
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
The Role of Spatial Working Memory in Shape Perception

Permalink
https://escholarship.org/uc/item/4b68n98w

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 3(0)

Author
Hinton, Geoffrey E.

Publication Date
1981

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/4b68n98w
https://escholarship.org
http://www.cdlib.org/


THE ROLE OF SPATIA L VORKING tEtO m 
I N SHAPE PERCEPTION 

Geollre y £ •  Hinto n 

tSC Applied Psychology Unit 
Cambridge ,  Englan d 

AIE1RACT 

Ihree demonstrations are presented and used to 
suppor t  a  numbe r  o f  apparentl y unrelate d claim s 
abou t  th e interna l  rejresentation s tha t  peopl e hav e 
when the y perceiv e o r  imagin e a  spatia l  structure . 
The firs t  demonstratio n illustrate s propertie s o f 
th e spatia l  workin g memor y tha t  enable s u s t o 
integrat e successiv e glimpse s o f  part s o f  a n objec t 
int o a  coheren t  whole .  Th e secon d demonstratio n 
shows tha t  ou r  abilit y  t o generat e a  menta l  imag e i s 
severel y limite d b y th e for m o f  ou r  knowledg e o f  th e 
shap e o f  a n object .  Th e thir d show s tha t  th e shap e 
representatio n whic h w e creat e whe n w e atten d t o a 
whol e objec t  doe s no t  involv e creatin g th e kind s o f 
shap e representation s fo r  th e part s o f  th e objec t 
tha t  w e woul d for m i f  w e attende d t o the m an d sa w 
the m a s whole s i n thei r  ow n right .  Ih e rea l 
motivatio n fo r  thi s medle y o f  demonstration s an d fo r 
th e interpretation s offere d i s tha t  thes e phenomen a 
can al l  b e see n a s manifestation s o f  a  particula r 
kin d o f  paralle l  mechanis m whic h i s describe d 
briefl y i n th e las t  sectiori . 

I  PERCEPTION THROIGH A  PEEPHOLE 

Fig. 1 illustrates a phenomenon called anorthoscopic 
perceptio n tha t  occur s whe n peopl e perceiv e a n 
objec t  on e piec e a t  a  tim e throug h a  sli t  o r 
peephol e (Hochberg ,  1968) .  Lnde r  suitabl e condition s 
peojl e repor t  tha t  the y hav e a  perceptua l  experienc e 
of  th e whol e object .  The y someho w integrat e a  numbe r 
of  separatel y perceive d piece s int o a  singl e 
Gestalt .  Thi s mean s tha t  the y mus t  b e storin g 
interna l  record s o f  thei r  perception s o f  th e 
individua l  pieces .  Ih e simples t  theor y o f 
anorthoscopi c perceptio n i s tha t  th e subjec t  build s 
up a n internal ,  picture-lik e representatio n par t  b y 
part ,  an d the n use s thi s interna l  "picture "  a s a 
substitut e fo r  a  retina l  imag e i n identifyin g th e 
whol e object .  A s w e shal l  see ,  thi s theor y ha s 
problems . 

d ) 

Figur e 1 .  A  cartoo n stri p showin g a  peephol e 
movin g aroun d th e outlin e o f  a  shape .  Ih e fac t 
tha t  successiv e frame s i n th e cartoo n fal l  i n 
differen t  position s make s th e tas k harder . 

Retina-base d versu s scene-base d frame s 

In the early stages of visual processing, the 
size ,  positio n an d orientatio n o f  part s o f  th e 
visua l  inpu t  ar e represente d relativ e t o th e fram e 
of  referenc e define d b y th e retina .  Anorthoscopi c 
perception ,  however ,  canno t  depen d o n storag e i n 
thes e early ,  "retina-based "  representation s becaus e 
peopl e typicall y fixat e o n th e peephole ,  s o al l  th e 
differen t  piece s o f  th e objec t  projec t  t o th e sam e 
bi t  o f  th e retin a (Rock ,  1981) .  Representations  tha t 
encod e th e position s o f  th e piece s relativ e t o th e 
retin a woul d no t  allo w u s t o perceiv e th e whol e 
objec t  becaus e th e relativ e positio n o f  a  piec e 
withi n th e whol e i s determine d b y wher e th e peephol e 
is ,  no t  b y wher e th e piec e fall s o n th e retina .  I t 
i s  jus t  conceivabl e tha t  a s w e mov e ou r  eyes ,  th e 
interna l  record s o f  al l  th e previousl y perceive d 
piece s ar e correspondingl y altere d s o tha t  th e 
record s alway s encod e wher e th e piec e i s relativ e t o 
th e curren t  retina l  position ,  bu t  thi s seem s ver y 
unlikely . 

What is needed is a way of representing where the 
piece s ar e tha t  i s no t  affecte d b y eye-movement s o r 
eve n b y movement s o f  th e whol e perso n throug h spac e 
(Turvey ,  1977) .  Thi s ca n b e achieve d b y usin g a 
temporar y scene-base d fram e o f  referenc e tha t  i s 
define d b y som e large r  contextua l  objec t  o r 
configuratio n withi n th e externa l  scene .  I f  w e kee p 
a continuall y update d representatio n o f  th e 
relationshi p betwee n th e retin a an d thi s scene-base d 
frame ,  w e ca n us e i t  t o conver t  fro m position s o n 
th e retin a int o position s relativ e t o th e scen e 
befor e storage .  Ihes e position s relativ e t o th e 
scen e wil l  b e unaffecte d b y subsequen t  ey e o r  bod y 
movements .  Obviousl y th e scene-base d fram e wil l 
hav e t o chang e fro m tim e t o time ,  an d i t  wil l  hav e 
t o hav e a  scal e tha t  i s appropriat e t o th e scal e o f 
th e part s w e ar e attendin g to ,  bu t  ove r  a  perio d o f 
a secon d o r  two ,  perceptua l  integratio n o f  th e 
result s o f  successiv e fixation s coul d b e achieve d b y 
usin g a  singl e scene-base d fram e o f  reference . 

Post-categorica l  versu s atomisti c representation s 

In a picture-like representation, the shapes of 
object s ar e no t  explicitl y  represente d — i t 
require s a n interpretiv e proces s t o extrac t  them . 
Consider ,  fo r  example ,  ho w a  straigh t  lin e i s 
represente d i n a n array .  Ih e lin e i s decompose d int o 
"atomic "  fragment s eac h o f  whic h i s depicte d b y 
fillin g i n on e cel l  i n th e array .  Th e absolut e 
position s o f  th e individua l  atomi c fragment s 
relativ e t o th e whol e arra y ar e encode d directl y an d 
precisely ,  bu t  ther e i s n o direc t  encodin g o f  th e 
straightnes s o f  th e line ,  becaus e thi s depend s o n 
th e relativ e position s o f  th e variou s fragments . 
Isin g thi s kin d o f  atomi c depictio n i t  i s  impossibl e 
t o represen t  th e fac t  tha t  a  lin e i s straigh t 
withou t  representin g precisel y wher e i t  i s  relativ e 
t o th e whol e array .  I t  i s  impossibl e t o b e precis e 
abou t  shap e an d vagu e abou t  positio n i n a  picture -
lik e representation . 

Ihe memory used in anorthoscopic perception. 
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however ,  seem s t o allo v jus t  thi s combinatio n o f 
jrecisio D an d vagueness .  I f  a  peephol e i s move d 
aroun d a  polygona l  spira l  (se e Pig .  2 )  peopl e ofte n 
"perceive "  a  close d polygon .  Ihei r  memory fo r  th e 
precis e location s o f  th e individua l  side s i s poo r 
and ca n h e swaye d b y expectation s abou t  close d 
polygons ,  bu t  the y kno w tha t  th e side s ar e straight . 
Thi s informa l  evidenc e tha t  spatia l  workin g memory 
can b e mor e precis e abou t  th e shape s o f  piece s tha n 
about  thei r  position s implie s tha t  i t  contain s 
explici t  representation s o f  shape s rathe r  tha n bein g 
a picture-lik e collectio n o f  atomisti c loca l 
feature s i n whic h shape s ar e onl y implicit .  A  recen t 
experimen t  support s thi s conclusion . 

< ^ •s ^ 

^ ^ 
^ 

^ 

Figur e 2 .  A 
peephol e i s move d 
aroun d a  polygona l 
spira l  withou t 
revealin g th e fre e 
ends o r  th e adjacen t 
paralle l  sides . 

Cirgus ,  Gellrasn ,  an d Hochber g (1961 )  hav e show n 
tha t  i t  i s  considerabl y easie r  t o "see "  th e shap e o f 
a whol e objec t  i f  th e peephol e i s move d aroun d th e 
outlin e o f  th e objec t  tha n i f  th e peephol e jump s 
randoml y fro m on e par t  o f  th e outlin e t o another . 
The tw o differen t  condition s wer e balance d s o tha t 
ih e tota l  exposur e t o an y on e par t  o f  th e objec t  was 
identical ,  s o th e content s o f  a  picture-lik e stor e 
woul d b e equall y goo d i n bot h cases .  Ih e obviou s 
interpretatio n o f  thi s experimen t  i s tha t  whe n 
neighbourin g part s o f  a n objec t  ar e expose d i n 
succession ,  i t  i s  possibl e t o for m mor e comple x 
chunk s (shapes )  an d henc e t o reduc e th e numbe r  o f 
chunk s tha t  must  b e store d i n spatia l  workin g 
memory.  When successiv e exposure s ar e o f  widel y 
sejaf-Xe i  pieces ,  eithe r  n o chunk s ar e formed ,  o r 
chunk s ar e create d whic h d o no t  correspon d t o th e 
natura l  parsin g o f  th e whol e objec t  int o parts .  Thi s 
typ e o f  explanatio n implie s tha t  th e memory involve d 
contain s explicitl y  segmente d an d identifie d chunks . I I  THE CUBE TASK 

Hinton (1979) describes an apparently simple 
mental  imager y tas k tha t  peopl e canno t  do : 

"Imagine a wire-frame cube resting on a tabletop 
wit h th e fron t  fac e directl y i n fron t  o f  yo u an d 
perpendicula r  t o you r  lin e o f  sight .  Imagin e th e 
lon g diagona l  tha t  goe s fro m th e bottom ,  front ,  left -
hand corne r  t o th e top ,  bac k right-han d one .  Now 
imagin e th e cub e i s reoriente d s o tha t  thi s diagona l 
i s  vertica l  an d th e cub e i s restin g o n on e corner . 
Elac e on e fingerti p abou t  a  foo t  abov e a  tableto p 
and le t  thi s mar k th e positio n o f  th e to p corne r  o n 
th e diagonal .  Ih e corne r  o n whic h th e cub e i s 
restin g i s o n th e tabletop ,  verticall y belo w you r 
linpertip .  l«it h you r  othe r  han d poin t  t o th e spatia l 
locBtioi. s o f  th e othe r  corner s o f  th e cube. " 
It is. fairly easy to imagine a cube in just about 

any orientatio n i f  th e orientatio n i s define d i n 
term s o f  th e natura l  axe s o f  th e cube .  lu t  whe n th e 
diagona l  i s  use d t o defin e th e require d orientation , 
we realis e tha t  relativ e t o th e diagonal ,  we hav e n o 
clea r  ide a wher e th e variou s part s o f  th e cub e are . 
Our  knowledg e o f  th e spatia l  disposition s o f  th e 
part e o f  a  cub e i s relativ e t o th e "intrinsic "  fram e 
of  referenc e define d b y th e cube' s own axes . 
Knowledg e i n thi s for m i s idea l  fo r  recognisin g th e 
shape o f  a  rigi d objec t  becaus e whateve r  Ih e 
object' s actua l  size ,  positio n an d orientation ,  th e 
disposition s o f  it s  part s wil l  alway s b e th e same 
relativ e t o a n intrinsi c fram e o f  referenc e base d 
on th e objec t  itsel f  (Palmer ,  197̂ ;  Mar r  an d 
Nishihara ,  1978) .  So i f  th e appropriat e object-base d 
fram e ca n b e imposed ,  th e earl y retina-tase d 
representation s whic h encod e th e position s o f  th e 
part s relativ e t o th e retin a ca n b e recede d int o 
object-base d representation s an d thi s encodin g wil l 
constitut e a  viewpoint-independen t  shap e 
descriptio n tha t  allow s th e objec t  t o b e recognised . 
I have now appealed to three different sorts of 
referenc e frame .  Th e initia l  processin g o f  th e 
visua l  inpu t  use s representation s relativ e t o th e 
retina ;  recognitio n o f  th e shap e o f  a n objec t 
involve s recedin g thes e earl y retina-base d 
representation s int o one s tha t  ar e relativ e t o a n 
object-base d frame ;  an d anorthoscopi c perceptio n 
relie s o n storin g th e relationship s o f  recognise d 
shape s t o a  temporar y scene-base d frame . Il l  FRUITFACE 

Fig. 5 shows a face composed entirely of pieces 
of  fruit .  Palme r  (1975 )  report s tha t  whe n subject s 
ar e show n thi s figur e ver y briefly ,  the y se e i t  a s a 
fac e withou t  seein g th e part s a s fruit .  Th e 
fruitfac e figur e demonstrate s tha t  formin g th e 
Gestal t  fo r  a  fac e doe s no t  depen d o n formin g 
Gestalt s fo r  th e parts .  Thi s i s puzzlin g becaus e t o 
see th e fac e we mus t  for m some representation s o f 
th e part s an d thei r  relationship s t o th e whole , 
sinc e i t  i s  th e relativ e disposition s o f  th e part s 
withi n th e whol e tha t  make i t  a  face .  Cne 
possibilit y  whic h ha s no t  bee n much explore d i s tha t 
each par t  o f  th e fac e ca n hav e tw o quit e differen t 
interna l  representations .  When th e par t  i s  see n a s a 
constituen t  o f  th e fac e i t  receive s a  representatio n 
i n whic h i t  i s  interprete d a s fillin g th e rol e of , 
say ,  a n ey e becaus e o f  it s  crud e overal l  shap e an d 
iT 3 relatio n t o th e whol e face .  When i t  i s  see n a s a 
whol e i n it s own right ,  however ,  i t  receive s a  quit e 
differen t  interna l  representatio n i n whic h th e roug h 
shape s an d disposition s o f  it s  part s caus e i t  t o 
be see n a s a  piec e o f  fruit . 

^ - ^ ^ m -

^ 4 i ^ 

Figur e ̂ .  P  fac e 
composed entirel y 
of  piece s o f  frui t  . 
(Afte r  Palmer ,  1975 ) 
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The ide a tha i  a n objec l  receive s a  quit e 
differen t  interna l  representatio n whe n i t  become s 
th e objec t  o f  foca l  attentio n doe s no t  fi t  th e 
jojula r  vie w o f  attentio n a s a  kin d o f  interna l 
sjotligh t  whic h ca n illuminat e an y on e o f  a  numbe r 
of  otherwis e unconsciou s shap e representations . 
However ,  th e ide a i s ver y compatibl e wit h "earl y 
selection "  theories  (Triesma n an d Gelade ,  1980 )  i n 
whic h foca l  attentio n i s constructiv e an d i s 
necessar y fo r  th e generatio n o f  a  shap e 
representatio n . 

referenc e an d representin g th e size ,  position ,  an d 
orientatio n o f  eac h par t  o f  th e objec t  relativ e t o 
thi s frame . 

3. The representation that an object receives 
when i t  i s  see n a s a  Gestal t  an d it s shap e i s 
recognise d i s completel y differen t  fro m it s 
representatio n whe n i t  i s  see n a s a  constituen t  o f  a 
large r  Gestalt .  Onl y on e Gestal t  ca n b e forme d a t  a 
time ,  bu t  man y separat e record s o f  previou s 
Gestalt s ca n b e store d i n spatia l  workin g memory . 

obviou s tha t  th e 
coexis t  wit h th e 
Introspectio n i s 

The interna l  spotligh t  metapho r  fo r  visua l 
attentio n i s a  powerfu l  one ,  bu t  I  believ e i t  i s 
base d o n a  mistake n analog y betwee n externa l 
perceptio n an d introspection .  Normall y ou r  attentio n 
moves rapidl y an d smoothl y fro m on e leve l  t o anothe r 
and w e d o no t  realis e tha t  a t  an y instan t  w e ar e 
attendin g a t  jus t  on e level .  Cnl y whe n th e 
informatio n a t  th e differen t  level s i s mad e 
inconsistent ,  a s i n th e fruitface ,  doe s i t  becom e 

Gestal t  fo r  th e whol e canno t 
Gestalt s fo r  it s  parts . 
of  littl e us e fo r  decidin g wha t  i s 

i n ou r  mind s a t  on e brie f  instan t  becaus e i t  doe s 
not  allo w u s t o decid e betwee n tw o possibilities . 
Eithe r  ther e ar e shap e representation s tha t  lur k 
outsid e foca l  attention ,  o r  shap e representation s 
ar e generate d o r  regenerate d th e moment  w e as k 
ourselve s whethe r  the y ar e there .  Ou r  fundamenta l 
epistemologica l  assumptio n tha t  th e existenc e o f 
object s i s independen t  o f  ou r  awarenes s o f  the m 
canno t  b e applie d t o th e content s o f  ou r  ow n minds . 

An obvious objection to any theory which claims 
tha t  peopl e onl y se e on e shap e a t  a  tim e i s tha t  th e 
shap e o f  a n objec t  i s  determine d b y th e shape s o f 
it s  part i  an d thei r  disposition s relativ e t o th e 
whole .  Thi s kin d o f  recursiv e definitio n o f  a  shap e 
i n term s o f  th e shape s o f  it s  part s lead s t o a 
regres s tha t  onl y terminate s a t  hypothetica l 
"primitive "  features .  Th e fruitfac e figur e i s 
importan t  becaus e i t  suggest s a n alternativ e wa y ou t 
of  th e regress .  Th e representation s o f  th e part s 
tha t  ar e use d i n perceivin g th e shap e o f  th e whol e 
may b e differen t  i n kin d fro m th e representation s 
use d t o perceiv e th e shape s o f  th e part s whe n w e 
atten d t o them .  Naturally ,  differen t  shap e 
representation s mus t  b e abl e t o influenc e on e 
another .  Havin g recognise d a n ey e i t  shoul d b e 
easie r  t o se e th e whol e face ,  bu t  thi s influenc e 
coul d b e mediate d b y spatia l  workin g memory . 
Althoug h onl y on e Gestal t  ca n b e forme d a t  a  time , 
record s o f  man y previou s Gestalt s ca n b e kep t  i n 
workin g memor y an d use d t o influenc e th e formatio n 
of  th e nex t  Gestalt . 

I V VHAT TH E DEMONSTRATIONS ShOV 

The demonstrations have been used as evidence for 
th e followin g cleims : 

1. Ve integrate the information obtained in 
successiv e glance s b y storin g record s o f  th e shape s 
tha t  w e identif y an d thei r  relationship s t o a 
temporar y scene-base d fram e o f  reference .  We ca n us e 
thes e store d record s t o generat e ne v shap e 
represe n t a tion s . 

2. The process of recognising a shaj«i (forming a 
Gestalt )  involve s imposin g a n otject-tsse d fram e o f 

V A  MCHAUISK FOR SPATIA L REPRESQITATICN £ 

Ther e i s no t  spac e her e t o d 
variou s kind s o f  mechanis m tha t 
fo r  representin g spatia l  struc t 
describ e on e possibilit y  whic h 
use o f  paralle l  interaction s b e 
of  features .  Thi s kin d o f  comp u 
natura l  wa y o f  harnessin g th e c 
provide d b y a  syste m lik e th e b 
number  o f  richl y interconnecte d 
paralle l  (Anderso n an d Hinton , 
i s base d o n fou r  relate d assum p 

iecuE s al l  th e 
hav e bee n suggeste d 

ures .  I  shal l  simpl y 
i s designe d t o mak e 
twee n ver y larg e set s 
tatio n seem s t o b e a 
omputationa l  powe r 
rai n i n whic h a  larg e 

unit s al l  comput e i n 
1961 )  .  Th e mechanis m 
tions : 

1.  A  perceptua l  featur e mus t  alway s b e 
represente d relativ e t o som e fram e o f  referenc e 
becaus e propertie s lik e th e length ,  position ,  an d 
orientatio n o f  a  featur e implicitl y  assum e a 
referenc e frame . 

2. At any moment during perception we use three 
differen t  frame s o f  referenc e - -  retina-based , 
object-based ,  an d scene-base d — s o ou r  perceptua l 
apparatu s ha s thre e differen t  set s o f  units ,  eac h o f 
whic h represent s feature s relativ e t o on e o f  thes e 
frame s o f  reference . 

3. The meaning of features relative to one frame 
of  referenc e i n term s o f  features  relativ e t o 
anothe r  depend s o n th e relationshi p betwee n th e tw o 
frames .  S o th e wa y i n whic h unit s i n on e se t  affec t 
unit s i n anothe r  se t  mus t  b e controlle d b y a 
representatio n o f  th e spatia l  relationshi p betwee n 
th e frame s o f  referenc e use d b y th e tw o sets .  A 
particula r  spatia l  relationshi p pair s eac h uni t  i n 
one se t  wit h on e uni t  i n th e othe r  set ,  an d allow s 
activit y i n on e o f  thes e unit s t o caus e activit y i n 
th e other . 

4. Lifferent Gestalts correspond to alternative 
pattern s o f  activit y i n th e ver y sam e se t  o f  object -
base d units .  S o onl y on e Gestal t  ca n b e forme d a t  a 
time ,  thoug h record s o f  man y previou s Gestall s ca n 
be store d a s activit y i n th e scene-base d units . 

lig. 4 incorporates these assumptions. Unlike 
many bo x diagram s i n psychology ,  th e separat e boxe s 
reall y ar e intende d a s separat e collection s o f 
hardwar e units .  Ever y lini t  continuall y recompute s 
it s activit y leve l  a s a  functio n o f  th e inpu t  i t 
receive s fro m othe r  units .  I n th e shor t  ter m ( i  . e i n 
abou t  IC O msec )  ,  th e whol e syste m computes  b y 
settlin g int o a  stat e o f  activit y tha t  i s 
temporaril y  stable .  Thi s kin d o f  settlin g proces s i s 
describe d i n mor e detai l  i n Hinto n (19& 1 b )  wher e i t 
i s  show n tha t  th e proces s o f  assignin g a n 
appropriat e objed-tase d fram e o f  referenc e ca n b e 
implemente d b y th e three-wa y inleractio n betwee n 
retina-base d units ,  object-base d unit s an d 1h e unit s 
fo r  representin g th e spatia l  relationshi p betwee n 
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th e retin s an d Ih e object .  Thi s kin d o f  thre e wa y 
interactio n i e wha t  th e triangula r  eymtol s i n Fig . 
4 dejict .  Afte r  eac h settling ,  contro l  jroceese e 
(unspecifie d here )  ca n rese t  th e patter n o l  aclivit y 
i n an y se t  o f  units ,  an d thereb y initiat e a  ne w 
proceE S o f  settling .  No t  al l  th e unit e i n a  se t  nee d 
be involve d i n th e interaction s wit h othe r  sets ,  fo r 
examjle ,  th e objed-tase d unit s tha t  are  directl y 
affecte d b y retina-base d unit s probabl y cod e fairl y 
simpl e features ,  wherea s th e object-base d unit s tha t 
directl y affec t  th e scene-base d one s probabl y cod e 
comple x conjunction s o f  th e simple r  features . 

Scene-base d units . 
Activ e unit s encod e 
recentl y identifie d 
shape s an d thei r  rel -
lation s t o th e scen e 

Unit s whos e activit y 
represent s th e relat -
ionshi p o f  th e curren t 
object-base d fram e t o 
th e curren t  scene -
base d frame . 

Object-base d units . 
Patter n o f  activit y 
represent s shap e o f 
th e curren t  Gestal t 

\ 

L 

> 

Unit s whos e activit y 
represent s th e relat -
ionshi p o f  th e curren t 
object-base d fram e t o 
th e retina-base d fram e 

F.etina-base d units . 
Activit y patter n i s 
th e resul t  o f  earl y 
visua l  processing . 

Figur e 4 .  A  paralle l  mechanism , 

5hi s kin d o f  mechanis m raise s man y interestin g 
issues ,  som e o f  whic h are  discusse d elsewher e 
(Hinton ,  igeia )  .  Ih e followin g sectio n focusse s o n 
what  th e scene-base d feature s ar e like ,  an d ho w the y 
influenc e th e th e formatio n o f  a  ne w Gestalt ,  i . e . 
how the y affec t  th e formatio n o f  temporaril y  stabl e 
patter n o f  activit y i n th e object-base d units . 

Scene-base d feature s 

Once th e genera l  approac h o f  implementin g spatia l 
workin g memor y a s activit y i n a  se t  o f  scene-base d 
unit s i s accejted ,  quit e a  lo t  ca n b e deduce d abou t 
th e natur e o f  th e unit s fro m thei r  function .  On e 
importan t  functio n o f  spatia l  workin g memor y i s t o 
allo w previousl y identifie d Gestalt s t o ai d i n th e 
formatio n o f  relate d Gestalts .  Havin g recognise d a n 
eye ,  th e whol e fac e shoul d b e easie r  t o see ,  an d 
vic e versa .  Ih e kin d o f  precisel y located ,  atomisti c 
feature s tha t  woul d b e neede d fo r  a  picture-lik e 
representatio n woul d no t  b e o f  muc h valu e i n spatia l 
workin g memory ,  becaus e the y woul d no t  explicitl y 
represen t  th e identitie s o f  objects ,  an d s o thei r 
effect s coul d no t  b e mad e t o depen d o n thes e 

identities .  I t  i s  mor e usefu l  t o mak e eac h aciiv e 
scene-base d uni t  represen t  th e existenc e o f  a n 
objec t  o f  a  particula r  typ e wit h a  particula r 
relationshi p t o th e curren t  scene ,  a s th e followin g 
example s show . 

Suppose that as a result of previous perceptual 
analysis ,  activit y i n a  scene-base d unit ,  1 1 , 
represent s th e existenc e o f  a n ey e wit h th e 
relationshi p Fj ^  t o th e scene .  Suppos e als o tha t  th e 
syste m i s no w attemptin g t o settl e o n a n 
interpretatio n o f  a  large r  objec t  ( a face )  wit h th e 
relationshi p Fy j  t o th e scene ,  hi g an d hf s determin e 
hl f  ,  th e relationshi p o f  th e ey e t o th e face ,  an d 
so the y determin e whic h object-base d unit ,  C j  , 
shoul d b e activate d t o represen t  th e ey e a s a 
constituen t  relativ e t o th e fram e o f  referenc e o f 
th e whol e face .  Thi s influenc e o f  th e content s o f 
workin g memor y o n perceptio n ca n b e implemente d (se e 
lig .  4 )  b y havin g a n explici t  representatio n o f  Pf j 
whic h govern s th e interactio n betwee n scene-base d 
and object-base d unit s an d ensure s tha t  activit y i n 
£j  provide s excitator y inpu t  t o Ci  . 

Now consider what is required of spatial working 
memory i f  th e fac e i s see n firs t  an d attentio n i s 
the n focusse d o n on e eye .  !Ih e fac t  tha t  thi s par t 
had th e rol e o f  a n ey e withi n th e whol e fac e shoul d 
facilitat e it s interpretatio n a s a n ey e whe n i t 
becomes th e focu s o f  attention .  Ibi s effec t  ca n b e 
achieve d i f  th e Gestal t  fo r  th e whol e fac e activate s 
scene-base d unit s tha t  represen t  th e majo r 
constituent s o f  th e Gestal t  a s wel l  a s th e whole .  £ 0 
th e mappin g fro m object-base d t o scene-base d unit s 
operate s simultaneously  o n imit s tha t  represen t  th e 
identit y o f  th e whol e Gestal t  an d o n unit s 
representin g it s majo r  constituents . 

VI  CONCIUSION 

Three demonstrations have been used to illustrate 
aspect s o f  ou r  interna l  representation s o f  spatia l 
structures .  Particula r  attentio n ha s bee n give n t o 
th e spatia l  workin g memor y tha t  allow s peopl e t o 
integrat e thei r  perceptio n ove r  time .  I t  ha s bee n 
argue d tha t  thi s memor y contain s compac t  record s o f 
th e ric h perceptua l  Gestalt s tha t  ar e fonne d whe n a 
perso n attend s t o a n object .  Ih e interaction s 
betwee n spatia l  workin g memor y an d th e apparatu s i n 
whic h Gestalt s ar e forme d allow s previou s Gestalt s 
t o influenc e (o r  entirel y determine )  th e formatio n 
of  th e curren t  Gestal t  eve n thoug h onl y on e Gestal t 
can b e presen t  a t  a  time .  Thi s vie w o f  th e rol e o f 
spatia l  workin g memor y support s "earl y selection " 
theorie s i n whic h foca l  attentio n i s require d t o 
synthesiz e a  shape ,  an d onl y one  shap) e ca n see n a t  a 
time .  I t  als o support s th e vie w tha t  differen t 
Gestalt s correspon d t o alternativ e pattern s o f 
activit y i n a  se t  o f  unit s tha t  encod e feature s 
relativ e t o a  fram e o f  referenc e impose d o n th e 
object . 
Finally, a few provisos. The demonstrations are 
wel l  know n bu t  th e interpretation s o f  wha t  the y 
sho w ar e probabl y contentious ,  an d th e mechanis m I 
sugges t  i s speculativ e an d underspecified .  Ther e ha s 
not  bee n spac e t o elaborat e o n man y interestin g 
issue s lik e ho w th e mechanis m migh t  accoun t  fo r  th e 
experimenta l  dat a o n menta l  rotatio n (Coope r  an d 
Shepard ,  1975 )  o r  spatia l  workin g memor y (Eroadben t 
and Eroadbent ,  1981 ;  Phillip s an d Christie ,  1977) . 
Nor  ha s i t  bee n possibl e t o discus s crucia l 
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theoretica l  issue s lik e th e numbe r  o f  unit s tha t 
woul d b e require d b y th e mechanism ,  o r  th e problem s 
of  encodin g nove l  shape s i n workin g memory . 
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