister (R eperrmpens 2 0n 1he Ley Paned,
Experimen 3 e Righs Fanel} '

1.k 1.0 aEh
. E "0, E [, B
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Tn prewarde paaher s ol G connsbegien ol voael yralily, 2 dilterend woreed
senlngwu. ie. vonels faf oodaf, was eroeled to roplicate Expoment 2, The
wvithoes ol 1l fominmt Erguensies Tur faf were 635, [ 563, 24858 3359 -2nd 43500
1z for T1, F2, T'3, P4 and F5 cespectivel . The values of the forment Tegaieaies

T P e e

Pt vl At wrere erl b ML, LL3E, 2533, 3291 end 4500 Hz. AL olyer e e lers
ol 1he a4 wlimuli were equivilen! o Shperiment 2. The same Tmling procedu e
::.-n:‘. eraplowed willy four respons.: cheices correspos:ling te jag 2l /87 in b
_.ulJJn;—rlmng_ume sl En_l:mg it The saere grouy of Chioess subects pa;'l,il,;ipij_l_cfl
in Al experiment, Agads, wie CSITRCL N ANRiYSis (o the wdgrmem ul'leical 1ane
A lelnl af 24 observations per stimuluz was collected far each Subyect ji lour
capeciinghilal sessions.

Eesuliz

Tl rigat porcl nf Fipere 4 gives Uhe percenlage of “falling Tone"™ Judamynis ag
4 fonctiot al (he FCrpaticrn going. from: lidiingz-risimg o labling Loae: vowel qualiny
18 105 curee parzemader T he "falling Lo Judements changzd Svstomation] s witls

Fiy patigen, Fi6,J0p-L01, =008 although the main eJecl al vowrl quality wes

ricaL Isi_g.nil':lznl. Fi.30=48, the interaction of FO psllecn 2od vomel gLality wrs
slaEnilnl, FiAGIB01-0.00, p-=001 Fhe lunctions are slee; sl [or the vowp.g
heaxd I'!'II.CIH likedaf nod punne prudual fir e vowels eard ns fad, Thus U
froreeplion of FO watienn uppears 1n k& mone copsistent wilh ke vowel Ay I|I:an
with the wrveel oz, Ule vesall is cifficult so vxplain &nd eeerisie wiad e ai;scn a0
al ary ellisce of the /i — v condnown io [he Provicus sxmerinmgp, N
Criven thal the sare FCr pacierns were uged in Exoeriognls 2 ond 3 10 :c
possitile tn ek wacther Uhe chasae in sone judements diTered 55 8 func: o0 oF the
rwan ol iflerent e cunlnoa. This is i very slena g sl ef ke conmbol g of 10
paite:n 4% i function of vowel guality becitse the vowel differzaer betwzen te
it Lanlinud Ls grenles thea the dilference wilin wmich of the vontinea, B ver
€n %ﬂﬂl}'ﬁlﬁlﬂ-! vArares ol fee lone judanis s across the wn Cui Periza e b5 Fo uc&[n:li
nu amterecuon of FO patlern and dke jwo difesent vown? conlinum. Foig, 157 p<!

Macuzginm

The resnlle of Expetiments 2 and 3 ¢enwnsiroied tha) sublesis® oo
| . d . ot juelpenls ol
Lane chanped srereinalivlly with changes in T e, E]mﬂ“h -.-._n-.lL[ UL [
dil nel appear woprovide 8 o o the persepie reopemiion of legss Lors
EXPERIMIEMT 4
£0 Pateern, Amplitude, aud Yomwel Chanlity

We hiuve stated previnusly that dilerences in 2mpliede are foynd wit, uilfe-ent

“toaad pavreons in Mandario Chioes: (L §964; Teaug, 19815 When pradeced i

citaliig formz, e Billiaa-rising tene o Done 3l wes procdced wilh Lhe lowps
um]:-llltu-ﬂn:, wlisceea dhe falling tene (To; 4] was the liplest 7 lisfenacs ulili:.:e_-;
amglilucz as 8¢ [ Lhe prrozpiua; meognition aFene, Crev shold Wi b L
louder wiwe |ssis Tone 4 ratbier then Teee 3. Abmnaana {875 fisd -l | smlitide
&iller=nees conlribuled Lo e percepsion of nooes in Thai, aven oogh 1340 -'E-|L~;.:
-1 :Il_t dumilluut g, W are Luts interesied inowhelber amplitude is :||||riz|:-.i.a.i:
B CUT M pERCELYLNG foubed, and B0 Gk s, how o 5 inlepessd witk ihe B8O paziorn.

BTetlnd

.E.hll'ﬁl witllinbdes oo Illilniuulz:m:l, I'|:ir||l:[:.'_ ] nealipe, F47 prklzon )
A iude Frvtuelve ol marli mers paemeedae oy, - oogo e m o R -
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vy kv leeels of PO patlern and shyee levels of amplitude, All s1dmuli wera i T . - . ,
350 ms. lang. The five levels ol farmant paliemn wese squivaleat Ly levels 2 Fiphre 3 .ﬁfﬂﬁgﬁfrﬂfﬂiﬁ@ -'u"r.lrhﬁc'.-f*rm.':s_ﬂ.faIFuHc.rfm.' it e O Mot
Ihicuge: b from Eageriment 1 The walues af the lorman frequencies FI, F2, 13 PRt thve Pacaineter (Experiment )
ard Fd dor fid wore 2%, 2064, 2793, ond 23l He tecpectively. and foe o 261,
381, 23 ] 3445 Hz respectively. F3 remained congracy oL 500 1z, The FO 1.0-
patlera coatiinuurn wis erzated by chonseng $1cps 3 und & from Lhe fabling-nsing
tw Fatling continuum in Expariencnis 2and 3 2 Lhe tan endp=sints, (Soe the sight
pancl of Figure 2 foc 1he valeey of the chosen endponis of the FO gaciern
eominunm.! This canlinpam was Lhen Jivided in 2 equal seeps T viel three FO
Fitlerns, The three leveld ol wwpitode weee opproaimaredy 4 B spare. 1he
corespoading average ammplijodes at <he subdecis® et were 38, 35 apg 52 d3-A
SR vengrntively,

The'sams & Chinese sulyscls pardcipatzd I ¢wo et o1es s=s5ions nn e
diffezene davs of cxperimentation. A wial nf 2d shserenlions were colleated far
each of the 29 simuli from sach suhjee. :
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Resnlls

Figure & shewse the propozuien of fulling tane jndemcins as the FO patiarn
winities [rom culling-rising 1o high falling: sppplHude is e curva pacgmeter. The
(M2 pattero had the expecweal e, F2 00340, p=, 001,20 he main cifeel of
arnplituge was gignifimal, E(2,40m13.97, <001, is wes the interactioo of O
partl=on and amplitode, Fid a0 1308, @ 001, The resulls indicate gy “tulling"
judgmz s imcregsed sninewlal with decrezsee in ampinede when the FO pacerh
Wil irnSiguous. Tiis oesull i8 aurprising in hok Galting tones arc nsually louder
thar laling-risieg fene (L, [9484) Repliceting Experimeant 2, vowel quality did
nol inlluence fhe tone judaments, F=1,
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- The resulis Ll Esperiment 4 demonsceated sncs sare the expeeted ofacl ol the FlSEMG FO PRTTERK FHLI.iHE
FO pattern. e alsn und significenl effeets of amplitude in that the suhjocts”
Julgzaean of tane did changz slightly with chaages lnamplitude, but the amplivale Melhiod
et is in theropposi<e direction oo what imigh L be exparied given e aeanliinde
diffzreace ohsarved ta nataral spazch, The resudes shoew thal the falling judement The . i
intr{r.a:d.sllghtll,- 1:|,-ilh deercases o1 amplilude, conlracy 10 the lecgge 2raplituds ) five dié?::li f:::l?ﬁigcgﬂ;:ﬁlﬂﬁg Hﬁ:j:l;lnuﬁggql_nwnt 2 wrere cinplaved al tach of
a1l @Eiling e ik rdlenl speech. _ it duration of 250 ms, Encl /] Ll:ﬂ”l.il']'ﬁ mmrlr.].ﬁti]:'m[.rhlm:::ﬂ lJI"rq--‘;:L-" hi”h

LAPERIMENT 5 Eﬂrmfﬁ -fmrall:;llnnr:q&ii?i*r;[ mfm 20 He, ar lowered 10 or 20 He, If crgee oo

N Fe Feed Nt uency Showl? Aave g indlnenee nm gemeer s
P recogmitian, Hawe ver, a1 ¢llect of frecuggmr w b i L T ECECR] Ll
¥O Height and FO Contonr Lo EI:HJ use FO eighl as 2 oue to desien loper SR ATE 6533t ve

. . : o ix Chines i i : . \ B

- The puspose of the fanl eaperiment is to cvsluat the m::n1r|hu11.::.n ol tvo PEI‘:”LE-mE:dsﬂlhrjfl:ml.lsi:llEE:!TH:J?;;ﬁ;ﬁ?:?;Bnqz J'Eitﬁll_ﬂ-:iilrl;'.~ Chiness feam Ihz
tomponents of the PO pattern featare, Tl (O pattern i rea? speech and in the 28 sukicets, 85 1, 3and 3 from Ching 1 restdod in Poking oo co el 01 ved
Previens vxperinects s chasaclerized by differenecs in Mregueney heishe and arrival to the 1.8, ) and 4% 1 d 2 I ekt fel in "t-:k_:ng ROOT 10 LAcie jeeear
dilfErences ik eomienz. Rler on bot i of thest propertics miche be respansible for “Thie saene t&l1i|lun prnm]trrc::awLE-il ;';:Ef;ﬂd'? ihl‘:lll_.‘ar[wr i
: : f In ar s axperinw . Th

e perezplual imprrtoneg il FOY patiern io e recegniteon of lexicol one, B e werg asked 1o | : \ o shior s
' ' ; 0 1den : i - el

AN esperiment, the height o8 the FOY palceras wag [werensed or decreased while tabeled Tones 3 E“E l?f:'lfn!m-ﬂtz:ﬂﬁ;ﬂ:ﬁ! I,-nnﬁns'rnﬁ'm;:n]_:j[“# I'Fa””m tnl-e,

oAl kevlinard: The zubjeets

. Mairtsiniig the seeie ahaehiee change during e speech sound, ' zartleipated in 2 sassions of e enperinent. Tel

. . Y o hservili _— ..
For cach subject For enell 6f the 36 fost sounds - oo LB vl colloen
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Frury £ gives e prosagiicn oFGelle podpnicans 2 o Tungtien of FO pancr
Lhe ehampe i dzocpueney is Lhe cwree purumaeler. The FOL pallern bad a0 5 imeng
Tt o poprepl 281 recngnition, Fid, Im-7.5, p=.001). Tillrences in FO eight-
cleo he:d w simone elfect i tha the pooportion of falling judements decreases wilh
degreazed in 502 heiald, FIALI0-97, p-< 0. The imceracticen hokween the coo
rarables, 13300 2054, p-5.000, shows il the effedL ol each viclable wis largest
a1 the mase ambicuous Jevel of the ozher veriable.

Fieve & Pt Lg."F.:_n'.':.f.'fg Iedertificarans av g Fundies of tre FO Patteri
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Nlacusaion

Thi esults of 1his cxseorirnent demonstrsted o sipnificant effece of both the EO
sonloar & PO lieizal om the pergepiion of nrid-falling-rsing and lizh-fuling
wreeg 11 Ras Been weell documented iy vatiows Ione languepss, for eample
Tliai, Canuensse, Yavuba, eto., possess seplslen Lones,. that is, lones thal are
distinglisiiil un the basis of FOF frequency (or pilch heipghf), As an cxample,

Annnnson [1%73) feand 1hal 1Tse height of Tal FEY paiterns cusd L distimclion -

ameag the low, sid and bigh tones in Thai, bal not baiween 11 Flling and Asing

bl B b o

Toomr Moty e

tnpps- Vral 1 of mosl innerest (s 1kat boile the FO comloar 2nd FUOF fTecucocy e
wtilized Ry L |_i-5[{:_-‘_:]'5 4t ches o persgive Tones i Madann which .Jur:; nn;
Praseas nig ropisizt nes. The inleracocn Beowes theee den ellicgve coes s
sa-::n_ Ihat tas v rbuzsicn of oo cue is incieeed when Lie oiher cue s oo
amhbigas, i

CENER.LL, LNISUCSSION

W2 have feporled §experisends incwhich we simmlangou sl i ipulated
B LS ACGUSTIC Vaables 10 28kiss el rele in core perczwion it Regosdrin
L:L|nF5=. The '.'r-.|'|.1_::|v;;j_.' verre: B0 conaur, FO) Lright, v | durstion. vowe!
guulity, and amiplitude. A% expeeled, the resulos ecruss all iy experimangs
demansiate] a strang eflect of B patiern sn gl perceseing: of moses, The
_-:l.*.nl.ntru_l;nrll ofdielion 1a e percepiion ol one was assessed ur npe ".m-l*m |
T n[ Kl I|§|-.'.-|-'.'r.5 szeinl g use duratian g5 a Fonctional g fo gne |:||:-|q.:|:|-:;li|::r..
The elfi ol vowz dwvaniun [or the steness who wilize vowe] duraric:, an g eLe
Tor l_unl: pcrrmpll{!ln Wils AOrndiggsl when the clher oo LFLV panicrn} was oaope
wrmbigaings, The resalis Con Bxpericsce | owlse rugaesicd ital e vowel dusalien
rar e corrent peFoeplion o the FOv paitern wicion additianal l.'.|:|n1.|::.[|m|
infereradog shosld be longer than 100 ms,

Thw resills v Paperimades 2 and 3 demoonstmee? tha listenoes wire ol
FEngive 1D vowd] quenlily 35 a0 ellisiive 222 fog ione prveprai. Hiwewer rlie
perceprior of PLY pacleen vyt depredel wicth the vivesl Fz! ETive 1o ke va s |
At ek ke nphe pane] ol Figure 1), An eaalognes effect was xop abservad foc e
A — M eneriznagm. L

Tlhe resulls from Frzeriment o showes 1he g bjecrs' jedg=qurl af ey dad
chnoige sHghlly with caangzs in azpitede, Howpver, 10e s mplitude Y i
it gl directon o e emgein ade Glemerte obseresd in naleeal ';|._1:_-|:-;_-'1
- Tweas aoaerdl (he the FO mintea comaing o ezl frequency amd -
]I'Ij‘-.':II:'IT!I::!-'h'_!T_“. J-:Ih st fer the relative iczoarines of these houzctics, hey v.r.::-r-
Fitred 1 Fapoeriment 5 Tln: pesulis demoonstrated har keth FO venlodr 213 F“C;
hesg inllence tenc erzphom. The 1O 3zl and the FORegr tour ane inlguraled
Irge | leer lor portepaa: reogesn o, The nizralicn o suck that 1ha lszst e bl Ens
Cre h:lz!s |I1_¢ SLOSL 1Mgacl oo perccplion. An Laanzizuaus [ cortcos reduces Lhe
CUTHTE0bo o Pk heighe, whenes Gig 1O height s arges inlluence wie: 170
COLIMIT IS mhi2uong, e descaiplive labas Sur Ihe lexie.: ones he ve raal el
and COm:s |lr||'urma!.‘nn. Futexamplz, T'omes 3 3w 4 ere calicd mid-falli- m";:-n.g
and dnign-falling. oepetively, Tz llusise ol hese eius inccane cial the 12500
e wed porespiand by valigl, : o
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