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hbatrack

e have lnherited tes ecolegloal peripsotivas sn percepiand
sciance from Egom Bruenawlk and Jasas J. Gibegn, The gensral
setathesretical appreachas of theas two thrarlats are oatrasted
along thres dissnnlond &f gcisatific inguiry. Thess disensions
are [} the pature of savirgnerstal Inflesnces on bekavior. 2) the
natere of the procssslag lavelved im perception, and 13 Lhe
appropriste scientiflc sethed for the study of behavior.
Althaugh Ghe Lws scleptlsts had conalderably dlffarent
parapeckives on the flrat tes dimenslons, they arrived at sisilar
spinlans concerning the third disenslon. Limltations of
sealegically-valld dealgns and teaditicnal payohophyaical
sxperinents are dingesssd and an alternative 13 offered to
cosplenrat traditional lngeiry. The aluernative appresch
wEllizaa Imciorial desigas, fenckicnsl messursssnt, and the
testing of sathematlical models of inforsation lategratlion.
Wistoricsl ingeiry appears waluable in That appssaleg tha teasls
af the Brusawikian amd Glbsenlan frasswerks offers an Inforsative

perapective of parchelegical aslence.

Thila assay shauld ba read a3 a diseesslon of histery In tha
servlee of contamporary paFehalogioal ingairy. My relesciance B9
s taken secloualy a3 & histerian 13 fueled by what sedms to e
53 the historian®s prragativs Eo salntaln A conflrsaklios bias and
present for disgussisn only those anpecis conninteat with ihe
theme of ths sessage. Glven prolifie thesrists like Brocswlik and
Cibaen, we confroat the possibility that the two (sportant ses
wight be preasnted as slsllar or &a Alffersnt &8 osceapary te
suppert noms lnterpretation. He alss have tha devalopuent and
changes sver the apan of thelr caresrs. DOne sight sake the case
that sarly Brunavlk #as scre Glbsenlan than early Clbasm, bat
that late Brenewik dlvergsd significantly from & bislogioal
parapecilve. Glven thess reservabions. | want ke foces oo solf
the most obviloos AIffersnceas and aisilarltiea of the Two
frameworks articulated by Cibscn and Brunawik, and to addréss
thelr implleatlaas for centesparary ressarch and thesry. 1 will
conslder what [ belleve to be thres lsportant dimspaloos af
comparisen and evaluatioa of the twe [rawsaworka. Theas
dimepalans aFe 1) the natere of savironssntal Inflewsscea on
behavior, 23 the nature of the procsssing lawslesd 6 parceptlon,
and ¥} the appropriate sclectifie ssthod of study of behawlor.
Batacs 5f Envlconscoisl Dzltcelpanis

Althousgh Gibson aad Bropawlk hase ssny alsilacitles, thelr
wisws of the wisual Indersation In thes snvirohsshl Ars
cannlderably different. This difference alao provided for werT
different views of the erganias’s Interactlon with the
cavironssmt. The soat prodoctive centrasis evolve arcumd the
concaptual izatlen of the environsental Influesncen en the
pereelving and acting organlas. Table 1 gives a Lisk of the

varlous propartiss that appear to be lspertant In contrastinmg ihe
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Evs wlews, With respact 1o environssntal csvpation. Orsnas ik
described the envlrensental propertles ss cues and Clhash an
invariants. This dlffarence In Eersa capturss the Isportast
differcnces of the Lwo views of the eavirsnssnr. Broaawlk {19973
did mot break wieth the traditien 3lozs Berkaley That the wlauai
warld la Ispeverished wheress Clbdon £15%90% d1d. Sibson € 19905
colmad the term bnvariasnts to replace the ters cuss and thae
mecesasary processlng that the latter entall. Oibsea®s frasewark
of ecoleglcal sptica atresses the avallable optleal Iafoarsstlcn
for parceptlion. The different terss are seaclingis]l sioce oaa
tresta Invarlsmt fnfersatien bet net aeceasarily cuss.

The meaming of ceeafinvarlants was conceptuslized |n Esrms
of goal achiesvement Ffor Brusawlk and sfferdacce for Jlbsss.
Brunawik was & student of Bohler €19347, whe belleved that
wraning schlevesent In cossunicatlon was Indirect. Langusge
contalned saly nlgns (thimgs standing for sasething elmed.
tHorsaen, 19793, Erteading this logloc ta the precess of
peroepiion; Brooswl® (1944, 01952) belleved that sraning
achlevencent vaa Indirect. The perceptus] werld sowld contain
enly sligna ar thinga standlng for somsthimg elae. A cue is &
slga for sose property of the enviroasentl &s an sxasple,
*ertical poslklen of polats Im the opilec array might lafara the
perofplusl apstes about the diprance of the sbject centalning
these polais-

Affardance was the concept ussd By Glbaoa C1979) to aolwe
the prebles of swesming. The fundassntal whfa In which surfaces
art lald out have Intrinaic ssanlag for behavior. e only deteet
InFarisncs. Bt we percelve affordances or the actionm that the
cbjscts and events peralt or constrain ws to de, It Ip clesr
that the two different aeta of deseriptors wasd by Bromavik and

Gibsen represent thelr dlfferent views conearning the dlrectness

of pércaption. We will address this Jdifference lo & later
aectlan, but It might be worthwhile Eo conslder & recent
distimctlen that parallels the one concorning the belween cues am
@ lEns &6d affordances as actians.

Fattee (1974} han develeped the distinctlen Betwssn
speciflcationsl sad indicatisnal ssncepta of Inforsatios, and
thia distinction has Béss Iwportant fer the neo=Jibscaiana
tCarelle, Turver, Eugler, & Shaw, 19843, The specificatisasl
prrapective on Inforsation laplles that approprlate actlvity is
specifled Ccomstraloed) by the snvironssntal esntest. In
conktrast, the Indicatiensl perspective on Inforsstiom lspliss &
sare arbltrary Link between parceptlion amd action. Tha ferssr
eatalls a qualltatively differeat process than the |atter. 1
hawve difflicalty with accepting a binary dlstinction between theas
twe tppes of lofersation, almce IE la easy to geoerste srasples
spannling & Contintve betwesn the sgtresss. & looming target
towards ose's head seems i@ speclfy the appreopriasts sctien of
avaldance vhereas & stop algn sight enly function Im &n
ledieationsl of syabsllo sede. Between thens FRLrENES, hawever,
I wonder shether wy kegboard wnd tersipal ars Indleating ar
speclfring seticn? The wrltten werd sesmna Imdicatlens]l, but It
clrarly specifiss. st somw lavel. presunciatlon a3 can bs seen in
the Stroop C1935) effect.

Ong lepartant proparky of characterizing the environsent 1a
In teres of conplexiiy. Aa In other cue Eheorles, Brunswik
*lewed cuen a3 alaple whereas Glbssn glossed lnvarisnts ss
Eospler. As painted o9t by Cutting (1982}, howewer, conplegity
Appears to be & value=lsden concepl. 1P cuen could be cosplex
and Invariants slaple, & critical distinctiss betwsan the tes

Erpes of descriptors oan met be Jjustified on the basls of




complexity. To say cues are slaple and atatlc and Invarlants are
complex and dynamic does not justify the theoretical dlstlinctlon
belng made.

The questlon of valldity of the environment appeara to be
more central to differentlating Brunswlk and Glbson. The
validity of the Informatlion Is used to represent the extent to
vhich the Informatlon reflects the environmental property of
Interest. The valldity of cues could be relatively low, but the
validity of Invarlants could only be high. Helght In the
vertical plane Is a cue with somevhat low valldity for distance
because It Is Influenced not only by dlstance but also by
absolute helght of the object. The horlzon ratlo ls ,» for
Glbson, a hlghly valld speclflcatlon of the helght of the object.

Brunswik emphasized the difference between ecologlical and
functlional valldity. Belng so functlenal In vievpolint,

- Glbson did seem to appreclate the value of this distinction. It
seems |mportant to deflne the extent to which a cue/lnvarlant ls
8 valld Indlcator of some property of the environment versus the
extent to which the cue/lInvarlant Is utlllzed to Inforam the
aysten about some property of the environment. The distinctlon
Is meaningful because there ls no Isomorphlsa between ecologlcal
and functlonal cues/invarlants. Ecologlically-valld attributes
alght be nonfunctlonal and functlionally-valld attributes might be
ecologically Invalld. Glven an organlsm’s long blologlcal
history, Gibson wvould have difflculty accepting that an
ecologlically property would be nonfunctlonal or that a
functionally-valld property would be ecologlcally Invalld. This
distinction Is dlscussed more comprehensively In a later sectlon.

A related property to valldity has to do with the
rellabllity or cooslastency of the environmental determinants.

For Brunswlk, the “environaent to vhich the organlam must adjust

presents ltself as semlerratic®(Brunsvik, 1955, pg. 193). In
Brunswlk®s vlew, behavioral responses are based on Insuffliclent
evidence. For Glbaon, there are complex eavironmental lnvarlants
responsible for much of behavior and the dlscovery of these
propertles will expllicate behavioral observatlions. “The
suggestlion Is that, phlilosophers and estheticlans to the
coatrary, order exlsts In stimulatlion as well as In
experlence.*(Glbson, 1950, pg. 187).

The flinding of only moderate ecological valldity and
reliabllity for varlious cues probably contributed to Brunswik’s
development of probablllistic functlonallsm. Like Glbson, the
functlonalism half of Brunawlk’s theory referred to the
adjustment of organiams to the environment. Unllke Glbson,
however, the probabllistic half was based on the premise that the
cues In the environment were equlvocal and only probabllistically
predictive of objects and events. Objects and goals In the
environment are only probabllistically related to the avallable
cues. A cue such as helght In the vertlical plane Is an
equivocal, and thus a probabllistlc cue, to depth In that |t only
predicts depth with some probabllity. Having been Inforaed by
the development of fuzzy sets (Zadeh, 1965) and contlnuous
Inforaation (Hassaro & Cohen, 1983), however, we nee that an
equivocal cue might be better thought of as providing fuzzy
rather than probablilistic Informatlon. That la, a depth cue
provides contlnuous Information about the degree to vhich a glven
depth Is present, not slimaply the probabllity that a glven depth
Is present.

On the heels of valldity and rellability, we can Inquire
about sensltivity or the abllity to resolve the cues/lavarliants.

Glbson was committed to high sensitivity: If varlanta are siaply




extracted, there should be no loss of Informatlon In the transfer
between envircnment and organlsa. Brunavlk would appear to be on
the slde of low sensaltlivity gliven hls early observatlons
(Brunswvlk, 1934) of subjects’ Inabllity to process selectlively
the relevant cue for the judgment, Subjects seem to be
Influenced by Irrelevant dimenslons, which would dlilute the
judgment and decrease Its sensitivity.

The number of cues/lInvarlants provides another dlstlinctlon
between the two perapectives., Greater numbers appear to be
neceasary for Brunswik. Glven low rellabllity and sensitivity of
any one cue, the perceptual achlevenent of the organism must
result from the avalilabllity of many cues. For Brunswlk, more
than a single cue could Infora the systea about soae property,
wvhereas Glbson seemed to belleve that a slngle Invarlant wvas
sufficlent to provide Informatlion about a alngle property.
'Invarlants are relatlvely unlique whereas cues are not. Brunswlk
vas lmpressed with the Intersubstitutabllity of cues or that
different cues can be used to achleve the same goals. Glbson dlid
not seea to address the possibllity of the coexlatence of
aultiple invarlants speclfylng the same property and alght have
operated with the prealse of no more than one Invarlant
specifyling a single property. This would not be contradicted by
ocbservations that a single lnvarlant could speclfy two or more
propertles of the environment.

Ecological and functlonal valldity

Gibson often addressed the lssue of the many wvays of
describing the optlcal array and the approprlate descriptlion of
the stlaulus Informatlion for the perceptual syatea. Thls concern
parallels Brunawlk’s formal distinctlon between ecologlcal and
functlonal valldity, even though Glbson mlght have argued with

vhat should be consldered functlonal for perceptlon. With

respect to the world of Informatlon, Brunavik dlatlngulahod'
betveen two kinds of valldity. Ecologlcal validity deflnes what
cues are Informatlve about the structure of the world. As an
exaaple, helght In the vertical plane can be shown to be
correlated with dlstance of the object from the observer.
Functlonal validity deflnes uhatllnfornatlnn people actually use
In perceptual processing.

Glven this distinctlon, It can be seen that a study of
ecologlical valldity Ias not sufficlent, slnce some ecologlcally
valld property of the physical world may not be used and hence
not be functlonally valld. As an example, the onset frequency
and the contour of the fundamental frequency are ecologlcally
valld cues to the volcling dlatinction of consonants In word-
Injtlal positlon. Only the onset frequency and not the contour
Is functlonally valld, hovever, at least In the /zl/-/sl/
distlnctlon (Hassaro & Cohen, 1976). One alght expect that
functlionally valld cues might alwvays be ecologlically valld, but
many counterexamples exist. The gasbler’s fallacy of using the
outcome of a preceding roll of the dlce to gulde prediction of
the current roll Is one of many ecologlically lavalld declislon
heuristlcs. A complete description of the enviroamental-behavior
relatlonship requires an analyais of both ecologlical and
functlonal valldity.

Both Glbson and Brunawlk seem to have been more concerned
¥ith ecological than functlonal valldity. Thelr vritings and
observatlons appear to focus on aspects of optlcal stimulatlion
3uch as texture gradlents for the early Glbson and certaln
Gestalt organlzational factors for Brunswlk. As an example,
Brunswik and Kamlya (1953) found some ecologlical valldity for the

proxlality of two lines as a cue to those llnes deflnling the




vsundariea of & slogle sbjret. Blallariy. Deldoer (clted in
Brumasik, 1926} foand that sertlcal pesaltion of polmkts was
popltilivaly correlated wilh distance frem the oheerver. Thess
Iatter two ebssrvatioas were snly demsnstraticons of scologlcal
falidity simce they did act evaluate funcilesal walfidity In terss
of the setent to which ihess cuea are utlilized In perceptica and
recagaltlon.

The dintinctlion befvesn aceloglical and fescilenal wellity By
Brumawlk cam be wsed to elarlfy the wse of Infersation In current
selent i floc epdeavor. Like Brogswik, we belleve 1@ la BECERSACT
to distingulah beiwasan savironssntal prepertles (hat are
pokentially laformat|ve absut soms object or avent snd the
preparties sctuslly vsed 1A perceptlon and recegnition of the
obpret er rrenkt. The ferser alght be called dates ssd the latier
Infersation. &n is apparent from the egasples of ecelegleal and
functlional stifity semtlonsd earller, there Is ne reason to
rFEpECE & one Lo oar Serrespondence Betuesn data and Inforsaties
tor between eeplogical and fenctlonal wel}lepd.

Hazuce of Eerccorval Precesalsn

Tre Iassr central to woch current dabate | what theas fwe
wle=3 of the enviroasent feply abowt precesalag. For Drenswlik,
slgnlflicant processing Is necessary since ewes ire only parklally
Imfarmative and can alas Be psbatituied for one msother in
qulding Behavier. The Iatentionallty Invslved Im this act wan
called vicartoss fenctionleg that permitted the organliss ©o
schlews the same goal with different cues and by dlfferent
routes.  For Glbeon, we alaply extract Invariasts with no
processing Involwing [aference, declalen maklag, snd Ehe 1lke.

One slght aecuse bath Brepavik and Gilbson of Belng equslir
poncossltial absut the nature of perotpival precesslag. “The

satraciion of Iavarilaats fram the seasory flez® Is abest as

LLE]

walniersatlve &3 the “scouseistion and combimatlion of cwes.® O=a
mlght argue that the tve men differsd primarily In thelir vlaw af
the ratlonallity of the parceptes! procesa. There la no dosbt
chat Gibagn deserves credit for tha soat conmistent and &labarsta
rejection of percepilon as a form of eplatemclogy, Althsagh this
suggeat lon might be conaldersd hereay. the zarly Tlbsaa §1930)
might be |aterpreted as & sultiple-cue Eheariat, sinpoe the
cptical ilmferaation was desonstrated to be potentialiy
infersative given variatioss Im texture. alze, shadimng. and
bigscular dipparity. GClbzen spesifically rejected, however. any
internal process of essbinlng, cosputimg, &nd canproheading the
data (Gibpon, 1930, pg. 23}, [n his view, Ehe totsl stimulatien
1s sufflclent to sccoewnt fer wiasal percepticn and does aot fced
to be supplessnted by Inference, reasoning: or organlestiosn.

In comtrast te Glbaon, Nrenavik might Be senaldered To be
wech sore raticnaliatic In approach. Gibkssm €1979) alan
Iaterprets Branswik ss proposing & quasi-raticosl If mot & fully
rational preceas of perceptlion. Howewer, the sarly Drunswik
£1944) was less reluctant to reject Helshaltz®s CIBSE) ides
outrlght, and te viéw perecption sn a prisitive and relatively
a@tonsmoun prooess within the total cognitlive apaten. Altheough
the late Bronswik £19%%, pg. 2073 did adsit to capowsieg &
Atatlatlieal ressoning precess reslnlncent of Heluwholtz®a
whesnsglews IRferences It did not have Introspectionlstic and
rerfectlionlatle ovartones. Hrumawlk drew wpon comsunlcaties
iheary for & setaphor of the atllity of redundamncy when there |s
nelae an the channels of transwinsfien. Thus, the perceptual
Pracess sight be viewed a3 reduging the probabll ity of error by
UELlizimy redundsnt sources of Inforsaties. it ls met

Becesanrlly perjorative to savinion Brunawlk as accepling a




formal descriptlon of perceptlon analogous te the statlsatlical
theory of comaunlcatlon such as that glven by Shannon and Weaver
(1949). Although It would seem to requlre more processing,
combining cues does not necessarlly entall more rationallty than
does extracting Invarlants.

Brunswlk's (1952) lens model, lllustrated with more
conteamporary termas In Flgure |, seems to acknovledge coamponent
operatlions lInvolved between Input and output. In other ways,
aspects of the model’s descriptlon are Glbsonlan (Brunawlk, 1952,
Pg. 20). Organlsms were viewed as “stablllizers” of events or
relatlonships. The Input and output were called focal varlables.
The correlatlion between the two was conslidered to be high but not
perfect. The process detall Involves some chaos, although
Brunswik was relatively aute on elther the chaos or the order.
The most speclflic aspect of the process detall wvas the
probabllistic attribute. It was based on the premlse that the
cues In the environaent were equlvocal and only probablllstlically
predictive of objects and events. One can find the antithesis of
Gibson In the atatement, “any organlisa has to cope vith an
environment full of uncertalntles.*(Brunswlk, 1952, pg. 22).
Clven conteaporary emphaslis on the relatlon betveen perceptlon
and actlon, It Is Interesting that Brunswik also vieved the
relatlonshlp betveen actlon and Its consequences as equlvocal or
probabilistic. Glven thls view, one can recognlze an laportant
contributlion of feedback In accompllshlng the achlevesent of the
organlams |In Its environaent.

Sclentlf{lc Method of Study

In contrast to thelr dlvergent views of the environment and
the processing of It, Brunswlk and Glbson converged on a alallar
. forum for paychologlical inqulry. Brunswik’s representative

dealgn Instantiates Glbson’s dictum that the laboratory should be

12

like ll1fe. Brunavik argued agalnst single-factor experiments and
Gibson criticlzed peep-hole experiments. For Brunswlk, the
achlevements of the organism In lta ecologlcal nliche should be
recorded. For Glbson, one also |3 required to lsolate the
Invarlants paychophysically. Both men would have agreed that
underatanding of perception was not to be obtalned In experiments
degrading the environment to render a typlically successful aystem
with error.

It !s striking that the two men with almost antlthetlcal
views of the psychology of perception belleved In the same
aethodology. Thelr goal was a description of the organisa
functlionling In Its natural environment rather than a descriptien
of any medlatlonal processes on the part of the organlsa.
Although cues providing Indlirect evidence for perceptlion Is the
antithesls of the concept of Invariants and although Brunswlk
belleved In coaplex medlatlional processes and Glbson did not,
both men proposed what might be called ethnographic and
ecologlcal framewvorks for Inquiry. Both Brunswlk and Glbson
belleved that environasent-behavior relatlons were more lmportant
than the Internal processling of the behaving agent. The gold was
to be mined In the former, not the latter.

Hotwlthstanding thelr dliscrepant views of the world of
visual Information, Brunawlk and Glbson would have reached
considerable agreement on the approprlate methods for visual
sclence. “The laboratory must be like 11fe*(Glbson, 1979, pg. 3)
summarlzes Brunswlk’s prescriptlons for sclentliflc loquiry which
vere more elaborately deacrlbed and are probably better Known
(Petrinovich, 1979). Brunswlk called for the study of natural
sltuations rather than artificlal experimental tasks. Thus,

recent calls to natural ecology In the study of perceptlon such




&n thess by Nelsawr 19760 and Maber 19873 wers aiready snlatent
In the parcholegioal Jlteratsce decades sarlier,

Thear(sts within the dibaenlan Framework ususlly sak that
invescligators fecus on the higher=order strectisre of the
@fivironsent sand relate It to behavisr tGibaea; 19790 Haber, 19833
Turvey, 19771 Turvey & Ohaw. 19793, Stedying behsvlor In &
oatural mitestlen fellawve natirally given this assusptlesm. IF
these Bigher=srder Invarlasis srs slliminacted ap seppoasdl ¥
ecs¥rs Ia alsple laberatery tssks, then Ehey w10l aluds dlseevery
&8 well a3 the eaperiseat having ne valld generallsstion o
trplcal sitest|jsns,

Beerzacoiatise Doalome

Orunswik's frameverk called for reproasentative designs er
denlgna that are randcs sasples of natoral ecology. Thus, anly
cerrelationsl raiber tham esperimental stihods could be waed
flnce behavier mear be atudied within the cantext of the aeltiple
carn sp ther co-sccur In the natersl worid of the shesrver.
Brunaw |k argued that aingle=factar and faztaria]l desigas are
arbtificial siate they decorreiate natural iy ococurring ceen. Far
thia reanon. Drunswik contemded that siperimsntal rraults cannot
ba geeeralized to the real world, Me nade & dlatimetlon beiween
Internal &ad external walidity. The resulias derived from &
facterial denlgn may be Imternnlly walld but yet say not be
externaliy walld aince Ehey Bave no general |8y sutalde Lhe
elperisent leasif.

Brunselk®s concept of représsntative dealgn in micely
Filuatrated in a atudy of ajze canatancy ©ErFunawik, (9441 In
whilch bBe folloved up a labaratery study of slize comatancy with a
rapresentative deslgn, A graduste student was Interrapied In her
dally routioe st Irregular Intervsls asd ssked is smake judgsents

of the sbject corrently belng viewed. The wwbjeet was apked Lo

aatimate the slze of varlcus objectas In & nateral asttling Acroas
& wide range of alzes and disgtasces. Thse subject judged the nlze
of treess, talephoms poles, bookcases, Inkwells, and a0 én. Tha
prisary sesasure of periorsance was a correlatlon Betuesn Lhe
pubjective sstimates and objective phyaloal slze. The study
included flve dlfferent Kinds of perceptusl judgments and
produced seasures of objective alze. projective alze, and
distance. The dats analyses were ceatered around cerrslatisna
betueen the various aspects of the jedgeents and the envirooment.
The largeat esnd most lapressise (te Hranswik) correlation waa
betwesn porcelved slze and objecilive alte. The correlation
betwren sallnated projective alze aod asteal projecilve slze was
low. These Fesduwlis &re Ideatlcal Ia pricesiple te 2lassical
laboratery atodies of slze constamcy. The queatlen s whether
the reprefentative dealgn of Brunpwik offers & sere laforsative
mtudy &f the phenossnan and whether It San addrsss the Desse aof
the Infersatlon weed In percepilon.

In the publicstion of & aysposiss on Brumswik®s
repreasntative spproach, Hilgard (19%%) previded lsportant
critielans of representative dealgna and cerrelational amalyses
that are still rFelevant voday. High correlations can ba
obtalned eaven with & relatively high errar In the eatluation af
3lze, Dome of Ehe #rrora In Bronswik®s obasrvatlons were &a
great as 3 ve I. Hilgard comjectares that pFepeatiog the
cEperinents with & blind subjecy slss vawld give hBigh
correlatlensa. IF the BlInd aobject were glven & nams af The
abjects the estisstlons would correlmte with the sctual slze of
Lhe object and mot with the eblest®s projectise nlse. The bBlind
subject alme would net have & banin for estimating the projective

Slze ninoe the dlatance =f the ebject would not be Enewn. The
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Investigator would obtaln slze constancy even with a subject who
could not see. In the representative deslgn used by Brunswlk,
there Is an artificlal link between the known slze of the object
and the percelved slze of the object. Thls kind of error Iln a
representative deslgn would not be obtalned In a laboratory study
of slze constancy In which the known object slze would not be
avallable because artiflclial stlaull would be used.

Hlilgard’s obaservatlions made two Ilaportant polnts. Flrst,
correlatlon, or the more conteaporary use of nultiple regreaslon,
can be a highly nisleading Index of environmental Influences.
Blrnbaum (1973) and Anderson and Shanteau (1977) have provided
convincling demonstrations of the Inadequacles of correlatlon.
Conslder a sltuation In wvhich two varlables X and X are
processed fiIrst Independently and then cn-bln:d in .2
aultiplicative fashlon as Illuatrated In Filgure 2B. Flgure 2B
"shows that the “obtalned® behavior Is a relatively complex

functlon of the product of the values of these two cues. HNow
laagine a representatlive deslgn of a sltuatlion In which X and X
are Independently varylng and the researcher measures thel A
“obtalned® behavlor across the varlous coabinatlons of X and X .
Assume further that the Investlgator proposes some hlgher-—ordtrz
Invarlant responslble for the behavlor and the "lnvarlant® 1s
some additlve coamblnatlon of the two varlables X and X . A
correlation comsputed between thls "Invarlant® and the a:ne
results glven In FPlgure 2B glves the lmpressive fit In Flgure 2A
with a correlation of 0.93. MNeedless to say, It would be
catastrophlc If the Investigator concluded a functlonal role for
the “lnvarlant®. Not only would we be mlsled about the
Invariant, we would be mlsled about whether there was an

Invarlant. The design and analysia precluded dlscovery of the

component contributlons of X and X and thelr particular fora of
1 2
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coablnatlon In contrlbuting to the obtalned result. Thls caveat
should convince even the most dedicated bellever that the recent
correlational findings of tlme-to-contact and visual flow-flelds
(Lee & Reddlah, 19813 Wagner, 1982) are not demonstratlons of a
causal role for these ®lnvarlants.”

The second polnt made by Hilgard (1955) Is that
representative dealgn ls not capable of -+ scoverling causal
factors for behavlior. As Hllgard observes It Is difficult to see
how a naturallsatlc study of recovery from pneumonla would have
ever found that Peniclillin apeeds up recovery or, analogously,
vhether the relatlonshlp between dlabetes and Insulln would
have resulted from just a correlational study. Three decades
later, Shepard (1985) glves the example of ellminating the
dlurnal cycle of light and darkness to aasesas whether thls
external cycle la necessary for the anlmal’s dlurnal cycle.

In these three cases some sort of experliamental Intruslon was
necessary to dlscover the causal factorsa. .

Representative designs Impose a major constralnt on the type
of psychologlical Investigation that can be done. [f two cues
do not occur Independently In the natural world, then they
cannot be manlpulated Independently In the paychological
Investigatlions using representative designs. In research on
blaodal speech perceptlon, for example, It would not be posslble
to deteraine the relative Influences of vislble and audlble
Speech without Independent manlpulation of these two sources of
Information. We conclude that representatlive dealgns are
Inadequate for psychologlcal Inquiry.

Barchophrslcs
Nelther Glbson nor hls followvers accept the strong

Conatralnt of Representatlive desalgns. Glbson (1979, pg. 30%)




seans b0 &sedpt the cosmon strategy lo psjeheghralcs of lsslatlag
and sanlpulating sose aspect of the envirsasest, Im thess
seprrimemts, the (sclsted varlable Is &6 Invarlant such as warly
ptedles of testore gradients and recent studles of atalr=cllabing
and & glasy bresklag or Boupelng €Marren. E904F Warres &
Verbregge, (3843,

The Brunawlkian and Gibeeniam frasevorks ars loatantiaticos
If sany lsportast raspeats of the elasslcéal paychephyslical
appreach laavgurated by Fechner CIBGOD. In which varlatloa Is
the atismulws world l1a related o variatlon In perforsance. The
Frehneriam paradigs dictates the dlscevery of relatisnsnlps
beivern cbjective and subjectlive worlds withowt fundassmtal
cescers for the intervening sestal procéases aod representatloms.
In sopteast to the Brunawiklan aasvnpilon of sultiple owes,
however; Gibaon belleved that kigher-order lovarlasts are
directly perceived and will stand en the left aide of the 9=-B
chalin. Beth the component=cues and higher-order levarliaats
preposals brimg the lnveatigater Into the dosals &f
parchaphyalos.

The stedy of swltlple euwes snd that of loverisnts have
producsed sosswhat disappsinting resulta. OClbseslans and the nes=
Elksanlans hawe noat pet dellvered with reapsct te diacevering
higher-order Iavariants of pheconsnal perceptios asd cowpl icated
action fsee Shebilake, 19050 von Hofsten, 19833, Leoking oot my
vindow at grass, weeds and tréas. thers |8 69 spparent singls
higher=order lovarlant that can capture sy experilense of depth
and object cematancy. Analogessly, sptlesl Infersation alene
sight net be sulfliclent for skillas awch as catching fvom Holaten.
I98%). The knowledge asquired in the paychophyslesl stedy of
toapanernt curs has alas been relatively limited CRock, 1973).

Although sany coes have been proposad, wery 1ittle Insight has

peen galned 1ato how the percelver svalsates and wglllzes Ehe
cons I perceptlon. e have ook learaed ths reliative lsportacce
af the cues mor how the muitiple suea work EegethEr. A recent
srudy by Cutting and Hillard £1584) has, at lsast, bsgun 1o
address the eelatlve Importanse lasee.}

Doe Linitaticn ln the traditlonal paychophysical appreach
has Been the ezpeclmental deslgn &f asklng how ene eus works when
sther cues ard mewtral ized or held comstant. This atrategy Lo
particulariy spparent In studles of visual lecallzation of peinta
sf 1lght they are carried out ln the dark witheut visual comtest
The slngle-gwe paradigs not oniy falls to define how the
particular cus weuld operate In & sors natueral situstien, I% alea
dors not address the lasss of hov the percelver evaleatss and
istegrates sultiple cwes In pereeproal processlng. MHeors
recemtlys Ohebliske €1905) manipulated independently both the
ataty of efference sdaptaticn snd the presrace Versus mbaence of
wisual cemtext. By utilizing & larger nesbar of levels of each
of thege twe variables ln & facterial deslgn, the sxperimsnk
would address the lssess of the relatles conbtribution of sach
wariable asd Bew the warlables latersct with sach ether.
Eaztepisl deplons #od Cuncilenal Hsasgcessol

The ersation of artlflielal sitsations by wtilizing facterial
deslgns, on the other hasd, cen be wery Illsslsatiog. With
respect to Brunawlk's and Gibssn's esmesrn @ith the seternal
ralldity, ene neads enly & geod theory to allow geoeralizstios
from & partleslar ssperisent te the resl world even 1§ ths
erperinment Ia net repressntatlive of the real world.

In terms of coentesparary theoreticlana, Asderson (19R1,
1982) offers sn alternatlve to repréessatallss deslgne snd

traditionsl paychephyales. Within the fraseverk of Inforsation




bntsqration, It In scerpled Ehat Share ars sultipls ssurces af
Infersstienl the goal Eo date ham oot been Le defioe the ABurces
4l inlforsstion Bec to Asaess haw varlous Sowrces ars lntegrated
In peroeption and declalen. s contrast ts Brsaswik®s
represcntative dealgn and paychophysios, Inforsstlom integratien
la ptowdied by wtilizing lTacterial designs that sanipulate
ladependentiy sultiple aspects af Ehe savircasest.

ln oar stwdy of bissdal speech perceptlion. we have ecabiped
the laforsatlsfn=integration paradige with the ressarch strategy
ef strong Inference (Hassars, 1983). The spprosch fe perception
can be deseribed in terss of the three dimenalons uvaed here
cosparlng Bronswlk and Glbson. We sperate on the mzdunption of
sultiple but sesewhat asblguesus ssurces of Infersation avsilabls
ta the pereelver. The percepiual processlng needed to achiswe
perceptual recognition Invelves the svaluation and Integration
of the sultiple sources of Ilnforsstien. The goal 12 te
artloculacte and test forsal scdels of the naturs of thls
Pprocessing. The sclentifie asthod of stedy sakes wae of
faztorial smperimsmus Im which swltiple varlables are
independent]y ssnipalated In Identificatlon Esaks. The resssrch
®fdenvor Is alss gulded by the tenets of falsiflcation and
atreng lnference (Platt, 19640 Popper, 19%9. P97€H. 1 think it
Is safe to say that the wse of factorial erperimentsa, the
farsallzatien and testing of mathesatloal sodels of pereepilual
procesaing, and the falsifieation of apeelfle models were mat
oensidered by elther Drunswlk or Glbson as RECESRATY OF EVER
beseflclal elessnts of the aslentifio eRbterprian.

Integratiog sultlple soerces of Inforastion sppeacs to be &
fatural fumctleo of human endeaver, [Integration Appaars o be
functicnal regardless of the goals and wotivatlons of the

Percelver. Brusswik, ssre than asyofie eloe. seems to dessrss

0

receguition for the carly acknoviedgement of the awlciple Bug
asblguens ssurces of laflssnce on bekawlar. He streassd “the
Iimited soologloal walldity er trustworthiness of cusa . . . To
laprove lis (the organiam®a} bet, It sunt accusulate and combime
cues™ C1953; pg. 10TF., Conalder an early sxperisant of Brubsvik
1934, Jubjiecks wers asked Lo sguate grewpa of soles thae
warled In musber, ares, and sonstary valwe. Mhen subjecls were
Instrected to ose just eas af Ltheds three disessions. Ehelr
judgeenks were ponetheless algalflcantly lofleenced by the
trrelevant dimens lons.

Glven the earller distinctlon between data and Infersatlen.
it is also pesalble te stedy ene of thess somsvhat Ilondepandzntiy
af the other. We kave sesn szasplea of evaluatiog ecolaglcal
valldity without a concern for funotlomal wallidity. Research
within our frasewerk slght bs charscterized by & prisary cencern
for haw Intorastlon I evalwsted and Integrated without & direct
sppepnnenl of what |lo actually lofeorsstive. Thus we sanlpulats
audltory and wilsuwal properties of the speech svent, but ds nat
faciate the ssreal aspects of Lhese propertles that are
fanstional. The |lspartant sssssptlon of this approsch Is that
lzslghts can Be galasd abeat the nature of perceptual preceasing
of varlous eavironmental propertles even though ths sract
properiles that are fecctlenal are not knowa. HAs as exaaple,
samlipulating the forsant trasslticns of & step comscnank Can
Infivence the identification of place of artlculaticn. We can
then ask how this Inforsatlien |a lategrated with Inforsatien
Previded by the apeaker®s 1lp wmovemznts even Lhewgh we eas pot
dnZver the gquestlom of what sapects of the forsant traraltloas

40d 1lp sovesents sctuslly sre fenctionally walld,
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