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Abstrac t 

In a now famous paper, Fodor and Pylyshyn 
(1988 )  argu e tha t  connectionis t  networks ,  a s the y 
ar e commonl y constructe d an d trained ,  ar e incapabl e 
of  displayin g certai n crucia l  characteristic s o f  h u m a n 
though t  an d language .  Thes e includ e th e capac -
it y t o emplo y compositionall y structure d representa -
tion s an d t o exhibi t  systematicit y i n though t  an d lan -
guag e production .  Sinc e th e appearanc e o f  Fodo r  an d 
Pylyshyn' s paper ,  a n numbe r  o f  connectionist s hav e 
produce d wha t  see m t o b e counter-example s t o th e 
Fodor-Pylyshy n thesis .  Th e presen t  wor k examine s tw o 
of  thes e apparen t  counter-examples ;  on e i s du e t o El -
m an an d th e othe r  t o St .  Joh n an d McClelland .  I t  i s 
argue d tha t  althoug h Elman' s an d St .  Joh n &  McClel -
land' s network s discove r  a  degre e o f  compositionality , 
and displa y a  degre e o f  systemati c behaviour ,  th e de -
gree s involve d ar e substantiall y les s tha n tha t  foun d i n 
humans,  an d (consequently )  ar e les s tha n wha t  Fodo r 
i c Pylyshy n requir e (o r  presumabl y woul d requir e i f  th e 
questio n wer e pu t  t o them) . 
1.  Introductio n 

I n a  no w famou s paper ,  Fodo r  an d Pylyshy n 
(1988 )  argu e tha t  connectionis t  networks ,  a s the y 
ar e commonl y constructe d an d trained ,  ar e incapabl e 
of  displayin g certai n crucia l  characteristic s o f  h u m a n 
though t  an d language .  Thes e includ e th e capacit y 
t o emplo y compositionall y structure d representation s 
and t o exhibi t  systematicit y i n though t  an d languag e 
production. '  Sinc e th e appearanc e o f  Fodo r  an d 
Pylyshyn' s paper ,  a n numbe r  o f  connectionist s hav e 
produce d wha t  see m t o b e counter-example s t o th e 
Fodor-Pylyshy n thesis .  I n th e presen t  wor k 1  exam -
in e tw o o f  thes e apparen t  counter-examples ;  on e i s du e 
t o Elma n (1990) ,  th e othe r  t o St .  Joh n an d McClellan d 
(1990) .  I  hav e chose n thes e work s because ,  o n th e fac e 
of  it ,  bot h constitut e stron g counterexamples ,  an d be -
caus e bot h ar e directl y concerne d wit h languag e acqui -
sition ,  whic h i s a  foca l  poin t  o f  m y discussio n here .  I n 

''Compositionality '  her e presuppose s tha t  representa -
tion s hav e a  combinatoria l  synta x an d semantics ,  wherea s 
'systematicity '  refer s t o th e systemati c relationship s whic h 
re5u/iwhe n suc h combinatoriall y  structure d representation s 
ar e employed . 

(Hadley ,  1992 )  I  examin e fou r  othe r  recent ,  apparen t 
counter-examples  (du e t o Pollack ,  Smolensky ,  Small , 
and Chalmers. )  A s wil l  emerge ,  I  argu e tha t  althoug h 
Elman' s an d St .  Joh n L  McClelland' s network s dis -
cove r  a  degre e o f  compositionality ,  an d displa y a  degre e 
of  systemati c behaviour ,  th e degree s involve d ar e sub -
stantiall y  les s tha n tha t  foun d i n humans ,  an d (conse -
quently )  ar e les s tha n wha t  Fodo r  &  Pylyshy n requir e 
(o r  presumabl y woul d requir e i f  th e questio n wer e pu t 
t o them) . 

2.  Compositionalit y a n d Systematicit y 

I n thi s sectio n I  examin e tw o experiment s whic h es -
tablish ,  t o varyin g degrees ,  tha t  connectionis t  network s 
(hereafter ,  c-nets )  ca n discove r  th e compositionalit y 
implici t  i n a  trainin g corpu s o f  sentences .  W h e n de -
scribin g th e result s o f  thes e learnin g experiments ,  re -
searcher s commonl y argu e fro m th e fac t  tha t  a  networ k 
ca n correctl y proces s nove l  sentence s (no t  containe d i n 
th e trainin g corpus )  t o th e conclusio n tha t  th e networ k 
has indee d induce d a  compositiona l  structure ,  an d a s 
a consequenc e i s abl e t o exhibi t  a  degre e o f  systematic -
ity .  A s w e examin e th e c-ne t  experiment s describe d 
below ,  i t  wil l  b e usefu l  t o distinguis h differen t  degree s 
of  systematicity ,  accordin g t o th e degre e o f  novelt y o f 
sentence s whic h a  c-ne t  i s abl e t o recogniz e (give n th e 
c-net' s  trainin g regime) .  I  shal l  distinguis h thre e de -
gree s o f  systematicity .  N o doubt ,  i t  woul d b e possibl e 
t o mak e eve n finer  distinctions ,  bu t  fo r  ou r  purpose s 
th e followin g shoul d suffice .  Th e degree s o f  system -
aticit y  are :  weak ,  quasi ,  an d strong . 

1)  Wea k Systematicity .  Network s exhibitin g wea k 
systematicit y ca n perfor m a t  leas t  th e followin g kin d 
of  generalization :  Suppos e tha t  a  trainin g corpu s i s 
"representative "  i n th e sens e tha t  ever y wor d (noun , 
verb ,  etc. )  tha t  occur s i n som e sentenc e o f  th e corpu s 
als o occur s (a t  som e poin t  i n th e trainin g corpus )  i n 
ever y permissibl e syntacti c position .  Thus ,  althoug h 
th e trainin g corpu s omit s som e sentence s permitte d b y 
th e targe t  grammar ,  an y networ k traine d o n thi s cor -
pus wil l  hav e bee n traine d t o recogniz e ever y wor d i n 
ever y syntacti c positio n tha t  th e wor d wil l  occup y i n 
th e se t  o f  nove l  tes t  sentence s whic h ar e use d t o demon -
strat e th e network' s generalizatio n capacity .  Assumin g 
tha t  thi s se t  o f  nove l  sentence s contain s onl y sentence s 
whic h ar e syntacticall y isomorphi c t o sentence s i n th e 
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trainin g corpus ,  an d tha t  n o ne w vocabular y i s present , 
we shal l  sa y tha t  a  c-ne t  exhibit s a t  leas t  weai b system -
aiicii y  i f  i t  i s  capabl e o f  successfull y processin g (b y 
recognizin g o r  interpreting )  nove l  tes t  sentences ,  onc e 
th e c-ne t  ha s bee n traine d o n a  corpu s o f  sentence s 
whic h ar e rtpresentaiiv e i n th e sens e describe d above . 
I  describ e suc h c-net s a s (a t  least )  weakl y systemati c 
i n orde r  t o reflec t  th e fac t  tha t  thei r  generalizatio n ca -
pacit y ha s onl y bee n teste d upo n sentence s whic h ar e 
weakl y nove l  wit h respec t  t o th e trainin g corpus . 

2)  Quasi-Systematiciiy .  W e shal l  sa y tha t  a  syste m 
exhibit s onl y quasi-systematicit y i f  (a )  th e syste m ca n 
exhibi t  wea k systematicity ,  (b )  th e syste m successfull y 
processe s nove l  sentence s containin g embedde d sen -
tences ,  suc h tha t  bot h th e large r  containin g sentenc e 
an d th e embedde d sentenc e ar e (respectively )  struc -
turall y isomorphi c t o variou s sentence s i n th e trainin g 
corpus ,  (c )  fo r  eac h successfull y processe d nove l  sen -
tenc e containin g a  wor d i n a n embedde d sentenc e (e.g. , 
'Bo b know s tha t  Mar y sa w Tom' )  ther e exist s som e 
simpl e sentenc e i n th e trainin g corpu s whic h contain s 
tha t  sam e wor d i n th e sam e syntacti c positio n a s i t 
occur s withi n th e embbede d sentenc e (e.g. ,  'Jan e sa w 
Tom*) .  A  syste m woul d b e merel y quasi-systemati c i f 
'Tom '  neede d t o occu r  (i n th e trainin g corpus )  i n th e 
objec t  positio n o f  a  simpl e sentence ,  befor e th e syste m 
coul d correctl y proces s embedde d occurrence s o f  'Tom ' 
i n objec t  position .  Analogou s remark s appl y t o subjec t 
position ,  ver b position ,  etc . 

3 )  Stron g Systematicity .  W e shal l  describ e a  sys -
te m a s strongl y systemati c i f  (i )  i t  ca n exhibi t  wea k 
systematicity ,  (ii )  i t  ca n correctl y proces s simpl e nove l 
sentence s containin g word s i n position s wher e the y d o 
not  appea r  i n th e trainin g corpu s (i.e. ,  th e wor d withi n 
th e nove l  sentenc e doe s no t  appea r  i n tha t  sam e syn -
tacti c positio n withi n an y simpl e o r  embedde d sentenc e 
i n th e trainin g corpus) .  Not e tha t  a  syste m whic h ha s 
not  bee n traine d o n embedde d clause s m a y stil l  exhibi t 
stron g systematicity ,  becaus e neithe r  conditio n (i )  o r 
(ii )  require s tha t  embedde d sentence s b e present . 

Havin g no w distinguishe d thre e degree s o f  system -
aticity ,  I  shoul d emphasiz e tha t  althoug h thes e de -
gree s ar e directl y relate d t o issue s o f  learnability ,  thei r 
primar y relevanc e t o th e Fodor-Pylyshy n controvers y 
stem s fro m th e fac t  tha t  degree s o f  novelt y ar e a t  is -
sue .  Tha t  novelt y i s th e centra l  issu e i s underscore d b y 
th e fac t  tha t  E lma n an d other s (of .  Hadley ,  1992 )  bas e 
thei r  claim s t o hav e undermine d th e Fodor-Pylyshy n 
thesi s upo n evidenc e tha t  particula r  c-net s ca n pro -
ces s sentence s whic h ar e nove l  wit h respec t  t o trainin g 
sets .  Sinc e thes e author s (an d St .  Joh n an d McClel -
land )  tak e th e abilit y  t o proces s nove l  inpu t  a s evidenc e 
fo r  generalizatio n an d systematicity ,  i t  seem s fai r  turn -
abou t  an d epistemicall y sensibl e t o suppos e tha t  th e 
abilit y  t o proces s variou s degree s o f  novelt y shoul d b e 
take n a s indicativ e o f  variou s degree s o f  systematic -
it y havin g bee n induced .  Moreover ,  quit e apar t  fro m 
th e Fodor-Pylyshy n controversy ,  I  conten d tha t  th e tri -
fol d distinctio n introduce d her e illuminate s importan t 
difference s betwee n th e respectiv e abilitie s o f  human s 
vs .  existin g c-net s t o proces s nove l  kind s o f  input .  T o 

establis h thi s thesis ,  I  shal l  firs t  argu e tha t  human s ex -
hibi t  th e stronges t  o f  m y thre e form s o f  systematicity . 

To begi n with ,  ther e i s goo d reaso n t o believ e tha t 
eve n youn g children ,  w h o hav e no t  ye t  reache d th e 
stag e o f  producin g multi-wor d utterances ,  ar e fre -
quentl y abl e t o obe y simpl e imperativ e sentence s whic h 
contai n word s i n syntacti c position s wher e th e chil d ha s 
neve r  encountere d th e wor d before . 

I t  i s  wel l  known ,  fo r  example ,  tha t  i n th e fe w week s 
whic h preced e a  child' s firs t  multi-wor d utterances , 
a "spurt "  occur s i n a  child' s acquisitio n o f  nominal s 
(bot h c o m m o n an d prope r  nouns) ,  an d tha t  durin g thi s 
perio d childre n ar e abl e rapidl y t o acquir e th e us e o f 
nominal s b y mean s o f  "what' s that "  game s (cf .  (In -
gram ,  1989 ;  Dromi ,  1987)) .  Onc e the y hav e acquire d 
nominal s i n thi s fashion ,  childre n ar e soo n thereafte r 
(i.e. ,  withi n minutes )  abl e t o comprehen d thes e word s 
i n sentence s the y encounter .  Thi s fac t  i s  establishe d b y 
Katz ,  Baker ,  an d Macnamar a (1974 )  w h o als o presen t 
a stron g cas e tha t  th e abilit y  o f  youn g childre n t o di» -
tinguis h prope r  noun s fro m c o m m o n noun s i s muc h 
mor e a  functio n o f  a  child' s prio r  abilit y  t o distinguis h 
re-identifiabl e individual s fro m classe s o f  object s tha n 
i t  i s  a  functio n o f  som e capacit y t o distinguis h word s 
whic h ar e syntacticall y precede d b y a n articl e fro m 
thos e whic h ar e not . 

Moreover ,  a s childre n begi n t o produc e simple , 
multi-wor d utterances ,  the y wil l  ofte n produc e se -
manticall y reasonable ,  albei t  non-grammatica l  combi -
nation s o f  th e word s the y hav e acquire d i n previou s 
contexts .  I n fact ,  childre n d o thi s sufRcientl y ofte n tha t 
some psycholinguist s posi t  th e existenc e o f  a  "chil d 
grammar "  (Ingram ,  1989) .  N o w ,  whethe r  o r  not  w e 
accep t  th e existenc e o f  a  chil d grammar ,  th e fac t  tha t 
childre n ar e abl e t o recombin e word s i n pattern s tha t 
ar e no t  presen t  i n thei r  trainin g corpu s strongl y sug -
gest s tha t  (a t  leas t  i n th e earl y week s o f  multi-wor d 
utterance )  childre n hav e a  m u c h greate r  gras p o f  th e 
semanti c conten t  o f  particula r  word s tha n the y d o o f 
thei r  syntacti c role s (i n adul t  grammars) .  (Th e result s 
of  Katz ,  Baker ,  an d Macnamar a als o reinforc e thi s con -
clusion. )  Furthermore ,  an d mor e t o th e point ,  th e abil -
it y  o f  childre n t o sensibl y recombin e word s i n pattern s 
the y hav e not  bee n traine d t o produc e clearl y demon -
strate s tha t  childre n ar e not  nearl y a s dependen t  upo n 
syntacti c contex t  a s system s whic h ar e onl y weakl y (o r 
quasi )  systematic . 

As w e conside r  somewha t  olde r  children ,  w h o hav e 
acquire d a  rudimentar y synta x (bu t  not  necessaril y  th e 
use o f  prepositiona l  phrase s o r  relativ e clauses) ,  i t  be -
comes transparentl y clea r  tha t  human s ca n lear n t o 
use nominal s lon g befor e the y hav e encountere d the m 
i n al l  possibl e positions .  Fo r  example ,  a  chil d visitin g 
a zo o wit h he r  parent s m a y hea r  he r  mothe r  exclaim , 
"Susie ,  loo k a t  th e otter" .  Susi e m a y reply ,  "What' s 
an otter? "  T h e mother ,  pointing ,  replie s "Here ,  thi s i s 
an otter" .  I f  Susi e i s adep t  a t  language ,  sh e m a y lear n 
th e (approximate )  meanin g o f  'otter '  rapidly ,  b y thi s 
ostensiv e means ,  an d m a y soo n utter ,  "Look ,  M o m m y, 
thi s otte r  i s  chasin g th e othe r  one" .  Althoug h th e chil d 
has neve r  encountere d th e wor d i n subjec t  position , 
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she i s abl e t o us e i t  i n tha t  positio n onc e it s meanin g 
has bee n surmised .  O f  course ,  mos t  childre n wil l  re -
quir e a  fe w repetition s befor e a n ostensivel y introduce d 
wor d enter s lon g ter m memory ,  bu t  thes e repetition s 
need no t  presen t  th e wor d i n al l  lega l  positions .  Wit h 
adults ,  ne w word s m a y ente r  th e vocabular y eve n mor e 
rapidly ,  a s whe n on e surmise s a  word' s meanin g dur -
in g th e cours e o f  conversation ,  o r  whe n listenin g t o a 
brie f  exchang e durin g a  meeting .  Onc e a  word' s mean -
in g ha s bee n surmised ,  mos t  adult s ca n us e i t  freel y 
i n embedde d sentence s an d simpl e sentences ,  althoug h 
the y m a y onl y hav e hear d th e wor d use d i n a  singl e 
syntacti c position . 

We tur n no w t o conside r  connectionis t  system s 
which ,  prim a facie ,  challeng e Fodo r  an d Pylyshyn' s 
vie w o n th e limitation s o f  c-net s vis-a-vi s composition -
alit y  an d systematicity .  I n considerin g thes e system s 
we shoul d bea r  i n min d tha t  Fodo r  an d Pylyshy n ar e 
concerne d wit h th e kin d o f  full-fledge d composition -
alit y  an d systematicit y tha t  h u m a n though t  an d lan -
guag e exhibit . 
2. 1 St .  Joh n an d McClellan d 

St .  Joh n an d McClellan d (1990 )  presen t  a  connec -
tionis t  mode l  whic h learn s t o assig n "semanti c repre -
sentations "  t o Englis h sentence s whic h ar e presente d a s 
input .  Althoug h th e detail s o f  thei r  mode l  ar e some -
what  complex ,  th e overal l  gis t  i s  that ,  vi a backprop -
agation ,  th e networ k i s traine d t o produc e a  correc t 
semanti c representatio n o f  th e situatio n describe d b y 
each inpu t  sentence .  Situation s (o r  events )  describe d 
by inpu t  sentence s consis t  o f  relationships ,  an d th e ob -
ject s involve d i n thos e relationships .  Inpu t  sentence s 
ar e fe d int o th e networ k i n presegmente d constituents . 
As eac h constituen t  i s  processed ,  a n inspectio n i s m a d e 
t o se e whethe r  th e networ k ha s outpu t  th e desired , 
complet e representatio n o f  th e targe t  situation .  Back -
propagatio n i s performe d afte r  eac h suc h inspection . 
Becaus e i t  i s  usuall y no t  possibl e t o predic t  th e entir e 
targe t  representatio n o n th e basi s o f  isolate d sentenc e 
constituents ,  th e networ k i s force d t o lear n association s 
betwee n individua l  constituent s an d particula r  object s 
or  relation s i n th e targe t  situation . 

Sentence s whic h serv e a s inpu t  constitut e a  highl y 
simplifie d versio n o f  English ,  i n tha t  al l  article s ar e 
delete d an d onl y singula r  noun s ar e present .  However , 
certai n prepositiona l  phrase s ar e permitted .  Eac h tar -
get  semanti c representatio n consist s o f  a n ordere d se -
rie s o f  role/fille r  pairs .  Role s ar e agent ,  action ,  patient , 
etc. ,  an d fillers  ar e "concepts "  {m y scar e quotes )  cor -
respondin g t o individua l  noun s an d verbs .  Thus ,  eac h 
semzmti c representatio n i s a  structured ,  concatenate d 
sequenc e o f  pairs .  B y itself ,  thi s aspec t  o f  th e mode l 
woul d see m t o undermin e an y potentia l  th e mode l 
migh t  posses s fo r  deposin g Fodo r  an d Pylyshyn' s the -
si s tha t  h u m a n though t  require s structured ,  interna l 
representations .  Fo r  th e experimenta l  desig n presup -
pose s th e existenc e o f  suc h representation s (a t  th e 
poin t  wher e backpropagatio n i s employed) .  Moreover , 
th e abilit y  t o for m suc h representation s presuppose s 
tha t  th e learne r  ha s alread y discovere d a  compositional , 
systemati c metho d o f  representin g situations .  Thus , 

fro m Fodo r  an d Pylyshyn' s standpoint ,  th e model' s de -
sig n concede s on e o f  thei r  majo r  contentions .  However , 
th e questio n stil l  remain s whethe r  th e mode l  acquire s 
knowledg e o f  th e compositional ,  systemati c natur e o f 
it s  inpu t  sentences .  St .  Joh n an d McClellan d (here -
after ,  St .J&Mc )  clearl y clai m tha t  i t  doe s (p .  250 , 
1990) ,  an d i t  i s  thi s clai m w e no w consider . 

As mentioned ,  St.J&Mc' s trainin g corpu s include s 
sentence s containin g prepositiona l  phrases .  Unfortu -
nately ,  whe n testin g thei r  networ k fo r  th e acquisitio n 
of  compositiona l  knowledg e (whic h i s manifeste d a s 
systematicity )  St.J.&M c use d simple r  trainin g corpora , 
whic h lacke d prepositiona l  phrases .  T w o experiment s 
wer e conducte d t o tes t  fo r  systematicit y o f  behaviou r 
-  on e syntactic ,  th e othe r  semantic .  Test s fo r  syntacti c 
systematicit y involve d onl y 1 0 object s an d 1 0 reversibl e 
actions .  Eac h objec t  (action )  uniquel y correspond s t o 
a particula r  nou n (verb )  i n th e trainin g corpus .  Bot h 
activ e an d passiv e ver b form s wer e permitted ,  an d eac h 
inpu t  sentenc e ha d th e genera l  form :  [nou n verb-for m 
noun] .  Give n tha t  bot h activ e an d passiv e form s ar e 
possible ,  a  tota l  o f  200 0 sentence s ar e possible .  Al l  200 0 
sentence s wer e generated .  O f  these ,  175 0 comprise d th e 
trainin g corpus ,  an d th e remainin g 25 0 wer e se t  asid e 
fo r  late r  testing .  Althoug h St .J&M c d o no t  explicitl y 
say so ,  thei r  remark s elsewher e (p .  243 ,  1990 )  sug -
ges t  tha t  thes e 25 0 sentence s wer e randoml y selected . 
Assumin g the y were ,  i t  i s  highl y probabl e tha t  th e re -
mainin g 175 0 sentence s containe d occurrence s o f  ev -
er y wor d i n ever y lega l  syntacti c position .  (Otherwise , 
8 0 % o f  th e 25 0 tes t  sentence s woul d hav e t o contai n th e 
same particulat r  nou n o r  ver b i n th e sam e syntacti c po -
sition .  Give n tha t  ther e ar e 1 0 noun s an d 1 0 verbs ,  thi s 
i s extremel y unlikely.̂ )  Moreover ,  St .J&M c giv e n o 
indicatio n tha t  th e trainin g corpu s (o f  175 0 sentences ) 
does no t  includ e ever y possibl e wor d i n ever y possibl e 
position .  O n th e availabl e evidence ,  therefore ,  i t  i s  rea -
sonabl e t o believ e tha t  th e trainin g corpu s doe s presen t 
ever y wor d i n ever y possibl e position .  Thi s conclusio n 
i s reinforce d b y St.J&Mc' s remar k tha t  " W h a t  meike s 
thi s a  generalizatio n tas k i s tha t  som e o f  th e sentence s 
wer e se t  asid e an d no t  trained :  som e agent s wer e neve r 
paire d wit h certai n object s (m y emphasis) .  T h e fac t 
tha t  sentence s i n th e tes t  corpu s describ e nove l  agent -
objec t  combination s doe s presen t  convincin g evidenc e 
of  generalization ,  bu t  doe s no t  sugges t  tha t  anythin g 
stronge r  tha n wea k systematicit y an d compositionalit y 
wer e teste d for .  T o b e sure ,  th e networ k doe s displa y 
some degre e o f  systematicity .  T h e networ k assign s th e 
correc t  semanti c representatio n t o 9 7 % o f  th e nove l  25 0 
sentences .  However ,  give n th e abov e considerations , 
i t  seem s entirel y likel y tha t  th e networ k display s onl y 
weak syntacti c systematicity . 

T h e tes t  fo r  semanti c generalizatio n i s analogous ,  i n 
relevan t  respects ,  t o th e on e jus t  described .  T h e se -

^Not e tha t  1 0 % o f  th e 200 0 origina l  sentence s contai n a 
give n nou n o r  ver b i n a  give n position .  So ,  i f  a  give n nou n 
or  ver b doe s no t  occu r  i n a  give n positio n withi n th e 175 0 
trainin g sentences ,  the n 20 0 o f  th e 25 0 tes t  sentence s mus t 
contai n tha t  give n wor d i n th e give n position . 
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manti c tes t  involve d a  se t  o f  40 0 possibl e sentences ,  o f 
whic h 35 0 wer e use d fo r  trainin g an d th e remainin g 5 0 
wer e use d fo r  testing .  S t .J&M c explicitl y  not e tha t  th e 
50 tes t  sentence s wer e randoml y selecte d fro m th e se t 
of  400 .  A s before ,  th e se t  o f  40 0 sentence s exhaust s th e 
spac e o f  possibl e sentences .  N o w ,  sinc e th e 5 0 tes t  sen -
tence s wer e randoml y chosen ,  i t  i s  extremel y probabl e 
(b y analog y wit h th e reasonin g give n i n th e previou s 
footnote )  tha t  eac h wor d occurre d i n a  syntacti c posi -
tio n withi n th e tes t  corpu s tha t  i t  als o occupie d withi n 
th e trainin g corpus .  Thus ,  i t  i s  virtuall y certai n tha t 
th e tes t  fo r  semanti c generalizatio n establishe d onl y 
weak systematicity .  Certainly ,  w e ar e give n n o reaso n 
t o suppos e otherwise .  Also ,  i t  i s  clea r  tha t  St.J&Mc' s 
model  wa s no t  eve n intende d t o displa y th e kin d o f 
strongl y systemati c behaviou r  an d rapi d integratio n o f 
semjinti c knowledg e whic h ou r  exampl e o f  th e chil d a t 
th e zo o illustrate s (involvin g th e wor d 'otter') . 

I t  shoul d b e acknowledged ,  however ,  tha t  despit e th e 
weaknesse s mentione d above ,  th e networ k w e hav e con -
sidere d yield s som e impressiv e results ,  includin g th e 
abilit y  t o lear n "t o disambiguat e ambiguou s words ;  in -
stantiat e vagu e words ;  assig n themati c roles ;  an d im -
mediatel y adjus t  it s  interpretatio n a s eac h constitu -
ten t  i s processed "  (p .  220 ,  1990) .  Eve n th e abilit y 
t o demonstrat e wea k systematicit y i s n o smal l  feat . 
However ,  i t  shoul d b e remembere d tha t  human s ap -
pea r  t o exhibi t  a  m u c h stronge r  for m o f  systematicit y 
tha n this . 
g. 2 E lma n 

We tur n n o w t o th e wor k o f  E lma n (1989 ,  1990 )  o n 
connectionis t  learnin g o f  syntacti c structure .  E lma n 
contend s tha t  "th e sensitivit y t o contex t  whic h i s char -
acteristi c o f  m a n y connectionis t  models ,  an d whic h i s 
built-i n t o th e architectur e o f  th e network s use d here , 
doe s no t  preclud e th e abilit y  t o captur e generalization s 
whic h ar e a t  a  highe r  leve l  o f  abstraction. "  I n ad -
dition ,  E lma n clearl y oppose s hi s result s (an d thos e 
of  others ,  includin g St .J&Mc )  t o th e conclusion s ad -
vance d b y Fodo r  an d Pylyshy n (1988) ,  an d t o Fodor' s 
(1976 )  Languag e o f  Though t  thesis .  Yet ,  whil e i t  i s 
clea r  tha t  Elman' s network s d o generaliz e an d acquir e 
a degre e o f  systematicity ,  i t  i s  b y n o mean s clea r  tha t 
the y displa y th e degre e o f  systematicit y tha t  human s 
exhibit .  Moreover ,  sinc e Elman' s researc h doe s no t  ad -
dres s issue s o f  semanti c systematicit y an d composition -
ality ,  i t  i s  unclea r  whethe r  thi s wor k actuall y threaten s 
Fodor' s view s o n th e Languag e o f  Thought .  Afte r  all , 
we sa w tha t  St .J&M c wer e abl e t o trai n thei r  networ k 
t o discove r  semanti c compositionalit y onl y whe n the y 
assume d th e prio r  existenc e o f  a  concatenative ,  struc -
ture d se t  o f  interna l  representations .  However ,  le t  u s 
conside r  Elman' s result s i n som e detail . 

E l m a n (1989 ,  1990 )  describe s tw o experiments ,  bot h 
employin g recurren t  network s wit h a  contex t  laye r 
feedin g bac k int o th e hidde n layer .  Th e trainin g pro -
cedur e fo r  bot h network s i s essentiall y  th e same .  Sim -
plifie d Englis h sentence s (article s ar e absent )  ar e fe d 
int o th e networ k on e wor d a t  a  time ,  an d backprop -
agatio n i s use d i n a  (prim a facie )  attemp t  t o trai n 
th e networ k t o predic t  th e nex t  wor d i t  wil l  receiv e 

as input .  However ,  sinc e a  larg e trainin g corpu s i s em -
ploye d (10,00 0 sentence s i n eac h experiment) ,  th e net -
wor k canno t  lear n t o predic t  th e nex t  inpu t  word ,  bu t 
doe s lear n (i n essence )  t o predic t  th e syntacti c categor y 
of  th e followin g word .  T h e first  o f  th e tw o experiment s 
i s designed ,  i n fact ,  t o demonstrat e tha t  th e networ k 
doe s indee d develo p a  se t  o f  syntacti c categorie s whic h 
correspon d t o th e traditiona l  grammatica l  categories . 
Cluste r  analysi s o n th e network' s hidden-laye r  activa -
tio n value s reveal s tha t  th e networ k acquire s approxi -
matel y traditiona l  categories ,  a s wel l  a s (approximate ) 
subcategorie s correspondin g t o animat e noun ,  inani -
mat e noun ,  transitiv e verb ,  etc. ^  T h e syntacti c corpu s 
fo r  thi s experimen t  consist s entirel y o f  simpl e 2  an d 3 
wor d sentences .  Bot h singula r  an d plura l  noun s ar e 
included ,  an d th e networ k doe s lear n t o detec t  numbe r 
agreement . 

T h e secon d experimen t  i s designe d t o tes t  whethe r 
a somewha t  mor e comple x recurren t  networ k ca n dis -
cove r  syntacti c structure .  I n thi s experimen t  th e train -
in g corpu s include s relativ e clauses ,  embedde d t o a 
m a x i m u m dept h o f  tw o (judgin g b y example s pro -
vided) .  N o w ,  althoug h th e acquisitio n o f  approximat e 
syntacti c categorie s i n th e first  experimen t  seem s t o 
indicat e tha t  a  degre e o f  systematicit y ha s bee n discov -
ered ,  onl y i n thi s latte r  experimen t  i s a  tes t  fo r  system -
aticit y explicitl y  performed .  W e therefor e concentrat e 
our  attentio n upo n th e latte r  experiment. ^ 

T h e trainin g regim e fo r  th e secon d experimen t  con -
siste d o f  fou r  phases ,  th e first  o f  whic h presente d th e 
networ k wit h a  continuou s strea m o f  10,00 0 sentences , 
containin g n o relativ e clauses .  T h e thre e remainin g 
phase s eac h buil t  upo n th e precedin g phases ,  an d in -
volve d increasingl y hig h percentage s o f  relativ e clauses . 
Thi s controlled ,  graduate d exposur e t o relativ e clause s 
raise s question s abou t  th e psychologica l  plausibilit y  o f 
th e design ,  whic h I  shal l  explor e i n sectio n 3 .  However , 
our  presen t  concer n i s wit h systematicity .  Give n tha t 
th e initia l  trainin g phais e involve d 10,00 0 sentences , 
comprise d onl y o f  8  c o m m o n nouns ,  2  prope r  nouns , 
an d 1 2 verbs ,  w e hav e goo d reaso n t o suppos e tha t  th e 
initia l  trainin g corpu s presente d ever y wor d i n ever y 
syntacticall y lega l  position. ® Assumin g thi s i s  so ,  i t  i s 
clea r  tha t  th e first  phas e coul d induc e onl y wea k sys -
tematicity .  Moreover ,  ther e i s n o reaso n t o suspec t  tha t 
any stronge r  for m o f  systematicit y i s  establishe d b y th e 
late r  trainin g phases ,  sinc e ever y possibl e arrangemen t 

^Thes e categorie s onl y approximat e traditiona l  cate -
gorie s becaus e (fo r  example )  th e representation s develope d 
fo r  subjec t  an d objec t  token s o f  th e sam e nou n ar e no t 
identical ,  thoug h the y d o cluste r  together . 

*Also ,  i t  i s  quit e clea r  tha t  th e trainin g corpu s fo r  th e 
first  experimen t  presente d ever y wor d i n ever y syntacticall y 
lega l  position .  Thi s ca n readil y b e establishe d o n th e basi s 
of  th e numbe r  o f  noun s an d verb s available .  I t  foUow s tha t 
th e first  experimen t  establishe s onl y wea k systematicit y a t 
best . 

*Not e tha t  eve n i f  w e assume d tha t  ever y ver b optionall y 
take s a  direc t  object ,  th e tota l  numbe r  o f  possibl e simpl e 
sentence s is :  [1 0 noun s x  1 2 verb s x  1 0 noun s =  1200 ]  plu s 
[1 0 noun s x  1 2 verb s =  120] . 
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of  noun s an d verb s tha t  coul d occu r  a s th e complemen t 
of  a  relativ e claus e appear s t o hav e bee n presen t  withi n 
simpl e sentence s i n th e firs t  trainin g corpus . 

I n passing ,  i t  i s  wort h notin g tha t  E lma n doe s no t 
say whethe r  hi s tes t  corpu s include d greate r  dept h o f 
embeddin g tha n wer e presen t  i n th e trainin g corpus . 
Thi s i s unfortunate ,  sinc e th e abilit y  t o generaliz e t o 
greate r  depth s i s a n importan t  componen t  o f  h u m a n 
thought . 
3.  Plausibilit y  o f  Trainin g R e g i m e s 

I n th e precedin g page s I  hav e occasionall y com -
mente d upo n psychologicall y problemati c aspect s o f 
certai n o f  th e trainin g regime s invloved .  Althoug h 
none o f  th e author s considere d her e m a k e stron g claim s 
fo r  th e psychologica l  plausibilit y  o f  thei r  methods ,  i t 
i s  importan t  t o conside r  whethe r  th e result s obtaine d 
actuall y requir e learnin g condition s whic h ar e trul y im -
plausible .  For ,  eve n compeienc e model s o f  cognitiv e be -
haviou r  (a s wel l  a s performanc e models )  ar e normall y 
expecte d t o preserv e (o r  a t  leas t  approximate )  exten -
siona l  relationship s betwee n a n agent' s rea l  inpu t  an d 
rea l  output .  I f  a  particula r  c-ne t  trainin g regim e re -
quire s th e existenc e o f  inpu t  copor a o r  externa l  erro r 
feedbac k whic h simpl y d o no t  occu r  i n h u m a n condi -
tions ,  the n seriou s doubt s aris e a s t o whethe r  th e c-ne t 
model  ca n eve n provid e insigh t  int o h u m a n cognition . 
Thi s i s especiall y tru e whe n ther e appear s t o b e n o wa y 
t o modif y th e c-net s involve d suc h tha t  mor e realisti c 
set s o f  inpu t  an d outpu t  ca n b e accommodated . 

I n wha t  follow s I  examin e aspect s o f  th e wor k o f 
St.J&M c (1990 )  an d E lma n (1989 ,  1990 )  whic h prim a 
faci e (a t  least )  involv e seriousl y unrealisti c assump -
tion s abou t  certai n learnin g and/o r  biologica l  condi -
tion s involve d i n h u m a n languag e acquisition . 
S. l  St .  Joh n an d McClellan d (J990 ) 

Recal l  tha t  th e trainin g regim e o f  St .J&M c presup -
pose s tha t  th e learne r  ha s alread y apprehended ,  a t  th e 
tim e a  give n inpu t  sentenc e i s processed ,  th e particula r 
externa l  stat e o f  affair s tha t  th e sentenc e describes . 

The learne r  apprehend s thi s stat e o f  affair s b y havin g 
& structured ,  sequentiall y  ordere d representatio n o f  thi s 
stat e o f  affair s i n mind .  I  hav e alread y remarke d tha t 
thes e structure d representation s resemble ,  i n spiri t  a t 
least ,  thos e o f  Fodor' s Languag e o f  Thought .  However , 
our  presen t  concer n i s wit h a  differen t  problem ,  viz. , 
i s  i t  legitimat e t o assum e tha t  a m o n g al l  th e variou s 
state s o f  affair s perceptuall y availabl e t o th e agen t  a t 
th e tim e th e sentenc e i s presented ,  th e agent' s attentio n 
i s draw n t o th e particula r  stat e o f  affair s describe d b y 
th e sentence ? 

St.J&M c briefl y addres s th e abov e difficult y whe n 
the y sa y (p .  249 ,  1990 )  "Th e proble m o f  discoverin g 
whic h even t  i n th e worl d a  sentenc e describe s whe n 
multipl e event s ar e presen t  woul d b e handle d i n a  sim -
ila r  way ,  thoug h w e hav e no t  modelle d it .  Again ,  th e 
aspect s o f  th e worl d tha t  th e sentenc e actuall y de -
scribe s woul d b e discovere d graduall y ove r  repeate d tri -
als ,  whil e thos e aspect s tha t  spuriousl y co-occu r  wit h 
thes e describe d aspect s woul d was h out" .  However , 
ther e m a y b e a  seriou s proble m wit h St.J&Mc' s sugges -
tion .  For ,  give n thei r  experimenta l  design ,  i f  spuriou s 

state s o f  affair s wer e frequentl y presente d t o th e back -
propagatio n algorith m a s th e intende d targe t  stat e o f 
affairs ,  th e numbe r  o f  iteration s require d t o was h ou t 
th e spuriou s informatio n m a y wel l  b e utterl y implau -
sible .  Eve n withou t  spuriou s information ,  th e networ k 
require s ove r  300,00 0 iteration s befor e i t  begin s t o mas -
te r  sentence s i n passiv e voice .  Wer e a  substantia l  per -
centag e o f  spuriou s state s o f  affair s t o b e presented , 
th e complexit y o f  th e learnin g tas k woul d certainl y in -
crease ,  an d w e hav e n o reaso n t o suppos e th e numbe r 
of  iteration s involve d woul d fal l  withi n anythin g re -
semblin g a  plausibl e range .  Eve n th e existin g figur e o f 
roughl y 300,00 0 raise s doubts .  Thes e doubt s woul d no t 
be s o unsettlin g i f  w e ha d reaso n t o believ e tha t  alter -
nativ e architecture s woul d dramaticall y decreas e th e 
iteration s involved ,  bu t  th e author s presen t  n o argu -
ment s t o tha t  effect .  Moreover ,  w e mus t  bea r  i n min d 
tha t  th e learnin g tas k ha s alread y bee n dramaticall y 
oversimplifie d b y (a )  th e absenc e o f  article s i n th e in -
pu t  copor a an d (b )  th e fac t  tha t  th e agent' s interna l 
representatio n o f  th e targe t  stat e o f  affair s contain s a 
marke r  indicatin g whethe r  th e inpu t  sentenc e i s i n ac -
tiv e o r  passiv e voice .  I t  i s  ver y difficul t  t o se e ho w 
a perceptio n o f  a n externa l  stat e o f  th e worl d coul d 
yiel d a n indicatio n a s t o whethe r  th e give n sentenc e 
was activ e o r  passive .  Also ,  i t  seem s implausibl e tha t 
th e agen t  woul d represen t  voic e informatio n befor e th e 
active-passiv e distinctio n ha d bee n a t  leas t  partiall y 
mastered .  Not e tha t  tha t  distinctio n i s discoverabl e i n 
th e relationship s betwee n th e inpu t  sentence s an d th e 
internall y represente d state s o f  affairs ,  no t  i n th e latte r 
representation s alone . 

Anothe r  difficult y concern s th e wa y i n whic h 
St.J&M c emplo y th e backpropagatio n algorithm .  Dur -
in g th e trainin g procedure ,  a s eac h constituen t  o f  a 
sentenc e i s processe d i n turn ,  th e resultin g patter n 
on th e outpu t  laye r  i s compare d t o th e entir e targe t 
stat e o f  affairs .  Difference s ar e noted ,  an d bztckprop -
agatio n o f  erro r  i s employe d afte r  eac h constituen t  i s 
processe d (althoug h weigh t  change s ar e accumulate d 
an d adjuste d afte r  eac h 6 0 trials) .  N o w th e lac k o f  a 
biologica l  correlat e fo r  th e standar d backpropagatio n 
algorith m i s a  wel l  know n problem ,  bu t  th e defens e i s 
commonl y m a d e tha t  ther e m a y exis t  som e unknow n 
biologica l  proces s whos e effect s ar e roughl y analogou s 
t o thos e o f  thi s algorithm .  Thi s defens e i s reminiscen t 
of  th e kin d o f  hand-wavin g tha t  som e connectionis t  fin d 
lamentabl e i n classica l  AI .  However ,  eve n i f  thi s hand -
wavin g respons e i s accepted ,  an d eve n i f  w e accep t  a 
suggestio n o f  Smolensk y tha t  connectionis t  processin g 
occur s a t  a  mor e abstrac t  leve l  tha n th e neure d level , 
stil l  ther e mus t  b e som e biologica l  proces s whic h i s 
presume d t o suppor t  th e mor e abstrac t  proces s whic h 
i s suppose d t o (roughly )  correspon d t o th e backprop -
agatio n algorithm .  Moreover ,  thi s biologica l  proces s 
woul d presumabl y occu r  eac h tim e th e backpropaga -
tio n algorith m i s execute d i n th e trainin g regime ,  an d 
thi s biologica l  proces s require s time .  Give n th e com -
plexit y o f  backpropagation ,  i t  i s  difficul t  t o believ e tha t 
a biologica l  proces s supportin g th e algorithm' s abstrac t 
analogu e coul d occu r  durin g th e interva l  betwee n th e 
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uttere d constituent s i n &  sentence .  I n ligh t  o f  this , 
seriou s doubt s aris e a s t o th e legitimac y o f  invokin g 
th e backpropagatio n algorith m eac h iim e a  sentenc e 
constituen t  i s heard. '  A t  best ,  th e burde n o f  proo f 
rest s upo n St .J&M c t o sho w tha t  thi s applicatio n o f 
th e backpropagatio n algorith m ha s eve n a  roug h phys -
iologica l  basis . 

S. 8 Elma n (1989 ,  1990 ) 
Lik e St.J&Mc ,  E lma n employ s backpropagation ,  bu t 

he doe s attemp t  a  justificatio n fo r  doin g so .  Recal l 
that ,  i n a n effor t  t o teac h hi s network s th e syntacti c 
categorie s o f  lexica l  items ,  E lma n train s th e network , 
vi a backpropagation ,  t o aiiemp i  t o predic t  th e nex t 
wor d i n a  successiv e strea m o f  words .  I n defens e o f 
thi s "error-feedback "  strategy ,  E lma n remark s tha t  "i t 
doe s see m t o b e th e cas e tha t  m u c h o f  wha t  listener s 
d o involve s aoiticipatio n o f  futur e input" .  Presumably , 
E lma n take s thi s a s evidenc e tha t  listener s ar e con -
stimtl y attemptin g t o predic t  th e nex t  wor d the y hear . 
Thi s strike s m e a s a  dubiou s extrapolatio n needin g em -
pirica l  support .  However ,  a  mor e seriou s objectio n i s 
tha t  Elmsm' s invocatio n o f  backpropagatio n afte r  eac h 
wor d i s processe d i s subjec t  t o th e sam e criticis m a s 
St.J&Mc' s usage .  I t  i s  difficul t  t o believ e tha t  a  bio -
logica l  proces s supportin g anythin g analogou s t o back -
propagatio n coul d occu r  betwee n succeedin g word s i n 
an utterance . 

Anothe r  difficult y wit h Elman' s approac h i s that , 
when relativ e clause s ar e involved ,  trainin g occur s i n 4 
distinc t  phases .  Phas e 1  present s th e networ k wit h a 
concatenate d strin g o f  10,00 0 simpl e grammatica l  sen -
tence s (n o relativ e clause s ar e included) .  Thi s strin g 
of  10,00 0 sentence s i s presente d t o th e networ k 5  time s 
over .  N o w ,  no t  b y th e wildes t  stretc h o f  th e imagi -
natio n i s thi s a  psychologicall y plausibl e regime .  Nor -
md l y ,  a  chil d woul d encounte r  m a n y break s eve n dur -
in g a  serie s o f  2 0 sentences .  Durin g som e o f  thes e 
break s th e chil d m a y hea r  sentenc e fragments ,  o r  eve n 
simpl e names .  Almos t  certainly ,  th e chil d woul d b e ex -
pose d t o a  substantiz d percentag e o f  unfinishe d an d un -
grammatica l  sentences .  T h e questio n naturall y arises , 
woul d Elman' s network s b e abl e t o induc e systemati c 
regularitie s unde r  thes e conditions ? No t  likely ,  bu t  i f 
not ,  wha t  ar e th e rea l  implication s o f  thi s research ? 

Returnin g t o th e succeedin g phase s o f  Elman' s 
regime ,  phas e 2  modifie s phas e 1  b y havin g 2 5 % o f 
th e 10,00 0 sentence s contai n relativ e clauses .  Phas e 
3 contain s 5 0 % relativ e claus e sentences ,  an d phas e 4 
contain s 7 5 % relativ e clauses .  Clearly ,  thi s trainin g 
regim e i s highl y contrived .  Childre n ar e no t  expose d 
t o anythin g lik e thi s artificia l  partitionin g o f  th e inpu t 
copora . 

I n fairness ,  I  shoul d not e tha t  th e artificialit y  o f  El -
man' s trainin g regim e i s certainl y no t  uniqu e t o hi s 
work ,  an d h e woul d n o doub t  residil y  conced e it s ar -
tifice .  Somewha t  analogou s remark s woul d appl y t o 

•Not e tha t  eve n i f  weight s ar e modifie d onl y afte r  ev -
er y N  invocation s o f  th e algorithm ,  th e strateg y describe d 
require s equall y a s man y invocation s jus t  t o enabl e th e in -
formatio n t o b e gathere d fo r  late r  weigh t  modification . 

St.J&M c (wh o als o trai n thei r  c-net s wit h implausi -
bl y lon g string s o f  sentences) .  I t  i s  doubtfu l  whethe r 
thes e author s woul d attemp t  seriou s defense s o f  th e 
siz e an d presentatio n o f  thei r  inpu t  copora .  However , 
i n th e absenc e o f  suc h defens e w e mus t  as k whethe r 
thes e network s coul d discove r  eve n th e moderat e de -
gre e o f  compositionalit y the y d o discove r  i f  the y wer e 
subjecte d t o th e erratic ,  mixed ,  an d ofte n ungrammat -
ica l  inpu t  tha t  human s receive . 

4.  Summar y 
I n th e foregoin g I  hav e examine d c-ne t  experiment s 

whic h arguabl y establis h tha t  c-net s ca n b e traine d 
t o discove r  compositionalit y an d exhibi t  systematic -
ity .  I n neithe r  o f  th e case s examine d doe s ther e appea r 
t o b e an y reaso n t o suppos e tha t  th e c-net s involve d 
exhibi t  anythin g stronge r  tha n wea k systematicity .  I 
hav e als o argue d tha t  human s exhibi t  a  muc h stronge r 
for m o f  systematicit y tha n thes e c-nets ,  an d thu s ther e 
i s n o reaso n t o suppos e tha t  th e result s o f  E lma n an d 
St.J&M c defea t  th e Fodor-Pylyshy n thesis .  Moreover , 
I  hav e argue d tha t  th e experiment s considere d her e in -
volv e seriousl y unrealisti c trainin g regime s ,  an d thi s i n 
tur n cast s doub t  upo n th e cognitiv e significanc e o f  th e 
experiments .  I  d o no t  sugges t  tha t  thes e experiment s 
ar e uninteresting ;  i t  m a y b e tha t  the y wil l  ultimatel y 
illuminat e a n importan t  aspec t  o f  th e overal l  puzzle . 
However ,  a s i t  stands ,  i t  i s  difficul t  t o se e wha t  th e 
cognitiv e implication s o f  thes e experiment s are . 
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