
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
Symposium on Cognitive Architecture

Permalink
https://escholarship.org/uc/item/2v9622s6

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 20(0)

Authors
Elman, Jeff
Hadley, Robert
Marcus, Gary

Publication Date
1998
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/2v9622s6
https://escholarship.org
http://www.cdlib.org/


S y m p o s i u m o n C o g n i t i v e A r c h i t e c t u r e 

Participant :  Jef f  Elman ^  (elman@cogsci.ucsd.edu ) 
Departmen t  o f  Cognitiv e Science ,  Universit y o f  California ,  Sa n Diego ,  L a Jolla ,  C A 92093-051 5 

Participant: Robert Hadley^ (hadley®cs.sfu.ca) 
Schoo l  o f  Computin g Science ,  Simo n Fraae r  University ,  Burnaby ,  B.C. ,  V5 A 1S6 ,  Canad a 

Participant: Gary Marcus^ (gary@psych.nyu.edu) 
Departmen t  o f  Psychology ,  Ne w Yor k University ,  6  Washingto n Place ,  Ne w York ,  N Y 10003-663 4 

Symposium Organizer: Robert Hadley 

In t roduc t io n 

Between 1965 and 1982, classically symbolic AI was of-
te n toute d a s th e mos t  promisin g basi s fo r  a  genera l 
theor y o f  Cognitiv e Architecture .  B y 1986 ,  however , 
prominen t  researcher s bega n t o heral d th e emergenc e o f 
a ne w paradigm ,  Connectionism ,  whic h woul d (the y ar -
gued )  eventuall y displac e th e cltasicall y symboli c meth -
ods aominan t  i n A I  an d Cognitiv e Science .  Sinc e then , 
a variet y o f  competin g position s hav e emerged ,  som e 
purel y connectionist ,  som e hybrid ,  an d som e purel y clas -
sical .  Thi s symposiu m examine s th e presen t  an d futur e 
prospect s fo r  contendin g paradigm s i n thi s realm .  A  va -
riet y o f  arguments ,  arisin g fro m computational ,  psycho -
logical ,  biologica l  an d philosophica l  bases ,  ar e presented . 

1. Connectionism: Whence, Wither, and 

W hy (Elman ) 

I t  ha s no w bee n ove r  a  decad e sinc e th e PD P book s 
came ou t  (thoug h a  half-centur y sinc e Hebb' s proposa l 
fo r  associativ e learning) .  Durin g th e pas t  1 0 year s a 
flurry  o f  modelin g activit y ha s focuse d a  grea t  dea l  o f 
attentio n o n cor e issue s abou t  th e mechanism s whic h 
underl y huma n cognition .  Muc h ha s bee n learned ,  man y 
issue s ar e stil l  i n contention ,  an d ther e i s a n enormou s 
amount  whic h remain s undone . 

I n thi s tal k I  wil l  presen t  wha t  I  believ e t o b e som e 
of  th e cor e computationa l  principle s whic h distinguis h a t 
leas t  on e broa d clas s o f  connectionis t  model s fro m wha t 
has bee n calle d th e "classical "  theor y t o cognition .  Thi s 
i s th e "why "  par t  o f  th e talk .  I  the n wil l  discus s wha t 
I  se e a s th e majo r  insight s an d accomplishment s o f  thi s 
wor k ("whence") ,  a s wel l  a s th e majo r  gaps .  I  clos e b y 
proposin g a  progra m fo r  th e futur e ("whither") .  Thi s in -
clude s broadenin g th e scop e o f  inquir y an d relevan t  dat a 
t o includ e mor e attentio n t o biology ,  t o th e socia l  an d 
affectiv e aspect s o f  cognition ,  t o th e relation s betwee n 
behavio r  an d environment ,  an d t o th e rol e o f  evolution . 

2. Novel Combinations of Skills: Implications 

fo r  Cognitiv e Architectur e (Hadley ) 

I n th e lat e 1980s ,  ther e wer e man y wh o heralde d th e 
emergenc e o f  connectionis m a s a  ne w paradig m -  on e 
whic h woul d eventuall y displac e th e classicall y symboli c 
method s the n dominan t  i n A I  an d Cognitiv e Science . 
At  present ,  ther e remai n influentia l  connectionist s wh o 
continu e t o defen d connectionis m a s a  mor e realisti c 
paradig m fo r  modelin g cognition ,  a t  al l  level s o f  abstrac -
tion ,  tha n th e classica l  method s o f  AI .  No t  infrequently , 
one encounter s argument s alon g thes e lines :  give n wha t 
we kno w abou t  neurophysiology ,  i t  i s  jus t  no t  plausibl e 
t o suppos e tha t  ou r  brain s ar e digita l  computers .  Thus , 

the y coul d no t  suppor t  a  classica l  architecture . 
I  argu e her e fo r  a  middl e groun d betwee n connec -

tionis m an d classicism .  I  assume ,  fo r  argument' s sake , 
tha t  som e existin g o r  futur e for m o f  connectionis m ca n 
provid e reasonabl y approximat e model s -  a t  leas t  fo r 
ower-leve l  cognitiv e processes .  Give n thi s Eissumption ,  I 

argu e o n theoretica l  an d empirica l  ground s tha t  mos t  hu -
man menta l  skill s  resid e i n separat e connectionis t  mod -
ule s o r  "sub-networks" .  I n addition ,  i t  i s  show n tha t 
humans certainl y emplo y nove l  combination s o f  skill s  i n 
rul e followin g and ,  plausibly ,  i n proble m solving .  Durin g 
th e cours e o f  argument ,  i t  emerge s tha t  onl y a n archi -
tectur e wit h classica l  structur e coul d suppor t  th e nove l 
pattern s o f  informatio n flow  an d interactio n tha t  woul d 
exis t  amon g th e relevan t  se t  o f  skil l  modules .  Suc h a  clas -
sica l  architectur e migh t  ver y wel l  resid e i n th e abstrac t 
level s o f  a  hybri d syste m whos e lower-leve l  module s ar e 
purel y connectionist . 

3. Rethinking Eliminative Connectionism 
(Marcus ) 

Humans routinel y generaliz e universall y quantifie d ab -
strac t  relationship s t o unfamilia r  instances .  I f  w e ar e 
tol d "i f  glor k the n frum" ,  an d "glork" ,  w e CEi n infe r 
"frum" ;  an y nam e tha t  serve s a s th e subjec t  o f  a  sentenc e 
can appea r  a s th e objec t  o f  a  sentence .  Thes e universal s 
ar e pervasiv e i n languag e an d reasoning .  On e accoun t  o f 
ho w thes e universal s ar e generalize d hold s tha t  human s 
posses s mechanism s tha t  manipulat e rules ,  symbol s an d 
variables ;  a n alternativ e accoun t  hold s tha t  rule s aa d 
symbol s ca n b e eliminate d fro m scientifi c  theorie s i n fa -
vor  o f  description s couche d i n term s o f  network s o f  inter -
connecte d nodes .  Ca n thes e "eliminative "  connectionis t 
model s offe r  a  genuin e alternative ? 

I n thi s talk ,  afte r  briefl y reviewin g th e empirica l  lit -
eratur e o n universes ,  I  sho w tha t  contemporar y elimi -
nativ e connectionis t  model s canno t  accoun t  fo r  ho w w e 
exten d universal s t o arbitrar y items .  Th e argumen t 
run s a s follows .  First ,  I  sho w tha t  i f  thes e models ,  a s 
currentl y conceived ,  wer e t o exten d universal s t o arbi -
trar y instances ,  the y woul d hav e t o generaliz e outsid e 
th e spac e o f  trainin g examples .  Next ,  i n simulations , 
I  sho w tha t  tw o prominen t  networ k architectures ,  th e 
feedforwar d networ k an d th e simpl e recurren t  network , 
canno t  exten d universal s outsid e th e trainin g space .  I 
the n sho w ho w thi s limitatio n follow s fro m th e mathe -
matic s tha t  underlie s th e models .  Finally ,  I  sho w ho w 
thi s limitatio n ca n b e avoide d throug h th e us e o f  a n ar -
chitectur e tha t  implement s symbo l  manipulation . 
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