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Abstrac t 

Visual iynage segmentation is the process by 

whic h th e visua l  syste m group s location s tha t 

ar e par t  o f  th e sam e object .  Ca n knowledg e o f 

object s influenc e imag e segmentation ,  o r  i s  th e 

segmentatio n proces s isolate d fro m objec t 

information ? Th e us e o f  objec t  knowledg e a t  thi s 

stag e o f  visio n migh t  see m premature ,  a s th e goa l 

of  segmentatio n i s t o provid e inpu t  t o objec t 

recognition .  However ,  purel y bottom-u p imag e 

segmentatio n ha s prove n a  computationall y 

difficul t  task ,  suggestin g tha t  a  "knowledge -

based "  approac h migh t  b e required .  W e 

addresse d thi s issu e usin g tw o segmentatio n 

tasks :  Subject s eithe r  determine d whethe r  a 

smal l  'x '  wa s locate d insid e o r  outsid e th e regio n 

subtende d b y a  bloc k shape ,  o r  the y determine d 

whethe r  tw o smal l  x' s  wer e o n th e sam e shap e o r 

differen t  shapes .  Th e familiarit y o f  th e shape s 

was manipulated ,  an d subject s wer e fastes t  t o 

segment  th e visuall y familia r  shapes .  Thes e 
result s sugges t  tha t  imag e segmentatio n ca n b e 

partl y guide d b y informatio n abou t  familia r 

objects ,  consisten t  wit h knowledge-base d imag e 

segmentatio n models . 

In everyday vision, observers constantly see 

object s tha t  overla p an d partiall y  occlud e on e 

another .  I n orde r  fo r  th e visua l  syste m t o 

recogniz e overlappin g objects ,  eac h visua l  objec t 

representatio n mus t  receiv e inpu t  fro m th e 

region s o f  spac e tha t  correspon d t o tha t  objec t  an d 
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onl y t o tha t  object .  Visua l  imag e segmentatio n i s 

th e proces s b y whic h th e visua l  syste m group s 

location s tha t  belon g t o individua l  objects .  I s 

visua l  imag e segmentatio n a  bottom-u p process , 

or  i s objec t  knowledg e use d t o partiall y  guid e 

segmentation ? 

Each o f  thes e alternative s seem s equall y 

plausible .  Bottom-u p imag e segmentatio n i s 

consisten t  wit h th e applicatio n o f  heuristic s t o 

th e visua l  fiel d irrespectiv e o f  th e familiarit y 

of  object s i n th e field .  Thi s approac h woul d 

resul t  i n unfamilia r  object s bein g segmente d a s 

quickl y an d efficientl y a s familia r  objects .  Th e 

wor k o f  th e Gestal t  psychologist s ca n b e viewe d 

as a n attemp t  t o identif y bottom-u p heuristic s fo r 

groupin g element s o f  th e visua l  fiel d withou t  th e 

us e o f  objec t  knowledg e (Wertheimer ,  1923) . 

Some researc h i n computationa l  visio n ha s als o 

focuse d o n developin g bottom-u p segmentatio n 

processes .  Fo r  exampl e i n Marr' s (1982 )  visua l 

processin g model ,  th e groupin g o f  feature s 

represente d i n th e ra w prima l  sketc h correspond s 

t o th e ful l  prima l  sketch .  However ,  th e ful l 

prima l  sketc h i s no t  influence d b y th e 

familiarit y o f  th e object s i n th e visua l  field . 

Instead ,  thes e visua l  processe s ar e apphe d t o al l 

object s equally .  Othe r  compute r  visio n system s 

appl y processe s suc h a s pixe l  o r  regio n 

classificatio n tha t  mak e n o referenc e t o th e objec t 

or  shap e bein g segmente d (Rosenfeld ,  1984) . 

Althoug h som e wor k o n imag e segmentatio n 

assumes a  bottom-u p process ,  th e possibilit y  tha t 

objec t  informatio n influence s imag e segmentatio n 

i s fa r  fro m a  "stra w person. "  Empirica l  researc h 

on highe r  level s o f  visua l  processin g suggest s 

tha t  prio r  knowledg e partl y guide s processing . 

Thi s suggest s tha t  knowledge-base d processin g 

may b e a  genera l  computationa l  principl e use d a t 

al l  level s o f  th e visua l  system .  A  classi c 

exampl e o f  thi s influenc e o f  knowledg e i s th e 

wor d superiorit y effec t  (Reicher ,  1969) ,  i n whic h 
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th e perceptio n o f  a n individua l  lette r  i s 

improve d whe n i t  occur s i n th e contex t  o f  a  word , 

as compare d t o whe n i t  appear s eithe r  i n a  non -

wor d o r  alone . 

Recent  connectionis t  implementation s o f  imag e 

segmentatio n hav e als o suggeste d tha t 

knowledg e ca n influenc e segmentation .  Moze r 

and hi s colleague s (Moze r  e t  al. ,  1992 )  hav e 

traine d a  connectionis t  networ k t o segmen t 

image s consistin g o f  tw o overlappin g objects .  Th e 

networ k discover s groupin g principle s base d o n 

th e object s t o whic h i t  ha s bee n exposed ,  rathe r 

tha n receivin g groupin g heuristic s a  priori .  Mor e 

traditiona l  approache s t o compute r  visio n hav e 

als o recentl y emphasize d th e importanc e o f  usin g 

knowledg e t o guid e lowe r  leve l  visua l  processin g 

(Lowe ,  1985) .  Thes e approache s sugges t  tha t 

previousl y acquire d knowledg e ca n influenc e 

imag e segmentation . 

Clearly ,  previou s finding s sugges t  tha t  bot h 

bottom-u p an d knowledge-base d model s o f  imag e 
segmentatio n ar e plausible .  Surprisingly ,  ther e 

has bee n n o direc t  attemp t  t o addres s thi s issu e 

usin g th e method s o f  experimenta l  psychology . 

I n th e presen t  experiments ,  w e aske d whic h 

processin g strateg y th e huma n visua l  syste m 

actuall y use s i n performin g imag e segmentation . 

I n Experimen t  1  subject s performe d a  simpl e 

figure/groun d segmentatio n task .  Stimul i  wer e 

simpl e bloc k shapes ,  an d subject s wer e aske d t o 

determin e whethe r  a  smal l  prob e 'x '  fel l  insid e 

or  outsid e th e regio n define d b y th e shape .  I n 

orde r  t o perfor m thi s tas k th e subjec t  mus t 

determin e whethe r  th e locatio n o f  th e x  i s amon g 

th e location s encompasse d b y th e shape ;  tha t  is , 

subject s mus t  grou p th e location s o f  th e regio n 

togethe r  an d determin e whethe r  th e probe d 

regio n i s amon g th e groupe d location s (par t  o f  th e 

'figure' )  o r  no t  amon g thes e location s (par t  o f  th e 

'ground') . 

I n orde r  t o tes t  betwee n bottom-u p an d 

knowledge-base d imag e segmentatio n models ,  w e 

manipulate d th e familiarit y o f  th e shape s bein g 

segmented .  A  bottom-u p mode l  woul d predic t  n o 

effec t  fo r  th e familiarit y o f  th e region ;  th e 

imag e woul d b e segmente d b y usin g propertie s o f 

th e stimulu s itsel f  (e.g. ,  goo d continuation) .  Th e 

familiarit y o f  th e shape s shoul d hav e n o effect . 

However ,  a  knowledge-base d mode l  woul d 

predic t  a n effec t  fo r  th e region' s familiarity . 

More familia r  region s shoul d b e segmente d faste r 

tha n les s familia r  regions .  Tha t  is ,  imag e 

segmentatio n woul d b e partiall y  guide d b y usin g 

previou s knowledg e abou t  th e shapes . 

Exper imen t  1 

We manipulated the familiarity of stimuli 

tha t  wer e t o b e segmente d b y presentin g uprigh t 

letters ,  letter s rotate d 180° ,  an d non-lette r 

shape s (derive d fro m letter s b y movin g on e 

feature) ,  a s show n i n Figur e la .  Thi s 

manipulatio n allowe d u s t o var y th e familiarit y 

of  th e stimulus ,  wit h a n uprigh t  lette r  bein g 

visuall y th e mos t  familiar .  Th e critica l  tes t 

betwee n bottom-u p an d knowledge-base d 

segmentatio n model s woul d b e t o compar e 

performanc e betwee n th e uprigh t  an d rotate d 

lette r  condition s becaus e th e bottom-u p 

informatio n (i.e. ,  th e informatio n provide d t o 

th e visua l  system )  i s identica l  i n thes e tw o 

conditions .  However ,  th e tw o clearl y diffe r  i n 

th e degre e o f  visua l  familiarity .  Uprigh t  letter s 

ar e see n muc h mor e frequentl y tha n rotate d 

letters .  I f  imag e segmentatio n ca n b e guide d b y 

previou s knowledg e o f  shapes ,  the n w e woul d 

expec t  uprigh t  letter s t o b e segmente d faste r  tha n 

rotate d letters .  I n contrast ,  i f  segmentatio n i s a 

bottom-u p process ,  the n ther e shoul d b e n o effec t 

of  familiarity .  Finally ,  i t  shoul d b e note d tha t 

comparison s t o th e non-lette r  shape s ar e 

somewhat  ambiguou s becaus e th e bottom-u p 

informatio n ha s no t  bee n controlled . 

Method 

Subjects. Subjects were 12 Carnegie Mellon 

Universit y undergraduate s an d staff .  Al l  ha d 

norma l  o r  correcte d visio n an d wer e nativ e 

Englis h speakers . 

Stimuli .  Stimul i  consiste d o f  1 2 bloc k shapes , 

si x lette r  stimul i  an d si x non-lette r  stimul i 

(Figur e la) .  Th e letter s use d wer e uppercas e A , 

F,  K ,  L ,  T ,  an d Y .  Subject s viewe d th e stimul i 

fro m a  distanc e o f  approximatel y 6 0 cm .  Al l 

shape s wer e 3. 8 c m wid e an d 5. 0 c m tall .  Non -

lette r  shape s wer e create d b y alterin g th e 

relationship s amon g th e feature s o f  th e letters . 

Letter s wer e presente d i n thei r  uprigh t 

orientatio n conditio n an d i n a  180 °  rotate d 

orientatio n condition ;  th e non-letter s wer e 

presente d i n onl y on e orientation . 

Subjects '  tas k wa s t o determin e whethe r  a 

smal l  prob e 'x '  fel l  insid e o r  outsid e th e regio n 

bounde d b y th e bloc k shape .  Th e x  appeare d i n a 

12 point ,  bol d Helvetic a fon t  an d wa s th e 
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Figure 1. (A) Examples of stimuli used in Experiment 1. (B) Results of Experiment 1. Subjects are fastest 

t o determin e th e positio n o f  th e 'x '  whe n i t  i s  eithe r  insid e o r  outsid e a n uprigh t  letter . 

same distanc e fro m th e edg e o f  th e shap e 

whethe r  i t  wa s insid e o r  outsid e th e shapes .  Th e 

x' s wer e i n approximatel y th e sam e spatia l 

locatio n whethe r  the y wer e insid e o r  outside . 

Procedure .  Stimul i  wer e presente d vi a a 

Macintos h Plu s computer .  Eac h subjec t  receive d 

si x blocke d presentations ;  targe t  typ e remaine d 

constan t  withi n a  block .  Subject s wer e tol d th e 

targe t  typ e o f  eac h bloc k i n advance .  Ther e wer e 

48 individua l  trial s withi n eac h block ,  2 4 wit h 

th e X  fallin g insid e th e shap e an d 2 4 wit h th e x 

fallin g outsid e th e shape .  A n individua l  tria l 

bega n v̂ it h five  asterisk s appearin g o n th e scree n 

i n a  plu s (+ )  pattern .  Subject s initiate d a  tria l  b y 

pressin g th e spac e bar ;  th e shap e an d th e smal l  x 

wer e the n simultaneousl y flashe d fo r  TOO msec . 

The scree n wa s the n blan k whil e th e subjec t 

responde d vi a a  keypress . 

Results and Discussion 

Only correct reaction times were used in the 

analyses .  Reactio n time s ove r  150 0 mse c an d 

unde r  10 0 mse c wer e als o excluded .  Subjects ' 

media n reactio n time s fo r  eac h conditio n wer e 

analyze d wit h a  two-facto r  analysi s o f  varianc e 

(targe t  typ e b y 'x '  location) . 

The mea n reactio n time s fo r  upright ,  rotated , 

an d non-lette r  shape s appea r  i n th e Figur e lb . 

For  reactio n times ,  th e mai n effec t  fo r  targe t  typ e 

was significant ,  F(2 ,  22 )  =  4.869 ,  p  <  0.02 ,  an d th e 

mai n effec t  fo r  insid e versu s outsid e wa s 

marginall y significant ,  F(l ,  11 )  =  4.6 ,  p  <  0.06 , 

wit h "inside "  response s bein g faste r  tha n 

"outside "  responses .  Ther e wa s n o interaction , 

F(2 ,  22 )  =  0.037 ,  p  >  0.50 .  Planne d pairwis e 

comparison s betwee n th e targe t  typ e facto r  leve l 

means resulte d i n significan t  difference s betwee n 

uprigh t  lette r  an d non-lette r  targets ,  t{22 )  = 

6.121 ,  p  <  0.03 ,  an d betwee n uprigh t  lette r  an d 

rotate d lette r  targets ,  f(22 )  =  8.317 ,  p  <  0.01 . 

Ther e wa s n o statisticall y significan t  differenc e 

betwee n th e non-lette r  target s an d th e rotate d 

lette r  targets ,  t(22 )  =  0.168 ,  p  >  0.50 .  A 

correlatio n betwee n reactio n tim e an d percen t 

correc t  suggeste d tha t  subject s di d no t  sacrific e 

accurac y fo r  speed ,  r  =  0.162 . 

Thes e result s ar e consisten t  wit h predicrion s 

made b y a  knowledge-base d imag e segmentatio n 

model .  Namely ,  th e familiarit y o f  a  shap e i n 

th e visua l  field ,  i n thi s cas e a  familia r  letter , 

allow s th e visua l  fiel d t o b e segmente d int o 

figure  an d groun d mor e rapidl y tha n whe n th e 

shap e i s a  les s familia r  rotate d lette r  o r  a  non -

letter . 

Althoug h thes e dat a argu e fo r  knowledge -

base d segmentation ,  tw o point s warran t  brie f 

discussion .  First ,  on e migh t  wonde r  wh y ther e i s 

not  a  significan t  respons e tim e superiorit y o f 

rotate d letter s ove r  non-letter s i n thi s task .  I f 

imag e segmentario n i s knowledge-based ,  the n 

shouldn' t  w e expec t  a n advantag e fo r  th e rotate d 
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letter s ove r  th e non-letters ? A s mentione d 

earlier ,  comparison s betwee n th e non-lette r 

stimul i  an d th e lette r  stimul i  ar e ambiguou s 

becaus e o f  th e fac t  tha t  visua l  complexit y ha s 

not  bee n controlled .  Th e non-lette r  shapi- s ma y 

be visuall y les s comple x tha n th e se t  o f  letter s 

use d i n thi s experiment .  Alternatively ,  th e non -

letter s ma y b e sufficientl y simila r  t o th e letter s 

tha t  the y d o partiall y  activat e lette r 

representations . 

Second ,  althoug h thes e dat a ar e consisten t 

wit h knowledge-base d imag e segmentation ,  a n 

alternativ e explanatio n exists .  Thes e result s 

may b e du e t o subject s performing ,  i n effect ,  tw o 

tasks :  imag e segmentatio n an d recognitio n o f  th e 

shap e bein g recognized .  I f  recognitio n i s faste r 

fo r  uprigh t  letter s tha n i t  i s  fo r  rotate d letters , 

and i f  segmentatio n spee d i s influence d b y th e 

spee d o f  th e recognitio n process ,  the n eve n i f 

segmentatio n i s bottom-up ,  th e patter n o f  result s 

i n Experimen t  1  woul d b e expected .  Thi s patter n 

of  result s woul d b e du e t o a  kin d o f  dua l  tas k 

interferenc e fro m th e recognitio n process . 

However ,  ther e ar e empirica l  dat a tha t  sugges t 

dual  tas k interferenc e i s no t  th e case .  Corballi s 

and hi s colleague s hav e show n tha t  th e latenc y 

t o nam e a  lette r  i s  generall y independen t  o f  th e 

angula r  rotatio n o f  th e lette r  (Corballi s  e t  al. , 

1978) .  Finally ,  w e conducte d a n additiona l 

experimen t  (no t  reporte d her e du e t o spac e 

limitations )  tha t  demonstrate d namin g a  lette r 

does no t  influenc e segmentation . 

Experiment 2 

The first experiment established that 

figure/groun d segregatio n i s influence d b y th e 

familiarit y o f  th e objec t  bein g segmented . 

However ,  figure/groun d segregatio n i s onl y on e 

imag e segmentatio n paradigm .  I n Experimen t  2 

subject s observe d tw o overlappin g transparen t 

shapes ,  a s show n i n Figur e 2a .  Th e stimul i  wer e 

th e non-lette r  shapes ,  rotate d letters ,  an d 

uprigh t  letter s use d i n Experimen t  1 .  T w o smal l 

x' s  appeare d o n th e stimul i  an d coul d eithe r  b e o n 

th e sam e shap e o r  o n differen t  shapes ;  subject s 

determine d whethe r  th e x' s wer e o n th e sam e 

shap e o r  o n differen t  shapes . 

Again ,  bottom-u p an d knowledge-base d 

model s o f  imag e segmentatio n mak e differin g 

prediction s a s t o subjects '  performance .  A  bottom -

up mode l  o f  imag e segmentatio n woul d agai n 

predic t  n o effec t  fo r  th e familiarit y o f  th e shap e 

tha t  wa s t o b e segmented .  Segmentatio n woul d 

onl y operat e o n th e dat a provide d i n th e image , 

perhap s accordin g t o Gestal t  law s o r  othe r 

groupin g heuristics .  A  knowledge-base d imag e 

segmentatio n mode l  woul d predic t  tha t  subject s 

coul d us e thei r  knowledg e o f  object s i n orde r  t o 

hel p guid e segmentation . 

Method 

Subjects. Sixteen Carnegie Mellon University 

staf f  an d student s serve d a s subjects .  Al l  wer e 

nativ e Englis h speaker s an d ha d norma l  o r 

correcte d vision . 

Stimuli .  Th e sam e bloc k letter s use d i n 

Experimen t  1  wer e used .  Al l  possibl e lette r  pair s 

wer e forme d an d superimpose d o n eac h othe r  fo r 

a tota l  o f  1 5 stimuli .  Th e overlappin g letter s 

wer e o n averag e 4.4 3 c m wid e an d 5.2 1 c m tall . 

The overlappin g non-letter s wer e o n averag e 4.9 5 

c m wid e an d 5.8 5 c m tall .  Shape s wer e initiall y 

overlappe d randomly ,  bu t  th e stimul i  renriaine d 

th e sam e fo r  al l  subjects .  Th e overlappin g wa s 

performe d suc h tha t  (a )  tw o x' s coul d b e fi t  ont o 

th e letter s an d (b )  th e displa y wa s visuall y no t 

to o complex . 

Hal f  o f  th e tim e th e x' s wer e o n a  singl e shap e 

("same "  condition )  an d hal f  o f  th e tim e on e x 

appeare d o n eac h shap e ("different "  condition) . 

The x' s appeare d i n a  1 2 poin t  bol d Helvetic a 

fon t  an d wer e th e sam e distanc e fro m eac h othe r 

i n th e "same "  an d "different "  conditions .  Th e 

superimpose d letter s wer e presente d i n thei r 

uprigh t  orientatio n an d i n a  180 °  rotate d 

orientation .  Thes e stimul i  wer e identica l  excep t 

fo r  th e rotation .  Non-letter s agai n onl y 

appeare d i n on e orientation . 

Procedure .  Stimul i  wer e presente d vi a a 

Macintos h Plu s computer .  Eac h subjec t  receive d 

nin e blocke d presentations ;  th e targe t  typ e wa s 
constan t  withi n a  block .  Prio r  t o eac h block , 

subject s wer e tol d th e targe t  typ e o f  tha t  block , 

but  the y wer e tol d tha t  the y coul d ignor e th e 

targe t  typ e an d tha t  the y shoul d focu s o n 

determinin g whethe r  th e x' s wer e o n th e sam e 

shap e o r  o n differen t  shapes . 

Ther e wer e 6 0 individua l  trial s withi n eac h 

block ,  3 0 wit h th e x' s fallin g o n th e sam e shap e 

and 3 0 wit h th e x' s fallin g o n differen t  shapes . 

Individua l  trial s bega n wit h a  fixatio n o f  fiv e 

asterisk s appearin g o n th e scree n i n a  plu s (+ ) 

pattern .  Subject s starte d a  tria l  b y pressin g th e 

spac e bar .  Th e shape s an d x' s wer e the n 

simultaneousl y flashed  fo r  20 0 msec .  Th e scree n 
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Figure 2. (A) Examples of stimuli used in Experiment 2. (B) Results of Experiment 2. Subjects are fastest 

t o determin e locatio n o f  th e tw o x' s whe n th e shape s ar e uprigh t  letters . 

was the n blan k whil e th e subjec t  responde d vi a a 

keypress . 

Results and Discussion 

Only correct reaction times were used in the 

analyses .  Response s faste r  tha n 10 0 msec s o r 

slowe r  tha n 200 0 n\sec s wer e excluded .  Subjects ' 

media n reactio n time s fo r  eac h conditio n wer e 

analyze d wit h a  repeate d measure s two-facto r 

analysi s o f  varianc e (taî e t  typ e b y 'x '  location) . 

Planne d pairwis e comparison s wer e conducte d 

betwee n ih e targe t  typ e facto r  means . 

The mea n reactio n time s fo r  upright ,  rotated , 

and non-lette r  shape s appea r  i n Figur e 2b .  A s 

before ,  knowledge-base d imag e segmentatio n 

predict s a  mai n effec t  fo r  targe t  type ,  whic h wa s 

significant ,  F(2 ,  30 )  =  5.18 ,  p  <  0.02 ,  a s wa s th e 

mai n effec t  fo r  x  location ,  F(l ,  15 )  =  6.32 ,  p  <  0.03 , 

wit h "same "  response s bein g faste r  tha n 

"different "  responses .  Th e interactio n wa s no t 

significant ,  F(2 ,  30 )  =  2.81 ,  p  >  0.08 .  Planne d 

pairvds e comparison s wer e performe d betwee n 

th e targe t  typ e facto r  means .  Th e reactio n time s 

t o uprigh t  letter s wer e significantl y faste r  tha n 

reactio n time s t o non-letters ,  f(30 )  =  3.03 ,  p  < 

0.005 .  Reactio n time s t o uprigh t  letter s wer e als o 

significantl y faste r  tha n reactio n time s t o 

rotate d letters ,  tOO )  =  2.44 ,  p  <  0.02 .  Ther e wa s 

no significan t  differenc e betwee n reactio n time s 

t o non-lette r  target s an d rotate d lette r  targets , 

f  (30 )  =  0.59 ,  p  >  0.40 . 

The erro r  dat a wer e als o analyze d wit h a  tw o 

facto r  repeate d measur e A N O V A.  Th e patter n 

of  result s wa s simila r  t o tha t  observe d i n th e 

reactio n tim e data .  Th e mai n effec t  fo r  targe t 

typ e wa s significant ,  f  (2 ,  30 )  =  3.99 ,  p  <  0.03 ,  a s 

was th e mai n effec t  fo r  x  location ,  f  (1,15 )  =  4.22 , 

p <  0.001 ,  wit h "different "  response s bein g mor e 

accurat e tha n "same "  responses .  Th e interactio n 

was no t  significant ,  f  (2 ,  30 )  =  0.39 ,  p  >  0.50 . 

Planne d pairwis e comparison s o n th e targe t  typ e 

facto r  leve l  mean s reveale d significan t 

difference s betwee n th e non-letter s an d uprigh t 

letters ,  K30 )  =  2.78 ,  p  <  0.01 ,  an d th e rotate d 

letter s an d uprigh t  letters ,  K30 )  =  1.92 ,  p  <  0.06 . 

Ther e wa s n o significan t  differenc e betwee n th e 

non-lette r  shape s an d rotate d letters ,  t(30 )  = 

0.81 ,  p > 0.40 . 

Thes e result s ar e consisten t  wit h thos e fro m 

Experimen t  1 ,  suggestin g tha t  visua l  imag e 

segmentatio n ca n b e guide d i n par t  b y knowledg e 

of  th e shape s bein g segmented .  I n th e secon d 

experiment ,  subject s ar e fastes t  t o respon d t o 

whethe r  th e tw o location s ar e o n th e sam e shap e 

or  o n differen t  shape s whe n th e shape s ar e 

familia r  letters ,  a s oppose d t o rotate d letter s o r 

non-letters . 

Conclusions 

The results of these two experiments, taken 

together ,  sugges t  tha t  imag e segmentatio n i s a 

knowledge-base d process :  Knowledg e abou t  th e 
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shape s bein g segmente d ca n partiall y  guid e th e 

segmentatio n process .  However ,  a n unresolve d 

issu e concern s th e locu s o f  thes e familiarit y 

effects .  Tha t  is ,  wher e i s thi s knowledg e o f 

object s comin g from ? Specifically ,  ar c thes e 

effect s du e t o top-dov ^  influence s fro m internall y 

store d visua l  memories ,  o r  ar e the y du e t o a 

processin g advantag e withi n th e segmentatio n 

stag e itself ? 

Whil e w e d o no t  hav e a n answe r  t o thi s 

questio n a t  present ,  w e hav e previousl y argue d 

fo r  a n interactio n betwee n imag e segmentatio n 

an d internall y store d visua l  objec t 

representation s (Vecer a &  Farah ,  1992) .  Thi s 

model ,  show n i n Figur e 3 ,  suggest s tha t  th e 

knowledg e effect s observe d abov e ar e th e resul t 

of  cascade d processin g (McClelland ,  1979) : 

Preliminar y result s o f  partia l  processin g a t  a n 

earlie r  stag e ar e availabl e t o th e nex t  stage ,  an d 

feedbac k fro m a  late r  stag e i n tur n guide s 

processin g i n thi s earlie r  stage .  Specifically ,  a s 

th e imag e i s segmented ,  activatio n i s sen t  t o 

object-leve l  representation s store d i n visua l 

memory.  A s matche s ar e mad e wit h thes e objec t 

representation s (a s presumabl y happen s wit h 

uprigh t  letters) ,  thes e representation s sen d 

activatio n bac k t o th e imag e segmentatio n stag e 

(th e "groupe d array "  i n Figur e 3) .  Thi s top-dow n 

activatio n reinforce s grouping s tha t  correspon d t o 

familia r  objects ,  allowin g segmentatio n t o 

finis h faste r  tha n i t  woul d i f  ther e wer e n o 

suc h top-dow n activation . 

However ,  th e alternativ e mode l  i n whic h 

knowledg e i s implemente d i n th e segmentatio n 

proces s itsel f  i s  als o plausible .  Thi s mode l  ha s 
been suggeste d b y Moze r  an d hi s colleague s 

(Moze r  e t  al. ,  1992) .  Mazer' s mode l  implement s 

knowledg e i n a  connectionis t  networ k tha t  i s 

traine d t o segmen t  images .  I n thi s scheme , 

familiarit y effect s migh t  b e expecte d o n th e 

basi s o f  low-leve l  imag e statistics ,  suc h a s 

Objec t 

Representation s 

Spatia l 

Representation s 

Groupe d 

Figur e 3 .  Propose d mode l  o f  imag e segmentation . 

Adapte d fro m Fara h (1990) . 

familia r  combination s o f  features ,  no t  partia l 

matche s t o object s i n visua l  memory . 

Althoug h th e locu s o f  knowledg e remain s 

unresolved ,  th e result s o f  experiment s i n progres s 

wil l  allo w u s t o distinguis h betwee n th e tw o 

alternative s an d t o bette r  understan d th e 

computationa l  architectur e o f  th e visua l  system . 

Acknowledgments 

The author wishes to thank Martha Farah for 
hel p durin g al l  phase s o f  thi s research .  Thank s 
t o Ja y McClelland ,  Mik e Mozer ,  an d Davi d Plau t 
fo r  comment s o n thes e experiments .  Thank s als o 
t o Kare n Klei n fo r  he r  technica l  assistance . 

References 

Corballis, M. C, Zbrodoff, N. J., Shetzer, L. I., & 

Butler ,  P .  B .  (1978) .  Decision s abou t  identit y 

and orientatio n o f  rotate d letter s an d digits . 

Memory an d Cognition ,  6 ,  98-107 . 

Farah ,  M .  J .  (1990) .  Visua l  agnosia . 
Cambridge ,  MA :  MIT . 

Lowe,  D .  G .  (1985) .  Perceptua l  organizatio n an d 

visua l  recognition .  Boston :  Kluwer . 

Marr ,  D .  (1982) .  Vision .  Sa n Frandsco :  Freeman . 

McClelland ,  J .  L .  (1979) .  O n th e tim e relation s o f 

menta l  processes :  A n examinatio n o f  system s o f 

processe s i n cascade .  Psychologica l  Review , 
86,  287-330 . 

Mozer ,  M .  C ,  Zemel ,  R.  S. ,  Behrmann ,  M. ,  & 
Williams ,  C .  K .  I .  (1992) .  Learnin g t o segmen t 
image s usin g dynami c featur e binding .  Neura l 
Computation ,  4 ,  650-665 . 

Reicher ,  G .  M .  (1969) .  Perceptua l  recognitio n a s a 

functio n o f  meaningfulnes s o f  stimulu s 
material .  Journa l  o f  Experimenta l  Psychology , 

81,  274-280 . 

Rosenfeld ,  A .  (1984) .  Imag e analysis :  Problems , 

progres s an d prospects .  Patter n Recognition , 

17,3-12 . 

Vecera ,  S .  P. ,  &  Farah ,  M .  J .  (1992) .  I s visua l 

imag e segmentatio n a  bottom-u p o r  a n 

interactiv e process ? Manuscrip t  submitte d fo r 

publication . 
Wertheimer ,  M .  (1923) .  Untersuchunge n zu r 

Lehr e vo n de r  Gestalt ,  II .  Psychologisch e 

Forschung ,  4 ,  310-350 .  [Reprinte d i n par t  a s 
Principle s o f  perceptua l  organization .  I n D.C . 

Beardsle e &  M .  Wertheime r  (Eds.) ,  Reading s 

i n Perceptio n (pp .  115-135) .  Princeton ,  NJ :  Va n 

Nostran d Reinhold ,  1958. ] 

1045 


	cogsci_1993_1040-1045



