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VOWEL AND LEXICAL TONE PERCEPTION IN MANDARIN (HINESE:
PevehOLINGUISTIC AND PSYCHDACOUSTIC CONTRIBUTIONS
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Abacpacs

Treey eSpeErinenils wers CAEied Ul To asEeas ke 1:::1:?::#1-: Lk
pnisyration of acoustie inforsalion in tha [-urp;:: it i
lonical tone in Mandapin Chinese, The axperiBEh 1;‘ kit

tha Eraseésrk of a fuzzy legical medel of spasch par "
i HASSARS 19700, Uslmg synihetic spesch sgefouli, Lt w=ad P““Enp.q
:TE-:-m-— peyehosceustic and plyﬁmt::::l:::.cm:t:::ﬁ::::r:?q
he reselts of Chinese iistehers with i
:;:h.:huqh fofmant valoes were The primary cw=a .:I::ﬂF:::ttllm;ulmnu
weowe]l qeality, T, peytern and arplitude alvo b8 Ty
lerg a spaech rEm!l.m.u.‘:l pwpween (E] &vd (y]. -The in arch
:-....n:;n apjeass b8 b= tha result of Iome F.rdﬂwﬂ“::ﬂméa
wkapeas the asplitsds silect efquiras a [II;'EI‘!II“!::' ﬂl- T
&f phe sppucture of the relevant languais conkrd ‘m!l g
va the iaflusnce of F, pattsrn on kel ]udq-n;.l. :LE-IEIIH'I- o

il o have no systesstic effect on the Ldenti i
;pﬁl:::t gane, Thess fesulis are conoiatnst with the fuzsy '
':..-d-l-'l. of speech paiesption, which wiews percaptsal rﬂl:;m;m
werma of the imtegrakicn of & variety of shdeperdant

apoech signal.

1. [nrfrodssiion
From & pattemn secognitics peEipeciive, spoech percoplion
Thase dses not sees Lo ba an esatt relaticaship batecsn

ix as

Alfh T LY akill. B
the acouatie signal and the percwived pattarns in the seddsge. M
eRarpln, tha units of pecoqnitics 4o not eees to coincids with wnilis
of the speech signal. I many cesss, W= hear word bowsdariss whare

there Es Ao or littls silemcw and hear complets words with signifisanst

silent periods. In the statsment “That you may wes.” thare is useally
more pilamcs during the fest/ partise of "that®™ thas betwean thi wards

"ray® and "see.” Thia enapple ahows That successlve pageenls of woumd
can preduce a ceherent or waltary perospt and that dizerete perispla
ean result feo= a relatively contimgswe sound segeant.

The actustic properiies or featufes chagectasleing & spaach
megment sesm o vary depending on the placement of that segment in the

= J7 =

Ep=ach mesaage. A3 an exanple. certain propactiss of stop compnnasis
depand ob thelf poaltien in words. Yoice ohent Eise [VDTE {8 an
important prapecty for stops dh initial and medial positics, whersas
this progecty in less comson an word=final positiom. Aeemedingly, WOT
appears to ke an isportant featues for the Ldentificatisn of wtops an
iritial and medial position whervas preceding vowel duration in an
impartant featuse fof valcing of stepe e word=final pasitien, Thes,
the listensc's knowledge charactncizing ctop consoRants sk allos for
poaiticn=dopendent featuted in the didentification procecs,

Matitlins chetacle Ln the tecognition of =sall spesch pegeants ia
that the acoustic signal specifying a particslar lingulatie unit i
cantexi sENELTive,. That is. the amouatic properties of & wnie feund (n
ann sontent are sigeificantly sodified in ansthar. Conseder bhe clsseuc
exarple of the syllables JOLS and fduf. The stcastic wignal
Darresponding S the bnitaal f4F wiond gy siqnificantly & flegent an
the fwe syllables. The follewing vosel conboet sdifiss the RS LN
of the preceding stop. This exasple shews Lhat parcoptusd Futigil LiLn
ol popn Bpeech stesds Suak take iALe accaunk thy costelbution of iia
surrsunding coatast on bhe features weod in pdentificatisn,

tne reason that spowch porevptios o acceapllshad sven an Bhe
preasnce of Uhe afofsssntiomed difficultiomn i5 the contribution of
linguistic content. It is generally agreed that the listener normally
Erhinves good recoqnition by supplessnbing tha isformalich Frap tia
Actustic slgual with santestual Laforsaticn queerstod theoungs il
ulilisation of kmevdledge bn lomg-ters By,

Thare ls considecable dehate coscurning how (alopsabive b
fouibic siymal actually | (RRUNRSTHEH, STLVENS 1979 COLE. SCLTT 197
EERERHAN, COOFLH , SRAIMHE ILER, STUBLE RT- KEIMEDY 1967, HASSARO 19T8R] .
Even iF the acoustic signal proved vo be sufficiont for fipsech
refognition under ideal coaditions, houwsver, fev recedrchess weuld
Lalisve Ehat the listwrsr relies oa 6aly the acoustic signal.

Cur ptwdy of patiern repognition bn spoech has bean carried ot
With.m @ general informablon-peocuaning sodal CHASSRRG 1973., 1974k,
LM, A solematie cezpessntalion of the stages of Preceaslng Ln the
sodal is presental im Figure 1. At sach stage of processing, cemory
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sehumatie disgres of the general suditory {aformation

{zuFs L.
o procesaing medel.

and process Ecsponanta sre pepoendntad, & particslar mescry

emsponent (Endicated by & ractanglel correeponds Ea the bafersation
available at that staye, whafeas the eorresponding process CoRpoent
lindicated by & circlel cepresenss the oparations applied o Ehe
infarsatian in bho Eamory oospanent.

The Featurs dcleotica process transforme the Energy pALLErn
creatsd by the langasgs etisdles and transduced by the appreprlats
ror systes into & sat af features held in prepercaptual storags.
sound pressuce sat Lhe esrdmss

recey
In speech, for exasple, the changes in
in Bation and thess sechanical vikratlons are transduced into a4 set

of nearal iepulses, It ls sspusod chak tha signal in tha form of
continuoias changes Ln vibatlon patiern is teanafarrad ints a sst af
relacively Lmiopendent fpatures, Features srs SOl limited Lo primltive
attpibures, but cam be selakively cosplex. In speech, fof enanple,

the asount of shergy in A particalar frequency band wuld be a4 sieple
wherean & coEplen fmatufe might includa informatlion atout the
it would be

fmature;
direction asd rate of frequency change of tha wound.

pesEible, for emarple. to have & feabtuce detector that responds ta
tha rising [irst formant teameieich that iv characteristie of ihe
class of vobced stop Conscnants. Primary recognitien sval@sbes and
integrates these fratures into & percepl which fa Beld in ppnthesised
BERGIY .

Secoddary seomition transforms syntheslecd percupts lnta
meanlpgiul forms in genarated abstoack eesory. In spesch poroepticn
LE i apswsed that the laput is analyeed syllable By wyllabls for
Egaslng. The secondary recogmition process makes Eha Eransformstion
fres pafcept B0 meaning by fieding the Eaat match batsssn the
persepteal inforsatios and the lexicos in iong-term memory. Each
wagd in the lemicon coacains peccophoal and cosceptual codes. Tie
Sscupt recrniaed s & funciich of st least twe independent sources
of informations the perecptual infarsabion in synthesirsd Bemogy ad
ke pemsntic/ayRLACLLY SaAlext ln Lhe sesesge.

im the present model, the sdsn dbstract streciure siopvs L
fmaning 9 both listening &nd feading, Gererstod aboLrach sspaey
(Ead] im the sodel corresponds o the weekisq anry of conbenporary
inforsation-procopsing theory. hobvarval asd receding procuceen
eparate at this stage to maintain and bulld sementiefeyaeactie
Biructures. There in good svidence that this Bsasey has & limited
capaciby, holding abaut five, plus of minus two, chieses of anfucsation,
Tor 4 move detailed discucsicn of processing 4T Whils Stage, sce MASSLS
115 %a, DinpTER 27).

The [ollowing exsnple may help elarefy ety dif{vrvncus anneg Lhcue
these levals of processingy presested with o tone, the ligtenur can
datett of penwe the presence of sound, hoar isd gecenbsr a bone of
& partiealar quality, and sven Ldentify LE & @ parbiculsr nokts on
Ehe muslcal scala (2f. Fisuee I1. Figure I Lllustrateds Bhe oubcomes af
thuse thres stages as detection, pesception. and comoeption,
teapsctively. Each of these stagos oeles imformaticn avsilable to 4
eesponns eelection and proqramming precess. Accoedingly, some
reRponsl Cleition can b Lmitlated by any of the thres levels of
lanpaage processimi. Althoogh the bowndaries betwwen thess stases are
s tisms fuxry, v have foend LB helpfol to maintsin Ehana
distinctions La oar expecricontal and theoretical sesearch.
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Fizupe 3. Three stages of proccseing a sound dedmilus in maile

The Infomaticon-processing =ode]l has Ill'r'l‘l"l’ a8 the basla for &
[uzzy logical model of pattern recognibion Lo speech preesptich.
Thees ofafations afe csntral in the model of pattarn recognitions
Iwatuse svalustion, prototype matching., and pattern classificazies.
Central to the model im the ideal of pretatype desncsiptions stored In
the listense's long-term Pemory. Thess deacripticns afe propaaitions
apacifying the foatural propaftiss of spasch soundy of reoghly
syllable sien (O0EN MASSARD 1978 .

In arder to (lloatrate how the furey logical model iz applied
and cested within ths demain of pattesn secognition, consider an
EsperiEent carried owt by HASSARD and obEN [1%88]1. Seven levels af
voire oneEl tims [VOT] wers crommed with saven levels of the onsets
of tha F,~F, transitions In the syntbenin of sbop coastA&ht-VreEl
eyllables. The YOTe ranged from a corpletely volced to a completely
volcsless gound, The valuss wers 10, 15, 20, 25, X, 15, amd 42
gasc, The seven levels of the F -F, ceset frequencies ranged fros
1% ta 179 Hr for l'} and 2337 to 3700 Itz for l'] to glve 4 coatlinuus
of ppunds going from a laklal to an alveglar place of srticulation,
Subjeces made repested ldentifications of randem presestations of Ehe
4% imigues syllables feas the altersatlves /basfS. Fdsss. Sfpas/,. and

Feanf,

- Bl -

Thu foup panels of Figute } presest the prEerniage af fhaes,
fpaefs FlaefS, and Stass identifications, erapmctively. a3 4 [uncLish
of the buo imlependent varisbles. The Lovels #wlong Ehe abacissa are
Rat squaldly spaced, but rather have bewn Adjusied to be pruperEional
to the differences beteson the marginal pears acfons the leveln aof
Ehu '1"': LranziElmns. Thase dilfegonces woee coaputed sepacatoly
faf sach of the four Posponse altasmatives and Ehen dvefagrd ovep
Forponss types oo that all four of the pansla hawe She sisa HaTieg
dleng the absclises.
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Figure 3. Pereentoge of fhaot, /pas/, fdeet, and Siaef delpetd flmutsing
nLu Juncelom of VOT and £ «F, transfstonn. Eore thard
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15 our Tuezy logieal model of Thess prpults, =» anscss the
follouing propositiens specifying the protobyps depcriptionas for the
four respones alterndbives in tha wxpariment.

Foaes s ishast VOTI and {lerw r:-l"’ papntal {Fh]
dpanf {iang VOT] and {low :ri-#'] onaaks b L3
Fdamfy [shert VOT) and Chigh fi-:l"‘.l_ cnmats} (R 1]
Jragfe  [leag o7l aad [high F =T, ongnkel 4]

The properties for ha protdtfpas would also insluds piher acoustic
festures charscterizlag stop conisnanks and vessl fas/. Thase
pecperties arn Aot lncluded Im the proposlticnn, slmce thay Are prenant
ifn all of ths {oar aliernablves. A we shall mee latar, tha
sathesatical form of the fuesy logical s ] necessitates coaslder=
aticn of only thois properties which dlffer bstwean prokotypra. Thess
propoaitions apacify the ideal walsen of sash of the acoustic features
for the particular speech seund. -

Upon propsaTakien of & speech sound, the featars datafilon proceis
evaluatss each acomilo feature and prodsces a fuzey rruth walue
specyfying the degies o which UL A Erie that the sound has the
relevant aeoustic feavure. Foe exampla,

tiskaze VT liu'l'l = 60 %1
gegpresents that it s .60 toua Ehat the spaech sound ﬂu.. fresn Che
Leh row &nd jth colimn of the factorial stimulus daaign, has & short
worr.  To semplify the moTatilan, let -E'I'l amd r.'l.r1 eacrespond to short
and §ong WOTs, tespertively. The subserkpt i migailies that the
waluwss change caly with changas In the BOow variable vor. Sinllarly.
LG, and m: corgespond to lew and Righk ’:-"’:. ansets, respoctively.
The waloes change only wikth changas im tha colusn 3§ varlabls of the
raar] gmpet fregqumncies. Also, we will hence forth uss the espressics
sgharhk VO™ ta repressmt §ta Truth valus tiskore WOTl. The truth &f
the megation af & featurs ckn b Befinad on one minge the Truth valus
of the fsature. U0 this csss, L€ .6 ppecifies the teuth valus of &
ghort Wof, then 1 - & = .4 wold mpeciiy the truth wvalus of & Leng
yor. 1n ganeral, the valus ¥, = | l'.r‘. A simllar cosplementary
relaticaship could be asmumed batvesn high indl Low ¥ =F, oREaCE.

Lene r:-r] graaks = HOTihigh Fo-F, onpetal L1

Following this logie; the valuse H}J womld b= oequal e | = ITJJ. In
BARY CASEN. the use of cooplemptary [=aturss in the protstypes
prodoces oodels not (dentiflably different [rom the apparentiy =are
complex madel glven by Equatiome D=4 (MASZANO, COMEH unpabliskasd].
Ineasparating the assuepbion of cosplemmalicy features in the
prototype definitions gives Equativns 7=i0 in place of Egsstinns
1=4,

Siasf fokart WOT] and BEThigh r1-r} onkirkel T
fpan/y  WOTIshaTt VOT) and BOTihigh Fo-T, oAucts (L]
Ak o {akort YOT) &nd (high 1-',-!'] oaseis) (R3]
Ftamd o T lsbhort YOTF and (high -F:-I"] oadELE ) [171=}]

At tha protobype matehing stage, & dotemination iz muds
regqarding the degres to which the conjunctlon of featuras in esch
prototyps defimition has been mealised in the speech signal, ©n ithe
baniv of much sepirical work, the uon af the aultiplicacion egeraieor
for conjunction has been found o give the bost fit w0 Ehe déba ik
speech perceptién [MASSARD CCHEN 15T, 19377 . Tha suliijplicative
rule gives the matchang function

“"‘"‘"u' - :-'.'l s l.nl. ILE}

Given the matching functicas for cach of tha alternative
peOtoCypes, the speech eoood is bdeacificd on the Basia of e
falabive degres of match. Followisg the raticnals of  LUCE's (195790
cholce sodel, 1t is apsusmnd that Ehe pecbabllity of Sdusbifyleg &
stizulus to Be a particmlar syllable iz squal to the selative degreg
to which that syllabls matchas the spti=mplius cocpared o thes degefea af
=aEch of the other syllables andar conplderaties, [n oudr emaspile, tha
patecs eupt identify the apeoch sound am either fbant, fpaef. Adacs,
oF Seans .

The probabilley of & bas fdentification will, therefore, b= given
by

e :l”a
llhﬂ}l‘._'l- -

1
bawis, ) ¢ panls, ) -unsnp * tanif, .}
whern the wariablen in Ehe fatio fepresent the matching functions for

the four altesmatles spench soumds.



The fueey logical podel has Bsen deweloped and atilized o
provide & frazework for ressarch im tke ldentlfication of speech
poenda ¥arying on tvo or sare dimemsions. In this papes, tho medsl
will be extended to include other theorstical and esplrical lawwen in

epeech peeceplion fasparch. The grals of the p |

wite threefold. First, it o isportant to test the fursy logical
madel In the dosain of another langusge besides English., Sscoed, us
evaluaked the perception and discriminstion of tone and vowsl in
Chinese. Third, we wre able to evalusts the role of & langusge
wiet's kacwladge ln the perception of distinctions in thelr language
by cosparing thelr perforssnce Eo that of Ansrican Rub jects
wnfaziliar with toss languages.,

The Term "tane™ fefers to a4 particular way in which pltch s
uthliced in language. & tome language ie & Qanguage that utiliesn
fieeh o conbrask individusl lesicsl itess or words (MOCAWLEY LO7h],
This definition incledes the Eraditiors]l tons languages &f Africa and
Aabe an well as the marglesl tore lor “pitch accent™] languages of
Curcps i and exoleiss laEosstion languages, like English, ia which
pitch be cowd to slgnal ayatacele ardior sesantic distimctions &2 the
prrase of sentesce level (CANDOUN L970; TSERS,MASSARO ,COHEN unpablisted) .

In Handaris Chinese, thers are [our lexical toares, Thess tones
can be described sccording to the overall fusdswsskal frequemcy
pattarns a8 high-lewel, aid-cising, mid-Fallinmg-rising snd high=falling
(Ciag 19T8], These tones are tradiziceally called Tones 1, 2. ), and
# teapectively by Chinese sprakers. &3 an ewasple of the role of
lemical tosie wse, the syllable ma wikth Tones 1, 2, 3, asd 4 woald sesn
feathers, fhespd, Shoreef. and Sreproschs,  Altheugh limguistic theory
haa stressed the feature of pleeh in the description toms, Lt 48
posaible that other acoustic chazacteristics are used Ln peroepiion,
besldes the anset frequency and dieeetion of povepent, other posabble
sotuitic characteriatics apacifylng tonen are vowwl darsilons,
anplituds, and wowsl guality.

1. Erperimemi L

Qne gaal of Beperiment | vas o (eveptigats wheiher tene
digtinctions and vowsl quality imflusnces are Basad on diffefsnl
aomiatie featufes. That iz, do diffarsmt accustic features cus

thase diffecont phonetic digtinctions & is & givin acosstic featuase
relovant £o both phonetie differsnces? Specifically, wo pvalested
shither fundawntal froguepcy "n* pattern infissnces the perceprion
of vowel quality in sddition to fte infleence on Desical toss.
hnalogonisly, ve sskud whather the formant frequencies influssee Lhe
Fefcwption of lenical tone in sddition to tleie influence on vowel
fquality, The ssparimsnt ales Pravided avidence concernismg bhow tlese
el Bcoustic chafacteriitics are imcegrated t5 achieve pafesptual
Facognibios of both wouel and lemical tone in Mandaris ohinese,

A tone coptinius vap creabed betwsen Ealling=ciwing anid moghe=
falling tone by varying She ru patilern, A weeul cuntines sai civaked
botwoom [i] and Iyl by warylsy tho Formant feopmncive. Theio tes
conbines wife corbined in a fectorial arramgeeent ®a thit owery lawol
- H Fo Patier:n was paired wikth evory fovel of the formsnt Ibi iy,
Given peven levels along each continues, & total et of 4% Efach
soesmds Waw  empleyed in ihe bdentiflcation tisk, Each of ey four
cashinations of tess [falling-cining or hig=talling] amd wies | aliiy
[l4) or |91} =ads & word, amd Chinese lisLemocs wers Gives the Juup
“ofils &e feeponse altamatives. Pour Geys on a exspaker termpri] weye
board vere labaled with the ppropEiale Chinrse chardctegrs, O e ach
Erlal, the subjects identifjed the test sowsd sk one of Ehe fous
alEsrmatlvea,

Ha thisd
Subjects

Six Chinese wubjects, fowr pales and Les fasales frea Umiweraeny
of Califernia; Santa Crec, participated La tha Eapellmnt, A1 Gf pie
mebjects seloctad ware native speakers of Mandaris Chinvoe who fad
Feaided ln the Peking srea for most of their lives prior to their
FEDEnt arrival at ibe U.5. Although their mative amd nost desinant
language 1a Handarim, [our subjects had sxperience with Dhinuse dialucts
Sther than Mandaring 82 sould speak and comprahend Shanghal dlaloct, %3
conild gpash snd comprehend Toentsin dialect, snd cosprabend Ghasghai
Haleot. 75 eodld spoak and ecmprehent Shanzi dialest, and 56 ocould
cofprehend Honay and Shanghai dialects. The subjects alpo had
atudied forelgn lanquages. =51 weudisd Engliak and Japanses; 57
English and Pussisn; 51 Crglish, Bussiss, and Fremch; 54 Erglinh and
Fukilang 5% Russian and alpost ne Englishs and 56 Emglish,; Puseisn,



and Japadwse. Prior bb thulf fesent trlp o the U.5., theer
subjeets had lisited of Ao contact with foreigners. Subjecta vore
pakd at $5,00 par hewr for thair secvics. The subjects had
participated In & previous sSedy of lexical tone ldentification.

Spnech puunds

The twa variables manipalated wore the F, patbecn and el
quality. The r, patiern fanged between fallimg=risleg tess (Tome 30
and falling tone {Tano 4] in Handiflm Chleese. The contlmuum Was
divided in six equal steps to gemerate & set of seven patberme,
ramging from fallimg=rieleng tone to Migh-falling tone. (See Table 1
for the endpoimt waluis of the I, patters comtinum.] Tha valucs of
F, Pattem uers specified at 11 polmts durieg the I8 =aee Vel

TARLE 1
e valies of r=| [reguency for the epdpdint stisali

st eleven poimts during ths vousl presemtation

falling=rining Falling
{Tone X [Tome 4)
Cnaet 130 150
o (54 &S
E il 111 140
i
i
d | w0 Lok 135
&
S| Lol 12%
; =0 27 124
B[ &0 100 120
;: 0 103 117
E 83 10% 1L3
2
Bk Loy iia
Eniid Lz 106

- §T =

prespptation. Por weel quality, a eontisuus of seven wosels Trom D4
ta [y] wan fgerscaled by varying ke farmint Tiogquescied. Both voweln
are Front high vowsls 5 Pandaris Chimscs and differ in manner of
articulation anly, d.e., [yl b8 a rounded vowsl, Tho Fformuast
fraguencies wers Initially bapod on the valwes given by iein (2%7%]
and wate later revisad in order bo make the contlinuem of wweul quality
rmlativaly fuery &nid the bownddary betvcen the wowel catogorivs at the
cantes of the continous. The Esven stissll alesg the vowe]l cond)noos
were sqoally spaced in terms of their [ormast frequoscien, The wiloes
of Fya 1"=| Fyy and Fo for wownl [yl worm 363, 1973, TRAY, and 144) Bz
peapectively, The forment feequency valves for wvowel fi] weee 333,
2082, TBh4, and 150G, The valoss [or F'i_
for both wodals.

The 4% vowsls representing e factorial comnination of K. LRI

resaiped cofgtant ab 4%C0 e

and forsant frequemcles wepe synthasieed using the ELATT (U001 solftware
progras isplamented on & Digital POP=l1/34& eosputer. Each stimsulus
wap specificd ms & serizs of listp of pafacotes webtoEs. Time 7aluce
for the gyntbwsin wore specified and paracotecs wiey chinged ik S-Raew
inerasents. The esplitude was met af 0 dB At the ofaet of Lhe wieul,
than Saved 1inearly to 55 dR &t 30 meof after the oOniel. The axf:litule
than dosceased linearly to 50 db at 10 msec bofore the olfuel. and to
0 &N &%t tho offeet, The asplituvde valoes goven hece are Bhe Flatt
sofbsare symthesizer pacasoter valusa. The outiut of the wpodoh
pynkhesizar was cecordnd at A saspling rate of L0 Rz and steccd A
files on disc. Puring the wapsrisant, stisell e §layped back at 1%
EMe by & 12 bik O to A convertes [bata Teanslavloa fedel L7011, T
cutput of O-A convertar was [Lltecod within 3O-4800 Hz by a Rrobe=llite
modal 1500R bandpars Eiltar, Stimuli were then asplilied IRCIntash
Hodel He-30] and prosanted to sach subjsct ac reughly %5 &8 SFL & ovuer
rone Prosdps headphonos. The swbjocts sat bn individaal sowndsdesdossd
e,
Procedisrs

Fach triel boges with the plosentation of one of the &7 wwecle
pelmetad candealy without replacesent within a blesk of 43 ©rasle.
The subio:bs sere Qiven the four reaponse cholcon [0} amd [yl on Gaoth
the fallimg-rising tose (Tone 31 and falling cone (Toas 4}. FPour keys
oa the cosputer termimal Reyboard (v, B, a, @) were laleled @ith



fhiness characiees estresponding o wowel (L] in falling=gising tuma
{qetie 1), veswel [i) in falling tosn [Tome 43, vowel |yl im falling-
rising tose (Tone 3 and wesel (gl In fallimg fons |Tone 4]
fospuetively, Subjects had three seconds ta make theis esponas.
The AeWt Erisl Beges issediately after this response (nterval, There
weee 15 practics trials follcesd by 194 ssperimontal triale in fach
poperimental sesfics. The subjecka did not know that the flede 25
teiale ware practice and would not be analysed. Before the firat
sessian aof the flrat day, a practice seesion of 150 trlale wap alsa
smininterad, The Chinese subjects participated in two sxperimental
wessions om four different days. glving a total of 40 cieervations
far cach speech sound.

Feaulis and digtiseich

&n analysis of variance was porforzed of the peroostage of
identificatios with subjects, wowel quality, Fa pattarn, and
responaen &s factors. There were slgnificant effects of wach of the
indspendant variables alshg with significant laterscticns. Fligure 4
presentas the observed proposticn of sach of the four judgments as &
funciion of wrml gualiey and fn pattern. The two Indspendent
variables inflanced pagfcrsancs [n the sxpected direction. Tha
jiemrifacation of vowe] quality was pricarily determiped by the
formant [requencies, FLO30]=145%, p <.001; &nd the identification of
leuecal toss was primsrily detsrmined by the l".:I patteed, G, 30) =80,
p TL000,

The [ussy logical sodel can be applied to the parceptioa of
wienl guality and lexical teas, It is assomed that prototypes
carrespanding to the fous altormatives are sTofed |h EeBOry. She
prototypes specily the ideal acoustic features for each altaonakive.
For the picpls representation, the prototypes for the four sltematives
wiaid b ils Fifnad a5

[il=FRy high viesl formases and fallimg-rising rn [F 1]
lei=iery kigh vowwl formants and high-Talling ru fhay
lgl=ri:  low vosel formants and fallirg=rising I‘n [FL3]
lyl=#F: low vowsl farsants and high-Zalling !¢- LR

As applied to the presest Task, the four altprmatives ars distingulabed
oA the basls of the acoustlic [esatuacres representlog the forsant

Frequancies asd Lhe I'D patberm, Follosing the logic of the mods], it
can b aasused that the two valuss of each [eature ape adAgR v
complemente of ann anotheg, That s, Bavlag loe woedl [ormanta oan
b spewifisd & having not [high vowol {ofmants],. Thetelofe, L
pratobypus can ba :—p-ru-l-uﬂlull 1

[if=Pr. BT . Fi Ln
li]=8F: e - [1-rit e
iyl-Fo:  (I-#NFF o« ¥R §i3)
[gl-HF: (1-HVTH  » [L-FRi (EET

whats HVT and P coraapond to high wowel formants and falling-eising
s patiesn, reapectivaly. and & reprosents Ehe conjunct lon and.

The twd [eatuies are assused bo b cosbined sultiplicatively at
the prototype matching stage. Patbtern classificatiom is based oa the
qeodneis of mack altesnative relative [0 the susm of gobdnessos for
the [our alternatives., In Bhis case, the probability of & [Ll=Fk
pespoase, PLILD-FR) is egusl to

Wt = Fe

PllL]=rri
IHVF & FRy+A6VF & [I=FEF} D0 I-HYF) & FRI®D{I-WFigLi=FFI

= HYF W FR (L]

gimte The SEACWLRATOS maRs L0 ONE.

To fit tha sodel Lo Ehe fedulis,. T 16 OOCEASAFY 1O oALiSates &
uniguy pafarclofr fof mach of the soven lovels of Ue veswl Eermant
froquintion and & walgue pafasetes fof cath of the sevem levels of tha
r':I pattern. Therefore, 14 perapsters T nacessady Eo predict the
IespoRses. Gince & pecponae is regquired on wach Erial, the four
response probabilitien e b oee for sach ptimsles, giveng (41
imtdependent observatlons for vach of the 49 atissli, Thas, thefe afe
49 x  =lAT Indeperdent obssrvations boing pesdicted by 14 parasstetb.

Thin sodel wad Fit i The results of each of the six Subjecin.
The averdgs predicrlions sre ahoem im Pigure 4 sloeg wlth the averags
oheerved resu’in, The modal did & fairly good job of desoribang ths
sesulin, cona dering that I47 indepasdent obaervations afe Bslng
predictnd with anly 14 feee parassters. The OO0 mean bguared
dawistion (] beteeen the predicted and cbhesrved reaalts Tanged
betwesn 010 and D71 acreee the slx swbjects asd averaged 041,
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Figure 4. Percentope of identdflegeions an a fimation of Fp pattern amd

vl qualiey (Erperiment 1.

Tee pararetor valosn chasged systematicaily acrosn the lovels of ihe
irdapendant variablos, The pasassesr for EVF was 982, %, P rL
<353, I03, 078, amd 01T for tha peven lavels of e [orsast
frequencies goleg feod (2] e [yl The parsestsr for TR was 981,
Joed, LBl6, (1T, 019, 004, and .00) for tha meven levels af Lhe
F, pattern goirg from falling=sining 1o high-falling.

Althoogh tha sieplo model doen & Eaisly good job describisg the
gepulie, Lhere Ste soms systesatic diffesences betwvesn the predicted
and chenrved reaults. Thess dlEferences ars =ore oasily wsron in
separabe analyses of the wowel guality and tone judgeents. Figues §
plots the proportlon of [y] identlficaties in the Left panel and tha
propoetion of migh-Caliing Gore (Tone 4] fdeptificatios in the rught
pansl. The [y] ldentificatioss are plotisd ap & Function of wsscl
guality =ith ra pattarn as the carve parasatat, The high=falling
idenelfioations are plotted am a function of ru. patiern wilh woeel

guallity as the curve parasster. Az can b= wren In the Bigure Lhe
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woun ] Jedgments are sainly dependent on the vowel gualiby, Fih.FI) =
Beh, p oo 00k, Bovever, the woeel was more likely to be heard an

Iyl as ke ru patboen changed From fallisg-rising te high=falling,
FlE, 301 = 3.27. p <. 000, sepecially at the more ambiguas levels of
v | guality. PIMGLOO) = 3,76, p +.00l. The tons juldeenls chinged
systematically with F_ pattern, ris&, ol = 80, p <,001, asd were soL
il lmced by vewel quality.

The results for the Chiness licteoers indicated bhat Lhe viewls
were heard an mage [[]=like Cor tha falling=clisieg thean fof the
higs-fallimg tome. Thiz eeault i8 called & Eoundary abift in Ehat
bhe boandary Bebwdeh [L] &nd (] shifts =ith changer Ln l"u paLbers.
To recesgnise §il, these listensrs are sakisfied with & less good (4]
for & Salling=timing tham & bigh-falling tome. Subjects tamd tir hear
an asdiguoae level of forsant strugturs 48 [Q) to the sxtsnk the
voeel Bar 8 fallimgreiong tese. For the fourth level of wowel guality,
the moat emtrece falling=riwing tone was Qdentified as [i} sbout 5%
sid ofpen thas the most sxtrems high=falllsg Lons.

1. Eseriment 2

tme important fesult in Capssissst 1 was the influence of Fa
jateoes on the vieel judgeenty. Thers are tuo sajor classes of
englazasicn for this reswlt. Thess sxplanacions might be called
psyenelinguintic end paychoactoustis acsounts of the resulis.
Ercordang B0 the payeholangaistle accouat, Chinede listeners are
wtilizing soos kpowledge of the mormal relsticanhip Esfweeh r';|l
pattem and vows] guility IA spokem Mapdarin, Aceording bo Lhe
pEychoscoustie account, the F. patiecn madi fies the suditary
processing of the wowel formants. For the first sccount; T iz the
listener"s sxperience with Mapdsrim Chinnss that is criviecal,
whiebeas Che second account in independent of the langaage #aperleace
af tha Jisteser.

Ceperiment 3 provides & direct tast of whether the boundary
shifr faauleing from the infleence of Rane on the ldemtification of
wovel guality for the Chiness aubjeets I8 dus to paycholinguistic or
to paychoscoustic factors. In Chineds, P paktamn and vounl guality
iy b pyatesatically related in sooo way and Chiness listonera say

ustilizn whis celavisaghyp kn their pesceptual recognition ol e
e ] quality of the spaech sounds. An an saspple. Chifhoos apaakors
aight produce & more eatoeme (L] for & high=Ealling tens Ethan for a
fallirg=fining tene. Tharelfsss, Chiness listensts might vapoct &
sore oxbreme (L] for & high=falling thah for a fallemg-risismg tose.
The espectation would lead to fewer (L] sdentifications for a
felatively ambiquous aet of formant freguencies when the Loes iz
hegh=falling as contcasted bo Falligg=rining.

The pecond poasible esplanstian af the bomsdsry ahift is that
Bome pEyChoscoustic factor i fespanaibln, For sese reapon, tho yoesl
formants might bo heard as moce like 1i] for the fallimg-rising wiam
for the high=falling bone. That is, the iafluence of T, pattem shew
in the left panel of Pigure I iz simply ihe indirect result of r,
pactern eadifying the acemptic featural evaluatian of ithe wownl
[omasta. The [reguincies of F-!" IJ. and I"‘ are Bigher far &) than
fof lyl. In bter=a of ssditosry precessing. going fec= a high-fallinmg
te s falling=rislog Fo [Mttacn mighe ba pquivalont bo paising thoss
formant fceguacies.

Tha pressnt Ltosk bekween the paycholinguistie and peychopesustic
axplanations snvalves a COmGAF pson babwsam Onibdes and Aaeiloan
sabjects. %ince these Daglizh speakers 4ce nbive sbael ary mifuct of
bore & Wowel quality, tone chould have no paycholindeictic indlinses
if the perception af vownl qualiny. The Aservicans ahowld B0 (el beened
by ‘shy peychoscoustic variable, howewsr, to the i dogres as Chanyse
ligteners.

For the Assrices aubjectis, Lane was wnlamiliss and wnuld
probably have been difficult to discrizinate, Tohe ieavery diffieuls
disrinction when forelqn language loarners are faced wich thaoie firsk
ome language. Therafagfe, the Aseidcdn subjecis could not e erpected
Lo classify the spesch sounds on the Basis of tone. \eresl qualiny
differences botupen [L] and Iyl are wasy to hsar, hirspwn r, wyen Eog
subjects whe Lave not ewperiemced Iy) la any Janguage. Thes. the
kssricar mubiji cvs wers ashed Lo fdentafy the sgeach sounds aa [1] or
Iyl by beeeinr weys labelad as EF & ¥0, The s Bt of 8% jawch
nounds wa%  paessnted Lo the saBe Banner as for the Chinegs listensss,



Sunjects

Eight Assrican subjects. Ffour sales and four fecales, from
Phiwersity of Califormis, Sasbs Cvud, partloipated in Eha ssparipont.
AlL of the Amsrican subjects sers native speakers of Assrican English,
and wern undergraduats atudents sajecing e paychology. Although all
of thags subjecta had gtudied fecwign langesges, nonse Of Chem had
studied any Forwign langoage for moce than twy pears. Hubjecks 1. 3.
3, and B had gtodied Spanish, Ei Polich and Bpamish, &5 French, B
Hebres and Cersam, and 5T Garman. These subjects slther fulfilled a
peyctalogy courss extrciss or secelved ES 00 pee houe for servioe.

fSuieuli and procedars

The same test stimall and procedures of Cxperioent 1 were used
for the hesricanm sebijccls. The only difference was that ualike ths
Chiness subjects wha wpre ghven four response choloea of bekh the
vowels and tones, thess Americas suhjects were' glven e Ded DESpORSo
chotees of the woesels (8] asd [y]. Teo keye on-the ecsputer Temminal
keybaard (2,11 wore labeled EE snd YU rospectively.

The losrican subjetts participated in t=o sessiomp && sach of D0
ilhya, givieg a toral of 24 oloervations for each spasch sound.

e sults

o prowids s direct eesparleon with the six Chinewr subjesis, the
porlormance of six of the sight Asorican subjects was snalysed. The
514 subjecta that gave the best vewel discrimination wwes choden.

The right panel of Figwm & shows the progortien of vl [y
judgeenss by the Aserican subjects as & Luncticn of weal quality: Fg
FaUlEFn 13 Lhe ourve paramstor. The likelikood of a wowel [y)]
judqment increased systemabically with changes im the fermant
frequencies fros vowel [L] to [yl, Fi6,20] = JE1, p <.00l. ‘The elfect
of ¥, pattasn was also significant, Fi6.20) = 41,8, p «.00L. The
intesacticn butwnen vowel quality aed T, pattern vas also signkflcant,
Fi¥,183) = T.B83, p<.001,

The hasrican subjects alao tended to hear the falling ioos as
pore |yl=like, sisilss bo the performance of the Chingss subjects
abiowr in the left panel, Asarican msbjecta show & Boundasy shite im
the sass digpection as 40 the Chipese subjecks, supportlsg a paycho—
acpustie axplanation af the boundary shift for tha Chlrsse liatensrs.

_Ija_

A clossr copparison Betwoen the teo groups ef listensre alwo
provides evidemce [or a psycholinguistic inflesnce. Surprisingly.
tha dewrican aubjects deponstrated an ewen larger boundary shift than
A§d oar Chisens llecensrs. This difference beteeen che w0 groops
might be due io tha éomblilbutlen of viwel loudsess ©O paroeplisal
recognition, [n natural speech, the wvowal [L] i3 louder than the
vowol |yl. TART (197)) peesents loudness levels for the first three
formints for the Swedish wereela (L] and |y]. The [ommants are
lopdar in [i] than in Iy]. rt el "; ars gach abowt 1 4F lowder and
F_q ig about & 4R loudor in the unroundod wousl. B Chiness
lioteners whilize this knowledds in pertoprlusl recoqnition, then a
given set of formant feequencies will have dlffersnt comsequonces am
a functiom of wownl leodnose, & loufdsr woesel will require a bettor
match of the [orrasks with thewe pratotypleal foz |yl then will a
gafter vowel., Analogously. a relatively asbiguoua wowol well e
Beard a5 18] Lf 1t Ls Joud and as jy] LE A% is seft. Thie mnalysis
ie bassd on the ldsa that both formant Ereguemcien ind Joudarss
provids isdependent coes bo wowel ldeatity dn Mandarin tharece. If

Chirgry ligterefs by vowel loudnoni &4 6 coi B el Ddentat g, they

hiraan Saackers Engllan Specaars
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wvould Ced to identify lowler wounls &8 4] rathee than 3], especially
for arbiguous forsant frequencies. Asericans, on the other hand,
woauld mot use this information since they have had no esperience with
the [yl alemsmative in matural speech,

tnlike natural spesch, the loudness of the voswls did pot
lspreans acrapn the [1] = [y] eontinumem of experimental stimuli.
liwgvar, Etha wiresls dedéreased f[eosn 5T e 5] 4B across the comkimuusm
of high=falling o falling-risimg T-ﬂ pattesn, This diffsserce might
mave been diow to the higher cnset freguancy of the high-faliing Fs
patterm or som other variable in the syatheais. Therefors; the
lowder high=falling tened will be beard ap mare [Ll=like far the
Chinese. The Ackrican subjects do nob have the necessary psycho-
Linguiatic Lnowledpe to wae Josinoss an 4 eue o wouel Ldentiny. Thus,
the waeying lowdness of the ru pattern mhould Rave ne Lnflussce on
their fedgments. The Chimese are faced with two oppoaing influshces
af =hks rﬂ patrern. The Eslling=rising rn patiern s heard as Bare
Likg [i for soms s yei B0 be identifind peychoacdiatis Peaudh. Tha
pame falling-rising P, pattem is pefier and ip heasd &3 leas like
[i] becauss® Chiness Lictansre koow that softsr weels are less Sikely
Lo ba fi]. These bwo {actors tend ta cancel sach other out, &lthowgh
the results indicabs that the paychoscsustoc influsnce mast have
Enen the pefemger fastor in ths svperirsnt. For the RAassricam subjecis;
the potential prypehalinguintze Iaflusmce ba HOT piresamt, &nd tha
paychoacoustis influmace in fevealedin pure form, Theralfore, the

lowrican pubjefts skew & laeger boundary shiit due to the T patierm

]
fwcause thelr peeceptual secogmition of vouwsl quality is wnseniaminafed

by the concomicant change in [oudsess of the I‘D PALLEER .

£, Ermepimaaz )

& eritlieal spmuspiien in the swplanstion of the differsnces
o bwneh Chinese and Bsegickn liatensars e that loulnsss provides an
independent cus to vowsl idenkity for Chinewe. bubt not for Asericas
spfakers:. Experirent J provides a gtrong best of this sssemption; by
Independently varying the loudngss of the speech sowsds. Three
variables wern factosially cosbined in the systhesis of She tesc
soumds  Cive lewels of forsant [oegeencies going from (i) &= [yl.

- P =

three levels of F. patiorm qobnyg fres [allimg-risieq to high—falling

tiine, and theea I:'I"I'Il of yowel asplitwde. The coobinetbon of thess
three irdependsnt varinbles gives a fotal of 43 seweds. Chineass and
ssarican subjeois were bested follewing the sape proceddss 48 Im the
sarller atiliss. Chinsse subjecets fdentified the soundy ag ofm of

tha foar wopde, whereas the Americas subjects identifled the pewsmids

&8 ona of tha Ewu woeela.

Hathod

Snuimull and procedage

Thees variables wers manipulated \m this experizenty massly,
vowel quality, ru pattarm, and asplitede, Forty-five stimali wefe
generated by combining fivn levels of wowel quality, thiee lewvls of
Py Pattem, and thiwe Bevelas of asplotede, A&1E etpsull were J90 moes
e five levels of vownl guslity were squlvelest Bb Lhe lewels 3 Ahrswyh
& in Experiment 1, Tho values of ihe farment Enuencies, FI_.- F-‘.n
Fye and F, far the shipsint voexl (L] were ih4, L4, 279%, and %04
He respectively. The carrmeponding formant fregueacies for Ui
endgaint [y] sweew J61, 199K, 25%], and JE68 Ni. 1'1. fomained cometant
&t 4100 g, The rn patbern continyes wiz Sfeated by choosing mbteps 3
and & feas the fallung-risimg to Palling cobtisws in Experisent 1 oas
the range. This continuus was thes divided in ré0 eq@al sbern.
yielding three dilferant l'n FAtEnrm,

the three levels of asplitude 4n B0 dqual slens wess O=S%=La-0
i, O=53%5=50-0 4B amd O-Bl=4i=0 dB, sesgacrively, Thewve agbs of valws
wire sek at the caser of the wowel, 13 muec aftef Lhe onael, ¥ Res
bmfore ths of fssit, and the ofFeet. The mid-level of asplitude, §.v.,
0=5%=50-0 A, corresponds to the a=plituds used in the othes osperifenls
in the present stedy, As mentioned before, thess aaplitods walues ate
speeifications for the KElatt seftwace apntheslier paramcter walues,
net astual sessuremants st The subjects’ safs. The corresponding
amplitudes at Eha subjeEta® sars =ore S8, 5%, and 3% 40 SrR &
respesi ively.

The sass groap of siz Chiness subjacta partleipated along =its
anather group of elght Maesican subjecls chossn [rom the same posd
depcrited I Experiment 3. ALL of the Aesficas subjecis had



bacigruends bn Fareign languages in high scheal. S0 had atedied
Frenchi 52, 3. 4, and B Spanish; 55 Cerman and Frenchy S6 Cermanm;
and 57 Latin and Spanisk. ALl of ths sjecta participated on Lwo
different days for ona howr on sach day following the sese proceduras
of the previous esperlments.

The Chinpse subieciz wore given the sasw four respomss chalies
&p in Experiment L. Tho Aserican subjects wote given the name two
choites an in Evperieent 2. A total 24 observatiuns on each of the
4% geisull were eollectad for bath the Chinese and Asafican subjecis
dAuring four sasslons of the expesisont.

Fasules

e Ieft parel af Figure 7 akiws the proportlon of wowel [yl
Judgrents by the Chinose subjects as & funcriom of cthe wvoesl quality,
amplituda is the curve paramater. For the Chinese subjects, the
Likelihoad of & wowel |y] dudSgment Uncreamsd systesatieally with
changea kn vowsl mpaslity frem (il o lyl. Fid. 20§ = 99.1, p 9,001,
Vouel |yl judgments alss increaced systesatically with decreases im

i rtaw Spankers Eral 1sh Spaskars
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applituda. The siin effect of amplitude was sigeiflesnt, P2, 10} =
T¥.24, p o« .00, A wam the lhleraction boteesh vouwsl qual ity and
applituda, Fi®, 800 = T.17, g« .001. Althoagh the offect of r, patteen
was insignificent, Fol, the significant interackilon betesen woeel
fueality and o Pattern, FI0,40] = J.6b, p ¢ .05, indicatod that the
wrsnl tonded to be heard a3 (y] with & fallisg :I"n patiott,

The right pansl of Figufe T shows the proportion of weel [yl
judgmants by the Amerlean subjects an a functicm of voeel qualiby
arplituds L9 the cucye paramtor. For the Aserlcan subjecie, tlo
Llkelikoad of o vowsl [yl judgeont increased systemacically sieh
ehasgea in vouwl q_uli].‘h' From [L} o I¥l, P&, 200 = 1387, & %5401,
The main effect of asplivods was Enafgnificant, F{2.100 = 1,.8%,
P*al; ki wam the lotacsction botwonn vowel guality end asgilited:.
Frl. Althaugh thy effect of ru patitern way insignificant, ¥ 1.
the interasejon bobteean woesl quality and l'Ir PATEL I W&l wEdnlaTant .,
FIE.S0) = 3,95, p+.0%. This result indicated that the hcricen
listenmen, like the Chinese lictomers. tended to hear the vowsl au
[y] whem asniguous formant valups were roeeombed with o fafling LA
pALLEER.

Dlscwssicn

The resuits of Experirent 1 desonctrated the sepected o (fuct
of vowel quality and 'n pattern on the subjocte’ judrenta of woels
for both the Cilness and Assrvicsn subjects. Hisuvel, § wignlficant
effect of asplituds on vowsl qguality judqment was found caly for the
Chinesa subijects. Asplitude Jid not affect the Aowrican subjogis’
judgmont of vowsl quallty:. The Chimeco subjucts apgecared to utd b
asplituds as & coe [oF vownl guality, and Lendad to paoroeive lowlker
wodels am more (L]-1ike. At the middie level of the wosel CohLlimuss,
e loudest vowsl waa identificd as [i] 19% mopw often Lhanm Che
softeat vowel for the Chimsee. This resalt e compistonl with the
ides that Chinass Listafera utllice tholr Rndslodge of the lowtneug
af matarally eccercing vowsls In pecceptusl recopnition. Jfsufutah
pubjeckts &5 not have swperience with the differesaces in the loudises
of [4] and |y] simce the latber 1w cospletely wnfamiliar. Theeslboi,



phey cam not utilize lowdnnss im the peroeptual recognition af wveeel
muality. Coasistent with This wuplanetion, the right panel of

Figure T whows no significsse effect of a=plitede on the identiflication
of wowel guality for the Sssrican schjecis.

The reaults of Crperisent 1 confirm the explanation af tha
dilution of the psyrhoacoustis affeck of F, PaELarn om s L
identification by Chiress listsnsra. The baundary shift indicated
that the Wowsls vere perceived as more [r)=like & they went fros
falling-rising to high=falling, This sffect wis graller for the
Chinaas speabeirs supposedly beciune of the caorpespending changes in
the loudsess of the viwels with changes in F_ patkem. In the
gynthenized sounds ueed in Lhese eNperiments, as well &% in eltation
form of matural MasdarTin Chinese, the asplicude of the falling-rising
tone is less than the ssplitude of the bigh-falling tome QLT 13644
ToEmg 196lE. Tre wowels increased 4 dB as the rﬁ'pn'u-rr- chasged from
fabllyng=gising to high=falling lm Expariomnis 1 and 3. I8 Expsrirant
3, wn found that for Siiness sprakers, but not for English, Jouder
wirwwls were paecmived as more [i]=Rike. This prevides an Explasation
of the smaller Boundary shift fof Chimese tham for English spedakafs.
e srplanstion is that for Chiness speaiecs the higher asplituds of
o Bigh=falling tones makes the vewsl sore [L1-1lke amd Ehus parely
counierscts Uhe dirsct piychoscoustie elffeck of the high-falling tone,

which makes e wwel more [yl-like.

& Spmprad Mecussion
Futsire sxXperirents should b carried out to rewslve some of Lhe
remaLRing questions contefning th recognitian af wowel quslity. TFiret.

it will be af interpal ©o dotermine wismthar P, patbers il lemnces Lhe

idaniificstien of other wowe] contrasks.
Eaplanst Lan, wWe miglic aepact Lhe
fapmant valuss used in the [L1-1y] eontrast.  The high=falling and

fallang-riaing r FELEE T diilered im cErme of bath r bmaghe and

J.c:ur-d-lngly. it bs of inkgrest o assess she celative
] '1} SEITT 1]

EARL O .
pontrilegtion of gach of theas propereies af

Giwen the putative psyohoasouslls

gnflusmcs to be unigua to the partculsr

= [ =

In simmary, we beliewve that the prevent frapevork cffers a
produttive approsch to the study of asoustic festurs in speeEh
Pereephion. Factarial designs Bave shown that & vinple ldsnrificatian
task of sownds differing on just & Few dissnalens produces eelatively
complen resulte, The results have sevealed both peychoscoustic and
payehelinguistic coanributicns Lo sponach recognition. The paycho-
linguistie influsnces show that s spesch distincEion is cosvmyed ey
Eiltiple acoustic features which are integrated toqgether in a
maltiplicative BALher. Unfartunately. v wnre not sble to explain che
paychoscoustic effect of F, Eontour on the parception of wousl
quality. Although this IEperEant lssun pemsing mEereived, the
present frasewerk appears bo offer & formal checretical and
wEpirical approach to the study of these isnues,
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DaAL GESTURING IR THD URRELATED Lawcuaces

[. Fonagy:; Paris
R.o=M. Man., Fapgam=fu Bango
F. Eisof, Strasbawryg

I Aizd and asthody

In an gacllier papor emovive arilculatory distorticas,
as reflected in Hungarlan einematographic recordings, Were
intafproted in termo of para-linguistic cral mimicey (FOGIAGY 1976 .
If this lnterprecation was coreect, simijor attitudes should
produce simrllar distortlions in other unrelated lamngquages, im
French [or bntance.

Fronch consonants anmd vowels have been analysed previcusby
Ly moans of flhﬁrlﬂiﬂ!-ﬂpﬁhﬂ fhd‘uﬂdlrﬂl h].' Pelagle SIMIG [1987]
and Catheclne BRICHLIA-LABAEYE (1970), usimng sontences propcdnoed
in a neitcal tono.

A cocesponding study was carrled out im ehe frame of a
eoeplex regearch wabk spondored by the Centre Matlonal de
Recherche Scicntifique [(Cormunicatien verbale ek ngn Yerbale,
cntract A.T.P.no 19500, Five young artistes of the Schaooal of
Dramatic Arts of Etrasbourg had to reclte soven sentences,
suggesting different accitudes: noucral statesent. susprise, joy,
sedness, anger, hatred, tendernoss; admlration, contops and
lrony. Five judges, teachers of linguistics [of both sexes] wore
asked to ovaldate the perfomances of thoe [ive actorn eentonce



