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T h e S t r u c t u r e G r o u n d i n g P r o b l e m 

Michael Gasser 

Department s o f  Compute r  Scienc e an d Linguistic s 

Indian a Universit y 

Bloomington ,  I N 4740 5 

gasserQcs.Indiana.ed u 

Abstrac t 

Work o n groundin g ha s mad e a  star t  toward s a n un -
derstandin g o f  wher e simpl e perceptua l  categorie s 

come from .  Bu t  huma n concept s ar e mad e u p o f 

more tha n th e simpl e categorie s o f  thes e models ; 

concept s hav e interna l  structure .  Withi n th e vi -

sual/spatia l  domain ,  i t  i s  necessar y t o g o beyon d a n 

accoun t  o f  ho w "square "  an d "above "  ar e grounde d 

t o a n accoun t  o f  ho w "her e i s a  squar e abov e a  circl e 

whic h i s t o th e lef t  o f  a  triangle "  i s grounded .  Con -

ceptual/linguisti c structur e i s no t  jus t  arbitrar y 
patternin g whic h fall s  ou t  onc e th e objec t  an d rela -

tio n categorie s hav e bee n identified .  Rather ,  i t  re -

flects  fundamenta l  aspect s o f  th e perceptio n o f  ob -

ject s an d relations .  Thu s ther e i s a  nee d t o groun d 

th e structur e a s wel l  a s th e categorie s whic h mak e 
up concepts . 

Grounding and Structure 

Sinc e Hamad' s importan t  pape r  o n th e nee d t o 
groun d symbol s i n perceptio n o r  actio n (Hamad , 
1990) ,  ther e hav e bee n variou s attempt s t o trai n 

system s t o categoriz e visua l  input s i n term s o f 

noun o r  noun-lik e categorie s o r  simpl e one -  o r 

two-plac e relation s (DorfFner ,  1990 ;  Nenov ,  1991 ; 

Regier ,  1992) .  Whil e th e progres s mad e b y thes e 

researcher s shoul d no t  b e minimized ,  grounde d cat -

egorie s b y themselve s ar e onl y th e beginning .  On e 

of  th e hallmark s o f  huma n concept s i s thei r  struc -

ture .  O n th e traditiona l  view ,  symbol s combin e t o 
for m a n effectivel y unlimite d se t  o f  possibl e sym -

bol  structures ,  whic h ar e interpretabl e b y virtu e o f 
th e context-freenes s o f  th e symbol s an d th e smal l 

number  o f  rule s o f  composition . 

Ther e ar e a t  leas t  tw o way s i n whic h conceptua l 

structur e ma y relat e t o th e symbo l  groundin g prob -

lem. 

1.  A s suggeste d b y Harna d (1990) ,  onc e symbol s ar e 

grounded ,  i t  i s  th e jo b o f  th e symbo l  syste m t o 

see tha t  the y ar e arrange d i n way s tha t  mak e th e 

result s meaningful .  Symbo l  structur e i s a  purel y 

symboli c matter . 

2.  Th e structur e o f  concepts ,  lik e th e symbol s tha t 

ar e combine d i n th e structures ,  get s it s signifi -

canc e fro m th e learne d o r  wired-i n connection s 

betwee n perceptua l  phenomen a an d structura l 

distinctions .  Structur e i s grounded . 

My purpos e her e i s t o argu e fo r  th e secon d alterna -

tive . 

The Structure of a Scene Description 

I  wil l  b e considerin g onl y th e limite d cas e o f  wha t 

i s involve d i n generatin g a  descriptio n o f  a  simpl e 

scene ,  suc h a s tha t  show n i n Figur e 1 . 

m 

A D 

Figur e 1 :  A  Scen e t o Describ e 

One way in which a speaker might choose to de-

scrib e thi s scen e i s a s follows : 

(1 )  I n th e middl e o f  th e scen e ar e tw o rect -

angles .  (2 )  Insid e th e on e o n th e lef t  ar e tw o 

circles .  (3 )  The y ar e mor e o r  les s th e sam e 
color .  (4 )  Th e rectangl e o n th e righ t  ha s tw o 

smal l  figures  abov e it .  (5 )  Th e on e o n th e lef t 

i s  a  triangle ,  (6 )  an d th e on e o n th e righ t  i s  a 

149 



square .  (7 )  T h e rectangl e o n th e righ t  als o ha s 

rounde d corners . 

At one level, this description can be viewed 

as structure d i n term s o f  wha t  eac h sentenc e i s 

"about" ,  o r  wha t  i s  relativel y given ,  an d wha t  i t  in -

troduce s tha t  i s new .  I  wil l  refe r  t o th e mor e give n 

elemen t  somewha t  sloppil y a s th e "topic" ,  thoug h 

givennes s an d topicalit y ar e probabl y no t  th e sam e 

thing .  I n th e first  sentence ,  th e scene ,  take n t o b e 

giv-<n ,  i s  use d a s a  settin g t o introduc e th e rect -

angles .  T h e rectangles ,  i n th e for m o f  on e o r  th e 

othe r  o f  th e member s o f  th e pair ,  becom e th e topi c 

of  sentence s (2) ,  (4) ,  an d (7) .  Sentence s (2 )  an d 

(4 )  £l1s o introduc e ne w object s whic h th e succeed -

in g sentence s tak e a s thei r  topics .  A t  th e leve l  o f 

th e entir e description ,  ther e i s a  hierarchica l  struc -

ture ,  define d i n term s o f  th e topic s whic h ar e as -

sociate d wit h set s o f  sentences. ^  Not e h o w th e us e 

of  als o i n th e las t  sentenc e reflect s thi s structure ; 

thi s wor d says ,  i n effect :  "no w I' m sayin g some -

thin g mor e abou t  th e rectangl e o n th e right. "  Th e 

distinctio n betwee n give n an d ne w als o play s a  rol e 

i n th e structur e o f  individua l  clauses ;  th e topi c ap -

pear s e&il y i n th e clause ,  th e ne w informatio n late r 

on .  O n e possibl e wa y t o represen t  th e structur e o f 

th e descriptio n i s throug h a  directe d acycli c grap h 

lik e tha t  show n i n Figur e 2 .  Th e sequentia l  natur e 

of  th e descriptio n i s indicate d b y th e thic k arrows , 

an d th e heigh t  o f  th e node s representin g th e as -

sertion s i n th e descriptio n reflect s th e hierarchica l 

structure . 

A furthe r  aspec t  o f  th e structur e o f  th e descrip -

tio n concern s th e wa y i n whic h particula r  object s 

ar e groupe d wit h others .  Ther e i s groupin g o f  tw o 

kind s here .  First ,  object s appea r  groupe d wit h 

othe r  object s i n term s o f  particula r  relations .  Fo r 

example ,  th e smal l  triangl e an d squar e ar e intro -

duce d i n term s o f  thei r  positio n wit h respec t  t o th e 

rectangl e o n th e right  rathe r  on e o f  th e othe r  fig-

ure s i n th e scen e o r  th e whol e scen e itself .  Second , 

group s o f  tw o o r  mor e objects ,  fo r  example ,  th e tw o 

circle s o r  th e triangl e an d square ,  m a y b e treate d 

as set s rathe r  tha n a s unrelate d objects .  Thi s i s 

reflecte d linguisticall y i n th e us e o f  grammatica l 

morphology :  th e plura l  an d th e nou n phras e th e 

one . 

^  Ther e i s nothin g ne w abou t  thes e claims ;  th e hier -
Eirchica l  natur e o f  discoiirs e i s fsunilia r  i n discours e func -
tiona l  linguistic s an d i n th e natura l  languag e processin g 
literatur e concerne d wit h discours e comprehensio n an d 
production . 

S c e n e Descript io n a n d Percept io n 

How does the description relate to the scene de-

scribed ? I t  seem s clea r  ho w eac h o f  th e lexica l  item s 

i n th e descriptio n (e.g ,  rectangle ,  middle ,  above , 

comer )  correspond s t o som e aspec t  o f  th e scene . 

But  th e structur e o f  th e description ,  i n particular , 

th e orderin g o f  th e constituent s an d th e sentence s 

and th e wa y i n whic h th e topi c shifts ,  seem s t o bea r 

no direc t  relationshi p t o th e scen e itself .  Thes e fea -

ture s o f  th e discours e deriv e instea d fro m th e man -

ner  i n whic h th e scen e wa s processe d b y th e system . 

Th e selectio n o f  a  ne w objec t  t o introduce ,  an d 

possibl y t o continu e discussin g i n furthe r  clauses , 

depend s i n particula r  o n it s relativ e salience .  Bu t 

i t  m a y als o depen d o n a  top-dow n strateg y fo r  scan -

nin g a  scen e i n a  consisten t  direction .  Suc h a s 

a strateg y tend s t o b e adopte d i n description s o f 

rooms ,  fo r  example .  T h e sequentia l  arrangemen t 

of  th e argument s o f  a  clause ,  an d i n th e cas e o f 

asymmetri c relation s suc h a s abov e th e categoriza -

tio n o f  th e relatio n itself ,  depend s o n whic h o f  th e 

object s i n questio n i s  treate d a s mor e give n tha n 

th e other . 

Th e groupin g o f  object s i n term s o f  particula r 

lexica l  relation s o r  a s set s wit h th e sam e categor y 

labe l  i s  base d o n judgement s o f  th e relativ e similar -

it y an d proximit y o f  th e object s an d possibl y als o 

on similarit y judgement s o f  a  highe r  order .  Fo r  ex -

ample ,  i f  ther e wer e tw o smal l  figures  abov e th e 

triangl e o n th e lef t  a s wel l  a s tha t  o n th e right, 
thi s woul d increas e th e likelihoo d o f  thes e particu -

la r  grouping s becaus e o f  th e analog y tha t  coul d b e 

made.  I t  i s  als o possibl e t o grou p relations ,  thoug h 

thi s i s  no t  reflecte d i n th e abov e description .  Fo r 

example ,  on e coul d refe r  t o a n instanc e o f  jumpin g 

i n term s o f  crouching ,  le g straightening ,  becomin g 

airborne ,  an d landing ,  o r  simpl y i n term s o f  jump -

ing .  Her e i t  i s  no t  onl y th e similarit y o f  th e action s 

involve d tha t  i s relevant ;  i t  i s  thei r  clos e tempora l 

proximit y an d th e fac t  tha t  on e flows  smoothl y int o 

th e next .  I n thi s case ,  th e availabilit y o f  a  lexica l 

categor y (jump )  fo r  th e sequenc e o f  action s proba -

bl y als o play s a  rol e i n th e grouping ,  a t  leas t  i n th e 

contex t  o f  languag e production . 

Finally ,  ther e i s anothe r  aspec t  o f  th e scen e de -

scriptio n whic h thoug h not ,  strictl y speaking ,  struc -

tura l  i s a  reflectio n o f  a  basi c perceptua l  processin g 

mode.  Recognizin g tha t  th e tw o circle s i n th e scen e 

ar e th e sam e colo r  i s no t  a  matte r  o f  categorizin g 

some aspect s o f  th e scen e a s sam e an d color ,  what -

eve r  tha t  woul d mean .  Rathe r  i t  involve s selectiv e 

attention ,  th e abilit y t o atten d t o onl y on e o f  a  se t 

of  perceptua d dimension s tha t  characteriz e th e cir -
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topi c re l  ar g 

scene in middle 

cat  car d lef t  righ t 

/  \ 
rectangl e tw o 

> 
topi c topi c 

rounde d 

corner s 

insid e 
insid e 

^ 

\ 

- i 

cat  car d \ 

^  ^  \ 
sirci e tw o \ 

topi c 

same-colo r triangl e squar e 

Figur e 2 :  Structur e o f  a  Scen e Descriptio n 

cle s ( a relativel y diflScul t  task ,  incidentally ,  an d on e 
tha t  childre n d o no t  lear n earl y  on) . 

None o f  thes e idea s i s new .  T h e notio n tha t  lin -

guisti c form ,  an d th e conceptua l  structur e tha t  i s 

behin d it ,  i s a  reflectio n o f  th e wa y i n whic h state s 
an d event s ar e perceive d o r  otherwis e experience d 

i s on e o f  th e basi c tenet s o f  cognitiv e linguistics . 

See Langacke r  (1987 )  fo r  a n extensiv e discussion , 

includin g m a n y othe r  kind s o f  examples . 

Not e tha t  th e kind s o f  distinction s tha t  appea r  i n 

th e structur e o f  discourse ,  lik e thos e tha t  relat e t o 

categories ,  ar e all-or-none ,  bu t  tha t  the y m a p ont o 

difference s i n th e image ,  o r  a n "iconi c representa -
tion "  o f  it ,  whic h ar e continuous .  A n d i t  appear s 

likel y tha t  ther e woul d b e categor y effect s fo r  th e 
structura l  distinctions ,  jus t  a s ther e ar e fo r  th e cat -

egorie s themselve s (Harnad ,  1987) .  Tha t  is ,  give n 

tw o object s whic h migh t  o r  migh t  no t  b e treate d 

as a  group ,  w e migh t  expec t  peopl e t o judg e pair s 

whic h ar e o n eithe r  sid e o f  th e boundar y betwee n 

thes e tw o type s o f  treatment s t o b e mor e differen t 
tha n pjiir s whic h ar e o n th e sam e siz e o f  th e bound -

ary ,  al l  els e bein g equal . 

Not e als o tha t  th e categorizatio n o f  th e object s 

an d relation s i n a  scene ,  yieldin g th e lexica l  item s 

i n th e description ,  an d th e variou s processin g ac -

tion s whic h ar e taken ,  yieldin g th e structur e o f  th e 

description ,  ar e intimatel y relate d t o on e another . 

For  asymmetri c relations ,  i t  i s  impossibl e t o cat -

egoriz e th e relatio n unti l  i t  i s  know n whic h o f  th e 
object s i s t o b e treate d a s topic .  (I s X  abov e Y  o r  Y 

belo w X ? )  Thu s categorizatio n depend s o n th e pro -

cessin g correlate s o f  topi c assignment .  Conversely , 
a decisio n concernin g whethe r  t o trea t  tw o object s 

as a  se t  m a y depen d o n whethe r  ther e i s a n avail -
abl e lexica l  categor y whic h refer s t o both ,  tha t  is ,  a 

nou n tha t  coul d b e use d i n th e plura l  t o refe r  t o th e 

set .  Thu s i t  seem s bes t  t o imagin e th e processin g 

tha t  i s  reflecte d i n th e structur e o f  discours e an d th e 

categorizatio n tha t  i s  reflecte d i n th e lexica l  item s 
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tha t  ar e selecte d a s proceedin g i n parallel . 

I n sum ,  th e structur e o f  a  stretc h o f  lan -

guag e describin g a  visua l  scene ,  an d presumabl y 

als o th e structur e o f  th e concept s behin d tha t 

language ,  i s a  reflectio n o f  th e wa y i n whic h 

th e speaker/conceptualize r  perceive d tha t  scene . 

Among othe r  things ,  th e aspect s o f  perceptio n 

whic h ar e relevan t  includ e determinin g (o r  a t  leas t 

respondin g to )  relativ e salience ,  scannin g a  portio n 

of  th e scen e i n on e directio n o r  another ,  groupin g 

object s o r  relation s i n th e scen e o n th e basi s (an d 

hence ,  compariso n o f  object s an d relations) ,  an d se -

lectivel y attendin g t o particula r  dimension s i n ob -

jects . 

Conclusions 

I  hav e offere d n o solution s here .  I  hav e simpl y trie d 

t o elaborat e o n wha t  groundin g shoul d accomplish . 

The representation s tha t  ar e behin d th e descriptio n 

of  a  visua l  scen e ar e comprise d no t  onl y o f  th e lex -

ica l  categorie s whic h characteriz e th e object s an d 

relation s i n th e scene ,  bu t  als o o f  th e way s o f  com -

binin g th e word s int o structure s whic h ar e a  reflec -

tio n o f  th e processin g o f  th e scene .  I f  suc h rep -

resentation s ar e store d i n long-ter m memory ,  an d 

thei r  retrieva l  result s i n th e "playin g back "  o f  th e 

originals ,  the n scene s ar e remembere d i n term s o f 

th e wa y i n whic h the y wer e originall y processed . 

And th e processin g action s discusse d her e ar e sig -

nifican t  fo r  othe r  reasons .  Groupin g o f  object s an d 

relations ,  i n particular ,  i s a t  th e hear t  o f  wha t  goe s 

on i n visua l  analogy ,  fo r  example . 

What  doe s al l  o f  thi s hav e t o sa y abou t  th e na -

tur e o f  conceptua l  structure ? Whil e concept s coul d 
stil l  loo k lik e symbo l  structures ,  thi s i s somewha t 

harde r  t o imagin e tha n i t  woul d b e i n a  syste m 

wher e onl y th e categorie s ar e grounded .  Wit h con -

ceptua l  structur e (a t  leas t  fo r  visual/spatia l  con -

cepts )  no w grounde d i n perception ,  th e motivatio n 

fo r  a  symboli c componen t  i s weakene d considerably . 

I t  seem s mor e reasonabl e t o imagin e a  syste m whic h 

i s basicall y connectionis t  throughout ,  bu t  wit h rel -

ativel y localize d representation s a t  th e leve l  o f  lexi -

cal  categories ,  wher e th e syste m stand s t o gai n fro m 

th e eflficienc y o f  a  finite,  an d mor e o r  les s fixed,  se t 

of  labels .  Thes e categorie s woul d b e combine d int o 

distribute d representation s o f  structure ,  wit h thei r 

capacit y t o generalize ;  t o mode l  huma n short-ter m 

memory limitations ;  and ,  incidentally ,  t o behav e 

systematicall y to o (Chalmers ,  1990) . 
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