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A b s t r a c t 

In this position paper we would like to lay out our 

vie w o n th e importanc e o f  groundin g an d situated -

nes s fo r  cognitiv e science .  Furthermor e w e woul d lik e 

t o sugges t  tha t  bot h aspect s becom e relevan t  almos t 

automaticall y i f  on e consequentl y pursue s th e origi -

na\  idea s fro m connectionism .  Finall y w e discus s th e 

relevanc e o f  groundin g fo r  theorie s o f  meanin g an d 

th e possibl e contributio n o f  symbo l  groundin g fo r  au -

tonomou s agents . 

W h a t  i s  g r o u n d i n g a n d w h y i s i t 

use fu l ? 

Grounding of concepts and symbols is an important 

perspectiv e fo r  cognitiv e science .  Thi s perspectiv e 

concentrate s o n tw o things :  Firs t  i t  point s ou t  tha t 

i n an y cognitiv e agen t  ther e ar e importan t  pathway s 

betwee n th e sensor s an d effector s o n on e side ,  an d th e 

agent' s concept s an d symbol s o n th e othe r  side .  Ne -

glectin g thos e pathway s lead s t o neglectin g th e ver y 

essenc e o f  th e concept s tha t  mak e the m par t  o f  th e 

agent' s menta l  processes .  Secondly ,  i t  explain s ho w 

concept s ca n b e develope d throug h interactiv e behav -

io r  i n a n environmen t  an d thu s put s emphasi s o n th e 

histor y an d subjectiv e contex t  behin d an y concep -

tua l  scheme .  Groundin g i n thi s sens e i s no t  limite d 

t o linkin g concept s t o sensor s an d effectors ,  bu t  als o 

t o an y othe r  interna l  menta l  stat e thu s constitutin g 

th e contex t  fo r  concep t  formation . 

W h at  th e forme r  aspec t  i s  concerne d i t  i s  ofte n ar -

gue d tha t  an y classica l  symbo l  syste m i n A I  ca n b e 

envisione d a s bein g linke d t o sensor s an d effectors , 

and therefor e an y A I  syste m i s o r  ca n b e grounded . 

W h at  th e secon d aspec t  i s concerned ,  i t  i s  sometime s 

argued  tha t  if ,  fo r  instance ,  someon e copie d al l  men -

ta l  state s fro m on e agen t  int o anothe r  on e woul d ge t  a 

functionin g system s whil e bein g abl e t o forge t  abou t 

any histor y o r  subjectiv e experience s (Minsky ,  per -

sona l  communication) . 

Fro m a  certai n perspective ,  bot h point s ar e true . 

Of  course ,  whe n copyin g someone' s brai n int o a  func -

tionall y equivalen t  compute r  progra m o r  th e lik e 

(let' s  suppos e fo r  th e m o m e nt  w e reall y could )  on e 

coul d n o longe r  reall y sa y tha t  thi s ne w agen t  ha s 

had experience s whic h helpe d i t  t o groun d it s sym -

bols .  Thi s i s no t  th e point .  W h a t  th e symbo l  ground -

in g proble m suggest s i s tha t  on e canno t  merel y cop y 

tha t  agent' s concept s an d it s us e o f  symbol s '  int o an -

othe r  agen t  withou t  losin g som e o r  al l  o f  thei r  func -
tionality .  I n othe r  words ,  i n orde r  t o ge t  th e ne w 

agen t  t o mak e us e o f  th e symbol s i n exactl y th e sam e 

way a s th e origina l  one ,  on e need s t o als o cop y al l  o f 

th e origina l  sensor s plu s th e pathway s betwee n the m 

and th e concept s (wit h al l  thei r  imprinte d weights , 

t o us e connectionis t  terms) .  Experience s o r  interac -

tion s wit h th e environmen t  d o no t  explai n u s ho w a t 

any specifi c  moment  i n tim e sensor s ar e connecte d t o 

symbols ,  bu t  the y explai n u s ho w th e pathway s wer e 

or  coul d b e establishe d (othe r  tha n throug h copying) . 

So wha t  doe s tha t  tel l  u s fo r  cognitiv e scienc e o r 

AI ? I t  doe s no t  tel l  u s tha t  w e coul d neve r  eve r 

achiev e a  full y artificiall y  intelligen t  syste m withou t 

carin g abou t  a n agent' s experience s an d th e result -

in g grounding .  However ,  a t  th e m o m e nt  w e woul d 

not  kno w o f  an y metho d -  othe r  tha n resortin g i n 

larg e part s t o tria l  an d erro r  -  o f  ho w t o buil d i n de -

tai l  thos e sai d pathway s betwee n th e sensor s an d th e 

concepts .  W h a t  tha t  stor y doe s tel l  u s i s tha t  viewin g 

concept s an d symbol s a s "t o b e grounded "  throug h 

mechanism s tha t  ar e a  resul t  fro m th e agent' s ex -

^Fo r  th e furthe r  discussio n w e wan t  t o mak e clea r 

tha t  w e distinguis h betwee n concept s a s menta l  state s 

resultin g fro m categorizatio n an d symbol s a s sign s 

(o r  labels )  tha t  ar e mad e t o refe r  t o concept s b y th e 

agent . 
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perience s wil l  ge t  u s muc h farthe r  i n designin g (an d 

understanding )  suc h artificia l  agents .  Thu s th e sym -

bol  groundin g proble m doe s no t  poin t  t o a  theoretica l 

impossibilit y  o f  buildin g A I  machine s withou t  a n ex -

plici t  accoun t  o f  groundin g (implicitly ,  however ,  ever y 

successfu l  machin e wil l  giv e suc h a n account) .  Thi s 

has alread y bee n pointe d ou t  b y (Hamad ,  1990) .  in -

stea d i t  give s u s direction s towar d plausibl e an d effi -

cien t  desig n o f  artificia l  cognitiv e system s whic h ca n 

use symbols .  Thos e direction s tel l  u s tha t  w e shoul d 

emphasiz e o n agent s tha t  -  lik e u s -  ca n see ,  hea r  an d 

fee l  th e worl d an d ac t  i n it ,  an d b y thi s wa y acquir e 

concept s an d meaningfu l  symbols .  A n d i t  tell s u s 

tha t  w e shoul d no t  approac h symbol s an d conceptua l 

knowledg e divorce d fro m an y perceivin g an d actin g 

agent ,  becaus e i f  w e d o w e wil l  hav e th e sam e prob -

lem s a s whe n tryin g t o cop y (only )  th e symbol s fro m 

one agen t  int o anothe r  (a s suggeste d above) . 

G r o u n d i n g a s a  logica l  c o n s e q u e n c e o f 

rad ica l  c o n n e c t i o n i s m 

In this section we would like to discuss grounding in 
th e framewor k o f  connectionis t  models . 

Recently ,  w e hav e argue d fo r  a  "radical "  versio n 

of  connectionis m t o b e embrace d b y thos e wh o ar e 
aimin g fo r  a  trul y alternativ e approac h t o th e clas -

sica l  paradig m i n cognitiv e scienc e an d artificia l  in -

telligenc e (Dorffner ,  1991) .  B y "radical "  w e under -
stan d th e consequen t  empheisi s o f  thos e aspect s whic h 

ar e nove l  a s compare d t o th e symbolic ,  o r  cogni -

tivist ,  approach .  A t  th e cente r  o f  suc h aspect s i s 

self-organizatio n i n a  neura l  networ k throug h learn -

in g rules ,  replacin g explici t  desig n o r  knowledg e engi -
neering .  Th e basi c ide a i s tha t  a  connectionis t  mode l 

ca n acquir e "knowledge "  throug h adaptiv e reaction s 

t o a  strea m o f  inputs ,  thu s freein g th e model' s creato r 

fro m th e nee d fo r  explici t  desig n o f  tha t  knowledge . 

M a ny (tiny )  model s wit h a t  leas t  on e so-calle d hid -

den laye r  hav e give n prov e t o thi s hypothesi s tha t  in -

deed a  connectionis t  mode l  ca n acquir e som e behav -

io r  tha t  wa s no t  explicitl y  programmed .  However , 

connectionis t  modeler s hav e ofte n bee n criticize d fo r 

claimin g jus t  tha t  bu t  a t  th e sam e tim e usin g ex -
plicitl y  designe d representation s o n th e model' s in -

put s an d output s (suc h a s i n (Sejnowsk i  an d Rosen -

berg ,  1987 )  o r  (Rumelhart ,  D.E .  an d McClelland , 

J.L. ,  1986)) .  Thus ,  a  consequen t  extensio n o f  self -

organizin g model s woul d b e t o plac e input s an d out -

put s wher e n o suc h representatio n i s  needed .  Wit h 

respec t  t o cognitiv e model s thi s mean s th e us e o f  pur e 

sensor y inpu t  an d moto r  output ,  sinc e thei r  repre -

sentation s ar e somewha t  self-eviden t  (an d als o mor e 

accessibl e i n nature) .  W e hav e calle d suc h repre -

sentation s "immediatel y grounded. "  B y designin g a 

cognitiv e mode l  suc h tha t  th e onl y interface s wit h 

it s environmen t  ar e o f  sensor y o r  moto r  signa l  na r 

ture ,  i n theor y th e nee d fo r  explici t  desig n o f  worl d 

knowledg e ca n b e erased .  W h a t  remain s ar e prewire d 

architectura l  scheme s s o a s t o facilitat e certai n self -

organization s ove r  other s -  i n a  sens e "innate "  struc -

ture s whic h i n natur e ar e create d b y evolution^ . 

I n thi s framework ,  an y conceptua l  knowledg e o f  a 

cognitiv e syste m develop s throug h self-organizatio n 

base d o n adaptiv e interactio n wit h th e environment . 

I n othe r  words ,  beside s fro m wha t  i s give n throug h 

th e "meta-level "  representation s (th e innat e struc -

tures) ,  al l  aspect s abou t  suc h purel y connection -

is t  concept s ar e acquire d throug h th e ver y system' s 

own behavio r  i n an d interactio n wit h it s  environ -

ment .  Concept s ar e thu s th e "systems '  own "  an d 

thei r  meanin g i s n o longe r  parasiti c o n th e concept s o f 

other s (th e syste m designer) .  Thu s the y ar e automat -

icall y grounde d i n Hamad' s sens e (Hamad ,  1990) . 

I n conclusion ,  w e ca n sa y tha t  i f  connectionist s 

want  t o maximall y distinguis h thei r  model s fro m clas -

sica l  A I  model s throug h maximall y emphasizin g self -

organization ,  a s a  logica l  consequenc e the y wil l  en d 

up wit h grounde d concept s (provide d the y d o no t 

den y th e natur e o f  concepts) ,  an d sub-sequentl y sym -

bols . 

Symbol  groundin g an d meanin g 

We would like to suggest that when considering sym-

bol s i n cognitiv e scienc e w e shoul d loo k a t  "cogni -

tivel y relevant "  symbol s whic h i n ou r  vie w ar e lin -

guisti c entities ,  tha t  is ,  sign s i n th e semioti c sens e ac -

tivel y use d b y a n agen t  t o refe r  (se e (Dorffner ,  1992)) . 

Thu s a  mode l  o f  symbo l  groundin g woul d contribut e 

t o a  theor y o f  linguisti c meaning ,  a t  leas t  o n th e lexi -

cal  level .  T o loo k a t  wha t  thi s contributio n coul d be , 

we com e bac k t o a  modelin g framewor k lik e radica l 

connectionism . 
I f  designer s wante d t o explicitl y  progra m a n artifi -

cia l  agen t  an d it s  grounde d concept s an d symbols , 

the y woul d ten d t o progra m thei r  ow n groundin g 

base d o n thei r  ow n experiences .  Th e limitation s o f 

suc h a  desig n become s clea r  whe n w e ar e dealin g wit h 

agent s tha t  canno t  shar e al l  th e sam e type s o f  expe -
riences ,  tha t  is ,  viusal ,  acoustic ,  tactile ,  an d othe r 

sensations ,  plu s emotions ,  feelings ,  an d motivation s 
we human s have .  W e ar e ver y fa r  fro m buildin g m a -

^ We ar e no t  denyin g tha t  i t  migh t  possibl y tur n ou t 

tha t  finding  suc h structure s migh t  eve n b e a  bigge r 

practica l  proble m tha n explici t  desig n o f  agents . 
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chine s tha t  inlcud e al l  o f  that .  Artificia l  agent s hav e 

thei r  own ,  s o fa r  rathe r  primitiv e way s o f  experienc -

in g th e world .  Ther e i s n o principa l  reason ,  however , 

why the y shoul d no t  b e capabl e o f  acquirin g concep -

tua l  scheme s an d th e abilit y  t o us e language .  Thi s 

means tha t  w e ca n lear n t o understan d th e princi -

ple s o f  languag e b y buildin g artificia l  languag e user s 

(Alle n 1990 )  bu t  w e canno t  expec t  suc h user s t o hav e 

exactl y ou r  kin d o f  language .  Wha t  w e ca n expec t  i s 

tha t  thei r  languag e share s enoug h common compo -

nent s wit h our s i n orde r  t o enabl e u s t o communicat e 

wit h them .  Thi s i s underline d b y th e observatio n tha t 

we ususall y desig n artificia l  agent s wit h som e subse t 

of  ou r  way s o f  experiencin g th e worl d -  i.e .  simpl e 

visua l  o r  acousti c input ,  simpl e moto r  skills ,  etc .  -

and wit h a  tendenc y t o pursu e a  subse t  o f  ou r  ow n 

goals . 
The moral e o f  thi s crucia l  observatio n i s tha t  w e 

canno t  expec t  artificia l  concep t  scheme s t o exactl y 

mirro r  an y o f  th e huma n scheme s w e hav e acces s to . 

Thi s make s self-organizatio n -  fo r  instance ,  radica l 

connectionis m -  a s a  basi s fo r  cognitiv e model s ver y 

important .  I n thi s sense ,  radica l  connectionis m ca n 

lea d t o model s o f  agent s tha t  develo p thei r  subjec -

tiv e an d individua l  concept s an d subsequentl y lear n 

thei r  us e o f  word s w e us e i n fron t  o f  the m (se e als o 

Brooks ,  thi s volume) .  N o objectiv e worl d ha s t o b e 
assumed,  excep t  som e causa l  dependencie s betwee n 

sensor y signal s an d interna l  state s an d excep t  fo r 

what  i s expresse d i n th e meta-leve l  representation s 

tha t  hav e t o b e par t  o f  th e system .  Thi s i s a  vie w 

of  languag e tha t  strongl y coincide s wit h th e idea s o f 

radica l  constructivis m (Maturan a an d Varela ,  1980 ; 

Winogra d an d Flores ,  1986) .  Thi s approach ,  a t  firs t 

made necessar y sinc e explici t  desig n appeare d impos -

sible ,  no w a t  th e sam e tim e obviousl y lead s t o a  con -

sisten t  an d coheren t  theor y o f  semantics .  I t  i s coher -

ent  a s i t  put s th e individua l  agen t  i n th e foregroun d 

and define s meaning  wit h respec t  t o it s capabilitie s 

of  respondin g t o th e world .  Suc h agent s lear n th e 

meanin g o f  word s b y usin g the m i n certai n situation s 

(cf .  lat e Wittgenstein) .  Th e meanin g o f  a n utter -

ance depend s o n ho w eac h individua l  map s i t  ont o 

it s interna l  state s an d ca n thu s diffe r  fo r  eac h indi -

vidual .  Universa l  (logical )  principle s ca n onl y ente r 

th e scen e i n tw o ways .  Eithe r  the y ar e th e resul t 

fro m "meta-level "  representation s (th e innate ,  glob -

all y pre-wire d architecture )  commo n t o al l  individu -

als .  O r  the y ar e a n epiphenomeno n resultin g fro m th e 

tendenc y o f  eac h individua l  t o maximiz e som e kin d 

of  succes s o f  it s ow n linguisti c behavio r  (e.g .  th e rat e 

of  "bein g understood") .  I n th e latte r  case ,  th e globa l 

principle s ar e projecte d int o a  grou p o f  individuals ' 

behavio r  b y a n observe r  throug h thei r  ow n mean s o f 

conceptualizing . 
As a  result ,  groundin g an d a  framewor k lik e radica l 

connectionis m d o no t  onl y ad d t o existen t  theorie s 

of  semantic s bu t  see m t o tha t  mak e a  trul y coher -

ent  on e possible .  Virtuall y al l  theorie s o f  semantic s 

whic h wante d t o explai n meanin g a s no t  bein g tie d t o 

individua l  agent s (se e (Lyons ,  1977 )  fo r  a n overview ) 

hav e faile d i n on e respec t  o r  anothe r  o f  achievin g this . 

Si tuatednes s a n d A u t o n o m o u s A g e n t s 

We shall now revisit our main arguments in the 

ligh t  o f  designin g autonomou s agents .  Th e histor y 

of  buildin g robot s whic h mov e aroun d i n a n unknow n 

and unstructure d environmen t  i s know n toda y a s hav -

in g produce d a  serie s o f  optimisti c prediction s man y 

of  whic h ha d t o b e withdraw n shortl y afte r  thei r  an -

nouncement .  Classica l  robotic s ha s (metaphoricall y 

spoken )  suffere d fro m th e lac k o f  a n adequat e mea -

suremen t  devic e whic h -  whe n sensin g th e physica l 

worl d -  woul d directl y delive r  clea r  symboli c descrip -

tion s o f  th e object s encountere d b y th e robo t  a s wel l 

as o f  th e situatio n i n whic h th e agen t  find s itself .  Al -

thoug h researc h o n th e constructio n o f  suc h device s 

has onl y proceede d ver y slowly ,  researc h program s 

were undertake n a s i f  suc h a  mete r  woul d soo n be -

come availabl e an d th e proble m wa s lef t  t o th e peo -

pl e i n th e physic s o r  th e A I  (compute r  vision )  de -

partment .  I t  i s  onl y recentl y tha t  robo t  researcher s 

lik e Ro d Brook s (Brooks ,  1991 )  hav e abandone d th e 

ide a o f  waitin g fo r  suc h a  mete r  t o b e developed .  In -

stead ,  the y hav e restricte d themselve s t o simpl e sen -

sors ,  whic h ar e continuall y use d b y th e agen t  i n orde r 

t o mee t  th e agent' s nee d t o act .  I n thi s wa y th e ar -

tificia l  agent s achiev e hig h interactio n dynamic s wit h 

thei r  environment . 

Severa l  reason s accoun t  fo r  difficultie s whe n tryin g 

t o develo p th e abov e mentione d meter ,  amon g whic h 

we fin d unpredictabilit y  o f  basi c measurin g devices , 

larg e amount s o f  data ,  unknow n feature s o f  th e en -

vironmen t  an d difficultie s i n clearl y describin g neces -

sar y an d sufficien t  constraint s o n th e observe d data . 

Whenever  programmer s trie d t o exactl y specif y wha t 

object s ther e ar e i n th e worl d an d whic h se t  o f  phys -

ica l  characteristic s the y possess ,  the y ha d t o realiz e 

tha t  the y coul d onl y accoun t  fo r  a  ver y limite d num -

ber  o f  aspect s o f  a  smal l  se t  o f  objects .  Thi s endeavo r 

of  a n exac t  specificatio n o f  th e measuremen t  dat a 

correspond s t o th e progra m o f  eliminativ e material -

ism ,  wher e al l  thing s i n th e worl d (object s an d thei r 

features )  ar e reduce d t o description s o f  thei r  phys -

ica l  properties .  Suc h a n approac h totall y neglect s 

th e inherentl y functiona l  eispec t  o f  al l  categorization s 

and ontologie s o f  autonomou s systems .  Intelligen t 
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autonomou s agent s -  throug h thei r  wa y o f  dealin g 

wit h th e worl d an d dealin g wit h i t  o n th e basi s o f 

adaptiv e contro l  structure s -  strongl y emphasiz e thi s 

functiona l  perspectiv e wit h respec t  t o thei r  ow n goal s 

and o w n interactio n space . 

T h e histor y o f  robotic s provide s u s wit h n o evi -

denc e whatsoeve r  tha t  thi s sor t  o f  situatednes s a s a 

basi s fo r  groundin g coul d b e replace d b y a  carefu l 

designer .  Again ,  th e poin t  her e i s no t  tha t  ther e i s 

an in-principl e argumen t  agains t  overcomin g thi s de -

ficiency ,  th e poin t  i s  instea d tha t  th e burde n o f  proo f 

has shifte d t o thos e w h o kee p buildin g thei r  argu -

ment s o n meters ,  storage ,  computatio n power ,  an d 

desig n method s whic h d o no t  exis t  toda y an d m a y 

neve r  b e availabl e i n th e require d quality .  O n th e 

contrary ,  ther e i s evidenc e tha t  situatednes s an d ac -

tiv e interactio n wit h th e "objects "  i n th e worl d con -

stitute s th e onl y wa y t o bootstra p th e constructio n o f 

suc h a  meter .  Thi s evidenc e consist s i n th e fac t  tha t 

no w fo r  th e first  time ,  w e ar e abl e t o construc t  robot s 

whic h interac t  wit h thei r  unstructure d an d previousl y 

unknow n environmen t  i n a  highl y dynamica l  an d a t 

th e sam e tim e robus t  way .  Both ,  interactio n an d 

robustnes s giv e ris e t o th e phenomeno n calle d au -

tonomy .  Th e possibilit y o f  "bootstrapping "  th e con -

structio n o f  a  syste m wit h grounde d symbol s i s base d 

upo n thi s autonomy .  Designe d wit h a  se t  o f  simpl e 
need s an d drive s an d equippe d wit h severa l  simpl e 

dynamicall y evaluabl e sensor s a n agen t  ca n b e con -

structe d whic h first  build s a  "conceptual "  framewor k 

fo r  objects ,  situations ,  an d feature s importan t  t o th e 

agent .  Onl y base d o n suc h a  conceptua l  schem a th e 

nex t  ste p o f  communicatin g thes e context-dependen t 
subjectiv e concept s become s possible .  I t  i s  i n thi s sec -

ond ste p tha t  w e ca n tr y t o le t  th e symbol s i n again , 

tha t  w e ca n us e som e sor t  o f  a  physicall y embodie d 

sig n fo r  bein g a  mean s o f  communicatin g betwee n tw o 

agent s (e.g .  a  writte n o r  spoke n wor d o r  a  blinkin g 

light) . 
Th e possibl e contributio n o f  behavior-base d 

robotic s an d symbo l  groundin g researc h t o A I  woul d 

be t o eventuall y com e u p wit h th e abov e mentione d 

mete r  whic h deliver s som e symboli c description s o f 
aspect s o f  th e world .  Bu t  thes e symbol s woul d the n 

no longe r  b e arbitrar y i n th e stron g sens e a s pu t  for -

war d b y traditiona l  AI .  No t  onl y woul d thei r  mean -

in g depen d o n th e contex t  o f  th e utteranc e an d o n 

th e whol e situatio n includin g interna l  state s o f  th e 

agent ,  th e socia l  aspec t  o f  communicatin g t o some -
bod y els e woul d als o hav e t o pla y a  constitutiv e rol e 

i n th e selectio n o f  certai n symbol s fo r  communica -

tio n an d i n decidin g wha t  an d whe n t o communicat e 

t o w h o m .  S o m e sor t  o f  symboli c communicatio n i s 

badl y needed ,  especiall y i f  th e interna l  structure s o f 

an agen t  ar e subsymboli c o r  continuall y traine d an d 

thu s changing .  H o w els e shoul d w e tel l  a n agen t  wha t 

t o do ? Conside r  th e cas e o f  a  simpl e find  L  fetc h 

agen t  fo r  us e i n m y appartment^ .  Beside s o f  th e 

usua l  requirement s lik e movin g around ,  no t  gettin g 

stuck ,  etc. ,  thi s syste m woul d nee d t o kno w (i )  wha t 

t o fetc h an d (ii )  wher e t o brin g i t  to .  I t  woul d b e ex -

treml y valuabl e t o trai n th e agen t  o n th e notio n o f  m y 

glasse s an d o f  m y des k drawer .  Thes e symbol s shoul d 

be grounde d i n th e agen t  t o m a k e i t  us e a  physica l 

embodimen t  chose n b y mysel f  (e.g .  th e type d sym -

bol  "gls "  o r  th e spoke n wor d "glasses" )  fo r  a n objec t 

experience d throug h it s interaction s wit h i t  (e.g .  fail -

ur e i n fetchin g it ,  breakin g it ,  distinguishin g i t  fro m 

my su n glasses) .  T o brin g i t  t o a  desire d location , 

th e robo t  als o need s t o kno w label s o f  severa l  place s 

i n th e appartment .  Wor k o n thi s las t  aspec t  ha s al -

read y bee n successfu l  withi n th e field  o f  behavior -

base d robotic s (Mataric ,  1992) . 

Grounde d Symbol s an d Explanation s 

One reason for the many objections to the neces-
sit y o f  groundin g i s th e fea r  o f  inherentl y relativisti c 

structure s connectin g element s whic h ar e no t  simpl y 

representation s o f  object s o r  feature s o f  object s "ou t 

ther e i n th e world" .  Th e programme d (designed )  ele -

ment s i n th e sor t  o f  radicall y connectionis t  network s 

whic h w e hav e propose d her e canno t  easil y b e inter -

preted .  Moreover ,  the y ar e no t  i n an y sens e stable . 

Consequently ,  whe n i t  come s t o grounde d symbols ,  i t 

i s  feare d tha t  an y suc h notio n a s a  symbol' s "Sinn " 

(Frege' s us e o f  th e term )  i s abandone d an d thu s th e 

secur e basi s o f  designin g an d understandin g technica l 

system s woul d b e corrupted .  Thi s criticism ,  however , 

i s  base d o n th e argumen t  tha t  an y -  i n ou r  sens e -  al -

ternativel y generate d behavio r  i s indeterministi c an d 

therefor e impossibl e t o explai n an d t o maintain .  A n 

argumen t  lik e thi s confuse s th e leve l  o n whic h bot h 

processe s -  explanatio n an d maintananc e -  mus t  pro -

ceed .  I n th e conventiona l  vie w i t  i s  believe d tha t  de -

buggin g mean s t o directl y edi t  th e rule s whic h gen -

erat e th e agent' s behavior .  A s oppose d t o this ,  w e 

sugges t  tha t  i t  onl y mean s t o giv e t o th e agen t  th e 

possibilit y o f  adoptin g a n adequat e behavior ,  thu s 

disregardin g rule s withi n th e agen t  a t  all .  I t  i s  th e his -

tor y o f  structura l  coupling s t o th e worl d whic h mus t 

lea d t o th e constructio n o f  th e necessar y concepts .  I f 

th e appropriat e se t  o f  concept s doe s no t  arise ,  the n 

th e constructio n proces s mus t  b e changed .  Conse -
quently ,  a n explanatio n o f  a n autonomou s agen t  ha s 

t o tak e th e interactio n spac e betwee n tw o dynamica l 

^Thi s exampl e ha s bee n use d b y T o m Mitchell . 
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system s (th e agen t  an d it s environment )  int o account . 

Thi s ca n perhap s b e don e i n a  mathematicall y exac t 

way usin g "comple x system s talk "  (Smithers ,  1991 ) 

or  fro m th e standpoin t  o f  a n externa l  observe r  usin g 

"th e intentiona l  stance "  (Dennett ,  1987) .  However , 

we canno t  expec t  suc h theorie s t o hav e a n inherentl y 

simpl e an d nea t  structur e o f  atomi c element s whic h 

correspon d t o th e atom s o f  ou r  ow n descriptiv e on -

tology .  Wha t  w e ca n expec t  fro m grounde d symbol s 

i s tha t  the y actuall y suppor t  findin g explanation s fo r 

th e behavio r  o f  a n adaptiv e autonomou s intelligen t 

agent .  Thes e symbol s hav e th e powe r  o f  relatin g in -

terna l  state s o f  th e agen t  t o th e environmen t  an d t o 

th e action s an d th e goal s o f  th e autonomou s syste m 

itself .  Th e poin t  whic h w e woul d lik e t o mak e her e 

i s tha t  suc h a  syste m ca n b e explaine d b y usin g it s 

own description s o f  th e situations .  W e ca n construc t 

predictiv e rule s base d o n th e system' s ow n situatio n 

descriptions . 

For  a  simpl e exampl e conside r  ou r  fetc h k  find 

robo t  again .  I t  h£t s no w learne d a  se t  o f  symbol s 

fo r  object s an d locations .  Bu t  fo r  som e reaso n i t 

canno t  find  it s wa y ou t  o f  th e kitchen ,  instea d i t  al -

ways bump s int o th e table .  Askin g th e agen t  abou t 

it s location ,  i.e .  havin g th e agen t  us e on e o f  it s 

grounde d locatio n symbols ,  i t  coul d e.g .  answe r  wit h 

th e "bathroom"-symbol .  I n thi s case ,  w e coul d easil y 

discove r  tha t  th e syste m wrongl y "believes "  tha t  i t 

currentl y i s  i n th e bathroom ,  mayb e becaus e o f  simi -

la r  senso r  readings .  (Consequently ,  i t  bump s int o th e 

tabl e instea d o f  leavin g th e bathroo m throug h th e 

door. ) 

We ar e assumin g tha t  w e hav e alread y traine d th e 

syste m t o us e a  se t  o f  symbol s i n th e sam e wa y a s w e 

(th e syste m observers )  woul d us e them .  O f  course , 

ther e i s n o guarante e tha t  th e syste m wil l  alway s us e 

our  word s correctly .  Thi s proble m ha s bee n inten -

sivel y discusse d withi n a  philosophica l  debat e aroun d 

th e late r  work s o f  Ludwi g Wittgenstei n (Wittgen -

stein ,  1953) .  I n Kripke' s interpretatio n (Kripke , 

1982) ,  th e mai n achievemen t  o f  Wittgenstei n wa s t o 

hav e show n tha t  ther e i s n o othe r  guarante e fo r  wha t 

somebody mean s wit h a  wor d bu t  som e oute r  crite -

rio n t o b e foun d i n hi s o r  he r  behavior .  Accordin g t o 

thi s positio n i t  i s  useles s t o searc h fo r  fact s withi n th e 

speake r  whic h coul d guarante e wha t  i s mean t  wit h a 

word .  An d i t  i s  als o impossibl e t o ensur e tha t  th e 

wor d wil l  alway s b e use d correctl y i n th e future .  Wit h 

respec t  t o ou r  proble m her e thi s positio n hold s tha t 

as lon g a s th e syste m correctl y use s m y word s w e hav e 

t o sa y tha t  th e syste m mean s th e sam e a s w e do .  I t 

i s  i n thi s sens e tha t  w e understan d th e situation s i n 

whic h th e syste m i s an d tha t  w e ca n us e grounde d 

symbol s fo r  explainin g th e agent' s actions . 
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