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Scannin g o f  Natura l  Visua l  Scenes :  H o w Cognitiv e an d Sensor y M e c h a n i s m s 

W o r k Togethe r  t o Contro l  Saccade s 

Eileen Kowler, James McGowan, Dan Bahcall, David Melcher and Christian Araujo 
Departmen t  o f  Psycholog y 

Rutger s Universit y 
N e w Brunswick .  N J 0890 3 

{ k o w l e r / b a h c a l l , c a r a u j o } a p s y c h . r u t g e r s . e d u 
j  a m e s m a f r i t h . r u t g e r s . e d u ,  i n e l c h e r « r u c c s . r u t g e r s . e d u 

Th e abilit y  t o us e saccadi c ey e movement s t o brin g th e 

lin e o f  sigh t  t o target s o f  choic e i n natura l  visua l  scene s i s 
trul y on e o f  th e mos t  remarkabl e moto r  skill s  huma n be -
ing s possess .  W e manag e t o loo k precisel y wher e w e wan t 
whil e scarcel y bein g awar e o f  makin g an y effor t  t o contro l 
th e movements .  H o w d o w e d o it ? Conside r  th e specifi c  chal -
lenge s presente d b y an y scannin g task : 

The natura l  target s fo r  saccade s ar e spatially-extende d ob -
jects .  A t  th e sam e time ,  th e lin e o f  sigh t  mus t  lan d a t  a  singl e 
spatia l  positio n withi n th e object .  Thi s singl e landin g posi -
tio n i s no t  determine d b y deliberat e effort :  whe n w e sca n a 
scen e it' s  object s w e thin k abou t  lookin g a t  -  faces ,  flowers 
or  coffe e cup s -  no t  tip s o f  noses ,  petal s o r  rims.  Presumably , 
some involuntar y sensor y o r  sensorimoto r  proces s operate s 
on th e visua l  informatio n withi n th e chose n targe t  an d com -
pute s a  singl e saccadi c landin g position .  Yet ,  computatio n o f 
th e landin g positio n canno t  b e completel y immun e t o volitio n 
becaus e fo r  u s t o b e abl e t o loo k wher e w e wish ,  an y influ -
enc e o f  visua l  signal s fro m irrelevan t  background s mus t  b e 
eliminated . 

Recent  researc h i n ou r  laborator y ha s she d ligh t  o n h o w vo -
litiona l  an d involuntar y mechanism s wor k togethe r  t o direc t 
saccade s accuratel y i n natura l  visua l  scenes .  Thi s wor k ha s 
supporte d a  two-stag e mode l  o f  saccadi c control ,  i n whic h 
selectio n o f  th e targe t  objec t  b y mean s o f  attentiona l  alloca -
tio n precede s a  spatial-poolin g proces s tha t  compute s a  cen -
tra l  locatio n withi n th e attende d object .  Thi s centra l  locatio n 
the n serve s a s th e targe t  fo r  th e saccade .  Thes e assertion s ar e 
supporte d b y th e followin g experimenta l  results : 

(1 )  Saccade s ar e precede d b y a  shif t  o f  spatia l  attentio n t o 
th e target .  Concurren t  measurement s o f  saccadi c an d percep -
tua l  performance ,  analyze d b y mean s o f  attentiona l  operatin g 
characteristic s (AOCs) ,  hav e show n tha t  makin g a  saccad e 
t o on e locatio n impair s th e perceptibilit y  o f  target s a t  othe r 
locations .  Th e attentiona l  cos t  o f  saccade s prove d t o b e sur -
prisingl y modest ;  accurat e perceptua l  identificatio n o f  target s 
at  non-goa l  location s require d onl y a  1 0 - 2 0 % increas e i n th e 
latenc y o f  saccade s (Kowler ,  Anderson ,  Doshe r  an d Blaser , 
1995) .  Analogou s experiment s requirin g th e concurren t  per -
ceptua l  identificatio n o f  tw o target s showe d comparabl e in -
terference ,  whic h increase d th e close r  th e target s wer e t o on e 
anothe r  Suc h interferenc e woul d ai d saccadi c localizatio n 
becaus e i t  show s tha t  attendin g t o on e targe t  effectivel y in -

hibit s th e processin g o f  nearb y target s an d reduce s thei r  po -

tentia l  fo r  attractin g th e lin e o f  sigh t  (Bahcal l  an d Kowler , 
1995) . 

(2 )  Saccade s lan d a t  precis e location s withi n spatially -
extende d targets .  Thi s leve l  o f  precisio n ha s bee n demon -
strate d whe n subject s direc t  saccade s t o th e "targe t  a s a 
whole "  rathe r  tha n t o an y specifi c  plac e withi n it .  Saccadi c 
precisio n i s excellent ,  wit h standar d deviation s o f  landin g po -
sition s equa l  t o abou t  6 % o f  eccentricity ,  a  valu e onl y slightl y 
greate r  tha n th e S D s observe d i n analogou s perceptua l  local -
izatio n tasks .  Th e precisio n o f  saccade s i s unaffecte d b y in -
crease s i n targe t  siz e (Kowle r  an d Blaser ,  1995 )  an d decrease s 
i n targe t  contrast . 

(3 )  Saccade s directe d t o spatially-extende d target s lan d 
clos e t o (bu t  no t  precisel y at )  th e center-of-gravity .  Thi s wa s 
observe d fo r  differen t  type s o f  targets ,  i.e. ,  pattern s o f  ran -
d o m dot s ( M c G o w a n e t  al ,  1996) ,  an d outlin e drawing s o f  a 
variet y o f  simpl e shapes .  Statistica l  analyse s o f  landin g posi -
tion s obtaine d wit h th e rando m do t  pattern s sho w tha t  land -
in g positio n wa s determine d b y poolin g informatio n acros s 
th e form ,  wit h n o differentia l  weightin g o f  dot s accordin g t o 
locatio n (i.e. ,  nea r  vs .  fa r  eccentricities ;  boundar y vs .  centra l 
locations) .  Differentia l  spatia l  weightin g di d no t  accoun t  fo r 
th e smal l  bu t  reliabl e departure s o f  landin g positio n fro m th e 
center-of-gravity . 

We conclud e tha t  effective ,  an d relativel y effortless ,  sac -
cadi c localizatio n o f  target s i n natura l  scene s i s accomplishe d 
by allocatio n o f  attentio n t o th e targe t  objec t  followe d b y a 
spatial-poolin g proces s tha t  compute s th e target' s cente r  o f 
gravity .  Th e lin k betwee n saccade s an d attentio n mean s tha t 
no specia l  selectio n proces s i s neede d t o determin e th e sac -
cadi c goal .  Saccade s wil l  b e directe d t o th e objec t  yo u ar e 
intereste d i n a t  th e tim e th e movemen t  i s triggered ,  wit h n o 
additiona l  se t  o f  decision s required .  Th e modes t  attentiona l 
cost s o f  saccade s mean s tha t  saccadi c localizatio n wil l  inter -
fer e onl y minimall y wit h th e concurren t  perceptua l  o r  cogni -
tiv e processin g o f  object s a t  location s othe r  tha n th e saccadi c 
goal .  Th e hig h leve l  o f  saccadi c precisio n observe d wit h a 
wid e variet y o f  spatially-extende d target s show s tha t  lower -
leve l  sensor y an d sensorimoto r  mechanism s conuibut e negli -
gibl e nois e t o th e localizatio n process .  Thi s lo w leve l  o f  nois e 
open s th e wa y fo r  cognitiv e decision s (conveyed ,  perhaps ,  b y 
shift s i n th e distributio n o f  attention )  t o pla y th e majo r  rol e 
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i n determinin g landin g position .  Al l  i n all ,  th e mechanism s 

responsibl e fo r  directin g saccade s appea r  t o be  remarkabl y 
suite d t o mee t  th e requirement s o f  natura l  scanning :  accurat e 

and precis e localizatio n achieve d wit h minima l  deman d o n 

cognitiv e resources . 
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