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INTROCUHCTHON

tetathenry and sl stratcpy are ingsepaiable eamponeots of a1 paradizm of
payelielepice! acicnos, “Lhe defemsine ftal( ol che pressol ecsay hiies wilh &
delensz of infarmation-processing theory and o s1vnng inforencs research stokay
inn gl ngieal inguiry. The bagic assumptions of tis paradign ere desenhed
ood briely illistmeed. Previows criteisms ool altecnacives are evalvikes
tounil eicher lacking or aestacemcnts of the same parebipn. The offensive hall
the weay iltnstrates the esfulicas of the pumdigee v e etady of speech
peTeEplicun. .
A series of tosts addoesms mpertear issoes in g cvalaation end inteprationg ol 7
atditory wiel vizeal soencss of mlcrmation in speech percepleon by eve oo wir-. f:il
Sources of infurmatices retor to the features o alirikles oF the ety o et s
a7 otilized in peropion and wtwn, Du_-:a_li_gigs_a:_ii;tlgd.p{{Ij;y]y.:’_ﬁéfjf@_ﬁf_h‘jfﬁéi1'55
buth adienry snd vissh siened of Sofdrmioios, o juwtaﬁmg!rfg"_dyfﬁﬁ{l}:ﬁ
whether or sl sk fwn Snurces e infepEated (31 the - oifingoes vrusgy, date=-
srczisza] uarioves it Haes infoemalinn Ecom Bsvinsontce, {15 whothegos ol Tk ilies.
ara sdipeondenl. ard (33 the e ol fhe le usn!m_ln[w:rllnﬂlﬂ-’ﬁnufcnsf-
Erefinite- anewers ta these yuestions (Lkstrale. i wadoe of the parbdige n s

chsalogical aonpis s

. INEORMATION-PROCESSING THEGRY

I imkumoition-prnccrsing theoey, The individuel is viewsd a5 3 r.-l"frﬂ.:!ﬁ-nl' l.'llf ir|1'r.n'-. )
mation (Groendbcnt, 1938, 1471 bsoaia, 19750; Neisssr, 1967), Tt shauld be -
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doe is_"iﬁuth rvore genecal tham any pierticutur melhodslogy such as the additive-luctor
v maethund {Siernbera, 697, The resewddser aenpes i mdesstan ] s lppons
C o e Il o I s pereeleed, Doerpaenst il seied apon by e b
Wil B processiog o eneonrcetal b Qs oo e plsae of
e relevunl sensorr syslems. some memocy ubf pust experieoces, the relovant
e i seskemy, wnd poals o 1k portizipaod,

Ciee centoal sxamiptivn of cesearch witlin the inlucirslivn-poocessiop pica-
digm s that ohservad pedormmonce in some demain involves o seuence of
procesgine 6lames. The onecds of these pracokziog sloges Sre Suecesive and cach
Et3a= pperates om w information available tn it The opzrations af a particnlar
‘stoge ke cine and rensfcrm the iafonmatinn availahlz e it The traaafonned
irturmation is made availsbbe to th next stage of penooesing. Twa thoasciical
Coostracts arc importoni i this oppesuch, Ficst, the coenury cossecuen deseribes
o definss the natnes nf the infnreation st a aclicelae stape of poccsssing,
Sczownl, The prgessing eansiried dbasershes the operions: perfopmed by w stape
vl idormatien provessing. The inlormalion-procgssiog pacadipm provides o
(maswodk that con he implemented waing 1 varcty of ceperimerral aesthos,
ranipulaticas, ael dependent vaiables. Exaenples mcluwgy [be wddidive [aoar
el leed it biechwand pecesmdton neaskine,

Th= infm‘m.uli:nn-pn‘.-c:sﬁing approdch hzs mojor implicotinns for regeaich. [y
ie vezgany o duvonl for el o b proosessing stopes s task pecloomed by
irerivichnale, This requirss thur e investigator make sxplicit he implicit esaumy:-
tioms inhzreng in the expermental sitoacion. Faglors e o 50 sevenely Tmes w
can b Iezped Tooen tle cosulls, The: paeclse aalysis given by the infoomastien-
proscss g, el olosy i be Lhought of a5 o micoascops, 1t gllaws the capati-
menlee LS whel 55 aed dimeelly observeble. Az an example. he s3ditive-Tactor
methodotory bas been reosonably successfoi i providing glimpaes &t recopi-
tiom, tneminy acanch, aod fespeas scleonnon prccsses (Massan, 1984 Suned-
crs, [9806 Srepnterg, JUTS; Theirs, 19908
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Limitatlons of Currant Informatlan-Frucassing Moedels

i A setotypdend [nfarmaron-processing werlel g boospeelly 111 Uk Wi eaurse

~ ol menfd gperwions, (2 the nuluce of meol:] operwtions, und (3} the nabare of
. 11.1'_::_r:1_m'5r stnieures fhat bnld infermanion. Tieznotrast boowhal caghre B ggpesled
“fenen thell wpme, nfotmition processing model: Bave wol really bren wll that
+iwened n-i_!h._iqdijnnmim. Inlvmmuaticn b Luken o mean she aclual aspactes of
; ﬂx*:ﬁqu“m:ntﬂm'arc intormetive. Motng the foilore of o earlicr enfopriss,
' .'Uﬁlﬂ_f'gi:tli?ﬁ_iﬁ}_'__i,l_ifgr:l:t]qlitrij._:nlmsl.:n:uu'.'nl: i esplsining pavelelapicad phenomery,
or Nerodar TUMGRY elpedsluipe’ Lhe view of inlunation in the inlermalicn-pee-
[ﬁ!gﬁ.ﬂbﬂ-&l;l!nfmﬂmt&hhﬂ is manslommed and Lhe steviored poorem

ﬂf!lﬁﬁ!’.ﬂﬁs{ﬂrfﬂ;iﬂﬂﬂi swivak wE wank 0 ondersting” (pa. . This stecmonr
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Willin the fnfommelion -processirg Toneemork, ey reseurchens muﬂﬂl Iy
dedlue e e s ekt of sl opengong wilbon wally secllyug
o Tt 1 U aretest v e ot il abimis s s e il
entler arbntrary slinuli faones . lighis, Totreas, wonda) willeowl weally heing con-
el wl B thedt fumetion do Aue reak werl . The implicic yssimpcion wiztnat the
lics otz and mature oF meatl veeslions cowld be deliscd independently ol
the matwre of the stinwli Laing processed. Albcogh this reseancl was & proritable
enterpost, vae nhvions legacy was a mudel in scarch of o niurkzl domain &
deseribe. _ _ )

The Limitinns af pure i lnnation processing became epparenl Lo his writer
when [ @ greip of scodenis applice the madel 1 Taoguags processheg, (Mae- -
anrdp, l‘ﬁﬁ-b]. £ umaislend -,:_-i!l-. 112 i1'.|_'|_'|r|:||._'|li-:'.n-[ll-:r:l!ﬁilng :j|'.||'.lrl.'|-ui'|.'|, nLmy r:u:c:.-;_
af undemstulivg Tasguage weat iloninuted by accnwiting {for 1he stla.gcn o
provessing imvolved, Por cxaple, isolafing the percepiual unit funl'.!lli.:lllil‘! in
speech perocption required unmlyzing the mesory sluclune ] prychnligical
piocesses iweolved in the task of perception. Whid hecame obrvious, Jowewr,
wit Bt the laogoues infonmaiion was 24 nporsanl or e inponant thun the.
processies 4f rhal informatsun. A cnmplew tbeory bad to degerbe nal only whil
ia done with ialurmation bt alsn what 8 wsed ag Infarmation. o

Copaider the ol af lime. The tooe avalable for processivg informoion 15
importsal o soeech percsptiun 3¢ i 15 In donaing with sinple u3lificial 5ignals
iMassarg, 107301 Howaver. tme ubed is infoomalion in apzeeh i thwl soe
speech dislinctinrs zach a3 vowe] identily and consonaot roicing an:.r:u.:.d hy the
duration of the specch scpmems (Massar, 19345, Thuaa, e potential infoans-
finn in e Eopeape sigeak wnd D elilization by (e Tamguage user had he
Mescyihed as well 2= e @z courss of perecption, devisinn, and memuory. "L e
tnfommation-processiog g was stll Hae hest game e s hocaose it
pouvided o volwrent Tramework, T Bie tiading ol anslog e processes Ln apeech
perceplion and ressding (Massany, (9730, 1L, 1079,

Atrernatives to lnformatlon-FPracassing

Some of the ufposition o the mEcrmulun. peacessing pasadigus propased thie
here shoarll B g conceen [or izl covicgnmenrs, Theorises within he Gibao-
Dhan vneewsT 2ok i investizaues Fiens o the higler order stmuectie of the -
envriremmmt and elate it e belsvioo (Gikson, 1979, Huber, 1923; Tareey, 1977,
Terrey & Shaw, (9799 Liw wnpdicit ssswmprlen in this propo:al js Tnat thegs ore
corplex covirmmenial invariants respoisinle for much ol hohavior and the goal
i L diseover st prpraiies o exsplisele bobaviaen! ohaervations. Studeing
behavhor i a wetural stheiion Follews ealirally given this wssnnasption. If these

" higher dider invariants aze climisated as soppesediy oocars in sinyle labovabory -
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“dashs, Meen ey el Do diseogered . s, we see Thil e sen Gilaanlans
colticeiis ] b ense Tond i ldat peableso o zeleorl e lign ey colled osbeoenl walla.
D on b e e eck el o le oges Coe geaiern Lz Toouwe e e apee thoe wlald b oo p|
scron,

Tue Cilsedinn Trnewesm ks simiki i many fuperrant ieapects o ne elissi
erl pee haptvestou | el smeagonacd, Do beckmes 4 g9000, Tnwdbich vsbnglon
il the :1Ii|1|1||'.|:-| '.l.'lrrll;] i;:i |'|,:|::||:_‘:|1 151 i nalaon |I| J'u:||'|1|'|:|:t|u_:|.'.. Hl:rlll Fl.'.l,:hlll.':l'iil:ll i!m;]
Cibsonian pueadigtus dictare the discovery of relalicaships booacen ohicedive
and sabgeclive woclds seithour Jundprental congen for the ntervenlog naemal
processzs and representurions. In contrust o the Ticchznerien assumption af the
whale heing composcd of component pons. howewsn, s non-Critkomians, like
thz Gesralidees, belicve that higher neder invariams ava dirzctly pereeived i wdif
starnb oy thee [G0 sicke o e 5—18 wlidn, Hoti the vompomet-cuss aod bigber
vider invacianls propsesaks bng 1he investipgtor into the domain of paychophy-
Liuy, oo

Thaze rag apgamaches i e gholy ol e wosld of inforomtion bave prodeeed
sumew hut disuppointing resulis. Gibenn wil the nen-Giteorians hwe: ao e
deliversd willa teal 1o drszrecang higho owsler peeariacls {see Hiebilske and
vom ElnFxan :‘:hﬂl‘!-lt-'el'ﬂ, s sulime). [ r|-:r'-:i'-|5 ok my wimiloor g EMes, vrecds,
ak Liees, e is o wpparent singhe bipher ooder Sovarsuod that can capdoce my
exverizace nF depel and objeed comstoey. Thes keelodps: acptinad i Use pes-
chophyzical sindy of companctr cees das alzo been relatively zmiled [Hock,
1973 Alrhoogh mary cnes have beew peapated, veiy lirle jrsipls Bos been
Laincd inder Pevdr vl porcclver evalioes ol ulilizes thie eues in percepticn. We
haw; aod Tz ied the selative impeitince of the cues oor how the multiple cwes
wirk [egerlep. O pec s sy by Cutting nand billand {E9S<E0 bk, a4 1zaat, bogun
b idd=ess the relative impotance issue.t As we wiIEl sze, ons limitation il
iraditioral psychophysical opprowcl as koo the caijpechoental &3ign ol wking
kv cme cue wogks when nther cies arz nouacalized o held constaier. The simgele-
cue o ligog gor unldy Tails 1o el e e pacticolzc coe woold operate in a
e moluritl situation, it also diess mot addosss tho issus of dow @6 neeaelvwe
svilugies and integrates mulipls ucs in perzephial processing,

INTEGRATIMG INFORRMATION AND INMTOHMATION
PADCESSING

My poal Inchis essay is o inbegrate the indonmation-processing approgch with e
dudy of the sorld &F nfropation. Th peadizo e makes Bis rezelucon
prcible coon be atitiborec, inopart, fe Fpon Sbungwals (WS F955, 149561, who
avliciityel surRe oF e eends samenlly i voewe o peycheloay, In comerase o
Helieolue's (49520 dea of porccption guided by uncinscivas Jugic, e viewed
Jmn."e!l[if:ul HERT ]!ri.nlhiw: sicil madcwamcns ponsess This vy suksnmey Fodoe's
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FIG, 1.1 Bdisusuie llogram of e Eens mude] ul Brmewik, ilkeldeE oo
mare comdeTiparry fonzal, Eookiplesd v dily referion tha azpeats al ke plipsisal
pad anmcey wedd tho we infonumlie: abanl same ahjes ar evenl. Fumdicoal
hipdits 1gl¢ry b lhizse pspects thal ire aanally wilkeed by Ike checrver o pemep.
liae i 1l

(1983 liesia of sepamie and aulomonons owdinlza For different PE-:."I'.:I:IUJLIE!-I.':I[._
tunctions such s wisual peoception and langdige. Bmnswik alzo called for e
sluely ol nlural situstion ratler than aalilicial caperimeotud ke, T, vills B
musumb eodugy e Pl stady of perceplion sucl as 1l by Weisser (197400 and
Hzber (19437 weps afnly cxisient in the piychologicul ierdare docdes gie-
licr. Anmswik elsn acknewledged mnltipls but ambipeows soooces of influvsnee
o behivriar, Srmmmwik proposed e cuneepd el pradubilistic fancrimadism rasced
om the idea thal e e many cocs determining behavior, [[oweser, (b o
were seen us myuivocal piwl anky prohahilisiically related o eehivior, Deonzwik
{1955} sressed " “the Iimiled condcgicat validity oc fmestaonibioess ol ces, -
To improve is (1he oocanism©s) ke, it rsest accomoloee and combine coes" (p
AL

Integaaling swltipls sonrces of infasmation appears to be a mutursl bumnan
Euncticn. Tt appears o persisd randless of ihe jprearinng (goeld ond motivations)
ul the perceiver. Consider an satly experiment @micd vad by Bougwik (da-
acribed by Volman, 1936), Subjeots ware wsbosd do eouele groces of ooing il
varied in number, ren, and ennetary value. Even thouph sibjess wene i6-
sfoncivil 1o nge st one of these thres dineaauns, A judgments wens sionifi-
cendy influzoced Ty i npelevant dimensionz,

O consisteret generally in perespdinn and cognition 35 the person’s inubilicy
1o seleosively presiess caly snine aspecl of 1he piveo eovicomment., s pinciple
ks Dest illustratad in che Stroop color -word task. Snkjcces canmat ignome 1hs mume
of o word when they dneeod 1o name the cdar of the word's 1ype. Consider a
similar 2ffesd bo person impreasicon. Subjersda given 8 list ol wdjeeiives are weked
tn cate the porson Uescribed by twst adpectives and dicn to eats anly cne of Ge
sliecdivey, Tle vating of the single adpctive 15 ialeenced by e othc @ ljozlisn:s
in the lizt, this o valled o positve comlext eifect, teciuse the hikenhizoase valee
priven fhue shoghe adjective will be bised towsnds Qu calas of e ol adpee.
Gves i b disc
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" Brunswik 3% bosr kaown for his les ek, {ouiraed i Tig, [1,1 wichin a
Bt conleppueney Temnk, B cageet o e woehd el lnfonied b, Pl k
distinztrished hetween ves Kinds ol validing, Bvalogleah sulihty defines whol
cucd ate informelive aloor the st wf e world. A an esaopde, heighl in
thiz warrical plane curn be slown o e comelated with distancg af the cyje (rom
the abserver, Funetjonal walicity delines wial coes ponele actoully wse in pervp-
twni processing. Civen Lhis diatinedion, it cen be zegn that 3 coneem Lor erelopi-
cal vuledily is el swificient, because some wozhgically valid peoperty of ibe
plvesizal workd muy 1ol b uged 2nd benee ot be Tunclioeally valid. One night
gyt il Buncionoly vwld sues wmagle always be reolepricnlly vald, hoo ey
cunntereramples axive. The gmbler's fallzey of usIng che cuduum: nla e
teg, a0l ef the dice re guide prodicinn of the cwrrent mutt is ore of ooy
venilowivally invalid decision heurislics. A conglete description of the givifon
|:|13|-||;'||.!5eh;11..'-i;:r relationchip Iﬂ;,ll,:lij-t!.‘;. an Hl'lf-.|:.":-'.i5 nt kbl GILIZIJLI-[.'iLFHl and Ftnes
tiamal validily, )

Representolive Tesigns

Complenenzing e theeretcn! autions of prakshilistic Toncivaalism, Damswik
11955) propesed o uniyue methodeiogical (Gowwasrk o peycholopieal study.
The Framewnes called Tor mepresecianve decigns o desivns thiat @ ko
gicigles of palieak conbagy . Thuas, oaly corrclinomal rarher thon adperimaniwl
meshods could be wsed becavss Tchavior muse e sudied witkin the concrt of
the znulliple cugd 59 shey oo-uocur in the natura world ol G oiee e, i this
tegard, Hiooswik anricipaed Meissers (L976] cll o nzlural ecolegy by a faw
Serades. Brumewik argued thar zsingle-dacier amd Guetoral lesigns sie areficial
Yocmtee they decorrslole matupally oicuaing cwses. For this seasoe, Brumswik
conterded that caperitoental resnlts eznsnt b meoerafized 2 the 1cal woeld. He
epandy 3 digrinetinn bebseen iolermd and careroal validies, The resulls derivad
Mraz a Facoudvl desdgn gy e Internally voad but yer oy nod boenlemundly valid
becanze they have nu genetalily putside sbe expeeimeat itelf.

Brunswik's vensepl of iencseatalive Crkign is piecly dlesoicd in e sody of
size cnmstaney (Drunswik, 19441, The subject wus esked 1o estimate the size of
vanions objects in o oalurel setring across o owids renge of «izen and distanees.
Tl suikjecr judgzd the size of Loees, wlephane Toles, boekones, inkwells, ol
s om. The wriwary owaduee of peclormemeg was & cobrclation between the
stibjoctive estimabes ol objective physical siee toerhe snecics, Brunswik and
Eamiya ¢ 933) Faund some eoalagizal validity for the presimiry of rec lincs as a
e ek fhoae lincs defining the bounlarics of a single cjert. Smilarly, Svidier
ilrunswik, 1956 Townd Rt vertcnd positaon F poilats wa pogilively cume s
wit] distaner fram the ohseseee. [t shauld be nowed, boweaeer, that these labier
ler nbaervations were onby deondns aliosa of ecologica | vty bhesgiese They
did oot evabuare funeiiang | volidiby i leoms of Ee oxient to whizh these cues are
nlilized in pereapticn ad fooommition.
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Th:'ﬁmlin,-_r o anly puenye vonkphzzl t;:;l'h.'tily- Eor warious cuck psobithly

pomicegligiech s ik ' e logmancal ol b ldiars Seetamm v, seoning

Ot sabjerc s wne senbs b e coeivmmes e vady probabills ety telwod ok
avsilahbs cwes. A cne such us height i te vesticad pliawe 13 a0 gapulbseeal, ol
thus i probabiibic cae. Lo deplh i that it only predects depth with seme profa-
bility, Elavinyg Desn informed by e cevelapment of fizey seis (Falek, 1905}
anel crualina s odonnatenn (Mozazro & Coahen, 198331, bowever, we sz il pa
evuivucal v wiehi T heter thoughe of as providing fuzzy mther hoo prubi
bilistle Information; (hat i3, 8 dopeh coz provides Conmioums inJuccowlivn sibnnig
the desroe to which o given depil s prasenl.

Limnitatians of Ropresentatlve Dasigns

Represencakive designs impose o mgor constiinl on Qe s af pepcheleeical
ireestigation ol can b done. IF peo oees dn nor aecir independentdy nothe
nulucal world, thean ihey cponas bz manipolaied independerlly io s psyclealosi-
cal investigutions using represcolative designs. Fer this reason, representitive
desians arz inadeqoate For psveicloical ikquiry. The creation of aciEicinl situa-
tions by whilizing foccorial desigos, v thieorler hand, can be very illuminacng as
E e bo cheruunsioule four shily of bimcodal speecd peruepllea, With nesgee Je
crecenal validiny, cnc noeds only o 2ood thoory e will allow gencralization
(reas . pachicular saprduent 1 the meal warhd evan if the experiment is not
epnsenlutive ol U sl verkl

Infarraatfon: Intogratinn Framewark

Andeoson C1S%1, L9820 ok be vlewed a2 an intellectus] descendaot of Brouns-
wik's probobilistic fanctionabsm, T ror o reprceentative desipns. ¥Within the
Mameword of uknmalion iotepratnn, e 38 accepred fat ther oe maliple
senbuzes oF infoyinadinn, the goal is to £=fine the sources o mlooation aml g
ussess Ao Laew ace Dmggrted i perceplion and deciston. 1o conlsust Lo Bnans-
wik's represendative desipn, howewor infoomaliou inlegration is studied by wii-
lizing fsetucint desicms 1yl neauipelate independently moueliple aspecis ol che
envieormient. In oar stwdy of birmok:l speceh pzeceptiom, we caombine the infor-
- interg adinn peradigrm with the reseacch steategy ol dhoog afenoee.

RESEAHCH STRATEGY

Falsification

The foundatiom for sieeap inforcies his hesn expeessed most succincily by
Topper’s {19547 Calziduinion steategy ine research embzsor, The eeaoal sssuenp-
1jue is that lppathests bestizs wust Bl deductine cather thao irsductive 1nech-
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pids, Following Lo, Pz cheims ol s a1 not just ned i inlermpg o
sl sluczments feon sinmalar vpes. Ay conclosion s inducdvely nikght
e s o o g o [nd Tl A il st w1 Pt AL e iy ol uil|ve
pesuts, e Weon y nlght sfill e eapused - lnle. Aa selenilbls, de ghiuld galalf.l
azpinl simply myog W veoly a peticular hyputtiesls. iy deroonsimaing thfli it
wtks i specifie instances. Boeawse oow invlances ciay alwoys fR1aly G given
stabemmeil. n experimental ubss vation cen verify & hypathiesis. A criiieal fealore
nd Prapper's seientific feamewnrs is that v eeiliabalily and Falzifiabiline cloowar have
a symmettical selativoshlp, AlRough tooics cam be Glsificd. they canout b
truly vecdied,

Strong inference

Plal's [ exteasion of Poppec's [Ruigswork eneomap R Aricntists b m.qﬂu].-
& strong infercice sitatey of tesling hypalhases. I vonbi:| !n:- genecoting o
single [epnrhesis, Plait wenld hove 1he seivelisl penerste nmalliphe |11~'|-"3'Ehl1=5135
televant oe a pasticular phenomenin o inees!, The cxperimentul 1esf weuld e
desianed 10 ebionias (o1 §o Pogper's wonds, filsily) ps many of thise h;.-pa_'.htmﬁ_
56 poszible. Fhe resolts of the sxyenmenlatien wonk! ol e geoeraton ol
rew lypedhcess tat could ke subjeceed o athor feats. Both Mt and Bepper
achere oo Thavid Hume's axiom prohibiling wloctive ensamels: Gibweo that the
srieptist zhawld nak ackenpl o comfirm a ginele e hipqaninesis. Fiall': sulutian Ta
srire provhzrive in thar ot Yt one of the neiliple hypotheses urder fest shauld
fnel and can, Hiewelnee e ejecied, '

Critleleme of Faleitication and Strong inference

Talgifieatinn and stuomp, inference hawe besa avitcizad ag soicnrtfie frameworks
tor puyckiedngic alinguiny. Jo an infneodiod papes cabled * Yoo Cun'k Flay 'l"-'r'\crl.llz.f
Cozslions With Mawng and YWine Pogjective Comments o the Papors v lis
Sywipnzium, ™ Navezll (19730 makes (wn relevant podzils The Firsc podnt 35 thil
peychnlagy, in dts cormen style of operatiun, desds with pherinzna. ﬂn:'..'nr
caperiments bring these phenomeni inta cxistence, As ao cxample, by manip-
ulatisy the rekationship befwece successivg liss of itoms L [ remantbersd, one
can demonsteats refease [roun peoactive ol loienee or the progrossive desrsass
in memocubatily with repeated kaming of oevw lists of itoms, Mewell's geeond
[t i that the guiste 10 investigating thcse phenomena 5 anz ot constoug i nf
wpprsitione, nsuolly binary ppca. s, we besd bebwen At RLLER nuiure,
centrul versis peripheral provessing, or serial verses poeodk] peotesding, and s
an. Mewelt fxied hath a Yurge. peoobier of phequsocia of pryehnlngy and many
Binury s EiEonE <urrent [ rescarch, pemaled within e 1ecianch frumework
al falsification and sipsag inicrence. Muw I srgement s (lat oo ac'cunwlallﬂ_ﬂ
af |1h.~.|'1nmr:nu and Lests of hinary conlgshs are mol weally adding up o sen i Hic

Fligless i el lugicak vy,
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Newel] C1973) peeposad the ol lowing solnBons, Fist, Bnes the awelad o
yirnr sherd 15 usmng o pra form e ek Second, never wrerage over @ctlands,
Thipsh, i I meconany o Ribepede geseinch om0 whibe ey o dooine: i
e B solinlans, Bl seppreded il we need docegelge coeploie
[rocessling mioshebe, Bnalyze counploie tasks and comsmne woflwory wopgalvnm
muny dillerend Losks, ]

Mewedt's tiillqus nf cienng inference is not canvincing and, in Fact) his dicia
peein hichly comapatitele wish ihis ceseich ool g Nowel] acwpestes explaring
a cooplex lask cilanstivedy, mot simply in teoms of the binury vppuosilions. bt
tun he definzd loc b | i skeydicnl of this peoposul iF & pepresenls ey
iodependent rescarch, Bovause duln willeal theory ane meningless. The quee.-
tion wa Teec is simply whether testing binury conlnes is o viluabde apprsaci i
scicnlifi anvestigulionl. The wee of binary contrests, sweh as in the guestion of the .
intearacknn me pondore pratinn of mfonmation toem ditferent soorces, appears o be
LomiEummzntal w peycbodusszal igon . The igenprersdfon of amy cxperment dose
with bimadal spesch. for axwnple, is erdically depeadenl va whelbier or wal
subjocte do in fuct integrate e ioluomsCion T e aslEple sores, Soy
theory hat dnes i address Buis birany quesiion could B2 wioop at a lundameonal
] Tegioge wovious stz corld e icterpreled o enss of an infcoration
process even thoueh iotegrudion Jid nor ozenr (Anderson & Conee, 19781,

Jenking (19800 hus also been critisa] of wesirch viemiad our al an elenen-
taristic o atomiaciz fevel kossd oo che assomplon of ~*botkem-up' ingquiry. "L be
aaal within thiz pacacdipng i to fnd the basic thws ef =leameninry proceszes with
the heliet thal cnmbinadoens of these baste laws whill be sulficient o account for
eyl galnatiung, Taaking (19E0) Solicves (hat this foseacch cntemrse in .
Juurmedl o Gibnee Bewause 5l as relmtéons aoobg cdemcors that ookl vatber ey -
Just i elenents ahoe'" (o 223) Az Jenking (4979 bas aicely illosbated, any
grneralivittions abaur memocy w2 Lives o jeshode inliiginns witls rle wfom of
the suEsjests, W aricnling ks, the crilerial tosks, ond the meterisle. There are
o simple ong-dimensianal eofeg of reeinoty. A% a sclutinn, Jenking (14RA)
proposss 2 rezewch enterprive invdvag rhe choxe fotaaaclion berwcen cspeiis
mert and wedzd bailding ar onolysis and svotbesis, wswlution highly compatible
witle e pacadigro debended Do this chaplor.

lo ¥ meviow of propress W snenomy gsearch, Tulving CE0) eekonerlelzecd
the explosion of rcsearch aml theory bul nemackerd] that *'if 35 mol clear thal we
kiw sl all dhess Tacts am] fiedings meon or what they odd up ta'" (p. 27T
‘Loiving believes that the sedenee of wenwary has net yel ohlaioed its e geooine
Kuhnian (1970} paadicm. Lintel i€ does, "Lulving ollers e Lulloweg i,
Pon't spotd foe nuezh 1ime oflirming what we akeeocdy kneea, expluiniog the
cOusmrEEsica], sotutnring for ranlts of single eaperiments, and deveboping
quantiiative theories when e basic corcepls aoe slill Bicking, These civeads by
Tulviog aeem e have e substioes, 1agrse hal we shoalkd nol simply alhen
W lnn e alrensly K Lo wves Wl 1250 waomg, abren matiee explingalivns, sl e
[iele, W ok Tt 4o Tl et s sbiw i niast esilnining dhe sonnmnwassaeical it
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o B Chi e (hat what en the sucluce scene connmnnsensical is octeally the
comsegmence ol 2 =gl off irteracling uninluitive piozesss. Aotuunting fer the
veculls of o sangle esperiment 9 useally aecess y o develep hypotheses to be
trarzd in sutsegquert experinenss. Finolly, developicg o entilive Bum i offen
fezals 10 Ve cligoawary of basis guesdioms ad eancenis.

Ablheu gt Fewali, Jenkioy, Trlvie, wed orbacs (2.2, Allpoet, L3980, Gupler
& Sumdens, (e Sanders, 19684 Stelneed & Thophes, ME4] hove provided
wituiahle pcflocties on Bapsscis ob r=aurih WY, Chear adbive does not secm g
varant regeclion of the " ipformuien-provessim'” and strong inference’” pur-
dipm. 1 beivwe thy the hest way toachizve Mewel s poal of calwnaiive analysis
of 4 complex Lisk & via infonnation-processing theory aned sleoag ialucsee
rezenrch struteey. IF it 15 the relations among U +leneors Hhar coont, &2 Jeoking
uriuek, wne has W Lirst poucdcigrand wlal e ebemenls ome and unly e o they
relate. Building medels resuings the wtilization of elementafy processes and
lrepatliess ahout boor thete precaes arc onganized Lo secounl for vonplex
ltiawin . Wie ale in complete agresowent vt Tulvinp’s Jascpicee of ndvice Lo be
skeplical of ioluiive amd wansgai ekt chenrizs and fol levw the precigds af "snong

alesence™ (Platt, 15669,

Chig gf the pessisting coidcizme ol 0w Uslonuslok - prmcessing approach is e
lilere fu e sellifying acononts nf bow sioees ef provessangg wodk {0
Ranika, FUR%). We postulate recopision, niannry schach, and response selecnob
sty bl geg chidad for not detinening the gxact natare of proccEsing witkdn uoy
ul ghesie srages. A o reply W this colizisem il as an illustradon of the volue ut
infurmativn-prscessang theory ond strang inferenes io psecoloeical inquiry, |
review the research we Jiave canicd aucon sprech perceptn Iy ear and eyo. The
enlerprise enwntaten how pore labozatone reearch v be deslgeed 0 test
betaeen [uodwmnentelly (Kilfeent explanstions oad can Gocilitale e Jevclogment
of furmal models of individual procossing Sapes.

The procsssing ol weditocy el vizend information in spesch pensepiion pros
vides & relevont exomule of The apgrace centfounding of cuze inthe oolurgd
Arieation. (s might cxpeet 1hat the Yalicily apd reliabilicr of duese toro coss
vl he parfectly oomrclaicd. Hewsver, wnistlon nd eodse in the environment
el in Wb semsory syslens ol diffe remielly modify the 1w sodiees of inkar-
niaginn And how they are proces:ed. Tur casnple, the percciver might have a
verving view of the sposker’y feee und ealseuss backgwund notse miphr
Hucrale rendemly weer lime. Ths, for any paniculic speech sveal, she infod-
rrati wimess of the swditery aspect of e spoeel event i 0o eceaserily cormeleted
with that ufl lhe visual wauee oF e cvent.

SPEECH PERCEFTION BY £YE AND EAR

“The phanomenoo stimululing s teseaich has come o be kaowae as e Medim b
Elbeel, BACGMY wind BleeDbsil] 0100 spctcnd # parceptualb iHagion when o

11, WEGREAMATION-FAGSESEING TIECAYT aMO STRONG INFERCNCE MEy

Single Kl 1l
Eaarce Snurkes

Hat ‘ntegralied
Inlegreled
Cobegsricnl Copiinueds
Man- trdepan dant
{ndapeadernt

Adding Multiplying

AG. 112 Teoe of wisdoro ilustenilng binary cpprstions pentrul #0 g damuin
ot aprech perceplivg 1Y eve and car.

given specch soand is Julds:d onta o videaotape of o difforcol aricnfation. A% an
examnle, subpecls roporied Hezeimg dalf whizn the suund rba wies p.g'm:?d witha
Vs articalalion. 1louring wis iolzemaal by the comesppndiog vizual infarma-
thale, g aa asich;, it shookd 1w ooted thal fhis diseovery waes ooly [oesille
beause oF devising o Aitoation Wit woudl aol ccoe natucally. Thos, we liave &
walstion of Bramswil's {1032y and Nelsser's {1970 dicty T payciologisal
mearrch. What 1 aioe o demanstiars is thet thy dsssection of Hhis phemonenin
arithin the feamewors of bimasy eppositioos, cuspbined with due jo0ls of Informi-
tiem integeatinn [Anderson, LSE1, 1952) and model eesbag, illvnanetes e anly
the phemomuun Ltseif but also mone geecval problems of pareegding and patlem
RO LELam. )

The: Winary oapositions 40 be conzidersl ac arange] Tnicrarchically m Fig.
11,2, iy seme eaves, Hhe question af oae level is dependent dal (e answis i T
suestione at Diuher levels. Ag an cxnnpls, the imzeie nf whethee or ok maldple
cirnnoes o Enfanmakion are iplegiated (oonbined) i peroadinn egquires hat
multiple soMEscs mtier fan juzl g cgle soarcs [ns availobiz b W povcciver,

Single Yersus Multipls Svurces

The zrpumend it fovor of vaolliphe susizes of infosiscinm in speech) percepioe
catees Fooum the discoreeny of neny diTercnl cuzs ar bealarss that eomtobule oo ihe
discriminuble cantroecs fownd in speech. The perceived distinction hefwees
wibeed and weleeless Enplish siop consunaits in medial pxasition such v fugh
il 1k can b inines] Ly the preswbing wows] duration, the silent closuwn
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Tt rvwl, b sodve-npsed o, fSnd die oreet Creguerayt of e fusadooeedol, T
acluliliom b these fokomi-wp suleoes, ek ic ] o semwm e constoiitls -
ligrn o W3pe Answn sswrces in pecognioue (Massam & Coben, 1983 Tyler &
Weoawely, 1461

"B epbestinm nudelressed hoee is e lethed wissad infhnnaidon wlsu coolrlbabes 10
vndecstanding tpeech. Anoodobsl cvidesse comes: oo owr distilce of dobbed
moeAey wid e seeermnghy exbn 2o ia converes by delephoae and o [l5es
waciadive rver the tadio. The habit of wacrl g a peesnn speaking und the prauter
meliaoce on e spraker’a visthiz aticulabon: within aosy ol disteacting cne
wvipoamerds amed with haaring Iess alsa contribote W e fmpression o ihe visibla
donerinn ol speech. A recent soport poovides some eyilemcs lad iwlinrs have
somz knowledee obout Lhie crrrespandence hetween the awdbory nd ¥isval
dimensions oF the wowsls ol G (Kot & Melozal], THE2). Akbougty visusl
specch docs mot distingois anxng all spece b oontrases, i s ecolagically yulid w
sond degree. AW coonss, vuc question 35 whether wisual spoech is abso fine-
finnalTy walid; that ia, is 3t alilieed Ty thes peceiver, The MoGuork effect seems to
pronvide the most dinect sffimmodive aoswer, Al we soc clenly indloznces o
duis ol enppletcly dowerming whoe we perovive o spesch perogption,

[ntagratlen Yersus NanintRgraiian

Tl s of guwr Kist coutrast indicntes. thaf hoth aeditory and wiseal roaroes
ul imtusmcini are ullized in spesch perceplions, Tlhe angeer oo fhe exn guestioe
ikl seemmn of v e scnaes heeaiise it is enly natural Far some to believe Ll tie
Lwn sources ane dolegraled, Inlegialion of teea sources oF intormedlion refart 1o
soma process ol combining or ublizing borly snorees to.make 8 percsplual jud -
menr. However, domonsicating that toes suucces ame sricsrared i perzc)toel
recopnition is ne susy maller, Chanzider a hypecheticnl ceperiment mamphiatisg
[ Tolepenndinl vwes o some distnction sevh s the height and width ot rec-
limgzies v o oo thetr area (Andevson & Cuneo. 13TH) Cleprall [oubgomcears nf
the areit ol he rectangh:a sight revesl significanc elsects of both beigle ol welll
cven hongh these two cues wers mol kg ped in diz judgment of erea. Some of
Ll sulvjects way have nsed one cov, @ad wiber sebjeos oy hisve nsed e olhee.
Altcrmatively, 3 aiven sabject iy have osed oo cae on some dcizls and 49w osher
cue oo ather tinds. ‘Thos, o mistuee ol lciags csnlling from jodaments on fusl a
sl ¢ gy gt fesulin ideotizal to thid 4epecied from a truc integration of the
Ly Lo 4 il Chial.

The two pusiible steilegies af wilizing just one dimension versus inlegraling
ree linmemsiung aac even more difficudt o dislingussh when e cesponges soe
discrere identifleotion jndgmenis racher thun ralings, Wil disciele g, i
miaghl Be dmpogsille s elininate the hypothesis of P single-ooe atrategy if
zubjects are testes] oy with a Mwstovial eombinotion of the cues. 1€ it 3= parsible
t U=t lide diserede judgmenes of e gingle-cee colinnas, hnwever, the aler-
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FIG, 113 Bxpanches of arppica | fcienal desiyn fu iockud: stugle-aodioars esl
Eiple-vieml e s litheaa, The five levels abaeg tee audigany canliouw cepne:
#onl .alln.ul| [THILITENTT T T iz -h.l-JJ: zlene Fetpeex 04 and TN . The B md DA
Icscle skmp the visusl amginmmm cepresem O sod DA erlicwlelions . The lroed
RCEAE e Tenl the auditwns gud <100 Salljus] represenis ne infamalicn Eoam
ihal corinuum

niive explunations ou gl b esicd . Consider ehe perception of bimodu] speech
events creuwtsd by the combindivn of syntheiic speoch oundy wlenye no wodilary
Shad to Mo contingem prired wirh Slsad oc fdad vizwal acticulations. By addiog
e single audismy wd single viseal e womdilom b e foloelal d=ipn a4
illwsleatz<] g Fi. 11.3, it is at leost Ingicel lr possible o reject the mixed - saglé- -
cik deatepy, Whid 15 necessary is 40 fnd judgments of certain bionsdul spoech
evenss Lhil ame sed cogwiealan e judgments of cither the visew or eadiery
dimeiesicns prosenied alene,

Sobjects wore azked o idenlily birlil speech events, aodiory doae, and
viznal alnne hizals s illasecarsd in Lipe 113 The saljecds wewe pyusiacE an
aperreened ser ol wsecnse alfomatives. ‘Llke essodts in 1752, 114 provide stoeng
evidence Bpainst the mlxed-single-cuc siatcgy and 7 & boc inlcprativn ol ke
amlicory aned vimel soecces. The critival Gosding is die baegs propgticn of fhdar
Sudpments piven o viseal fEaf aod g0 seditory Ader when diis sume edoment is
seldom piven to either the visual or sudiory mefunustion prcented adoanc. We
find owar five times a5 mamy SBdsr jinlgenems glven tade bivodal avones than to
the vicial .ondy coaditinn, and the audiloop-ooly vonditivae alinost oeeer peedizes
fedinf judgments. It folluws iz tha thia! judgrents oheeored on bimodal mals
crabd ot Tave reswlted from just ens of the [vo sources and secerdingly cepee-
sent e omoonie of the integration ol bl woliry ol voial snoeces of
utlocerigue,

Evidencs 1or the inleecilivn of axlikny and vigual Diformation It binodsat
aprcch porecphion also omes fruon Wie eelafive jnnk(liy of subjecks o <efactively
process either e anditery or viseal dimensions of the speech event, Subjers
were tesied to three JdilTensml aandizions in 106 bimcdal specch poreeption fask. In
on: condition. sebgocls werd insoructed o identify the specch cveot ac 'bal or
Jdaif in leoms ol e inleroacan provided bae Berk the i ol aod aoditory sowrces
of infommidion. In A bty scbeclive sttenlion condition, aubjecls wees in-
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MG 114 Profaabels of el judpcents we himea@a®, amlirey, and vlsual
aprileaenis, The I|:'I'I. puiL gives 1hz gmeup oesulls, and e r||'_lh_r panel glues che
wallis o b Lyl subjed. The nine lwvwels merscen B and 24 alwg Uoe
alilyy vonlinuum represent speosh concs Uapins il opeal il bevwesn
NA and D4 and t2e Pewe] Mo camsspinds 2o excliluey spuzch (e visual
candiliog)-
shouzliod 1 bise Lheir decision o only the awdilony infi oeariun, eve Hhough they
were aeplipg] W wwlch the speaker on the vidaorape, In te visuatb selecdre
arzntivae cunililion, sebjects were instrzeted 1 hage thein whenaljunjon desision
oz unly thz visual snares of mfmatioo, vy thuugh ey would al:o heor
awiiiory infremation [or each spesch event. lo olf condilions, sehjocls wens
lirvn e Lk response altematives #Saf and ‘da).
Fig. 115 presents the results ender two Jikteient amemion comditios. The
“Both™ pancl wepecsenrls petlarmmes o fenns of U prebabiy ol o sdal
idzntificacon a5 8 Mmeticn ol dbee wisoal und ooditery soorees of infonnation
whenw subjects wane insieneral T ke el decision of wlat e s8id an 1he
lasis of binh spurces. As con b2 seen, there is 2 seroeg of et ol bl warlibles,
The fpght *Awdiory™ panzl convspands (o Oez Teaulls when subjects wers in-
stracted b wake rhe2ir lesesizne ol whal ey k2! on che basis of only 1he
“andileay i luceceaitn . Thess s only & smal! dilfecenze bedween these twa condl-
I Subpecti wre inllucnegl by $he visaal ofmpsliog abomse a5 mesh wehien
they arz nld o sclocdively process juse the audiery soutce ws opposed 10 hoing
101 o preezess Iirly namees F felusmatisne The righl "“%isual" purcl in Fig.
LA puesamls e wmaloeenss oesnls welpen sulapes:]s weene dnscmacted 10 make heir
decizion of whal they saw on U basiz of auly ehe wlsial Informaglon. Altharpely
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dh duklucnce b e audilioey s sees o 3 Bibbaalaal ok oot s e
vizual selee@ve atteotion conditbons 1elalee wothe ™ Both™ conditien. there is
sIEL & substian] infLicnee of S muclisorr iofoooaion on ke sisiad pedponenls.
Thigw, Bin® e aivgs ver i n eeen st bl alleenpl 6 poorgns welye -
liwky amly wime ul tle e shinneelsan ol bl [eese aealle Dl Bl
subjecls were nel able e process scleclively one dimengion ll:udu:{:-v:ndmll].' af
BTy ap = aler Eoeeosons. AL least same IDI:-:gEB.I::I-L'II'.I APpPCard L DEEIE B
Arainsl tobeiooal selegive adealivn.

Uz might argoe thut these resu v <k nod (gprcsent 3 dotinidive denronstralion
of integradinn. Fven when sukjects ace instnecied 80 e b only what they heard,
M=y ciplal ke teele juslgment cn the bakis of only e viseid swocce oo sune
subest of triwls. This explaninian scems wnlikely, wever. given thet noninte-
grated sources shonld be muxch @acier o ezlect than inteprated onca. Furthermaors,
wee might expect much Jarger dillenees oodbe sekective and mnscleceve candi-
tigwes § Tl souees have Aol heen fzeurabed . Owr conclusion in favor ol futcg -
linn i furthered stcanzthensd by the sioiler conclosion ceaclsed o tbe 1ask with
apen-cnded responsc allemalives.

The Influence of bods sources of infoqmation repandless of the see ol 1
subject is anutlicr insto i n swhich peroeivers are not oble i selectively process
a single aspoct of their perteplual world. This esalt is rominiscont of the Sinup
effoect (Smonp, 19550 in which the meuing of & wond leflienees the pronencis-
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FIfa. 1.8 Prahuhildy af o 220 ivenlficeslen f2 2 fnclive GE 2 madileny and
visozl somrces oF igonnmici uida L alliziicn wmditions.

Lien of che calnr of dhe cype Hiad 1l wanlis prnied jr. With mspect to perception
ond azrion in B ngsl world, his meal o fmat @lence mighe scea o be an
irc (T iest wiy o desipn o percepteol mechanssm. One wnold think thal selse-
lvity would be move optienal oo e analysis of os pocepioal wocll; Iosere, 1
the verezproal woeld ogoally soaains nmligle soumces ol jolomadion, then -
e valy can vely ke dameging b peoceprozl intcrpeztalion.

Cisvem wniltiple sonrocs of inForation, e e aplirgsl stralepy wounkd be o
cva gl and intzgrate all of the snuges ol inlommetion even thoogh neany of the
Epurccs ab Amp o lee. gy By ambigoous, The cost (0 3 system desizned as
Gitly wonalsf e Lhe pebative imability (o process salectively single aapecta ar sinpls
dimeiticas of the peroeptun] workd. In patural elteacons, the dilffeeolty of selec
vty is not usually a problen becawse we have availuble pros modoa poveents
such os head and CUE P Emgnrs Hat aflew Lis Lo m::lcl:lil'ul_l.-' =L WLTLOLES
vources of information, What these reanlls Jemonsimete &5 that within o piven
view 1 the percepiat world, we Tnd € dilticult o a::‘l...chv-:lg.- TaNCEES (I
dinensisan independent of the inllewee of soles,

Categaricel Varsus Cominuous Information

Taw uesl branch un our tree ol wisdom soncem: the nwsine of the iefermetion
availatde fiong exch sonecs, Cufepucicol imlasnwion impliss thal a disceeds (pho-

11, INFORMATION-SROCE 55i WG TIIE0AY AMD STROMS INFEREMNGE 208

netle) decision is ehmtsed (e ek soonce befure Qi mannaes e LrEarimaLivm wng
inerrated. Contingss infarmation josplics Al earlinuous inleemativn is avil-
afle. fevun caoh source (or b wreration process, Allvswgl eheas oo hypuelhieses
mipt sesam do be cazily distinpuished, in reality, they wre wa. 3f only visoal or
auditory infonvadon is vred, he discnete os well us He continemus hyputhesis .
e medict & enntinuous change i ideriificaion responses or rling [SYMRECS
with cotinuens chaoges along the stimulus i ngivn {Mussaro- @ Colien, -
[DF3a).

A ditcricninacing tosd belwsen the hypathesss requines e Amalysis of ehe
isaribaution of llng responses to repilid prorentations of a slimlus ceerk
Concider the Simodal spocch cvents illwstrated in Fig. 11.3 ard the lsk ol he
anbjoct 38 to zate each 2vent slang a miaw puint fhae to fdat eontimom. Cales
gorical information praficrs Mo the ratings 1o repeansd (ieeniationa of a sinele
erent Will come Imom iwe kinds of mindy: thess eadz ap which the oveol wos -
identificd w4 one alermnoe fad and thase on which thy: cvent wes dentified us
Ihe cibe adraemacive Adal. Thos, cane parizak perceplion predicws thisl Uw distiebi-
Ben of Tines W a zeven atimwlus i o resull ol two dilTercot phonstic colsgonizy- -
tioms or o mixtoce of fba’ idcotilieatiow uenl fckar lealificainn toals. On the
athee homd, continwmts perceplion predicts Bl e =1 og §5 hased an ihe out- -
garne of the integration of the canlinucas oudiiory sl vasuad sounes of infonoa-
{ioo. DNepee, e Jistribution of ritings e a given speech cvenl will oesull Jung 3
sinzle kienl wl irial o winich the perceiver Bag sontinneus, informedon al:d:nLl the
a]:-cn-ch svenle.

Dvstributions of Rating Arspanzes

Mg waled by Massaoe 2o Coben {L19R %), suzlyzing the distribotion of rutings
can test betweern ategonical and continuous models of spoeeh pecoption. Fig.
{ 1,7 gives the diswibution of wafings fer a typieal subjuet i sn esperirent in
whicl subjesis were regairzed 1o cate e Jlsadaicss in Jdal-ness olong o %-painl
soale. Ac can be seean i e e, QL is very difTealt e e Tow (g ratings
coold have reaulted from a mistsn: of two different disiceinng. " The categorical
and contirpows muodelz were quawridicd tn predice the disiibution of mtings sz
the waricns ex prrimenta] condiins. Fan all subjeces, the contiouous model give
& ezl bester Soscreption oF the resubls Tao Jid B cstegorical madel. Thus wee
have evidence hazed on the dizirituiiva ol imangs that the infomation along cach
ditoensivn is peresvel condinuously miher Uim cilegorleally.

festings Modals

Takiop a vecond lack, Massesn ond Coher (15830) wnd bassina (P38 7a) leemg-
Tamed mathenaatival wedels ol cwlegomsb wmud mndinooga peocaption af himndod
speech. 'Lhe dexagn invubved o visusl ‘ka), wisezl Mlar, o ear viroal articulziion
ergssed with ming synthesized speech sounds eouakly spaeed akng & Ches-hdaf
cootinwam, Suijuits watchad and listened W peesenlations of he 27 sorat-vieoal
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FIG. 113 Froqu=cy disliscgiens of reliies i simcdal apotn cvinda Tor a
Lypical suhjece. The resilis are givenr lir Give lzvels abomg the synilclic specch
Acdiary asannnim hegeen 'kad and e cesed wien lBnes levsls sking te
izl il cuczapunding 1e a ches ool sl oo, oo grligulolion, and 1 'cad
avtivdedon. Tle milings wewe an £ -painl feads bsfevcen Do el b 1
cweegenval midel predicls thae nepeated ralinee Lo g givenn e evens mesul | iom
Iwa dishilulinns. whaeas the coalinwcas nicdel predizes thal b rtings cesult
fiom & suighe disrihuliog,

ereert il identiled e wvents s o or A0ad o caclnicial, Ye s decve tbe
[rrechaeinns ef the towon shodelz Bor this experlmenigl sk,

Cotaparicof Meawl,  Follwwing the lopic of previows views of calemorcal
prcepition, ir is rcasoedlle: b assooe than cach donwensine oF ehe apeacll cueal o
caleworivally peeceived. There hive boen iy conchesions: Rt the amlibery
piace: ol ingean hetwesn Ay el Do prezeieed colepoically (Finss, 13,
Liberroun, larriz, |[offmao, & Grillich, 1957 Repge, 19843 A similac lopic
nizht apply bo ine visual infomatico Mdactionzld & Mook, 1974 According
t~ & calegnrical madal bazed omo iz Iogic, dbe lislener haz aoly categneical
arilg it repeeseoconge W soditory el cisnal iz o Qe speech e el
This roexdel implies thot sepacate caecaricad (phooetic) decizions are mude oo the
ouditooy siod visona) gemccs aned ol thosc docisions avc aubsaquently dcprat:gd
(ATl & bEeoSwb, 1975

In the identification task, separade Sda” of fhad decisiwons wreuld br muds 12
winrly fe s ilony ol visual godirzes aad the identification cespnnse wawkd Tic
Wiced om thase sepotote decisiors. Diwven colegetical infarmalion Trom each
dimension, there st only lomr peseibbe outvoeqaes far i piclicular combination af
waditory and visoal infarmmation: sdw!-Sdu?, Sdas-shad . cbas-ddat, or thas- tbar . IF
e Fwed doeissns (o a given speccl cvent ngree, the identifizwtion reaponss can
(ulbaw either wounce, Wt s decisions disies, 1115 ieagonablz o agsmne Hiar
Ui aubjest will sespond weith the ceciwinm ol 1ruz anditary SOrice o &0 [rogee-
tbom = of the tials, and respond with 1he deeizion of dhe vitual souree on the

11, 1] CRmbt Ak 1= e ] 1ebdi 1 o] 11 LOgY Ackgls B P ITakaLY INK FIEMET- s

vemginder [ 0 ) ool e tials. [bochis concoplazlizotion, ¢he nognituds ﬂfi'.-‘ )

eelillve to [ - gl qelleens the redutiee doagnniuee of He' Buddsns s y
Thre bbbty of i Skanf iudealilienriva espense, P given b pialiv il

awlitury visual speoch evest, AV would b

PAN] = {12z + fnadd — ¥
il Ul R IR U BT L TR B
=pa + il - F']"'_|

where | nnd | index the [2vels of the anlidory el visun] gfitanli, respestively. The
i, wilbae Tepresents the probabi iy ol a Ao decision riven he anditony kvel @ and
v) is the probebility of o Jda decision given he viseul leve]l §. Luch of the taor '
terina i thi equation eepresznts te likelihood of ons of dhe tour possible aut-
cotnes nf rhe segetite deciziong meliplied hy the probability of a sda! sdeatifica.
Fisnn gespusiee giveas Bl antcunw, 1o the copeioacl, gie: amlicey levols ane
Factociully camhbined with thres visaal Jevels, It this kst 2ath bosque Levet of
the awditory stimulus would ceguire a unigue parameter 4. and amalogoasly for '
. Recanse pocfleers a dossion variglle, its value alao rogquies a onanioe palzae
Glor Dend would be caslaol s alk sioomeles vomdiliones, Thos, s wlid ol 91 3
— | = 13 parnrcters naust br estimatesd Cor the 27 iodependenot condibdons.

Conedunues Moefel.  The contimeus mode] i1 ko Farnuleredd 16 eraa of 5
fuzey |epical nwwd] OF percoption {hdassaco & Cohen, |9R10, Odan & Massaro,
P Applyine the monlel othe prezent task wsing auckbory ool vlsoal speecl,
®ailL suucces aoe assumed o provide irndependeot evidence for the oltsmasives
FBaf and Jded. Debining ths ansets of the sacond {132) and thicd (F3Y formants az

. [ icopuctaol audibory cues wod lie depres ob toilisl opening af the lipe a8 the

impaurtant visual cus=, the prokdvpes are

Alad ;o Sliehily Ealling, F?-F2 & Oywn Hps

‘bt Bisinp T2-175 & Closed IEps
Given a protelyps's incdeponclenr spocificalions [or the audilgey aod vlzual
sunnees, Uue vilue ol o suones ced il climgee the vuluzs of Uk éher suncee at
Lhe grototype matching stope. In addition, the necation of 8 Ezatuce is defined a3

1bg addilive wemygelviment; it s, v can eprciedt Rising F2 B as 1 Slighsly
fallbng F2-F3) sl Cuseel [oaps as (1-Cpen ps),

fad 5 Slizitly Lnlling 12-F3 & CQpen Gips
feal 1 fL-Slighily TuBing F2-E3) & (1-Open lips).

The intcgratian of the featees definisg cach prooivpe |5 evilvaled aciocding bo -
the prodiect of the feature values. I g represonis the degres W whidds e audivigr
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FIG 158 Prigaclion dpecems g erf bl Idenificatinns =i a Facogpg ol e widilnry
ere 15w sk Bl ls uf binnedal Specch. 1= 2 len-oothe LA pran] s o jrretlichicaes

bazged e otz pocvcplion ol ek simve | wheieas the praliclinea tar -
wocal perveplioz arc giveo in dhe dplr e, )

airnutue &y hag Slightly dofling F2-F gl v 1epreae s the 1lepres o which the
visusl srbmalug 1-"j by Dpen lips, the citcome of pootodype matching wonld 1

‘dar - Hy¥)
hal ¢ (1 — &)l - v

TF Moo Nwsy probotypes ate b only valid responze altoraativg, the pattere
elagzalcation aperative would deterniine 1l=r elalive merit leading 1o the po-
dic:tien tinat

FR
AV = — ...
PUE-AN) T (e LY

{riven nine devels of A; and three levels of V', i Lhe present gack, Hhe predic-

livms ol the mede] requice 9 4+ 3 = 12 wrneies, ane less A the cutegorical
S e

Laperimental Test. The palwls in Big. 118 give the prupoioo of fdar
identificatinns w5 g function of U audilery leved; the curve parameler i9 the
visizal cowdilivn. Doth the audizony sl visuul sowrees inflienced identificatiar,
wiklh the cuntrbulion of viswal gource Lacger at te anidc: roge of 1he aud ifney

11 INFEBRLA | HIN. PHOR SN LHEGRY AND S TILOMG ENFEIE e x

eantimiu, The lioes in the Jef panel ol Fig, B1A give the average predictions of
(b comatimeones wnk] apgalicd wocthe dndivideat sesnrs of el ol seven s bjoets,”
Wl bt ek yives dhe: peerlietioes Lo e categelond maaly . s ewi be ey |9
the Jiauee, hizconlinucus model peve o sigRifloanlly beter sceount el the oepl-
[rewtion judpmenrs thor did the catepovical pwadel {Mossare & Cobeg, 19620).
The advinrpe uf e cootinwows mnde] ever G coeronical b I presianed
wirn the numbsr of b il o eesponse elicranlvwes s incieazed.

Ihdepandent Versus Manindependent Evaluation of
Soirces

The neat brunch of tha hinary appnsition tree involves the jssue of whedoer il
ban wpurces of informaticdl sn: nenindeperdent o dindependent. Indepencduar
sy af bnfaraation wiply Lhicthe informati o vidue determined in il eyvsdoa-
Uga of une sowres el wlependent of e Informstion valiee of the ather.

Monindzpewbae ourczs implics 3 violaton of his peinciple. There are fws

appnksties we iave taken o aswer dbis question. One o them i mode | Tee gad
the nitlwe iy model depetdent, In the odel-free pest, we bove wed eeacion Hmes
tuetne single dinweision newd bimosbad cvents t delermine whelser the o ditacn-
ainmg Shuw same lorm of Enbersensucy iniecsceion . TF rhey 4o, them it shonld no
kie: prsssble tor aecpongil for the renclinn s o Hmodol fbae 0 dcns ol simplir
Lot peuction, e 1 visaal sRad and o oan auditoor Bal. I the Lay dimensions
are independear, we might expact ecaetion Hmes o the himedal svent to B
s0Mmetehar [adur chan those to the single-dimension cvenis, L the wdvantage
should e evamgshebel y gecounted for by statistical facilics 5 G leo, Scluib, &
¥an Moo Hegvel, [983; Bash, 1991,

The eeuder might bave realieud din the predictions «f ufspendence apjzar ja .
oMt aiic thous of integratinn shat is, the indepeadzose prediction inplies that
Snbjects respond i ehe anclifucy or visual saurce Wi s processed fim, without
wititing to inbogrite Lbe Lwo sparces. Although Ui implication @ oomee . il docs
1ol oeecsRartly medn that e two 9ources are gut nesgzared, <uly that 4 resprnse
can bz liitied before imcgration necurs, 1w the presend Lask, the aoditary aa
vistil suucees zre complilcly noembiguous and fey alerays apree weth one
another in the bimedid condition. SEbjcels are also iestoecied fp rexpond s
quickly & possible. Thue, alkthoweh imre prarios may sl Tuve cocored, it | gk
i be obuerezd in the sestitun 2imes becavse subjects wmeld indtiage 3 TESpunse
based an s 4 vingie dimensson whathor o ol inlegration af the fwa fimensions
WaE complate. .

Fig, 11.9 shows the disvibidions ul meuction times of twe fuhjects fo e s
stimili. A5 can be seen in e fGgure, e sobject i= somewhal faster t e
bEvsula] speech svend but ma Fasler 2 eapeated if the subjoct simply boging
mitiate a espwmse winen cithar the auditney ne viswal disgasien is identificd. The
advanlige wl bimoda? triels enn he scoponted foe rioiply ja erma of the vip-
atilily of the processing fivgcs slueg euch dimension alluwing the avelage rew:-
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FIG. 1150 20srsibenlon o bamicgt i (L4 B rusy gohfeers St oaml 52 B
sigud ik, gudibay aluns. 2 bimcdal c e crsnls, Th maximna disbbetion
iz el predicied Tor bimedal viiaZ baacl oo the 2oy sleae o visual alors
wiols. Tee snlid her pives che en reachon ime.

Tirm fime tar lianxlsl eocers o e sheser g g0 etz dinensaon !_:I]:,'_'ﬂ:ljltjl_l
aling, Tlese reculls afso do ool comlcidiet Lhe carlier conolision that e tea
soannes of nlormaton wee inteprzled lor perceptsal recosnilion.

Iar (ke mndel-dependend tese of the tndependence issuz, we: can ask whether a
nwda] assuarny Balawmdenes of axdeleay and visual lofamalon pravides aa
adenopte pgcsm of bemasdnd spezels paeceplinn. The ngsedhasiz af anoinde pen-
dence must predict o [uilace of soy model sssaming vfependeacs: (unless Log
sy sevatge reasian he indepondence mndel 38 mathomatically cquivelent tn fhe
i lepyadense thal eaisks- Dubapoaabenos nndcls rnwst assone Gl e afoe-
ralinn olmagued vloug vaz suarse e vbepemdeal of (e efansamm olimine|
alome the cther soarce. The masdels dezcnbed io the st between coe poczl aod
coitiniows sinees of tnfwination e indepeadenes neadels. Both mndels muosc
Fal 17 vag pehnery pnd visoal seticces ave nnniredependent, 1Tawevar, the ade-
guate d=screplicn of the comtinoous moded provides eviderce o idepelence
ared apainst nomindcpendenes of soditiey and sisual infornacon in speceh
pensepliom. . '

Additive Yersus Multiplicative Integreticn

The final branch o be discussed im s chapter invalves the combination rula
used L JAleEmate tne twy sk, Aa acddinee or seeregiog ruke is vaually ihe

11, [RECIEAA TG RAHUGLSS MG THEORLY AND STHOME INFEIFHRE & #0 -

sl toocupnd Do gl gieean e Gremiend worl ol A nbeessn and by corbeagLss R
faodersoa, TUE1, L9430, Thiz intepiation role makey 4 stoong prediclicn oop-
corning Oee yverme maling e o wifianosEnn-intepraion Wsks 170 the”

e i 3 Juterva] o, e the plot ol the v Fectors shiould prodwee ol

cwrves. U'na choorotool reuson 4o g pestisn e applicakility of adding or a-crag-
e the cvalustions af the sopanule sonrees o les st o is dhat Ehis coothinaténn
tule i@ pomnpimp]. Averipging @ ninbipoous soorce of imfunmalion Svith an
inlurmalive suucce will fead e oeilalize the judement redatve to the informative
ditmcasion bewng prosentes] alone. In contrasl, ealtiplying the sourcey of infor-
miation within 1he conbest of the cortigeons sordel |Sfassace, 19fda, VR4h,
[9Rdey Oudon & Masswa. [97E] i luoctonally ileibial lo Fayus ook and the |
Likcliduw=l Ralio. . .

A iest o) che additive rule cin be made in 8o cxperivnend in which subjects
el on o Y-point siizle bimobil spoech cecuts, The awdtlers sooree w06 varicod
wlugg w vuntinumm of pine sleps heiween 'ha! and #da; and the visual sounce
cauld be fhal, newral, o fdid acticielatioms. Fla, S0 gives dhe reselis ol a
typicel shject in Hwe cxpersinent atoog with dbe posdiclions of addiiee wed
muliiplicave intcpration rulss. A% i ke seeo oo e fgiee, dee resoles aootra
dicl the parallelisi prediction af the addisive rule. The resoble nellcl iostead il
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FBG. 17,10 €¥begend poiris) nrilng prdgmess foca ypicol subject us 1 Benc-
lica =T the: gudileey @kl yviewal lewgls o hivoosd=t speedh. The lipex I 1he lelt panel
pivk Uk prokistiong Tm o guldlplkcalve inegralian cule, mEereas the precictons
fonr i adilidive & ks wihnl rule are glvec in e mpght ponal.
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COMCLUEIGN

This shert review oF reseonch cemis? wot watbin e lamewcrk of information
Froccaing arnd wieong, inference should infogm the ingnductony discoasinn e
cernimg pes2ancl patedioms bac pavclilogicol ikquing . T discuzest Bow (b ofor-
arLicn -processing Framewack cowld be es panded loogimly the informetion that is
wzed in information proecasing. Tl goestios prosceed in Fp. 112 2ould st
have been Angwincd i eepresenblive Jesivns, As on exaraple, aoly by s ip-
telsting, the avdignry el wisoal soucces inddpeodenily was it possible W asses
wherhit tlie fwu suurces sme inteprated in perceptus? recagnition. A [uetogul
vombaralion of the sources alsn ollowed ws o doboning the calggumun venus
coniinuouy nature of cach soarge, bl the sourees ore evwuabed indepen-
dendly, arel how the g abe piegrated i peresplivo. Additens] studize that
vanr, bedisoussed here buve addoessed the questions of the rlative anflngnge of
gich seurce and develepmentel and individual diffecenoca b genoepdion Witk
ey W Medsier™y (L%TAE cancem Eor nalural pecblerss, atificlal expedments
cun ke highly infosacive, Beciuse voe dues ool find independcnt vaciation nf
andditury amit vesoe] epurces of informatian in setal spoecl, ol Meisser und
Himgswek weuld bave o frown on the method of onr besearch enerprise.

I Believa that rlie @nferwise vaas il fF in provaling insiehls inbe fundamental
izeibes im perceplioneand actiom. Althowgeh chis enterpeize might socm fae rennozd
feom the book™ theme of the relationship hotwoso peaseplion asl action, it
witkes nggranent dhat percepion involees e cvaloslion shd Inlegriion of muld-
ple sonrces of infarmztiom. Thearies e peaticon do fe seevice of uction must
cenfranl te denpsictanl ssues centered arcand kow action iz anided 19y He ol
malinny s dore pruteon el multiple sourecs of information. Altowgh tbe loboruto-
rris a far cry fom natere, & pood ey s nidge the g etuecsn the owo 5o
thut ihe dasrangs secms sloniee and sienler with eoeny siep.
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