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Rationa l  Processe s i n Perceptio n 

Alan Gilchrist and Irvin Rock 

I n thi s pape r  w e wil l  giv e ou r  reason s fo r  believin g 
tha t  certai n curren t  attempt s t o explai n perceptua l 
phenomena o n a  lowe r  leve l  i n term s o f  know n sensory -
mechanism s ar e untenable .  We wil l  d o thi s b y focussin g 
on tw o topics ,  lightnes s perceptio n an d th e perceptio n 
of  apparen t  motion .  We wil l  summariz e som e olde r  dat a 
(no t  al l  o f  whic h ar e sufficientl y known )  an d wil l 
describ e som e recen t  wor k o f  ou r  own .  Finally ,  o n a 

more positiv e note ,  w e wil l  tr y t o indicat e th e directio n 
tha t  a  theor y mus t  tak e i f  i t  i s  t o dea l  effectivel y 
wit h thes e phenomena . 

Lightness Perception 
We wil l  begi n wit h th e assumptio n tha t  Helmholt z wa s 

essentiall y  wron g i n hi s belie f  tha t  a n object' s light -
ness ca n b e inferre d b y interpretin g th e luminanc e 

reflecte d b y i t  t o th e ey e i n term s o f  th e amoun t  o f 
illuminatio n fallin g o n it .  Suc h a  proces s require s 
unequivoca l  informatio n abou t  th e illuminatio n wherea s 

th e onl y informatio n directl y availabl e i s th e intensit y 
of  light ,  o r  luminance ,  reflecte d b y eac h surfac e i n th e 
field .  Eac h suc h luminanc e i s th e join t  produc t 
of  th e reflectanc e propert y o f  th e surfac e an d th e il -
luminatio n fallin g o n tha t  surface .  Rathe r  we wil l 
assume tha t  th e perceive d shad e o f  gra y o f  a  surfac e i s 
governe d primaril y b y th e luminanc e o f  tha t  surfac e 
relativ e t o th e luminanc e o f  neighborin g surface s a s 
Herin g (1920 )  suggeste d an d a s Wallac h (ig'̂ S )  elegantl y 
demonstrated .  Ther e i s no w fairl y wid e agreemen t  amon g 
investigator s o n thi s genera l  principle . 

But  wha t  i s th e underlyin g explanatio n o f  it ? Ther e 
i s grea t  appea l  i n Bering' s suggestio n o f  reciproca l 
interaction ,  i.e .  tha t  a  brigh t  regio n o f  th e fiel d 
woul d hav e a  darkenin g effec t  o n a n adjacen t  regio n an d 
a dar k regio n woul d hav e a  brightenin g effec t  o n a n 
adjacen t  regiori .  We no w kno w fo r  a  fac t  tha t  th e rat e 
of  discharg e i n on e nerv e fibe r  i s attenuate d whe n a 
neighborin g fibe r  i s stimulate d b y light .  Thu s suc h 
latera l  inhibitio n ca n plausibl y b e invoke d t o explai n 
why th e appare.'i t  lightnes s o f  on e regio n i s governe d b y 
th e exten t  o f  stimulatio n o f  a n adjacen t  regio n (se e 
^ornsweet ,  197C ;  Jameso n an d Hurvich ,  196'+) . 

I n fact ,  give n latera l  inhibitio n a s a  know n sensor y 
effect ,  on e migh t  hav e bee n abl e t o predic t  th e pheno -
menon o f  contrast ,  eve n i f  i t  ha d neve r  bee n observe d 
(althoug h question s ca n b e raise d abou t  th e spatia l 
distanc e ove r  whic h suc h a  mechanis m ca n b e expecte d t o 
occur) .  Surroundin g a  gra y regio n b y a  whit e on e shoul d 
lea d t o diminishe d dischargin g o f  retina l  fiber s stimu -
late d b y th e gra y region ;  surroundin g anothe r  gra y 
regio n o f  th e sam e valu e b y a  blac k on e shoul d lea d t o 
increase d dischargin g o f  retina l  fiber s stimulate d b y 
tha t  gra y regio n becaus e o f  a  releas e o f  inhibition . 
Thus on e o f  thes e gra y region s shoul d loo k lighte r  tha n 
th e othe r  an d s o i t  does .  A n implici t  assumptio n her e 
i s tha t  th e phenomena l  shad e o f  gra y perceive d i n a  give n 
regio n i s a  direc t  functio n o f  th e rat e o f  dischargin g 
of  fiber s stimulate d b y tha t  region . 

The fac t  o f  constanc y o f  lightnes s ca n b e explaine d 
alon g th e sam e lines .  When th e illuminatio n fallin g o n 
a surfac e changes ,  the n th e luminanc e o f  al l  adjacen t 
region s rise s an d fall s together .  Thus ,  whil e th e rat e 
of  dischargin g o f  cell s stimulate d b y a  gra y regio n 
shoul d increas e whe n illuminatio n increases ,  s o to o 
shoul d th e rat e o f  dischargin g o f  cell s fro m a  surround -
in g whit e regio n increase .  Th e latte r  wil l  increas e th e 
inhibitio n o n th e forme r  wit h th e ne t  resul t  o f  littl e 
i f  an y chang e i n th e absolut e rat e o f  dischargin g o f 
thos e cells .  Therefor e th e perceive d lightnes s shoul d 
remai n mor e o r  les s constan t  an d s o i t  does .  Not e again , 
however ,  th e assumption ,  her e explicit ,  tha t  th e pheno -
menal  lightnes s i s a  direc t  functio n o f  th e rat e o f 
discharg e o f  th e appropriat e fibers . 
50 

Underlyin g thi s assumptio n i s anothe r  assumptio n abou t 
how th e visua l  syste m vork s tha t  Gilchris t  (1981 )  ha s 
calle d th e photomete r  metaphor .  Jus t  a s th e signa l 
produce d b y a  photomete r  i s a  direc t  functio n o f  th e 
ligh t  fallin g upo n it ,  s o th e perceive d lightnes s o f 
each poin t  i n th e fiel d i s assume d t o b e a  direc t 
functio n o f  th e rat e o f  dischargin g o f  th e cell s stimu -
late d b y eac h suc h point .  Wit h th e knowledg e tha t  ha s 
been availabl e abou t  light ,  abou t  th e formatio n o f  th e 
retina l  image ,  an d abou t  photochemica l  processe s an d 
nerv e physiolog y i t  i s  understandabl e wh y suc h a  vie w ha s 
become s o deepl y ingraine d a s no t  eve n t o b e explicitl y 
recognize d a s a n assumption .  Give n thi s assumption , 
phenomena suc h a s contras t  an d constancy ,  i n whic h light -
ness doe s no t  correlat e wit h luminance ,  see m t o requir e 
an explanatio n lon g th e line s o f  latera l  inhibition . 

There is now, however, reason to reject this approach. 
Evidenc e ha s bee n accumulatin g t o suppor t  th e theor y 
tha t  th e perceptio n o f  lightnes s (an d chromati c color ) 
i s  base d o n informatio n a t  th e edge s betwee n region s o f 
differin g luminanc e (o r  hue) .  Homogeneou s region s 
betwee n edge s ar e the n "assumed "  t o hav e th e lightnes s 
or  colo r  indicate d b y thes e edges .  Ther e i s overwhelm -
in g evidenc e (Yarbus ,  19^7 ;  Whittl e an d Challands ,  1969 ; 
J.  Walraven ,  1976 )  tha t  th e visua l  syste m respond s t o 
change s i n stimulation ,  no t  t o a n unchangin g stat e o f 
stimulation .  Thi s i s normall y guarantee d b y continuou s 
eye movements ,  fo r  vision. '  Wheneve r  a n imag e ca n b e 
hel d stationar y o n th e retin a fo r  a  fe w seconds ,  al l 
visua l  experienc e stops .  Thes e fact s ar e inconsisten t 
wit h th e photomete r  metapho r  an d the y strongl y indir-at e 
th e crucia l  natur e o f  edge s o r  gradient s i n th e retina l 
imag e sinc e thi s i s wher e stimulatio n change s i n th e 
normal  movin g eye .  Krauskop f  (1963 )  ha s show n tha t  whe n 
th e boundar y o f  a  surfac e i s prevente d fro m movin g o n 
th e retina ,  it s  colo r  wil l  disappea r  an d b e replace d b y 
th e colo r  o f  th e surroundin g region ,  signalle d b y th e 
boundar y o f  tha t  region . 

I t  seem s unlikel y tha t  an y absolut e luminanc e infor -
matio n woul d b e picke d u p i n thi s wa y an d ye t  i t  no w 
seems quit e possibl e tha t  th e visua l  syste m achieve s 
what  i t  doe s usin g onl y relativ e information .  Eve n a 
simpl e edge-relation s approac h goe s a  lon g wa y towar d 
explainin g lightnes s constanc y sinc e th e luminanc e rati o 
betwee n tw o adjacen t  surfac e color s remain s th e same 
even whe n illuminatio n changes . 

The importan t  poin t  her e i s tha t  ther e i s n o nee d 
t o invok e a  concep t  suc h a s latera l  inhibitio n t o explai n 
constancy .  Onc e th e photomete r  assumptio n i s made 
explici t  an d i n fact ,  i s  displace d b y th e concep t  o f 
edge information ,  th e whol e edific e collapses .  Of 
cours e latera l  inhibitio n i s a  well-establishe d physio -
logica l  fact .  I t  i s  probabl y par t  o f  th e proces s 
whereb y th e rati o a t  a n edg e i s determined .  Bu t  we 
don' t  believ e tha t  latera l  inhibitio n solve s an y o f  th e 
basi c problem s o f  constancy .  Th e concep t  o f  a n exagger -
atio n o r  enhancemen t  o f  edg e ratio s seem s unnecessar y 
and illogical .  I f  latera l  inhibitio n exaggerate d a n 
edge ratio ,  i t  woul d d o s o i n th e sam e wa y ever y tim e 
an edg e o f  th e sam e valu e wer e presen t  o n th e retina . 
A give n edg e rati o woul d b e specifie d b y a  give n neura l 
signal ,  wit h o r  withou t  a n exaggeratio n function . 
Therefor e th e exaggeratio n functio n doesn' t  see m t o ad d 
anythin g o f  explanator y value . 

Certai n problem s tur n ou t  t o b e dissolvabl e pseudo -
problem s wit h th e adoptio n o f  a n edge-relation s ap -
proach .  One o f  thes e i s constanc y unde r  changin g 
illumination .  On th e othe r  hand ,  othe r  problem s emerge , 
althoug h the y ar e mor e tractable .  Fo r  example ,  ho w d o 
we no w explai n th e constanc y o f  surfac e lightnes s a s 
th e surfac e i s viewe d agains t  differin g backgrounds ? 
The luminanc e rati o a t  th e edg e o f  a  surfac e ca n chang e 



irainaticall y a s i t  i s  place d o n differen t  background s 
and ye t  lightnes s perceptio n retain s alrr.ô t  unchanged . 

For  example ,  ir .  th e classi c exampl e i f  lightnes s 
contrast ,  th e gra y s^^ar e o n th e whit e backgroun d ha s 
an eig e rati o tha t  i s  radicall y differen t  (eve n uiposit e 
ir .  sign )  fro c tha t  o f  th e gra y squar e o n th e blac k 
bac.'-orour.d .  Thus ,  unde r  - ^  simpl e edg e theor y the y 
ough t  t o appea r  radicall y differen t  i n lightness ,  an d 
yet  the y appea r  almos t  th e same .  Thi s suggest s tha t 
lightnes s i s no t  leten-uine d simpl y b y th e boundar y o f  a 
surface ,  t.; t  b y tr. e relationshi p betwee n tha t  boundar y 
and othe r  boundaries .  Presumabl y th e boundarie s o f  th e 
square s thenselve s onl y signa l  departure s fro m a  back -
groun d lightness ,  whic h i n tur n i s signalle d b y th e 
boundar y o f  eac h baci'.ground .  Thu s th e edg e dividin g 
th e whit e an d blac k background s signal s th e relationshi p 
betwee n th e tw o backgroun d lightnesse s an d w e migh t 
expec t  tha t  thi s edg e wil l  b e a s critica l  t o th e light -
ness o f  th e target s a s th e edge s o f  th e target s them -
selves .  I n fac t  Gilchris t  an d Piantined a (unpublishe d 
experiment )  hav e foun d tha t  i f  tha t  edg e i s retinall y 
stabilized ,  th e tw o gra y square s tur n blac k an d whit e 
respectively ,  jus t  wha t  w e woul d expec t  base d simpl y 
on th e ratio s a t  th e edge s o f  th e gra y squares .  We 
migh t  sa y tha t  th e assignmen t  o f  lightnesse s t o th e 
variou s region s i s th e en d resul t  o f  a  computationa l 
proces s i n whic h informatio n fro m al l  edge s presen t  i s 
integrated .  Aren d (1973 )  an d Lan d an d McCan n (l97l ) 
have propose d simila r  schemes . 

I f  suc h computationa l  processe s occu r  an d ar e 
governe d b y remot e a s wel l  a s loca l  edg e information , 
th e reade r  may wel l  wonde r  abou t  th e achievemen t  o f 
constancy .  Conside r  th e typica l  cas e wher e tw o gra y 
disk s o f  equa l  reflectanc e o n th e sam e backgroun d ar e 
unequall y illuminate d becaus e on e regio n an d it s immedi -
at e backgroun d ar e i n shadow .  Earlie r  w e sai d tha t 
constanc y coul d b e explaine d o n th e basi s o f  th e equa l 
rati o o f  eac h gra y regio n t o it s background .  Tha t  woul d 
be tru e i n th e exampl e unde r  consideration .  Bu t  no w w e 
have als o sai d tha t  th e presenc e o f  othe r  edge s enter s 
int o th e equation .  Th e shado w edg e ca n easil y hav e a 
rati o a s grea t  a s a  white-blac k edg e and ,  mor e probably , 
even greater .  I f  thi s i s entere d int o th e computation , 
constanc y woul d fail ;  th e disk s woul d b e see n a s 
differen t  shade s o f  gra y i n accordanc e wit h th e luminanc e 
differenc e betwee n them .  Th e equa l  disk-to-surroun d 
luminanc e ratio s her e logicall y canno t  signif y tha t  th e 
two gray s ar e equa l  i f  th e gra y region s ar e see n a s o n 
background s o f  differen t  luminanc e values ,  o r  s o i t 
woul d seem . 

Unles s th e perceptua l  syste m ca n discriminat e betwee n 
reflectanc e edge s an d illuminatio n edges ,  tha t  i s 
betwee n change s i n th e pigmen t  o f  th e surfac e an d 

change s i n th e amoun t  o f  illuminatio n shinin g o n th e 
surface .  I f  so ,  perhap s illuminatio n edge s woul d no t 
be include d i n th e computatio n o f  surfac e lightnes s 
values .  Ther e i s no w stron g evidenc e o f  jus t  suc h 
discriminatio n o f  reflectanc e an d illuminatio n edge s 
(Gilchrist ,  i n press) .  I f  observer s vie w th e tw o disk s 
4nJr r  th e condition s jus t  described ,  the y typicall y d o 
perceiv e th e tw o gray s a s almos t  equal ,  i.e .  constanc y 
i s achieved .  Moreover ,  the y perceiv e bot h side s o f  th e 
backgroun d a s whit e wit h on e sid e i n shadow .  Thu s th e 
centra l  edg e i s apparentl y correctl y identifie d a s a n 
illuminatio n edge .  If ,  however ,  th e observer s vie w th e 
displa y throug h a n apertur e tha t  permit s onl y par t  o f 
th e backgroun d an d th e tw o gra y region s t o b e seen ,  an d 
i f  th e edg e o f  th e shado w i s reasonabl y sharp ,  th e gray s 
no longe r  loo k equal ,  constanc y i s destroyed .  Moreover , 
th e observer s no w perceiv e th e tw o side s o f  th e back -
groun d a s unequa l  i n lightness .  Thu s th e edg e i s 
interprete d a s separatin g differen t  reflectances ,  no t 
differen t  illuminations .  I n thi s conditio n onl y the n 
does th e centra l  edg e ente r  int o th e proces s o f  computin g 
th e lightnes s o f  th e gra y disks . 

We reporte d earlie r  tha t  i f  th e boundar y betwee n th e 
blac k an d whit e background s i n th e traditiona l  contras t 

patter n i s mad e t o disappea r  throug h retina l  stabiliza -
tion ,  on e gra y squar e turn s blac k an d th e othe r  turn s 
white .  Thi s provide s som e o f  th e bes t  evidenc e fo r  th e 
concep t  o f  edg e integration .  A  simila r  experimen t  wa s 
done b y Gilchrist ,  et .  al .  (i n press )  tha t  demonstrate s 
th e importanc e o f  th e distinctio n betwee n reflectanc e 
edge s an d illuminatio n edges .  When th e boundar y betv;ee n 
th e whit e an d blac k background s i s mad e t o loo k lik e th e 
edge o f  a  shadow ,  th e tw o square s wil l  als o tur n blac k 
and whit e respectively ,  jus t  a s i n th e stabilized-iir.ag e 
experiment .  Thu s whe n a n edg e i s identifie d a s a n 
illuminatio n edge ,  i t  seem s t o dro p ou t  o f  th e integra -
tio n proces s fo r  surfac e lightnes s jus t  a s i f  i t  wer e 
invisible . 

I t  woul d tak e u s to o fa r  afiel d t o ente r  "int o a  ful l 
discussio n o f  precisel y ho w th e perceptua l  syste m 
discriminate s illuminatio n fro m reflectanc e edges . 
Whil e th e presenc e o f  penumbr a a t  a n illuminatio n edg e 
may b e on e sourc e o f  informatio n i t  i s  no t  th e onl y on e 
and i s no t  necessar y i n th e experiment s jus t  described . 

Befor e discussin g th e importan t  rol e tha t  dept h 
perceptio n play s i n discriminatin g edges ,  i t  i s  wort h 
considerin g th e ramification s o f  wha t  w e hav e jus t 
discusse d fo r  th e notio n o f  latera l  inhibitio n o r  an y 
othe r  theor y o f  neura l  interactio n whic h seek s t o explai n 
th e importan t  eft'ect s o f  remot e edge s o n wha t  i s per -
ceive d i n region s adjacen t  t o othe r  edges .  Fo r  no w i n 
additio n t o othe r  difficultie s suc h a  theor y faces ,  i n 
dealin g wit h suc h "remote "  effect s i t  woul d hav e t o b e 
argue d tha t  suc h effec t  d o no t  occu r  a t  al l  whe n thos e 
remot e edge s ar e interprete d a s representin g illumina -
tio n rathe r  tha n reflectanc e differences .  I n fact ,  i t 
i s  interestin g t o not e tha t  apparentl y n o on e ha s 
notice d tha t  whe n contras t  effect s ar e applie d t o 
illuminatio n edges ,  the y no t  onl y fai l  t o resul t  i n 
constancy ,  bu t  the y actuall y mak e matter s worse . 
Constanc y require s tha t  w e explai n ho w th e perceptio n 
of  surfac e lightnes s coul d b e th e sam e o n bot h side s o f 
an illuminatio n edge ,  give n th e differenc e i n luminance . 
Applyin g a  mechanis m her e tha t  furthe r  exaggerate s th e 
luminanc e differenc e i s a  littl e lik e bringin g wate r  t o 
a drownin g man . 

Recent  experiment s (Gilchrist ,  1977 ,  198l )  hav e 
demonstrate d th e rol e o f  dept h perceptio n i n distinguish -
in g a n illuminatio n edg e fro m a  reflectanc e edge .  I n 
one experimen t  a n artificia l  interpositio n cu e wa s use d 
t o mak e a  targe t  squar e appea r  a s locate d eithe r  i n a 
near  plane ,  diml y illuminated ,  o r  i n a  fa r  plane , 
brightl y illuminated ,  a s show n i n Figur e 1 .  I n term s o f 
th e retina l  image ,  th e targe t  squar e wa s alway s flanke d 
by a  surfac e o f  muc h lowe r  luminanc e t o it s lowe r  righ t 
and b y a  surfac e o f  muc h highe r  luminanc e t o it s uppe r 
lef t  (not e relativ e luminance s give n i n Figur e 1 ) . 
I n space ,  however ,  th e lo w luminanc e surfac e wa s locate d 
i n th e nea r  plan e whil e th e hig h luminanc e surfac e wa s 
locate d i n th e fa r  plane .  Th e result s sho w tha t  light -
nes s i s determine d b y th e luminanc e rati o o f  th e targe t 
squar e t o it s coplana r  neighbor .  Thu s th e targe t  squar e 
looke d ifhit e whe n i t  appeare d i n th e nea r  plan e bu t 
blac k whe n i t  appeare d i n th e fa r  plane .  I n othe r  terms , 
th e edg e dividin g th e targe t  fro m it s coplana r  neighbo r 
was treate d a s a  reflectanc e differenc e whil e th e edg e 
dividin g th e targe t  fro m it s non-coplana r  neighbo r  wa s 
presumabl y treate d a s representin g a n illuminatio n 
difference .  Sinc e th e retina l  imag e wa s essentiall y 
th e sam e i n bot h conditions ,  thi s resul t  i s  inconsis -
ten t  wit h a n explanatio n base d o n latera l  inhibition . 

I n anothe r  experimen t  involvin g plane s meetin g t o 
for m a  dihedra l  angle ,  thes e idea s wer e pu t  t o a  mor e 
rigorou s tes t  i n whic h prediction s base d o n perceive d 
coplanarit y woul d b e th e opposit e o f  prediction s base d 
solel y o n retina l  ratios . 

The experimenta l  arrangement s ar e show n i n Figur e 2 . 
I n th e horizonta l  plane ,  a  blac k targe t  ta b extende d 
out  int o spac e fro m a  large r  whit e square .  I n th e 
vertica l  plane ,  a  whit e targe t  ta b extende d upwar d int o 
spac e fro m a  large r  blac k square .  Thu s eac h targe t 
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Figur e 1 

i n ta b wa s see n agains t  th e backgroun d squar e tha t  wa s 
a separat e plane .  Th e horizonta l  surface s receive d 
about  3 0 time s a s muc h illuminatio n a s th e vertica l 
surfaces ,  o r  jus t  enoug h illuminatio n differenc e t o 
make th e luminanc e o f  th e blac k targe t  ta b equa l  t o 
tha t  o f  th e whit e targe t  tab .  Give n th e viewin g per -
spectiv e o f  th e observer ,  i» 5 degree s fro m eac h plane , 
th e displa y wa s simila r  t o traditiona l  contras t  displays ; 
two target s o f  equa l  luminanc e o n brigh t  an d dar k back -
ground s respectively .  Thu s a  theor y base d o n latera l 
inhibitio n woul d clearl y predic t  tha t  th e targe t  o n th e 
brigh t  background ,  i n thi s cas e th e uppe r  target , 
shoul d appea r  darke r  tha n th e othe r  target ,  althoug h 
th e exac t  magnitud e o f  th e effec t  i s  harde r  t o deter -
mine .  On th e othe r  hand ,  i f  lightnes s i s reall y base d 
on luminanc e relationship s withi n planes ,  the n eac h ta b 
shoul d b e compare d wit h th e large r  backgroun d squar e 
tha t  lie s i n th e sam e plane ,  eve n thoug h i t  i s  adjacen t 
onl y alon g on e edg e o f  th e tab .  Thu s no t  onl y woml d 
th e coplana r  rati o principl e predic t  tha t  th e uppe r  ta b 
vjoul d appea r  lighter ,  no t  darker ,  tha n th e lowe r  tab ,  i t 
woul d predic t  tha t  th e uppe r  ta b shoul d loo k whit e an d 
th e lowe r  ta b black . 

I n fac t  th e latte r  resul t  wa s actuall y obtained . 
Figur e 2  show s th e media n Munsel l  matche s {nex t  t o 
sample s o f  thos e Munsel l  values )  obtaine d fro m naiv e 
observers .  Moreover ,  sinc e th e targe t  tab s wer e 
actuall y trapezoida l  i n shape ,  the y coul d b e made t o 
switc h perceive d plane s whe n viewe d monocularly .  I n 
tha t  conditio n o f  th e experimen t  th e perceive d light -
nesse s o f  th e tab s als o switched ,  wit h th e lowe r  ta b 
now appearin g whit e an d th e uppe r  ta b appearin g black . 
Sinc e thes e change s i n perceive d lightnes s wer e pro -
duce d solel y b y a  chang e i n dept h perception ,  wit h n o 
chang e i n th e retina l  image ,  thes e dat a rais e difficul -
tie s tha t  may b e insurmountabl e fo r  curren t  theorie s 
base d o n latera l  inhibition . 
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Apparent Motion 
Althoug h w e kno w a  goo d dea l  abou t  th e condition s 

tha t  produc e th e illusor y impressio n o f  motio n refer -
re d t o a s apparen t  motion ,  w e stil l  d o no t  understan d 
why i t  occur s or ,  fo r  tha t  matter ,  wh y i t  onl y occur s 
unde r  certai n conditions .  What  w e kno w abou t  thi s 
effec t  i s  tha t  give n th e sudde n appearanc e o f  objec t  £ , 
it s  sudde n disappearance ,  followe d typicall y b y jus t 
th e righ t  tim e interva l  o f  objec t  _b i n jus t  th e righ t 
new spatia l  location ,  on e tend s t o se e motio n o f  a  t o 
b.  Th e currentl y favore d explanatio n i s  tha t  a  motion -
detecto r  cel l  i n th e brai n wil l  discharg e eve n i f  th e 
appropriat e recepto r  fiel d o f  th e retin a i s  stimulate d 
discontinuousl y b y tw o point s rathe r  tha n b y a  poin t 
movin g ove r  th e retina .  Suc h cell s d o see m t o exis t  i n 
variou s specie s o f  animal s (Griisser-Cornehls ,  I968 ; 
Barlo w an d Levick ,  I965) . 

However ,  th e fac t  i s  tha t  i t  i s  no t  necessaril y th e 
cas e tha t  th e condition s fo r  apparen t  motio n perceptio n 
entai l  stimulatio n o f  separat e retina l  regions . 
Ordinaril y  tha t  i s  th e case ,  sinc e a_ an d h  ar e i n 
separat e spatia l  location s an d th e ey e i s  mor e o r  les s 
stationary .  What  seem s t o matte r  i s  th e perceptio n o f 
a an d b  i n separat e location s i n space . 

To ge t  a t  thi s questio n a n experimen t  wa s performe d 
i n whic h th e observer s ha d t o quickl y mov e thei r  eye s 
bac k an d fort h synchronou s wit h th e onse t  o f  a_ an d b 
so tha t  eac h stimulate d th e sam e centra l  regio n o f  th e 
retina ,  rathe r  tha n as ,  mor e typically ,  tw o discretel y 
differen t  loc i  (Roc k an d Ebenholtz ,  1962) .  Therefore , 
th e condition s fo r  apparen t  motio n migh t  b e though t  no t 
t o exist .  Yet ,  th e observe r  doe s locat e &  an d bi  i n 
phenomenall y discret e place s i n th e environment .  Th e 
resul t  wa s tha t  althoug h nothin g wa s sai d t o th e obser -
ver s abou t  motio n tha t  migh t  creat e a n expectatio n o f 
perceivin g motion ,  mos t  o f  the m nonetheles s spontaneous -
l y did .  Thi s experimen t  seem s t o prov e that ,  i n human s 
at  least ,  i t  i s  no t  necessar y t o explai n stroboscopi c 
motio n i n term s o f  a  sensor y mechanis m tha t  detect s 
sudde n chang e o f  retina l  location .  Ther e i s  neithe r 
chang e o f  retina l  no r  cortica l  locu s o f  projectio n o f  a 
and b  here . 

An entirel y differen t  vie w tha t  ha s bee n presente d b y 
Rock (1975 )  i s  tha t  th e impressio n o f  motio n i s a  solu -
tio n t o th e proble m pose d b y th e rathe r  unusua l  stimulu s 
sequence .  Firs t  a_ inexplicabl y disappears .  The n b 
inexplicabl y appear s elsewhere .  B y "inexplicable "  w e 
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mean tha t  whe n a n objec t  i n th e worl d disappear s a s w e 
ar e lookin g a t  it ,  i t  i s  generall y becaus e anothe r  objec t 
moves i n fron t  o f  i t  o r  i t  i s  occlude d b y anothe r  objec t 
becaus e o f  oii r  motion .  However ,  whe n a  stationar y 
objec t  suddenl y an d rapidl y move s t o anothe r  location , 
i t  doe s ten d t o disappea r  fro m on e locatio n an d t o ap -
pear  i n another .  Therefore ,  perhap s thi s stat e o f 
affair s i n a  stroboscopi c displa y suggest s th e solutio n 
of  motion . 

Give n tha t  potentia l  solution ,  th e questio n arise s 
as t o whethe r  i t  i s  acceptable .  Motio n fro m a  t o b  doe s 
accoun t  fo r  th e brie f  stimulatio n b y a ^  an d _b ,  bu t  isn' t 
th e absenc e o f  an y visibl e objec t  betwee n th e locu s &_ 
and b  a  violatio n o f  th e requiremen t  tha t  a  solutio n b e 
supporte d b y wha t  i s presen t  i n th e stimulus ? I f  th e 
solutio n i s  "a _ movin g acros s spac e t o b "  doesn' t  thi s 
cal l  fo r  stimulu s suppor t  i n th e for m o f  continuousl y 
visibl e motio n acros s tha t  spatia l  interval ? Ordinaril y 
tha t  woul d b e true ,  bu t  i t  i s  a  fac t  tha t  ha s bee n 
demonstrate d tha t  fo r  ver y rapi d motio n o f  a n actuall y 
displacin g object ,  littl e mor e tha n a  blu r  ca n b e see n 
i n th e regio n betwee n th e termina l  location s (Kaufma n 
et  al ,  1971) .  I n fac t  i t  wa s show n tha t  i f  th e termina l 
location s ar e occluded ,  n o motio n o f  a  movin g objec t  i s 
seen .  Therefor e whe n th e spatia l  an d tempora l  interval s 
betwee n a  an d b ^  i n a  stroboscopi c displa y ar e suc h a s 

woul d correspon d wit h th e rea l  motio n o f  a  rapidl y 
displacin g object ,  th e absenc e o f  continuousl y visibl e 
movement  nee d no t  ac t  a s a  constrain t  agains t  perceiv -
in g movement .  I n fact ,  thi s analysi s may explai n wh y 
slo w rate s o f  alternatio n d o no t  lea d t o th e impression s 
of  motion .  B y "slo w rate' '  w e mea n a  conditio n wit h a 
relativel y lon g interva l  betwee n th e disappearanc e 
(offset )  o f  a  an d th e appearanc e (onset )  o f  b .  Suc h a 
rat e woul d impl y a  slowl y movin g objec t  an d a  slowl y 
movin g objec t  woul d normall y b e see n throughou t  th e 

spatia l  interva l  betwee n a_ an d b̂ .  Therefor e th e ab -
senc e o f  objec t  motio n ove r  tha t  interva l  a t  slo w rate s 
of  alternatio n i s a  violatio n o f  th e requiremen t  o f 
stimulu s support .  Henc e th e movement  solutio n i s no t 
acceptabl e a t  slo w rate s eve n i f  th e offse t  an d onset: . 

ten d t o sugges t  thi s solution . 
Whil e o n thi s topi c o f  rat e w e migh t  briefl y comment 

on th e cas e wher e th e alternatio n i s ver y rapid ,  i.e . 
a zer o o r  onl y a  minimu m interva l  betwee n th e offse t  o f 
â  an d onse t  o f  b̂ .  I f  th e "on "  tim e o f  a_ an d b  i s itsel f 

ver y brief ,  thi s stat e o f  affair s wil l  resul t  i n £  an d 
_b bein g visibl e simultaneousl y b y virtu e o f  neura l 

persistence .  Bu t  i f  a_ i s visibl e whe n h_ appears ,  th e 
solutio n tha t  a  ha s move d t o _b i s no t  supporte d o r  on e 
migh t  say ,  i s  contradicted .  Thi s deductio n war .  teste d 
by usin g rate s o f  alternatio n tha t  ordinaril y  d c 
produc e th e stroboscopi c effec t  bu t  wit h th e followin g 
variation :  Firs t  a  appears ,  followe d b y th e usua l 

blan k interval ;  whe n b  appear s s o doe s a  (i n it s origina l 
location) .  Therefor e th e sequenc e o f  event s is :  a ;  a_ 
and b, :  a_ ;  a  an d b̂ ,  etc .  I f  th e presenc e o f  a_ durin g th e 
exposur e o f  b  violate s th e requirement s o f  th e motio n 
solution ,  the n observer s shoul d no t  achiev e a  strobo -
sopi c effec t  unde r  thes e conditions .  Ou r  observer s di d 
not .  If ,  however ,  th e displa y i s change d s o tha t  th e 
a objec t  tha t  appear s concurrentl y wit h b  bu t  i n th e 
same locatio n a s a  i s somewha t  differen t  tha; ;  th e a_ 
tha t  appear s alone ,  observer s d £ perceiv e a  mov i  r ;  t o 
b.  Th e sequenc e i s â ;  a_ '  an d b̂ ,  :  a ;  a '  an d b ;  etc . 

Tt  wa s :.ote d abov e tha t  i n th e typica l  experimen t  o n 
stroboscopi c motion ,  a_ an d b ^  inexplicabl y disappea r  an d 
appear .  What  wa s mean t  wa s tha t  n o rational e i s pro -
vide d t o th e observe r  o f  wh y the y appea r  an d disappea r 

suc h a s i s th e cas e whe n thing s i n th e environmen t 
auddenl y appea r  o r  disappea r  becaus e anothe r  objec t  i n 

fron t  suddenl y move s ou t  o f  th e wa y o r  i n th e way . 
Thi s suggeste d th e followin g kin d o f  experiment . 
Suppos e w e caus e th e retin a t o b e stimulate d b y a  an d 
_b i n jus t  th e righ t  place s a t  jus t  th e righ t  tempo ,  etc .  , 
but  b y a  metho d i n whic h w e mov e a n opaqu e objec t  bac k 
and forth ,  alternatel y coverin g an d uncoverin g a  an d b . 
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Figur e 3 

(See Figure 3B) As far as the sensory theory of appar-
ent  motio n I s concerne d ther e i s n o obviou s reaso n wh y 
thes e condition s shoul d no t  produc e a n impressio n o f  a ^ 
and ̂  moving .  Bu t  fro m th e standpoin t  o f  proble m 
solvin g theory ,  w e hav e no w provide d a n explicabl e basi s 
fo r  th e alternat e appearar;c e an d disappearanc e o f  a .  an d 
b_,  namely ,  tha t  the y ar e ther e al l  th e tim e bu t  under -
goin g coverin g an d uncovering .  Therefor e th e perceptua l 
syste m may prefe r  thi s solutio n o r  a t  leas t  w e ar e 
offerin g i t  a  viabl e alternativ e no t  usuall y availabl e 
(se e Ftoper ,  I96I* ;  Sigraa n an d Rock ,  197'*) . 

The subject s rarel y perceive d motio n o f  th e dot s here . 
Some may objec t  tha t  th e presenc e o f  th e actuall y movin g 
rectangl e interfere d i n som e wa y wit h perceivin g strobo -
scopi c motion .  I t  is ,  afte r  all ,  a n unusual ,  atypical , 
way o f  studyin g suc h motion .  Th e rectangl e may dra w 
th e subjects '  attentio n o r  otherwis e inhibi t  motio n 
perceptio n o f  th e dots .  Fo r  thi s reaso n a  sligh t  chang e 
was introduced ,  on e tha t  ha d anothe r  purpos e t o i t  a s 
well .  Suppos e th e rectangl e moves ,  bu t  a  bi t  to o far , 
fa r  enr .  ug h n o longe r  t o b e i n fron t  o f  wher e th e do t 
had been .  Bu t  b y a  method ,  th e detail s o f  whic h nee d no t 
be discusse d here ,  thing s wer e s o arrange d tha t  whe n th e 
rectangl e i s i n it s termina l  location ,  th e do t  i s 
nonetheles s no t  visible . 

Now i t  i s  n o longe r  a  fittin g o r  intelligen t  solutio n 
t o perceiv e a  an d b ^  a s tw o permanentl y presen t  dot s tha t 
ar e simpl y undergoin g coverin g an d uncovering .  Fo r  i t 
can b e see n tha t  i n fac t  th e rectangl e i s no t  coverin g 
th e spo t  i n it s termina l  locatio n an d ye t  th e spo t  i s 
not  visibl e (violatio n o f  th e stimulus-suppor t  require -
ment) .  Therefor e th e bes t  solutio n i s agai n on e o f 
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movement  an d tha t  i s wha t  th e subject s perceived .  Not e 
tha t  thi s experimen t  serve s a s a  contro l  fo r  th e ob -
jectio n raise d t o th e firs t  one ;  th e movin g rectangl e 
her e doe s no t  interfer e wit h perceivin g motio n o f  th e 
dots . 

Anothe r  variatio n performe d i s base d o n th e ide a 
tha t  fo r  th e covering-uncoverin g solutio n t o b e viable , 
th e coverin g objec t  mus t  appea r  t o b e opaque .  I f  i t 
does not ,  i t  ca n hardl y b e coverin g anything .  Thi s 
facto r  wa s manipulate d i n a n experimen t  illustrate d 
i n Figur e 3B .  Th e actua l  stimulu s condition s ar e 
ver y simila r  bu t  i n on e case ,  becaus e th e obliqu e line s 
withi n th e rectangl e ar e stationar y an d aligne d wit h 
al l  th e others ,  th e rectangl e look s lik e a  hollo w wir e 

perimeter .  I n a  contro l  conditio n th e line s insid e i t 
moved wit h th e rectangle ,  an d i t  looke d lik e a n opaqu e 
object .  Th e differenc e i n result s i s ver y clear :  whe n 
th e rectangl e appeare d t o no t  b e opaque ,  subject s b y 
and larg e perceive d movement  wherea s i n th e oas e o f 
th e opaque-appearin g rectangle ,  the y di d not .  A  hollo w 
rectangl e i s i n contradictio n o f  th e propert y o f  opacit y 

"•jequire d b y th e covering-uncoverin g solution . 
I n a  fina l  experiment ,  condition s wer e suc h tha t  n o 

physica l  contour s a t  al l  move d bac k an d fort h i n fron t 
of  th e dots .  Ther e was ,  however ,  a  phenomenall y opaqu e 
objec t  tha t  moved ,  on e base d o n illusor y contours ,  a s 
illustrate d i n Figur e 3C .  Th e grea t  majorit y o f 
subject s di d no t  perceiv e movement .  I n a  contro l 
experiment ,  illustrate d i n Figur e 3D ,  th e orientatio n 
of  th e corne r  fragment s wa s change d s o tha t  n o subjec -
tiv e rectangl e wa s perceive d an d thi s arra y wa s move d 
back an d forth .  Wow th e majorit y o f  subject s di d 
perceiv e movement . 

I t  shoul d b e note d tha t  i n al l  thes e case s wher e a 
covering-uncoverin g effec t  i s  perceive d ther e i s n o 
reaso n wh y movement  o f  th e dot s coul d no t  hav e bee n 
perceive d a .  well .  Tha t  i s t o say ,  i f  th e observe r 
wer e t o se e a n opaqu e rectangl e movin g bac k an d fort h 
and,  simultaneou s wit h this ,  a  do t  stroboscopicall y 
movin g i n th e opposit e direction ,  suc h a  solutio n 
woul d als o accoun t  fo r  th e stimulu s sequence .  Converse -
l y everythin g implie d b y tha t  solutio n i s represente d 
i n ti e stirLuius ,  an d n o contradictor y perceptio n i s 
occurring .  Therefor e th e tendenc y t o perceiv e dot s 
uiidergoin g occlusio n an d disocclusio n rathe r  tha n dot s 
roving ,  represent s a  preferenc e fo r  on e solutio n ove r 
t:x -  other .  Th e preferre d solutio n i s obviousl y relate d 
t o a  ver y basi c characteristi c o f  percei.tion ,  namely , 
oljec t  permanence ,  th e tendenc y t o assum e th e continue d 
presenc e o r  existenc e o f  a n objec t  eve n whe n i t  i s 
I'loner.taril y  no t  visibl e fo r  on e reaso n o r  another .  Bu t 
give n th e ver y stron g predilectio n we hav e t o perceiv e 
appare.n t  aotior .  eve n ur.i-~ r  *  h e mos t  unlikel y conditions , 
i t  remain s a  proble m a s t o wh y i t  i s  no t  perceive d i n 
thi s sit-atio n an d th e object-permanenc e solutio n i. ^ 
preferred .  A  possibl e answe r  i i  tha t  th e coverin̂ ^ -
uncoverin/ ;  so l  .i t  io n accojnt s fo r  al l  stimulu s chang e b y 
one "cause" :  a  raovi.n g rectangl e coverin g an d uncoverin g 
spot s tha t  ar< r  co::tinuousl y present .  Th e othe r  solutio n 
entail s tw o i.nde ;  t-nien t  event s tha t  ar e coincidentall y 
and unaccou:itabl y correlated ;  a  rectangl e movin g i n on e 
directio n an d i n anti-phas e t o spot s movin g i n th e 
opposit e dirfCtiDC . 

Ther e i s anothe r  lin e o f  evideric e tha t  als o strongl y 
SJpport s a  problem-solvin g interpretatio n o f  strobo -
scopi c motion .  I f  th e stimulu s ?o:!sist s o i  rior- ;  tha n 
a singl e do t  o r  line ,  th e proble m arise s o f  wha t  i n a 
i s see n movin g t o wha t  i n t_ .  T o mak -  th e poin t  clear , 
suppos e tha t  a  an d b ^  eac h consis t  o f  a  two-by-thre e 
matri x o f  dots .  What  wil l  b e see n her e i s th e rectan -
gula r  groupin g movin g a s a  whol e (Ternus ,  19'̂ b) . 
Appare:.tl y  th e perceptua l  syste m seek s a  movement 
solutio n tha t  wil l  d o justic e t o th e objec t  ^ s a  whole . 
Indeed ,  wjr e thi s no t  th e case ,  th e motio n perceive d 
i n movin g picture s woul d b e quit e chaotic ,  becaus e i t 
i s  typicall y object s consistin g o f  many part s tha t 

chang e locatio n fro m fram e t o fram e (an d ofte n many 
suc h object s ar e simultaneousl y changin g location s i n 
eithe r  th e sam e o r  varyin g directions) .  Ye t  thi s 
outcom e i s no t  predictabl e a t  al l  i n term s o f  th e othe r 
kind s o f  sensor y theorie s mentione d earlier . 

A relate d exampl e i s th e perceptio n o f  motio n o f 
comple x stimul i  suc h a s th e lin e drawing s o f  three -
dimensiona l  cuboi d figure s tha t  Shepar d an d hi s 
associate s hav e use d i n th e menta l  rotatio n studies . 
Shepar d an d Jud d (1976 )  presente d tw o perspective s o f 
suc h figure s i n a  stroboscopi c motio n paradig m an d 
showed that ,  a t  th e appropriat e rat e o f  alternation , 
observer s perceiv e thes e object s rotatin g throug h th e 
angl e necessar y t o accoun t  fo r  th e chang e i n perspectiv e 

fro m a  t o b .  Thi s effec t  clearl y implie s tha t  th e 
perceptua l  syste m deal s wit h th e proble m o f  accountin g 
fo r  th e difference s i n a  an d h  b y a n intelligen t  motio n 
solution .  A  furthe r  findin g o f  interes t  i s  tha t  th e 
optimu m rat e o f  alternatio n fo r  achievin g a  continuou s 
coheren t  rotatio n o f  a  rigi d whol e objec t  wa s a n invers e 
functio n o f  th e angula r  differenc e a s implie d b y th e 
two perspective s views .  I n othe r  words ,  th e greate r 
th e angl e throug h whic h rotationa l  motio n wa s seen ,  th e 
slowe r  th e rat e o f  alternatio n ha d t o be . 

Thi s findin g ca n b e considere d t o b e i n keepin g wit h 
one o f  Korte' s Law s whic h state s tha t  optimu m apparen t 
motio n i s preserve d whe n th e spatia l  separatio n betwee n 
presentation s o f  &_ an d b^  i s increase d b y increasin g th e 
tim e interva l  betwee n presentatio n o f  a  an d b .  Thi s la w 
makes sens e i f  on e assume s tha t  th e perceive d spee d o f 
rotatio n i s constant .  I f  therefor e th e menta l  represen -
tatio n o f  th e objec t  ha s t o rotat e throug h a  greate r 
angle ,  mor e tim e i s required . 

Furthe r  suppor t  fo r  thi s interpretatio n i s provide d 
by a n experimen t  whic h aske d th e followin g question :  I s 
i t  th e retina l  spatia l  separatio n o r  th e perceive d 
spatia l  separatio n tha t  govern s Korte' s Lav ? Perceive d 
separatio n wa s varie d b y creatin g condition s i n whic h 
a an d b  appeare d a t  differin g distanc e bu t  wer e alway s 
locate d s o a s t o projec t  t o th e ey e i n th e sam e retina l 
loc i  (Corbin ,  19l*2 ;  Attneav e an d Block ,  19T3) .  Th e 
experiment s demonstrate d tha t  i t  wa s th e perceive d 
spatia l  separation ,  no t  th e retina l  separatio n tha t 
enter s int o Korte' s Law . 

A problem-solvin g theor y ca n accoun t  fo r  thes e facts . 
I t  offer s a n explanatio n o f  wh y motio n i s seen .  Unlik e 
othe r  theories ,  i t  take s a s a  poin t  o f  departur e an d i s 
quit e compatibl e wit h th e fac t  tha t  th e condition s 
leadin g t o motio n perceptio n entai l  chang e o f  perceive d 
locatio n rathe r  tha n chang e o f  retina l  location .  I t 
offer s a  rational e fo r  th e know n fact s abou t  alternation , 
i.e .  wh y movement  i s perceive d onl y withi n a  certai n 
rang e o f  middl e value s o f  inter-stimulu s interval .  I t 
can 'iea l  easil y wit h th e kind s o f  perceive d transforma -
tion s o r  movement s tha t  occu r  whe n £  an d _b ar e mor e 
tha n singl e dot s o r  lines ,  suc h a s grouping s o r  form s 
wit h sub-parts ,  o r  comple x three-dimensiona l  figure s 
i n differin g orientations .  Finall y i t  permit s u s t o 
predic t  instance ? wher e n o motio n wil l  b e perceive d 
despit e th e maintenanc e o f  th e spatia l  an d tempora l 
parameter s tha t  ordinaril y  produc e th e stroboscopi c 
effect . 

On th e othe r  han d thi s theor y doe s no t  a s ye t  explai n 
al l  th e know n facts .  I t  doe s no t  explai n th e reporte d 
finding s tha t  motio n i s see n mor e readil y i f  "aot h a_ an d 
b ar e place d s o tha t  thei r  projection s fal l  withi n on e 
hemispher e o f  th e brai n (Gengerelli ,  I9I48) ;  no r  doe s i t 
explai n wh y th e effec t  i s  mor e readil y obtaine d i f  a_ 
and b^  stimulat e on e ey e compare d t o th e cas e wher e a_ 
stimulate s on e ey e an d _b th e othe r  (Ammons an d Weitz , 
1951) .  However ,  the. = e  finding s hav e neve r  bee n repli -
cate d an d waj-ran t  carefu l  re-examination .  An d finall y 
a problem-solvin g theor y migh t  b e considere d t o b e 
inappropriat e a s a n explanatio n o f  th e stroboscopi c 
effec t  tha t  seem s t o occu r  i n decorticate d guine a pig s 
fSmith ,  19̂ *0 }  o r  newl y bor n lowe r  organism s suc h a s 
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fis h o r  insect s (Rock ,  Tauter ,  an d Heller ,  1965) . 
However  ther e no w seem s t o b e fairl y goo d evidenc e 

tha t  ther e ar e tw o kind s o f  apparen t  motio n (Broddick , 
1971* ;  Anstis ,  1980) .  On e kind ,  referre d t o a s th e short -
rang e process ,  occur s ove r  ver y smal l  angula r  separa -
tion s o f  a  an d b .  Ther e i s reaso n fo r  believin g tha t 

thi s kin d may b e base d o n motion-detecto r  neuron s respon -
siv e t o a  smal l  shif t  i n stimulatio n o n th e retina .  Th e 
othe r  kind ,  referre d t o a s th e long-rang e process , 
occur s ove r  large r  angula r  separatio n o f  a  an d b .  Thi s 
proces s i s probabl y no t  base d o n th e activatio n o f 

nction-detecto r  neurons .  Mos t  i f  no t  al l  o f  th e evi -
denc e discusse d abov e pertain s t o thi s long-rang e pro -
cess .  Th e short-rang e proces s thu s seem s t o hav e a 
direc t  sensor y basi s wherea s th e long-rang e proces s 

seems t o hav e a  cognitiv e basis .  I n th e ligh t  o f  thi s 
distinction ,  i t  i s  possibl e tha t  th e finding s referre d 
t o i n th e previou s paragrap h ar e explicabl e i n term s o f 
th e short-rang e process . 

Conclusion 
At  thi s poin t  w e shoul d ste p bac k fro m thes e empiri -

ca l  studie s an d se e wha t  genera l  lesson s ca n b e draw n 
as t o th e natur e o f  theorie s o f  perception .  I f  th e 
visua l  syste m i s t o achiev e a  faithfu l  representatio n 
of  th e physica l  worl d the n th e organizatio n o f  it s  ow n 
processe s mus t  someho w mirro r  th e organizatio n o f  th e 
world .  An y theor y o f  perceptio n tha t  doe s no t  tak e thi s 
poin t  int o accoun t  wil l  ultimatel y fail . 

I n certai n theorie s o f  perception ,  constanc y an d 
veridicalit y ar e fortuitou s outcome s tha t  occu r  onl y 
unde r  som e circjmstances .  Thi s i s no t  goo d enough . 
Bot h th e logi c o f  wha t  th e perceptua l  syste m mus t 
accomplis h an d th e emperica l  evidenc e o f  wha t  i t  doe s 
achiev e deman d a  theor y i n whic h constanc y i s inevitable , 
not  accidental . 

Herei n lie s th e dange r  o f  theorie s base d o n simpl e an d 
limite d physiologica l  findings .  Unles s th e physiologica l 
findin g ca n b e see n a s par t  o f  a  large r  proces s tha t 
"horaes-in "  o n realit y i n a n inevitabl e way ,  tha t  physio -
logica l  findin g i s likel y t o b e misunderstood .  Thi s i s 
th e proble m wit h viewin g latera l  inhibitio n a s a n 
exaggeratio n o r  distortio n process .  I f  w e clin g t o th e 
photomete r  metaphor ,  t o th e assumptio n tha t  fundamen -
tall y th e visua l  syste m measure s th e intensit y (an d per -
haps th e wavelength )  o f  th e ligh t  a t  eac h poin t  i n th e 
image ,  the n i t  i s  no t  surprisin g tha t  som e kin 3 o f 
distortio n proces s wil l  b e require d t o transfor m th e 
arra y o f  photomete r  reading s int o somethin g vaguel y 
representin g visua l  experience . 

Ther e i s n o nee d t o tal k a s thoug h th e intensit y o f 
ligh t  a t  poin t  A  i n th e imag e i s "affected "  b y th e 
intensit y o f  ligh t  a t  poin t  B .  Th e fac t  i s  tha t  th e 
ligh t  a t  poin t  A ,  see n b y itself ,  woul d b e perceptuall y 
meaningless .  Havin g a  secon d intensit y o f  ligh t  presen t 
i n th e visua l  fiel d doesn' t  merel y chang e th e firs t 
amount  o f  light ,  i t  literall y establishe s a  relationshi p 
and th e apprehensio n o f  thi.= ;  relationshi p produce s 
lightnes s perceptio n i n it s simples t  form . 

Ci.ntras t  theorie s ar e usuall y though t  t o b e relation -
al  theories ,  bu t  the y ar e not .  A s Koffk a (1935 )  ha s 
correctl y pointe d out ,  th e ultimat e correlat e o f  light -
nes s perceptio n i n a  contras t  theor y i s stil l  a n abso -
lut e amoun t  o f  light ,  iio t  a  relationship .  Th e contras t 
proces s onl y allow s th e absolut e valu e o f  on e regio n o f 
th e fiel d t o b e change d a s a  Tjnctio n o f  othe r  values . 
But  i t  i s  stil l  tha t  absolut e valu e tha t  reigns .  An d th e 
reaso n tha t  i t  ha s t o b e change d i s tha t  a s a n absolut e 
value ,  i t  wil l  alway s b e ou t  o f  touc h wit h visua l 
experi-nce ,  whic h involve s relationships .  I n fac t  th e 
l;i:tor y o f  theorie s o f  lightnes s perceptio n i s th e 

histor y o f  differen t  correctio n factcr s designe d t o 
brin g th e loca l  luminanc e int o correlatio n wit h per -
ceive d lightness .  Thi s ha s neve r  worke d an d i t  i s 
tim e w e recogniz e tha t  n o theor y base d o n absolut e 
amount s o f  ligh t  ca n work .  What  i s constan t  abou t  a 
whit e surface ,  fo r  instance ,  i s it s relationshi p t o th e 
res t  o f  it s  environment . 

I t  i s  no t  surprisin g tha t  th e visua l  syste m get s it s 
critica l  informatio n fro m th e edge .  Thi s i s th e poin t 
i n th e imag e wher e th e relationshi p betwee n tw o amount s 
of  ligh t  i s  represented .  I n mor e comple x scene s eac h 
loca l  edg e relationship ,  o r  ratio ,  ha s t o b e see n i n 
relatio n t o othe r  edg e ratios .  Th e concep t  o f  edg e 
integratio n tha t  w e hav e discusse d doe s no t  involv e 
any distortio n o r  exaggeratio n process .  Rathe r  i t 
involve s th e prope r  organizin g o f  certai n loca l  rela -
tionship s i n orde r  t o mak e explici t  a  mor e globa l 
relationshi p tha t  wa s onl y implici t  i n th e loca l 
relationships .  A t  th e leve l  o f  cognitio n th e sam e 
functio n i s serve d formall y b y th e syllogism . 

Fundamentall y th e visua l  syste m mus t  b e logica l 
becaus e th e worl d i s logical .  Th e worl d i s no t  pu t  to -
gethe r  i n a  rando m o r  capriciou s way .  I f  a  rectangula r 
objec t  i s  incapabl e o f  obscurin g a  se t  o f  diagona l 
line s i t  wil l  als o b e incapabl e o f  obscurin g a  luminou s 
spot .  Ho w inefficien t  i t  woul d b e i f  loca l  percept s 
wer e allowe d t o coexis t  wit h othe r  loca l  bu t  contradic -
tor y percepts .  A  syste m tha t  exclude s contradiction s 
fro m it s globa l  relationship s ha s th e tremendou s advan -
tag e o f  reducin g th e ambiguit y o f  it s  loca l  relation -
ships . 

Perceptio n an d cognitio n see m t o shar e thi s qualit y 
of  excludin g contradition s withi n thei r  ow n domains . 
Of  th e two ,  however ,  perceptio n seem s t o b e th e mor e 
successful .  O f  cours e i t  i s  possibl e t o construc t  fig -
ure s suc h a s impossibl e triangles ,  o r  Esche r  drawings , 
whic h surpris e u s b y th e exten t  t o whic h visua l  contra -
diction s ar e tolerated .  Bu t  i t  i s  th e rarenes s o f  suc h 
visua l  contradiction s tha t  lead s t o ou r  deligh t  a t  suc h 
figures .  Example s i n whic h th e cognitiv e syste m fail s 
t o exclud e contradiction s ar e unfortunatel y to o nume -
rou s t o mention .  On e onl y need s t o tur n t o politica l 
speeches ,  o r  th e Bible ,  o r  journa l  article s t o fin d a 
gol d min e o f  examples . 

Seeing ,  then ,  i s lik e thinking ,  a t  leas t  i n man y o f 
it s  forma l  properties ,  an d thi s may b e becaus e thinkin g 
i s lik e seeing .  Tha t  is,seein g may b e th e primitiv e 
for m o f  thinking ,  th e basi c prototypica l  for m tha t 
shows ho w relationship s ar e t o b e integrate d i n orde r 
t o correctl y represen t  th e world .  Seeing ,  o f  course , 
had t o com e first ,  an d i t  mus t  b e ther e eve n i n 
mosquitoes .  Thinking ,  however ,  allow s u s t o integrat e 
relationship s tha t  exten d beyon d th e tim e an d spac e 
limitation s o f  th e visua l  system . 

Perhap s th e worl d look s th e wa y i t  look s becaus e w e 
ar e wha t  w e ar e physiologically .  Bu t  i t  shoul d no t  b e 
forgotte n tha t  th e worl d existe d befor e w e di d an d thus , 
as w e lear n fro m evolution ,  w e ar e wha t  w e ar e beca-is e 
th e worl d i s wha t  i t  is . 
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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 

59 



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 . 

ACKNOWLEIXJEMENTS 

I thank Steve Traper, Ed Hutchins, Tony yiarcel, 
Don Korman ,  Dav e Kumelhart ,  Ti m Shallioe ,  Joann e 
Shar p an d Aaro n Sloma n fo r  usefu l  discussions .  Many 
of  th e idea s presente d her e wer e develope d whil e I 
was a  Visitin g Schola r  a t  th e Progra m i n Cognitiv e 
Scienc e a t  th e Universit y o f  California ,  Sa n Diego , 
supporte d b y a  gran t  fro m th e Sloa n Foundation . 

Triesman ,  A .  M.  A  Gelade ,  G.  A  feature-integratio n 
theor y o f  attention .  Cognitiv e Psychology , 
1980 ,  2£ ,  97-156 . 

Turvey, M. T. Contrasting orientations to the theory 
of  visua l  informatio n processing .  Psychologica l 
Review ,  1977 ,  84 ,  67-88 . 

REFERENCES 

Anderson J. A. & Hinton, G. E. Models of 
informatio n processin g i n th e brain .  I n G.  E . 
Hinto n &  J.A .  Anderso n (Eds. )  Paralle l  model s o f 
associativ e memory .  Hillsdale ,  NJ :  Erlbaum ,  1981 . 

Broadbent, I. E. & iroadbent, M. H. P. Recency 
effect s i n visua l  memory .  Quarterl y Journa l  o f 
Experimenta l  Psychology ,  198 1 ,  53A. .  1-15 . 

Cooper, 1. A. & Shepard , F. N. Chronometric studies 
i n th e rotatio n o f  menta l  images .  I n W.  G.  Chas e 
(Ed.) ,  Visua l  informatio n processing .  Ke w Tfork : 
Academi c Press ,  1975 . 

Girgus, J. S. Gellman, I. H. & Hochberg, J. The 
effec t  o f  spatia l  orde r  o n piecemea l  shap e 
recognition :  A  developmenta l  study .  Perceptio n 
and PsychophysicE ,  1980 ,  28 ,  133-138 . 

Hinton, G. E. Some demonstrations of the effects of 
structura l  description s i n menta l  imagery . 
Cognitiv e Science ,  19'-9 ,  3 ,  231-250 . 

Hinton, G. E. Shape representation in parallel 
systems .  T o appea r  i n Proc .  IJCAI-8 1 1981a . 

Kintm, 'V. ;. A parallel computation that assigns 
canonica l  object-base d frame s o f  reference .  T o 
appea r  i n Proc .  IJCAI-81 .  Vancouver ,  Canada , 
1981 t . 

Hochberg, J. In the mind's eye. In R. K. Haber (Ed.) 
Contemporar y theor y an d researc h i n visua l 
perception ,  he v ^ork :  Holt ,  Finehar t  an d 
Winston ,  196 8 

X.arr, I. & Kishihara, H. K. Representation and 
recognitio n o f  th e spatia l  organisatio n o f  three -
dimensiona l  shapes .  Proc .  Roy .  Soc .  Serie s _E , 
19,£ ,  200 ,  269-294 . 

Palmer, S. E. Visual perception and world knowledge: 
Kote s o n a  mode l  o f  sensor y cognitiv e 
interaction .  I n I .  A .  Korma n &  D.  E .  Rumelhar t 
(Eds.) ,  Exploration s i n cognition .  Sa n 
Francisco :  Freeman ,  19V5 . 

Phillips, V. A. & Christie, I. F. M. Components of 
visua l  memory .  Quarterl y Journa l  o f 
Experimenta l  Psychology ,  1977 ,  29. ,  117-134 -

Rock, 1. Anorthoscopic perception. Scientific 
American ,  Marc h 1981 ,  244 ,  103-111 . 

60 


	cogsci_1981_50-60



