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Sinc e th e publicatio n o f  Leonar d Talmy' s clas -

si c paper ,  Th e Relatio n o f  G r a m m a r  t o Cognitio n i n 

1978 ,  th e stud y o f  spatia l  relation s concept s ha s 
become a  majo r  industr y i n cognitiv e science .  Talm y 

has worke d ou t  th e basi c outline s (Talmy ,  1983 , 

1988) ,  an d enormou s additiona l  insight s hav e bee n 

provide d b y Ro n Langacke r  (1987) ,  Susa n Lindne r 

(1981) ,  Eugen e Casa d (1982) ,  Annett e Herskovit s 

(1986) ,  Qaudi a Brugma n (1988 )  an d Laur a Jand a 

(1986) .  A n entir e researc h grou p ha s bee n se t  u p a t 

Nijmega n unde r  Stev e Levinso n t o exten d thes e 

results .  Spatia l  relation s concept s stan d a s on e o f  th e 

most  richl y studie d area s o f  conceptua l  structure . 

A m o ng th e basi c result s obtaine d s o fa r  ar e 

these :  Spatia l  relation s concept s i n th e language s o f 
th e worl d appea r  t o b e decomposabl e int o a  relativel y 

smal l  numbe r  o f  primitiv e "imag e schemas "  ~  con -

tainer s (a s wit h I N an d O U T ) ,  path s (a s wit h F R O M, 

A L O N G,  T O ) ,  contac t  (a s wit h O N ) ,  an d othe r  sche -

mas suc h a s relativ e distance ,  front-back,  up-down , 

center-periphery ,  etc .  Thes e image-schema s hav e 
bee n show n b y Talm y t o hav e topological ,  orienta -

tional,  an d forc e dynami c properties ,  which ,  a s I  hav e 
observed ,  giv e ris e t o thei r  inferentia l  propertie s an d 

characteriz e th e logi c o f  spac e (Lakoff ,  1987 ,  Cas e 
stud y 2) . 

I n th e bes t  philosophica l  wor k o n groimdin g 

tha t  I  know ,  Mar k Johnson' s Th e Bod y i n th e Mind , 

Johnso n ha s argue d convincingl y tha t  image-schema s 

ar e grounde d i n th e bod y an d aris e from  preconcep-

tua l  structure s o f  experienc e (Johnson ,  1987) .  H e 

argue s furthe r  tha t  suc h groundin g i s sufficien t  i n th e 

cas e o f  image-schema s t o defin e thei r  inferentia l 
structur e an d constrai n th e possibilitie s fo r  conceptua l 

combination . 

Conceptua l  metapho r  i s  anothe r  are a wher e 

ther e ha s bee n a  b o o m i n empirica l  researc h ove r  th e 

pas t  decade .  Th e basi c result s ar e these :  (1 )  Abstrac t 

concept s ar e characterize d vi a metq>horica l  mapping s 

from  mor e concret e concepts .  (2 )  Metaphorica l  map -

ping s preserv e image-schemas ,  an d (3 )  Abstrac t  infer -

ence s ar e metaphorica l  mapping s o f  spatia l  infer -

ences .  (4 )  Conceptua l  metaphorica l  mapping s ar e 

grounde d i n everyda y experience s ~  bodil y an d 

interpersona l  e;q)eriences .  (Lakof f  an d Johnson , 

1980 ;  Lakoff ,  1987 ,  Cas e Stud y 1 ;  Tunier ,  1987 ;  Lak -

of f  an d Turner ,  1989 ;  Sweetser ,  1990 ;  Turner ,  1991 ; 

Lakoff ,  i n press. ) 

Put  together ,  th e stud y o f  spatia l  relation s con -

cept s an d conceptua l  metapho r  provid e th e followin g 

pictur e o f  conceptua l  structure :  Spatia l  relation s con -

cept s ar e directl y grounde d i n th e bod y an d th e logi c 

of  spatia l  concept s come s ou t  o f  th e topological , 

orientational ,  an d forc e dynami c natur e o f  thos e con -
cepts .  Thes e ar e extende d t o abstrac t  concept s vi a 

metaphorica l  mappings ,  whic h ar e themselve s 

grounde d i n everyda y experience . 

Thes e results  rais e a  question :  Exactl y wha t 

doe s i t  mea n fo r  a  concep t  t o b e grounde d i n th e 

body ? What ,  precisely ,  i s  grounding ? And ,  mos t 

important ,  h o w d o th e inferentia l  propertie s o f  con -

cept s aris e from  thei r  grounding ? Recen t  research  b y 

Terr y Regie r  a t  Berkele y ha s begu n t o answe r  thos e 

questions . 

Regie r  ha s buU t  a  structure d connectionis t 
model  tha t  learn s an d represents  a  larg e rang e o f  spa -

tial  relations  concept s i n th e world' s languages .  Th e 

model  learn s t o pai r  spatia l  relations  term s wit h visua l 
image s (represente d i n a n N-by- N arra y o f  neura l 

unit s -  a  m u c h oversimplifie d mode l  o f  a  retinotopic 

mjq)) .  Th e crucia l  aspec t  o f  th e mode l  tha t  accom -

plishe s th e pairin g o f  term s wit h image s i s a  struc -

ture d connectionis t  architectur e tha t  model s aspect s o f 

th e brain' s visua l  system :  topographi c maps , 

orientation-sensitiv e cells ,  an d center-surroun d archi -

tectures .  I n a  sense ,  th e mode l  build s i n th e relevant 
aspect s o f  th e bod y t o provid e bodil y groundin g fo r 

spatia l  relations  concepts .  Thus ,  th e topologica l  pro -

pertie s o f  spatia l  relations  concept s aris e from  th e us e 

of  topographi c maps ,  th e orientationa l  propertie s from 

th e us e o f  orientation-sensitiv e cells ,  an d s o on .  I n thi s 

way th e prq)ertie s o f  th e spatia l  relations  concept s ar e 

"embodied. " 

For  example ,  Regier' s mode l  use s a  structure d 

connectionis t  mode l  o f  a  topogrs^ c m a p o f  th e 
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visua l  field  t o comput e interior s o f  objects .  Th e rela-

tio n I N i s characterize d i n teim s o f  overia p wit h an d 

I N T E R I O R ,  an d O U T i s  characterize d i n temi s o f 

nonoveriap .  A  center-surroun d architectur e i s use d t o 

characteriz e C O N T A C T,  a s i n th e concep t  O N . 

Orientation-sensitiv e cell s ar e use d t o characteriz e 

vertica l  orientation ,  whic h play s a  majo r  par t  i n th e 

characterizatio n o f  A B O V E . 

Regier' s mode l  represent s concept s withou t 

"symbols "  i n th e ordinar y sens e o f  th e term ,  a s use d 

i n physica l  symbo l  system s o r  forma l  logics .  Th e 

model  contain s concept s whic h ar e grounde d direcd y 

i n th e structur e o f  th e model .  Th e constraint s o n th e 

concept s ar e no t  diaracterize d usin g symboU c 

representations ,  bu t  rathe r  ar e buil t  int o th e groundin g 

of  th e model .  Th e spatia l  coiKept s structur e visua l 

scene s i n th e for m o f  retinotopic  map s directl y -

somethin g tha t  symbol s canno t  do . 

Al l  ttiis  suggest s tha t  "symbols, "  i n th e sens e 

of  physica l  s y m b d systems ,  ar e no t  neede d a t  a U t o 

represent  concepts .  Spatia l  concepts ,  an d othe r  con -

cept s wit h a  bodil y grounding ,  shoul d b e characteriz -

abl e nonsymbolicall y wit h model s lik e Regier's ,  an d 

abstrac t  concept s ca n b e characterize d b y meta|4)ori -

cal  mapping s fro m suc h inherentl y grounde d con -

cepts .  Th e ke y t o makin g a U thi s wor k fo r  bofl i  learn -

in g an d representation  i s th e us e o f  structure d connec -

tionis t  model s o f  th e sor t  Icm g propose d b y Jerr y Feld -

man,  wher e th e structur e characterize s th e relevant 

aspect s o f  bodil y grounding .  (Feldman ,  t o ̂ pear ) 

W h at  ar e "Symbo l s " ? 

The term "symbol" as used in cognitive sci-

eiK « i s take n from  certai n technica l  discq>lines :  sym -

boli c logic ,  th e theor y o f  forma l  grammars ,  an d physi -

cal  symbo l  systems .  I n al l  o f  these ,  a  symbo l  i s  a n 

arbitrar y mathematica l  element ,  whic h ca n b e 

represente d b y a n arbitrar y "sign "  -  sa y a  lette r  o f 

th e alphabe t  o r  a  binar y number . 

I n symboli c logic ,  symbol s ar e concatenate d 

int o string s calle d weU-forme d formulas ,  an d deduc -

tion s ~  o r  sequence s o f  suc h string s -  ar e character -

ize d b y logica l  axiom s aix l  meanin g postulate s (whic h 

ar e als o string s o f  symbols )  an d b y rule s o f  inferenc e 

(whic h ar e sequence s o f  strings) .  Th e well -

formednes s principles ,  logica l  axioms ,  an d meanin g 

postulate s stat e constraint s o n h o w th e symbol s ca n b e 

used .  Thes e ar e state d i n purel y syntacti c terms , 

withou t  referring  t o th e meanin g o f  th e symbol s a t  all . 

Al l  o f  thes e symbol s an d symbo l  string s ar e 

meaningless .  W e ar e taugh t  tha t  th e symbol s ar e t o 

stan d fo r  concept s -  bu t  the y ar e no t  concept s i n 

themselves .  Symbol s i n symboli c logi c ar e purel y 

syntacti c i n nature ,  an d hav e n o inheren t  meaning . 

The meanin g o f  th e symbol s neve r  enter s int o th e for -

mal  deduction s tha t  characteriz e "inferences. " 

The sam e i s  tru e o f  th e symbol s i n physica l 

symbol  system s o f  th e sor t  use d i n classica l  AI .  T o 

characteriz e a n inferenc e i n classica l  AI ,  on e begin s 

wit h a  strin g o f  symbol s an d q)plie s a  compute r  pro -

gra m ( a sequenc e o f  symbo l  strings )  t o i t  t o produc e 

anothe r  strin g o f  symbols .  Al l  o f  thi s i s  purel y syntac -

tic .  Th e meanin g o f  th e symbol s neve r  enter s th e pic -

ture .  Wha t  ar e calle d "inferences "  i n classica l  A I  ar e 

thu s meaning-free :  the y ar e simpl y th e results  o f 

strin g manipulations .  Moreover ,  th e symbol s i n them -

selve s d o no t  i n an y wa y constrai n h o w the y ca n b e 

manipulate d b y compute r  program s i n th e productio n 

of  "inferences. " 

I n classica l  AI ,  a s i n symboli c logic ,  symbol s 

ar e take n a s standin g fo r  concepts .  Bu t  i t  i s  vita l  t o 

remember  tha t  the y ar e no t  concept s i n themselves . 

Concept s ar e inherentl y meaningful ,  whil e symbol s 

ar e not .  I n designin g a n A I  system ,  syntacti c con -

straint s o n th e combination s o f  symbol s ar e place d o n 

th e system ,  s o tha t  symbol s wil l  combin e i n way s tha t 

th e designe r  o f  th e syste m intends .  I n a  syste m lik e 

Regier's ,  however ,  suc h syntacti c constraint s ar e 

unnecessar y becaus e th e ver y wa y th e concept s ar e 

grounde d constrain s h o w th e concept s ca n combine . 

I n short ,  th e groundin g o f  th e concept s characterize s 

what  th e concept s mean ,  thu s constrainin g h o w th e 

concept s ca n combin e wit h othe r  concepts .  N o sym -

bol s ar e neede d t o d o this .  H u m a n concept s als o ar e 

constraine d i n h o w the y ca n combin e wit h othe r  con -

cept s b y wha t  the y inherentl y mean .  H u m a n concept s 

therefor e hav e ver y differen t  propertie s tha n d o th e 

arbitrar y symbol s o f  physica l  symbo l  systems . 

Physica l  symbo l  system s ar e quit e useful ,  an d 

certainl y no t  harmful ,  i n compute r  science .  Bu t  whe n 

one move s t o cognitiv e science ,  wher e th e issu e i s 

h o w th e min d really  works ,  th e pictur e changes .  I n 

Al-styl e model s o f  th e mind ,  symbol s ar e commonl y 

take n a s bein g concepts .  Tha t  i s a  mistake ,  sinc e con -

cept s ar e inherenU y meaningful ,  whil e symbol s ar e 

not . 

A majo r  challeng e fo r  cognitiv e scienc e i s t o 

giv e a  theor y o f  wha t  concept s ar e -  h o w the y ar e 

grounded ,  h o w thei r  inheren t  meanin g i s a  conse -

quenc e o f  thei r  grounding ,  an d h o w constraint s o n 

thei r  conceptua l  combinatio n follow s frxxn  thei r 

grounding .  Regier' s mode l  doe s thi s fo r  spatia l  rela-

tions  concepts .  I t  doe s i t  b y embodyin g th e concept s 

i n th e mode l  ~  throug h th e us e o f  biologically-base d 

162 



stnictxire d connectioaism .  Th e spatia l  relation s con -

cept s ar e thos e aspect s o f  th e mode l  tha t  pla y a  crucia l 

rol e i n computin g tb e spatia l  relations . 

Incidentally ,  Regier' s mode l  contain s som e 

thing s tha t  ma y loo k lik e symbols ,  bu t  technicall y ar e 

not  symbols ,  i n di e sens e o f  physica l  symbo l  systems . 

Regier' s outpu t  node s characteriz e spatia l  tenn s tha t 

name th e spatia l  relation s concept s compute d b y tb e 

model .  Thos e node s represen t  name s fo r  grounde d 

concepts .  Thos e concept s exis t  independentl y o f  thei r 

names an d thei r  inferentia l  propertie s ar e buil t  int o th e 

way the y ar e characterize d i n th e model .  Th e topolog -

ica l  pTopettie s com e ou t  th e us e o f  tqjographi c ms^s ; 

th e orientationa l  propertie s com e ou t  o f  th e us e o f 

orientation-sensitiv e cells . 

One coul d no t  jus t  tak e th e name s fo r  thos e 

concept s an d us e the m th e wa y symbol s ar e use d i n 

physica l  symbo l  systems .  Tha t  is ,  on e coul d no t  jus t 

appl y arbitrar y compute r  program s t o the m t o yiel d 

"inferences. "  Becaus e the y ar e name s fo r  grounded , 

and hence ,  inherentl y meaningfu l  concepts ,  the y hav e 

inheren t  constraint s tha t  follo w fro m thei r  groundin g 

on wha t  inference s the y ca n ente r  into .  "Symbols, " 

i n th e sens e o f  physica l  symbo l  syste '  ̂ s ,  ar e no t  lik e 

tha t 

Thus ,  wha t  Regier' s mode l  provide s ar e 

GROUNDED CONCEPTS WITHOUT SYMBOLS! 
Thi s i s exactl y wha t  th e theor y o f  concept s requires . 
And i t  give s a  precis e ide a o f  wha t  i t  mean s fo r  con -

cept s t o b e embodied . 

O v e r v i e w 

This paper is far more than mere philosophical 

speculatio n abou t  th e natur e o f  conceptua l  grounding . 

I t  i s  based ,  first,  o n th e extensiv e empirica l  findings 
on th e natur e o f  spatia l  relations  concept s an d o n con -

ceptua l  metaphor .  Thos e empirica l  findings  ar e a t 

odds wit h classica l  symboli c approache s t o wha t  con -
cept s are .  Second ,  i t  i s  base d o n a n actua l  computa -

tiona l  mode l  i n whic h spatia l  relations  concept s ar e 

grounde d i n a  biologically-motivate d way .  Tha t 
model  i s  no t  a  mer e kluge ,  bu t  incorporate s th e impor -

tan t  insigh t  tha t  th e topologica l  an d orientationa l  pro -

pertie s o f  spatia l  concept s aris e fro m topogn^hi c 

maps an d orientation-sensitiv e cell s i n th e huma n 

visua l  system . 

At  present ,  Regier' s mode l  i s th e onl y on e tha t 

ca n lear n an d represent  spatia l  relations  concept s i n 

suc h a  wa y a s t o pai r  spatia l  term s wit h visua l  scenes . 

I  find  i t  unlikel y tha t  an y othe r  mode l  wil l  b e success -
fu l  withou t  incorporatin g Regier' s fundamenta l 

insight s abou t  th e biologica l  basi s o f  th e groundin g o f 

spatia l  relations  concepts . 

Any appropriat e repl y t o thi s paper  shoul d tak e 

int o accoun t  bot h th e empiricall y discovere d proper -

tie s o f  spatia l  relations  concept s an d th e fac t  tha t 

Regier' s model ,  whic h incorporate s biologically -

base d insight s abou t  th e physica l  origi n o f  thos e pro -

perties ,  actuall y works ,  wher e n o othe r  mode l  does . 

Finally ,  thi s pape r  shoul d b e distinguishe d shar -

pl y from  approache s t o wha t  ha s bee n calle d 

"symbol-grounding. "  Th e symbol-groundin g 

approac h appear s t o accep t  th e ide a tha t  concept s 

requir e a  symboli c representation  i n whic h principle s 

of  conceptua l  combinatio n ar e stated .  I t  i s  tha t  ide a 

abou t  th e natur e o f  concept s tha t  thi s paper  denies . 

Regier' s approac h suggest s tha t  th e whol e leve l  o f 

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

meanin g o f  concept s i s a  consequenc e o f  conceptua l 

grounding ,  an d i t  i s  tha t  groundin g tha t  place s con -

straint s o n conceptua l  combination . 

A Final Note 

I began this paper with a discussion of empiri-

cal  researc h concernin g spatia l  relations  concept s an d 
conceptua l  metaphor .  Researc h i n thes e area s i s ver y 

much a t  odd s wit h th e symboli c vie w o f  concepts ,  an d 

point s towar d a  theor y o f  concept s grounde d i n th e 

bod y an d i n bodil y interaction s i n tb e world .  Anyon e 

at  al l  intereste d i n groundin g shoul d b e familia r  wit h 

thi s literature ,  sinc e i t  place s a  considerabl e rang e o f 

constraint s o n wha t  groundin g ca n be . 
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