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T h e E m e r g e n c e o f  Cognitiv e P h e n o m e n a f r o m Sub-symbol i c Processe s 

David E. Rumelhart 

Institut e fo r  Cognitiv e Scienc e 

Universit y o f  California ,  Sa n Dieg o 

Discussion of cognition, especially of language and 

though t  ofte n revolve s arouin d a  discussio n o f  th e ride s o f 

languag e an d th e rule s o f  thought .  Th e former ,  namel y th e 

rule s o f  language ,  w e ofte n cal l  th e gramma r  o f  th e languag e 

-  i n par t  I  suppos e b y analog y wit h th e gramma r  rule s w e al l 

lear n i n school .  Th e latter ,  th e rule s o f  thought ,  w e ofte n 

cal l  natura l  logi c o r  jus t  plai n logi c -  agai n I  suppos e b y 

analog y wit h th e rule s o f  logi c w e lear n i n school .  Thes e 

rule s tha t  peopl e hav e i n min d ar e normall y expresse d a s 

relation s amon g cognitiv e element s -  relationship s amon g 

N Fs an d VP' s o r  premise s an d conclusions .  Moreover ,  i n 

many model s o f  languag e an d thought ,  thes e rule s pla y a n 

operativ e role ,  tha t  i s  the y ar e interprete d b y som e inter -

prete r  an d decision s ar e mad e o n th e basi s o f  th e rule s them -

selves .  Ther e ar e obviou s reason s wh y i t  i s  temptin g t o 

thin k o f  languag e an d though t  i n jus t  thi s wa y -  a s a  se t  o f 

rule s w e follo w whil e producin g o r  interpretin g wha t  w e se e 

or  hea r  i n th e cas e o f  languag e an d a s th e se t  'o f  rule s o f 

inference '  w e emplo y i n reasoning .  Languag e i s no t  hapha -

zard .  I n Englis h word s mus t  b e use d i n certai n orders ,  cer -

tai n inflection s mus t  b e use d t o signa l  certai n meaning s (th e s 

fo r  plural ,  th e -e d fo r  pas t  etc. )  an d certai n word s mus t  b e 

use d fo r  certai n meanings .  Mos t  importantly ,  mos t  sen -

tence s ar e entirel y nave l  — the y ar e obviousl y generated ,  no t 

store d an d recalle d again .  O n thi s analysis ,  explic t  rule s 

woul d see m t o b e a  ver y parsimoniou s explanatio n o f  th e 

facts .  Thi s suggest s tha t  languag e learnin g involve s th e 

abstractio n o f  a  se t  o f  suc h rule s an d tha t  languag e produc -

tio n an d comprehensio n involve s th e applicatio n o f  thes e 

genera l  rule s t o th e situatio n a t  hand .  Similarly ,  i n th e cas e 

of  reasoning ,  i t  woul d appea r  tha t  th e mos t  parsimoniou s 

explanatio n o f  ou r  abilit y  t o produc e an d interpre t  argu -

ment s i s tha t  w e hav e someho w abstracte d fro m ou r  experi -

enc e a  se t  o f  rule s o f  inferenc e whic h ar e the n interprete d i n 

any give n situation . 

As neat as these accounts have seemed, there are seri-

ous problem s wit h them .  Ther e ar e characteristi c flaws  i n 

our  reasonin g -  sometime s w e don' t  follo w th e rules .  Simi -

larly ,  languag e i s ful l  o f  exception s t o th e rule s -  case s wher e 

th e genera l  rul e doesn' t  see m t o apply .  Thi s include s 

straî t  forwar d case s lik e th e fac t  tha t  ran g i s th e pas t  o f 
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ring,  no t  ringed  a s w e migh t  hav e though t  t o mor e interest -

in g example s suc h a s th e fac t  tha t  'cold '  mean s somethin g 

rathe r  differen t  i n th e phras e 'col d person '  tha n i t  doe s i n 

th e phras e 'col d water. "  Withi n th e framewor k o f  th e rul e 

accoun t  w e mus t  proliferat e rules ,  differentiat e betwee n rul e 

governe d an d non-rul e governe d case s o r  distinguis h betwee n 

competenc e condition s an d performanc e conditions . 

It has seemed to me for some years now that the 

"explici t  rule '  accoun t  o f  languag e an d thou^ t  wa s wrong . 

I t  ha s seeme d tha t  ther e mus t  b e a  unifie d accoun t  i n whic h 

th e so<alle d rule-governe d an d exceptiona l  case s wer e deal t 

wit h b y a  unifie d underiyin g proces s -  a  proces s whic h pro -

duce s rule-lik e an d rul e exceptio n behavio r  throu ^  th e 

applicatio n o f  a  sin^ e process .  O n thi s account ,  th e rule s 

tha t  w e analyst s discove r  ar e mor e i n ou r  analysi s tha n i n th e 

head s o f  ou r  subjects .  I n short ,  I  hav e com e t o believ e tha t 

th e explanatio n o f  huma n cognitio n b y appealin g t o th e 

interpretatio n o f  rule s state d a t  th e symboli c leve l  i s  not ,  i n 

general ,  goin g t o work . 

I have instead become very interested in a much 

differen t  conceptio n o f  huma n cognitiv e processin g -  a  sys -

te m i n whic h cognitiv e performanc e i s no t  produce d b y th e 

processin g o f  symboli c rules ,  bu t  on e i n whic h bot h th e rul e 

lik e an d non-rule-lik e behavio r  i s a  produc t  o f  th e interac -

tio n o f  a  ver y larg e numbe r  o f  "sub-symbolic '  processes .  I n 

thi s sens e th e rule-lik e behavio r  i s see n t o 'emerge "  fro m 

thes e interaction s rathe r  tha n t o hav e th e processo r  i n an y 

sens e "interpret "  th e rule s a t  hand .  Thi s vie w ha s bee n 

motivate d b y tw o ver y differen t  concern s -  o n th e on e 

hand ,  I  hav e bee n increasingl y disillusione d wit h attempt s t o 

formulat e a n adequat e se t  o f  explanation s a t  th e rul e level . 

The mor e I  lear n abou t  th e wa y languag e an d though t 

proceed s th e les s i t  seem s lik e a n applicatio n o f  genera l 

abstrac t  rules .  O n th e othe r  hand ,  I  hav e becom e increas -

ingl y impresse d wit h th e powe r  o f  wha t  w e hav e com e t o 

cal l  Paralle l  Distribute d Processin g (PDP )  system s a s a n alter -

nativ e t o th e mor e conventiona l  accounts . 

Parallel distributed processing is my short-hand for 

brain-lik e o r  neurall y inspire d processin g systems .  I  a m con -

vince d tha t  brain s proces s informatio n i n way s fundamen -

tall y differen t  fro m conventiona l  digita l  computers . 

Whereas m o d e m computer s ar e capabl e o f  carryin g ou t 
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seria l  operation s i n 10 s o f  nanoseconds ,  brain s carr y ou t 

thei r  operation s i n time s measure d i n th e millisecond s — 

brai n unit s see m t o proces s informatio n 100,00 0 fine s slowe r 

tha n computers! !  Yet ,  eve n ou r  bes t  artificia l  intelligenc e 

system s canno t  com e clos e t o matchin g brain s o n simpl e 

task s lik e recognizin g a  spoke n wor d o r  catchin g a  ball . 

What then is the brain's advantage? I suspect that this 

lie s i n th e kin d o f  computatio n th e brai n i s abl e t o carr y 

out .  Primarily ,  th e brai n succeed s becaus e i s ha s a n enor -

mous numbe r  o f  processin g unit s al l  workin g i n paralle l  an d 

cooperativel y settlin g int o a  solutio n - -  rathe r  tha n calculatin g 

a solution .  Processin g i s don e b y cooperatin g coalition s o f 

independen t  unit s eac h workin g o n th e informatio n mad e 

availabl e t o it .  I t  i s  a s i f  computatio n wer e don e b y havin g 

each littl e processo r  carr y ou t  it s smal l  computatio n an d 

the n vot e o n th e answe r  t o th e question .  Solution s ar e 

reache d b y majorit y rule ,  o r  b y reachin g a  compromise . 

Ther e i s n o centra l  processor ,  rathe r  a  highl y distribute d se t 

of  unit s whos e combine d activit y pushe s th e whol e syste m 

towar d a n action .  Thi s i s a  ver y differen t  vie w tha t  tha t 

implici t  i n th e symboli c rul e oriente d processesin g systems . 

Ther e i s n o interpreter ,  ther e i s n o plac e i n th e syste m wher e 

th e rule s abid .  Thi s doe s no t  den y th e existenc e an d impor -

tantc e o f  symbols .  Symbol s themselve s ar e emergen t  proper -

tie s o f  th e interaction s o f  suc h a  se t  o f  processin g units . 

Symbol s ar e not ,  however ,  processed .  Th e processin g occur s 

at  a  sub-symboli c level .  Regularitie s a t  th e symboli c leve l 

occu r  an d w e ca n writ e description s o f  thos e regularities , 

but  wheneve r  w e formulat e a  rul e a t  tha t  leve l  w e mus t 

recogniz e tha t  th e rul e (o r  law )  i s no t  interprete d b y th e sys -

te m an y mor e tha t  a  bal l  flying  throu ^  th e ai r  compute s th e 

differentia l  equation s whic h describ e it s behavior .  I t  i s 

siml y a  descriptio n o f  th e syste m a t  th e symboli c level . 

The research program I have been carrying out in con-

junctio n wit h Jame s McClellan d an d severa l  othe r  colleague s 

has bee n t o sho w ho w th e cooperativ e interaction s amon g 

many o f  thes e sub-symboli c processin g unit s ca n accoun t  fo r 

th e regularitie s whic h hav e le d t o th e postulatatio n o f 

specifi c  rule s an d which ,  a t  th e sam e time ,  ca n allo w u s t o 

accoun t  fo r  phenomen a whic h ar e difficul t  fo r  a n explicitl y 

rul e base d account .  McClellan d an d I  hav e produce d 

model s i n tw o case s whic h I  believ e offe r  a  genera l  paradig m 

fo r  thi s sor t  o f  informatio n processin g system .  W e hav e 
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shown ho w a  simpl e activatio n mode l  o f  wor d perceptio n 

can behav e a s i f  i t  know s th e rule s o f  En^is h orthograph y 

and w e hav e show n ho w a  simpl e associativ e memor y syste m 

can mimi c th e aquisitio n o f  pas t  tens e ver b morpholog y 

withou t  explicitl y  distinguishin g betwee n regula r  an d excep -

tio n verbs .  Thes e ar e tw o example s o f  a  larg e numbe r  o f 

case s tha t  w e hav e bee n investigating .  I n bot h o f  thes e case s 

th e syste m i s generative ,  bu t  i n neithe r  cas e i s thei r  a n inter -

prete r  o r  anythin g tha t  coul d b e construe d a s a n explici t 

representatio n o f  a  rule . 
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