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Abstrac t 

What  i s th e relationshi p betwee n cognitiv e theorie s 
of  symbo l  groundin g an d philosophica l  theorie s o f 
meaning ? I n thi s pape r  w e argu e that ,  althoug h 
ofte n considere d t o b e fundamentall y distinct ,  th e 
tw o ar e actuall y ver y similar .  Bot h se t  ou t  t o ex -
plai n ho w non-referrin g atomi c token s o r  state s o f 
a syste m ca n £u:quir e statu s a s semanti c primitive s 
withi n tha t  system .  I n vie w o f  thi s clos e rela -
tionship ,  w e conside r  wha t  attempt s t o solv e thes e 
problem s ca n gai n fro m eac h other .  W e argu e that , 
at  leas t  presently ,  wor k o n symbo l  groundin g i s no t 
likel y t o hav e a n impac t  o n philosophica l  theorie s o f 
meaning .  O n th e othe r  hand ,  w e sugges t  tha t  th e 
symbol  groundin g theorist s hav e a  lo t  t o lear n fro m 
thei r  philosophica l  counterparts .  I n particular ,  th e 
forme r  mus t  addres s th e problem s tha t  hav e bee n 
identifie d i n attemptin g t o formulat e philosophica l 
theorie s o f  reference . 

Introduction 

I n recen t  cognitiv e science ,  ther e seem s t o b e a 
consensu s tha t  cognitiv e system s ar e bes t  under -
stoo d a s comple x informatio n processin g system s 
situate d i n an d continuall y adaptin g t o thei r  im -
mediat e environment .  Insofa r  a s thes e system s ar e 
endowed wit h interna l  representations ,  suc h repre -
sentation s ar e typicall y assume d t o b e environmen -
tall y grounded .  Th e proble m o f  wha t  i t  mean s fo r 
suc h interna l  state s t o represen t  a  categor y o f  thing s 
i n th e externa l  worl d ha s bee n th e subjec t  o f  muc h 
discussio n i n th e philosoph y o f  languag e an d mind . 
Recentl y th e sam e proble m ha s gaine d muc h at -
tentio n withi n cognitiv e scienc e unde r  a  ne w an d 
apparentl y differen t  guise .  Wherea s th e proble m i s 
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known withi n philosoph y a s th e proble m o f  inten -
tionalit y  (o r  th e proble m o f  meaning) ,  th e cognitiv e 
scienc e versio n ha s bee n name d th e symbo l  ground -
in g problem . 

The proble m o f  symbo l  groundin g aros e fro m th e 
philosophica l  criticis m o f  A I  foun d i n th e Searle' s 
(1980 )  Chines e roo m argument .  Thi s parabl e pur -
port s t o sho w tha t  a  symbol-processin g syste m can -
not  b e th e righ t  substrat e fo r  cognition ,  becaus e th e 
system' s mos t  basi c constituent s hav e n o intrinsi c 
meaning .  Suc h a  syste m woul d i n principl e b e abl e 
t o pas s a s a  lifetim e Chines e pen-pa l  withou t  hav -
in g an y understandin g o f  Chines e whatsoever .  Th e 
bottom-lin e o f  th e parabl e i s tha t  th e ver y sam e 
symbol  manipulatio n ca n b e simulate d (externall y 
or  internally )  b y a n agen t  wh o doe s no t  understan d 
any Chines e a t  all . 

Puttin g th e validit y o f  th e Chines e roo m argu -
ment  aside ,  th e conclusio n tha t  symbol s hav e n o in -
trinsi c meanin g i s a n unobjectionabl e one .  Beside s 
bein g a n integra l  par t  o f  th e definitio n o f  a  physica l 
symbol  syste m (Newel l  &  Simon ,  1976) ,  th e arbi -
trarines s o f  th e interna l  constitutio n o f  symboli c 
expression s i s on e o f  thei r  mos t  note d features. ^ 

Indeed ,  thi s conclusio n i s closel y relate d t o se -
manti c externalism—th e doctrin e tha t  meanin g 
must  b e specifie d i n term s o f  th e relationshi p be -
twee n th e agen t  an d environment ,  rathe r  tha n i n 
term s o f  th e propertie s interna l  t o th e agent .  Inter -
nalis t  semanticist s (lik e Searle )  migh t  objec t  tha t 
thi s relationshi p i s irrelevan t  sinc e meaning s ar e t n 
th e hea d only .  However ,  semanti c internalis m suf -
fer s fro m th e "matchin g proble m (McGinn ,  1989) ; 
tha t  is ,  th e proble m concernin g ho w th e taxonom y 
of  meaning s in-the-hea d originall y (e.g. ,  throug h 
learning )  cam e t o matc h u p wit h th e taxonom y o f 
thing s in-the-world .  I t  i s  fa r  fro m obviou s tha t  thi s 

Ŝee,  fo r  instance ,  Putma n (1981 )  fo r  genera l  argu -
ments tha t  th e intrinsi c propertie s o f  representation s d o 
not  i n specify ,  o r  eve n constrain ,  thei r  meanings . 
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proble m ca n b e solve d withou t  specifyin g som e sor t 
of  referentia l  functio n tha t  secure s th e righ t  connec -
tio n betwee n interna l  meaning s an d th e externa l 
thing s the y ar e abou t  (i.e. ,  ar e conten t  of) .  Bu t 
thi s i s simila r  t o wha t  th e extenalis t  doctrin e i s 
al l  about .  Furthermore ,  a s thi s doctrin e ha s bee n 
discusse d extensivel y withi n th e philosoph y o f  lan -
guag e an d mind ,  w e dra w th e attentio n t o th e out -
come o f  thos e discussion s i n ou r  treatmen t  o f  th e 
symbol  groundin g project . 

Th e structur e o f  th e pape r  i s a s follows .  First , 
we argu e fo r  th e relevanc e o f  philosophica l  theorie s 
of  meanin g t o symbo l  grounding .  Th e forme r  ha s 
raise d a  numbe r  o f  problem s tha t  th e latte r  wil l 
need t o address .  Next ,  w e therefor e giv e a  brie f 
outlin e o f  th e mos t  relevan t  o f  thes e problem s wit h 
emphasi s o n th e groundin g o f  connectionis t  repre -
sentations .  Thes e problem s involv e matter s con -
cernin g categorizatio n error s an d categorie s wit h n o 
members .  Finally ,  w e tur n ou r  attentio n t o sym -
bol  groundin g i n Steva n Harnad' s sense ,  arguin g 
tha t  thi s approach—despit e it s prim a faci e empir -
ica l  nature—i s pron e t o th e problem s whic h do g 
recen t  philosophica l  theorie s o f  meaning . 

Why Theories of Meaning Matter to 

Cogn i t i v e Sc ienc e 

A centri d proble m i n th e philosoph y o f  languag e 
i s t o provid e a  theor y o f  meeinin g fo r  natura l  lan -
guages .  Thi s philosophica l  proble m abstract s awa y 
& o m th e detail s o f  particula r  h u m a n language s (i.e. , 
i t  abstract s awa y fro m question s o f  linguistics) . 
Rather ,  i t  aim s t o provid e a n accoun t  o f  wha t  i t 
i s  fo r  a  language ,  o r  perhap s particula r  statement s 
or  utterances ,  t o hav e a  specifie d meaning . 

I t  i s  generall y assume d tha t  th e projec t  o f  pro -
vidin g suc h a  theor y o f  meanin g ca n b e broke n int o 
at  leas t  tw o subprojects :  specifyin g wha t  i t  i s  fo r 
a particula r  atomi c expressio n (generall y individ -
ual  word s o r  morphemes )  i n a  languag e t o hav e 
a particula r  meaning—thi s i s th e theor y o f  refer -
ence ;  an d determinin g ho w th e meaning s o f  com -
ple x expression s ca n b e derive d fro m th e meaning s 
of  thei r  part s an d thei r  m o d e o f  composition—thi s 
i s compositiona l  aemantics .  Thi s distinctio n seem s 
t o b e parallele d i n Harnad' s (1990 ,  1992 ,  1993 )  hy -
bri d analog/symboli c mode l  o f  cognition .  He ,  too , 
distinguishe s betwee n specifyin g ho w basi c token s 
ca n b e grounde d externall y t o a  system ;  an d de -
terminin g ho w thes e representation s ca n b e sys -
tematicall y compose d t o produc e complex ,  seman -
ticall y interpretabl e compounds .  Th e theor y o f  ref -
erenc e therefor e seem s closel y relate d t o Harnad' s 
(1990 )  firs t  subproject :  "Ho w i s symbo l  meanin g 
t o b e grounde d i n somethin g othe r  tha t  jus t  mor e 
meaningles s symbols ? Thi s i s th e symbo l  ground -
in g problem "  (p .  340) . 

A superficia l  differenc e betwee n symbo l  ground -
in g an d th e traditiona l  philosophica l  proble m i s 

tha t  symbo l  groundin g i s concerne d no t  wit h ex -
terna l  natura l  languages ,  bu t  wit h interna l  men -
ta l  system s o f  representation .  However ,  thi s dif -
ferenc e i s no t  a n importan t  one .  Indeed ,  i n re -
cen t  philosoph y o f  languag e an d mind ,  th e ortho -
do x positio n i s tha t  th e meanin g o f  externa l  nat -
ura l  languag e i s derivativ e o n th e conten t  o f  th e 
interna l  state s (inspire d b y a  Gricea n analysi s o f 
communication) .  Fo r  example ,  Fodo r  (1987 ,  1990 ) 
treat s th e proble m o f  meanin g a s a  matte r  o f  ex -
plicatin g th e meanin g o f  formula e o f  a n interna l 
syste m o f  menta l  representations .  Furthermore , 
ther e ha s bee n a  recen t  an d vas t  philosophica l  lit -
eratur e concerne d wit h th e meanin g o f  representa -
tionall y atomi c term s whic h i s fundamentall y con -
cerne d wit h th e proble m o f  referenc e fo r  interna l 
state s (fo r  example ,  Dretsk e 1981 ;  McGinn ,  1989 ; 
Millika n 1984 ;  Putnam ,  1981) .  I t  appears ,  then , 
tha t  symbo l  groundin g i s a  ne w nam e fo r  a n olde r 
problem—th e proble m o f  providin g a  theor y o f  ref -
erenc e fo r  atomi c formulji e o f  a  syste m o f  interna l 
representation .  Thi s proble m i s itsel f  closel y con -
necte d t o th e muc h olde r  proble m o f  establishin g a 
theor y o f  meanin g fo r  externa l  natura l  language . 

I n thi s connectio n i t  migh t  b e objecte d (e.g. , 
by Harnad ,  persona l  communication )  tha t  symbo l 
groundin g i s no t  jus t  a  philosophica l  proble m redis -
covered ,  bu t  tha t  i t  i s  a  separate ,  empirica l  prob -
lem .  Furthermore ,  i t  migh t  b e assume d tha t  thi s 
empirica l  proble m ca n b e resolve d prio r  t o th e res -
olutio n o f  th e philosophica l  problem .  Thi s positio n 
i s difficul t  t o understand .  Th e symbo l  groundin g 
problem ,  a s stated ,  i s precisel y th e proble m o f  pro -
vidin g a  theor y o f  ho w atomi c symbol s ca n refer ; 
i t  doe s no t  concer n wha t  on e migh t  mos t  naturall y 
thin k o f  empirica l  issue s i n thi s context—th e prob -
le m o f  findin g ou t  th e meanin g associate d wit h par -
ticula r  representation s i n particula r  organisms .  In -
deed ,  th e latte r  proble m seem s t o presuppos e tha t  a 
solutio n t o th e forme r  proble m i s solved ,  sinc e the y 
requir e th e applicatio n o f  a  theor y o f  referenc e fo r 
representationa l  primitives— a theor y w e currentl y 
lack . 

I n addition ,  a  simila r  "empirical "  retor t  coul d 
be m a A e t o an y philosophica l  problem .  Th e scien -
tis t  ca n alway s say :  "I' m no t  concerne d wit h th e 
philosophica l  problem s o f  aesthetic s o r  ethics ,  bu t 
wit h a  scienc e o f  wha t  i s beautifu l  o r  good" .  W h a t 
makes th e philosophica l  problem s s o compellin g i s 
tha t  the y represen t  fundamenta l  conceptua l  diffi -
cultie s whic h aris e i n attempt s t o theoriz e abou t 
thes e domains ,  scientificall y o r  otherwise .  Tha t  is , 
scientifi c  theorizin g run s headlon g into ,  an d canno t 
simpl y ignore ,  philosophica l  issues .  Specifically ,  w e 
hav e n o ide a wha t  a  scientifi c  theor y o f  meanin g 
migh t  loo k like ,  precisel y becaus e o f  th e profundit y 
of  th e philosophica l  problem s tha t  w e face . 

Thus ,  appealin g t o th e prim a faci e empirica l  na ^ 
tur e o f  th e symbo l  groundin g projec t  won' t  help . 
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Th e relationshi p betwee n th e symbo l  groundin g 
proble m an d th e proble m o f  meanin g fro m a n ex -
ternalis t  perspectiv e i s sufficientl y clos e t o war -
ran t  tha t  th e forme r  mus t  mee t  th e sam e chal -
lenge s a s th e latte r  (an d vic e vena) .  Consequently , 
we ca n constru e Dretske' s (1981 )  informatio n the -
oreti c vie w o f  content ,  Fodor' s (1987 ,  1990 )  crit -
icism s o f  th e "crud e causa l  theory "  o f  meaning , 
and Millikan' s (1984 )  teleologica l  theor y o f  conten t 
as concerne d precisel y wit h th e proble m o f  symbo l 
grounding—though ,  o f  cours e the y d o no t  us e thi s 
terminology .  I n th e nex t  section ,  w e therefor e dis -
cus s th e problem s facin g symbo l  groundin g i n thi s 
light . 

Problems with Externalist Semantics 

Withi n cognitiv e scienc e th e adven t  o f  connection -
is m ha s give n ris e t o muc h enthusias m regardin g 
th e searc h fo r  a  solutio n t o th e symbo l  ground -
in g problem .  Thi s optimis m ha s bee n expresse d 
by cognitiv e scientist s i n term s o f  statement s suc h 
as ,  fo r  example ,  "Analo g sensor y projection s ar e 
th e input s t o neura l  net s tha t  mus t  lear n t o con -
nec t  som e o f  th e projection s wit h som e symbol s 
(thei r  categor y names )  an d som e o f  the m wit h othe r 
symbol s (th e name s o f  othe r  interconfusabl e cate -
gories )  b y findin g an d usin g invarian t  feature s i n 
the m tha t  wil l  subserv e correc t  categorizatio n per -
formance "  (Harnad ,  1993 ;  p .  8), '  an d "network s 
ar e self-organizin g system s tha t  lear n t o represen t 
th e importan t  feature s o f  thei r  environment "  (Cot -
trell ,  1987 :  p .  68) .  I t  ha s eve n permeate d int o phi -
losophy :  "connectionis m offer s significan t  resource s 
fo r  explainin g h o w representation s ar e abou t  othe r 
phenomen a an d s o posses s intentionaliti/ *  (Bechtel , 
1989 :  p .  553) . 

Th e reaso n fo r  thi s enthusias m i s t o b e foun d 
i n th e abilit y  o f  distribute d neura l  network s (vi a 
learning )  t o develo p interna l  representation s tha t 
i n interestin g way s mirro r  th e structur e i n th e ex -
ternall y give n input .  However ,  th e interna l  state s 
of  presen t  da y connectionis t  network s ar e n o mor e 
"grounded "  tha n thei r  symboli c counterpart s (als o 
cf. ,  e.g. .  Cliff ,  1990) .  Crucially ,  th e distribute d rep -
resentation s i n questio n ar e onl y non-arbitrar y i n 
relatio n t o th e structur e o f  th e give n inpu t  represen -
tations ,  no t  i n relatio n t o wha t  th e latte r  ar e repre -
sentation s of ;  i.e. ,  th e entitie s the y supposedl y refe r 
t o i n th e outsid e world .  Sinc e th e inpu t  represen -
tation s provide d b y th e programme r  ar e typicall y 
pre-structure d an d o f  a  highl y abstrac t  nature ,  i t  i s 
alway s possibl e t o giv e a  network' s inpu t  represen -
tation s a  differen t  interpretation ,  thu s changin g th e 
projecte d conten t  o f  th e interna l  distribute d repre -

sentations .  Thi s ha s bee n mirrore d empiricall y b y 
th e fac t  tha t  onl y a  fe w experiment s hav e bee n car -
rie d ou t  wit h "real "  sensory-typ e dat a (i n sens e o f 
not  havin g bee n pre-processe d b y th e programmer) , 
an d the n usuall y withou t  success. ^ 

Nevertheless ,  seekin g t o endo w a  syste m o f  an y 
kin d wit h meanin g involve s implicitl y  makin g as -
sumption s abou t  wha t  i t  i s  fo r  a  stat e o f  a  particula r 
syste m t o represent .  Fo r  example ,  withou t  a  theor y 
of  meaning ,  whethe r  explici t  o r  implicit ,  i t  i s  impos -
sibl e t o vie w network s ayaiematicall y a s possessin g 
or  developin g repretentaiion s a t  all .  Mor e gener -
ally ,  seein g a  connectionis t  network ,  o r  an y othe r 
system ,  a s a  computationa l  devic e a t  all ,  i s  depen -
den t  o n bein g abl e t o ascrib e meanin g t o th e state s 
of  th e syste m (a t  leas t  a s fa r  a s an y interesting , 
non-trivia l  sens e o f  "computationa l  device "  i s con -
cerned) .  Otherwis e it s interna l  state s ar e no t  &p -
propriatel y viewe d a s proceaain g information ,  bu t 
simpl y a s passin g throug h sequenc e o f  states ;  th e 
networ k wil l  b e viewe d simpl y a s a n informationa l 
"blac k box" ,  wher e onl y input s an d output s ar e in -
terpreted ,  an d thos e b y fiat . 

I n connectionis t  "symbol "  groundin g meanin g i s 
attache d t o th e state s o f  a  networ k o n th e basi s o f 
what  thos e state s ca n b e sai d t o "connect "  o r  cor -
relat e with .  Mor e generally ,  connectionis t  unit s o r 
pattern s o f  activatio n ar e viewe d a s pickin g ou t  cat -
egories ,  wit h whic h the y correlate ,  an d whic h spec -
if y thei r  meaning .  Thu s th e networ k i s viewe d a s 
cicquirin g th e correspondin g concep t  (or ,  wha t  Har -
na d refer s t o a s a n associate d "categor y name" ) .  I n 
th e followin g w e therefor e focu s o n connectionis t 
model s whic h plausibl y ca n b e viewe d a s involvin g 
categor y o r  concep t  learning .  However ,  ther e ar e 
seriou s philosophica l  problem s concernin g no t  onl y 
connectionis t  "symbol "  groundin g bu t  also ,  mor e 
generally ,  th e ctdequac y o f  an y correlationa l  seman -
tic s a s th e basi s o f  a  theor y o f  meaning .  W e wil l 
addres s thes e problem s i n th e nex t  tw o subsection s 
an d empheisiz e thei r  impac t  o n th e symbo l  ground -
in g project . 

The Problem of Error 

One o f  th e fundamenta l  challenge s t o th e projec t  o f 
symbol  groundin g i s allowin g fo r  th e possibilit y  o f 
categorizatio n error .  Peopl e routinel y m a k e bot h 
fals e positiv e an d fals e negativ e errors .  Mistakin g 
a patter n o f  shadow s a t  nigh t  fo r  a  perso n i s a n in -
stanc e o f  th e former ;  failin g t o se e a  dar k figur e i n 
th e bushe s i s a  cas e o f  th e latter .  However ,  with -
out  som e adde d machiner y connectionis t  "symbol " 
groundin g model s ar e unabl e t o accoun t  fo r  th e pos -
sibilit y  tha t  w e hav e th e concep t  PERSON bu t  stil l 

'i t  shoul d b e note d tha t  Harna d stresse s tha t  con -
nectionis t  network s ar e onl y on e candidat e fo r  th e par t 
of  a n invariant s extractin g learnin g mechanis m i n hi s 
3-wa y analog/invariants-extractor/symboli c model . 

'Fo r  a n exampl e o f  suc h failure ,  a  mor e detaile d dis -
cussio n o f  connectionis t  "symbol "  groundin g an d th e 
problem s o f  externalis t  semantic s a s wel l  a s reference s 
t o specifi c  connectionis t  models ,  se e Christianse n & 
Chatc r  1992 . 
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make suc h mistakes .  T h e conten t  o f  thi s concep t 
(equally ,  th e meimin g o f  th e correspondin g state ,  o r 
fo r  Harnad ,  1990 ,  1992,1993 ,  wha t  interna l  state(B ) 
a categor y n a m e i s associate d with )  i s determine d 
by wha t  i t  correlate s with .  Th e fac t  o f  error—i.e. , 
th e fac t  tha t  th e concep t  doe s no t  pic k ou t  al l  an d 
onl y object s tha t  ar e people—show s tha t  somethin g 
i s no t  quit e right .  Tha t  is ,  th e perso n concep t  i n 
questio n doe s no t  consis t  o f  th e sensor y invariant s 
necessar y fo r  correc t  categorisatio n o f  persons . 

To mee t  thi s challeng e i t  migh t  b e suggeste d tha t 
conten t  i s fixed  durin g th e learnin g o f  th e concept , 
instea d o f  bein g determine d b y subsequen t  perfor -
mance,  outsid e th e learnin g period ,  whe n mistake s 
m ay occu r  (Dretske ,  1981) .  Th e ide a i s tha t  th e 
correlatio n hold s withi n th e learnin g perio d (fix -
in g th e conten t  correctly) ,  bu t  no t  necessaril y  after -
ward s (allowin g fo r  th e possibilit y  o f  error) .  Unfor -
tunately ,  th e releviui t  propert y ca n neve r  b e deter -
mine d b y th e trainin g se t  alone ;  eve n i f  th e learne r 
i s give n perfec t  feedbac k abou t  whic h o f  a  se t  o f 
thing s ar e peopl e an d whic h ar e not ,  formin g th e 
concep t  PERSON involve s a n inductiv e generaliza ^ 
tio n fro m a  finite  se t  o f  instances .  Whic h con -
cep t  ha s bee n forme d canno t  therefor e b e deter -
mine d fro m th e correlatio n observe d i n th e train -
in g se t  alone ,  sinc e al l  manne r  o f  differen t  proper -
tie s wil l  fit  tha t  trciinin g set ,  bu t  diffe r  elsewhere , 
suc h a s th e pathologica l  person-or-pattern -
OP-SHADOWS o r  PERSON-NOT-IN-CAMOUFLAGE. 
Rather ,  whic h o f  thes e concept s hei s bee n forme d i s 
determine d b y ho w th e syste m ha s generalize d fro m 
th e trcunin g set—tha t  is ,  ho w i t  woul d respon d t o 
stimul i  outsid e th e trainin g set .  Subsequen t  errors , 
afte r  th e learnin g perio d ha s bee n complete d (as -
sumin g tha t  som e suc h b o u n d w y ca n b e enforced) , 
demonstrat e tha t  generalizatio n ha s bee n imper -
fect ;  th e correlatio n i s violate d an d th e concep t  ha s 
not  bee n learne d afte r  all .  Thus ,  appea l  t o learn -
in g fail s t o reconcil e th e possibilit y  o f  learnin g a 
concep t  (or ,  i n Hamad' s terms ,  learnin g t o assig n 
a categor y name )  wit h th e possibilit y  o f  occasiona l 
misclassification . 

Anothe r  possibl e suggestio n i s tha t  whil e error s 
m ay occu r  i n difficul t  case s (perhap s whe n th e stim -
ulu s i s degrade d i n som e way) ,  th e correlatio n tha t 
fixe s conten t  nee d onl y hol d i n clea r  cases .  A s wit h 
appea l  t o th e learnin g period ,  th e ide a i s t o parti -
tio n performanc e int o tw o cletsses ,  on e i n whic h cor -
relatio n determine s th e concep t  i n pla y (an d whic h 
i s necessaril y  error-free )  an d a  secon d clas s i n whic h 
th e correlatio n nee d no t  b e maintained ,  thu s allow -
in g fo r  errors .  Unfortunately ,  however ,  a s Fodo r 
(1990 )  forcefull y  argues ,  wha t  count s a s a  clea r  cas e 
canno t  b e specifie d independen t  o f  th e concep t  be -
in g learned .  I t  could ,  fo r  instance ,  b e argue d tha t 
i n ou r  previou s exampl e o f  miscategorizin g a  pat -
ter n o f  shadow s a a a  person ,  th e erro r  i s du e t o 
suboptima l  conditions ;  tha t  is ,  nighttim e i s subop K 

tima l  fo r  detectin g persons .  Durin g th e daytim e i t 
i s conceivabl e tha t  n o suc h error s woul d occur ,  thu s 
makin g daytim e optima l  fo r  recognizin g persons . 
However ,  optimalit y coul d equall y b e invoke d t o ar -
gue tha t  th e interna l  stat e supposedl y correspond -
in g t o PERSON is ,  i n fact ,  a  person-or-pattern -
OP-SHADOWS concept .  T?h e reaso n fo r  thi s bein g 
tha t  th e latte r  correlate s properl y a t  nigh t  (du e 
t o optima l  conditions) ,  bu t  i s  pron e t o miscatego -
rization s i n th e daytim e (du e t o suboptima l  condi -
tion s onl y allowin g person s t o b e seen) .  Th e gen -
era l  mora l  i s  tha t  ther e i s n o know n independent , 
non-circula r  distinctio n betwee n "good "  an d "bad " 
cases ,  i n term s o f  whic h th e proble m o f  erro r  ca n 
be dissolved . 

The Problem of Non-Existing Entities 

A further problem for the symbol grounding project 
i s explainin g th e origi n o f  th e meanin g o f  categorie s 
wit h n o instance s suc h phlogiston ,  unicor n and , 
rathe r  mor e arcan e case s suc h a s Hamad' s (1992 ) 
PEEKABOO UNICORN (" a hors e wit h a  hor n tha t 
vanishe s withou t  a  trac e wheneve r  sense s o r  mea -
surin g instrument s ar c traine d o n it" ,  p .  12-13) . 
Thes e categorie s hav e n o instance s an d henc e ca n 
neithe r  b e causall y implicate d i n producing ,  no r 
correlate d with ,  interna l  state s (see ,  fo r  example , 
Fodor ,  1987) .  Thes e symbol s canno t  b e "grounded " 
by som e stat e o f  a  networ k whic h come s t o cor -
relat e th e presenc e o f  peekabo o unicorn s i n th e 
environment ;  fo r  thes e ar e neve r  presen t  i n th e 
environment—the y don' t  exist .  Th e onl y propose d 
solutio n fo r  a  causal/correlationa l  view—which ,  b y 
th e way ,  als o i s th e solutio n tha t  Harna d (1992 ) 
endorses—i s tha t  th e meanin g o f  non-existent s i s 
compose d ou t  o f  th e meanin g o f  mor e primitiv e 
terms ,  whic h d o exist .  So ,  th e stor y goes ,  th e mean -
in g o f  peekabo o unicor n ca n b e foun d £U3 th e righ t 
compositio n o f  "horse" ,  "horn" ,  "vanish" ,  "trace" , 
"measure" ,  "instrument" ,  an d "train" ,  i f  eac h o f 
thes e categorie s ar e grounded . 

Thi s vie w presuppose s tha t  term s fo r  thing s 
whic h d o no t  exis t  ca n b e define d i n term s o f  thing s 
tha t  do .  Thi s positio n appear s t o hav e th e rathe r 
radica l  consequenc e tha t  ever y ter m mus t  hav e a 
definition .  Fo r  suppos e tha t  a  ter m .Ydoe s no t  hav e 
a definition ;  the n i t  mus t  refe r  t o somethin g real ; 
henc e X s mus t  exist .  Thu s a  semanti c fac t  (con -
cernin g definability )  appear s t o b e revealin g abou t 
a metaphysica l  fac t  (whethe r  ther e ar e .^s) .  O n 
th e fac e o f  it ,  thi s mean s tha t  w e coul d lear n wha t 
ther e i s i n th e world ,  simpl y b y examinin g language , 
whic h seem s t o b e absurd .  S o i t  seem s tha t  w e mus t 
conclud e tha t  ever y ter m mus t  b e definabl e i n term s 
of  othe r  terms .  Th e thesi s tha t  som e term s hav e 
goo d definition s i s highl y controversial ;  th e thesi s 
tha t  al l  term s d o i s s o radica l  tha t  i t  ha s not ,  t o 
our  knowledge ,  eve r  bee n advanced . 
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Hamad' s Symbo l  Groundin g Mode l 
As w e hav e seen ,  Harnad' s (1990 ,  1992 ,  1993 )  pro -
pose d solutio n t o th e symbo l  groundin g proble m 
essentiall y  involve s th e notio n tha t  interna l  state s 
of  a n agen t  ar e sensitiv e t o environmenta l  invari -
ants .  I n thi s way ,  the y hav e thei r  meaning—wit h 
respec t  t o th e interna l  working s o f  tha t  agent — 
causall y specifie d i n term s o f  thos e invariants .  I n 
particular ,  h e advocate s th e ide a o f  "iconic "  ref -
reseniation s a s tranduce d projection s o f  dista l  ob -
ject s impingin g o n a n organism' s sensor y surfaces . 
Thes e correspon d t o th e configuratio n o f  th e sen -
sor y arra y a t  an y give n time ,  albei t  i n a  somewha t 
reduce d form .  The y are ,  a s such ,  no t  stabl e repre -
sentation s store d i n long-ter m memory ,  bu t  rathe r  a 
kin d o f  perceptua l  "snapshot" .  Categories ,  o r  "cat -
egoria l  repreaeniaiions ,  ca n b e reduce d fro m suc h 
iconi c representation s b y extrfictin g thei r  invarian t 
features .  Harna d (1990 )  stresse s th e non-symboli c 
natur e o f  bot h iconi c an d categoria l  representzt -
tions :  "Th e forme r  ar e analo g copie s o f  th e sensor y 
projection ,  preservin g it s 'shape '  faithfully ;  th e lat -
te r  ar e icon s tha t  hav e bee n selectivel y filtered  t o 
preserv e onl y som e o f  th e feature s o f  th e shap e o f 
th e sensor y projection :  thos e tha t  reliabl y distin -
guis h member s fro m non-member s o f  a  category " 
(p .  342) .  Throug h th e associatio n o f  a  categor y 
wit h a  "name "  (i n th e for m o f  a n arbitrar y symbol) , 
th e representatio n o f  th e forme r  become s availabl e 
fo r  furthe r  processing .  Thi s allow s a  non-standar d 
"dedicated "  symbo l  syste m t o construc t  structure d 
representation s (e.g. ,  comple x concepts) . 

Thi s position ,  associatin g arbitrar y name s (o r 
concepU )  wit h categorie s characterize d b y sensor y 
invariants ,  ha s a  lon g pedigree .  I t  goe s bac k t o 
th e behaviourist s assumptio n tha t  th e meanin g o f 
verba l  behaviou r  coul d b e expresse d i n term s o f 
contingencie s betwee n th e productio n o f  tha t  be -
haviou r  an d state s o f  th e worl d (e.g. ,  Skinner , 
1957) .  Mor e recently ,  th e ecologica l  approac h 
t o perceptio n (mos t  notably ,  Gibson ,  1979 )  ha s 
stresse d tha t  perceptio n involve s pickin g u p invari -
ant s i n th e perceptua l  array .  I n a  simila r  way ,  in -
formatio n base d semantic s (e.g. ,  Dretske ,  1981 )  ha s 
attempte d t o identif y invarian t  feature s o f  th e envi -
ronmen t  whic h ar e systematicall y linke d t o th e in -
terna l  state s o f  a n organism .  Lastly ,  a  simila r  "cor -
relational "  vie w i s presuppose d i n th e literatur e o n 
"anima l  concepts "  (fo r  a n overview ,  se e Chate r  & 
Heyes i n submission )  an d i n th e interpretatio n o f 
th e activit y o f  rea l  neuron s (e.g. ,  Schurg-Pfeiffe r  & 
Ewert ,  1981) . 

Al l  o f  thes e approache s shar e a  fundamenta l 
assumptio n wit h Harnad' s approac h t o symbo l 
grounding :  the y assum e tha t  ther e ar e certai n 
aspect s o f  th e externa l  world—invariants ,  classe s 
of  stimuli ,  o r  whatever—whic h systematicall y co -
occur ,  o r  correlat e with ,  a n interna l  (o r  external ) 
state ,  an d tha t  thi s systemati c state-worl d relatio n 

underwrite s th e interpretatio n o f  th e stat e a s hav -
in g th e onten t  associate d wit h tha t  aspec t  o f  th e ex -
terna l  world .  Tha t  is ,  al l  ar e specie s o f  correlationa l 
approache s t o th e theor y o f  reference .  T h e meanin g 
of  a n internji l  symbo l  i s guarantee d b y it s correla r 
tio D wit h th e correspondin g invariant s o r  stimulu s 
clas s i n th e world .  Hence ,  w e suggest ,  al l  thes e ap -
proache s ar e pron e t o th e problem s currentl y plagu -
in g externalis t  semantic s base d o n correlation . 

I t  wil l  no t  Buflic e t o repl y tha t  th e problem s o f 
erro r  an d non-existen t  entitie s ar e armchai r  criti -
cis m wit h n o empirica l  support .  Tha t  is ,  simpl y 
t o exhor t  th e scientis t  t o searc h fo r  th e sensor y in -
variant s associate d wit h atomi c symbol s wil l  no t 
m a ke th e proble m o f  misrepresentatio n disappear . 
Neithe r  wil l  th e proble m o f  non-existin g thing s b e 
solve d merel y b y lookin g fo r  definition s tha t  wil l 
provid e meanin g fo r  (complex )  symbol s referrin g 
t o empt y categories .  Besides ,  a s w e shal l  se e be -
low ,  ther e i s m u c h empirica l  evidenc e whic h under -
lines ,  rathe r  tha n undermine ,  th e tw o philosophica l 
criticism s outline d above . 

Regardin g th e first  philosophica l  point ,  Harna d 
(1992 )  contend s tha t  all-or-non e categorie s exist , 
fo r  whic h necessar y an d sufficien t  condition s fo r 
membershi p ca n b e found .  Tha t  is ,  i t  i s  pos -
sibl e t o extrac t  sensor y invariant s fo r  categorie s 
lik e BIRD ,  an d i n thi s wa y overcom e th e proble m 
of  erroneou s inductiv e generalization .  However , 
thi s i s incongruou s wit h m u c h recen t  cognitiv e psy -
cholog y researc h int o adul t  h u m a n categorization . 
Th e bul k o f  thes e studie s suggest s tha t  ou r  cat -
egorie s ar e inherentl y grade d an d unstable—eve n 
when i t  come s t o bird s (see ,  e.g. ,  numerou s pa r 
per s i n Neisser ,  1987—or ,  Christiansen ,  i n prepa -
ration ,  fo r  a n overview) .  Thes e result s hav e re -
ceive d furthe r  suppor t  fro m numerou s developmen -
ta l  studie s o f  categorizatio n behaviour .  Fo r  exam -
ple ,  Fivus h (1987 )  foun d tha t  infant s d o no t  cate -
goriz e object s accordin g t o perceptua l  feature s o r 
attributes ,  bu t  accordin g t o h o w the y ar e lue d i n 
particula r  context s an d t o wha t  thei r  c o m m o n func -
tio n is .  I n othe r  words ,  h u m a n categorizatio n be -
haviou r  seem s t o involv e mor e tha n jus t  categorie s 
base d entirel y o n bottom-u p extractio n o f  sensor y 
invariants. *  Thi s i s furthe r  supporte d b y m a n y o f 
th e adul t  categorizatio n studie s whic h indicat e tha t 
categorizatio n involve s no t  onl y bottom-u p process -
ing ,  bu t  als o a  significan t  amoun t  o f  top-dow n pro -
cessing .  Thi s m a y constitut e anothe r  proble m fo r 
Harnad' s approac h becaus e o f  it s  sol e committmen t 
t o th e former :  "Grounding ,  b y it s  ver y nature , 
i s  somethin g tha t  i s  bette r  don e bottom-u p ... " 

*I t  i s  als o wort h noticin g tha t  artificia l  inteUigenc e 
approache s t o visua l  objec t  recognitio n an d speec h per -
ceptio n hav e lon g sinc e abandonne d th e searc h fo r 
th e magi c "perceptua l  invariants "  i n term s o f  whic h 
hig h leve l  categorie s ar e grounde d (se e Marr ,  1982 ,  fo r 
discussion) . 
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(1993 :  p .  6). ' 
Regardin g th e secon d philosophica l  point ,  a  gen -

era l  consensu s i n curren t  psychologica l  theorie s o f 
concept s i s tha t  n o word s (o r  common-aeru e con -
cepts )  hav e a  definitiona l  structur e (again ,  se e 
Neisser ,  1987 ,  fo r  a n overview) .  I n addition ,  a  num -
ber  studie s hav e show n tha t  concep t  combinatio n 
doe s no t  appea r  t o follo w standar d symboli c com -
positionalit y (fo r  a  discussion ,  se e Lyo n k  Chater , 
1990) .  Thes e result s migh t  b e accounte d fo r  i n Har -
nad' s mode l  dependin g o n wha t  hi s notio n o f  "ded -
icate d symbo l  system "  entails—bu t  th e lac k o f  def -
inition s fo r  eve n comple x concept s seem s t o bloc k 
thi s wa y out . 

Conclusion 

I n thi s pape r  w e hav e trie d t o cautio n agains t  un -
dul y optimisti c claim s abou t  connectionis t  solu -
tion s t o th e symbo l  groundin g problem .  Philo -
sophica l  consideration s abou t  externalis t  semantic s 
provid e valuabl e benchmark s agains t  whic h model s 
of  symbo l  groundin g shoul d b e assessed .  Conse -
quently ,  w e ar e no t  sayin g tha t  connectionis t  sym -
bol  groundin g i s a  prior i  impossible ,  onl y tha t 
ther e ar e a  numbe r  o f  challenge s whic h nee d t o b e 
met  befor e suc h model s ca n becom e candidate s fo r 
tru e groundin g o f  interna l  representations .  Thes e 
benchmar k problems ,  o f  whic h w e hav e mentione d 
th e mos t  pressin g above ,  concern s suc h matter s a s 
th e proble m o f  erro r  an d th e representatio n o f  cat -
egorie s wit h n o instances .  Unles s thes e problem s 
ca n b e addressed ,  th e projec t  o f  groundin g repre -
sentation s b y appea l  t o connectionis m (o r  an y othe r 
kin d o f  "analog "  representationa l  device) ,  fo r  al l 
it s  scientifi c  ring ,  seem s n o mor e likel y t o succee d 
tha n al l  thos e old-styl e philosophica l  theorie s o f  ref -
erence .  Thus ,  i t  stil l  remain s t o b e see n whethe r 
symbol  groundin g i s mor e tha n jus t  th e emperor' s 
ne w theor y o f  meaning . 
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