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T HE SPATIA L REPRESENTATION AN D PROCESSING 
OF INFORMATIO N I N COGNIT ION " 

by 
Gar y W.  St ron g an d Bruc e A .  W h i t e h e a d ' 

Objects spatial patterns within them, 
an d spat ia l  pa t te rn s amon g the m for m th e 
conc re t e s t ruc tu r e o f  ou r  wor ld ,  an d 
in te l l igen t  ac t io n i n i t  depend s upo n suc h 
spa t ia l l y  pa t te rne d in format io n [ 1 ] . 
T h e r e f o r e ,  i t  i s  importan t  t o de f in e th e 

pat te r n i n th e interna l 
of  th e env i ronmen t  an d i n 
app l ie d t o th i s in terna l 

ro l e o f  spat ia l 
rep resen ta t i o n 
th e p rocess in g 
r e p r e s e n t a t i o n . 

Th e p remis e o 
spat ia l  pa t te r n o f 
show s regu la r i t i e s 
in fo rmat io n c o n t e n t . 
s t imu lu s p rope r t i e s 
demons t ra te d 
( i nva r iances )  an d p o 
a s th e bas i s o f  a n 
s t ra tegy .  We h a 
feas ib i l i t y o f  s 
s imula t in g a  p ropo s 
mechan i  sm . 

f  ou r  mode l  i s  tha t  th e 
rea l -wor l d in format io n 

independen t  o f  it s 
Ex tens iv e ana lys i s o f 
[2-5 ]  hav e indee d 

suc h regu la r i t i e s 
inte d ou t  thei r  va lu e 

in format io n p rocess in g 
v e invest igate d th e 
uc h a  st ra teg y b y 
ed cogn i t i v e operato r 

Our  mode l  pos tu la te s a n in terna l  spac e 
imag e whic h represent s th e spat ia l  pa t t e rn , 
bu t  no t  c o n t e n t ,  o f  env i ronmenta l  s t imu lu s 
i n fo rma t ion .  (Th e p roper t i e s o f  thi s 
in terna l  spac e imag e co r respon d t o thos e o f 
th e par ie ta l  cor te x i n th e b ra in . ) 
Cogn i t i v e ope ra t i on s upo n th i s in terna l 
spac e co r respon d t o t rans fo rmat ion s i n 
rea l -wor l d spat ia l  pa t t e rn .  A s 
hypo thes i ze d i n th e in format io n p rocess in g 
p r i nc ip l e s be low ,  th e cogn i t i v e opera to r 
se rve s a  dua l  ro le :  I t  represent s a  gener i c 

whic h t rans fo rm s th e 
incomin g in fo rmat ion , 

ou t  th e co r respond in g 
on th e spat ia l  pa t ter n 

spac e image .  I n thi s 

rea l -wor l d ac t io n 
spat ia l  pa t te r n o f 
an d i t  ca r r i e s 
cogn i t i v e opera t io n 
of  th e interna l la t te r  ro le ,  th e cogn i t i v e operato r  t rack s 
or  p red i c t s th e spat ia l  t rans format io n o f 
th e env i ronmenta l  s t imulu s whic h wil l 
resul t  fro m th e rea l -wor l d ac t i on . 

Our  mode l  i s 
respec t  t o brai n s 
spec i f i c  p rob le m 
a t t en t i o n ove r  t 
enhancemen t  ef fe c 
bee n pu t  fort h a s 
cogn i t i v e operat i 
model  suc h a s ou r 
neura l  m e c h a n i s m s , 
be neura l l y fea s 
w i t h th e neura l  d a 
"Phys io log ica l  Co n 

highl y s 
t ructur e a 

doma i  n : 
he v isua l 
t  i n par i 

a subs t 
on .  Whi l 
s canno t 

i t  ca n b e 
ibl e an d t 
ta ,  a s d 
s t ra in t s 

impl i f ie d 
nd l imi te d 
th e movem e 

f ie ld . 
eta l  cor t e 
rat e fo r 
e a  cog n 

sho w de t 
cons t  rai n 

o b e co n s i 
i  scusse d 
be low . 

wit h 
t o a 

nt  o f 
The 

X ha s 
thi s 

i  t  i  v e 
ai le d 
ed t o 
sten t 
unde r 

'Thi s researc h suppor te d i n par t  b y 
Na t iona l  Sc ienc e Foundat io n Gran t 
N o.  I S T - 8 0 1 1 6 1 7 . 

'Systems Science Institute, University of 
L o u i s v i l l e ,  Lou isv i l l e K Y 4029 2 

Hypo thes ize d In format io n 
Process in g Pr inc ip le s 

The simulation model implements 
hypo thes ize d pr inc ip le s b y whic h neura l 
in te rconnect io n s t ructur e represent s 
spat ia l  pat ter n in format io n abou t  th e 
env i ronmen t .  Conten t  representa t ion s ar e 
mode le d onl y a s the y par t i c ipa t e i n th e 
cont ro l  o f  th e spat ia l  process in g system . 
Mor e prec ise ly ,  d is t r ibu te d process in g o f 
spat ia l  in format io n i s  in f luence d b y 
assoc ia t i on s betwee n th e spat ia l  an d th e 
f igura l  representa t io n sys tems .  Th e rol e 
of  f igura l  representa t ion s i n th e mode l  i s 
rest r ic te d t o th e effec t  o f  thei r 
assoc ia t i v e connec t ion s t o spatia l 
p a t t e r n s .  Th i s ef fec t  i s  hypothes ize d t o 
serv e a s a  cont ro l  mechan is m fo r 
d is t r ibu te d process in g b y spatia l 
o p e r a t o r s ,  accord in g t o th e pr inc ip le s 
be low : 
(a). The cognitive operator must both 

represen t  a  t ransformat io n o f  spac e 
an d carr y ou t  suc h a  t ransformat io n 
upo n objec t  in format ion . 

(b). Control of processing must be 
d is t r ibu te d amon g con ten t -addressab l e 
representa t ion s o f  spat ia l  opera to rs . 
Conten t  addressab i l i t y i s  achieve d 
throug h assoc ia t i v e connec t ion s t o 
f igura l  represen ta t ions . 

(c). Content representations must preserve 
ident i t y acros s chang e o f  spatia l 
l ocus . 

(d) .  Th e cognitiv e 
carr y ou t 
independentl y 
Principle s ( 

develope d i n pre v 
acces s t o th e 
representa t  io n 
addressabi1 i  ty . 
addressabi1 i  t y 
competitio n amo n 
themselve s actin g 
processors .  Thi s 
centralize d con t 
processin g networ k 

operato r  mus t  b e abl e t o 
spatia l  transformation s 
of  objec t  content . 

a)  an d (b )  hav e bee n 
iou s wor k [6] .  Efficien t 

informatio n i n a 
require s content -

However ,  thi s conten t 
can b e achieve d b y 
g th e representation s 

as independent ,  paralle l 
avoid s th e nee d fo r 

ro l  o f  th e distribute d 

Physiologica l  Constraint s 

The 
corte x i s 
th e sp a 
atten t  io n 
mechani  s m 
whic h ( i 
transform a 
produce s i 
(th e pari e 
( i  i  i  )  mov 
attention . 
corte x 
mechan i  sm . 
consisten t 
withou t  a 
complete . 

enhancemen t  effe c 
a neurophysiologi c 
tia l  locu s o f 
ove r  th e visua l  f i 

has previousl y 
)  carrie s ou t 
tio n (Principl e 
t s neurophysiolo g 
ta l  enhancemen t  e f 
es th e psycholo g 

A mode l  base d 
implement s ou r 

The mode l  i s d 
wit h neurophy s 

ttemptin g t o b e 

t  i n parieta l 
al  correlat e o f 

psychologica l 
el d [7-9) .  N o 
been pu t  fort h 

th e spatia l 
a above) ,  (ii ) 
ica l  correlat e 
feet )  ,  an d thu s 
ica l  locu s o f 
upon parieta l 

hypothesize d 
esigne d t o b e 
iologica l  dat a 

anatomicall y 
Parieta l  cel l  recordin g studie s [7-8 ] 

demonstrat e interna l  representation s wher e 
th e spatia l  layou t  i n th e neura l  tissu e 
represent s tha t  i n th e environment .  Th e 
anatomica l  coordinat e syste m i s i n thi s 
sens e a n imag e o f  th e surroundin g 
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environmenta l  space .  I n th e presen t  model , 
i t  i s  terme d th e INTERNAL SPACE 
IMAGE.'  Enhancemen t  i n th e respons e o f 
parieta l  cell s t o a  periphera l  stimulu s ha s 
been show n t o 

(e). Correspond to the environmental locus 
of  th e targe t  stimulu s [7-8] . 

(f). Correspond to a psychological locus of 
attentio n (Jonides '  [10 ]  "mind' s eye" ) 
directe d towar d th e stimulu s [7-8] . 

(g). Precede not only a saccadic eye 
movement  t o th e stimulus ,  bu t  als o a 
reachin g han d movement  t o i t  [8] ,  o r 
even th e directin g o f  attentio n t o th e 
stimulu s withou t  makin g eye ,  hand ,  o r 
othe r  movement s t o i t  [8-9] . 

In sum, while neural enhancement 
encode s th e spatia l  locu s o f  a n impendin g 
attentiona l  shift ,  i t  doe s no t  depen d upo n 
th e moto r  characteristic s o f  th e shift . 
Parieta l  enhancemen t  i s therefor e 
associate d wit h a  mor e genera l  spatia l 
transformatio n tha n th e enhancemen t  effec t 
i n superio r  colliculu s whic h i s rigidl y 
tie d t o ey e movement  shift s [9] . 

Resultin g Mode l  Specification s 

I t  woul d see m 
enhancemen t  mentione d a 
some wa y t o produc e 
percep t  b y emphasizin g 
whic h i s t o becom e th e 
or  attentiona l  shift . 
usua l  cas e wher e th e p e 
quickl y brough t  t o th e 
of  enhancemen t  a t  th e 
neura l  locu s i s uncle a 
model  seek s t o clarif y 
periphera l  enhancemen t 

SET OF 3FATIA L 
TRANSFORr/lATIONS 

tha t  th e parieta l 
bove shoul d hel p i n 
a mor e functiona l 

retina l  informatio n 
targe t  o f  a  movement 

However ,  i n th e 
riphera l  stimulu s i s 
fovea ,  th e functio n 
origina l  periphera l 

r .  Th e simulatio n 
th e functio n o f  thi s 
as follows : 

INTERNAL 
SFACE n"AG E 

FIGURE 1 :  TH E REPRESENTATION 
OF A  TRANSFORMATION 

In a system which represents 
transformations ,  representatio n o f  th e 
magnitud e an d directio n o f  th e shif t  i s 
essential .  Thi s informatio n i s define d b y 
th e enhance d periphera l  locu s (poin t  p  i n 
Figur e 1 )  i n combinatio n wit h th e fove a 
(poin t  q  i n Figur e 1) .  Therefore ,  th e 
functio n o f  suc h periphera l  enhancemen t  may 
be t o encod e suc h a  vecto r  i n th e parieta l 

representatio n o f  space .  Th e periphera l 
enhancemen t  woul d the n indicat e th e 
activatio n o f  th e encode d vector . 

The Hypothesize d Informatio n 
Processin g Principle s (a-d )  an d 
Physiologica l  Constraint s (e-g )  abov e impl y 
thes e mode l  specifications : 

(i : 

(2) , 

A fundamenta l  transformatio n mechanis m 
exist s a s show n i n Figur e 1  (discusse d 
above) . 

Figura l  conten t  o f 
fro m it s spatia l 
(Constraint s c  an d d ) . 
spatia l  locu s o f  inpu t 
th e interna l  spac e imag e 
e ) .  Therefore ,  figura l 
inpu t  ca n affec t  th e interna l  spac e 
imag e onl y i n th e selectio n o f  spatia l 
transforma t  ions . 

inpu t  i s sefjarate d 
locu s inf t  ""matio n 

Onl y th e 
i s passe d t o 

(Constrain t 
conten t  o f 

(3) . Informatio n representin g spatia l  locu s 
i n th e environmen t  i s code d b y 
activit y a t  correspondin g loc i  i n th e 
interna l  spac e imag e (Constrain t  e ) . 

The figural identity of active loci in 
th e interna l  spac e imag e mus t  b e 
represente d elsewher e i n th e syste m 
(Constraint s c  an d d ) . 

Since control of processing must be 
distribute d amon g content-addressabl e 
representation s (Constrain t  b) , 
contro l  mus t  originat e outsid e th e 
interna l  spac e image . 

(6). Therefore, the spatial transformations 
whic h ac t  upo n th e interna l  spac e 
imag e mus t  b e selecte d b y thei r 
association s t o conten t 
representation s (Constrain t  a ) . 

(4) . 

(5) , 

By decomposin g 
int o it s spatia l  a 
(Principl e d  leadin g 
2) ,  eac h compone n 
generalizable .  A 
therefor e b e separat e 
spatia l  representa t 
differen t  figura l  co n 
representation s le a 
spatia l  context . 

stimulu s informatio n 
nd figura l  component s 
t o Mode l  Specificatio n 
t  i s  independentl y 

new stimulu s ca n 
l y matche d wit h (i ) 
ion s learne d i n a 
tex t  an d (ii )  figura l 
rne d i n a  differen t 

processin g 
spec i  f  ically , 
th e spatia l 
appropriat e 

The remainin g poin t  t o b e addresse d i n 
th e mode l  i s th e contro l  o f  distribute d 

(Prin c ipl e b ) .  Mor e 
onl y on e o f  th e operator s i n 
transformatio n se t  wil l  b e 
fo r  a  give n stimulus . 

Selectio n o f  thi s operato r  mus t  depen d upo n 
bot h spatia l  an d figura l  propertie s o f  th e 
stimulus .  Thi s selectio n proces s therefor e 
require s reconvergenc e o f  th e spatia l  an d 
figura l  component s o f  stimulu s information . 
Appropriat e spatia l  operator s ar e addresse d 
vi a convergen t  associatio n wit h activ e 
figura l  representations .  Thi s associativ e 
content-addressin g serve s a s th e contro l 
mechanis m fo r  th e distribute d processin g 
networ k (Mode l  Specification s 5  an d 6) . 

'  "Image "  i s use d her e i n th e sens e o f  a 
mathematica l  functio n fro m externa l  t o 
interna l  coordinat e systems . 
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The Mode l  Structur e 

As described above, the model operates 
by initia l  decompositio n o f  incomin g 
stimulu s informatio n int o generi c spatia l 
and figura l  component s an d subsequen t 
associatio n o f  thes e components .  A  mode l 
structur e whic h illustrate s thi s an d whic h 
als o satisfie s Mode l  Specification s 1- 6 i s 
shown i n Figur e 2 . 
Perceptual input arrives at the circle 
labelle d LOCUS-DEPENDENT FEATURES.  It s 
featur e conten t  informatio n i s picke d u p b y 
LOCUS-INDEPENDENT FEATURES,  whil e th e 
spatia l  locu s o f  eac h inpu t  featur e i s 
simpl y mappe d one-to-on e ont o a 
correspondin g "hotspot "  withi n th e INTERNAL 
SPACE IMAGE.  Th e locu s o f  th e "hotspot "  i n 
th e INTERNAL SPACE IMAG E therefor e 
represent s th e spatia l  positio n o f  th e 
feature ,  bu t  doe s no t  carr y an y conten t 

However ,  eac h "hotspot " 
set  o f  affordance s (movemen t 

by virtu e o f  th e fac t  tha t 
LOCUS-DEPENDENT OPERATORS i n 

transformatio n se t  may 
th e locu s occupie d b y th e 

Each o f  thes e LOCUS-DEPENDENT 
represent s a  specific ,  loca l 

information . 
activate s a 
possibilitie s 
one o r  mor e 
th e spatia l 
originat e a t 
"hotspot " 
OPERATORS transformatio n i n th e INTERNAL SPACE IMAGE. 
At  an y on e time ,  numerous ,  conflictin g 
possibl e transformation s may b e suggeste d 
by th e curren t  se t  o f  "hotspots "  i n th e 
INTERNAL SPACE IMAGE. 

The selection of an appropriate, 
consisten t  se t  o f  transformation s fo r  th e 
model  t o carr y ou t  require s th e convergenc e 
of  activatio n fro m tw o differen t  pathways : 
(1 )  fro m activ e LOCUS-INDEPENDENT FEATURES, 
throug h th e (learned )  ASSOCIATIO N NETWORK, 
int o LOCUS-INDEPENDENT OPERATORS;  an d (2 ) 
fro m th e se t  o f  possibl e transformation s 
(affordance s a s define d above)  give n b y th e 
curren t  analysi s o f  th e INTERNAL SPACE 
IMAGE,  int o LOCUS-INDEPENDENT 
OPERATORS.  Thu s activatio n fro m tw o 
pathway s converge s int o th e se t  o f  LOCUS-
INDEPENDENT OPERATORS .  An y suc h operato r 
receivin g simultaneou s activatio n fro m bot h 
pathway s represent s a  transformatio n tha t 
i s suitabl e t o perform ,  give n bot h th e 
spatia l  an d conten t  limitation s o f  th e 
environment .  A t  thi s point ,  th e operato r 
selecte d b y convergen t  activatio n may i n 
tur n activat e it s associate d LOCUS-
DEPENDENT OPERATORS,  leadin g t o actua l 
behavio r  a s wel l  a s t o a  predictio n o f  th e 
nex t  interna l  spac e layout . 

Thi s 
implemente d 
program . 
recognitio n 
but  als o f 
appropriat e 
successfu l 
withi n ob j 
underwa y t o 
generaliza t  i 
pla n t o ad a 
chess ,  whic h 
program )  th e 
ef  f  i c  ientl y 
informa l  io n 

model  st r 
and teste d 

The mode l 
of  spatiall y 
ill-i n o f 

places , 
encodin g o f 
ects .  Fu r 

examin e i 
ons fro m pe r 
pt  th e mode l 
migh t  simu l 
abilit y  o f 

proces s 
i n parallel . 

uctur e ha s bee n 
i n a  compute r 

exhibit s no t  onl y 
-patterne d object s 
missin g feature s i n 

suggestin g th e 
patter n informatio n 
the r  testin g i s 
t s abilit y  t o for m 
ceptua l  input .  We 

t o a  game ,  suc h a s 
at e (i n a  seria l 
neura l  circuitr y t o 

spatially-encode d 

ASSOCIATION 
NETWORK 

LOCUS-
INDEPENDENT 
OPERATORS 

LOCUS-
INDEPENDENT 

FEATURES 

LOCUS-
DEPENDENT 
OPERATOR 

LOCUS-
DEPENDENT 

FEATURES 

INTERNAL 
SPACE 
IMAGE 

FIGURE 2 i  TH E MODEL STRUCTURE 

The importan t  feature s o f  th e mode l 
ar e tha t  i t  encode s spatia l  patter n withi n 
a non-spatia l  associatio n network ,  thereb y 
eliminatin g th e necessit y o f  storin g a 
"picture" .  Instea d a  networ k o f  store d 
feature-movemen t  relation s i s sufficien t  t o 
reconstruc t  th e pictur e wheneve r  necessary . 
Thus th e mode l  deal s wit h th e relationa l 
aspec t  o f  informatio n a s wel l  a s th e bit -
conten t  aspect .  Eac h feature-movemen t 
relatio n ca n b e use d no t  onl y t o 
reconstruc t  th e imag e o f  th e perceive d 
objec t  bu t  als o t o evok e behavio r 
appropriat e t o th e object .  Finally ,  th e 
model  structur e describe d ca n b e translate d 
int o othe r  domain s requirin g goal-directe d 
informatio n processing ,  suc h a s i n cultura l 
system s [11] . REFERENCES 
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