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Abs t rac t 

Upon closer exaniination, and depending on who 
yo u read ,  "symbo l  grounding "  turn s ou t  t o b e eith w 
th e inductio n o f  trivia l  sensor y predicate s o r  th e 
relabelin g o f  a  larg e portio n o f  intelligen t  behav -
io r  a s "transduction. "  Neithe r  activit y show s muc h 
promis e fo r  advancin g ou r  understandin g o f  intelli -
gence ,  althoug h symbo l  groundin g doe s hav e som e 
utilit y  i n philosophica l  debates .  Th e prope r  con -
COTi  fo r  symbo l  processin g researchers ,  bot h con -
nectionis t  an d classical ,  i s  t o construc t  an d manip -
ulat e symbols ,  no t  t o groun d them . 

Introduction 

A variet y o f  activitie s ar e takin g plac e toda y unde r  th e 
banuCT o f  "symbo l  grounding. "  The y includ e philosoph -
ica l  argument s abou t  h o w meanin g enter s a  symbo l  sys -
tem ,  an d compute "  model s tha t  p ^ o r m patter n associa -
tio n o r  inductio n o f  sensor y predicates . 

H a m ad (1990 )  introduce d symbo l  groundin g a s a  so -
lutio n t o Searle' s Chines e roo m proble m (Searle ,  1980) . 
Briefly ,  H a m a d argue d tha t  a t  leas t  som e o f  a n agent' s 
symbol s mus t  b e grounde d i n sensor y predicate s i n orde r 
tha t  it s  menta l  structure s acquir e intrinsi c meaning ,  b y 
bein g causall y connecte d t o thing s i n th e world .  W h e n 
Searle ,  sittin g i n th e Chines e room ,  manipulate s for -
mal  symbol s whos e meaning s ar e unknow n t o him ,  h e 
i s a  pur e symbo l  processor .  Sinc e th e symbol s ar e un -
grounded ,  th e Searle/roo m syste m a s a  whol e make s n o 
contac t  wit h th e world .  I t  doe s no t  refe r  t o anything . 
Searle-as-symbol-processo r  ca n therefor e b e sai d t o no t 
understan d Chinese ,  despit e th e fac t  tha t  hi s rqwnse s 
migh t  see m perfectl y sensibl e t o a  huma n reade r  o f  Chi -
nese . 

I f  Searl e als o ha d transducer s availabl e t o hi m tha t 
transforme d sensor y event s int o symbol s i n th e "right " 
way,  the n th e Searlc^oo m syste m woul d understan d Chi -
nese ,  eve n thoug h Searl e pCTSonall y di d no L Bu t  a s Har -
nad (1992 )  point s out ,  th e transductio n proble m i s muc h 
harde r  tha n i t  first  appears . 

What  w e hav e s o fa r  i s a  materialis t  solutio n t o a 
philosophica l  problem :  explainin g h o w a n agent' s sym -
bol s acquir e meaning .  The y acquir e i t  b y bein g i n a 

causa l  relationshi p t o aspect s o f  th e physica l  world .  So , 
fo r  example ,  th e symbo l  r e d ca n mea n "red "  t o a n agen t 
becaus e c«lai n frequencies  o f  ligh t  caus e a  systematic , 
recognizabl e respons e i n th e agent' s visua l  transducers , 
whic h i n tur n affect s th e agent' s behavior .  Object s lack -
in g a  edacit y fo r  systematic ,  causa l  interaction s wit h 
th e world ,  suc h a s rocks ,  o r  compute r  program s runnin g 
withou t  sensor s o r  effectors ,  d o no t  hav e meaningfu l 
symbols .  Bu t  extema l  observer s ar e alway s free  t o pic k 
out  component s o f  thes e object s an d assig n meaning s t o 
them .  TTii s i s  wha t  w e d o whe n w e us e a  computer . 

Cognitiv e scientist s int^este d i n symbo l  manipula -
tio n hav e no t  bee n trouble d b y th e meaninglessnes s o f 
thei r  compute r  models ,  a s thi s i s a  purel y philosophi -
cal  poin t  Nonetheless ,  recen t  reference s t o th e symbo l 
groundin g proble m hav e implie d tha t  i f  symbol s wer e 
grounded ,  somethin g goo d woul d com e o f  it .  H a m a d 
(1992 )  speculate s tha t  "th e failur e o f  A I "  migh t  b e du e t o 
th e ungroundednes s o f  it s  symbols .  I t  seem s t o m e mor e 
likel y tha t  th e limitation s o f  th e classica l  A I  approac h ar e 
due t o it s usin g th e wron g kind s o f  symbols . 

H o w coul d groundednes s b e th e sourc e o f  powe r  fo r 
a representationa l  system ? Thi s suggestio n i s perh^ s a 
resul t  o f  th e tendenc y o n th e par t  o f  som e author s t o con -
flate  symbo l  groundin g wit h othe r  inductiv e phenomena , 
suc h a s categor y formation .  Perceptua l  predicate s suc h 
as "red "  o r  "striped "  ca n b e directl y grounde d i n sensor y 
processes ,  bu t  conceptua l  categorie s suc h a s "horse "  can -
not . 

I f  w e tak e concept s t o b e comple x symbo l  structures , 
the n w e mus t  as k wha t  leve l  o f  meanin g isolate d symbol s 
encode .  A n intelligen t  syste m cotainl y ha s t o b e abl e 
t o construc t  categorie s representin g th e natura l  kind s i n 
it s  environment ,  bu t  th e relationshi p o f  categorie s suc h 
as "horse "  t o sensor y phenomen a i s s o abstrac t  tha t  th e 
groundednes s o f  th e bas e leve l  primitive s seem s irrele -
vant . 

W hy worr y abou t  groundin g o f  symbol s whe n w e 
don' t  k n o w ye t  wha t  symbol s are ? Th e symbol s i n ou r 
head s coul d p^hap s b e arbitrar y syntacti c token s lik e 
Lis p atom s o r  th e mark s o n a  Turin g machine' s tape ,  bu t 
the y ar e no t  necessaril y  so .  Recen t  wor k i n connection -
is t  symbo l  processin g suggest s othe r  alternatives .  Fo r 
example ,  Elma n (1989 )  showe d tha t  symbol s i n a  recur -
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rent  networ k ar e represented  differentl y dependin g o n 
th e contex t  i n whic h the y appear .  Eiman' s symbol s diffe r 
fro m Turin g machin e symbols ,  whic h hav e a  fixe d for m 
independen t  o f  contex t  Anothe r  interestin g propert y o f 
symbol s i n backprop-traine d connectionis t  network s i s 
tha t  the y ar e emergent ,  manufacture d objects .  A  "sym -
bol "  i s  a  cluste r  o f  point s i n a  continuous ,  evolvin g stat e 
space . 

W h en arguin g abou t  th e groundednes s o f  symbols ,  it' s 
importan t  t o remind  ourselve s tha t  th e symbol s i n ou r 
head s remain  unknow n entities .  Th e spac e o f  symboli c 
representations  i s ver y rich ,  an d w e hav e onl y manage d t o 
explor e a  smal l  portio n o f  it .  Th e Church-TWin g hypoth -
esi s tell s  u s tha t  al l  point s i n thi s spac e ar e equivalent , 
but  thi s oft-repeate d observatio n i s irrelevan t  t o cog -
nitiv e science .  I t  ignore s suc h essentia l  constraint s a s 
neura l  implementability ,  cognitiv e resourc e limits ,  an d 
real-tim e performanc e demands .  S o i t  i s  a  mistak e t o 
thin k tha t  an y notio n o f  symbo l  wil l  do ,  an d tha t  effec -
tiv e symbo l  manipulatio n i s a n alread y solve d problem . 

At  a  highe r  leve l  o f  structure ,  conside r  possibl e rep -
resentation s fo r  "Wha t  i f  th e do g ha d wante d t o chas e a 
re d ball? "  Ther e ar e toda y a  variet y o f  competin g lin -
guisti c theorie s suggestin g representation s fo r  thi s sen -
tence .  Beside s th e obviou s syntacti c issues ,  th e sentenc e 
als o require s decision s t o b e mad e abou t  modelin g o f 
menta l  state s o f  othe r  agents ,  an d abou t  reasonin g wit h 
conditiona l  o r  counterfactua l  statements .  Researc h ha s 
proceede d o n thes e topic s fo r  decades ,  an d progres s o n 
compute r  model s ha s no t  bee n noticeabl y impede d b y 
failur e t o groun d th e concq)t s "dog, "  "red, "  an d "ball " 
i n sensor y predicates . 

Symbol Grounding as Pattern Association 

To date there have been no satisfactory models of symbol 
grounding .  Wha t  w e hav e bee n offere d instea d turn s out , 
upo n close r  examination ,  t o b e mechanism s eithe r  fo r 
arbitrar y patter n association ,  o r  fo r  inductio n o f  crud e 
sensOTy predicates . 

Th e patte n associatio n model s ar e basicall y tryin g t o 
sho w tha t  intrinsicall y meaningles s symbol s ca n acquir e 
sensor y correlates ,  an d tha t  cross-moda l  correlation s ca n 
be established .  Fo r  example .  Dorffne r  (1992 )  describe s 
a syste m tha t  learn s t o associat e "visual "  input s (actu -
all y jus t  binar y vect(X^ )  wit h "acoustic "  input s (als o bi -
nar y vectors )  savin g a s categcH y labels .  Thi s mode l 
i s concCTne d wit h th e inductio n o f  concq>tua l  structur e 
firom  labele d examples .  Ther e i s n o attemp t  t o discove r 
nontrivial ,  pacq)tijall y  invarian t  propertie s o f  th e input , 
whic h i s th e rol e H a m a d assign s t o transducers . 

Nenov (1991 )  utilize s mor e elaborat e encoding s fo r 
bot h visua l  an d auditor y input ,  bu t  agai n th e mode l  i s 
essentiall y  a  patter n associator . 

Induction of Sensory Predicates 

AnothCT candidate for symbol grounding models are sys-
tem s tha t  induc e sensor y predicate s from  examples .  Th e 

most  recen t  an d interestin g i s Regier' s (1992 )  disserta -
tio n o n learnin g spatia l  preposition s suc h a s into .  Th e 
inpu t  i s a  cartoo n image ,  o r  sequenc e o f  images ,  o f  a 
landmar k an d a  trajector .  Th e mode l  ha s pre-wire d hard -
war e fo r  detectin g propertie s suc h a s cente r  o f  mas s an d 
majo r  axi s orientation ,  an d relationships  suc h a s spatia l 
overlap ,  o r  th e angl e o f  th e lin e joinin g th e center s o f 
mass o f  th e landmar k an d u ĵector .  Th e mode l  als o ha s 
unit s wit h tunabl e parameter s tha t  ca n b e adjuste d b y 
backpropagation .  So ,  fo r  example ,  th e predicat e abov e 
ca n b e learne d a s a  se t  o f  sof t  constraints ,  on e o f  whic h 
i s tha t  th e lin e betwee n th e landmar k an d th e trajecto r 
center s o f  mas s shoul d hav e a n essentiall y  vertica l  ori -
entation . 

"Into "  an d "above "  ar e rich  concept s wit h man y 
metaphorica l  extensions ,  thoug h the y ar e grounde d i n 
spatia l  relationships.  Bu t  Regier' s mode l  i s  no t  a n exam -
pl e o f  symbo l  groundin g becaus e ther e ar e n o symbol s 
i n it .  Symbol s ar e th e thing s whos e compositio n pro -
duce s systematic ,  combinatoria l  representations .  Regie r 
has nothin g t o sa y abou t  this ;  h e merel y show s u s h o w 
t o trai n "into "  an d "above "  detectors :  sensor y predicate s 
whic h outpu t  a  1  whe n th e desire d relationshi p exist s i n 
th e inpu t  image .  Wha t  Regie r  ha s buil t  i s  a  tunabl e trans -
ducer ,  o f  th e sor t  H a m a d require s t o groun d symbol s i n 
th e physica l  world ,  bu t  a s a  transduce r  it' s  terribl y impov -
»ished .  Compute r  visio n system s alread y perfor m muc h 
mor e comple x interpretation s o f  visua l  scenes ,  usin g rea l 
image s rath» '  tha n cartoons . 

Th e rea l  contributio n o f  Regier' s model ,  i n m y view ,  i s 
tha t  i t  i s  a  workin g d e m o n s u ^ o n o f  th e idea s o f  linguist s 
w ho hav e bee n analyzin g spatia l  preposition s fo r  som e 
year s now .  Specifically ,  i t  demonstrate s th e ide a tha t  a 
broa d concep t  suc h a s "above "  ca n b e cz^ture d b y a  se t 
of  sof t  constraint s o n multipl e spatia l  properties ,  onl y 
some o f  whic h nee d b e satisfie d i n an y specifi c  instance . 
The mode l  als o show s tha t  thes e sof t  constraint s ca n b e 
leame d b y exposur e t o positiv e an d negativ e examples . 
For  mor e o n th e relationshi p o f  concept s t o sof t  con -
straint s se e th e discussio n o f  radia l  categorie s i n (Lakoff , 
1987) . 

IVansduction Means Cognition 

"Transduction "  i s a  somewha t  misleadin g term ,  i n tha t 
i t  implie s a  simpl e bottom-u p mappin g o f  sensation s t o 
symbols .  Processin g i n th e Dorffne r  an d Regie r  model s 
proceed s thi s way .  Th e story ,  then ,  i s tha t  w e hav e a 
laye r  o f  transducra ^  a t  th e botto m t o associat e physica l 
phenomen a wit h primitiv e concepts ,  an d fro m ther e w e 
procee d upwar d vi a symboli c compositio n t o increas -
ingl y abstrac t  concepts .  H a m a d give s th e exampl e o f 
zebr a define d a s hors e plu s striped . 

But  transductio n canno t  b e a  purel y botto m u p pro -
cess .  Th e int̂ pretatio n o f  visua l  scene s mus t  b e guide d 
by knowledg e abou t  object s an d expectation s abou t  th e 
world ,  an d i s t o som e exten t  a  problem-solvin g activity . 
I t  make s n o sens e t o suppos e tha t  predicate s lik e "horse " 
ar e constructe d b y observin g countles s image s o f  horse s 
and constructin g d e nov o a  comple x mode l  o f  h o w thes e 
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object s giv e rise  t o th e variet y o f  image s w e perceiv e 
as hOTses .  Fa r  mor e reasonabl e t o assum e a n innat e 
theor y o f  3 D spac e an d 2 D projections ,  wit h innat e rep -
resentation s fo r  surfaces ,  textures ,  object s an d prominen t 
protrusion s (bod y parts) ,  an d s o forth .  Th e tas k fo r  th e 
transduce r  ma y stil l  b e t o classif y input s a s instance s o f 
hors e o t  do g o t  field  o f  flowers,  bu t  i t  require s a  massiv e 
representationa l  foundation . 

The interestin g questio n h o e i s no t  ho w transducer s 
get  connecte d u p t o symbols ,  it' s h o w a  capabl e trans -
duce r  coul d b e constructe d i n th e first  place .  Thi s boil s 
down t o askin g h o w t o buil d a  visio n system .  S o i n pur -
suin g th e symbo l  groundin g issue ,  w e hav e shifte d ou r 
focu s fro m disembodie d cognitio n o f  th e sor t  require d t o 
pas s the'Hirin g tes t  t o cognitio n a s intelligen t  percq)tion , 
th e latte t  bein g th e mean s fo r  groundin g th e symbol s use d 
i n th e former .  Bu t  hav e w e learne d anythin g usefu l  abou t 
symbols ? 

The Hearts of Symbols 

Humans us e grounde d symbol s i n a  variet y o f  way s 
not  directl y relate d t o thei r  origi n a s sensor y predicates . 
Thes e includ e abstrac t  mode s o f  referenc e an d ver y com -
ple x spatia l  met^hors .  Explainin g th e sensor y root s o f 
symbol s wil l  no t  ope n u p som e magi c pat h t o intelli -
gence ;  i t  ignore s th e wa y symbol s ar e reall y used .  Th e 
crucia l  questio n abou t  symbol s is :  Wha t  ar e th e mecha -
nism s tha t  enabl e thes e abstrac t  uses ? 

An exampl e shoul d mak e clea r  th e irrelevanc e o f 
groundin g t o human-lik e symbo l  manipulation .  Con -
side r  th e concep t  heart .  Althoug h on e coul d construc t 
an elaborat e percq)tua l  schem a fo r  hearts ,  wit h visua l 
template s fo r  arteries ,  veins ,  atria ,  an d ventricles ,  th e 
questio n cognitiv e scientist s shoul d b e askin g i s h o w 
h e a r t  ha s als o com e t o refe r  i n cotai n abstrac t  way s 
("artichok e hearts, "  "th e hear t  o f  th e argument") ,  an d 
ho w i t  function s simultaneousl y a s a  metaphor—a t  leas t 
i n Wester n culture s — fo r  certai n aspect s o f  mind ,  a s i n 
"I n you r  heart ,  yo u kno w I' m right." 

TTi e hear t  o f  a n argumen t  i s th e portio n whic h i s centra l 
or  vital .  "Central "  an d "vital "  ar e themselve s met2q)hor s 
fo r  "essentia l  t o prope r  function, "  an d heart s ar e bot h 
centra l  i n ou r  bod y an d vita l  t o ou r  functioning .  S o 
by viewin g a n argumen t  a s a n objec t  wit h spatiall y  dis -
tribute d component s an d a n intrinsi c function ,  w e estab -
lis h a  metaphorica l  framewor k i n whic h i t  make s sens e 
t o refe r  t o th e "heart "  o f  th e argument .  Th e crucia l 
rol e o f  spatia l  an d forc e metaphor s i n huma n conceptua l 
structur e ha s bee n worke d ou t  i n considerabl e detai l  b y 
linguist s suc h a s Talmy ,  Lakoff ,  Langacker ,  an d others . 
Let  m e jus t  underscor e th e poin t  tha t  i n dail y conversa -
tion ,  "heart "  i s  use d almos t  exclusivel y metaphorically . 
The fac t  tha t  heart s ar e als o physica l  object s whic h ca n b e 
recognize d b y a  cleve r  visua l  transduce r  is ,  fo r  practica l 
purposes ,  irrelevant . 

H o w ar e peopl e abl e t o metaphoricall y exten d physica l 
concept s suc h a s hear t  o r  above !  Unti l  w e ca n answe r 
thi s question ,  w e wil l  no t  hav e a  satisfactor y theor y o f 
symbols ,  grounde d o r  otherwise .  I t  i s  a  c o m m o n mistak e 

t o thin k o f  th e symbol s i n ou r  head s a s equivalen t  t o Lis p 
atom s o r  mark s o n a  Turin g machine' s tape ,  wher e th e 
basi c operation s ar e copyin g an d composition .  Thi s i s 
to o lo w leve l  a  view .  Compositio n i s important ,  bu t  th e 
crucia l  operation s w e perfor m o n symbol s i n ou r  head s 
hav e t o d o wit h analogy ,  association ,  an d reference . 

An interestin g propert y o f  metaphorica l  extension s 
i s tha t  the y ar e no t  alway s mutuall y compatible .  Thi s 
ca n giv e rise  t o metaphorica l  puns ,  suc h a s th e phras e 
"broken-hearte d artichoke, "  whic h migh t  refe r  eithe r  t o 
a rea l  artichok e wit h a  broke n center ,  o r  a n imaginary , 
animat e artichoke '  sufferin g a n emotiona l  trauma .  I t  i s 
difficul t  t o imagin e a  scenari o i n whic h bot h interpreta -
tion s coul d appl y simultaneously ,  however .  Fo r  furthe r 
discussio n o f  intoaction s amon g multipl e metaphori -
cal  meanings ,  se e Norvi g (1988 )  o r  Lakof f  an d 'Rime r 
(1989) . 

The Chinese Pen-Pal 

As H a m a d observes ,  Searl e toilin g i n hi s Chines e roo m 
coul d i n principl e pas s th e Turin g tes t  i n Chinese ,  mean -
in g tha t  symboli c interaction s wit h th e Searle/roo m sys -
te m migh t  b e "indisinguishabl e fro m a  lifelon g corre -
spondenc e wit h a  rea l  Chines e pen-pal. "  Searle' s argu -
ment  i s  tha t  th e Chines e roo m i s a  fraud ,  i n tha t  ther e 
i s n o "understanding "  goin g o n an d n o "meaning "  t o b e 
foun d i n th e system .  H a m a d attribute s thi s t o th e un -
grounde d qualit y o f  th e symbol s Searl e i s workin g with , 
but  I  woul d lik e t o sugges t  anothe r  reaso n wh y th e Chi -
nes e roo m withou t  transducer s woul d b e troublin g a s a 
cognitiv e agent ,  eve n i f  i t  produce d convincin g corre -
spondence . 

First ,  consid ^  wha t  h^pen s whe n w e as k th e pen-pa l 
t o "g o t o th e windo w an d tel l  m e wha t  yo u see. "  Ther e 
can b e n o questio n tha t  whatevC T answe r  Searl e produce s 
woul d b e fraudulent .  A  robo t  ca n perhap s "see "  i f  w e 
rela x th e constrain t  tha t  i t  b e don e wit h a  retin a an d 
cortex ,  bu t  sinc e Searle' s roo m i s withou t  transducer s o f 
any sort ,  ther e i s n o seein g goin g o n there . 

The Searle/roo m system' s "seeing "  ma y b e firaudulent, 
but  i s  it s  "thinking "  fraudulent  a s well ? Eve n i f  w e decid e 
tha t  groundin g i s irrelevant ,  ther e ar e reason s t o doub t 
whetho ^  thi s syste m ca n thin k i f  b y "think "  w e mea n 
"thin k i n a  roughl y human-lik e way." ^  Th e Chines e pen -
pal  ma y b e a n unsatisfactor y thinke r  becaus e perceptio n 
i s suc h a  larg e par t  o f  intelligence .  I f  th e pen-pa l  i s  wdth -
out  transducers ,  w e ar e naturall y le d t o doub t  whethe r  i t 
has th e menta l  facultie s tha t  follo w from  transduction , 
suc h a s menta l  imagery ,  an d th e abilit y  t o construc t  an d 
comprehen d spatia l  metaphors . 

Any agen t  tha t  lacke d thes e facultie s coul d no t  thin k 
i n a  human-lik e way .  A n agen t  tha t  possesse d them . 

'Perhap s cousi n t o th e famou s singin g Californi a raisins . 
^Thi s doe s no t  exclud e thinkin g i n a n ape-lik e o r  dolphin -

lik e way ,  whic h ma y b e nearl y a s sophisticate d a s huma n 
though t  Bu t  i t  doe s exclud e crud e symbo l  manipulator s suc h 
as pocke t  calculators ,  an d crud e senso r  an d effecto r  equippe d 
roboti c devices ,  suc h a s washin g machines . 
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eve n i f  i t  lacke d transducers ,  woul d b e a  muc h mor e 
satisfactor y symbo l  manipulato r  tha n anythin g cognitiv e 
scienc e ha s bee n abl e t o construc t  t o date .  I f  externa l 
observer s assig n meaning s t o th e th e agent' s symbol s 
the y wil l  find  tha t  it s  computation s produc e meaningfu l 
symboli c results .  Fo r  cognitiv e science ,  that' s al l  tha t 
matters .  Groundin g shoul d b e lef t  t o th e philosophers . 
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