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

Title
Priming , Perceptual Reversal , and Circular Reaction in a Neural Network Model of 
Schema-Based Vision

Permalink
https://escholarship.org/uc/item/6c836771

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 16(0)

Authors
Leow, Wee Kheng
Miikkulainen, Ritso

Publication Date
1994
 
Peer reviewed

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

https://escholarship.org/uc/item/6c836771
https://escholarship.org
http://www.cdlib.org/


P r i m i n g ,  P e r c e p t u a l  R e v e r s a l ,  a n d C i rcu la r  R e a c t i o n 

i n a  N e u r a l  N e t w o r k M o d e l  o f  S c h e m a - B a s e d V i s i o n 

Wee Kheng Leow and Risto Miikkulainen 
Departmen t  o f  Compute r  Science s 
Th e Universit y o f  Texa s a t  Austi n 

Austin ,  Texa s 78712 ,  U S A 
leow,ristoOcs.utexas.ed u 

Abstrac t 

VISOR is a neural network system for object recognition 
and scen e analysi s tha t  leeim s visua l  schema s fro m ex -
amples .  Processin g i n V ISO R i s base d o n cooperation , 
competition ,  an d paralle l  bottom-u p an d top-dow n acti -
vatio n o f  schem a representations .  Simila r  principle s ap -
pear  t o imderli e muc h o f  huma n visua l  processing ,  an d 
V I S O R ca n therefor e b e use d t o mode l  vairiou s percep -
tuc d phenomena .  Thi s pape r  focuse s o n anedyzin g thre e 
phenomena throug h simulatio n wit h VISOR :  (1 )  prim -
in g an d menta l  imagery ,  (2 )  perceptua l  reversal ,  an d 
(3 )  circula r  reaction .  Th e result s illustrat e similarit y 
and subtl e difference s betwee n th e mechanism s medi -
atin g primin g an d menta l  imagery ,  sho w ho w th e tw o 
opposin g account s o f  perceptua l  reversa l  (neura l  satia -
tio n an d cognitiv e factors )  ma y bot h contribut e t o th e 
phenomenon ,  an d demonstrat e ho w intentiona l  action s 
ca n b e graduaJl y learne d from  refle x cictions .  Successfu l 
simulatio n o f  suc h effect s suggest s tha t  simila r  mecha -
nism s ma y gover n huma n visua l  perceptio n ein d learnin g 
of  visua l  schemas . 

Introduction 

I n tryin g t o understan d th e mechanism s o f  highe r  cog -
nitio n ther e i s  ofte n ver y littl e har d dat a availabl e t o 
constrai n th e theories .  Direc t  observation s ca n onl y b e 
maid e o n processe s tha t  ar e fa r  remove d fro m th e neu -
ra l  mechanism s tha t  implemen t  them .  Th e bes t  clue s 
ofte n com e fro m erro r  behavio r  an d impairments ,  espe -
ciall y thos e resultin g fro m direc t  damag e t o th e neura l 
structure s an d pathway s involved .  Anothe r  importan t 
set  o f  clue s come s fro m behaviora l  phenomen a suc h a s 
illusion s an d m e m o r y eflfects .  Suc h isolate d piece s o f 
evidenc e provid e nevertheles s a  groundin g fo r  compu -
tationa l  modeling .  T h e model' s behavio r  shoul d matc h 
thes e dat a points ,  an d a t  th e sam e tim e fil l  i n th e gap s 
betwee n the m an d m a k e plausibl e suggestion s o f  wha t 
th e underlyin g mechanism s migh t  be . 

I n th e visua l  domain ,  severa l  interestin g an d poten -
tiall y  revealin g effect s hav e bee n observed ,  rangin g fro m 
low-leve l  illusion s t o higher-leve l  perceptua l  phenomena . 
A lo t  i s als o know n abou t  th e physica l  structur e o f  th e 
visua l  system :  informatio n i s  lai d ou t  o n maps ,  ther e 
i s competitio n an d cooperatio n a m o n g th e representa -
tion s an d eictivatio n fro m bot h bottom-u p an d top-dow n 
source s (Arbib ,  1986) .  Th e highes t  level s o f  visua l  pro -
cesse s suc h a s thos e responsibl e fo r  objec t  recognitio n 
and scen e analysi s ar e no t  a s wel l  understoo d bu t  ther e 

i s a  goo d chanc e tha t  simila r  mechanism s ar e i n us e ther e 
also . 

V I S O R (Visua l  Schema s fo r  Objec t  Representation , 
Leow,  1994 ;  Leo w an d Miikkulainen ,  1993 )  i s a  schema r 
base d mode l  o f  objec t  recognitio n an d scen e analysis . 
A majo r  goa l  i n buildin g V I S O R wa s t o sho w ho w 
visua l  schema s (a s describe d b y Arbib ,  1986 ;  Drape r 
et  al. ,  1989 )  coul d b e represente d i n neura l  network s an d 
ho w the y coul d b e learne d fro m examples .  V I S O R dif -
fer s fro m non-schem a base d system s (e.g. ,  Moze r  an d 
Behrmann ,  1990 ;  Olshause n e t  al. ,  1993 )  i n tha t  th e 
recognitio n proces s i s base d o n th e cooperation ,  competi -
tion ,  an d paralle l  bottom-u p an d top-dow n activatio n o f 
schemati c representations .  Simila r  principle s appea r  t o 
underli e muc h o f  h u m a n visua l  processing ,  an d V I S O R 
ca n therefor e b e use d t o tes t  hypothese s abou t  variou s 
high-leve l  perceptua l  phenomena .  Thi s pape r  focuse s o n 
thre e suc h phenomena :  (1 )  th e effect s o f  primin g an d 
menta l  imagery ,  (2 )  perceptua l  reversal ,  an d (3 )  circu -
la r  reaction .  B y studyin g th e processe s underlyin g th e 
behavio r  o f  V I S O R ,  i t  i s  possibl e t o gai n insigh t  int o 
ho w suc h processe s coul d tak e plac e i n th e h u m a n visua l 
system . 

Schema-Based Recognition in VISOR 

VISOR consists of three main modules: the Low-Level 
Visua l  Modul e (LLVM) ,  th e Schem a Module ,  an d th e 
Respons e Module .  Th e LLV M focuse s attentio n a t  on e 
componen t  o f  a n inpu t  objec t  a t  a  time ,  an d extract s 
th e shap e o f  tha t  component .  A s th e outpu t  unit s o f 
th e L L V M ,  th e shap e unit s (Fig .  1 )  represen t  roug h cat -
egorie s o f  shap e an d size ,  suc h a s a  smal l  rectangle ,  o r  a 
larg e flat  triangle . 

Th e Schem a Modul e organize s visua l  schema s int o tw o 
level s (Fig .  1) .  Th e to p leve l  consist s o f  scen e schema s 
tha t  receiv e inpu t  fro m lower-leve l  objec t  schemas ,  whic h 
i n tur n receiv e input s fro m th e shap e units .  Th e spa -
tia l  structur e o f  a  schem a i s  represente d i n a  2- D ar -
ra y o f  unit s calle d th e Subschem a Activit y M a p (SAM , 
Fig .  1) .  Eac h uni t  i n th e m a p represent s a  componen t 
at  th e correspondin g position .  Th e connectio n weight s 
betwee n th e lower-leve l  schema s (o r  shap e units )  an d th e 
S A M unit s encod e wha t  V I S O R expect s t o find  a t  eac h 
position .  Consider ,  fo r  example ,  th e imag e o f  a n arc h 
(Fig .  lb) ,  whic h consist s o f  a  triangl e o n to p o f  tw o rect -
angles .  Th e arc h schem a i s encode d b y thre e unit s i n a 
3 x 3 S A M :  th e top-cente r  uni t  i s  mos t  strongl y activate d 
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Figur e 1 :  T h e s c h e m a representatio n hierarch y 
i n V I S O R ,  (a )  Visua l  schema s i n V I S O R ar e orga -
nize d int o tw o levels :  object s an d scenes .  Arrow s rep -
resen t  one-wa y connection s fro m low-leve l  inputs ,  soli d 
line s represen t  bot h bottom-u p an d top-dow n connec -
tion s (whic h ar e different) ,  an d dashe d line s indicat e in -
hibition .  Th e shap e uni t  marke d "T "  i s sensitiv e t o flat 
triangles ,  an d th e on e marke d "R "  t o rectangles ,  (b ) 
The arc h imag e encode d b y th e arc h schema .  Th e gri d 
represent s unit s i n th e Subschem a Activit y M a p ( S A M ) . 
The blau; k dot s denot e thos e S A M unit s tha t  correspon d 
t o th e component s o f  th e arch . 

by the triangle-sensitive shape unit, and the two units 
on eithe r  sid e ar e strongl y connecte d t o th e rectangle -
sensitiv e shap e unit . 

W h en V I S O R i s tryin g t o activat e th e arc h schema , 
i t  focuse s it s attentio n a t  on e S A M positio n a t  a  time , 
concentratin g o n position s wher e th e arc h component s 
ar e expected .  Fo r  example ,  i t  m a y begi n b y focusin g a t 
th e top-cente r  position .  Ther e i s a  triangl e a t  tha t  loca -
tio n i n th e image ,  an d th e shap e unit s ar e activate d a s 
i n Fig .  1 .  A s a  result ,  th e top-cente r  uni t  receive s stron g 
activation ,  indicatin g tha t  th e arc h schem a matche s th e 
inpu t  imag e a t  tha t  location .  A s V I S O R look s a t  othe r 
position s i n th e image ,  th e correspondin g S A M unit s 
ar e updated .  Th e schema' s outpu t  uni t  sum s u p th e 
componen t  activitie s an d indicate s ho w wel l  th e entir e 
schema matche s th e input .  I n othe r  words ,  th e com -
ponent s cooperat e i n supportin g th e schem a activation . 
The outpu t  uni t  the n send s activatio n t o th e S A M unit s 
of  higher-leve l  schemas ,  indicatin g fo r  exampl e tha t  find-
in g a n arc h i n th e middl e o f  th e scen e suggest s tha t  th e 
entir e scen e migh t  depic t  a  park .  A t  th e sam e time , 
th e par k schem a propagate s it s activit y bac k t o th e arc h 
schema indicatin g tha t  th e arc h i s indee d expecte d i n th e 
scene . 

Differen t  schema s m a y shar e identica l  o r  simila r  parts . 
For  instance ,  th e roo f  o f  a n arc h m a y loo k lik e tha t  o f 
a house .  I n thi s case ,  th e triangle-sensitiv e shap e uni t 
has a  stron g connectio n t o S A M unit s i n bot h th e arc h 
and th e hous e schema s (Fig .  1) .  I f  th e triangl e appear s 
i n th e sam e relativ e position ,  a s i s th e cas e wit h th e 
arc h an d th e house ,  the n th e activatio n o f  th e triangle -

sensitiv e uni t  propagate s t o bot h arc h an d hous e S A M s . 
Thi s way ,  wheneve r  V I S O R focuse s a t  a  ne w location , 
al l  schema s tha t  matc h th e inpu t  a t  tha t  locatio n ar e 
simultaneousl y activated .  V I S O R keep s shiftin g atten -
tio n t o othe r  position s an d ciccumulatin g activatio n i n 
it s schem a hierarch y unti l  i t  ha s see n al l  th e importan t 
input s i n th e scene .  Fo r  exampl e i n Fig .  1 ,  i n th e en d 
th e arc h schem a ha s a  large r  outpu t  activit y becaus e i t 
matche s th e inpu t  objec t  bette r  tha n th e hous e schema . 
I t  als o trie s t o suppres s th e hous e schem a throug h in -
hibitor y connection s betwee n thei r  outpu t  units .  Thus , 
th e differen t  schema s compet e t o determin e whic h on e 
bes t  matche s th e inpu t  scene . 

Th e environmen t  doe s no t  hav e t o pee k int o th e 
Schema Modul e t o determin e th e recognitio n results .  In -
stead ,  i t  receive s th e outpu t  respons e ( a label )  generate d 
by th e Respons e Modul e base d o n th e curren t  schem a ac -
tivations .  Th e Respons e Modul e play s a n importan t  rol e 
i n learnin g ne w schemas .  Fo r  example ,  le t  u s conside r 
ho w V I S O R learn s t o encod e th e arch .  Th e environmen t 
present s th e imag e o f  a n arc h t o th e L L V M an d th e arc h 
labe l  t o th e Respons e Modul e a s th e target .  A s a  re -
sul t  o f  th e interaction s amon g th e schema-nets ,  on e o f 
the m become s mos t  strongl y activated .  Ther e ar e thre e 
differen t  learnin g situations : 

1.  I f  th e mos t  activ e schema-ne t  ha s no t  ye t  encode d a 
schema ,  th e Respons e Modul e wil l  produc e n o outpu t 
response ,  an d th e environmen t  wil l  delive r  a  rewar d 
signa l  t o V ISOR .  Th e schema-ne t  weight s adap t  t o 
encod e th e spatia l  structur e o f  th e arch ,  an d th e Re -
spons e Modul e learn s t o associat e th e activatio n o f  th e 
newl y forme d arc h schem a wit h th e targe t  labe l  arch . 

2.  I f  th e mos t  activ e schema-ne t  happen s t o b e th e newl y 
forme d arc h schema ,  the n th e Respons e Modul e wil l 
produc e th e correc t  arc h labe l  a s th e response .  Th e 
environmen t  wil l  delive r  a  rewar d signa l  t o V I S O R 
and weigh t  adaptatio n take s plac e a s i n th e first  case . 

3.  I f  anothe r  schema ,  suc h a s th e house ,  become s mos t 
active ,  th e Respons e Modul e wil l  produc e th e hous e 
labe l  whic h i s incorrect .  I n thi s case ,  th e environmen t 
wil l  delive r  a  punishmen t  signa l  t o V I S O R ,  suppress -
in g th e hous e schema-net' s activatio n s o tha t  a  differ -
ent  schema-ne t  ca n becom e mos t  active .  T h e punish -
ment  signa l  i s  analogou s t o th e mismatch-rese t  signa l 
i n th e A R T networ k (Carpente r  an d Grossberg ,  1987) . 
I t  tell s  th e Schem a Modul e t o find a  differen t  schema -
net  fo r  th e spoo n withou t  specifyin g whic h one . 

VISOR' s proces s o f  matchin g input s throug h coop -
eration ,  competition ,  an d paralle l  bottom-u p an d top -
down activatio n o f  schema s als o see m t o underli e var -
iou s perceptua l  phenomena .  Th e res t  o f  thi s pape r  il -
lustrate s ho w phenomen a suc h a s priming ,  perceptua l 
reversal ,  an d circula r  reactio n ca n b e modele d i n th e VI -
S OR framework . 

Effects of Priming and Mental Imagery 

A person' s recognitio n o f  object s ca n b e facilitated ,  re -
ducin g hi s respons e time ,  b y priming ,  tha t  is ,  b y givin g 
hi m advanc e informatio n abou t  th e objec t  t o b e rec -
ognize d (Car r  e t  al. ,  1982 ;  Rabbit t  an d Vyas ,  1979) . 
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Figur e 2 :  P r i m i n g b y incomplet e activatio n o f 
schemas .  Th e graph s marke d "+v e prime "  (positiv e 
prime) ,  "-v e prime "  (negativ e prime )  an d "n o prime " 
correspon d t o th e case s wher e th e primin g inpu t  i s iden -
tica l  t o th e target ,  differen t  fro m th e target ,  an d nonex -
istent .  Positiv e primin g reduce s VISOR' s respons e time , 
and negativ e primin g increase s i t  slightly . 

The effects of priming may be mediated by many differ-
ent  processes .  Mos t  likely ,  primin g involve s transferrin g 
th e object' s representatio n fro m th e long-ter m memor y 
( L T M )  t o th e short-ter m m e m o r y ( S T M )  wher e recog -
nitio n i s carrie d ou t  (Beller ,  1971) .  I f  th e primin g ex -
posur e i s ver y brief ,  suc h transfer s m a y b e incomplete . 
On th e othe r  hand ,  afte r  priming ,  th e activitie s o f  th e 
S T M m a y begi n t o deca y toward s a n unprime d state .  I f 
th e targe t  i s presente d shortl y afte r  priming ,  the n de -
cay m a y b e onl y partia l  an d th e residua l  activitie s i n th e 
S T M woul d influenc e th e recognitio n proces s (Rabbit t 
an d Vyas ,  1979) . 

Studyin g primin g effect s i n V I S O R m a y lea d t o a 
bette r  understandin g o f  th e underlyin g neura l  mecha -
nisms .  I n V I S O R ,  th e connection s withi n an d amon g 
th e schema s correspon d t o th e L T M ,  an d th e activation s 
of  th e schema s correspon d t o th e S T M .  I n th e cas e o f  in -
complet e transfer ,  som e S A M unit s o f  th e targe t  schem a 
ar e full y  activate d whil e other s ar e no t  activate d a t  all , 
wherea s wit h residua l  activation ,  al l  th e S A M unit s tha t 
encod e objec t  part s ar e onl y partiall y  activated .  Th e 
followin g experiment s illustrat e ho w th e tw o mai n prim -
in g mechanism s aris e naturall y fro m m a p representation , 
cooperation ,  an d competitio n i n V I S O R . 

First ,  conside r  primin g b y incomplet e schem a activa -
tion .  A  primin g objec t  ( a h a m m e r  o r  pliers )  wci s pre -
sente d briefl y t o V I S O R .  V I S O R ha d enoug h tim e t o 
focu s a t  onl y tw o component s o f  th e object ,  an d onl y 
tw o o f  th e objec t  schema' s S A M unit s wer e activated . 
At  thi s time ,  th e targe t  objec t  ( a hammer )  Wci s pre -
sente d t o V I S O R ,  an d it s recognitio n tim e wa s measure d 
(Fig .  2). ^  W h e n th e primin g inpu t  wa s identica l  t o th e 
targe t  objec t  (marke d a s "-|-v e prime, "  shorthan d fo r 
positiv e priming) ,  th e h a m m e r  schem a ha d a  hea d star t 
when V I S O R bega n recognizin g th e targe t  objec t  (ste p 
1) ,  an d it s activit y reache d th e critica l  valu e 0. 8 earlier . 
W h en th e prim e differe d fro m th e targe t  (marke d a s " -
ve prime "  fo r  negativ e priming) ,  th e h a m m er  schem a 
starte d wit h a  slightl y smalle r  activit y leve l  tha n i n th e 
unprime d case ,  an d reaw;he d th e critica l  valu e later . 
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'  Recognitio n tim e refer s t o th e tim e take n fo r  th e hammer 
schema' s activit y t o reac h 0.8 ,  whic h mean s tha t  V ISO R i s 
quit e confiden t  tha t  th e inpu t  objec t  i s  a  hammer . 

Figur e 3 :  P r im in g b y residua l  activation .  A s be -
fore ,  positiv e primin g (-1-v e prime )  reduce d VISOR' s re -
spons e time ,  an d negativ e primin g (-v e prime )  increase d 
i t  slightly ,  bu t  th e slop e o f  th e positiv e primin g curv e i s 
les s steep . 

Now consider priming by residual activity. As in the 
previou s experiment ,  a  primin g objec t  ( a h a m m e r  o r  pli -
ers )  wa s presente d t o V I S O R (Fig .  3) .  Afte r  recognizin g 
th e object ,  th e activitie s o f  th e schemas '  outpu t  unit s 
and th e S A M unit s bega n t o decay .  Befor e the y reache d 
zero ,  th e targe t  objec t  (hammer )  wei s presente d t o VI -
S O R.  A s before ,  positiv e primin g reduce d VISOR' s re -
spons e tim e an d negativ e primin g increase d i t  slightly . 
However ,  th e slop e o f  th e linea r  portio n o f  th e positiv e 
primin g curv e wa s les s stee p tha n wit h primin g b y in -
complet e activation .  Thi s differenc e i s significan t  an d i s 
due t o th e difference s betwee n th e primin g mechanisms . 
I n th e cas e o f  incomplet e activation ,  tw o o f  th e h a m m er 
schema' s S A M unit s hav e alread y bee n full y activate d 
durin g priming .  I n subsequen t  recognitio n o f  th e target , 
onl y th e remainin g S A M unit s nee d t o b e activated .  Th e 
effec t  i s  t o shif t  th e "n o prime "  curv e toward s th e left , 
and th e slope s o f  th e curve s sta y identical .  I n th e cas e o f 
residua l  activation ,  al l  th e h a m m e r  schema' s S A M unit s 
ar e onl y partiall y  activated ,  an d nee d t o b e full y reac -
tivate d durin g th e recognitio n process .  A s a  result ,  th e 
positiv e primin g curv e stabilize s a t  th e sam e tim e ste p 
as th e n o primin g curve ,  bu t  ha s a  mor e gentl e slop e 
becaus e i t  start s wit h a  large r  value .  Thi s resul t  lead s 
t o a n interestin g prediction :  psychologica l  experiment s 
designe d t o revea l  suc h subtl e difference s i n primin g ef -
fect s coul d als o uncove r  th e typ e o f  neura l  mechanis m 
underlyin g priming . 

Beside s perceivin g visua l  stimuli ,  human s ca n for m 
menta l  image s tha t  resembl e th e perceive d appearanc e 
of  physica l  object s (Finke ,  1989) .  Lik e priming ,  menta l 
imager y als o influence s h u m a n visua l  perceptio n (Farah , 
1985 ;  Finke ,  1989) .  I f  th e menta l  imag e matche s th e 
targe t  stimulus ,  th e subject' s respons e tim e i s reduced ; 
otherwise ,  i t  i s  increased . 

Menta l  imager y ca n b e modele d i n V I S O R b y feedin g a 
top-dow n inpu t  directl y t o th e outpu t  uni t  o f  th e schem a 
tha t  encode s th e object .  Suc h inpu t  correspond s t o th e 
cognitiv e decisio n t o generat e a  menta l  image .  Th e top -
down inpu t  increase s th e schema' s outpu t  activit y whic h 
i n tur n feed s bac k t o th e S A M units .  Thi s feedbac k 
has t o b e quit e wea k (0.4 )  t o avoi d overwhelmin g th e 
bottom-u p input s durin g th e recognitio n process .  Con -
sequently ,  th e S A M unit s ar e onl y partiall y  activated . 

I n a n experimen t  simulatin g th e eflFect s o f  menta l  im -
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Figur e 4 :  Effect s o f  menta l  imager y o n objec t 
recognition .  Ther e i s a  larg e facilitatio n (+v e imagery ) 
and a  smal l  interferenc e effec t  (-v e imagery )  matchin g 
th e result s o f  Farah' s secon d experimen t  (Farah ,  1985) . 
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Figur e 5 :  A n amb iguou s figure  tha t  ca n b e perceive d 
eithe r  a s a  duc k o r  a  rabbit . 

agery, VISOR was first instructed to "imagine" either a 
hammer  o r  pliers .  Afte r  th e activatio n settled ,  a  ham -
mer  wa s presente d t o V I S O R fo r  recognition .  Fig .  4 
shows tha t  ther e i s a  larg e facilitatio n an d a  ver y smal l 
interferenc e effec t  matchin g th e result s o f  Farah' s (1985 ) 
experiment .  A s i n th e cas e o f  residua l  activation ,  th e 
slop e o f  th e linea r  portio n o f  th e positiv e imager y curv e 
i s les s stee p tha n tha t  o f  th e "n o imagery "  curve .  Thi s i s 
becaus e bot h th e effect s o f  menta l  imager y an d primin g 
by residua l  activit y ar e mediate d b y partia l  activation s o f 
al l  S A M units .  Thi s resul t  support s th e conjectur e tha t 
visua l  perceptio n an d menta l  imager y shar e th e sam e 
neura l  substrate s (Farah ,  1985 ;  Finke ,  1989) . 

Perceptual Reversal 

Perceptua l  reversa l  i s  anothe r  intriguin g psychologica l 
phenomeno n tha t  ca n b e naturall y replicate d i n VISOR . 
An ambiguou s figur e suc h a s Fig .  5  ca n b e perceive d ei -
the r  a s a  rabbi t  facin g righ t  o r  a s a  duc k facin g left ,  an d 
continuou s viewin g result s i n spontaneou s switchin g o f 
perceptio n fro m on e t o th e other .  Satiatio n theor y  i s cur -
rentl y th e mos t  widel y accepte d accoun t  o f  perceptua l 
reversa l  (Attneave ,  1971 ;  Babic h an d Standing ,  1981) . 
Thi s theor y hold s tha t  th e tw o percept s o f  a n ambiguou s 
figur e ar e eac h elicite d b y a  differen t  grou p o f  neurons . 
The tw o group s constantl y compet e t o establis h on e o f 
th e percepts .  Afte r  th e figure  ha s bee n viewe d contin -
uousl y fo r  som e time ,  th e currentl y dominan t  grou p o f 
neuron s become s fatigued ,  o r  satiated .  Th e othe r  grou p 
win s th e competitio n causin g th e reversa l  o f  perception . 
A majo r  weaknes s o f  th e satiatio n theor y i s tha t  satia -
tio n doe s no t  see m t o pla y a n importan t  rol e i n an y othe r 
perceptua l  phenomena ,  whic h make s i t  a  rathe r  unlikel y 
explanation .  Therefore ,  som e psychologist s hav e seeke d 
t o explai n perceptua l  reversa l  i n term s o f  cognitiv e fac -
tors ,  suc h a s attentio n an d expectation ,  tha t  subserv e 
norma l  visua l  perceptio n (Bugelsk i  an d Alampay ,  1961 ; 
Tsal  an d Kolbet ,  1985 ) 

I n VISOR ,  perceptua l  reversa l  ca n b e mediate d bot h 

•cuvil y 

.le p 

Figur e 6 :  Perceptua l  reversa l  med ia te d b y top -
d o w n input .  A  top-dow n activatio n wa s fe d alterna -
tivel y int o eithe r  th e duc k o r  rabbi t  schema' s outpu t 
unit ,  bu t  no t  both .  Consequently ,  VISOR' s perceptio n 
of  Fig .  5  switche d bac k an d fort h betwee n duc k an d rab -
bit . 

by neural satiation and by cognitive factors. VISOR 
was traine d t o recogniz e Fig .  5  a s a  duc k i n som e learn -
in g trials ,  an d a  rabbi t  i n th e others .  Afte r  training , 
V I S O R viewe d th e inpu t  figure  continuously ,  focusin g 
attentio n a t  differen t  parts .  I n th e absenc e o f  bot h cog -
nitiv e factor s an d neura l  satiation ,  V I S O R wa s unabl e 
t o determin e whethe r  th e figure  wa s a  rabbi t  o r  a  duck . 
The activitie s o f  bot h th e duc k an d th e rabbi t  schema s 
wer e approximatel y equal ,  an d ther e wa s n o reversa l  o f 
perception . 

To mode l  cognitiv e factor s suc h a s attentio n an d ex -
pectation ,  a  smal l  top-dow n inpu t  (o f  valu e 0.1 )  wa s fe d 
alternativel y int o eithe r  th e duc k o r  th e rabbi t  schema' s 
outpu t  unit ,  bu t  no t  bot h (Fig .  6) .  W h e n th e duc k 
schema receive d th e top-dow n input ,  i t  ha d a  sligh t  ac -
tivatio n advantage ,  allowin g i t  t o tur n dow n th e com -
petin g rabbi t  schem a an d attai n a  hig h activatio n level . 
W h en th e inpu t  wa s switche d t o th e rabbit ,  s o di d th e 
perception .  Consequently ,  VISOR' s perceptio n o f  Fig .  5 
switche d bac k an d fort h betwee n rabbi t  an d duck . 

Neura l  satiatio n an d recover y fro m fatigu e wer e mod -
ele d i n V I S O R wit h probabilisti c  activatio n process . 
Normally ,  a  uni t  ca n fire  a t  an y activit y level .  I f  i t  be -
comes satiated ,  it s probabilit y  o f  firing  a t  a  hig h activ -
it y leve l  i s  reduced ;  th e mor e satiation ,  th e smalle r  th e 
probability .  A  satiate d uni t  ca n stil l  fire  a t  a  lo w ac -
tivit y level ,  an d slowl y recover s fro m fatigue .  V I S O R 
agai n viewe d Fig .  5  continuously ,  repeatedl y focusin g a t 
differen t  part s o f  th e input .  A t  th e beginnin g (step s 1 -
10,  Fig .  7) ,  bot h th e duc k an d th e rabbi t  schema s ha d 
lo w activation .  Th e rabbi t  schem a satiate d mor e tha n 
th e duc k schem a a t  ste p 10 ,  an d th e duc k schem a at -
taine d a  hig h activit y leve l  o f  abou t  0. 8 (th e first  pea k 
betwee n step s 1 0 an d 20) .  Th e duc k schem a the n sa -
tiate d rapidly ,  an d VISOR' s percep t  switche d t o rabbi t 
(secon d pea k betwee n step s 1 0 an d 20) .  VISOR' s per -
ceptio n subsequentl y switche d bac k an d fort h betwee n 
rabbi t  an d duck ,  bu t  bot h wer e neve r  simultaneousl y 
active .  Th e probabilitie s o f  perceivin g a  rabbi t  an d a 
duc k wer e abou t  equal . 

Fig .  8  demonstrate s th e combine d effec t  o f  neura l  sa -
tiatio n an d cognitiv e bias .  Thi s experimen t  wa s per -
forme d i n th e sam e manne r  a s th e previou s ones ,  excep t 
tha t  a  top-dow n inpu t  o f  0.0 5 wa s fe d onl y t o th e rabbi t 
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Figur e 7 :  Perceptua l  reversa l  med ia te d b y neura l 
satiation .  VISOR' s percep t  switche d betwee n duc k an d 
rabbi t  wit h approximatel y equa l  probabilit y  fo r  each . 
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Figur e 8 :  Perceptua l  reversa l  med ia te d bo t h b y 
neura l  satiatio n a n d t o p - d o w n input .  A n inpu t  o f 
0.0 5 wEi s fe d int o th e rabbi t  schema' s outpu t  unit .  A s a 
result ,  V I S O R wa s biase d t o perceivin g th e ambiguou s 
figure  a s a  rabbi t  mor e often . 

schema's output unit. VISOR's perception still switched 
betwee n a  duc k an d a  rabbit ,  however ,  V I S O R wa s bi -
ase d int o perceivin g a  rabbi t  mor e often .  Thi s resul t 
seems t o matc h h u m a n experienc e quit e well .  Peopl e ar e 
abl e t o bia s th e perceptio n o f  a n ambiguou s figure  to -
ward s on e o r  th e other ,  bu t  canno t  totall y contro l  whic h 
percep t  t o elici t  o r  preven t  reversal s entirely . 

Thes e result s suppor t  th e suggestio n b y Lon g e t 
al.(1992 )  tha t  h u m a n perceptua l  reversa l  m a y b e medi -
ate d b y bot h neura l  satiatio n an d cognitiv e factors .  Sa -
tiatio n seem s indispensabl e sinc e w e canno t  totall y con -
tro l  whic h percep t  t o elicit ,  an d cognitiv e factor s suc h a s 
attentio n an d expectatio n ar e necessar y t o explai n per -
ceptua l  bias .  Experiment s wit h V I S O R illustrat e ho w 
bot h processe s ca n coexis t  an d interaic t  t o determin e th e 
percept . 

C i r c u l a r  R e a c t i o n 

Circula r  reactio n i s a  concep t  develope d b y Piage t  (1952 ) 
t o describ e intellectua l  developmen t  i n infants .  W h e n a n 
infant' s behavio r  b y chanc e produce s interestin g results , 
she wil l  repea t  th e behavio r  indefinitely .  Fo r  instance , 
an infan t  move s he r  ar m an d b y chanc e cause s a  to y 
attache d t o he r  cradl e t o rattle .  Th e rattlin g interest s 
her ,  an d sh e desire s t o continu e wit h it .  Ove r  a  perio d 
of  time ,  sh e learn s th e correc t  ar m movemen t  an d ca n 
no w rattl e th e to y wheneve r  sh e likes . 

Thi s exampl e illustrate s a n importan t  characteristi c 
of  circula r  reaction :  th e repeate d practic e o f  action s dis -
covere d b y chanc e induce s learnin g o f  intentiona l  actions . 
Thi s characteristi c i s  a  ver y powerfu l  learnin g principl e 
an d ha s bee n incorporate d i n neura l  networ k modelin g 

as wel l  (se e e.g .  Grossber g an d Kuperstein ,  1989) .  I t  i s 
als o centra l  i n VISOR' s learnin g o f  ne w schemais .  W h e n 
V I S O R first  encounter s a  ne w object ,  i t  focuse s atten -
tio n onl y a t  position s wher e ther e ar e input s i n th e scene . 
Afte r  V I S O R ha s forme d a  schem a fo r  th e object ,  i t  wil l 
shif t  attentio n t o place s wher e th e objec t  part s ar e ex -
pected .  I n othe r  words ,  th e shiftin g o f  attentio n evolve s 
fro m a  purel y bottom-up ,  reactiv e proces s t o top-down , 
intentiona l  behavior . 

VISOR' s attentio n shif t  i s drive n b y tw o processes :  (1 ) 
th e Low-Leve l  Visua l  Modul e ( L L V M )  alway s suggest s a 
nex t  positio n wher e ther e ar e input s i n th e scene ,  an d 
(2 )  th e activ e schema s sugges t  position s wher e input s 
ar e expected .  V I S O R prefer s smal l  shift s suggeste d b y 
highl y activ e schemas .  Conside r  th e exampl e o f  learn -
in g t o encod e a  h a m m er  (Fig .  9) .  Fro m th e first  pre -
sentatio n o f  th e hammer ,  a n initiall y  rando m schem a 
starte d t o encod e it s  spatia l  structure .  It s  shif t  sug -
gestion s wer e rando m becaus e n o informatio n ha d bee n 
encode d (Fig .  9b) .  Th e schem a wa s als o ver y weakl y 
activate d becaus e i t  di d no t  matc h th e inpu t  well .  Con -
sequently ,  th e LLVM' s suggestion s wer e alway s chose n 
by V ISOR .  A t  thi s stage ,  V I S O R wa s onl y reactin g t o 
position s tha t  happene d t o hav e inputs . 

Th e weigh t  change s mad e durin g learnin g ar e small , 
and i t  take s severa l  presentation s fo r  th e schem a t o lear n 
an accurat e representatio n o f  th e object' s spatia l  struc -
ture .  Halfwa y throug h th e process ,  th e nex t  position s 
suggeste d b y th e h a m m er  schem a consiste d o f  a  mixtur e 
of  correc t  position s an d rando m suggestion s (Fig .  9c) . 
Afte r  sufficien t  training ,  th e schem a networ k learne d 
th e structur e o f  th e hammer ,  an d it s activit y wa s larg e 
enoug h s o tha t  it s suggestion s wer e alway s adopte d b y 
V ISOR.  V I S O R wa s n o longe r  jus t  reactin g t o th e input s 
i n th e scene ;  instead ,  i t  decide d wher e t o focu s attentio n 
accordin g t o wher e input s wer e expected—a n ac t  o f  in -
tention . 

To demonstrat e tha t  V I S O R wa s indee d shiftin g b y 
intention ,  a  h a m m er  withou t  th e cla w (componen t  c ) 
was presente d t o V I S O R fo r  recognition .  A s show n i n 
Fig .  9d ,  V I S O R stil l  focuse d attentio n a t  positio n c  eve n 
thoug h n o inpu t  wa s present ,  becaus e i t  wa s a  positio n 
wher e a  par t  wa s expected . 

Thi s experimen t  show s tha t  V I S O R learn s intentiona l 
action s gradually .  Initially ,  V I S O R shift s position s o f 
attentio n onl y accordin g t o actua l  presenc e o f  inputs . 
As th e schem a graduall y learn s t o represen t  th e object' s 
structure ,  a  mixtur e o f  refle x actio n an d intentiona l  ac -
tio n i s observed .  Afte r  sufficien t  learning ,  V I S O R shift s 
position s accordin g t o wha t  i t  expect s i n th e input .  Cir -
cula r  reactio n ha s bee n establishe d a s a n importan t  prin -
cipl e i n infants '  learnin g o f  moto r  actions .  Thi s exper -
imen t  wit h V I S O R show s tha t  th e sam e principl e m a y 
be involve d i n learnin g o f  visua l  schemai s a s well . 

Conclusion 

Cooperation, competition, and parallel bottom-up and 
top-dow n processin g appea r  t o underli e m a n y huma n 
perceptua l  phenomena .  Thes e principle s ar e als o incor -
porate d i n V I S O R ,  an d consequently ,  V I S O R exhibit s 
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Figur e 9 :  Learnin g t o recogniz e a  h a m m e r ,  (a )  Th e outlin e o f  th e hammer  input .  Position s a- e denot e th e 
location s o f  objec t  parts ,  an d position s x ,  y ,  an d z  ar e othe r  possibl e position s i n th e visua l  field,  (b )  A t  th e beginning , 
VISOR focuse d attentio n a t  position s suggeste d b y th e L L V M ,  i.e. ,  wher e ther e wer e input s (curr :  curren t  position , 
schema:  schema' s suggestion ,  L L V M :  LLVM' s suggestion) ,  (c )  A s th e hammer  schem a graduall y learne d t o represen t 
th e structur e o f  th e hammer ,  i t  bega n suggestin g location s wher e input s wer e expected .  However ,  sinc e th e schem a 
was no t  ye t  full y  developed ,  i t  stil l  suggeste d a  mislocate d positio n (x) .  (d )  Afte r  sufficien t  learning ,  a  h a m m er 
withou t  th e cla w (componen t  c )  wa s presente d t o VISOR .  Th e hammer  schem a alway s suggeste d position s wher e 
input s wer e expected ,  includin g c ,  an d it s suggestion s wer e alway s adopte d b y VISOR . 

behavio r  tha t  correspond s closel y t o huma n visua l  per -
ceptio n an d learning .  B y studyin g th e mechanism s re -
sponsibl e fo r  visor' s behavior ,  i t  i s  possibl e t o gai n 
insigh t  int o ho w simila r  processe s migh t  tak e plac e i n 
th e huma n visua l  system .  Experiment s wit h V I S O R 
illustrat e th e similarit y an d subtl e difference s betwee n 
th e mechanism s mediatin g primin g an d menta l  imagery . 
They sho w ho w th e tw o opposin g account s o f  perceptua l 
reversal ,  namel y neura l  satiatio n an d cognitiv e factors , 
may bot h contribut e t o th e phenomenon .  Learnin g ex -
periment s demonstrat e ho w intentiona l  action s ca n b e 
learne d graduall y fro m refle x action— a characteristi c o f 
circula r  reactio n believe d t o underli e intellectua l  devel -
opment  i n huma n infants . 

Acknowledgements 

Thi s researc h wa s supporte d i n par t  b y NS F gran t  #IRI -
9309273 . 

Reference s 

Arbib ,  M .  A .  (1986) .  Schema s an d perception :  Perspec -
tive s fro m brai n theor y an d artificia l  intelligence .  I n 
Schwab,  E .  C ,  an d Nusbaum ,  H .  C .  (Eds) ,  Patter n 
Recognitio n b y H u m a n s an d Machines ,  vol .  2 :  Vi -
sual  Perception .  Sa n Diego ,  C A :  Academi c Press . 

Attneave ,  F .  (1971) .  Multistabilit y i n perception .  Sci -
entifi c  American ,  225:63-71 . 

Babich ,  S. ,  an d Standing ,  L .  (1981) .  Satiatio n effect s 
wit h reversibl e figures.  Perceptua l  an d Moto r  Skills , 
52:203-210 . 

Beller ,  H .  K .  (1971) .  Priming :  Effect s o f  advanc e in -
formatio n o n matching .  Experimenta l  Psychology , 
87:176-182 . 

Bugelski ,  B .  R. ,  an d Alampay ,  D .  A .  (1961) .  Th e rol e o f 
frequenc y i n developin g perceptua l  sets .  Canadia n 
Journa l  o f  Psychology ,  15:205-211 . 

Carpenter ,  G .  A. ,  an d Grossberg ,  S .  (1987) .  A  mas -
sivel y paralle l  architectur e fo r  a  self-organizin g neu -
ra l  patter n recognitio n machine .  Compute r  Vision , 
Graphics ,  an d Imag e Processing ,  37:54-115 . 

Carr ,  T .  H. ,  McCauley ,  C ,  Sperber ,  R .  D. ,  an d 
Parmelee ,  C .  M .  (1982) .  Words ,  pictures ,  an d prim -
ing :  O n semanti c activation ,  consciou s identifica -
tion ,  an d th e automaticit y o f  informatio n process -

ing .  Experimenta l  Psychology :  H u m a n Perceptio n 
and Performance ,  8:757-777 . 

Draper ,  B .  A. ,  Collins ,  R .  T. ,  Brolio ,  J. ,  Hanson ,  A .  R. , 
and Riseman ,  E .  M .  (1989) .  Th e Schem a System . 
Internationa l  Journa l  o f  Compute r  Vision ,  2:209 -
250 . 

Farah ,  M.J .  (1985) .  Psychologica l  evidenc e fo r  a  share d 
representationa l  mediu m fo r  menta l  image s an d per -
cepts .  Experimenta l  Psychology :  General ,  114:91 -
103. 

Finke ,  R .  A .  (1989) .  Principle s o f  Menta l  Imagery .  C a m -
bridge ,  M A :  M I T Press . 

Grossberg ,  S. ,  an d Kuperstein ,  M .  (1989) .  Neura l  Dy -
namic s o f  Adaptiv e Sensory-Moto r  Control .  N e w 
York :  Pergamo n Press . 

Leow,  W .  K .  (1994) .  VISOR :  Learnin g Visua l  Schema s 
m Neura l  Network s fo r  Objec t  Recognitio n an d 
Scene Analysis .  P h D thesis .  Departmen t  o f  C o m -
pute r  Sciences ,  th e Universit y o f  Texa s a t  Austin . 

Leow,  W .  K. ,  an d Miikkulainen ,  R .  (1993) .  Representin g 
visua l  schema s i n neura l  networks  fo r  objec t  recog -
nition .  I n Proceeding s o f  Internationa l  Conferenc e 
on Neura l  Networks ,  vol .  Ill ,  1612-1617 . 

Long ,  G .  M. ,  Toppino ,  T .  C ,  an d Mondin ,  G .  W .  (1992) . 
Prim e time :  Fatigu e an d se t  effect s i n th e perceptio n 
of  reversibl e figures.  Perceptio n &  Psychophysics , 
52:609-616 . 

Mozer ,  M .  C ,  an d Behrmann ,  M .  (1990) .  O n th e interac -
tio n o f  selectiv e attentio n an d lexica l  knowledge :  A 
connectionis t  accoun t  o f  neglec t  dyslexia .  Cognitiv e 
Neuroscience ,  2:96-123 . 

Olshausen ,  B .  A. ,  Anderson ,  C .  H. ,  an d Va n Essen ,  D .  C . 
(1993) .  A  neurobiologica l  mode l  o f  visua l  attentio n 
and invarian t  patter n recognitio n base d o n dynami c 
routin g o f  information .  Neuroscience ,  13:4700-4719 . 

Piaget ,  J .  (1952) .  Th e Origin s o f  Intelligenc e i n Chil -
dren .  Internationa l  Universit y Press . 

Rabbitt ,  P. ,  an d Vyas ,  S .  (1979) .  Memor y an d data -
drive n contro l  o f  selectiv e attentio n i n continuou s 
tasks .  Canadia n Journa l  o f  Psychology ,  33:71-87 . 

Tsal ,  Y. ,  an d Kolbet ,  L .  (1985) .  Disambiguatin g ambigu -
ous figures  b y selectiv e attention .  Quarterl y Journa l 
of  Experimenta l  Psychology :  H u m a n Experimenta l 
Psychology ,  37:25-37 . 

565 


	cogsci_1994_560-565



