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‘This Ly partlcudorly ympornn t when #e comyicar the (pEcent
el chlkDétdyiman o' pogmitive systums. This could, Smol-
SR impilet (eection 7, Ly modaled telelogicully 2t {fo
sniaprued: lavel i.cs; the progmm eould cpicidy
current ytede ol the, fystom to a spocific funoe =alg). HBobud o
Zeaoeoi kirnof ¢aplsnation, bdealugy io 1he pore senss lgavesw
Kit - b ik i [awin Guworgo & Juhnson 158 and ibe mind <=
ury Eveilvead By, must be vinwad ne thae soboonoeprual Ievel s

* nolgdeiii {Steddon 1962, o 9 cathor than belealoond 1Ak

impdrtiat stoonieh oF the dubcoociaenal opprouch thar jt
couddl daplaly the “wmergence o fur cxample, goil dinteted-

. omé¢ ut thi toncapiuo] level in teems of subeoneemrual cmpo-

natita, this peadund aad plegrmes] realuetin o which wmld be
relucively ooy ta sowlacacand,

Thern ore twn omiliniet of un evelutionar: poiat of view

whichire nidevant i the copsteuction o subconcep ook medals.
The flrat 15 that a nearally tousistent swheonzeghaal mndel af'a
caoplex capwitive procass el (shoudd T be buclt b edrbocat.
ing madelt of simpler pruceses fmicone =ndutionk  The
sgoonid s that st each stage of addifnnui cinoplesniy the ourrent
mvdel shouid be vinbly it trms of the sonsrrames ooy e
dAmpler modals (miteariog, the devalopment of the servoos
SYStaml,

Cunatrmictian da nase of a subcanoepeuud sipdel of husas
cogmitive proecesses woubkl De dilicult cven if the vignitre
pracesses were hortor defined than Hwy pow are. Qub mr
knowiedps of the slewture of tha perveas sysiem. which Smol-
onskoy deplfem ac being irralavan b eommitive wcdeling, shos
that the ¥rein dovelops by additions b ralagvely Jess changinz,
ol logevetkcally obber gares of the wysteom. Whetever the
chroges io the cmorgeot poupeches of the nebwock &t each
adelution, *he ebronepptien deccriptions of the funtioning, of
the pieclogenetwally wr developowsialhy rarly parts af the sys-
tom are uadikedy o chunuge ereathe. While peoitabbe dab on the
dymamic hahaviour of human oearones Ubrmg wEnks. a0
such a2 r deter made] buulding, the same i mat true of simpler
organisms or moee peripheral cors of Uk brus, Thos Teund
dara can be vnitkeat for subcosceptund (hat ook conveential]
mnceds. [ purtigucler, subouoeeuad medels of simple newrd
ows bees twhere dyacoes may he doterpunalel should be seen
FL] valid prroeurenrs b :l.ll'ruunl.'uptua:l Ijlﬂddi I:{ mere m‘nplﬂ
paurnl sztemes,

The subounceptua irebioeturs of simpie syatems iareally
ualike their caneepruat architecture: could alio penvide seul
mocels Jow 1l suhcurll:e;__'rtual arelitecture sl eamplor satoms.
Fer oxamelo, anes the prinoqle o the g deeaouo
iTparmee ) ok laseral inl:li]E:I:“hﬂ-:La.rE understaed fir the roceplinr
Sanvgd of' 2 nomsore syetom this med omly tramse=rs to tha peeeptor
%evels of ather sensory svstoms but alse w e higher |'_5“'"’"‘ ,_,""f
the original svsiem, OF course, Samulensiy armes (wetivn L3
Hat petoeprion is exceptianal in the ectent b which reunl
pnalagy i1 useml, Bus comsider s second E!-WP'H“““] T —
motor control, Cutrent newral models of the cecchedum fe.g..
Prliionize L% horger on the subrascepisal, The control uf
melor aetvity e Le viawed s deprmelice onoan “arended
vl voome” [Liinas b Siricnon 1991 which is Jeedien, o
muelur comm bad speelied with Lcrpect 5 & sensory LooTeinat
spare. Th: beedhack inherent o this iden i wrially ideatical fo
that em bordiad in the stretoh retles hut the cnd result is p simple
form of moal diregtion, Af with madels o sansnry QrowCSEINE,
then. micdels of movenent gencoation wu be boile by ackdieg
oata lewver omer muplels conlol pocesses whizh hawe o very
similar architecture st B neuzal ar subconceptval fevel but
which genecate markedly diferent cosegiuereees al Shecowe=
tmal level .

The nnespented cinertenl aowers of appeopoale parnlicd
receesnee sieurd oe :uJ:lEl:II'II:‘ﬂpl'LI:]J wegworks. and the ctent Lo
whicil nature weemys in ymlclice: Le repeac e same celeks il
Sifirent phviome nele loveds, sumzess ket onid nat be uoa-
somabic %0t to relale sologngegeual 19 nearal archilecgier:

Cuprintiing Cermrmmenfa g

direetly ut this gme. Smolmaby describos.a nebwork which
prricaes tho adfect of w sche hy spct | iota o particulor Apud
atatean tha bpgls of o specifit japut pod :’Hﬂ'ﬂmnuulmnmm
Lautwrcit nodes of the emtwork, & slupler nelork nsing similar
conmectiung fn salws te global sterepsis problcm and itk
{mba o finai soliotian dn & wey vory memaizent of goes cvn
pretinRG on viewing glibal sirespba fmug= izes Fridy
1979, p. 1640, It Is repsowab ke 1o search fr the neonal insgntio-
b of the: mouryvalent of the larter networke wo: bunc. it gsact
firn. wiyy wedl have importet implisitons for subeancepdual
mudEs och oy Smolenakys sollsosRtisig ome,

There i an jmplied ssentific coancotmn o hahwean e
nenrdl andl subconceptoal keyrls: The subcaneeploal model onn
inconpurate neurally sanersl Toateces and then, throuh ib
caactty m daommstmabe 1 sofution das pardruies prolde ot Hie
mﬂmﬂ bevek, con drive the neuraphystalogust ke joak b de
ne equivalent of s componenis or geoeral dynamisa —
dymmmir whick weuid have hed na reaning in dhe shsenes of
thz sebeogcemsnal model, Thon, HebBb's {EHE subenoepdyl
speenfatinns ghgut associarion led physekphts to book for
*Hebhian ™ symapre — and t2 find an g prosimate sepavalent in
the hipposampus. Thir i turn bes to ant socount of the
hippocatips ar o distrbuted mempry spsem wiich d.:punds
rm the knuwn popertles of panfoular subgeoretiiunl aseormtive
systems (MoNougnton & Marrls D987,

1believe. thopefore, thie sabonpeeptial model of coudtlon
and xehemats, shanld pee mm architesture elated o owTenst
miodels of pereeptual sysiecms avd that subceaceptual models of
poals, Intentmpg, agd similar ideas shewld o achlbeehe
rediter] i curremi madals o rootor-cantrod. A corollary of thls is
thet lager suboreepinal coxdcls shanid have Eatores wlich
are consistent with the gerectl anchitectoms of both senwey aod
mivor nearal models, Sobcoooeptual wnderstarding of sagni-
tion muy oye b it ke be-a TRl consequeone of deuigRins,
& sinela Formal system which eoao gar pur cunrenk zenetl
uncleestanding # the newrd Tewet of both ;-:mrptl'n:gn_:d L
POErEEming, Availibia nawrzl inferzieman ma be bighly mug-
peative even when & direet Flak ta serasey oF maler sysieok
ngt parmmibbe, as dw thi Fpectlc jovtanot of cubeoareplual ks
of vawrkine memooy amd the kwen dymamde properoes af the
hippacaiomg,
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L. Teleomnmy segresenis purposr ia the senis that b eye B the
purperse of sewing (Mo 1974, p 205 That s, the lorm of the eve 0
lemiced By the faws of oty il the progreare sebeenre adhniace
sanlerved by 5 all nespes 1 the quadily of Ueht nossrdhe. Hoee er.
teleonomy at no pouwt implles fecdogy, The o= @ aptmaby o oS-
uenoe snd el a pnal of evoRubL.
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Smlensky {1988 afrs o well.reasoned crern of cunnce-
ticmism ¢ bt Jaelps place ot di proper parspoctive, esettes ino
a lovel of deseripoan hetween tha symbolw acd {he neatdd — L
WA ix 0 o wbew an information-processing Jercl. Chis 12
exarthy whepe sonmectioniset Balangs: noe s 1 withaut ek
comany at this level .kn intermediate evel of descripion |5
whiat pevenologe has hren seeding goce, Fecimes. ||f-‘|mh"h'*':—

2endire. ng Tarmes. (o this Hght, sonaectionsm i5 pm fl-'““"
s 1ee Lo syrnling systeang sod tnedubuy, kgt et b2 o dnfor-
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mat|ay-proressing parudigm. Doe ool of this comiscsry 15 t
rvaivuly sevent] rmmercies of conneetionlam with ezt 1o e
Inlarnuro-proGccsing Teedigm comeatly iy use pawchalo-
g¢, wnd tw owmtken o fow poecedents of the cgrmoectivobt
appruach, Cunnechionicm clves ma an appeeclaien of 2 com-
tiouity of theory deveiopment [n gayrhoéogy durng the lust
conuy, [ will sonctude with sume fimdtal lans of current con-
noetonist modols as prchdneiel mudels of mind el Le-
bavior.

EvaiLsting conrsctontem. Connertomism skaree st ar-
trihintcs with informurtinn processing even though the primitves
and curency of ronnercionist Tondels aru often presunled ap
duiterand o more madicpasl hﬁ:lﬂﬂlﬁ'lﬂ'l-lmﬂ"'i"H mendels,
For axamela, cotmectioniae hsa boon trr as parallel
dizcréhted proceming. Huwevoro pailther parailel nor dis-
tributed arpeals to he n nerewany or sufBeinnt chardstense of
aither pacadime. [nfermation proeescing and connectiomism
eontsin hoth parlle and cequentel procrssayg. PasBel pro-

cessing refors fo the smuitaneous sccurmeeee of ™00 oF more.

proccescs. Sequentinl pocessing exbbs wiko one Qrocass &

depenchemt 1m Hae ootpurc of anather, Traditiwnal information-..

porcrssue headels have assomed that featore unaivsls of Jethors
poeurs in pmardlol, aod letter recogninian 19 drpendect 0o the

ourlpret o the fearnre ovalsis (oE,. Seifridge’s [958 seminal

P.i].l'll:E-l’!‘Tl]l:l“'itlTﬂ modeli. 1 joksmacan-prceesiag medels, oo
tam processas pre mecumed to be squential; br cample. 4
abwrt—berrm mewnry scavcl uight not beginoumnil th fe3t ibean S
reengmized [Srembeng LATEL Tleoe 15 alzo lﬁl_'l-l-'ﬂﬂliii] Hpeess.
e In contecttomust mndels in that sup-lowm aotivadion o lawer -
love] vnils might sot occur omtil beeer{evel unils actvan:
higher-ievel units (Andeeran et al 15970,

Loead vetsos distritmted proessaing Jocs net appoar to be a
chatscteristie (bat disdopeishes infoommtion procestisg 4nd
Mfonoctisnsm,. 1R ciooectidoiw. oeal represenGEng comes
wponds ta the case | nowhich information about R pettern s stored
v the snonectioed of & slogle wnit reseoved Jor that e bena,
Dristrilmted popresentaion nders ta the ipfarutktion abeut o
petteo Being slared in che ucerounestinns ofa Licze number ol
priseeising mits. The local versus Slifriboed disborbon La
ennncctionlsm parails che madier distnctions in Jofamoticn
processmy between remplate metching and feature asalyss
(Mpisser 20T ana liebween featuce and pode theories ofmene-
™ repicsenaton (o g, Schvansveldl & Mayer $9730 Temnolata
matehing pluces ol the (wivmatisn shoul 4 pattern withine o
single reprosentation wheress feature aniyais dlptrehues the
inbonouticn seresa sevees] ropresentouns. Leoad mpeesends-
tivn of snme connppe exiay wleo all of the inkoosaton abaut the
concept 14 represeneed i siogle loeaton, wheecss o dis-
tribuced representation wowld Lo distrboted seros sevieal
Iocatgens or ot located in ime plae. Selfridee’s | [9591 pan-
denwoninm eodst also qualifies s distributed becmse  batter Ls
TEFI‘E!FHH:I,‘I in terms of the Jeateres thet moke 38 wp Nuch u
ditributed node] might alse represend stroctural valafions
amung the fertaees {den ST, Lomd coucerkenet menlely
heve been proposed. and others costan certain |ocal chome-
torestior suoh as the local reprcsencotion of the leders o
N FTralk Senawski & Rosenireg L5685, 1t bas bewn prowen that
8 class o Jis bibuled wodels can be mimicked by ocal mdels,
witich porbeps bloes the Incal.dizeeiby tod distincton (Smad-
ensay 19861, Tt shwuld e stecescd that [an nat disceedliing the
kscudecliscrbubod ciscimeoin ; the duesss 15 that the distierian is
not mew and dees oot deferentace cuneehomist wed Suboma-
ho-processimg parwdigma of iagary

Adelagh the TECousTing ix waglned b nocur smang newral-

t * Tike wnits, 1 agres with Smolencky's thess that conwectionast

mardels wre nef necessarity neord nedels. [Fonomectioei:

. 4" madels aere prychological models. chen ehe sppmopreste test of

F:qm modals wirld Lt Lbe level of phesisugy and nat a¢

E;"-%N i absanble behoviog (see Moore ee nl. LHEEY ETowever,

Fittrmens siate of the art pnsclodes any veats of canoeecons i
Lo TU )

o
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at the swoplrstedegicok Lovel, For exusple: .‘lvlln':-l:l:lﬂﬁﬁ:«'ff"' ]

a oenTobbolomicl, Badlsves char pvaluating, the nnoml boses for
phonamenn much 4 word-swparionity affects s catdlde the
pnnimu{mmtulmh-uphyﬁd@ulmethuds-ﬂunnm}must
riwsdels have bees nzd toexplun Deiasior at & lictional [evel
of description by assominp processes omeeer o dhaes wecar-
rivyg ko b etiofoymieal favel, Thie i of sapdarmmtion s mod new.
Thomdike FU8K) rejected cognitive cvplanciéoas of et Jeurn -
nvE 10 escape 3 cape n fnvor ot 0 nevndgica eaplastien. Thi
mewrc]opled] orplanation. arduaily Axsomed that lesomug re-
subted fiom connections heing establishe] Batorsen ammana.
More cecently, the feptore detechors [wr [sttere havre hren
Viewed ns instances of imeucal onits monvered in elesttopiys-
iologral researtd fe oy, Lindsay & Mnrman [972). Moees ane
memphort omd conoeckionizt madels aee oady lese oy
mebrphors bemsuse the metapbor 18 glossed soeurodogeally
ridber thon psyehalogicsl by (Gonmer & Grulin 1953). Frtodeis

are farmudated i o nmoeetionist paradigm wsio? “reomngica”

trrmg, theyw might ot attenet the anafyte morotiuy uscessaTy oo
Tratlsion, systomatizabion, and emmpickeal svaluakoe.

[ asity Enprescesd b the areat wfimdly beteesn cunswcbionsn
and stimmlus campline thenry (Ectes 1550], The Lufber views
belovinerin barms of the asociation of respasesantd antecedent
sHmuliy pvoobr, Azsaciabinn refers o4 connsetlon betvoen o
sHo sl os and 4 reapemse As ol I:IQEE:' plﬂ]'l.tﬁﬂ'l-l-‘t. mveledini-
eal berma sneh s paccepton m memeny wert inpdmissble at
tha eimn nod strioty speakiap, my goess i thab pefrrence to
agythung inside the Hack bor aas ootlawed, Thus, the connoe-
oty were =stablshed and medified berween observadide ole-
Memts soch 15 oomel and vesponzes. With the “nmnitive
revntnon.” it became aoceptable b pefrr to events in the nlack
box, Buc there ovents remeined at b same faoctensl Irvel as
thiee in behaviadsm, Now connectivoing afers se lape hal
the funetesul bevel in b ceplaced by due nenrologicd level.
bt v bedief &5 chot comnopHomdsm cen e tested aniv w the
bunetional Jovel and wket thetefare be evaluared ak that level,

In cucreot imutementations of conmacioniam, keursing wn
ho L lantioeed by changma the vretahits ol the conoectinns
bavoreer the ewrad umes, Tho smoe asteomes auld b mopde-
metel in a varet: if mther waya, a5 Refoiodged by connae-
Haoia+ thearists |Rumeibart ; al 1388}, Ratbes thon modifying
énigting comnections barwsen unitz, changes in oerformenes
mighi be supported by ssmblishiog nes ommeetions. Theee
wirald he some arabebdety of pxtablisling o neas ermmection
ermeen ubits 1hat ame ardive at the s e This shople
Texming” rale moeid he formelie=d to produoce mathematic]
predictions equivalent o et of stimeudus samplng theory
(Estos 1953, Whar &y imypeartant bo fote far ol plarpoaer i that
the several neural possibilebas dn mk appeac (O nfoom funee
tiounca| expEmatinns cdhyman -F-gr:"m-rrm'h:.". Abthnoly Thoroelike
{3858 remancd & conneetsonist thruughout Lds long and yea.
durhve vareer, e abandamed the newolrpical et ol bis o
iHibrard 1B47). Similayly, coprent ssspmyptons anont acird
proecssing n cunoesivnist medes might me=t tke 3ame Exte as
the “sther” that was pssomed to e (he mediim of lighbwaes
Mrupagation {Pribram 1985k The muhematic of Tighe-wave
provpysation did rak change vith the Jemise of'the “ether,” and
some of the mathe mark of vonpectionsm might (CizphL witl
fundanenkl changes in the coment asswopioos about oewnd

onine.

In inbermatioo pmcessing, we 1dl: kg what extank one input
sysieem ixinfuanced by processing Fmanothey pas S¥secu or
It what extaor informabrm oo one steae of procesoun
comnmunicated to st stege of processog. Andegonsly,
iokynation processioy addeeses the questian ol Ehe extol L
which semmte operaitons must he p»'.'ls.h.lhl.ll!d bev clesrmdies #he
T'Elﬂ-ﬁﬂl:'lsh:i[.l Ll pereeptian and actinn, Intheelassc sxam-
ple of signal detscoon theory, je o was pecessel 0 LESume
seqarara seasory nd ducision sigél ol pLECsTes & '?IJT-'~"‘=|":":| tn
slmpdy asmiming 3 direcl Raugling dEeCEIL stimulug nIbE 1o
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BrRHL, LhGn kit rgadals, oo U acher bl tuve [l were-d
- thg A MEREn. Libwin srgieaeal oprrilamns o e aif Jra-
ctiging. ey vinnd to Zssume o direct tpoppimg 1d calnecitbes
“oee Ll Dtk nd qutkiot, Tl weimybon afsequentil Slages
L -;':-Ll.il'li'ﬂ'f_l{'d,!l]ﬂ!!.dl:ll,l,ﬂliﬂ:tu'h-u nuncREary R AT cueearil
SO bt ods 0GR, even o connectlonist mpeluls. The
e i gyt st by ore oot suflieient to detsnnine the
B | j&liﬂiﬂ:ﬂ;’;l‘ﬂphhqm In rendine English et ahoud Fie eaag-
: ]ﬁ?ﬁfﬂ!}_ﬂ? fhpenirgs bF the leceaes da ot predivl 1be pronuneiz-

-+« tliom ut nl] ot Jelioe namee do (e, categecicsi.
L Simlinily mukes 1t clewr that casnectioniem uifers Db alter-
7 alive to the physkoubsymil-pystem pursligen 1see b Dovth-
lse &% Plauc 10G8), The lotter aften use symbals to waobealy
- grygwy deperiance asd rules e map exprrimen iold st
< Conoeedanisim wies octlvations o ambudy wasery easotlence

cun et e tested in bighly eompler spulivns, A compca capen-
et o naberp] situatiom is wilieeced by wulHple conse; e
sezubmmties of coch will ool be vasily dizentangled. The seaund
momedy It pevchologial buwuicy 5 the reguuement ta tesd
hatwesn sibemative modids vl perrdance ming the noauch
shrubeney wf Elifiration {Fapyrer 1958) ond seroey imfevence (Platt
1064, Thie imuestigator i regquined te develop opprsng midels
ard o devise a0 experiment Lhat Lests the Afmcntial predic.
Hems =F thoes model. Simply wemumuliing svidence tol i
coanstent mith & miven modol b oot Ao kel sty beanoe
the s might e mpually Lomdstenl with o daneeirically op-
poeed model, Third. t ¥ negemary b cirry 04 mcislig ¢per-
et 2o to perfiem 3 dne-gralned amlyss af the resalls oo
distigmich amony competing models, {nly by thomeeh. -
tematic!, zmed snele-minded analvass o an fveHEme climi-

aid the madificncion and Smosmisiisn o these otivations 10
Aty SEPEARCNCE Jona actiom, [Tonnectinnisg i comgleeely won-
sivkint with the saradign of 1nforaatioo poecssioy, hewever.
As noted in the chomcterizition of dnfocmation pricessing,
syrabpls were nat necossary Far <he rapressmaton of juformn-
tan i 1he avsten. e lact. afarmoEnn-procesing thoury Eokghe
bo npsidergd tn e u iatace of onsymbdic represenbtions
nelpling -discraminahility, fmianly, meoay sirecdth, und
pven actrvadine and dubialktion amoeng fepeeceaLigns. In fuct.
Massarn und Cahen (1857, praved thnt i spimifie canoecllonist
tnacied with anly mpot and notpo Javers is sanetimes mathe-
enatizally coulvalent b 3 specifie pracess mode ] called the fuzzy
lopicmi mudel of prercentivn Odassavg 1987

Cunnectionlsim wlse contrees with the fodarmenil primspies
o modulante s Fodor 155:3; Cardmer LIRS Mued ularity bas o it
Faupdative the spme decctposlion neudtpin ai Irhanalion
preesssieg, Lemples behavéorcun bo dpgemtpased i o riad

of simpler prscesses, and those orocceses oezht be fieether

deseneizpiosead ot wed sungler puocesses. The stroog cudn:
medoianty invobre the Tack of commumicadon o Enput
syateots dad the iwpgossibillte of o fuetnooal ‘meiddle-lmval)
rque:ri:_'lll.mt o cxperiticeL. SMpede lar by ssocnds warnes iaolatkzn
AmONE PreesEa s bocAnsr: inpact prueesseE | Rl relallvedy ince-
pendetls alene solhee, AlLangh the o lubari e asaleprien
I5 Nt incnn visgent with infrmation proeezud, U Inevausis et
witlh ke hizh wtercanmertvity smiang the anle mm the cac-
lizst bzl shee Labest procecsng (n connechanisl wilalels. Bisth
mnodulaz:ty and connectivnism muake asoungtroos tHat wre -
sirberied cTaalrical questons within the Inborogion-proeessing
paruiirn. Cliver lhis observilon, the issae cancess L
wlyetnar con woe 1onis p e radulzriby g che bereer descrinton at
b porbsnawnee wprioci Lt fuow the [:umliIErl.'l uf Erdinemus
ReR PoCesmng dictares an srapliou] less elweso thesa
alterTAmivees,

Cenzitainks gn psychotegical inguiry. [t 1z Buportact (o com=
sidder thror eonstsatats om psvchnlngivad inguare. The fimse £ that
the prweaeow of e resr 1re hiehly coenpde. it they da nat
easly cAnserg sevchningicad theory | Manicas & geromd ISB3,
For exanply, the sorultion of the post boose Ie & highle
eompliceted sHair and can ke [uzacly demerihed L':r'dl'ﬂﬂ':'l"im“‘.-'
appesad rle-based and insnes-bused theuner. A seeood co-
strmint o1 EEveheiogicel inguice i that scicniists e 3 pendir-
matan btas w scek to generae reallty o sopport their pet
thowry (Tweney st al. 185811 The thin] canstial £a pevohakeyl-
«al iaquicy is tht there isa plethom of sullizieob thrvries f':“'th'{
phenuingaza i interest. s made dransEeren by e hiatrwies ot
epoeii phepomens #g., mEoocy agarchl wwl prugesss I
muthamatizul paveholomy. thors Aes many wavs fo sk et or 0
deserte o purteebr seaeraed phoremeno. .

Siratequar for prvetolagice iy, Poced with these tmee
comstrainty. whal aze the Lpilenons lae peydolael imquury?
Tou e winew, ltuLr sErabendiid Can oo pesamee A0e Ehirge evnsbeunts.
Tirme i is morcesdey bo develop Rihle sunpliied eaperinweoal
ctucdes 1m wrtier wocesead hmdapreul nesplodties op P
pedatend 1ol phenmmena - i pbremirs Hleng penuii Elivs or i1

uebe lterrative maodels, Maly this efminlon will mchsee thy
ser of owlels oastent with the vloervatioos of haman
porformancgs,

tionck selentiffe nquiry dicttes dud we shoudd activedy -
tempt to clboinae alicmoitve models, Glven the powee of
Pusicaf svmbal mustems wal tmaectionism, bewever. the ab-
served darg ofbes shil ta be-sufficient bo decade among Jiteena live
models, Thoe fuactl slrakemy is that only discriminogings mraii
are pormiibled bo sucvive. To be discriminacing i b predict anfu
Use 2otval cesolte, mot the wmiversa of posdlbe cosmbo. The
immstigatnr thepofeoe oddresses nat only ohanml ramibr g
alzor mnge ol hypaceceal resalts that & naf neceasirtly accor.
Collyer (19631 Tois mads & similar poioe thal aitheugh a mee
woaipben model might be o accurate thao u bess comgpdcs
medel, the wewe eempler model shouid not aecessmdy b
preferred. Tlwe soons com px T plet veundd ine Jrss pee e radle i
il ais0 prediceed remoles that did nat cesor,

Empirie] tagt of connecional asesmpnions Taking gtk
of Finrpronied Lasts, | eested the assumpticn of Untesuzitc
artivallon H_e. , tao—wsy connaelions hetmesn nnibs) of specilic
prmnectmnigt motels (Massars 1988 sphoieed. Inieraetive
acqwahing wrag sheww tnche both onnecesgacy aod oo teak
with oopirical resubls, Bofi the interactve-sematoon medel of
written anrd roepgnitim (eCaltand & Hagethort L83} anl
the TRACE 1 nodel of sperch pereprio (MeClelind & Efmun
L1688 hve heeo Gldiad iMasaro 1988 sphostted), =l
tesieel agginst humen performanse, Infemcthva petfvaomn is sed
ALCFSBTY b sceoubt for the integrotun of mullpde sowreee of
inforueatin in lungnace procemsing. Tn sddifmn, intersctie
achvaben i5 §yconcisant with tea fndimg tbat tee representa-
tivm o lxpttom-up odbrmaton cemains independrnt of b
ciown vomtest. This merarcl desonsontes dhat # e poibde (o
test osmrmpniens of Epevsio cvnmelionist mueleds in dhe same
wiry Ukian assucnphioas ol informpman.precessing models cin be
tertea.

Superpnwer of Fsoan e, [ have oved (e frunh sirtemr oo
asess conpectionist models with hudden wmits, Ax aatcpated
by Minesky omed Papmerd 1950 in thesr entique of peeccptoons
‘Fimenhlatt 1056), romectunid wodels weh more than twn
layers oF units cight be ton wnennsralned to be mlcmalive-
Muidels of this tvpe might Lie Turing-sruirents Juk 2re cajse-
bl= of mimicking any compotahle fuuzicn, As geeseatly formu-
Esbed, miun of e eoobeabomist model with to-wiy conmce-
tinns amnpye diffevent Levels of bawa and cuanentsvity ammmi
MBS AL & ervec evel sppesr ta be too pawerfal superpowerinil.
Ther upmenr tn be bl of predicoing not oaly ST
roencts bt also posales that e not weotir 1 Macsare L985; [H&, |
have detmomsteated IhAt mma commectianist models saoulste
remalts thit bovee ot heen ubserd 0 percholwie] joveatics-
toas nd cesults ponerased hy incocsect process models of

T nee | wseace L968),

Buth e Fronewmned of prycedghysics I_:pEn:'iF_l.'iIIE; the vn-
vimmnental shiructeristics used by sahjeds) wod miivm:cizm
[MRCESing |specufinine the (mecessing Tese elamrtecidcs an-
derse wpe yecomsart for proosess in the ekl Appentl
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comnecrionse mocdsls do e week out the pevdlwphyscs inoamy
mrenl detadl. I sk, the olpdms 1]1@:; mAke we nbben 14 ITH (ML
mised lav the: urbitmry notore of the psuehognses Lhewr aesome.
A% 20 esomgle. in the TAACE miodel of WeClclbnd and Elmpn
¢ B, they ackonowiledie U althomd b liatres, phumsoea.
amed winktd [ [9 wers evatral 2o the predictisod, these oay not
o the aeical urdis thal are Pioctdonal. They vo e be state that
thear medel i5 egually valid il dubersit wnits ase fapctione].
Pertups chis complaint I bu: L sormagarizsl by @ receol rexgosl
Leaosmitted Ty clectronue pesl: “Fm ievigg trwork npapropual
Fur resagcef in chissiistwy nenml oetewrks, The mmpua-
Hrngl el is sy, ok Laeed an applémtion thot will provics thr:
iutg For expenmenteton.” My point & Usst the =ase of vamgels-
Lun <an preclude psychaphescal ioguiry.

Thr muperpower of cinmestiniot malels with bidden unite
o= nien camnufloge the nhsecation of difirrent StAges of e
casing. Nlidden nedes servouniv co bvpass the psooaplon ol i
interening staze al prooessiy inwhiellbe gt is cotegurieed
befwe nn uutprl ix seleeterl, Cansider the lmluncinﬁmﬂﬂ't]u:

lerters of the afphubet. I00be gt cmesises nf visual festapes of

the letters aod the oo lpur cimsist farticudaboty beutures uf 1le
prenancialioe, it i onlikely thet the mupping between inpoe
and e TRNLINT wanld he |ir||:3_r],.' g.epaublr. Fur -E"ﬂl'l'ﬂ:l]ﬁ. the
letters £ ond ¢ would, have mere simidar inpat Tepreseniations

than the lerers ¢ amd . Fuweaser, the ouiput sopreenlations

wrld Jae inore aimelar for £ aod 3 tham far the letters & aned o,
Fanne: i termedinte rabomo iz lion iz mazegsarilyinadved bo map
wizewl eupeThiry ufb Ll letbers 1 ;u'ticu]ulm':.f pmperl:l.l!'!- of Ehe
promticatim. In exprrmeontal sbbopbimns samesfiat enalogaes
to this example, Miller (1952 Sonud that seme tvpe of teezori-
eafivn neces before Iapat s mopped oot cutpa. G e ctego-
crxatiows of ke letbers wag rﬂ']u.tcn:st, Tramever. then the okl
Ping bewern Input ond oetpot windd ke linengdy separshle, In
this case. 3o bidcdea, units saalel B needed o solve he oop-
Finy. Cabecprizatinn s o wpbgra] [deovenmg eecess Ehat is
sssumed in indorenatlon prouessing b oot m curtent coanee-
tivnist mocles. For exampnle X T Trall |'5e_|n|:n.'.'5]-ci4!: Berveniacg
19561 used Tottome mther $has viwal fromess o e Beeaow:
the nwoher of hidden unit: 1o sive die muypping of wwEnd
Featurgs tu premuneistion wogld haeee been pmhﬂ-‘liﬂ'i"l?- My
aell % that commectuanictn will liave te beoooic mane sk
lile LY wnlve mappinge m o informative @aaner
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The resrarch reported in his rugser apd the rtang of Lhe pper mere
sugprartel. e pane, 5y ghands com the Sulionad Seierer Foundobon
1BN5-533- 1314925 e Poblic Heahh Serrane (PHE 200 55 203145, ana
the sroivwe ivcion of the CUnpovafye of Colifror, Sava Coe
wWiclhael Cugwn, Rav {idiby. and alan Kanwmnoo Ftﬂi'|d'|"||- SinLplial
discasakiny on several snses Jsenssed o tae gk

Level of analysls Is not & central issue
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Capart=nm of Goymourer Soance ant Mooy, veeen of bk,
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Io I:i:nn:cn-:-,k:. u | 1HKHK) I:|.'|r||1|_!;l1l'r'u| anel stemululbiLE oxsay dnu e
ACTOM Banyine commmendars: 2 mujor conphass is paced on ':!'“-'!_
iovpectuney uf the feoed uf aaalisis for o “pruper dreatrieed ot
Conaeiuas g, o, secHen LG8 Specltone tha [eve | afamidly-
2lE 2 welvie]y ope g wnrlr.ing is .;m“m:lr iinpurtant. Heuw evor. this
largesy irrelovant and cvcmnishasding tae iieptiymg the foncda-
eietal difcrcoees hetweer rmacoctionist models wal “trsdl-
live e ls” io coemicye seaunee e o edicdal el g oo v
ant| thedr pegaective ronribnrinne. The salwn® Ui
_!:'F'-'EI-'ﬂl:i."l.i i e ek | clsewheo 1EleimeL £ ket KL e
mtSe iz ol e jedisrnsaticn [ L malvel;
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L. Cumacctionict netwerks are self-prucersimg. Traditionn] PR

ec: ioodels typicaily consist of 3 paarine dads shawctor {iesa-
rbtive nobwork, set of peodoctiss roiog, ot pwduel i3 mANipa-
bted by an urtive #xiemnol g c'proceduce (abdoctive 1o
&mrece echanism. robr dnterpreter, sicl [o contmst, the
oncles and links in 3 connectianst mode] ane theosclves actone
POCOssing apente; thece @ brpially Bo sctheetemal agent thit
MperateE uo dlwm, aither durne “pnken. zabing” ar duning
metworls monelificeton (self-onsanEaton).

2 Cunnechonlst models echilst plobsl femengentt swstco
behaviomm dadyed Eom concurreed (ol Jabrrurtinmee ad 1l
MESCrmgd cvmegaenls, 'Iha. gebernal process that aodsupLUiRtes
the unsh=riyiog data stroctooe in tradifonal Al-Hke modess
opdclly has mlobal weerss tp the oot el krula-set, and
proe=ximpr [4 strong]y A .;“-_pij.;il;l].' snfp.ren'l:in].ir.n:i fea, eon-
Bt reaslobon o vube-buased seloms),

Thaau distiections Lold regamibos ol “Revelufuelysts, " They
i Euﬁ"mimﬂ}l spesciliz to permit substencive aouhsis amd cooue
parizoa. Sm.nh:nsi::,r's "F-":'F*'l' iremrmnd of connecHnmiso
dbnest  equates  foooectinnist oulels 8 ot subsym-
hﬂﬂ':-u['remeep{ul level with amnadsonl oebek o oobe-
TRk 0 copgoitivee scionee dn pmeml 1o conieast, from slee
viapnint off=ecd hepu, enoectiorst e well os toditiooal
moclily wre cach sLoply penerc ol of Bfirmaton prozess-
g, s¥atems that ares potrensialte mlevam L al A kevels of enealysis,

Tu rre this, it is iscfnd ta comsidor ab e wlere both =
wnnegtindst model (Pene & Rogma [983: Wicd =t ab 139 and
araditional model iPeny & Aegeia 1997 Juve been developed
H Wl sywie Jevel. The speodie tak iosolvecl with Bash of these
mn el 12 wederive phassible soamstornyhypothe ses [ dimoses:
for covtain obworved manifestativas Fsymptomst durog die
ToWlic FrﬂHBm 3|.:|.1.'i1'|5. .ﬁ.lrhqlughth-uru arz ﬂﬂ}'nthﬂi‘ﬂhﬁlr
which bonis cdasxzes of models have been developed. this specitle
ememple i pofakirety 1niqoe i ikt both the coooectiooist sod
e lrditions] models age, by definibue, At coctlr the came
el of analvsis in the serse that both wor ksed on the same
meiwinre conskséiog of the cme wdes irepresenting disorders
il rangdeskariona |, B seme conoechens incpresenting causal
assovratwingl, gnd the same weishts inepreceating comditionu
= proer probabilitiest. Both medels arg #wen darvad fom a
catmnn heoreticd hnncgron; the outlvation for developag
b ermtmeHmist vergion s b contrmat Hhete tan preadigeme
Derpil 2 Going at the sooe jevel of analvsis, hawever, the b
o]y mn D clistinguiched by fearans: (1) and [2), descobed

alwrie This pm‘uidm B c#ear mﬂtmmnph: to tho eladm thar

kvl uf anadvels 11 2 fandimendal diincHom betaaen comb -
Bowizt oind teqditianel madels

Thic ahservatinn wlen boars on che disfinetien hebveen sl
smbole monectionts! models and el wetovork models.
Smndonsky and uthers have comrecHy e phasized (haka s baven -
Inslic *ofottive modal B not nec-eﬁm'il}' a sewral model, But
hasing Lhir nmphacls primonily an e Jevel of analysls confuses
Qther than cfarifies the 1ode of compechcoide @ i and beain
modabion, far cxanple, comsider the sistement that “the swb-
cotterrtal Tevel of mn.l:,rsm Iz hgher thoo thr ol evel™
(Tmonlotske, TWHE, p, 10, peint 126} The sobouncepiurd [eye s
part of the fiae “aapracancepmial, cemceptial. Fulkoncepedal,
aubsubeomcepniml . Lt Jesertbes oomphgaten] sognitise
mertonivmy, Mewral spstemu imube i comspondiog st
“hetie conter-pathway, L .. coll oo, Individual wewrm
tabncumend " ihai descnbes Sdopineienl ek iz
Smirlenzky (seclion 4] appesrs ta smeest that there s valy one
o-veb-Taeiy-identiFiod f:am:-J of ronncelivouist meelefing rofe-
vt do qpowmad avslems, nocomtral lhe visepomt peesonted
]LH'I'-"ii rliat rhrmnrr:mqn:.vic'n:h:twh.iuh ok =TT mud-uls
o Brun i) eetéoen s, b comeenied: how they corredate with ol
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bee bes 1 lety-ranineens al ail hevels. Sur exangie, wunulasists sdten
analyen: peahienis jin bonns of s “eornectianist macel "al the levet
el “centery.” The irain s viewed 15 omedstang ofcenese
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