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Tha (ids of this esooference describes ons of the Iwo magar
contragting frameworks for epsech perception reseafch during the last
thras decsdas. Thia point of wiew In thaot speech pofception &an be
nderatosd By tha priecipies  of  aodilcry  peychophydics. Soepch
involvee complax auditory mignals ang the processing and peroeplion of
ppeach can ba understocd By ha fuledk of processing complas Auditory
pigmals, Heisarsh repregeatalive &f che parggigm has basn  Ccontributed
by Cutting esng Rowwer (1074), Kol and Miller (1975, 197T8)," Pastare,
Ahroon, Baffuto, Frisdman, Pulsa, asd Fisk (1977), amd Plsonl (1977}
The olhor podnt af wiew, [ha sniithesin of Ehe Birst, |8 kel speech
pEFEEmtian FepraseAly thA opsration of 8 oset of specinlized procenses
umigis o epEach, This wiew bagan as the molor [heary of §pesch
poercaption [Liberman, Coopar, Shankweilsr, & Stedderi- Keansdy, 106T)
and kos evolved indo am illwmbration of the modulafily principls (Fador,
1903; Liberman & Mailegly, 1085}, Reprowsniative studles within  this
paradigm cas ba found in Besl, Morroagioilo, and Robson [i801), Eimas
and Corole [(1873), Eimas ard Miller (1880); and Fopo (18035,

Tmess fwe senosls of Iseughl have (mposed @ wery narrow
resasreh  anwirossent, falllmp wshort of contributing t & Badie
urderstanding of apesch perception. Tha empirical work &nd

v gontrovarsy ks boenced bock and forth resambling & Leanba @atsh s

=t whigh the sorver  demonstrates Rhak spesch porception I sgacipl and
the coponant replles that It Ix mof. Casght wp I tha cantfoversy of
gapchaphyalcs vorpes sgeciallEatian, 10D has Basn  Accomallshad with
respect [0 the guestich of Mow apeach I3 parceived, A rosdlulbion of
tha comtreversy I alfersd By & third parspastive proven suceesssful in
other demaing fduch a8 reading asd categorization of molwral objects
(M assare, 1084 Masssre, In press, dl.

INFORMATION-INTEGRATION PERSPECTIVE
Ona.  sallent  ssgect of pattarA  recognified  lAvalwes  the

procetiing of multipls sowrces of information. Cossidsr recognitian of
the word Tpariprmance® Im the spowen santencer™" T ee Aclfett was

"Tha writing of thiz panar and the ressarch reporied I the papsr
wafn wuppefied, Im part, by MINCDS Gramt 70314 from e Peblic
Health  Safvica gng Grant ANS-83-15193 from  the Bational Scisage
Fapndatian, WMiepgal M, Coran made Imporiast contribuliony o the
rasparch enterprissy; WNeill Appal helped with (me refardameep, wnd Ervin
R. Halier proviced heipfyl feedback on gan asrlisr verarom af thia
panaT,
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oraied for her oulstasding performance®, FMecognition of The critical
wirn in achisved win & wariety of baliom=ws and 1O0-d0e® SAurces GF
informatien. Top-down  doufced  include  semantic  end  epagactic
congiraints  and Doltom-up  sourcen  includo  pcosstic  Peatures  and
uyllablaa mohing up ERe ward, Phanological cosstralmbs ales have beei
ghown to  conlribute o parceplual  recagribion et the warg  fgwel
(Mnsszra & Caomen, 1983}, Integrating multiple sowices of Inforssgean
appeary  to be  ceafral  t0 pACIRTA Fecognibieh, Aot  juet spesch
pefeaptian.

Higtorically, the préssat sporessh can he traced, s part, o
Egon RArunswik®s [16982, 19057 Probabdlistic Funclionalism. Mo propoted
thag tkore are msany cuss Influsncing perceptlom bul that thess euss
&ra  eguivocal snd oaly probabilistically related to the objects of
Inkeraas. Brungeik resligod  “the Hmited ecological  walidity or
triafwerisingts of Sund ... Ta impfowa itn (ihes orgesncam's) bel. If masl
sccumilate  snd combing et (Orunawik, TSR P FL
Wethodologically, Brenswis  cailed  for  representative designes o
Exparimants Chet ard rasdo® &@Silas from  malwral  phepomena, W
rajeol this metsad, howawar, A favor of expariments that manipaiots
thy anvironmant. Only By Ingppengently wvarying neturally correbsted
owss are wa ables D delermins which coes are Functignal pefcepkion,
Ta this end, we e=ploy factorial designe asgd functional- Sesicremon]
[eshhiguaed [Andadgon, 1881, 1887] mnd test mathesmatics] modeli  of
perceptusl perfarmance (Masssra & Colsn, 1883c),

Apearding e Ihi predant rafewcik, wall-loarned paiterna ade
recognifed bn sccordomom with & goneral aigeritss regerdings of tha
madslity of particular nalwre of the paifssnd (Masisra, 1970 Cane &
Masqarg, 1078}, Tha sodal postulates thres oparatiensy In percopimal
[primary) sfecognition fenturs evaloation, grotetype maiching, and
pattara classificatian. ContiruouslyF-vilusa laalures afe  awsluibed,
integrated; asd maiched againil profotyps descriptions in memory, and
&n ldentification gecigkon s mades an the bawin of the relative Qoocnsza
of maich of e atimulus  information with tha relevant profotypa
descriptlons. The maggl s callgd a lugiy logical modesl of percegtlan
[asthraviated FLMP).

It I8 necessary to distingsish Belwaon eavifgamanial praperiles
Lkl sfe polentlally informative about sems object of event and the
progafiiag aStually used In parcestion and resepsitlan of tha object of
avent [Maziafo, in prass o).  The formar might Be enlled dals aad tho
lattesr Imfarmatics. WIEh radpect o Soilom-un propertios In spsech, |
have raferred o them a8 acoustic ehafacteriatics mnd scoustic features,
respactively (Massars, 1975). Onfe primacy task of fesssrch [5 o
datarming which scoumibe eharsscadidlicd function as l-mtll; featedas
In  sp=ech pafcestian. Furthermora, (E la ¢ ¥ ify tha
algarithns of SoSpulations that recolve Lhe wids "rlm ol acastie
Teaturss. The  deseriptlon dess Bal ead hers, howeved, becawsa Eha
features, once resalvad, must be combinnd of Intagratnd i achiove a
wnitary perception. Tha procassing of fop-dows sourses af Iaformation
must be described In the same mannar aa  bellom-uD SOECEE. 1]
adagquates [heody mugt also  specily how the percedver Inbdgrabes
Balism-us and flo@-down gources (A resl Lime during Epoech parcaption.
Finslly, Socigion proceigss mesl B8 fevealsd givea [hat  i9esch
parception, like other fosmy  of patters  recognilion; repressnis g
selection &l ond of sevaral viabla condigdafes of alarnatives. | will
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Firaf dlacuss beriafly the rosserch areas  of  cafegorical parception,
rpormalization, duplex parception, ke  MeOury  sffect, and  trading
ralatbona, ond costrast the iwa modsl spproachses (9 cur spprosch o
tha st=dy of spesch parcepflan. This Iatter approsch not only offers o
proguctive fremework for describiag Ehe procedsss lavolved | spesch
pareepiion, 1t prowideaa major comsbraists on potentisl conisndars Tor m
thoory of mesch parception.

FIGURE 1, Schematlc repressatation of Stages of Procossing kn Speach
Parception.

Figura 1 gives a schematic reprossstatien of fowr stapes of
processing  in catsgorizmtion of wpasch. SEmanry  ITANSdusilan
pranafofme  ha  phAymlcal slimules  Info ssnsory  data. The featura
avakualion prgcess &ssossos the pomsory dota with rospect to iha
Impartasnt dimengicss of speach aharsciserizisg the spesch ssgmenls Im
the languags, Tha Inature |AEegration process (ategrates of combines
the Taatwral Enformation frgm Uhe Aiffaront dimensiona with respect o
protolypn  fepresentations  |m memory. The pottsrs  cissifieation
preEada  détbfmines thoa ralative pgoodneass of match of the sensory
Infarmaiipa with tha relevant prototypos In mpmory. Tha relative
goodnegs af =match la egual ko the likslisood of Igantifying ife spesch
avanl &8 B0 indtasce al ihe prototype category.

CATEGORICAL PERCEPTION

The speech-ls-special schoal offersd  the phoncsmeson  of
catogorical parception A I3 sudpart {Libersan, eobf &l T8ETL. The
conismparary  Meld®s repression of  iha consapt  of  categerical
parcaptisn makes transparent the sterility of thiz area af ressaren,
Ta thiz gay | cannot understond why categorization behaviar was {and
continess t Ba) Intarpreted s svidance for ocategorienl parcaptlen. AR
the risk of belamaring tha obwiows, | will illsirate wary quickly Bow iIf
im  only natrel st contimeum  parcepbion showld jead W shamp
calegory Douncerisd micag & ebimulm contlauum.Given & atimulis
contifuum from A i 6ail-A (Rl In  perceived ™\ gontinuowsiy, tho
geodneds of A, sbbreviated GlA), I3 aa ladex of thn degres fo which
tha Information fepressnts the category A, Tha left pasal af Figura 2
ahome GiA&] &8 & DAsar Punciiom of Varlable AL

An coptimal gdeclslon rule In A discrale |udgmant task wowld DSt
tha eritarion vales &l .5 asd claasily the galbern ad A for any vabus
gfaatar fhan this walue. Oiherwiss, the patiern |n classified as not-A,
Oiwen ihis decision rwis, the probabliity of om A response, PA] would
take the sftep- functigs farm ghewn |A the right parsl of Figure 2.
That is, with & Mwed erlisriga valusa and no wariahility, the decision
aparalicn  changes the conbinesus  Hlagar  funclion given by Ihe
perceptual coeration Imty @& alep  Teseticn, Although Based ga
echtifuaud pefcdalsan, bhin lumcilion |z ldestical o EBhn idanlifed Pors
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of  ecategorical percsplion  6n a  speach  Meatilication Ak
[Elﬂdﬂﬂrt-ﬁlﬂntﬂi‘. Libsrmamn, Harris, & Coooer 1070} I lollows 1mat &
stwp  funcElon  dor  identificatlion 18 avidende Bar categorical
parcepkion becauss It can gccuf given sanlinesus Infgrmation,
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FIQUWRE 2, Lait Penal, The dogres o which a glimulss represants the
oafegory A, coflsd GoodnassiA] as & fusction of the level along a
stimulut coatinuem betwonm nal-8 L-8-ond A. Right Posol. The
probability af an A responss, Probability(A), as a function of ik
gtimulus continuem I e subject maintaing a decizlon cfilefian AL &
particular walos of Goodnass{d} and responds & 17 and only ir
OoodnassA] axcssds the decision oriterion.

If there iz noisa In tha mapping Irom stimules 1o ISentification,
a8 glwven lavel of Variable A cannal be eepscied [n produca the sama
igentification jesgment ©on  each pressniation. It ls  reasonable 9
afwms  hal & given ool of Worisble A produces @ nodmally
dlatributed rasges af Gesdneisls) waluss with = mean dirsctly rfelatsd
te e leval of Yerisble & snd & varfiamce equal scross all lewels ol
Variabla A. I thiz |2 tha cage, noise will (nflesnce ihe |denbiflcaton
|idgmeant for the evels of WYariablea A fead (A8 Eritefisn valses more
than ths lsweis away from the coriterion valwe. Figurs 3 lilestrates the
sxpected ouicoma for  igenlification IF ikoce s mormally  distriouted
nores wils the same oritsdian valips assumed is Figers 2.

It s nmotes |8 normal aad kKes Che same Saan end variancs
Borogs the conblsmen, & stimules whoss mean gocdness, QAN s at the
criteripn walus will peoduce random clasalfications, The walue of GlA)
will be abows tha eriterion on hal! of ks {rials sng balow Gha
critefign oa tha oiher hoif. As the walue of GA) moves gway from the
critafion valwm, T nplpe will BEys & dimislgning sffect on  Lhe
ldentification |eSgnents. Molps has a larger influence on [@entiflcation
In the middia of the rangs of O{A) waluss than af s sxifesss aince
warlability goss Ia Bolh @irections In tha middia srd oaly inward ot
the @A lrEmEd.

Thiz sxampis asows RRal cafegorical  decisions  Sads  on
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coatinuos
produce

ths LEEH ] al
Informaticaa
Identi Heation fumctiona with
] BounSaries, praviouly 184
taken o Tépfegeal cabegorical J
parceptian, Strkctly apeaning, of
courge, catagaricsl parcaption
wan congidared pressnt aaly If i 7
dlgcrimimation bBehawior did ot E
BRERE that pradicibed Trom - F
eateagoerl|lratlan
{Steddart-Kanaedy, oL ml., 1670).
However, one should not have 1
been impfessed with Ehe dfallere %]
A, of dscriminatien o exoes=d Rt
4 predicing By categorization
L tha glezrimination task
& | resembles somatsing more  akin = ;
. Lo catagarization than T
diecrimenaticon (Fujipsakl &
Kawashima, 1070, Paap, 1075
Ewan in thig [ of
anlightarmeant, howavar, wi Bave
wuthsrs ®e=h a8 Eimas  {1085)
wiing tha conocept of cetegerical
porcepiion o doscribs lyploal
categarifation Bahavior.

FIGURE 3, Thae probability{al ass
a8 Rhunctian of Variable A given
tn iinasr ralatichghip batesen
GoodneselA) and Varinbie A and
tha decision eriterian
reprasonted in Figura 1, but
wlth mofrmally distribufesd nreolas
addnd 5 tha mappisg af
Variabla A ta Goodness(a).

This anaiysis of cavegorical porception alse makes explicit at
what level Ia ihe processing syaiem  categarical pefceplion Saat ba
camonstrated, Catsporizatians Bshavhar alsna cansol Be ltaken @4
avidence for categoricnl perceptlon, for 6C i e mapping of stimubu
infarmation o semsory  Information (feafurs avalusficn 1A our Sodsl)
imaf s relsvast, not aimply that mapping of stimulea information to
percepltusl |wigsent. The lssve formalized in Fligura 1 la whethar tha
mapping af Yariabes A f0 Goodmesws(i) Is continuoss or cateporical. |
don't wnderstand Aepa's (thiz volumes) coinior that tha prazast analyeis
af the probles preciedes any contribution of expaerisnce and attention.
tn fack, the McClalland and Elman Trace Model places categorical
perceplipn st sxazily thae level of mapping of Varlabls A o Gossdness
LAY dtme later discumsleal. I categarieation  implles  calegorical
parcepiipn, we have abandoned any lAtaredl In LS procgdtas laadiag 1o
Iﬁ'l'f'#l“;ﬂﬂ-ﬂ and hava [olmed ihe Bshaviorisgic ceamp af paycholagical
FEECY -

The peychosccentician's answer to cafegofical perception was
not i reject I1he concept Bub to Attempl 1a ghow GRal It akps occurs
lar Aonspesch dtismull, Thus speech cansal be coasldnred mpacial
becauze Goth Spestn EAG nongpewCh Are perceived cabegorically. An
mitractive Bul Cofrent  solglicn was the |des of natural | Euditory
s=nsilivities sccounting Por parceptual  catsgaries in  speech. Little
processing it mesded if tha gpeech caleqodies fall on opposite sides of
#ome  peErceptml  Qiscontlsuity im Ehe  sudilcry  gyafem, Far example,
the most populsr distinction la weice onsst (s (VOT), Ra tims
latarval Gatwasn Lhe oegat of ihe relesss of & sfcp comsanant amd the
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anset of wooal cord wibrabion (w0 Rosen & Hgme|l, Ehia yolums)h, The
piychoscoimtic seplasstban far VOT BEd Bess bh termg of Eemparal
order |udgments (TOJ. Im  BEED, Wirgh fousd that litensrs sssded
gocul & 17 miE gngal differessa 0 defarmine which of Ewo widitory
evanis [0.9.. tonedl oocurred Hral. IF tBe 17 mz ditference la viewsd
a3 a thrashold, than stimull with afisl ssynchronies fonger tham thia
valim wowld De heard n ons ey Bfd elimodl with onget asynghroniog
ahprigr than hiz vales would be heard in assthar way, Wolced a05p
consansnis would Rave YOT valves fosx than fhe threahold, whersas
valcElsss slops woeld have VOT waluoe greator tham the Ehresnoid.

Thara &re s&varal Mmitaticne with Ehis proposal that mske 1§ an
wniikely possibility for perception of walcing, First, lsteners oo nat
sap=rignoa fwo  aedibory avonis ofn befare the other, but  Insiesd
qualitatively different types of parespis. (Mazsara, 1072; Warren, 1974a,
1874n). Secomd, the omet dillsrasce 81 (Arestold depands on  othaf
factors such as e owerall duratien af- iMe socitody ewvanis (Pattersca
& Qrpan, 19T0]. Third, there |z little avidemce B4t the criticsl euva I8
woiging I8 temsporal order as oppossd i the scoustle swents Sufing the
anpal of the spesch gagoent. I & meglecied udy, Winit, La Riviers,
and Harrimon (1875 opposed VOT ampd the mulity &l the burst and
Atpiration Im stop conssnasts s Imitisl positien. As &n example, bhe
burst of fduw was isplofed and separaimd from the pericdgic portlon Dy
an interval aparepriate for the WOT of few'. Im this situaflon, llaienars
tended o hear fde’ sSowing that VOT ftcoll was not s eritical gus
to wolzing. Fewth, RAoaa and Howell [(this wvolume] [lfustrata  that
Hirsh®s {1850) resulla mra incocsdttent wilh @ thrashold or discontisulty
Ifi the perception of relative onset time. Oiser Iimifatioss o & TOJ
thraghald |A ppeoch axist and ere mentioned In other ssctions of this
COMMBniary .

AL Bail, thafg may be omly & coupls af spesch comirasts Aven
npproaching categarical gpeach parception [Howell £ Rossn, 1683).
Thess faw cassd are  belted descrlBod an  alight [rregularitles or
dlscaontinuities  rathar than afrarp ERfesholds n tha  audilory
precessing systam ‘H"'I E Majsars, 1983 Mgszaro & Oden, 1580b0). By
irfeguinfity |z maant fhat tha Emagalng balwasn soms  parcedbuyal
warighls #uch @ the discriminadion of which stmylys cams lirgl aed
pofme physical weriable such as relative onset lss (9 irregular. Speech,
Iiks nanspeach, v onlikesly o be parcelved caleparically, sven In thoes
few rara caded of IFfeguiarity soross some conbinesm.

Soma paychoacouriiciany had thae Imappropriate resction to the
noktion of categorical perceplies,  Macmillan, Hapian, and Cresiman
11@T7]  redaficed categerical percaplion withia the Issary of signal
detaction which, ol courss, mimuneg, eoalinasa  alermation. Alisaugh
catagarizal pareaption was defined &s 8 maich baiwesn cablegarirafion
apd discrimination parformance, the wnderlying assumpbions were [hoss
of contlnuous  percaplion, Thes, @ maltch betwesn dicrisinstion
performanca and cotegarirstioa perfarsmencs ceftainly could nol Saan
categorical parcoptiom. More gensrally, evigescs conilitent wikth [he
tragitkonnl gefbaitien of categorical  perception Ik nal  necemaarily
InEoARIAEAT  wiis  Alternative models  stwming  coabtinoma  pereeption
[Masgsra, In pregs b). Usieg the Rraditional paradigm of the
catsporization’disperimination Lot Hary and Massarg [rRo2)
oampastraisd Thal ssusds that appear 18 Be percelved catagorically in
ong conlssl appaar Do Be perdsived egaliavogsly In angihar, Magaara
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gnd Cobden (198)a) ehowed Ehal Eha dipribgtian of rating responsss o
spasch  syllasiss was significantly better deseribed by =  continuous
than Oy a oategofisal mooel of pedception. Mongs of ua dike fo De
remjaged of the slerility of & particufar fesearch snierprigs, Il =a
ean face up to mintAkes Im the pagl, hgwewer, wa may be lesa
smscenlinls 10 repaating them | gha Tuturs,

Tes losa of categorical perceplien Iz mot feasdbie for  the
percentlan of continuouas spesch. It s wall known Chat the scoustic
characierisiics of (ke speech signal wafy congldardbily wllh dpedkas,
rate of speaking, @nd the surfossding  argmenial | costaxisal.
Categorical pafceplion wenild prove 1o Be toa inflexiblo (o cesl wilh
theie coablgal vAFIRLCOME. Ay an sxampls, Sunmmerfigid (198F) showed
that Isa inflesnca of volos=onsel bima (WOT) in the discriminstion of
wodelng ecould mot  ba  categoricelly  perosived. Tha contexbusl
madifications rasulfing from the (nfluemce of this werlaBls In  speech
ars  migniticanfly diflarent Prom whal eowld bBs predicted Trom
momIpesch, For sxample, thes positlon of boundaries betwesn phonetic
cotegoriss oa VOT coatinun depornds on other spsctral propoctios, suoh
sa Eho onsst Iregueeancy of Ehs  first  formant. Anslopows  spsctral
manipulationa In e nonaspesch analogs of the syllables do not Feswlt
in a similar depandanay.

It I alee of conslderable Enjerest thet the demigs of
calegarical perceptian p B seficus prosfem for ghe Trace Modol of
spEREn  pErcEplieh [MeClslland & Elman, 1086). Thalr modsl produces
cmtegorical-like behavior at ihe sensory (featural} fevsl rather tham at
simply the decislon stage. Thia occure becowse of ihe nonindeapsncance
bétwasa thp fesfure and phonpme levels In Ehe modal {which contrasts
with the Indepasdancs sassnption of our furzy Ploglcal model]. Ie the
Teace Medel, & slimufus patterm o presented and sctivation of the
eorfesbondiag ioatures sendas morg excilation %0 some phonema  units
than pbthara. Given e assumplicn of feedback from IBa phonoma IO
tha Peaturs leval, the astivaliosn of A& partlcular phanama Pesdi down
ard sctivates ihe features corresponding o thel phosema  [LeClalland
& Eiman, 1986, p. 4T). Thiz effect of fsodbnek produced ashanced
sondltivity mrownd = ontegory boundary, exsctly &1 pradicied by
eatagarical parcepifon, Catsgoricnl povcepiion |o infrogesnt En spesch §f
It occurs &t all, and wa have axpossd an Important woakness s @
powerhid amd comprahensive model of spesch parception.

NORMALIZATION

A soecond ares of ressarch has bt do with normalization
procéisds Ila gpasch paccepilon. (It s well wmnown, Por axzampls, that =
glven spasch gegmant In A senlenca will be  interpreted diffacenily
gopending on ithe rafe of spediing. Thum, for examples, Willer and
Lissrman [107TD] shivved imal tha Idaatifleatisn af /Bal wordud Jwa &s
8 Tenztign of transltion dwallon alse depended on e roks  of
speaking the sentenca. Plsonl, Carrfell, and Gana [1983) akowed that
similar pontautl affecla occwr with hanipeech. Howewer, tha slre of tha
nofmalization effect appeared b3 @iffar n Lthe speech amd noosposch
tawaa. On one case, Ehe contast affectn eppeared 1o be sigaiflcantly
largsr fTof Mo spesech  sblmell, and Bn  snother b coatexr affecty
appeared to be significantly fargar for the nonspeech  aEimali. It is
inzumbanst ufen IBs peychoacousliclan bo show dirgct corraspoadances
batween the Aonsgeech and  speech  eigonls, mok mieply s rough
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spprocimatica, On ke other hand, | &m oot optimistic aoout this
research  wiradegy  given  the  limitstions In  comparing apssch  and
moAigench {i0a distutiton in 88 section Trading Relationz). Sine wave
snalege of SDAOCH Neard &3 SORRCh of nomapeech might provide = better
I':#T'M:HB;'I?T & piychiadauslic explanation of normaollzation [ses Best
&L Al &

DUPLEX PERCEPTIOM

Angther arena  of  research  controwersy  Involvas duplax
ferseiticn, in thin wsituation a singla stimules gives rise b0 kwo
differény peregpiiona: oda |8 spoech, snd i8e other In senipoech. I
mn isolated formant transitban [the chifp] la pressated D one  saf,
whits the resi of (ke spesch some (the basze} ig presanted to  the
otfer ear, ssects report hearing Doth apecch and Aonjpench  ESunds
iatesalized at oiffersnt locatioes {Mushaus, Sehwsh, & Ssswich, 1983
RBand, 1974), The speoch parcept must result frem Rhe Fuaton of Ehe
=a  Inputs, whoreas the nonspeoch percept must  result  from  the
Isglated dofmant  Etransitions. In  mddétlon, ditlerant rulss  seem Ko
costribo the peroepfual procosses Pnvolved with the Ewo percepts. The
larmeng  Ctrangition I percalived differently in the content of being
fedad with s fest of the speech sound relative to ity percaptice as
an lsalaied, #enabeesh SHond, In Ehe spoech-iz-special camp, this
result iz Interprafed s avidence fef a apecialized process In spesch
perception [Libarmas, 1982; Repp, Wilen, & Agvkanas, 12383), I furas,
the psychoacousticiams take pabns o lwirale (Rat similar  procesiss
can  ocsur with manspasoh. Az ®mn asamplsa, Pasiars, Senmuskiar,
Razsnblem, &nd Siciesiul [1883) showed that duplex parception also
ococura  fer msusséal  gtimull, which hsn weakens The argemant fof
spacialized  prosasiad, Tha dobats continues bn Ehis areap for faceat
papars sas Rapp (1964} zod Muabawn [1984]. Misbawm [1984) provides
& resgsnasls Interpretation of duplox peroeption, Follewing the ldea
of integrating multiple sources of infor=ation in spesch pefception, [t
Is reasonabls that bath the bage and tha chirp contribute to perceptual
fecogaition of the speesch sesmani. This Interpretation, IF  forsslized
within the Puzzy logical model of percaplien, alsa accousts for the
finging 1hat tha gostribution af ke base should Encreass Ba tha
relevant cus givea by (Ae chirp becomes ambigusm.

MoGURK EFFECT

An aren of ressarch that has cagtured much of my affert s
gpeech pafceptian by &ar and by oye (MeOwk & MaeDonsid, 1976k Im
thid  plisation, walching a speakar srilculafe spesch Iafleasces what
IBf  pErCaiver hears. This resuit obviously haa no  psychoacoustio
anplanntion, snd thig pravides =ush Bops for the framewcrk ol speech
aa special. Az pummarited By one sitenmad regaarches, "Belh meter
{spanch [ speciall theorists snd Gibsonisns went danoimg through Ehe
atrests al avery majar city In the Esstarn .5, tha day In I2T0 that
McGurk amd MacConald's paper [n Mabwe BE the nessstands.” Once
agakn, ihe problsn geems 1o be that Eha spaech-ls-special camp dld nal
conglder Ehat aslernallve @splanationg afe also conglatent wilth iha
MoGurk effect {Massars £ Cohen, 1083s; Magsara, In presa e], We
might expact that Bimagal percepblon resulting fress aight amd  sowsd
cam  SEcwer In other glisatlans such & watching amd lstening to @
mugiclan pluck or bow & mtring on a wiolin. Tee wisunl capture affect
Ia whicsh tha sight of mm obfact osn mtEraot locablzation of & Sdund




aoufce might be wsed a3 the cowwteresampls sgainst = §pesch=igs
apecial intsrpratation of the MoGurs afdect.

It st & pepchoscoustic eaplanation of the MeGurs aflest, o
maore gasersl physical axplanstban 4 alill & ramale potusbilily. Perheps
thefs [ 3amas Inkergnl relatigedhip betweshn Eha  Sbubh Eanliguraticnd
and the sound eosfigurations, [ndepeadent of tRolr representation af
wocallzation. Kol and Weltzoff (1982, 1984]) fownd that Fys==anth=ald
Intants recognizad crodas-modal corrsspandances of the vawasls Sif aed
fuls The infants viewed a film showing two side=bDy-gkde Images of a
talker afticulstisg fif  snd  the seme  talker  arbicwiating fafy In
gynchigay, with one of e two wowel sounds. Tha infanty  looked
longer at the Isce =aichisg the sownd than &t the nonsatching Face.
Ta Eeat the physical aaplanatisn, HKeml and Meltzoff [1904) @ed purs
tene snalops of fe' and /I, Thefe was & compiste revorsal af the
finging with speech; Infanks now Iooked longer at the articelatien of
fif when the pore fome anelog of fa' wios played, and analegoualy far
the pure tona analeg of S [Kuhl & Ksltretd, 1984), Suijact ia the
limitation of & spesch-nonspesch comparisom, Uhe experimsnt affers
littls ®ope for the sdeguacy of physice (snniogeus B the Inadaguscy of
pufe psyohoaoowsikos] as an esplanation af bimacsl apasch perceplion.

TRADING RELATIONS

Tha FMral ared of Fegedfch has to do wilth whal afe called
trading relaticas in the parceptual calegorigation of spesch, Meltipls
cuas  Influsnce A pareaptusl  Oleriminatich, snd  Chess cufs SAs  Bio
tradnd aff dor one amothsr. A8 as adample, woles=andst thes o8a B
traded off against the fi-3t formant ireguency and transiliom at the
oneal of woicing in the identification of tha wolcing af Isitlsl stops
and fricatives (Masssrs £ Cohas, 1978, 1977: Summarliald & Haggsed,
1974l. Trading refationa hawe besn |nEarpreisd by (ho dpecch-ls-special
CAMpP 84 =eaning hat articulafory processss maat intereans In the
intagention of iRess dlverss cuems. Onos sgaln, trading relations cmn
o fousd s other domaing in acditbon to speech. Oocen (1981}, foF
axampfe, has shown [hal vigal propedties nbowst cops and bowls are
evalualed and intsgrated &y predicted by ise Tuzry Iogical modal, tes
BAME Model w=ith o history of secesss e che  domain of  gpench
percapticn,

The Raf=m  “treding relations® Ia  Incompleis amd  pasaibly
miglaading o describe the contribuilips of multipls souress  of
Infod=ation In epesch parception,  If might sesm remonsble to kay
that woica oomsat time Eraced off with tha freguancy &of Ehe fidgt
formaent st the omset of wokCing, Byt It sosse wnfeasdnabile 9 e
trading relstions to describe ihe contributions of lexical |afarmadios
and voigm &ngat tima to the parception of wadelng [Qanssg. 15807
Magisro & Oden, 1980h), I|a the ilatter cose, It i mors oovioum that
thars ares sultipls  sgufcen  of Infpr=matinn coniributing o the
parcepiual Interpretation af the message. Tha same ln Efes P the
formar cass, whd I bn mecessary foar & thegry B delcribe Bow tha
sources  of  |mfarmation are evalmlsd and  integrated fa  give tha
Uradecl! Ihal i ooZErwed,

Tre nistorscal study of (his prodiem in spsech perception may
alsn be of interest. Early workers ol Haghine Laboraficeriss menioslated
mullipla o 0 porceptusl eategoriratian Lul did ool essess Baw Lha

cudd were Infsgratsd (Holtman, 1950}, Stevens snd Xbaft [1974) waried
boih woise- asgst fima and the shsel of the figsd formant But did naot
mamipulate e in & complels facRorinl oelgs [ges  &l3s Fawash £
Pigani, 1874}, Mpisarg and Coben [19T6) =anipelated two cuss to
wvalcimg bn @& faclorial cesign and fesisd mathematioal modsla of Cheir
Inlagratian. Sompisme afterwards, wofkars at Haosking Laboratories
began  wEing  facpariad  designe and  gtedying  trading relaticas  amd
:hlm;’ﬂﬂ' ihatl thess depict & Epacial pesch processer [FAsop 16877,
¥ i

Amalogeus L3 ihe monapecch mledlss of categorical perception,
=a gre now witneszing & Tlery of ssperiments purportedly (llarating
treding rFabations with nonsp=ech [Diehl, this walemel, Several do notb
maks Qifect comparisons betwesn spasch snd nomspeech, precluding o
dirgst compariscs batwesn ihe two. Unless g direct cosaerizon |s
proviged, wo hawe no measure of whather Lhe tragimg relagions are Che
same A Epe0chm and noagpoech domains. Far thosa siudies Invodwing a
direct eomparigon, ma kiad & modsl g necessary o evalvate Ehe
slmilaritiss smd  dillae he h and nonspesch situaticns.
Ow furry logical medal &f perception (Magsare, In press al permits
gifect assapsmonly of iha (afermalion waloe of sach propecly lowolved
in I%e brading relstion amd the naters af the Iatageation procezs
genefaking the  Erading relation. Both eof these gquastisns afe
lmﬁ:ﬁ:ﬂnul o amsemsing any peychoaceocsiies] Bases  far  trading
ra ns,

Dimhl {18l volwna) speoEssd  tho paychascoustic basls for tho
tradeal! ol vowal dursfiom &nd 2lagers durablan af cosgomants 1A 1ha
perception of wvoioing of madial stop contonant:. Sguirs weve amalogs
wore crfeafed by roplacing the formants of s spasch with  sguare
waves. Sob|scis |wgsd the spasch syllables a&F the wolced or woicele
aiternatives and judged the nonsoesch as heving B shart ar long slleat
patied lckosurel in the middle of the sound. Flgura 4 gives the
average resufts fov the smpesch  and  mopspasch  continud. Altspisgh
superfezinlly iha ressdis oppssr to b= comparabls, &  Tes-grained
analyiin réveals large differancis boteesn ke spoech and nonspesch
ellaciy, Thizg differgnce can D& highlighted by HNitieg the resulls wiim
two wery dillarent models: the FLMP snd a welshited averaging model.
Thesa models maks differsnt predictions abowt he poing atfect of t=a
cued. Tha FLMP predicis that the esnatribuiien of one cwa Increases
wilh |acfeases In  Bhe amblguity of e othar cua, leeding 1o &
piatiptical Inlafactios, @ given Im the top panal Imn Figerse 4. Tha
welghtsd Evaraging modal, on the oifer hand, predicts scditive effeols
ang thiz parallsl eyrwed Bimilar o thois sSown ln Ethe Bottom pansl af
Flges 4.

CQunatitative dascriptions of the resulls reinfores thin graphical
wralysis, The FLMP gave & bstter descriplion of the spesch reswlis
than did the wolghisd aversging model, snd the ooposite owicome
amerged far the nosspeech resslis. A fins-pralaed snalyaie appears io
revagl mportant differances besiwesn spsech and Adngdeach  asalogs.
Iniegrating multipld wources of Indormetion appesry o be &
psychakogicel rathed (Ran & psychoscounlic phesomano,
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Afdpitivity mlso  Bppeary
for spagch  whan e Two
prapartias fungiian
pepchoacdumtically af limtrated
in wan Mooven"t (IRl wafume)
gfudy. Vowsl dacay [lma and
frigtigs-rias (h=s shauld Bave
comparabla poountle aflecty im A
voawal-ponsonant eaguance,  Both
PF opEr LS eoniributs ta
persaived  sllasea  bDatwesn  Lhe
vawal and comsonant. The milemt
Pnfar=al [T thea diflerance
bstmeen the affricste chop amd
tha  Pricativa A with longer
Infervaly cosimg aliricais. In
ssqueaces of gay ghop/shop, (he
affects of wowal decay Lima ancd
friction flaa Ume appoared 19
have additive sffacts on  the
catagarisation af (4,0 ]
@l Eatlve- ricative, Irzraasaing
the decsy Time of e vowsl and
Imgraasing the ripn tima of the
cosacnnnt  bods  Increassd  the
LLLE RS0 ol o affriocais
colsgorization, pupposadly By
Inzransisg the parcpived allamém
Eatwean (120 wawal and
iGN,

FHGUAL 4, Top panal,
Praporiios of voicing Jusgesants
i 4 function af classre Suration
and womal doralion, The lines
give tha pradictions of tha
furey leghloal model of
poiception. Botiom panal.
Praportian af ghoarl judgementis
a8 8 functios if silant gap and
the durafkan ol the naRigeech
precadiag ihe gap far sguare-

wave analags of the xDeech Tha paychoacauntical
syllablas. Tha lines give Che Basls of Rrading relations  has
prediclipes Par & waighted Eoem  EElaRied  RiAQ  RoAhemAER
mveraging of i two propariles Bubjacts, again  repeating &
of the spnapeech (rescits fram stralegy uiad I tha

Disnl At al., this wolume}, categorical=parceptian
Conirgwersy [Euhl &  Millar,
1975, 18T8: Kuhl & Paddem, 1202,
1803 Waters L Wilson, 1876).
The fwiflebng Fnding of nsarly sguivalent voloe-ongek-boundarinos as @
Tunciipn af place of srilciydaticn for chinchillas and Bumana could have
bean a reaull of the synthetic spaech athksull Rat wars used. Tha
stimsll of Ligwer sad Absamson (1970) allowsd other preparties af the
stimelus o wary with ehanges In ime speech wvariable of intarest. in
thegs atimull, the doration of the first format btrassitkon coveried with
dilfferances |a e Bigher formants that ware waried to cus place af
articufation. This property Eould have Bean responaibia  for  ihe
ditfefences in the WOT boundary as & functies of place of articulation.
Later warsigns of aynthesired spesch wilhout Lhin procerty ds  mat
replicats tha largs differences thal wera originslly Tound [Millar, 1977,
Masarg & Odgen, 19608, Oden E Mgagarg 10780, Hence, the ofigingl
traging relation Chal was obasfweld appears 19 Rave & paychoscountbs
FAERET MAR B pryohologiesl gaplasatien.

Rejezting the peychoscousliesl basis for traging relabions by
showing Oifferences Deleasa speech and nofmspeech la perfhaps a bosing
Battle. Tha reasca, snalogow o afudies of categerical percedtion. In
tha pergizlent poiiBilily 1hal a&n insgofopfials nonspeech mblmulos wan
wied, Workers ai Haihirs Leboratofies Rave solved thin proslem o
BemA aafeni By @isg diaa-wave andlsgs of apsech end tosting seb|ects
im Dolm speech and AomEpSech moded af percaieing [hess migeals [Besy,
=i al., 1881}, Thay have poccesded In oesongirating largs diflorances
between fhe two modes of pearcsivisg, bul withoul & fermal amalygie wo
gon't kpow snpegh about how the [wo mooes Siffer. Tha Betl. o al.
(18R} reswlis agpear wslmilar ko ithose of Dishl In that sosspsesch
intogration apooarm to be mors additive relative (o e multiphicative
Intagraticn of apeoch. Whaen ©the agignaly are heard as nosspasch,
Eiljocts mighl use aonly ohe ol the two varylng propefties 1o
calegarign ISe pognds. ‘Whon |Bay e two proparties, ﬁur_!pﬂ-ull‘ 1]
intagrate tha two hoaspesch Ccues according to & welghfad= averaging
rulg, Whan tha digaafi afe heard &3 soeoch, howewar, the two coss afa
fntegrated im sueh & way that ma [aesl amblguom cua has the grastast
Impazt on the desipion,

Dighl  {ihiz voleme) claims (mar the Fagegration of closure
duration and closwrs pulsing has &n sdilery basis, permaps the grattal
pulzing Blamimg the obssrver o kear the Isteresl 82 short. However,
the sotual relatioeship betwesn ithe amplitude af woicing durisg  the
glodura and tha closure latnfwal far walced stopa differs for difforant
languages [(Lindsy £ Ladajogesd, 106}, It s=sms that Chess Etwo
vafiabies are  Isdopendently sarisible  In ertbouiation  and  diffarent
languages combine them differsntly to conwvey wolcing Imformation, This
arbitrariness befween the two dimansiosa preclsies asy psychoscoustic
sxjilanation of the Integratlon of the beo cess. In owr framework, ths
intagration of the two cuss will reflect how Nsse cuss aro used By
the speakar fo Infarm the [lsisnes.

Peychaphyrical exzplanations should bes sble to Illonicats  the
contrails Delwean #5art and  lomg vowels. Two wvowels Chat have
mighly amilar Tarmant freguencies tend to dillesr Ffrom oae analBed In
duration. It peychoscoustice Ras  any  relevance, the Falatlonship
bepitwesn formant structure  amd duratlon ahoyld be Eysie=atie. Thhey
normatly  longer wewsl Enacld Be heard A leager relallva 18 the
nofmally shorter wowel, sven Lhough préesentad &t the sema daration.
For mzample, & wowel with & high FZ might be heard as lenger tham A
wownl with & lgw F2. In this osss, deratian might seguire ous slstus,
i3 sugpesiad by Stevens, Keyesr, end HKawasakl (1986}, Comsider the
threa  paire S, P00, and f oA F - faf and Rheic  firek Ewo
fermants and average duralioss shawnm a Tabla 1,

Far teno of the palrs, FE I8 lossr in freguency fer the longer
mambar &nd higher far the longer wowal of the third palr. Tho
fragusncy of F2 I3 highar for 18e losgsr member aof two of the pailrs
and lower fer tha longer mamBer of 1% Ihird palrs  Thus there l§ oo
systematic  relationship batwesn farment  freguency asd  relative
diration. Clesrly It la mslikaly I5sf the Istesratian &l thess Lwo
chardclarigtics Fedulld Mom pome low- Bevel awditory [ntevaction.
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Takble P, Avafaps walobd ol Brgt eni gadomd PormEnls ansd the duratioss
of zix wowels (lrom Paisrson & Barney, 1952, and Potefson £ Lehists,

198a)
fif = W fuf = Uy fad = et
FruHz) ETo 390 Abh &40 HE0 530
FaiWz) TXH0 1090 H70 4030 1720 1840
Duration fms} 240 780 260 200 430 20d

Hiwlsg abgeiwed llmitaliohs with Aonkpesch Rl #AoABumAS
subpecis, | offer In  their place dovelcamantal and  crags-llnguiatic
Eompariiond with reigsct (o trading relations. In an sarly obsarvation,
Simon and Faurcls [15T8) Tound diflerences In the cosiribution aof F1
o parcaived wajeing af  Initial  skop  comsomants a3 & fenction  of
developmeant and lenguags. Onsst freguency of FI 0y mora Fnformative
for wvolcing in Emgiigh relative ito Fremch and isfarestingly Freoch
aflldran agquire this cua somatime later tham thair English cohorts. IF
thig fesult I§ Fablable, It goes wall beyond what could Be predicted by
& pAyEhoResuslic Interpfotation, |f this prychoncowmlic nierpfatation ip
prasgennd 1o inclede an imporiant contridutlon of parceptual Inaraing,
howawsr, Il can peatdict ke resulita. While achiaving this worthehils
goal it would ales bacoma much lows Ike I parsissomniows progocessor
ahd  sore LT tha poench-ig-apacial {Liberman 1282} and
informatian-Fntegration (Magaro £ Qdenm, 19804) viewpalints.

Crogs-llaguistic cospafisons affer a direct sssssyment of the
prychosesuitic Bagia of trading  relationg, i & traging relation
bebwesa Twd properties af the spasch algnal axisis for jubjects of o8
langungs but mot for subjests of snathes, there la Dills merit %o &
piychoagoaniic explanation, Tho resells would Be  compatitle with (M
Integration of ihe btwo properti=s In one case and ool s (he olhar.
This outceme would puppopndly ocow when & glven properiy 3
ecologically walld Ia ona lamguags but mot Im the other.

A recenl cross-fingwistlc study prowides = simples rejection of
Ehe paychoaccunatical-basis hypothesis. The coontrast of infsrest  was
postvonalle wolglng 68 cesd by Ehe deration of the preceding wowel ad
Ehe duratbon  of the consonant (Diesey, 1855), Likg iha  twa
granunclatians of yss, iba words peas and pesce differ i the voloing
af thi linal Somscnant. Slooe Deanes [(1955), wa have known §hat boid
wowal duratban and Pse apericdic fricative dwration contributa to Ehis
distinction In Englsh {Derr E Magsara, 1000; Massaro & Cohen, 1978,
1977y Rophasl, 1572). Flege and Hillenbrand [1088) cbgerwvad that the
faf=fef distingtion Is not lesrned im Swedish and Fimnigh, sincs naiiher
languags pofiatiss & /i phoheme. T & paychaoscoustie basizs existed
far the trading rélatlen bBet=ees wvowsl and consomant durations In
English, iken learning Ehis mesw distinclion ghowld be an sasy charge
far Gwadigh and Finnigh  spedkars  scouiring Enmglish. Howewvar, thix
diatingtion In Gifticwit 3 lgarn aod the guesiiea B whethar the cwes
wigd by Englisy Hetenars are bearmed by thess  Individuals  acquring
Englism a5 a ddcand languaga. DOoth #xperiesced and  Inesperienced
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listeners were Eested on the 1 s ganirail. Flee Sgrstbons of the
perigdlc wownl wero Taoctorially commined with flwe duratioss of he
sperigdie  Aricatien  asd  suljects  sere  instrectod  bn Esglish o

catsgarize e words 33 pans o pesss.

Tha results revenlsd that the Twadlan &68 Flaaigh |lgtaners did
sot wee Irigefive derntion o o owe to ike fof=/p/ contrast in English,
But Daded  eeer  ISantificatios dscigion en only  vowsl  duration.
Alchoeyn 1Mk fafull geaafaltes & wifiety of [ateresting guestions, for
our purpngos, I waeskena & aspls paychoscoumtic axplanation of Eha
trading relatics In Esglish. Thers Ig sothing InBerent In the asditaory
resobuthon of the Engiisd syllailgs that fasde 1o the tragdeafll Bolwess
vowel duration and consonent  durgtion. If Uhere  were,  Ehe
identification ressits for the Seediah 6l Flaaish sobjssld ihould have
bean Mentical o those for the Engligh spepkars, The rading relatios
omists becausa Rha English  lHstenar  integralen  thess two  coss  In
parceplual  recognition, mat becases the audllary  ayatem  maturaily
categorizes short wowel=leng conscnant syllablies ms one class ard long
womal-thart conmnant syllables =8 snothor clags. The awslmation of
womdl  duration amd  consonont  durstiom  eppessr  fo occur  ralatively
Independently of one another, =8 sssemed in oo furry fogécal mods)
{Dere & Masgaro, 1900p Massars & Cohen, 1077, 020835). Thay ars
Integrated native English epeaksrs become both are  Informative
abaut ime igentity of wolcing of ihe fimsl consonant.

Thae obasrvatlon Ethat Swedish asd  Finnhid  speakare ara moy
influenced by comasonamt  duration mlss weakena  the apoeal  of
consonpnbivemal [C/¥) ratla B8 the cue o woicing (Port & Dalby,
PEEzh. I oY ratie were wiad, Songsnant duration would ascessarily
have an influance om porceptesl ealsparipation. Cossepioalizing vawsl
duratlan and consenant doratlon as indepandent sources of Endesmation
abowt woicing, however, dsieriBes the result: parsisoniouily  (Mazsare
& Cohen, 1083b}. Conssnant duration doss nodl scouire cus walua  dor
tha Swedish amd Finnish speakers becasse their lasguage doss Aot hove
A /i phomeme. Learning English &5 @ second langusge dooa mob saom
& chAnge Ehis altuntion, possiBly becawse these Individuals contbhus to
spaak thalr pmtive language. Im thin osse, the ows value of voficasm
sources of |algrmation is nol eaelly normallred 1o take Ako BcSountl
tha language correatly being pencaived,

Remaining guestigns are why e Swedish aad Flanish (istenery
ugsd wowsl derstion &3 B cus ane whethar they ule conisasnt duration
63 & eue Tor other confrosts sech @B siop comsonanis o medial
poitign, Vowsl Suratlon would Be functional for stopa in fleel pesiticn
{Raphasl;, 1972} amd this could hawe generalized to Ase few JE/-laf
conirast In Emgliiah,

Wa have parsllel results comparing Chiness amd English subjects
on ime parception of a wowel contrast (Ml=1y] that exists s Chinaga
But mab Englizh {“H-l-ll"h. Tisng, & Coken, 188). The Englleh #ubjscia
had no experience with Chissse. The wewels dilfer ool oaly In Their
for=ant pattern but alss Ia lswiness [Fanr, 1973 in isaf (i) tencs bo
B lauder than [yl. Chiness listensds should know ithis et & procedusal
mEl mEcefsafily o deslorativa lawall, bBet English listaness eSould notl.
Mazssars &b al. (IDR3) wtiliged thig leglc In comparing Chinsge and
English speakers on (he contributian of FO pattern to identification of
Chingsa vowsli. Glven that lsuoness  has s scolagical validity m
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dilsginguisfing Erglish iy tha Emgligh f T LE ] ean fin
gonooptualited e earviag as & “chinchilla® econtral  group.  Thus
Chingga Dut not Engligh should kear g louder wvowal s more ke [I‘I
than llke [yl. To test this hypoihesiz, flve lovels of lormant strecturs
batween [0} ana {y) ware Tactorinlly cosbined with 3 amplitude lavels,
producing & fotal aof 15 sylisbles. Both ihe Chinsds and Esglizh
duls|gety w&rd glmply Inatroctsd to bdentity esch syllabls & (i) ar [¥).
The resulta provide evidesce for a psychofogical imtegratian af farmant
strosture End  emplilpoe  fofr Chiness Jistesors. T I8 maE &
pEychalpoestis  lntegration because the English majects sre  noef
Influssced by ampliisde awen (heugh thay uee formant strscture in the
samp monmar as the Chiness subjects: Figure 5 shows that the Chiness
reveal & ﬂﬂfﬂﬂﬂlﬂt'f larger @ffact of amplitude whan the lormant
I-I:;;:ill la smbiguous, expcily 84 predicted by the furzy logical
Ll .

il Bomyl i fomanry
18 LB
! LEE & [T
E 7 E 1
5 Bir E B4
; o B it F T
g >
* e £ ..:r]
4 ] J
e =T as
T ]
FOETRT TTRLTU

FIGURE 5§, Proporition of 3/ ldestification for Chiress and English
sultjacty a3 & function of the Farmast Strecture of the pest syflable; .
the enalitvde of the syllable I3 the cufve paramster,

The Engllsh eseakers show no hiat af & simllar effect, even
Eheugh they glacriminate the formant siructurs &1 woll &8 the Chinsse.
The small effect of amplituds on  ldenllNesties  Psr IR Engliah
SpEnkafs was not statiatically significant, mor, was the [ntavaction of
formant structure ang ampliteda,

In mmmmary, the contribetlos of multipls sources of information
appeats to be 8 fundemental characieristic &f speech perception. Thosa
mources of Informatiem diffar  Ter ol fferent languaged &nd, thedsfade,
Eha  |ategratiom of tea gewfeds Ia et esaslly  eccounmted  BaE &y
paychopsopdtic pfimciples. The siteatioa by better conceptusiized a3
patiern  recagailion A which multiple souorces el Informatise  ars
browght ta Bear an A  decision, The FLMP  provides a  good
quantitative dezcription of the (ntogration ed the swllipls sserces of
Infafmation scross ® warlsty of spesch contraata, The model not oy
degefitgg the integralfon ol acoustie sowrces but alie thelr Iategratian

i = I N S
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with wisible speech and  with phonolagiool, lesicsl, sSystsetle, &nd
semantiE  sourddd &l  infaimation [Glechsberg, Kreuz, & Bha, 1586;
Magsaro, n presa ol
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