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C o m p o s i t i o n a l i t y a n d t h e E x p l a n a t i o n o f  C o g n i t i v e 

P r o c e s s e s 

Ti m va n Gelde r 

Departmen t  o f  Philosoph y 

Indian a Universit y 

Abstract: Connectionist approaches to the modeling of cognitive processes have often been at-
tacke d o n th e ground s tha t  the y d o no t  emplo y compositionall y structure d representation s (e.g. , 
Fodo r  &  Pylyshy n 1988) .  Bu t  wha t  exactl y i s  compositiona l  structure ,  an d ho w doe s suc h 
structur e contribut e t o cognitiv e processing ? Thi s pape r  clarifie s thes e question s b y distin -
guishin g tw o differen t  style s o f  compositionality ,  on e characteristi c o f  connectionis t  modelin g 
and th e othe r  essentia l  t o mainstrea m symboli c o r  "Classical "  approaches .  Give n thi s distinc -
tion ,  i t  i s  clea r  tha t  connectionis t  model s ca n emplo y compositionall y structure d representation s 
whil e remaining ,  bot h conceptuall y an d i n practice ,  quit e distinc t  fro m th e Classica l  approach ; 
moreover ,  i t  ca n b e show n tha t  certai n centra l  aspect s o f  cognition ,  suc h a s it s systematicity , 
ar e a t  leas t  i n principl e amenabl e t o Connectionis t  explanation . 

1. STYLES OF COMPOSITIONALITY 

One poin t  o f  genera l  agreemen t  amon g cognitiv e scientist s o f  divers e theoretica l  persuasion s i s tha t 

sophisticate d cognitiv e processin g require s th e interna l  representin g o f  comple x structure d item s o r 

situations .  T o giv e a n obviou s example ,  engagin g i n conversatio n requires ,  a t  som e level ,  th e 

abilit y  t o represen t  th e sentence s used .  I t  i s  generall y agreed ,  moreover ,  tha t  i t  i s  no t  sufficien t 

merel y t o represen t  suc h item s a s a  whole ;  i t  i s  essentia l  tha t  th e interna l  structur e o f  th e item s b e 

represente d an d henc e accessibl e t o th e system .  Thu s ther e i s generall y littl e poin t  i n representin g a 

sentenc e wit h a  singl e letter ,  fo r  thi s i n itsel f  convey s n o informatio n abou t  th e syntacti c structur e 

of  th e sentence ,  an d s o i s o f  almos t  n o hel p i n determinin g ho w th e sentenc e shoul d b e processed . 

One approach ,  perhap s th e mos t  obvious ,  t o th e proble m o f  representin g structure d item s i s 

t o us e representation s tha t  themselve s exhibi t  a  compositiona l  structure .  I n th e mos t  genera l  sense , 

any representatio n i s appropriatel y sai d t o hav e a  compositiona l  structur e whe n i t  i s  buil t  up ,  i n a 

systemati c way ,  ou t  o f  regula r  part s draw n fro m a  certai n determinat e set ;  thos e part s ar e the n th e 

primitiv e constituent s o f  th e representation .  Constituent s ar e se t  i n systemati c correspondenc e wit h 

part s o r  feature s o f  th e ite m t o b e represented ,  an d variou s relationship s amon g thos e part s o r  fea -

ture s ar e indicate d b y th e structura l  relationship s amon g th e representation' s constituents . 

Thoug h thi s descriptio n ma y hav e seeme d transparen t  enough ,  ther e ar e i n fac t  a  numbe r  o f 

fundamentall y differen t  way s i n whic h a  representatio n ca n b e "buil t  up "  ou t  o f  parts ,  an d a  num -

ber  o f  correspondin g notion s o f  "part "  o r  "constituent" .  I n particular ,  w e ca n distinguis h th e 

compositiona l  forma l  structur e o f  th e representatio n itself ,  whic h i s a  fac t  abou t  it s  concret e physi -

cal  design ,  fro m a  wide r  sens e o f  compositionalit y tha t  w e ge t  i f  w e conside r  onl y it s  constituenc y 

relation s (i.e. ,  th e constituent s th e representatio n happene d t o b e constructe d ou t  o f  an d int o whic h 

i t  coul d i n tur n b e broke n down) ,  disregardin g th e particula r  interna l  forma l  configuratio n o f  th e 

representatio n toke n itself . 
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To make this more precise: a compositional representation is one that belongs to a 

compositiona l  scheme ,  wher e a  compositiona l  schem e i s on e tha t  satisfie s th e followin g conditions : 

(a )  Ther e i s a  (typicall y  finite)  se t  o f  primitiv e type s {Pi,... ,  ?„} ;  fo r  eac h typ e Pi ,  ther e i s a n un -

bounde d numbe r  o f  token s o f  eac h type ,  pj . 

(b )  Ther e i s a  (typicall y unbounded )  se t  o f  expressio n type s Ri ;  fo r  eac h typ e Ri ,  ther e i s a n un -

bounde d numbe r  o f  token s o f  thos e types ,  rj . 

(c )  Ther e i s a  se t  o f  abstrac t  transitiv e an d non-reflexiv e constituenc y relation s ove r  thes e primitiv e 

and expressio n types .  C(Ri ,  Rj )  means ,  fo r  example ,  tha t  expression s o f  typ e R j  hav e a s con -

stituent s expression s o f  typ e Ri . 

Sinc e i n mos t  interestin g case s o f  compositiona l  scheme s ther e i s a n unbounde d numbe r  o f  ex -

pressio n types ,  specifyin g suc h a  schem e require s recursiv e rule s determinin g th e allowabl e ex -

pressio n type s i n term s o f  thei r  constituenc y relations ;  a  se t  o f  rule s o f  thi s kin d i s a  gramma r  fo r 

th e scheme . 

Not e tha t  thes e condition s ar e frame d primaril y i n term s o f  primitiv e an d expressio n types , 

and d o no t  ye t  sa y anythin g a t  al l  abou t  ho w token s ar e actuall y t o b e instantiated .  I n othe r  words , 

the y plac e n o constraint s o n th e forma l  sig n desig n o f  representation s i n th e scheme .  Thi s i s a 

matte r  needin g furthe r  specification .  Give n tha t  ther e i s a n unbounde d numbe r  o f  expressio n type s 

t o dea l  with ,  ho w i s i t  possibl e t o specif y wha t  token s o f  eac h typ e shoul d loo k like ? Clearl y thi s 

tas k mus t  als o b e carrie d ou t  recursively .  Th e wa y i n whic h i t  i s  standardl y don e i s b y providin g 

(1 )  actua l  sample s o f  eac h primitiv e class ,  whic h implicitl y  (o r  "ostensively" )  provid e criteri a fo r 

any physica l  item' s countin g a s a n instanc e o f  tha t  primitiv e class ;  an d (2 )  a  concret e mod e o f 

combination ,  which ,  operatin g i n conformit y wit h th e abstrac t  grammatica l  rules ,  i s  use d t o con -

struc t  expressio n token s ou t  o f  set s o f  primidv e tokens .  Consequently ,  knowin g wha t  kind s o f 

thing s coun t  a s token s o f  th e primitives ,  an d knowin g th e systemati c effect s o f  th e mod e o f  combi -

nation ,  w e ca n determin e th e characteristi c physica l  makeu p o f  an y arbitrar y expression . 

It  i s  no w possibl e t o mak e a n importan t  distinctio n amon g kind s o f  compositiona l  scheme , 

accordin g t o th e manne r  i n whic h the y construc t  expressio n tokens .  Mos t  compositiona l  scheme s 

we ar e familia r  wit h als o satisf y th e followin g tw o furthe r  conditions : 

(d )  Primitiv e token s ar e symbols ,  i.e. ,  instantiat e a  distinc t  physica l  pattern ,  suc h tha t  primitiv e 

toke n classe s ar e disjoin t  an d digitall y  separable ; 

(e )  Th e mod e o f  combinatio n i s concatenative . 

A concatenativ e mod e o f  combinatio n is ,  intuitivel y speaking ,  on e tha t  preserve s primitiv e symbo l 

token s i n th e expressio n itself .  Mor e precisely ,  suppos e th e se t  o f  constituent s o f  a n expressio n 

typ e R j  i s  th e se t  o f  primitive s o r  expression s {(Xi :  C(ai ,  Rj)] .  The n a  necessar y conditio n fo r  a 

mode o f  combinatio n t o b e concatenativ e i s tha t  an y toke n r j  generate d usin g tha t  mod e mus t  liter -

all y contai n a  toke n o f  ever y Oi ,  i n th e sens e tha t  som e par t  o r  featur e o f  r j  satisfie s th e identit y 

criteri a fo r  eac h constituen t  tti.  Sinc e th e se t  {Oi }  include s th e primitiv e symboli c constituents ,  i t 
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must be the case that some part or feature of any token rj must satisfy the criteria for counting as an 

instanc e o f  eac h o f  th e symbol s o f  whic h r ,  i s  constructed . 

Representation s i n suc h a  schem e therefor e hav e a  characteristi c forma l  structure ;  the y ar e 

appropriatel y describe d a s symbolic ,  sinc e the y ar e buil t  u p ou t  o f  primitiv e symbol s i n a  ver y di -

rec t  sense .  A n excellen t  exampl e o f  a  symboli c schem e i n thi s sens e i s th e spac e o f  expression s o f 

standar d propositiona l  logic .  Primitiv e symbol s ar e th e letter s "P" ,  "&"," ( "  etc. ,  an d expression s 

tak e th e for m " (P&Q) " ,  " ( ( P & Q ) & R ) "  an d s o on .  Not e tha t  expressio n token s contai n withi n thei r 

boundarie s instance s o f  thei r  constituents ,  includin g i n particula r  thei r  primitiv e symboli c con -

stituents ,  an d tha t  thi s i s  jus t  a  blun t  fac t  abou t  thei r  physica l  configuration .  Jus t  abou t  ever y 

compositiona l  schem e w e ar e familia r  wit h i s symboli c i n thi s sense ;  thi s include s natura l  lan -

guage s (b y an d large) ,  th e variou s forma l  language s o f  logic ,  mathematic s an d compute r  science , 

and knowledg e representatio n formalism s i n artificia l  intelligence . 

Symboli c scheme s shoul d howeve r  b e contraste d wit h scheme s tha t  ar e m c v d y functionall y 

compositional .  Suc h scheme s rela x conditio n (e) ;  the y d o no t  requir e th e us e o f  an y concatenativ e 

m o de o f  combination ,  an d s o ar e no t  constraine d t o preservin g token s o f  symboli c constituent s i n 

expressio n tokens. ^  Fo r  suc h scheme s t o coun t  a s genuinel y compositiona l  howeve r  i t  i s  crucia l 

tha t  the y d o a t  leas t  satisf y th e followin g condition : 

(e' )  ther e ar e general ,  effectiv e an d reliabl e processe s fo r  (i )  generatin g expressio n token s fro m 

thei r  constituent s an d (ii )  decomposin g thos e expression s int o thei r  constituent s again . 

Designin g an d implementin g suc h processes ,  withou t  relyin g o n simpl e concatenatio n o f  symbo l 

tokens ,  i s t o sa y th e leas t  -  a  challengin g engineerin g problem ;  thi s i s on e reaso n w h y concatena -

tiv e language s ar e s o pervasive . 

A graphi c (albei t  fo r  a  numbe r  o f  reason s quit e impractical )  exampl e o f  a  forma l  schem e 

tha t  i s compositiona l  bu t  non-concatenative ,  an d henc e non-symboli c i n thi s stron g sense ,  i s 

"Godelese "  th e numeral s correspondin g t o th e Gode l  number s o f  th e expression s o f  propositiona l 

logic .  Imagin e tha t  instea d o f  writin g d o w n expression s i n thei r  norma l  notatio n w e chos e t o writ e 

d o wn thei r  correspondin g Gode l  numeral s instead .  Sinc e unde r  a  Gode l  numberin g schem e ever y 

expressio n i s assigne d a  uniqu e natura l  number ,  thi s ne w schem e i s expressivel y equivalen t  t o 

propositiona l  logic ;  moreover ,  i t  i s  functionall y compositional ,  sinc e ther e ar e simpl e recipe s fo r 

generatin g th e Gode l  numeral s o f  expression s fro m thos e o f  thei r  constituent s an d vic e versa ,  o n 

th e basi s o f  whic h on e ca n desig n an d implemen t  th e relevan t  compositio n an d decompositio n pro -

cesses .  Ye t  i t  i s  a  simpl e fac t  abou t  th e concret e shap e o f  th e numerica l  token s themselve s that ,  i n 

general ,  a  "complex "  Godeles e numera l  doe s no t  contai n withi n it s physica l  boundarie s token s o f 

it s  Godeles e constituents .  Suppose ,  fo r  example ,  tha t  gn(~ )  =  3  an d gn(P )  =  5 ,  the n gn(~P )  = 

2^.3 ^  =  1944 .  I n Godelese ,  then ,  th e expressio n 194 4 has ,  a s constituents ,  3  an d 5 .  Ye t  i t  i s  jus t 

a blun t  fac t  abou t  th e shape s o f  th e in k mark s o n th e pag e tha t  n o par t  o r  featur e o f  th e toke n 194 4 

^  Ther e ar e interestin g consequence s tha t  follo w from  relaxin g conditio n (d )  a s well :  se e Smolensk y (1987b ,  1988 ) 
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counts, by any reasonable criteria, as a token of either J or 5.' Godelese expressions are built up 

by multiplication ,  no t  concatenation . 

Expression s i n a  merel y functionall y compositiona l  schem e typicall y d o hav e forma l  (i.e. , 

non-semantic )  structur e o f  a  kind .  Indeed ,  thei r  possessin g a  certai n systemati c intema l  physica l 

configuratio n i s essentia l  t o th e possibiUt y o f  real ,  implementabl e generatio n an d decompositio n 

processes .  Still ,  th e crucia l  poin t  i s tha t  the y ar e withou t  forma l  symboli c structure ,  sinc e the y d o 

not  i n genera l  contai n token s o f  thei r  constituents. ^ 

2. COMPOSITIONALITY AND COGNITIVE PROCESSES 

Thi s distinctio n betwee n strictl y concatenativ e compositionalit y o n th e on e han d an d merel y func -

tiona l  compositionaUt y o n th e othe r  ca n b e use d t o clarif y th e differenc e betwee n mainstrea m sym -

boli c o r  "Classical "  approache s t o cognitiv e modelin g an d th e emergin g connectionis t  alternatives . 

Briefl y  put ,  whil e Classica l  approache s ar e committed ,  i n bot h theor y an d practice ,  t o concatenativ e 

compositionality ,  connectionist s ten d t o abjur e suc h stric t  constraints . 

For  example ,  accordin g t o Newel l  an d Simo n i n thei r  classi c formulatio n o f  th e symboli c 

approach ,  i t  i s bot h necessar y an d sufficien t  fo r  a  syste m t o exhibi t  intelligen t  behavio r  tha t  i t  b e a 

Physica l  Symbo l  System ,  wher e 

A physica l  symbo l  syste m consist s o f  a  se t  o f  entities ,  calle d symbols ,  wh ic h ar e physica l 

pattern s tha t  ca n occu r  a s component s o f  anothe r  typ e o f  entit y calle d a n expressio n (o r 

symbo l  structure) .  T h u s a  symbo l  structur e i s c o m p o s e d o f  a  n u m b e r  o f  instance s (o r  to -

kens )  o f  symbol s relate d i n s o m e physica l  w a y (suc h a s on e bein g nex t  t o another) .  A t  an y 

instan t  o f  tim e th e syste m wil l  contai n a  collectio n o f  thes e symbo l  structures... ^ 

This definition encapsulates conditions (a) through (e). In particular, it is manifestly committed to 

(e )  rathe r  tha n (e' )  becaus e symbo l  structure s ar e c o m p o s e d o f  token s o f  symbol s tha t  ar e relate d i n 

s o me physica l  way .  Sinc e ther e ca n b e n o relation s withou t  relata ,  th e symbo l  token s m u s t  b e 

presen t  themselves ,  an d no t  merel y extractabl e b y furthe r  processin g (whic h w o u l d tak e u s t o s o m e 

furthe r  instan t  o f  time) .  Thi s stron g v ie w ha s recentl y receive d furthe r  authoritativ e endorsemen t 

f ro m Fodo r  &  Pylyshyn ,  w h o clai m tha t 

I n th e Classica l  machine ,  th e object s t o whic h th e conten t  A & B i s ascribe d (viz. ,  token s o f 

th e expressio n 'A&B ' )  Hterall y contain ,  a s prope r  parts ,  object s t o wh ic h th e conten t  A  i s 

ascribe d (viz. ,  token s o f  th e expressio n 'A')....I n short ,  i t  i s  characteristi c o f  Classica l 

systems...t o exploi t  array s o f  symbol s s o m e o f  wh ic h ar e atomi c (e.g. ,  expression s lik e 

1 Thi s poin t  i s  no t  a t  al l  impugne d b y th e fac t  tha t  i t  alway s take s som e finite  amoun t  o f  wor k fo r  u s t o determin e whethe r 
or  no t  ther e ar e an y instance s o f  th e symbo l  5  i n token s o f  th e expressio n 1944 ,  an d tha t  som e idio t  savan t  might ,  wit h 
th e sam e amoun t  o f  effort ,  b e abl e t o extrac t  th e prim e factor s an d henc e produc e (i n hi s min d o r  elsewhere )  som e othe r 
toke n o f  J .  What  matter s her e i s simpl y th e physica l  shap e (an d henc e th e causa l  properties )  o f  th e token s themselves . 
Al l  5  inscription s hav e a  fla t  top ,  an d nothin g i n 194 4 ha s a  fla t  top . 
We shoul d no t  b e misle d b y th e fac t  tha t  Gode l  numeral s ar e constructe d concatenativel y fro m th e token s "0" ,  "1" ,  .. .  "9 " 
The crucia l  poin t  i s  tha t  thes e token s ar e no t  properl y describe d a s th e constituent s i n th e Gode l  numera l  scheme .  Th e 
essentiall y  orthographi c rule s o f  numera l  constructio n ar e entirel y differen t  fro m th e grammatica l  rule s governin g 
generatio n o f  th e spac e o f  Gode l  numera l  expressions . 
Newel l  an d Simo n 197 5 p.40 . 
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'A') but indefinitely many of which have other symbols as syntactic and semantic parts 

(e.g .  expression s lik e 'A&B'). i 

The presence of symbolic structure in the current strong sense is essential to the conception of 

cognitiv e processin g whic h underlie s th e symboli c approach ,  fo r  i t  i s  symbol s whic h mediat e be -

twee n th e semanti c an d th e physica l  constraint s o n th e behavio r  o f  th e system .  O n on e hand ,  th e 

law-governe d physica l  behavio r  o f  th e syste m i s explaine d b y referenc e t o th e causa l  rol e o f  sym -

bol  token s themselves ,  whil e o n th e othe r  th e syste m i s interprete d b y mean s o f  semanti c assign -

ment s t o thos e symbols .  Thi s i s jus t  th e classica l  conceptio n o f  computation ,  an d th e symboli c ap -

proac h t o cognitiv e modelin g assert s tha t  cognitio n i s computation. ^ 

Does thi s analysi s confus e propertie s o f  representation s a t  th e cognitiv e leve l  (th e leve l  o f 

\h t  functiona l  architectur e o f  th e system )  wit h detail s o f  th e actua l  implementation ? Migh t  no t  a 

symboli c theoris t  b e satisfie d wit h merel y functionall y compositiona l  representation s a t  th e im -

plementatio n level ? Suggestion s lik e thi s d o a  disservic e t o th e symboli c approac h b y concedin g 

to o much .  Classica l  theorist s hav e alway s insiste d o n th e concretenes s o f  thei r  concatenativel y 

structure d symboli c representations .  Thus ,  fo r  Newel l  an d Simon ,  symbo l  structure s ar e physica l 

entitie s withi n whic h symbo l  token s ar e relate d "i n som e physica l  way; "  Fodo r  &  Pylyshyn ,  like -

wise ,  hav e stresse d tha t  th e combinatoria l  structur e o f  Classica l  representation s mus t  b e mappe d 

directl y ont o structure s i n th e brain .  I t  i s  thi s fac t  whic h make s possibl e th e Classica l  explanatio n 

of  cognitiv e processe s b y referenc e t o th e causa l  rol e o f  th e interna l  syntacti c structur e o f  th e repre -

sentation s themselves .  I f  yo u den y tha t  representation s ar e concatenativ e a t  th e implementatio n 

level ,  yo u mus t  hav e u p you r  sleev e a n independen t  explanatio n o f  ho w cognitiv e processe s ar e 

engineered .  But ,  accordin g t o th e tru e symboli c theorist ,  yo u wil l  no t  -  a s a  matte r  o f  contingent , 

empirica l  fac t  -  b e abl e t o provid e suc h a n explanation . 

The theoretica l  framewor k governin g connectionis t  approache s i s b y compariso n almos t 

completel y undeveloped ,  bu t  w e ca n nevertheles s discer n a n increasin g tendenc y i n mor e recen t 

wor k t o rejec t  precisel y thi s commitmen t  o f  th e mainstrea m approach .  Som e relativel y well-know n 

wor k utilizin g compositiona l  bu t  non-symboli c method s o f  representatio n ar e Smolensky' s tenso r 

produc t  formalism ,  Hinton' s technique s fo r  th e representatio n o f  hierarchica l  structure s vi a reduce d 

descriptions ,  an d Pollack' s Recursiv e Auto-Associativ e Memor y (RAAM). ^ 

Pollack ,  fo r  example ,  devise d a  wa y t o represen t  variable-size d dat a structure s suc h a s 

standar d linguisti c sequence s i n th e for m o f  stacks ,  wher e eac h stac k i s a  distinc t  patter n o f  activ -

it y ove r  a  ban k o f  hidde n unit s i n a  thre e laye r  (i.e. ,  on e hidde n layer )  network .  Thes e stac k 

representation s exhibi t  functiona l  compositionalit y sinc e element s o f  a  sequenc e ca n b e store d an d 

recovered ,  i n appropriat e order ,  quit e reliably .  Ye t  carefu l  analysi s o f  th e stac k representation s 

themselve s (th e pattern s ove r  th e hidde n units )  doe s no t  revea l  feature s tha t  coul d possibl y coun t  a s 

1 Fodo r  &  Pylyshy n 198 8 p .  16 . 
2 Pylyshy n 1984 . 
3 Smolensk y 1987a ,  Hinto n 1988 ,  Pollac k 1988 . 
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tokens of the various primitive elements of the original sequence (nor those of any other symbolic 

scheme) .  Constituent s o f  th e represente d sequence s ar e effectivel y store d i n stack s withou t  bein g 

instantiate d there .  Consequently ,  whil e i t  i s certainl y appropriat e t o sa y tha t  stack s ar e composi -

tiona l  representation s o/symboli c structures ,  the y ar e not ,  strictl y speaking ,  symboli c repre -

sentation s themselves .  Pollac k i s therefor e bein g somewha t  misleadin g whe n h e describe s hi s 

stac k representation s a s "compositiona l  i n th e strictes t  sense;" i  the y ar e compositional ,  bu t  onl y 

functionall y  so ,  no t  i n th e stricte r  concatenativ e sense . 

O ne wa y t o understan d th e disagreemen t  her e i s t o se e tha t  fo r  th e Classica l  theorist ,  an y 

non-trivia l  representatio n o f  a  comple x structure d ite m mus t  itsel f  hav e a  paralle l  structura l 

complexit y i n it s interna l  compositiona l  configuration .  ("Non-trivial "  mean s tha t  th e detail s o f  th e 

interna l  structur e o f  th e item ,  an d no t  jus t  th e ite m a s a  whole ,  ar e bein g effectivel y represented. ) 

Connectionis t  representations ,  b y contrast ,  esche w suc h interna l  compositionalit y i n favo r  o f  a 

merel y functiona l  substitute .  Insofa r  a s w e ar e concerne d wit h compositiona l  forma l  interna l 

structure ,  then ,  th e genera l  poin t  ca n b e pu t  i n term s o f  th e followin g hand y slogan :  fo r  th e 

connectionist ,  representation s o f  structur e nee d no t  b e structure d representations . 

3. IS CLASSICAL COMPOSITIONALITY NECESSARY? 

I f  i t  i s tru e tha t  connectionis m i s properl y characterize d a s utilizin g compositiona l  bu t  non-symboli c 

representations ,  a  numbe r  o f  importan t  consequence s follow .  First ,  a s Smolensk y ha s alread y 

pointe d out ,  i t  i s clea r  tha t  connectionist s ca n emplo y compositiona l  representation s withou t 

thereb y committin g themselve s t o th e stric t  Classica l  approach. ^  Compositionality ,  i n othe r  words , 

i s  b y n o mean s th e exclusiv e prerogativ e o f  th e Classica l  paradigm . 

Second ,  w e ca n sho w tha t  connectionis m i s well-equippe d fo r  th e tas k o f  explainin g certai n 

aspect s o f  cognitio n which ,  i t  ha s bee n argued ,  ar e beyon d th e explanator y reac h o f  an y mode l 

whic h refuse s t o emplo y stricd y Classica l  representation s an d processes .  I n thei r  recen t  influentia l 

critique ,  Fodo r  &  Pylyshy n argue d tha t  cognitio n i s systematic ,  an d tha t  onl y b y postulatin g Clas -

sica l  representation s an d processe s i s ther e an y rea l  hop e o f  explainin g thi s phenomenon .  System -

aticit y consist s i n suc h mundan e fact s a s th e following :  tha t  th e abilit y  t o entertai n on e kin d o f 

though t  alway s goe s alon g wit h th e abilit y  t o entertai n systematicall y relate d thought s (i f  yo u ca n 

thin k Joh n love s th e gir l  yo u ca n thin k th e gir l  love s John) ;  an d tha t  th e abilit y  t o perfor m on e kin d 

of  inferenc e alway s goe s alon g wit h th e abilit y  t o perfor m systematicall y relate d inference s (i f  yo u 

ca n infe r  P  fro m P & Q yo u ca n als o infe r  P  fro m P & Q & R ) . 

H o w doe s utilizin g Classica l  representation s hel p u s i n generatin g a n explanatio n o f  sys -

tematicity ? Fodo r  &  Pylyshy n summariz e a s follows : 

1 p.37 . 

See Smolensk y 1987b .  Thoug h w e agre e o n thi s point ,  w e diffe r  i n emphasizin g differen t  way s i n whic h connectionis t 
representation s ar e non-Classical .  A s mentione d above ,  Smolensk y focuse s o n relaxin g conditio n (d )  whil e I  focu s o n 
conditio n (e) . 
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all the arguments we've been reviewing...are really much the same: If you hold the kind of 
theor y tha t  acknowledge s structure d representations ,  i t  mus t  perforc e acknowledg e repre -
sentation s wit h simila r  o r  identica l  structure.. .  So ,  i f  you r  theor y als o acknowledge s menta l 
processe s tha t  ar e structur e sensitive ,  the n i t  wil l  precic t  tha t  similarl y structure d repre -

sentation s wil l  generall y pla y simila r  role s i n thought .  ̂ 

By this reasoning, if connectionism is to be able to explain systematicity, it must also utilize 

representation s tha t  ca n hav e simila r  o r  identica l  structures ,  suc h tha t  menta l  processe s ca n b e 

sensitiv e t o tha t  structure .  Th e crucia l  question ,  then ,  i s whethe r  suc h structura l  relation s ca n ob -

tai n a m o n g non-Classica l  representations ,  o r  whethe r  onl y strictl y symboli c representation s ca n 

exhibi t  th e relevan t  structura l  similarities .  Fodo r  &  Pylyshyn ,  o f  course ,  clearl y prefe r  th e latte r 

view .  A n y non-Classica l  representations ,  the y assume ,  mus t  b e completel y unstructured ;  conse -

quently ,  ther e ca n b e n o structura l  similarit y relation s fo r  menta l  processe s t o pic k u p on ,  an d s o 

thes e processe s mus t  b e purel y "associationist." ^ 

As I  pointe d ou t  above ,  however ,  compositiona l  bu t  non-concatenativ e representation s 

must  b e internall y structured ,  thoug h o f  cours e the y ar e no t  symbolicall y structured .  Th e distinc -

tiv e structur e o f  a  give n R A A M stac k representatio n fo r  exampl e i s foun d i n th e particula r  distribu -

tio n o f  activit y level s ove r  th e hidde n units .  Somewha t  surprisingly ,  Fodo r  &  Pylyshy n hav e sim -

pl y lef t  thi s whol e clas s o f  representation s ou t  o f  consideratio n entirely .  Sinc e thes e representa -

tion s ar e structured ,  i t  follow s tha t  the y ca n stan d i n structura l  similarit y relations .  Indeed ,  i t  i s 

increasingl y c o m m o n practic e i n connectionis t  modelin g t o analyz e (usin g e.g .  cluste r  analysis ) 

set s o f  representation s i n orde r  t o uncove r  th e orde r  o f  similarit y relation s a m o n g th e representa -

tion s themselves .  Further ,  thes e similarit y relation s ten d t o b e systemati c i n tha t  the y reflec t  th e 

constituenc y relation s o f  th e representations .  Representation s tha t  wer e constructe d i n a  grammati -

call y simila r  fashio n en d u p a s neighborin g point s i n th e relevan t  high-dimensiona l  vecto r  space . 

Consequently ,  i n thi s respec t  connectionist s hav e a t  leas t  th e ra w resource s fo r  generatin g 

an explanatio n o f  th e systematicit y o f  cognition ;  thei r  representation s exhibi t  wha t  Fodo r  & 

Pylyshy n themselve s argu e i s th e essentia l  ingredien t  i n suc h explanations .  Th e tas k tha t  remain s 

i s t o devis e processes ,  implemente d i n connectionis t  architectures ,  fo r  manipulatin g thes e rep -

resentation s i n a  w a y tha t  i s  systematicall y "sensitiv e to "  (i.e. ,  causall y influence d by )  thei r  interna l 

structure ,  an d thu s respect s th e compositionality-base d similarit y relation s amon g representations . 

I n thi s way ,  non-symboli c connectionis t  representation s ca n b e manipulate d i n a  wa y tha t  i s 

systematicall y "sensitiv e to "  (i.e. ,  reflects )  th e comple x structur e o f  th e item s the y represent . 

I t  i s  importan t  t o realiz e tha t  connectionist s hav e scarcel y begu n thi s difficul t  task .  Perhap s 

th e bes t  argumen t  fo r  th e stricd y Classica l  approac h i s tha t  suc h processe s wil l  prov e t o b e infeasi -

bl e i n th e genera l  case ,  i.e. ,  wit h respec t  t o th e eventua l  goa l  o f  accountin g fo r  th e ful l  systemati c 

complexit y o f  huma n cognitiv e performance .  Nevertheles s i t  i s  als o importan t  t o realiz e that ,  a s fa r 

1 198 8 p.48 . 

•̂  See ,  e.g. ,  p.32 .  A n associationis t  menta l  proces s i s on e tha t  i s  sensitiv e onl y t o prio r  correlation s i n experience ,  an d 
not  "t o feature s o f  th e conten t  o r  th e structur e o f  representation s pe r  se. " 

40 



V A N G E L D ER 

as can reasonably be predicted at this stage, there is (contra Fodor & Pylyshyn) no principled bar-

rie r  t o succes s i n tha t  enterprise .  Connectionis t  approache s whic h ar e genuinel y non-Classica l 

hav e a t  leas t  th e basi c resource s t o produc e systemati c performance ,  an d th e hypothesi s tha t  suc h 

representation s i n fac t  underli e ou r  cognitiv e capacitie s doe s no t  rende r  th e systematicit y o f  though t 

a mystery . 
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