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Abstrac t 

How does the visual system generate percepts of moving forms? 
H ow doe s thi s happe n whe n th e form s ar e emergen t  percept s 
(suc h a s illusor y contour s o r  segregate d textures )  an d th e mo -
tio n percep t  i s apparen t  motio n betwee n th e emergen t  forms ? 
A neura l  mode l  o f  form-motio n interaction s i s develope d t o 
explai n parametri c propertie s o f  psychophysica l  motio n dat a 
and t o mak e prediction s abou t  th e paralle l  cortica l  process -
in g stream s V I  - > M X an d V I  -> ^  V 2 - > MT .  Th e mode l 
simulate s man y parametri c psychophysica l  dat a arisin g fro m 
form-motio n interactions .  A  ke y linkag e betwee n for m an d 
motio n dat a i s articulate d i n term s o f  propertie s o f  visua l  per -
sistenc e an d propertie s o f  apparen t  motion .  Th e mode l  explain s 
ho w a n illusor y contou r  ca n mov e i n apparen t  motio n t o an -
othe r  illusor y contou r  o r  t o a  luminance-derive d contour ;  ho w 
illusor y contou r  persistenc e relate s t o th e uppe r  IS l  threshol d 
fo r  apparen t  motion ;  an d ho w uppe r  an d lowe r  IS I  threshold s 
fo r  seein g apparen t  motio n betwee n tw o flashes  decreas e wit h 
stimulu s duratio n an d narro w wit h spatia l  separatio n (Korte' s 
laws) .  Psychophysica l  dat a ar e derive d fro m a n analysi s o f 
ho w orientationall y tune d for m perceptio n mechanism s an d 
directionall y tune d motio n perceptio n mechanism s interac t  t o 
generat e consisten t  percept s o f  movin g forms . 

Introduction 

This article explains how the dynamic properties of a neu-
ra l  networ k theor y o f  visua l  for m processin g propose d b y 
Grossber g &  Mingoll a (1985a,b ,  1987 )  an d analyze d dynami -
call y i n Grossber g (1991 )  an d Francis ,  Grossber g &  Mingoll a 
(1993 ,  1994 )  contribute s t o propertie s o f  perceive d motion . 
Th e theor y suggest s tha t  man y tempora l  aspect s o f  apparen t 
motio n depen d o n th e tim e take n t o rese t  a  visua l  segmentatio n 
generate d b y form-processin g mechanisms .  Psychophysica l 
studie s o f  apparen t  motio n o f  movin g form s revea l  thre e ke y 
set s o f  data ,  whic h ar e al l  explainabl e b y th e model . 

• Illusory contours can move in apparent motion and 
do no t  obe y th e invers e relationshi p betwee n uppe r  in -
terstimulu s interva l  (ISI )  threshold s an d stimulu s dura -
tio n characteristi c o f  luminance-base d contour s (Mather , 
1988 ;  Ramachandran ,  1985 ;  vo n Grunau ,  1979) . 

•  Apparen t  motio n ca n occu r  betwee n on e stimulu s de -
fine d b y illusor y contour s an d a  secon d stimulu s define d 
by luminanc e contras t  (Cavanagh ,  Argui n &  vo n Grunau , 
1989 ;  vo n Grunau ,  1979) . 

•  Fo r  luminance-base d stimul i  bot h uppe r  an d lowe r  IS I 
threshold s ar e inversel y relate d t o flash  duration .  Th e 
rang e o f  ISI s capabl e o f  producin g apparen t  motio n nar -

BCS M OC Filte r 

Figur e 1 :  For m an d motio n integration .  Oriente d boundar y 
signal s i n th e B C S fee d int o like-oriente d sustaine d cell s an d 
unoriente d transien t  cell s i n th e M O C Filter . 

row s a s th e spatia l  separatio n betwee n th e flashes  in -
crease s (Kolers ,  1972 ;  Neuhaus ,  1930) . 

Boundary Contour System: Form processing 

The Boundary Contour System (BCS), described in Grossberg 
& Mingoll a (1985a,b) ,  detects ,  completes ,  an d regularize s 
boundar y segmentation s o f  a  retina l  image .  Suc h segmenta -
tion s ca n b e define d b y region s o f  differen t  luminanc e o r  tex -
ture ,  o r  b y illusor y contours .  Thes e computation s ar e carrie d 
out  throug h a  serie s o f  filtering,  competitive ,  an d cooperativ e 
stage s a s schematize d i n Figur e 1 . 

The positiv e feedbac k betwee n th e cooperativ e bipol e cell s 
and th e lowe r  level s o f  hypercomple x cell s o f  th e B C S 
complete s emergen t  boundar y segmentation s tha t  coherentl y 
bin d togethe r  appropriat e featur e combination s i n th e imag e 
(Grossberg ,  1987) .  Suc h positiv e feedbac k als o create s hys -
teresi s which ,  i n th e absenc e o f  som e compensator y rese t 
mechanism ,  lead s t o undesirabl y lon g persistenc e time s o f 
boundar y signal s afte r  stimulu s offse t  (Grossberg ,  1991) . 

Francisera/ .  (1993,1994 )  showe d tha t  th e dynami c charac -
teristic s o f  th e B C S accoun t  fo r  man y percept s a t  stimulu s off -
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set ,  notabl y perceptuall y observe d level s o f  visua l  persistence . 
The theor y suggest s tha t  a  ke y proces s governin g visua l  persis -
tenc e i s th e tim e take n t o rese t  a  segmentation .  Hysteresi s i n 
th e segmentatio n networ k correspond s t o visua l  pcrsi.stence , 
and th e hystereti c propertie s o f  th e B C S matc h psychophysi -
cal  dat a o n visua l  persistence ,  includin g invers e relation s be -
twee n persistenc e an d targe t  duratio n (Bowen ,  Pola ,  &  Matin , 
1974) ,  greate r  persistenc e fo r  illusor y tha n rea l  contours ,  an d 
a nonmonotoni c relationshi p betwee n persistenc e an d targe t 
duratio n fo r  illusor y contour s (Meye r  &  Ming ,  1988) . 

Motion Oriented Contrast Filter: Apparent 

m o t i o n 

Grossber g &  Rud d (1989 ,  1992 )  develope d th e Motio n Ori -
ente d Contras t  Filte r  ( M O C Filter )  t o explai n propertie s o f 
motio n an d apparen t  motion .  Th e M O C Filte r  compute s lo -
cal  an d globa l  motio n signal s i n a  neura l  networ k throug h a 
sequenc e o f  excitator y an d inhibitor y connections .  Figur e 1 
schematize s thes e interactions . 

The mode l  compute s loca l  directiona l  motio n signal s b y 
multiplicativel y gatin g response s a t  oriente d sustaine d cell s 
and unoriente d transien t  cells .  Motio n cell s tha t  ar e sensitiv e 
t o short-rang e spatia l  interaction s fee d int o cell s tha t  ar e sensi -
tiv e t o long-rang e spatia l  interactions .  Thes e latte r  cell s hav e 
long-rang e Gaussia n receptiv e fields  tha t  sampl e input s fro m 
broa d region s o f  th e visua l  space .  The y als o underg o stron g 
latera l  inhibitio n tha t  suppresse s al l  outpu t  excep t  fo r  th e cel l 
wit h th e larges t  excitator y input .  Th e competitiv e interaction s 
of  thes e cell s creat e a  continuousl y movin g motio n signa l  i n 
respons e t o th e discree t  flashes  o f  a n apparen t  motio n display . 
Grossber g &  Rud d (1989 ,  1992 )  correlate d th e propertie s o f 
thi s travelin g pea k o f  activit y wit h dat a o n apparen t  motion . 

Integration of form and motion 

Grossber g (1991 )  suggeste d tha t  a  pathwa y connect s B C S 
boundar y signal s t o M O C Filte r  short-rang e motio n signal s 
t o allo w formatio n o f  motio n percept s tha t  ar e sensitiv e t o 
perceive d for m an d t o hel p th e motio n syste m selec t  th e prope r 
dept h plan e fo r  a  motio n percept .  Figur e 1  show s suc h a 
linkage .  I n Figur e 1 ,  oriente d boundar y signal s fro m th e B C S 
fee d int o like-oriente d sustaine d cell s an d unoriente d transien t 
cell s i n th e M O C Filte r  tha t  correspon d t o th e sam e retina l 
location .  Vi a thi s B C S - M O C Filte r  pathway ,  th e M O C Filte r 
becomes sensitiv e t o spatiotempora l  change s i n for m a s wel l 
as t o spatiotempora l  change s i n luminance .  Thi s additiona l 
sensitivit y allow s i t  t o generat e apparen t  motio n signal s i n 
respons e t o illusor y contour s an d othe r  visua l  segmentations . 
The followin g section s sho w h o w thes e propertie s explai n th e 
dat a describe d i n th e introduction . 

Simulation of illusory contour apparent motion 

Severa l  author s hav e show n tha t  illusor y contour s ca n mov e 
i n apparen t  motio n (Mather ,  1988 ;  Ramachandran ,  1985 ;  vo n 
Griinau ,  1979) .  Grossber g &  MingoU a (1985a,b )  explaine d 
th e formatio n o f  illusor y contour s a s a  specia l  cas e o f  th e 
boundar y segmentatio n mechanism s neede d t o proces s visua l 
forms .  Th e generatio n o f  apparen t  motio n betwee n illusor y 
contour s require s signal s fro m th e for m processin g mecha -
nism s int o mechanism s responsibl e fo r  generatin g apparen t 
motio n signal s (Grossber g &  Rudd ,  1989 ,  1992) .  Th e mode l 
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Figur e 2 :  Compute r  simulatio n o f  illusor y contou r  appar -
ent  motion ,  (a )  Luminou s inputs ,  (b )  Boundarie s produce d 
by B C S .  (c )  Activit y o f  globa l  motio n cell s show s apparen t 
motion ,  (d )  Motio n strengt h a s IS I  an d stimulu s duratio n 
changes ,  (e )  Uppe r  IS I  threshold s fo r  illusor y contou r  appar -
ent  motion .  (Replotte d fro m Mather ,  1988. )  (f )  Simulate d 
uppe r  an d lowe r  IS I  thresholds . 

interaction s betwee n for m an d motio n mechanism s ar e suffi -
cien t  t o explai n psychophysica l  dat a abou t  apparen t  motio n 
of  illusor y contours . 

Figur e 2  show s a  simulatio n o f  illusor y contou r  apparen t 
motion .  Th e inducin g stimul i  fo r  a  one-dimensiona l  illusor y 
contou r  consist s o f  a  pai r  o f  luminanc e increment s (Figur e 2a) . 
Th e bipol e feedbac k o f  th e B C S complete s a  segmentatio n 
withi n th e regio n define d b y th e tw o luminanc e increment s 
(Figur e 2b) .  Thi s segmentatio n correspond s t o th e perceive d 
illusor y contour .  Input s fro m th e B C S an d fro m th e luminou s 
arra y fee d int o th e M O C Filter .  A  plo t  o f  th e activit y o f  globa l 
motio n cell s throug h tim e show s motio n fro m th e first  illusor y 
contou r  t o th e secon d (Figur e 2c) . 

Mathe r  (1988 )  investigate d th e tempora l  propertie s o f  il -
lusor y contou r  apparen t  motion .  Figur e 2 e replot s dat a fro m 
Mathe r  (Figur e 5 ,  subjec t  P G ) ,  an d show s th e uppe r  IS I  value s 
fo r  whic h subject s repor t  seein g apparen t  motio n betwee n tw o 
illusor y Kanizs a square s a s a  functio n o f  th e inducin g stimul i 
duration .  Th e uppe r  IS I  threshol d value s fo r  thes e illusor y 
contour s  i s large r  tha n tha t  o f  correspondin g luminance-base d 
contour s (a s describe d below) .  Moreover ,  th e inverted- U 
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shap e o f  threshol d ISI s a s a  functio n o f  stimulu s duratio n 
i s als o unlik e luminance-base d contours ,  fo r  whic h threshol d 
ISI s ar e inversel y relate d t o stimulu s duratio n (als o describe d 
below) .  Thes e propertie s ar e consisten t  wit h direc t  measure -
ment s o f  illusor y contou r  persistenc e (Meye r  &  Ming ,  1988) . 

For  fixed  spatia l  separation ,  th e strengt h o f  th e motio n sig -
nal  i n Figur e 2 c depend s o n th e stimulu s duratio n an d IS I  o f 
th e display .  Weake r  activitie s i n th e globa l  motio n cell s ar e 
les s likel y t o produc e observabl e apparen t  motion .  Figur e 2 d 
show s th e strengt h o f  th e motio n signa l  fo r  combination s o f 
stimulu s duratio n an d ISI .  Als o plotte d i s a  threshol d value . 
We assum e tha t  whe n th e combination s o f  stimulu s parame -
ter s creat e a  motio n signa l  wit h a  strengt h abov e threshold ,  th e 
motio n i s observable .  W h e n th e strengt h o f  th e motio n signa l 
i s  belo w threshol d subject s d o no t  se e it .  A  critica l  propert y 
of  Figur e 2 d i s th e finding  tha t  a s th e stimulu s duratio n in -
crease s fro m 5 0 t o 10 0 milliseconds ,  th e intersectio n betwee n 
th e motio n strengt h curv e an d th e threshol d curv e shift s t o a 
longe r  ISI ;  bu t  a s th e stimulu s duratio n increase s stil l  further , 
th e intersectio n betwee n th e motio n strengt h curv e an d th e 
threshol d curv e shift s t o shorte r  ISIs .  Th e ISI s tha t  produc e 
intersection s i n th e strengt h an d threshol d curve s identif y th e 
uppe r  an d lowe r  IS I  value s fo r  perceivin g apparen t  motion . 
Figur e 2 f  plot s thos e threshol d IS I  values . 

Simulation of interattribute apparent motion 

Von Griina u (1979 )  observe d tha t  subject s sometime s se e ap -
paren t  motio n betwee n a n illusor y contou r  an d a  contou r  de -
fined  b y luminanc e edges .  Cavanag h e t  al .  (1989 )  general -
ize d thi s resul t  b y showin g tha t  subject s repor t  seein g motio n 
betwee n stimul i  define d b y an y combinatio n o f  attributes ,  in -
cluding :  luminance ,  color ,  texture ,  relativ e motion ,  o r  stere -
ospis .  The y note d tha t  motio n betwee n stimul i  o f  differen t 
attribute s i s weake r  tha n motio n betwee n stimul i  o f  th e sam e 
attribute .  t^ m 

Th e abilit y  t o se e apparen t  motio n betwee n stimul i  o f  ^ g 
feren t  attribute s i s consisten t  wit h th e propertie s o f  for m an d 
motio n integratio n describe d i n thi s paper .  Figur e 3 a show s 
luminou s input s fo r  a n interattribut e simulation .  Th e ^ B 
stimulu s  i s a  pai r  o f  illusor y contou r  inducer s an d th e secon i 
stimulu s  i s a  luminanc e edge .  Figur e 3 b show s th e boundSJl ^ 
signal s produce d i n th e B C S t o th e inducer s an d th e lumi -
nou s contour .  Figur e 3 c show s th e resultin g activit y o f  globa l 
motio n cell s i n th e M O C Filte r  (point s ar e sample d mor e fre -
quentl y t o catc h al l  th e motion) .  Th e activit y shift s fro m th e 
locatio n o f  th e illusor y contou r  t o th e locatio n o f  th e lumi -
nou s stimulus .  Thi s simulatio n demonstrate s interattribut e 
apparen t  motion . 

Th e B C S segment s stimul i  o f  man y differen t  attributes ,  in -
cluding :  illusor y contour s (Grossber g &  MingoUa ,  1985a) , 
texture s (Grossber g &  Mingolla ,  1985b) ,  luminanc e (Gross -
ber g &  Todorovic ,  1988) ,  an d stereospi s (Grossberg ,  1994 ; 
Grossber g &  Marshall ,  1989) .  Th e integratio n o f  for m an d 
motio n offer s a  consisten t  explanatio n o f  man y type s o f  inter -
attribut e apparen t  motio n b y suggestin g tha t  thes e segmenta -
tion s fee d int o th e M O C Filter ,  whic h generate s th e apparen t 
motio n percept . 

Simulation of Korte's laws 

Th e previou s tw o section s demonstrat e tha t  integratin g per -
cept s o f  for m an d motio n explain s complicate d dynami c prop -

(a )  ' 

(pixels ) 

TIM E (milliseconds )  25 0 30 O 36 O 

(b ) 

30 S P A C E (pixek ) 

TIM E (milliseconds )  25 0 30 0 35 0 

(c ) 

30 S P A C E (pixels ) 

TIM E (milliseconds )  25 0 30 0 

Figur e 3 :  Compute r  simulatio n o f  interattribut e apparen t  mo -
tion ,  (a )  Luminou s inputs ,  (b )  Boundar y signal s produce d b y 
th e B C S .  (c )  Activit y o f  globa l  motio n cell s show s apparen t 
motion . 

332 



»~VAa»a» 

« i 

(e ) 

.  -—-•  -
tf 

'~ 

•-* .  • 

'̂ -  • "  — 
<> I  1 

. 
y 

_,, . 

.. . 

'"-"•« .  ' 

• 
> >•  •  • 

.-- •  0.7 5 s : 

Figur e 4 :  Compute r  simulatio n o f  apparen t  motio n betwee n 
luminou s stimuli ,  (a )  Luminou s input ,  (b )  Boundar y sig -
nal s produce d b y th e B C S .  (c )  Activit y o f  globa l  motio n cell s 
shows apparen t  motion ,  (d )  Motio n strengt h a s a  functio n 
of  ISI ,  stimulu s duration ,  an d spatia l  separation ,  (e )  Psy -
chophysica l  uppe r  an d lowe r  IS I  threshold s (Replotte d fro m 
Kolers ,  1972 ;  afte r  Neuhaus ,  1930) .  (f )  Simulate d uppe r  an d 
lowe r  IS I  thresholds . 

ertie s o f  apparen t  motio n tha t  depen d o n visua l  form .  Thi s 
sectio n show s tha t  th e dynami c propertie s o f  for m perceptio n 
ar e als o relevan t  t o stimul i  tha t  d o no t  obviousl y requir e for m 
processin g fo r  motio n detection . 

Figur e 4 a show s th e input s fo r  a  standar d apparen t  motio n 
display ,  th e stimul i  ar e luminanc e edge s separate d i n spac e an d 
time .  Figur e 4 b show s th e respons e o f  boundar y signal s t o 
th e luminou s stimuli .  Figur e 4 c show s th e resultin g activitie s 
of  globa l  motio n cells .  Th e movin g activit y correspond s t o a 
percep t  o f  apparen t  motion . 

Figur e 4 e show s psychophysica l  uppe r  an d lowe r  IS I  thresh -
ol d value s fo r  apparen t  motio n o f  luminance-base d stimul i 
(Kolers ,  197 2 afte r  Neuhaus ,  1930) .  Thi s figure  show s tha t  a s 
stimulu s duratio n increase s fro m 1 0 t o 4 5 t o 9 0 milliseconds , 
eac h uppe r  an d lowe r  IS I  threshol d curv e decrease s a t  ever y 
spatia l  separation .  Moreover ,  a s th e distanc e betwee n th e tw o 
stimul i  increases ,  th e rang e o f  ISI s tha t  produc e apparen t  m o -
tio n narrows ,  wit h th e uppe r  IS I  decreasin g an d th e lowe r  IS I 
increasin g fo r  ever y stimulu s duration .  Thes e propertie s ar e 
simila r  t o Korte' s law s (Korte ,  1915) . 

The la g tim e o f  th e loca l  motio n response s acros s al l  cell s 
t o th e first  stimulu s offset ,  th e duratio n o f  th e respons e fo r 

th e sam e cell s t o th e first  stimulu s offset ,  an d th e spatia l  sep -
aratio n betwee n th e tw o stimul i  al l  contribut e t o th e strengt h 
of  th e apparen t  motio n signa l  generate d b y th e M O C Filter . 
Figur e 4 d plot s th e strengt h o f  th e motio n signal ,  generate d 
fro m offse t  signal s o f  th e first  stimulu s t o onse t  signal s o f  th e 
secon d stimulus ,  a s a  functio n o f  ISI ,  spatia l  separation ,  an d 
flash  duration .  Th e motio n strengt h curv e i s  shifte d towar d 
smalle r  IS I  value s a s stimulu s duratio n increases .  Also ,  fo r 
fixed  stimulu s duratio n an d ISI ,  th e motio n strengt h decrease s 
as spatia l  separatio n increase s fro m 1 5 t o 11 0 pixel s (corre -
spondin g t o 0.7 5 an d 5. 5 visua l  degrees) .  Als o plotte d i s th e 
motio n strengt h threshold .  W h e n th e strengt h o f  th e motio n 
signa l  i s  belo w threshol d w e assum e subject s d o no t  observ e 
it . 

Th e intersection s o f  th e motio n strengt h threshol d wit h a 
motio n strengt h curv e identif y th e IS I  thresholds .  Th e point s 
of  intersectio n ar e plotte d i n Figur e 4 f  an d sho w tha t  th e mode l 
capture s al l  th e ke y qualitativ e propertie s o f  Neuhaus '  (1930 ) 
result s a s wel l  a s th e quantitativ e 35 0 millisecon d ga p betwee n 
uppe r  an d lowe r  IS I  threshold s a t  smal l  spatia l  separations .  I n 
particular ,  bot h uppe r  an d lowe r  IS I  threshold s ar e inversel y 
relate d t o stimulu s duration ,  an d th e rang e o f  ISI s tha t  pro -
duc e apparen t  motio n percept s narrow s a s spatia l  separatio n 
increases .  Lowe r  IS I  threshold s increas e wit h spatia l  separa -
tio n an d uppe r  IS I  threshold s decreas e wit h spatia l  separation . 
Al l  th e simulation s o f  th e B C S wer e performe d usin g th e sam e 
parameter s a s i n Franci s etal .  (1994) .  Ou r  goa l  i n thi s arti -
cl e i s t o demonstrat e ke y qualitative ,  rathe r  tha n quantitative , 
relationships .  Th e approximation s tha t  ar e necessar y t o m a k e 
th e simulation s computationall y feasibl e d o no t  ye t  warran t  a 
searc h fo r  optima l  parameters . 

Conclusions and predictions 

While this paper focuses on simulations of psychophysical 
data ,  ther e exis t  neurophysiologica l  dat a tha t  suppor t  ou r  hy -
pothesi s concernin g for m an d motio n integration .  Motio n 
(Albright ,  Desimon e &  Gross ,  1984 ;  Maunsel l  &  va n Essen , 
1983 ;  Mikami ,  Newsom e &  Wurtz ,  1986a )  an d apparen t  mo -
tio n (Mikami ,  Newsom e &  Wurtz ,  1986b ;  Newsome ,  Mikam i 
& Wurt z 1986 )  ar e believe d t o b e processe d i n are a M T o f 
visua l  cortex .  M O C Filte r  mode l  analog s hav e bee n identi -
fied  i n are a M T (Grossber g &  Mingolla ,  1993 ;  Grossber g & 
Rudd,  1989 ,  1991) .  Vo n de r  Heydt ,  Peterhan s &  Baumgartne r 
(1984 )  reporte d evidenc e tha t  are a V 2 processe s th e emergen t 
segmentation s tha t  underli e visua l  for m usin g neura l  analog s 
of  th e B C S bipol e cells .  Neurologica l  evidenc e fo r  othe r  part s 
of  th e B C S i n are a V 2 an d V 4 i s reviewe d i n Grossber g (1987) . 
The for m an d motio n interaction s describe d i n thi s pape r  ar e 
predicte d t o b e realize d a s a  neura l  pathwa y fro m are a V 2 (o r 
V4)  t o are a M T .  Suc h pathway s d o exis t  (DeYo e &  va n Essen , 
1988) . 

Grossber g (1991 )  describe s a  metho d o f  testin g whethe r  th e 
V2 t o M T pathwa y play s th e rol e suggeste d i n thi s article .  A n 
experimente r  coul d trai n a  monke y t o respon d whe n i t  see s 
apparen t  motio n o f  illusor y contours .  A  (reversible )  lesio n o f 
are a V 2 o r  th e V 2 - > M T pathwa y shoul d abolis h th e percep t 
and th e response . 

The theor y make s stron g psychophysica l  prediction s a s 
well .  W h e n th e duratio n o f  th e B C S respons e t o a  stimulu s es -
tablishe s th e uppe r  IS I  threshold ,  the n th e stimulu s propertie s 
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tha t  favo r  longe r  visua l  persistenc e shoul d als o favo r  longe r 
uppe r  IS I  threshold s fo r  apparen t  motion .  Thi s relationshi p 
predict s a  resul t  tha t  ca n suppor t  th e rol e o f  th e B C S - M OC 
Filte r  pathwa y i n establishin g uppe r  IS I  thresholds .  Meyer , 
Lawso n an d Cohe n (1975 )  showe d tha t  adaptatio n t o a n ori -
ente d gratin g influence s th e persistenc e o f  a  subsequen t  tes t 
gratin g i n a n orientation-specifi c  manner .  Whe n th e orienta -
tio n o f  th e adaptatio n an d tes t  gratin g ar e orthogonal ,  persis -
tenc e o f  th e tes t  gratin g increases ,  relativ e t o th e no-adaptatio n 
case .  Franci s e t  al .  (1994 )  simulate d thi s propert y wit h th e 
B CS model . 

I f  persistenc e o f  boundar y signal s set s th e uppe r  IS I  thresh -
ol d o f  apparen t  motion ,  then ,  othe r  thing s bein g equal ,  adap -
tatio n t o a  gratin g shoul d increas e th e uppe r  IS I  threshol d fo r 
apparen t  motio n o f  a n orthogonall y oriente d grating .  I n th e 
B C S,  th e increas e i n persistenc e i s du e (i n part )  t o competi -
tio n betwee n hypercomple x cell s tha t  ar e tune d t o orthogona l 
orientation s a t  th e secon d competitiv e stag e (Figur e 1) .  Th e 
MCXI!  Filte r  doe s no t  includ e a  stag e o f  competitio n betwee n 
orthogona l  orientations .  Instead ,  competitio n occur s betwee n 
opposit e direction s o f  motion ,  whic h diffe r  b y 180° ,  no t  90° , 
thereb y givin g ris e t o motio n contras t  cell s (Grossberg ,  1991) . 
Thus ,  th e luminance-base d pathwa y o f  th e M O C Filte r  shoul d 
not  contribut e t o a  chang e i n th e uppe r  IS I  threshol d afte r  adap -
tation .  Suc h a  chang e i n th e uppe r  IS I  threshol d can ,  how -
ever ,  b e explaine d b y B C S - M O C Filte r  interactions .  Mor e 
generally ,  stimulu s feature s tha t  chang e th e duratio n o f  visua l 
persistenc e shoul d ten d t o hav e a  simila r  effec t  o n uppe r  IS I 
threshold s o f  apparen t  motion . 
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