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Abstrac t 

This paper offers both a theoretical and an expcrimcnial perspective on the relationship between connectionist 

and Classica l  (symbol-processing )  models .  Firstly ,  a  seriou s fla w i n Fodo r  an d Pylyshyn' s argumen t  agains t 

connectionis m i s pointe d out :  if ,  i n fact ,  a  par t  o f  thei r  argumen t  i s valid ,  the n i t  establishe s a  conclusio n quit e 

differen t  fro m tha t  whic h the y intend ,  a  conclusio n whic h i s demonstrabl y false .  Th e sourc e o f  thi s fla w i s 

trace d t o a n underestimatio n o f  th e difference s betwee n localis t  an d distribute d representation .  I t  ha s bee n 

claime d tha t  distribute d representation s canno t  suppor t  systemati c operations ,  o r  tha t  i f  the y can ,  the n the y 

wil l  b e mer e implementation s o f  traditiona l  ideas .  Thi s pape r  present s experimenta l  evidenc e agains t  thi s 

conclusion :  distribute d representation s ca n b e use d t o suppor t  direc t  structure-sensitiv e operations ,  i n a  man -

ner  quit e unlik e th e Classica l  approach .  Finally ,  i t  i s argue d tha t  eve n i f  Fodo r  an d Pylyshyn' s argumen t  tha t 

connectionis t  model s o f  compositionalit y mus t  b e mer e implementation s wer e correct ,  the n thi s woul d stil l 

not  b e a  seriou s argumen t  agains t  connectionis m a s a  theor y o f  mind . 

Introduction 

The trenchant critique by Fodor and Pylyshyn (1988) threw a scare into the field of 

connectionism ,  a t  leas t  fo r  a  moment .  T w o distinguishe d figures ,  from  th e righ t  sid e o f  th e 

tracks ,  wer e bringin g th e ful l  forc e o f  thei r  experienc e wit h th e computationa l  approac h t o 

cognitio n t o bea r  o n thi s young ,  innocen t  field .  I t  wa s enoug h t o ge t  anybod y worrie d fo r  a 

while .  Bu t  afte r  th e initia l  flurry ,  connectionist s graduall y settle d d o w n t o th e vie w tha t  whil e 

Fodo r  an d Pylyshy n ha d pose d a  challeng e fo r  th e field ,  i t  wa s certainl y no t  a n unanswerabl e 

one .  A  spat e o f  "refutations "  quickl y followed .  Thes e generall y too k tw o forms :  argumen t  (e.g . 

Clar k 1989 ,  Smolensk y 1987 ,  va n Gelde r  1990) ,  o r  counterexampl e (Elma n 1990 ,  Pollac k 1990 , 

Smolensk y 1990) .  (On e i s reminde d o f  Nietzsche' s observation :  "I t  i s  no t  th e leas t  char m o f  a 

theor y tha t  i t  i s refutable." ) 

The point of this paper is to offer a few observations on the whole business. The primary 

purpos e i s t o offe r  a  particularl y simpl e refutatio n o f  Fodo r  an d Pylyshyn' s argumen t  tha t  I  d o 

not  believ e ha s bee n presente d elsewhere .  Straightforwar d consideration s abou t  th e structur e o f 

thei r  argumen t  wil l  sho w tha t  i t  canno t  hav e succeede d i n it s intende d purpose .  Furthermore , 

simpl e a s thes e consideration s are ,  the y lea d int o deepe r  issue s abou t  jus t  wh y thei r  argumen t  wa s 

wrong ,  an d abou t  th e vita l  propertie s o f  connectionis t  model s tha t  wer e no t  take n int o account . 

I n particular ,  th e rol e o f  distribute d representatio n wil l  b e gon e into .  Th e abilit y  o f  distribute d 

representation s t o suppor t  structure-sensitiv e operation s wil l  b e demonstrate d wit h som e 

experimenta l  results .  Finally ,  thi s wil l  lea d int o th e issu e o f  th e possibl e implementatio n o f 

Classica l  idea s b y connectionis t  models ,  an d expos e th e shortsightednes s o f  som e o f  Fodo r  an d 

Pylyshyn' s claim s here . 

Refutatio n 

Recall the major thrust of Fodor and Pylyshyn's argument: that connectionist models cannot 

admi t  o f  a  compositiona l  semantics .  Or ,  mor e accurately ,  no t  unles s the y ar e a n implementatio n 

of  a  Classica l  architecture .  Manifestation s o f  compositiona l  semantic s ar e certainl y ubiquitou s i n 

our  thought ,  particularl y i n ou r  language ,  throug h it s compositionalit y (th e meanin g o f  "th e gir l 

love s John "  i s a  functio n o f  th e meanin g o f  it s constituen t  parts ,  "th e girl" ,  "loves" ,  an d "John") , 
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and it s systematicit y (th e abilit y  t o thin k "Joh n love s th e girl "  i s  tie d t o th e abilit y  t o thin k "th e 

gir l  love s John") .  S o i f  connectionis m canno t  handl e compositiona l  semantics ,  the n that' s a 

proble m fo r  connectionism . 

The refutation of F&P's argument can be stated in one sentence, then explained. If F&P's 

argumen t  i s correc t  a s i t  i s  presented ,  the n i t  implie s thatj m connectionis t  networ k ca n suppor t  a 

compositiona l  semantics ;  no t  eve n a  connectionis t  implementatio n o f  a  Turin g Machine ,  o r  o f  a 

Languag e o f  Thought .  Bu t  thi s i s a  proble m fo r  F & P ,  a s i t  i s  well-know n tha t  connectionis t 

network s ca n b e use d t o implemen t  Turin g Machine s (o r  a t  leas t  Turin g Machine s wit h 

arbitraril y  larg e bu t  finite  tape) ,  an d i t  i s  well-know n tha t  Turin g Machine s ca n b e use d t o 

suppor t  a  compositiona l  semantics .  Furthermore ,  th e huma n brai n i s lik e a  connectionis t 

networ k i n man y ways ,  an d th e huma n brai n certainl y support s a  compositiona l  semantics .  S o i f 

F&P' s argumen t  reall y establishe s tha t  n o connectionis t  networ k ca n suppor t  a  compositiona l 

semantics ,  the n i t  establishe s a  fals e conclusion .  So ,  applyin g th e contrapositiv e o f  th e italicize d 

sentenc e above ,  F&P' s argumen t  i s no t  correc t  a s i t  stands . 

Of course, Fodor and Pylyshyn do not want to imply such a conclusion. Indeed, they take 

grea t  car e t o poin t  ou t  tha t  th e bes t  futur e fo r  connectionis m wil l  li e i n usin g i t  a s a n 

implementatio n strategy .  Connectionis t  implementation s o f  Classica l  system s wil l  certainl y 

suppor t  a  compositiona l  semantics ,  i f  no t  i n a  particularl y interestin g way .  Wel l  an d good ;  o f 

cours e the y mus t  sa y suc h a  thing :  i t  m a y b e slightl y embarrassin g tha t  th e brai n i s mad e o f 

neuron s an d no t  directl y ou t  o f  symboli c structures ,  bu t  i t  i s  a/acr ,  an d a s a  fac t  i t  mus t  b e deal t 
with .  Bu t  wha t  the y sa y i s on e thing .  Thei r  actua l  argumen t  i s a  differen t  matter . 

The substantive argument in F&P's paper, that connectionist models cannot support a 

compositiona l  semantics ,  take s u p onl y a  fe w page s (pp .  15-28) .  Thi s start s wit h a  simpl e 

localis t  connectionis t  networ k (tha t  is ,  a  networ k wit h on e nod e representin g on e concept) .  F & P 

sho w tha t  thi s networ k canno t  possibl y posses s a  compositiona l  semantics ,  an d argu e tha t  thi s 

applie s equall y t o network s wit h distribute d semantic s (tha t  is ,  a  networ k wit h on e concep t  bein g 

represente d ove r  m a n y nodes) .  Therefore ,  th e argumen t  concludes ,  i t  i s  impossibl e fo r  th e 

semantic s o f  a  connectionis t  networ k t o b e compositional ,  whethe r  thes e semantic s ar e localis t  o r 

distributed . 

There is something very strange about this conclusion. It is plainly false; it is universally 

recognize d tha t  som e connectionis t  network s hav e compositiona l  semantics :  namely , 

connectionis t  implementation s o f  Classica l  architectures .  S o w h y ar e thes e no t  exclude d fro m 

th e argument ? Goin g throug h th e argument ,  th e reade r  expect s tha t  a t  an y poin t  soon ,  ther e wil l 

be a n escap e claus e — a  claus e showin g w h y th e argumen t  a s i t  stand s doe s no t  appl y t o 

connectionis t  implementation s o f  Classica l  architectures .  Bu t  thi s claus e neve r  appears ;  nothin g 

clos e t o it ,  i n fact .  F & P ar e lef t  i n th e improbabl e positio n o f  havin g "proved "  tha t  eve n 

connectionis t  implementation s o f  Classica l  model s hav e n o compositiona l  semantics .  Face d wit h 

suc h a  situation ,  w e ca n onl y conclud e tha t  th e argumen t  i s defective .  Supporter s o f  F & P migh t 

argu e tha t  th e fla w simpl y lie s i n th e lac k o f  a n escap e clause ,  whic h ca n easil y b e supplied ;  bu t 

no suc h escap e claus e i s i n evidence ,  an d th e onu s lie s wit h thes e peopl e t o provid e it .  I n th e 

meantime ,  w e ca n conclud e tha t  th e defec t  lie s elsewhere :  ver y likely ,  i n th e generalizatio n fro m 

localis t  t o distribute d semantics .  Mor e o n thi s i n a  moment ,  afte r  a n analogy . 

Say a mad scientist comes up to us with a "proof that the Earth is the only inhabited planet 

i n th e universe .  Sh e run s throug h a n impressiv e a  prior i  argument ,  showin g w h y i t  i s  impossibl e 

tha t  th e right  kind s o f  biochemical s coul d b e assemble d i n th e right  way ,  tha t  th e requisit e 

organizationa l  complexit y coul d no t  arise ,  an d s o on .  Sh e concludes :  lif e coul d no t  hav e arise n 

on an y plane t  i n thi s universe .  Bu t  then ,  o f  course ,  i t  i s  a n obviou s fac t  tha t  lif e aros e o n Earth . 

"That' s O K , "  sh e answers ,  "tha t  suit s m e fine.  W e kne w tha t  already .  S o wha t  I'v e establishe d 

i s tha t  lif e canno t  hav e arise n anywher e bu t  Earth. "  N o w thi s wil l  strik e u s a s a d hoc ,  an d a s 
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extremel y poo r  logic .  Thei r  mai n argumen t  neve r  mentione d Earth ;  ther e wa s n o escap e claus e 
showin g jus t  wh y th e argumen t  doesn' t  appl y t o Earth .  T o modif y th e conclusion s o f  one' s 
argumen t  b y consideration s externa l  t o th e argumen t  i s t o admi t  tha t  th e argumen t  i s faulty . 
("Mar s i s inhabited ? O K ,  ou r  argumen t  demonstrate s tha t  lif e canno t  hav e arise n anywher e bu t 
Eart h o r  Mars." )  I f  th e argumen t  ca n b e fixe d s o tha t  Eart h i s exclude d fro m it s force ,  ver y likel y 
othe r  planet s wil l  b e exclude d also .  Analogously :  i f  F&P' s argumen t  ca n possibl y b e fixe d u p s o 
tha t  i t  exclude s Classica l  implementation s fro m th e scop e o f  it s  conclusion ,  the n th e sam e fixes 
wil l  probabl y exclud e man y othe r  connectionis t  model s too . 

Refuting Fodor and Pylyshyn in Four Easy Steps 

All this has been a long-winded way of making the following simple argument: 

(1) In F&P's argument that no connectionist models can have compositional semantics, there 
i s n o escap e claus e excludin g certai n model s (suc h a s Classica l  implementations )  fro m 
th e forc e o f  th e conclusion .  (B y observation. ) 

(2) If F&P's argument is correct as it stands, then it establishes that no connectionist model 
can hav e compositiona l  semantics .  (Fro m (1). ) 

(3) But some connectionist models obviously do have compositional semantics; namely, 
connectionis t  implementation s o f  classica l  models .  (B y observation ,  accepte d b y all. ) 

(4) Therefore, F&P's argument is not correct as it stands. (From (2), (3).) 

Summing things up: Let C denote the class of all possible connectionist models, together 
wit h al l  possibl e associate d semantics .  Le t  F P denot e th e subse t  o f  C  o f  model s whos e semantic s 
ar e no t  compositional .  Le t  L  denot e th e subse t  o f  C  consistin g o f  model s wit h localis t  semantics . 
Let  IM P denot e th e subse t  o f  C  consistin g o f  connectionis t  implementation s o f  Classica l  models . 
The conclusio n tha t  F & P wan t  t o establis h i s tha t  F P =  C  -  IMP . 

In their argument, F&P first establish that L < FP. (Here "<" denotes set inclusion.) Let us 

gran t  the m this ,  thoug h som e migh t  argue .  The y the n argu e tha t  i t  make s n o differenc e whethe r 
th e semantic s ar e localis t  o r  distributed .  Now ,  clearl y th e tw o possibilitie s o f  localis t  an d 
distribute d semantic s exhaus t  th e se t  C ,  s o thi s argument ,  i f  correct ,  establishe s tha t  F P =  C .  Bu t 
thi s i s plainl y false ,  a s IM P <  C  bu t  i t  i s  no t  th e cas e tha t  IM P <  FP . 

We may conclude that all F&P have established is that L < FP < C - IMP. The step in the 

argumen t  tha t  generahze s t o al l  distribute d semantic s i s plainl y defective .  Althoug h F & P woul d 
lik e t o hol d tha t  i t  generalize s t o al l  distribute d semantic s excep t  thos e use d t o implemen t 
Classica l  models ,  th e burde n rest s wit h the m t o sho w tha t  thi s i s th e case .  Th e conclusio n 
establishe d i s a  muc h weake r  statemen t  tha n F P =  C  -  IMP .  A s thing s stand ,  i t  i s  jus t  a s likel y 
tha t  F P =  L  a s tha t  F P =  C  -  IMP ,  thoug h n o doub t  th e trut h lie s somewher e i n th e middle . 

Localist and Distributed Representation 

So far, we have given a simple logical demonstration that F&P's argument must be flawed. 
I t  remain s t o precisel y locat e th e wea k spo t  i n th e argument .  Fortunately ,  thi s i s no t  har d t o do . 
To find  this ,  w e mus t  thin k abou t  jus t  wh y certai n models ,  implementation s an d possibl y others , 
sli p throug h th e argument' s net .  B y now ,  n o doubt ,  supporter s o f  F & P ar e linin g u p i n droves , 
waitin g t o say :  "Bu t  o f  cours e th e argumen t  doesn' t  appl y t o implementation s o f  Classica l 
models .  Implementation s ar e differen t  — th e representation s o f  Classica l  symbol s i n suc h a 
networ k wil l  no t  exis t  a t  th e leve l  o f  th e node ,  bu t  a t  a  muc h highe r  level .  Thes e symbol s wil l  b e 
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abl e t o combin e compositionall y an d autonomously. "  T o suc h a  perso n w e migh t  repl y 

"Congratulations !  Y o u hav e jus t  discovere d th e powe r  o f  distribute d representation. " 

Many connectionists have noted that the small localist network that F&P used as their chief 

exampl e wa s mos t  unrepresentativ e o f  th e connectionis t  endeavou r  o f  a  whole .  W h e n on e ask s 

what  i s th e deepes t  philosophica l  commitmen t  o f  th e connectionis t  movement ,  th e answe r  i s 

surel y this :  th e rejectio n o f  th e atomi c symbo l  a s th e beare r  o f  meaning .  Connectionist s fee l  tha t 

atomi c token s simpl y d o no t  carr y enoug h informatio n wit h the m t o b e usefu l  i n modelin g 

human cognition .  Rather ,  distributed ,  subdivisible ,  malleabl e representation s ar e th e cornerston e 

of  th e connectionis t  endeavour .  Fo r  thi s reason ,  localis t  network s ar e regarde d b y m a n y 

connectionist s a s no t  reall y connectionis t  a t  all .  Thes e network s emplo y precisel y th e traditiona l 

notio n o f  atomi c symbols ,  wit h a  ne w twis t  adde d b y connectin g al l  o f  thes e b y associativ e links . 

( We migh t  thu s cal l  localis t  connectionis m "symboli c A I  wit h sof t  constraints." ) 

The use of a localist network by F&P, then, betrays a lack of understanding of the 

connectionis t  endeavor .  The y believ e tha t  nothin g depend s o n th e localist/distribute d distinction ; 

th e connectionist ,  o n th e othe r  hand ,  beheve s tha t  everythin g depend s o n it .  T o F & P ,  a 

connectionis t  distribute d representatio n i s jus t  a  spread-ou t  versio n o f  a  singl e nod e (thi s come s 

out  clearl y i n th e footnot e t o p .  15) .  T o th e connectionist ,  a  grou p o f  node s functionin g 

separatel y ha s functiona l  propertie s fa r  beyon d thos e o f  a n isolate d unit .  Smal l  difference s i n th e 

activit y o f  a  subse t  o f  node s ca n mak e subtl e o r  unsubtl e difference s t o late r  processing ,  i n a  wa y 

tha t  n o singl e nod e ca n manage .  A  grou p o f  node s carrie s fa r  mor e informatio n tha n a  singl e 

node ,  an d a s suc h t o th e connectionis t  i s  a  fa r  mor e likel y candidat e fo r  fo r  semanti c 

interpretation .  A n d mos t  importantiy ,  a  distribute d representatio n ha s a  grea t  dea l  o f  interna l 

structure .  (Th e poin t  tha t  Fodo r  an d Pylyshy n underestimat e th e powe r  o f  distributio n i s b y n o 

means original .  I t  wa s firs t  mad e b y Smolensk y (1987). ) 

Before moving on, we should briefly examine F&P's demonstration of why their argument 

applie s equall y t o locdis t  an d distribute d networks .  Thi s wil l  b e brief ,  a s th e relevan t  materia l  i s 

brief .  O n th e botto m o f  p .  15 ,  w e find 

To simplify the argument, we assume a more 'localist' approach, in which each semantically interpreted 

node correspond s t o a  singl e Connectionis t  unit ;  bu t  nothin g relevan t  t o thi s discussio n i s change d i f  thes e 

nodes actuall y consis t  o f  pattern s ove r  a  cluste r  o f  units . 

No argument to be found there. And later (p. 19) 

To claim that a node is neurally distributed is presumably to claim that its states of activation correspond to 

change s i n neura l  activit y — t o aggregate s o f  neura l  'units '  — rathe r  tha n t o activation s o f  singl e neurons . 

The importan t  poin t  i s  tha t  node s tha t  ar e distribute d i n thi s sens e ca n perfectl y wel l  b e syntacticall y an d 

semanticall y atomic :  Comple x spatially-distribute d implementatio n i n n o wa y implie s constituen t 

structure . 

No-one will begrudge F&P this passage. As it stands, it is perfectly true. But it would only 

be interestin g a s argumen t  i f  th e las t  tw o sentence s change d s o tha t  th e "can "  becam e a  "must " 

and th e "i n n o w a y implies "  becam e "forbids" .  Bu t  i t  i s  precisel y thi s tha t  F & P canno t  establish . 

We ca n conclud e tha t  thei r  argumen t  agains t  distribute d representatio n (an d thi s i s th e exten t  o f 

it )  i s  weak .  F & P g o o n t o argu e agains t  connectionis t  model s whos e semantic s ar e "distribute d 

ove r  microfeatures" .  But ,  a s elsewhere ,  th e kind s o f  semantic s the y conside r  bea r  littl e resem -

blanc e t o thos e foun d anywher e i n connectionism .  Thi s i s th e fundamenta l  fla w i n F&P' s argu -

ment :  lac k o f  imaginatio n i n considerin g th e possibl e way s i n whic h distribute d representation s 

can carr y semantics .  I t  i s  a  differen t  variet y o f  distribute d semantic s tha t  woul d b e carrie d b y a 

connectionis t  implementatio n o f  a  Turin g Machin e (an d this ,  then ,  account s fo r  th e logica l  fla w 
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detaile d above. )  A n d i t  i s  a  differen t  variet y agai n o f  distribute d semantic s tha t  ca n yiel d con -

nectionis t  model s o f  compositionalit y i n importan t  ne w ways . 

It is no accident that three of the most prominent counterexamples to F&P's argument — the 

model s o f  Elman ,  Pollack ,  an d Smolensk y — al l  us e distribute d representatio n i n a n essentia l 

way.  Smolensky' s tensor-produc t  architectur e simpl y coul d no t  wor k i n a  localis t  framework . 

It s multidimensiona l  tenso r  representation s ar e b y thei r  natur e sprea d ove r  m a n y nodes .  Elman' s 

implici t  structur e whic h develop s i n a  recurren t  networ k coul d als o no t  succee d i n a  localis t 

framewor k — th e m a n y subtl e adjustment s neede d fo r  variou s syntacti c distinction s t o develo p 

coul d no t  b e made .  A n d Pollack' s Recursiv e Auto-Associativ e M e m o r y ha s a  dee p commitmen t 

t o distributio n — i f  i t  wer e one-concept-to-one-node ,  the n it s recursiv e encodin g schem e coul d 

neve r  ge t  of f  th e ground . 

Structure-Sensitive Operations on Distributed Representations 

The Classicist might now reply: "All this talk of distributed representations is all very well. 

M a y be yo u ca n encod e compositiona l  informatio n int o suc h a  representation .  Bu t  ca n yo u us e 

it? "  Thi s poin t  i s  initiall y  plausible .  I f  th e structura l  informatio n i s presen t  bu t  canno t  b e pro -

cessed ,  the n i t  i s  useless .  Th e Classicis t  migh t  hol d tha t  connectionis t  compositiona l  structur e 

migh t  b e burie d to o deeply ,  to o implicitly ,  t o b e accesse d i n a  usefu l  way .  Indeed ,  i n a  recen t 

paper ,  Fodo r  an d McLaughli n (forthcoming )  argu e tha t  t o suppor t  structure-sensitiv e processing , 

a compositiona l  representatio n mus t  b e a  concatenatio n o f  expHci t  token s o f  th e origina l  constit -

uen t  parts .  I f  thi s argumen t  i s correct ,  the n connectionis t  representation s tha t  represen t  structur e 

onl y i n a  distributed ,  implici t  wa y wil l  no t  hav e th e causa l  powe r  t o suppo n structure-sensitivity . 

One obvious reply that the connectionist might make is that clearly some structure-sensitive 

operation s ca n b e supporte d b y suc h representations :  namely ,  th e operatio n o f  extractio n o f  th e 

origina l  constituents .  Bot h Smolensky' s an d Pollack' s models ,  fo r  instance ,  includ e decoda l  pro -

cesse s tha t  g o fro m a  compositiona l  representatio n bac k t o it s  parts .  Thi s reply ,  whil e valid ,  i s 

not  ver y interesting .  I f  structure-sensitiv e processin g mus t  alway s procee d throug h a n initia l 

stag e o f  decompositio n int o constituents ,  the n wha t  w e ar e dealin g wit h i s essentiall y  a  connec -

tionis t  implementatio n o f  a  Classica l  symbo l  processing .  I n suc h processing ,  distribute d repre -

sentatio n i s use d a s a  mer e implementationa l  technique . 

Fortunately, this is not always the case. In fact, distributed representations of compositional 

structur e ca n b e operate d o n directly ,  withou t  proceedin g throug h a n extractio n stage .  Thi s 

offer s th e promis e o f  a  connectionis t  approac h t o compositionalit y tha t  i s  i n n o sens e a n 

implementatio n o f  th e Classica l  notion .  (I t  shoul d b e note d tha t  Pollac k an d Smolensk y hav e ad -

dresse d thi s issu e briefl y i n thei r  models ,  bu t  i n a  mor e limite d wa y tha n outline d below. ) 

I have performed a series of experiments demonstrating the possibility of effective structure-

sensitiv e operation s o n distribute d representations .  I  ca n onl y outlin e the m ver y briefl y here ; 

the y ar e presente d i n mor e detai l  i n (Chalmers ,  forthcoming) .  Th e experiment s use d a  Recursiv e 

Auto-Associativ e M e m o r y ( R A A M ;  se e Pollac k 1988 ,  199() )  t o encod e syntacticall y structure d 

JOHN LOV E MICHAEL 

MICHAEL 

I S LOVE NI L BY JOH N NI L 

Figur e 1 .  Example s o f  sentence s t o b e represented . 

344 



OUTPUT 1 OUTPUT 2 

o o o o o |  | o o o o 6 

OUTPUT 3 

l o o o o o 

/ \ 

l o o o o 6 1 

/ s 

o o o o o l  l o o o o o" ]  l o o o o o 1 

INPUT 1  INPU T 2  INPUT S 

DISTRIBUTED REP O F PASSIV E SENTENCE 

l o o o o O  O O O O o o o o | 

/ \ /  \ 

/ \ 
z 

o o o o o o o o o o o o o 

DISTRIBUTED REP O F ACTIV E SENTENCE 

Figur e 2 .  Th e basi s o f  th e R A A M network . Figur e 3 .  Th e Transformatio n network . 

representation s o f  sentence s i n distribute d form .  Followin g this ,  a  back-propagatio n networ k 
learne d t o perfor m syntacti c transformation s directl y fro m on e encode d representatio n t o another . 

The sentences represented were all of similar syntactic form to "John loves Michael" (active) 
or  "Michae l  i s  love d b y John "  (passive) .  Fiv e differen t  namesA'erb s wer e use d a s filler s fo r  eac h 
slo t  o f  subject ,  ver b o r  object ,  givin g 12 5 possibl e sentence s o f  eac h typ e altogether .  Thes e 
sentence s wer e assigne d syntacti c structur e a s show n i n Figur e 1 .  A  R A A M networ k wa s traine d 
t o encod e 12 5 sentence s o f  eac h kin d int o a  distribute d form .  (Pollac k 199 0 give s detail s o f  th e 
R A AM architecture. )  Thi s i s don e b y assignin g eac h wor d a  primitiv e localis t  representatio n 
(ove r  1 3 units) ,  an d the n trainin g a  39-13-3 9 backpropagatio n networ k (Figur e 2 )  t o auto -
associat e o n th e thre e leave s descendin g fro m ever y interna l  "node "  (i n th e tree s i n Figur e 1) . 

This gives us a 13-node distributed representation of the three leaves. Where necessary, this 
13-nod e distribute d representatio n i s repropagate d a s par t  o f  th e inpu t  t o th e 39-13-3 9 network , 
leadin g t o higher-orde r  structure s bein g encoded .  Eventually ,  w e hav e a  distribute d 
representatio n o f  th e entir e tree .  Thi s proces s ca n b e used ,  i n principle ,  t o encod e an y tre e o f 
vjilenc e 3  recursively . 

The RAAM network learned to represent all 250 sentences satisfactorily, so that the 
distribute d encoding s o f  eac h sentenc e coul d b e decode d bac k t o th e origina l  sentence .  Thes e 
distribute d representation s wer e the n use d i n modelin g th e proces s o f  syntacti c transformation . 
I n particular ,  th e transformatio n o f  passivizatio n wa s modeled :  tha t  is ,  th e passin g fro m 
sentence s lik e "Joh n love s Michael "  t o sentence s lik e "Michae l  i s  love d b y John" .  (N o 
commitmen t  t o an y particula r  linguisti c paradig m i s bein g mad e here ;  syntacti c transformation s 
ar e simpl y bein g use d a s a  clea r  exampl e o f  th e kin d o f  structure-sensitiv e operation s wit h whic h 
connectionis t  model s ar e suppose d t o hav e difficulty. ) 

150 of the encoded distributed representations (75 active and and the corresponding 75 pas-
siv e sentences )  wer e randoml y selecte d fo r  th e trainin g o f  th e Transformatio n Network .  Thi s 
was a  simpl e 13-13-1 3 backpropagatio n networ k (Figur e 4) ,  whic h too k a  representatio n o f  a n 
activ e ("Joh n love s Michael" )  sentenc e a s input ,  an d wa s traine d t o produc e a  representatio n o f 
th e correspondin g passivize d sentenc e ("Michae l  i s  love d b y John" )  a s output . 

Training proceeded satisfactorily. The interesting part was the test of generalization, to see if 
th e networ k wa s trul y sensitiv e t o th e syntacti c structur e encode d i n th e distribute d forms .  Th e 
Transformatio n networ k wa s teste d o n th e 10 0 remainin g sentence s fro m th e origina l  corpus . 
The 5 0 activ e sentence s wer e encode d b y th e R A A M an d fe d t o th e Transformatio n network , 
yieldin g a  13-nod e outpu t  pattern .  Thi s wa s fe d t o th e R A A M networ k fo r  decoding .  I n al l  5 0 
cases ,  th e outpu t  patter n decode d t o th e correc t  passivize d sentence .  Thus ,  no t  onl y wa s th e 
Transformatio n networ k abl e t o b e traine d t o optima l  performance ,  bu t  th e generalizatio n rat e o n 
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n e w sentence s o f  th e sam e for m wa s 1 0 0 % .  Th e revers e transformatio n wa s als o modele d (fro m 

passiv e t o active) .  Performanc e wa s equall y good ,  wit h a  generalizatio n rat e o f  100% . 

These results establish without doubt that it is possible for connectionist networks to model 

structure-sensitiv e operation s directl y upo n distribute d representations .  Thi s bear s o n th e argu -

ment s a t  han d i n tw o ways . 

(1) It demonstrates that not only can compositional structure be encoded in distributed form, 

but  tha t  th e structur e implicitl y  presen t  withi n th e distribute d for m ca n b e use d directl y fo r 

furthe r  processing .  Thi s provide s a  direc t  counterexampl e t o th e Fodo r  an d McLaughli n argu -

ment .  Despit e th e lac k o f  explici t  concatenativ e structur e i n th e R A A M representations ,  the y 

suppor t  structure-sensitiv e processin g anyway . 

(2) It demonstrates the possibility of structure-sensitive operations in connectionist models 

whic h ar e i n n o sens e implementation s o f  Classica l  algorithms .  T o se e this ,  not e tha t  whe n a 

structure-sensitiv e operation s i s bein g performe d upo n a  Classica l  compositiona l  representation , 

al l  processin g mus t  firs t  procee d throug h a  ste p o f  explici t  decomposition ,  wit h particula r  token s 

bein g explicitl y  extracted .  I n th e connectionis t  mode l  above ,  th e transformatio n operatio n take s 

plac e withou t  eve r  havin g t o extrac t  thos e constituen t  parts .  Instead ,  th e operatio n i s direc t  an d 

holistic . 

T h e Relationshi p Betwee n th e Approache s 

A argument made frequently by Fodor and Pylyshyn is that connectionists have two choices: 

eithe r  (1 )  ignor e th e fact s o f  compositionalit y an d systematicity ,  an d thu s hav e a  defectiv e theor y 

of  mind ,  o r  (2 )  accep t  compositionalit y an d systematicity ,  i n whic h cas e connectionis m merel y 

becomes a  strateg y fo r  implementin g Classica l  models .  Th e followin g passag e i s typical : 

...if you need structure in mental representations anyway to account for the productivity and systematicity 

of  minds ,  wh y no t  postulat e menta l  processe s tha t  ar e structur e sensitiv e t o accoun t  fo r  th e coherenc e o f 

menta l  processes ? Wh y no t  b e a  Classicist ,  i n short ? [p .  67 ] 

This argument is rather curious. It is not only that it contradicts the evidence, demonstrated 

above ,  tha t  connectionis m migh t  mode l  structure-sensitiv e processe s i n a  non-Classica l  way . 

Ther e i s als o a  deeply-embedde d fals e assumptio n here :  th e assumptio n tha t  compositionalit y i s 

al l  ther e is . 

To see the role that this assumption plays, shift the temporal position of the debate back a 

fe w decades .  Le t  u s imagin e tw o traditiona l  behaviorists ,  Fid o an d Pavlovian ,  w h o ar e rathe r 

distresse d a t  th e curren t  tur n o f  events .  Th e revolutionar y "cognitivists "  hav e recentl y appeare d 

on th e screen ,  an d ar e doin g thei r  bes t  t o undermin e th e basi c assumption s o f  decade s o f  soli d 

researc h i n psychology .  Ou r  behaviorist s hav e difficult y graspin g th e ide a o f  thi s movemen t 

The y expres s thei r  bewildermen t  a s follows :  "Surel y yo u al l  recogniz e tha t  Classica l 

Conditionin g i s a  fac t  o f  huma n nature .  Th e empirica l  evidenc e i s overwhelming .  Bu t  you r 

cognitivis t  idea s d o no t  tak e i t  sufficientl y int o account .  Ther e i s n o guarante e o f  stimulus -

respons e associatio n i n you r  model s a s the y stand .  I t  seem s t o u s tha t  yo u hav e tw o choices :  ei -

the r  (1 )  ignor e th e fact s o f  Classica l  Conditioning ,  an d therefor e hav e a  defectiv e theor y o f  mind , 

or  (2 )  accep t  Conditionin g an d stimulus-respons e association ,  i n whic h cas e cognitivis m merel y 

becomes a  strateg y fo r  implementin g th e Behavioris t  agenda. " 

Presumably a cognitivist (such as Fodor or Pylyshyn) would quickly see the flaw in this 

argument .  T o b e sure .  Conditionin g i s a n empirica l  fact ,  an d an y complet e theor y mus t  accoun t 

fo r  it .  Bu t  it' s  certainl y no t  th e onl y fact ,  o r  eve n th e mos t  importan t  fact ,  abou t  th e huma n mind . 

Th e cognitivist s m a y pursu e thei r  o w n researc h agenda ,  makin g progres s i n m a n y areas ,  an d 
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payin g a s muc h o r  a s littl e attentio n t o Conditionin g a s the y like .  Eventuall y the y wil l  hav e t o 

come u p wit h som e explanatio n o f  th e phenomenon ,  an d w h o knows ,  i t  m a y wel l  en d u p lookin g 

much lik e th e Behavioris t  story ,  a s fa r  a s conditionin g i s concerned .  Bu t  Uii s doesn' t  mea n tha t 

th e cognitivis t  theor y o f  min d look s muc h lik e th e behavioris t  theor y overall ,  fo r  th e simpl e 

reaso n tha t  conditionin g i s onl y on e par t  o f  th e story . 

Similarly, compositionality is only one part of the story. Connectionists are free to pursue 

thei r  o w n agenda ,  explainin g variou s aspect s o f  th e min d a s the y se e fit.  Soone r  o r  later ,  the y 

wil l  hav e t o explai n h o w compositionalit y fit s  int o th e picture .  Th e stor y tha t  connectionis m tell s 

abou t  compositionalit y m a y prov e quit e simila r  t o th e Classica l  picture ,  o r  i t  m a y prov e different . 

But  eve n i f  i t  prove s similar ,  thi s diminishe s th e statu s o f  connectionis m no t  a t  all .  Th e fac t  tha t 

connectionis m migh t  implemen t  Classica l  theorie s o f  compositionalit y doe s no t  impl y tha t 

connectionis m woul d b e implementin g Classica l  theorie s o f  mind .  Compositionalit y  i s jus t  on e 

aspec t  o f  th e mind ,  afte r  all .  (Aspect s o f  cognitio n fo r  whic h compositionalit y seem s relativel y 

unimportan t  include :  perception ,  categorization ,  moto r  control ,  memory ,  similarit y judgments , 

association ,  attention ,  an d m u c h more .  Eve n withi n languag e processing ,  compositionalit y i s 

onl y par t  o f  th e story ,  albei t  a n importan t  part. ) 

Behaviorism was very good at explaining conditioning, but it had a problem: it was only 
goo d a t  explainin g conditioning .  Fodo r  an d Pylyshyn' s Classicis m i s goo d a t  explainin g compo -

sitionalit y an d compositiona l  semantics ,  bu t  it' s  no t  necessaril y  goo d a t  explainin g m u c h else . 

Bot h conditionin g an d compositionalit y ar e onl y smal l  aspect s o f  th e mind ;  i t  seem s t o b e a n 

illusio n o f  perspectiv e tha t  le d t o behaviorist s an d Classicist s puttin g s o m u c h respectiv e 

emphasi s o n them . 

Fodor and Pylyshyn's arguments establish that compositionality exists, but for their 

argument s abov e t o succeed ,  the y woul d nee d t o establis h a  rathe r  stronge r  claim :  tha t  composi -

tionalit y i s everything .  Suc h a  clai m i s obviousl y false ,  s o connectionis m ca n g o o n happil y 

tryin g t o explai n thos e area s o f  th e min d tha t  i t  choose s to .  I f  th e connectionis t  stor y abou t  com -

positionalit y end s u p lookin g a  littl e lik e th e Classica l  story ,  the n wel l  an d goo d — i t  implie s tha t 

th e Classicist s haven' t  bee n wastin g thei r  tim e completel y al l  thes e years ,  an d ther e m a y b e roo m 

fo r  a  health y amoun t  o f  ecumenicism .  I n th e meantime ,  preemptiv e relegatio n o f  eithe r  approac h 

t o a  subsidiar y rol e i s probabl y a  ba d idea . 
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