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ABSTRACT:  "Symbo l  Grounding "  i s beginnin g t o 

mean to o man y thing s t o to o man y people .  M y ow n 

construa l  ha s alway s bee n simple :  Cognitio n canno t 

be jus t  computation ,  becaus e computatio n i s jus t  th e 

systematicall y interpretabl e manipulatio n o f  mean -

ingles s symbols ,  wherea s th e meaning s o f  my 
thought s don' t  depen d o n thei r  interpretabilit y  o r 

interpretatio n b y someon e else .  O n pai n o f  infinit e 

regress ,  then ,  symbo l  meaning s mus t  b e grounde d i n 

somethin g othe r  tha n jus t  thei r  interpretabilit y  i f  the y 

ar e t o b e candidate s fo r  wha t  i s goin g o n i n ou r 

heads .  Neura l  net s ma y b e on e wa y t o groun d th e 

names o f  concret e object s an d event s i n th e capacit y 

t o categoriz e the m (b y learnin g th e invariant s i n 

thei r  sensorimoto r  projections) .  Thes e growide d ele -

mentar y symbol s coul d the n b e combine d int o symbo l 

string s expressin g proposition s abou t  mor e abstrac t 

categories .  Groundin g doe s no t  equa l  meaning ,  how -

ever ,  an d doe s no t  solv e an y philosophica l  problems . 

Christansen & Chater. Although their critique of 

connectionis t  approache s t o meanin g i s vali d an d 
well-taken .  Christianse n &  Chate r  (thi s volume ,  an d 

1992,  hencefort h C  &  Q  see m t o mis s th e mar k 

when the y appl y i t  t o hybri d (nonsymbolic/symbolic ) 

approache s o f  th e kin d I  advocat e (Hama d 1990a , 

1992a) ,  fo r  th e differenc e betwee n a  hybri d mode l 

and a  purel y connectionisti c on e i s a s radica l  a s th e 
differenc e betwee n a  hybri d mode l  an d a  purel y sym -
boli c one .  Moreover ,  eve n th e hybridis m i s no t  jus t 

2-wa y symbolic/connectionis t  i n m y approach ;  rather , 

i t  i s 3-wa y (analo g -  connectionis t  -  symbolic) ,  wit h 
th e "connectionist "  componen t  jus t  a  place-holde r  fo r 

any mechanis m abl e t o lear n th e invariant s i n th e 

analo g sensorimoto r  projectio n tha t  allo w th e syste m 

t o d o categorizatio n (Hama d 1987) .  I f  neura l  net s 

tu m ou t  t o b e unabl e t o d o thi s job ,  othe r  patter n 

learnin g mechanism s migh t  stil l  succee d (Hama d 

1990b ,  1993a) . 
And eve n m y "symbolic "  componen t  i s no t  etche d 

i n stone ,  fo r  i t  coul d tu m ou t  tha t  a  "symbo l  system " 
tha t  i s grounde d i n m y sens e i s n o longe r  symboli c 

or  computationa l  i n th e forma l  sens e a t  al l  (because , 

formally ,  th e onl y constraint s o n symbols ,  whos e 

shape s ar e arbitrary ,  ough t  t o b e syntacti c constraints , 

operatin g mlefull y o n thos e arbitrar y shapes ,  wherea s 

i n a  grounde d syste m ther e i s a  secon d se t  o f  con -

straint s o n th e "symbols "  tha t  i s  exerte d b y th e 

nonarbitrar y shape s o f  th e sensorimoto r  projection s 

of  th e object s tha t  th e symbol s ar e about ,  an d th e 

invariant s i n thos e projection s tha t  allo w th e object s 

t o b e assigne d symboli c name s -  whethe r  thos e 

invariant s ar e foun d b y net s o r  b y somethin g else) . 

Such a  hybrid ,  doubly-constraine d syste m ma y n o 

longe r  fit  th e technica l  definitio n o f  a  forma l  symbo l 

syste m a t  all ;  a t  th e ver y least ,  i t  woul d b e a  "dedi -

cated "  syste m (lik e a  dedicate d computer) ,  wit h it s 

computation s highl y constraine d b y it s grounding , 

over  an d abov e (or ,  rather ,  unde r  an d below )  it s syn -

tax . 

Most  o f  C  &  C' s vali d criticis m o f  th e limitation s 

of  connectionis t  approache s t o meanin g i s applicabl e 

onl y 1 0 a  pur e connectionis m tha t  aspire s t o d o al l  o f 

cognitio n alone ,  replacin g th e computationalis t 

dogma tha t  menta l  state s ar e jus t  symboli c state s 
wit h th e connectionis t  dogm a tha t  menta l  state s ar e 

jus t  neural-ne t  stales .  I  subscrib e t o neithe r  o f  thes e 

dogmas.  I n addition ,  I  hav e alway s bee n ver y carefu l 

neithe r  t o stat e no r  t o impl y tha t  groundin g equal s 

meaning .  O n th e contrary ,  i t  i s  (an d wil l  alway s 

remain )  a  logica l  possibilit y  tha t  eve n th e kin d o f 

grounde d syste m tha t  i s th e ultimat e goa l  o f  m y 

approac h ~  a  syste m capabl e o f  passin g th e "Tota l 

Turin g Test, "  (T3 )  i.e. ,  on e whos e linguisti c (T2 ) 

and roboti c capacit y  i s totall y indistinguishabl e from 
our  ow n ~  coul d fai l  t o hav e an y intrinsi c interna l 

meaning s (Hama d 1989 ,  1991) . 

I  hav e als o consistentl y stresse d tha t  no t  onl y i s 
groundin g no t  equivalen t  t o meaning ,  bu t  ther e i s n o 

way t o prov e tha t  i t  i s  eithe r  necessar y o r  sufficien t 

fo r  it :  I t  i s  logicall y possibl e tha t  a n ungrounde d 

symbol  syste m ha s intrinsi c meaning s o r  tha t  a 

grounde d symbo l  syste m fail s t o hav e them .  I' m 
merel y bettin g (probabilistically ,  bu t  wit h reasons ) 

tha t  T3-capacit y i s sufficien t  fo r  havin g a  min d an d 
meanin g (Hama d 1992b ,  1993a) . 

Unlik e computationalist s (e.g. ,  Dietric h 1993) ,  wh o 
hol d tha t  cognitio n i s a  for m o f  implementation -

independen t  symbo l  manipulation ,  I  rejec t 

ungrounde d symbo l  manipulation s o f  an y kind ,  eve n 

T2-scal e ones ,  i n favo r  o f  a  syste m wit h ful l  T 3 

capacit y (T 2 i s ou r  full ,  Turing-indistinguishabl e 
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pen-pa l  capacity ,  i.e. ,  ou r  symboli c capacity ,  an d T 3 

i s ou r  full .  Turing-indistinguishabl e roboti c capacity , 

i.e. ,  ful l  sensorimoto r  +  symboli c capacity ,  wit h th e 

latte r  grounde d i n th e former .  H a m a d 1992b , 

1993a,b ,  1994) .  A s a  logica l  matter ,  suc h a  syste m 

wil l  hav e t o b e hybrid ,  becaus e althoug h pur e com -

putatio n (symbo l  manipulation )  i s implementation -

independent ,  th e performanc e requirement s o f  suc h a 

T3-scal e robo t  depen d essentiall y  o n analo g an d 

othe r  nonsymboli c form s o f  interna l  structur e an d 

functio n (Hama d 1993a) . 

C & C see m t o thin k tha t  "th e symbo l  groundin g 

problem "  i s th e "possibilit y  o f  a n externall y impose d 

arbitrar y re-interpretatio n o f  th e representationa l 

primitives "  (p .  232 )  i n a  symbo l  system .  Thi s i s no t 

th e symbo l  groundin g problem .  Fo r  symbo l 

ungroundednes s woul d continu e t o b e th e proble m 

eve n i f  onl y one .  uniqu e interpretatio n o f  a  symbo l 

syste m wer e possible ,  indeed ,  eve n i f  it s  uniquenes s 

wer e provable .  Th e rea l  proble m o f  symbo l  ground -

in g i s tha t  th e interpretatio n o f  th e symbols ,  whethe r 

or  no t  i t  i s  unique ,  i s no t  intrinsi c t o th e symbo l  sys -

tem :  I t  i s  projecte d ont o i t  b y th e min d o f  th e inter -

preter ,  wherea s tha t  i s no t  tru e o f  th e meaning s o f 

th e thought s i n m y mind . 

Th e goa l  o f  symbo l  groundin g i s no t  t o guarante e 

uniquenes s bu t  t o ensur e tha t  th e connectio n betwee n 

th e symbol s an d th e object s the y ar e systematicall y 

interpretabl e a s bein g abou t  doe s no t  d e p ^ d 

exclusivel y o n a n interpretatio n projecte d ont o th e 

symbol s b y a n interprete r  outsid e th e system .  Thi s i s 

th e rol e fo r  whic h I  propose d T3-grounding ,  fo r  th e 

T3-scal e robo t  no t  onl y ha s interna l  state s tha t  ar e 

systematicall y interpretabl e a s bein g abou t  th e 

object s i n th e world ,  bu t  it s o w n causa l  interaction s 

wit h th e worl d coher e totall y (T3-scale )  wit h tha t 

interpretability . 

T o pu t  i t  simply ,  a  grounde d T3-scal e symbo l  sys -

tem ,  whe n i t  token s " T H E C A T I S O N T H E M A T . " 

i s no t  merel y systematicall y interpretabl e b y yo u an d 

me a s meanin g th e ca t  i s o n th e mat :  i t  als o T3 -

interact s wit h th e referen t  o f  tha t  propositio n (an d al l 

othe r  systematicall y relate d ones )  i n a  wa y tha t 

cohere s wit h th e interpretation .  O f  course ,  thi s i s stil l 

jus t  interpretaticM i  (doubly-constraine d now ,  however , 

not  jus t  symbolicall y  [syntactically] ,  bu t  als o roboti -

call y  [causally]) ;  s o i t  stil l  leave s ope n th e possibilit y 

tha t  eve n grounde d symbol s d o no t  hav e intrinsi c 

meaning .  Bu t  a t  leas t  thei r  groundin g i s n o longe r 

jus t  a  matte r  o f  symbo l  interpretabilit y  o r  interpreta -

tion .  I n addition ,  th e robot' s causa l  interaction s ~ 

wit h th e object s tha t  it s symbol s ar e interpretabl e (b y 

us )  a s bein g abou t  ~  ar e autonomous :  the y d o no t 

dq)en d o n ou r  interpretation s o f  th e symbols .  Th e T 3 

robo t  wil l  (lik e us )  continu e t o pic k ou t  cat s whe n i t 

token s C A T (etc. )  whethe r  o r  no t  anyon e els e inter -

pret s C A T a s cat . 

Thought s ar e no t  dynami c stale s i n a  neura l  net -

wor k (tha t  "correlate "  wit h inpu t  i n som e way )  i n m y 

model .  Th e net s connec t  symbol s (arbitrar y categor y 

names)  t o object s categorie s o n ih e basi s o f  thei r 

sensorimoto r  projections .  Thes e grounde d symbol s 

ar e the n combine d int o symbo l  string s tha t  ar c sys -

tematicall y interpretabl e a s proposition s abou t  th e 

worid .  A  "thought "  woul d consis t  o f  th e activit y i n 

(S )  th e symbo l  system ,  (A )  analog s o f  th e invariant s 

i n th e sensorimoto r  projection ,  an d (N )  th e net s tha t 

hav e learne d t o detec t  them .  I t  i s  no t  only ,  o r  eve n 

mainly ,  th e activit y o f  th e net ,  a s i n a  pur e connec -

tionisti c model . 

I n m y hybri d model ,  n o semanti c conten t  i s 

assigne d t o distribute d representation s They'r e jus t 

sensorimoto r  invarianc e detectors .  It' s  a  mistak e t o 

assig n semantic s t o a  feature-detector .  It' s  als o 

importan t  t o stres s tha t  th e inpu t  t o th e net s i n th e 

hypothetica l  T3-scal e mode l  tha t  i s  th e ultimat e tar -

get  o f  m y approac h (a s oppose d t o th e isolate d to y 

net s w e actuall y test ;  H a m a d e t  al .  1991 )  i s suppose d 

t o b e th e sensorimoto r  projectio n itself ,  no t  symbol s 

tha t  ar e interpretabl e a s th e description s o f  object s o r 

thei r  sensor y projection s (cf .  LakofO -

C & C g o o n t o writ e (correctly )  o f  suc h purel y 

connectionisti c model s tha t  "th e interna l  state s o f 

presen t  da y connectionisti c network s appea r  t o b e n o 

mor e "grounded "  tha n thei r  symboli c counterpart s .. . 

th e distribute d representation s i n questio n ar e onl y 

non-arbitrar y i n relation  t o th e structur e o f  th e give n 

inpu t  representations ,  no t  i n relatio n t o wha t  th e 

latte r  ar c representation s of ,  i.e. ,  th e entitie s the y 

refe r  t o i n th e outsid e worid "  (p .  233) . 

I  woul d g o eve n further :  Al l  w e reall y hav e her e i s 

a relation  (correlation )  betwee n a  symboli c inpu t  an d 

interna l  state s o f  a  net .  Th e (ungrounded )  inpu t  sym -

bol s ar e o f  cours e interpretabl e a s bein g abou t  some -

thing ,  bu t  that' s neithe r  her e no r  there .  Th e ne t 

activit y correlate s wit h th e symbols ,  bu t  tha t  doesn' t 

hel p either .  There' s n o groundin g here ,  first,  becaus e 

it' s  symbol s tha t  nee d t o b e grounded ,  an d it' s  no t 

clea r  tha t  th e ne t  itsel f  ha s symbol s i n th e first  place . 

But  eve n i f  th e ne t  doe s hav e symbols ,  th e "correla -

tion "  i s jus t  wit h ye t  anothe r  se t  o f  symbol s -  th e 

inpu t  symbols .  A s C & C ask ,  righdy:  wha t  abou t  th e 

connectio n wit h wha t  th e symbol s ar e abou t  ? 

I n contrast ,  i f  th e inputs ,  instea d o f  bein g symbol s 

string s tha t  wer e interpretabl e a s bein g abou t  some -

thing ,  wer e simpl y sensor y projection s fro m rea l 

object s ont o th e system' s transduce r  surfaces ,  an d th e 

net  learne d th e invarian t  feature s i n th e projection s 
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tha t  allowe d th e object s t o b e reliabl y assigne d a n 

(arbitrary )  symboli c categor y n a m e ,  the n tha t  nam e 

woul d indee d b e connecte d t o wha t  i t  wa s (interpret -

abl e a s being )  about .  Ye t  eve n tha t  woul d stil l  no t 

yet  b e senumtics ;  i t  woul d jus t  b e a  stati c sensor y 

classifyin g device .  Bu t  n o w suppos e tha t  th e syste m 

scale d u p t o T3-scal e categorizatio n capacity ,  an d 

tha t  categor y name s coul d b e combine d int o string s 

of  proposition s abou t  mor e abstrac t  objects ,  event s 

and state s o f  affairs .  Th e symbo l  string s woul d n o w 

not  onl y "conelate "  wit h wha t  the y wer e (inierpret -

abl e a s being )  abou t  the y woul d als o b e causall y 

connecte d wit h them .  N o w ,  however ,  w e ar e n o 

longe r  talkin g abou t  distribute d representation s i n a 

mer e feature-detector ,  bu t  abou t  th e syste m a s a 

whole ,  o r  a t  leas t  muc h large r  systematicall y interact -

in g chunk s o f  it ,  includin g it s (A )  analog ,  (N )  con -

nectionis t  network ,  an d (S )  all-importan t  combinator y 

symboli c components . 
The "Proble m o f  Error "  (ho w ca n a  purel y correla -

tiona l  "concept "  b e wrong? )  doe s no t  aris e a s lon g a s 

one i s carefu l  t o separat e (irrelevant )  onii c question s 

(abou t  wha t  th e thing s referre d t o b y ou r  word s 

reall y are )  fro m th e empirica l  question s tha t  ar e 

prope r  t o psycholog y an d cognitiv e scienc e (wha t  d o 

we cal l  what?) :  Ou r  onl y responsibilit y  i s  t o explai n 

h o w peopl e us e word s i n th e world ,  wha t  objects , 

events ,  an d state s o f  affair s peopl e ca n an d canno t 

categoriz e an d nam e a s the y do ,  an d h o w a  syste m 

ca n manag e t o d o tha t  (Hama d 1993b) . 
So wha t  abou t  th e proble m o f  error ? H u m a n 

being s hav e a  certai n categorizin g capacity .  Ther e 

ar e som e thing s the y ca n sor t  an d labe l  reliabl y an d 

consistend y (and ,  perhap s eve n b y som e onti c cri -

terion ,  "correctly" )  an d som e thing s the y cannot .  Ou r 

missio n i s t o find  th e mechanis m tha t  ca n generat e 

(an d henc e explains )  wha t  the y ca n an d d o do . 

I n microcosm ,  suppos e th e worl d consiste d o f 

nothin g bu t  mushrooms ,  an d ou r  onl y subsistenc e 

activit y consiste d o f  finding  an d eatin g them .  A n d 

suppos e th e mushroom s cam e i n tw o varietie s tha t 

wer e ver y simila r  an d interconfusable :  a n edibl e an d 

a poisonou s variet y (and ,  fo r  th e sak e o f  argument , 

le t  u s sa y th e poisonousnes s wa s a  matte r  o f  degree , 

so i f  yo u onl y taste d a  littl e bi t  o f  a  poisonou s mush -

roo m yo u woul d no t  die ,  bu t  woul d simpl y becom e a 
littl e sick) . 

I s ther e an y "proble m o f  error "  here ? Y o u sampl e 

mushrooms .  A t  first  the y al l  loo k alike ,  bu t  som e o f 

the m mak e yo u sick ,  s o yo u star t  callin g som e 

"mushrooms "  an d som e "toadstools "  an d yo u tr y t o 
avoi d th e latter .  Bu t  wheneve r  yo u categoriz e 

wrongl y (gettin g sic k fro m eatin g wha t  yo u too k t o 

be a  mushroom ,  o r  goin g hungr y fro m abstainin g 

whil e seein g a  frien d ge t  nourishe d fro m wha t  yo u 

too k t o b e a  toadstool) .  Th e feedbac k fro m th e 

consequence s o f  miscalegorizatio n "tfains "  you r 

interna l  (supervised )  network s s o tha t  yo u eventuall y 

lear n t o categoriz e th e mushroom s correctly . 

N o w,  th e feature s tha t  you r  successfu l  interna l  net s 

find,  an d tha t  d o th e tric k fo r  yo u (kee p yo u fro m 

gettin g poisone d o r  goin g hungry )  m a y onl y b e pro -

visiona l  an d approximat e features :  I f  yo u deplet e 

you r  foragin g territor y an d mov e on ,  feature s tha t 

hav e serve d yo u wel l  m a y tur n ou t  t o b e fals e 

friends ,  an d you r  inne r  net s m a y hav e t o revis e thei r 

provisiona l  invariant s (perhap s eve n radically ,  i f 

thing s chang e s o muc h tha t  al l  prio r  bet s ar e of O t o 

get  yo u safel y nourishe d again .  Bu t  i t  seem s quit e 

clea r  tha t  ther e i s n o proble m wit h th e empirica l 

sens e o f  error :  You'r e wron g wheneve r  yo u ea t  th e 

wron g stuff ,  o r  fai l  t o ea t  th e right  stuff .  Wha t  mush -

room s an d toadstool s "really "  ar e i s no t  a t  issue :  Jus t 

what  you'v e sampled ,  an d wha t  provisiona l  feature s 

hav e manage d t o ge t  yo u by .  A n d wha t  yo u "hav e i n 

mind "  i s clearl y t o ea t  wha t  yo u tak e t o b e edibl e 

and avoi d wha t  yo u tak e t o b e poisonous . 

Nor  i s ther e an y proble m i n principl e wit h general -

izatio n fo r  a  sufficientl y powerfu l  invariance-leamin g 

mechanis m (thoug h ther e may ,  o f  course ,  b e prob -

lem s fo r  neura l  nets ,  i f  the y d o no t  tur n ou t  t o hav e 

human-scal e powe r  i n thi s respect) :  I f  th e inpu t  i s 

underdetermined ,  feature s wil l  hav e t o b e revised , 

perhap s eve n radicall y revised ,  i n th e fac e o f  ne w 

dat a (Hama d 1987) .  W e ca n d o it ;  s o w e nee d t o find 

learnin g device s tha t  ca n d o i t  too ,  T3-scale . 
Th e Proble m o f  Underdetermination :  H u m a n inpu t 

i s indee d underdetermined ,  s o whateve r  th e winnin g 

learnin g devic e tum s ou t  t o be ,  i t  wil l  hav e t o hav e 

th e powe r  t o lea m invariant s fro m huma n inpu t  (ini -

tiall y  mosU y sensory )  unde r  th e sam e condition s 

humans face .  What' s infinitel y mor e underdetermine d 
tha n huma n inpu t  data ,  though ,  i s to y cognitiv e 

model s tha t  onl y d o a  tiny ,  arbitrar y fragmen t  o f 
what  peopl e ca n do .  Scalin g u p from  toy s t o T 3 nar -

row s th e degre e o f  underdeterminatio n t o th e norma l 

degree s o f  freedo m fo r  thi s branc h o f  revers e bioen -

gineering . 

Th e Proble m o f  Non-Existin g Entities :  Nonexisten t 

entitie s ar e onl y problem s fo r  ontologies ,  no t  fo r  T 3 

grounding : 

The peekabo o unicor n i s " a hors e wit h a  hor n tha t 

vanishe s withou t  a  trac e wheneve r  sense s o r  measur -

in g instrument s ar e traine d o n it. "  Unverifiabl e i n 

principle ,  thi s categor y i s nevertheles s a s firmly 
grounde d (an d meaningful )  a s "zebra "  -  a s lon g a s 

"horse. "  "horn. "  "vanish. "  "trace, "  "senses "  an d 

"measurin g instrument "  ar e grounded .  An d w e coul d 
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identif y it s member s o n firs t  encounte r  -  i f  w e eve r 

coul d encounte r  the m -  a s surel y a s w e coul d iden -

tif y ou r  firs t  zebr a [arme d wit h a  prio r  grounde d 

description :  "stripe d horse"] .  Th e cas e o f  th e 

painte d hors e an d o f  goodness ,  trut h an d beaut y i s 

lef t  t o th e reade r  a s a n exercis e i n explorin g th e 

recursiv e possibilitie s o f  grounde d symbol s (Hama d 

1992a) . 

Thi s exampl e suggest s w h y a  ne t  alon e i s no t  likel y 

t o b e enoug h fo r  grounding :  Grounde d symbol s ar e 

par t  o f  a  hybri d system .  Ther e ha s t o b e a  symboli c 

leve l  a t  whic h th e higher-orde r  categorie s forme d ou t 

of  prepositiona l  string s ar e represented .  Th e peeka -

bo o uniccx n als o show s tha t  ther e i s n o proble m wit h 

"defining "  entitie s tha t  ar e unobserved ,  nonexistent , 

or  eve n unobservable-in-principle . 

At  th e sensorimoto r  level ,  categor y name s (ele -

mentar y symbols )  ar e "bound "  t o sensor y projection s 

vi a learne d invariant s ("supervised "  b y feedbac k 
from  th e consequence s o f  miscategorization) .  Othe r 

symbol s ar e the n boun d t o stil l  othe r  symbol s 

throug h grounde d symboli c iHX>{>osition s ("Zebra "  = 

"Horse "  &  "Stripes") .  Fo r  this ,  a s C & C indicate , 

"structure d descriptions "  ar e indee d needed ,  an d tha t 

i s on e o f  th e reason s m y mode l  i s hybri d rathe r  tha n 

connectionistic .  I t  i s  tru e tha t  "th e correlationa l 

accoun t  lalone ]  canno t  fix  th e meaning s o f  primi -

tives. "  Fo r  tha t  yo u nee d th e res t  o f  th e syste m too . 

LakofT. Lakoff (this volume) favw the pure connec-

tionis t  approach ,  a s exemplifie d b y Regier' s thesis . 

A grea t  dea l  depends ,  however ,  o n whethe r  th e inpu t 

t o Regier' s mode l  i s sensor y projections ,  o r  merel y 

description s o f  sensor y scenes ,  and/o r  o f  nervou s 

syste m activities .  Wit h th e former ,  w e hav e a 

"situated "  mode l  (situate d i n optica l  projecticMis ,  an d 

capable ,  presumably ,  o f  performin g spatia l  analyse s 

on them) ,  bu t  i t  i s  stil l  no t  appropriat e t o describ e i t 

as "grounded "  (a t  leas t  no t  a s 1  us e th e term ,  H a m a d 

1990a) ,  becaus e tha t  ter m wa s coine d fo r  th e ground -

in g o f  symbol s -  an d o n Lakoff s construal ,  Regier' s 

syste m ha s n o symbols . 

I f  th e inpu t  t o Regier' s mode l  i s no t  sensor y pro -

jections ,  bu t  description s o f  the m (and/o r  o f  thei r 

putativ e neura l  substrates )  the n i t  i s  a  symboli c 

model  afte r  all ,  bu t  a n ungrounde d one ,  wit h sym -

boli c input s pseudo-grounde d i n interna l  networ k 

activitie s (whereas ,  o f  course ,  the y ough t  t o b e 

grounde d i n th e actua l  scene s the y ar e interpretabl e 

as bein g about) .  Le t  u s cal l  thes e tw o alternative s 

situate d spatia l  analyzer s (SSAs )  an d ungrounde d 

spatia l  description s (USDs) ,  respectively . 

"Concepts "  i s a  theoretica l  construct ;  "symbol "  i s  a 

technica l  term .  Th e structure s an d state s o f  Regier' s 

networ k m a y o r  m a y no t  mee t  th e criteri a fo r  bein g a 

systematicall y inierprciabl e forma l  symbo l  system . 

Let  u s suppos e the y d o not .  The n i t  i s  stil l  a n ope n 

questio n wha t  thos e structure s an d state s are .  T o sa y 

the y ar e "concepts "  i s t o jum p th e gun ,  somewhat . 

Ther e ar e n o concept s a t  th e leve l  o f  neura l  ne t 

activit y alone ;  neura l  net s ar e jus t  invarianc c 

learners .  Concept s involv e a  muc h bigge r  chun k o f 

th e cognitiv e machiner y i n th e hybri d system ,  includ -

in g th e symboli c componen t 

Th e technica l  matte r  o f  whethe r  o r  no t  ther e ar e 

forma l  symbol s i n Regier' s mode l  ca n b e sealed ,  bu t 

whethe r  ther e ar e concept s i n i t  i s  a  muc h toughe r 

question ,  an d on e tha t  certainl y canno t  b e settle d b y 

merel y makin g a  posi t  t o tha t  effec t  O n th e fac e o f 

it ,  th e ne t  i s whateve r  i t  is ,  an d contain s whateve r  i t 

contains ,  an d doe s whateve r  i t  does .  I f  it s  inpu t  i s 

sensor y projection s an d it s outpu t  i s symbo l  string s 

tha t  ar e interpretabl e a s a  classificatio n an d analysi s 

of  th e spatia l  scene s o f  whic h th e input s wer e th e 

sensor y projections ,  the n that' s wha t  yo u have :  sen -

sor y projection s in ,  interpretabl e symbo l  string s ou t 

~ a n SSA .  O n th e othe r  hand ,  i f  bot h th e input s an d 

th e output s t o th e mode l  ar e symboli c (an d th e mode l 

itsel f  is ,  lik e mos t  neura l  ne t  models ,  jus t  a  symboli -

call y simulate d net ,  no t  a  rea l  physicall y paralle l  an d 

distribute d structure )  the n th e chance s ar e goo d tha t 

i t  wil l  indee d fit  th e technica l  definitio n o f  a  symbo l 

syste m -  an d a n ungrounde d on e ( U S D ) ,  a t  tha t 

(Hamad 1993a) . 

Th e questio n abou t  "concepts, "  however ,  i s  no t 

merel y terminological ,  I  think ,  becaus e fo r  "ground -

ing "  yo u mus t  hav e a n entit y tha t  i s  interpretabl e a s 

referrin g t o somethin g ~  an d i t  i s  i n tha t  somethin g 

tha t  i t  i s  suppose d t o b e grounded .  Symbol s ar e th e 

systematicall y interpretabl e entitie s pa r  excellence , 

and Fodo r  & .  Pylyshy n (1988 )  rightly  stres s tha t 

semanti c interpretabilil y  i s  a  systemati c property ,  no t 

an isolated ,  punctat e one .  S o i f  w e hav e systemati -

city ,  w e hav e symbols ;  i f  w e don' t  hav e systemati -

city ,  i t  i s  no t  clea r  wha t  w e have .  Bu t  concepts , 

whateve r  the y are ,  ar e surel y stronge r  construct s 

tha n symbols ,  grounde d o r  no .  S o w e can' t  jus t 

assume thei r  presenc e b y fiat 

I n th e hybri d architectur e I  advocate ,  ther e i s a 

secon d sourc e o f  constraint s (analogou s t o Regier's ) 

on grounde d symbo l  systems ,  ove r  an d abov e (o r 

rather ,  unde r  an d below )  th e usua l  forma l  syntacti c 

ones .  Syntacti c constraint s operat e onl y o n th e 

shape s o f  th e symbo l  token s (whic h ar e arbitrar y i n 

relatio n t o th e thing s the y ca n b e interprete d a s bein g 

about) ;  th e secon d (o r  rather ,  th e first),  bottom-u p 

sourc e o f  constraint s i n m y hybri d syste m come s 

fro m th e physica l  connection s forme d betwee n th e 
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ground-leve l  symbol s (categor y names )  an d th e sen -

sor y projection s o f  th e object s (categor y members ) 

the y stan d for ,  a s mediate d b y neura l  net s tha t  hav e 

learne d t o detec t  th e invariant s i n th e sensor y projec -

tio n tha t  allo w th e object s t o b e categorize d an d 

named correctly .  A  Regie r  ne t  woul d b e a  welcom e 

componen t  i n suc h hybri d syste m - -  a  componen t 

tha t  detect s spatia l  invariants .  Bu t  I  woul d neve r 

spea k o f  activit y i n tha t  ne t  (N )  alon e a s "concep -

tual" :  It' s  jus t  a  spatia l  analyzer .  Concept s involv e 

much more ,  includin g no t  onl y th e ra w analo g pro -

jection s themselve s (A) ,  bu t  als o al l  th e (no w 

doubly-constrained )  forma l  relation s betwee n th e 

symbol s i n th e grounde d symboli c componen t  (S) . 

Lakof f  writes :  "Th e symbol-groundin g approac h 

appear s t o accept.. .  [th e Al-style ]  symbol -

manipulatio n vie w o f  mind ,  assume s concept s ar e 

symbols ,  an d onl y the n seek s t o groun d th e sym -

bols. "  Well ,  I  don' t  o w n th e term ,  bu t  m y o w n sym -

bol  groundin g approac h (Hama d 1990a ,  1992a )  cer -

tainl y i s no t  correctl y describe d thi s way :  I t  i s  con -
ventiona l  top-dow n A I  tha t  imagine s i t  ca n d o al l  th e 

substantiv e wor k a t  th e symboli c leve l  an d ca n the n 

someho w "ground "  th e whol e syste m b y hookin g i t 

up t o th e worl d "i n th e right  way "  b y mean s o f  sen -

sor y devices .  M y approac h i s bottom-u p (i s ther e an y 

othe r  wa y t o ge t  of f  th e ground?) ,  startin g wit h ana -

lo g sensor y projections ,  usin g net s t o find  th e invari -

ant s i n thos e projection s tha t  allo w objec t  categorie s 

t o b e categorize d an d named ,  an d ihe n thos e 

grounde d elementar y name s ar e combine d int o pro -

position s that ,  unlik e ordinar y symbo l  string s i n 

ungrounde d computation ,  ar e constraine d bot h b y th e 

nonarbitrar y sh^je s tha t  groun d the m (th e ne t  con -

nection s t o th e sensor y projection s o f  objec t 

categories ,  vi a learne d invariants )  an d b y th e 

boolea n rule s o f  symbo l  compositio n ("Zebra "  = 

"Horse "  &  "Stripes") . 

"Regier' s ^proac h suggest s tha t  th e whol e leve l 

of  symboli c manipulatio n i s unnecessary ,  sinc e th e 

inferentia l  propertie s o f  spatia l  relation s concept s ar e 
buil t  int o th e grounding, "  write s Lakoff .  Unnecessar y 

fo r  sensOT y spatia l  analysis ,  perhaps ,  bu t  cognitiv e 
modellin g als o need s t o scal e u p t o th e res t  o f  ou r 

cognitiv e competenc e ~  includin g concepts ,  whic h 

hav e systemati c language-of-though t  propertie s tha t  I 

canno t  discer n i n Regier' s model . 

Touretzky. Touretzky (this volume) suggests that 

"[p]erceptua l  predicate s suc h a s "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 "  cannot "  Ye t 

th e clai m tha t  "horse "  i s a  "conceptua l  category "  tha t 

i s  someho w dissociate d fro m o r  independen t  o f  per -

ceptua l  categorie s suc h a s "red "  o r  "striped "  i s a  phi -

losophica l  on e tha t  coul d us e som e close r  scrutiny : 

What  i s th e evidenc e fo r  it ? Indeed,  wha t  woul d 

eve n coun t  a s evidenc e fo r  o r  agains t  it ? Surel y no t 

introspection s abou t  wha t  horse s ar e an d wha t 

"horse "  means !  O n th e fac e o f  it ,  w e peopl e ca n 

correctl y sor t  an d labe l  re d things ,  stripe d things , 

squares ,  triangles ,  horses ,  zebras ,  unicorns ,  games , 

tru e sentences ,  goo d thing s an d beautifu l  things .  A 

Martia n behavioris t  coul d tel l  yo u tha t  abou t  us .  Th e 
questio n is :  H o w l  A n d I  don' t  thin k i t  i s  a t  al l 

obviou s tha t  som e o f  thes e categorization s ar e 

accomplishe d i n a  radicall y differen t  wa y fro m th e 

others . 

Let  u s no t  forge t  tha t  ou r  categorie s ar e interre -

lated ,  indeed ,  t o a  grea t  exten t  hierarchical .  Th e 

"subordinate/superordinate "  relatio n i s jus t  a n arbi -

trar y entry-poin t  int o a  vast ,  systemati c categor y net -

work .  Th e systematicitie s ca n b e describe d symboli -

cally ,  t o b e sure ,  bu t  accordin g t o groundin g theory , 

the y ar e enforce d anothe r  way ,  namely ,  eithe r  b y 
direct ,  nonsymbolic ,  invarianc e filtering  o f  th e sen -

sorimoto r  projection ,  o r  b y boolea n recombination s 

of  categor y name s tha t  ar e themselve s eithe r 

grounde d directl y o r  grounde d i n categor y name s tha t 

ar e grounde d i n categor y name s tha t  ar e grounde d 

directl y (i.e. ,  nonsymbolically) .  Otherwise ,  al l  thes e 

names woul d b e trappe d i n tha t  ungrounde d symboli c 

circl e I  calle d th e "dictionary-go-round "  (i n H a m a d 

1990) :  al l  systematicall y interpretabl e t o us ,  o f 
course ,  bu t  intrinsicall y meaningles s i n themselves . 

That' s th e symbo l  groundin g problem . 

Touretzk y attribute s t o m e "th e story.. .  tha t  w e 

hav e a  laye r  o f  transducer s 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 compo -

sitio n t o increasingl y abstrac t  concepts.. .  zebr a 

define d a s hors e plu s striped. "  Bu t  fo r  m e transduc -
tio n i s no t  direc t  mappin g o f  sensation s ont o sym -

bols :  I t  i s  an y for m o f  transformatio n o f  sensor y 

energ y states .  Th e transformatio n coul d b e analog : 

Sensor y projection s coul d g o int o othe r  sensor y pro -

jections ,  o r  int o moto r  projections .  Symbol s nee d 

neve r  intervene .  I n th e cas e o f  categorizatio n the y d o 
intervene ,  bu t  no t  throug h th e "simpl e bottom-u p 

m o p i n g o f  sensation s t o symbols, "  bu t  throug h th e 

laboriou s learnin g o f  sensor y invariant s o n th e basi s 

of  feedbac k fro m th e consequence s o f  miscategoriza -

tio n (or ,  a s Touretzk y point s out ,  partl y als o a s a 

resul t  o f  alread y tune d invarianc e detector s shape d 
by evolutio n an d n o w inbom) .  I n m y view ,  ou r  strip e 

detector s migh t  b e largel y innatel y tune d (s o thei r 

pat h t o th e arbitrar y labe l  "striped "  migh t  b e easy) , 

wherea s ou r  horse-detector s require d som e nontrivia l 
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learnin g l o b e grounded .  Onc e bot h ar e grounded . 

though ,  the y ope n a  purel y symboli c pat h t o "zebra. " 

Toureizk y remind s u s tha t  "grounde d symbols "  ar e 

use d i n a  variet y o f  abstrac t  an d figurative  way s no t 

directl y relate d t o thei r  grounding .  I  agree .  Bu t  i n th e 

bottom-u p hybri d syste m I  a m advocating ,  the y - -

and al l  th e symbo l  combination s the y ente r  int o - -

continu e t o b e constraine d b y thei r  origin s i n sensor y 

grounding .  Th e grounde d symboli c componen t  cer -

tainl y doe s nee d t o b e analyze d an d elaborate d 

beyon d th e vagu e notio n o f  boolea n recombination s 

of  grounde d categor y names ,  bu t  i t  i s  precisel y th e 

questio n o f  ho w thei r  analo g groundin g continue s t o 

exer t  it s  specia l  influenc e o n th e combinator y possi -

bilitie s o f  wha t  woul d otherwis e jus t  b e arbitrary -

symbol-toke n manipulation s tha t  i s  th e crucia l  ques -

tio n abou t  thi s hybri d mechanism . 

Touretzk y write s o f  a  "perceptua l  schema "  fo r  a 

hear t  I' m no t  sur e wha t  thi s woul d b e (i t  sound s lik e 

a diagra m fo r  a  homunculu s t o loo k a t  an d use) ,  bu t 

what  a  syste m wit h a  grounde d symbo l  fo r  "heart " 

woul d hav e t o b e abl e t o d o (a t  th e ver y least )  i s  t o 

discriminat e an d identif y litera l  heart s (thos e cardia c 

biologica l  organs )  a s w e do .  Onc e tha t  wa s success -

full y modelled ,  w e coul d worr y abou t  it s metaphori -

cal  extension s (Hama d 1982 ,  1993b) .  It s  litera l 

meanin g ma y no t  figure  directl y i n mos t  everyda y 

adul t  use s o f  th e symbo l  "heart, "  bu t  i f  m y groundin g 

theor y i s  right,  it s  groundin g stil l  underlie s al l  thos e 

uses .  Doe s Touretzk y reall y thin k yo u ca n bootsu ^ 

t o metaphorica l  use s withou t  a  firm  ancho r  i n litera l 

uses ? 

Touretzk y writes :  "I f  externa l  observer s assig n 

meaning s t o th e agent' s symbol s the y wil l  find  tha t 

it s computation s produc e meaningfu l  symboli c 

results. "  Thi s i s  a  reasonabl e goa l  fo r  a  builde r  o f 

usefu l  machines ,  bu t  no t  fo r  someon e w h o want s t o 

model  thinking ,  whic h i s  grounde d i n wha t  i t  actu -

all y  means ,  irrespectiv e o f  wha t  meaning s externa l 

obsCTver s assig n t o it .  Accwdin g t o m y theory ,  tha t 

groundin g come s fro m th e roboti c capacit y t o 

discriminat e (categorize ,  manipulat e etc. )  th e objects , 

event s an d state s o f  affair s tha t  th e system' s symbol s 

ar e intrapretabl e a s bein g about ,  an d i t  i s  embodie d 

(mostly )  i n th e transduce r  structure s an d processe s 

tha t  giv e th e robo t  tha t  capacity .  Anythin g les s 

woul d jus t  b e symbo l  hermeneutics ,  hangin g fro m a 

skyhook . 
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