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At t rac t i n g A t t e n t i o n 

Participants and Paper Titles 

Patrick Cavanagh (Harvard) - Pursuing moving objects with attention 

Ken Nakayama (Harvard) - Visual search and its relation to depth cues 

Jeremy Wolfe (MIT) -Three Aspects of the Parallel Guidance of Visual Attention 

Steven Yantis (Johns Hopkins) - Attentional Priority in Vision 

Chmr 
Ann e Treisma n (Berkeley ) 

Tntroduction 

The early stages of visual processing appear to operate in parallel across the entire visual 

field .  Ther e ar e retinotopi c array s o f  neuron s tha t  appea r  t o suppor t  th e processin g o f  basi c 

feature s suc h a s size ,  color ,  orientation ,  an d s o fortf i  (VanEssa n an d Maunsell ,  1983 )  bu t 

not  o f  mor e elaborat e propertie s (e.g .  conjunction s o f  tw o basi c feature s -  Treisma n an d 

Gelade ,  1980 ;  Wolfe ,  Cave ,  an d Franzel ;  1989 ;  Treisma n an d Sato ,  1990) .  Paralle l 

processin g i s no t  feasibl e fo r  al l  visua l  tasks .  Th e brai n i s simpl y no t  larg e enoug h (e.g . 

Tsotsos ,  1990) .  Th e paralle l  stag e seem s t o b e restricte d t o a  fe w simpl e operation s o n a 

fe w basi c feature s (e.g .  Wolf e e t  al ,  1990) .  Fo r  mor e comple x visua l  tasks ,  th e abilit y  t o 

perfor m thes e task s i s restricte d t o a  portio n o f  th e visua l  field .  Fo r  man y tasks ,  th e relevan t 

portio n o f  fiel d i s no t  fixe d bu t  ca n b e selecte d b y attention .  Thus ,  th e large-scal e 

architectur e o f  th e visua l  syste m seem s t o consis t  o f  a  paralle l  fron t  en d leadin g t o a 

processin g bottieneck .  Afte r  th e bottieneck ,  th e field  o f  actio n o f  variou s Umita i  capacit y 

processe s ca n b e move d abou t  unde r  attentiona l  control .  Experimenta l  evidenc e suggest s 

tha t  thos e movement s ca n occu r  a t  a  rat e o f  15-2 5 movement s pe r  secon d (e.g .  Sag i  an d 

Julesz ,  1986 )  thoug h thi s rat e m a y b e muc h slowe r  i f  attentio n become s "engaged "  a t  on e 
locu s (Mackebe n an d Nakayama ,  1988) . 

For real-world visual tasks, it is not practical to allow visual attention to wander about the 

visua l  fiel d a t  random .  T o us e thi s architectur e efficientiy ,  th e paralle l  stag e shoul d guid e 

th e deploymen t  o f  attention .  I n thi s fashion ,  attentio n coul d focu s limite d capacit y 

processe s wher e the y ar e neede d an d no t  wast e tim e o n sophisticate d processin g o f  th e 

wron g par t  o f  th e visua l  field . 

While the logic of having a high capacity, parallel stage guide subsequent, limited capacity 

processe s seem s clear ,  i t  i s no t  entirel y clea r  h o w tha t  guidanc e i s provided .  A s note d 

above ,  th e paralle l  stag e ha s ver y limite d capabilities .  I n thi s symposiu m w e inten d t o 

discus s th e natur e o f  thos e limitation s an d th e mechanic s o f  attractin g attention . 
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P u r s u i n g m o v i n g object s wi t h attention . 

Patrick Cavanagh 
Dept .  o f  Psychology ,  Harvar d U ,  Cambridge ,  M A 0213 8 

When an observer fixates a point in space but attends to a moving object, there is a clear 

perceptio n o f  motion .  Ther e ar e tw o possibl e source s fo r  tha t  perception .  I t  m a y b e du e t o 

th e selectio n o f  th e low-leve l  motio n signal s generate d b y th e objec t  o r  i t  m a y b e derive d 

fro m th e signal s generate d b y th e attentio n syste m i n orde r  t o trac k th e object .  Thi s secon d 

possibilit y  i s  ver y m u c h lik e th e efferen t  cop y mode l  fo r  th e perceptio n o f  targe t  motio n 

durin g pursui t  ey e movements .  Th e targe t  doe s no t  m o v e o n th e retin a durin g th e trackin g 

ey e movement s bu t  i t  i s  nevertheles s perceive d t o m o v e i n space .  Accordin g t o th e efferen t 

cop y model ,  thi s motio n percep t  i s  derive d from  th e ey e movemen t  signal s require d t o trac k 

th e targe t 

To study whether the perceived motion of objects tracked without eye movements is 

derive d fro m a  simila r  bu t  cover t  signal ,  trackin g experiment s wer e ru n usin g counterphas e 

gratings .  A  counterphas e gratin g i s th e su m o f  tw o identica l  grating s movin g i n opposit e 

directions ,  lef t  an d right,  fo r  example .  Th e stimulu s contain s n o ne t  motio n bu t  i f  i t  i s 

tracke d wit h ey e movement s i n eithe r  direction ,  a  movin g gratin g i s seen .  T o eliminat e 

trackin g ey e movements ,  a  radial ,  counterphas e gratin g wa s constructe d withi n a  circula r 

annulus .  A  radia l  gratin g rotatin g clockwis e wa s adde d t o a  radia l  gratin g rotatin g 

counterclockwise ,  producin g a  counteiphasin g grating . 

When an observer fixated the center of the radial grating, no net motion was evident. 

However ,  i f  th e observe r  attende d t o individua l  spoke s (whil e stil l  fixating  th e center) ,  a 

clea r  impressio n o f  motio n wa s produce d i n th e directio n o f  th e attentiona l  trackin g an d thi s 

directio n coul d the n b e change d a t  will .  Observer s mos t  ofte n reporte d attendin g t o a  pai r  o f 

symmetricall y oppose d spoke s i n th e gratin g an d followin g thei r  motio n aroun d th e 

annulus .  Whil e attendin g t o a  give n pai r  o f  spokes ,  th e remainin g area s o f  th e annulu s di d 

not  appea r  t o rotat e clearl y i n eithe r  direction .  Wit h practice ,  attentio n coul d b e directe d t o 

othe r  pattern s o f  spoke s suc h a s a  triple-pointe d "Mercedes-Benz "  symbo l  o r  a  four-poin t 

cross .  Th e attende d region s i n thes e pattern s o f  spoke s wer e no t  contiguous ,  bu t  al l  th e 

spoke s i n th e attende d patter n rotate d i n th e sam e direction . 

These results demonstrate that attention can track moving elements of an ambiguous display 

and disambiguat e on e directio n o f  motio n i n a  compoun d stimulus .  Th e abilit y  t o atten d t o 

differen t  grouping s o f  element s (pairs ,  three-pointe d an d four-pointe d stars )  suggest s a 

higher-orde r  motio n proces s tha t  use s simpl e form s a s plac e keeper s t o grou p separat e 

element s int o a  uni t  tha t  ca n b e tracke d ove r  time.  Thi s proces s m a y b e relate d t o th e place -

keepin g proces s tha t  Pylyshy n an d Stor m studie d wit h field s o f  independenti y movin g 

luminanc e disks . 

A second experiment showed that the motion perceived during attentional tracking is based 

on a  higher-orde r  motio n analysi s tha t  differ s greati y from  low-leve l  motio n i n it s  relativ e 

sensitivit y t o luminanc e an d color .  A  clockwis e gratin g define d b y luminanc e wa s adde d t o 

a counterclockwis e gratin g define d b y color .  Th e contras t  o f  th e luminanc e gratin g wa s 

adjuste d unti l  neithe r  directio n o f  rotatio n dominate d whe n fixating  th e cente r  o f  th e 

annulus .  A t  thi s point ,  a  smal l  increas e i n th e contras t  o f  th e luminanc e gratin g produce d a n 

impressio n o f  globa l  rotatio n i n th e directio n o f  th e luminanc e grating(clockwise )  wherea s a 

smal l  decreas e produce d a n impressio n o f  globa l  rotatio n i n th e directio n o f  th e colo r 

gratin g (counterclockwise) .  Wit h th e tw o direction s o f  motio n balance d an d eye s fixated  a t 

1046 



th e center ,  observer s coul d easil y trac k th e counterclockwis e motio n o f  th e colo r  gratin g 

when aske d t o atten d t o individua l  spokes .  However ,  the y coul d no t  trac k th e luminanc e 

spoke s rotatin g i n th e opposit e direction .  I n fact ,  ver y littl e contras t  (abou t  1 0 % )  wa s 

require d i n th e luminanc e gratin g t o reac h th e poin t  o f  motio n balance .  I n th e presenc e o f 

th e colo r  pattems ,  th e 1 0 % contras t  luminanc e pattern s wer e difficul t  t o se e an d i t  i s 

reasonabl e t o assum e tha t  th e eas e o f  trackin g patter n element s depend s o n th e visibilit y  o f 

th e pattems .  O n th e othe r  hand ,  visibilit y  i s  no t  suc h a n importan t  facto r  fo r  th e low-leve l 

motio n system .  Th e result s here ,  a s wel l  a s previou s results ,  sho w tha t  a  luminanc e 

stimulu s produce s a  stron g low-leve l  motio n signa l  eve n whe n i t  i s  barel y visibl e wherea s a 

colo r  stimulu s produce s onl y a  wea k low-leve l  motio n signa l  eve n thoug h i t  i s  highl y 

visible . 

When the low-level motion signals from the color and luminance gratings were balanced in 

th e stimulus ,  n o ne t  motio n wa s see n i n eithe r  directio n withou t  attentio n t o individua l 

elements .  Selectio n o f  low-leve l  signal s ca n therefor e b e rule d ou t  a s th e sourc e o f  th e 

perceptio n o f  motio n durin g trackin g because ,  base d o n low-leve l  signals ,  i t  shoul d b e a s 

eas y t o trac k th e motio n o f  th e luminanc e element s a s tha t  o f  th e colo r  elements .  TTi e result s 

therefor e sugges t  tha t  th e impression s o f  motio n durin g trackin g mus t  b e derive d from  th e 

signal s tha t  displac e th e trackin g window .  Indeed ,  althoug h th e rotatin g colo r  grating s 

appeare d t o slo w dow n o r  eve n sto p whe n th e color s wer e equiluminous ,  th e motio n o f  th e 

colo r  element s re-emerge d whe n the y wer e bein g tracked . 

V i sua l  sea rc h a n d it s relatio n t o d e p t h cue s 

Ken Nakayama 

Dept .  o f  Psychology ,  Harvar d U ,  Cambridge ,  M A 0213 8 

Some conjunctive searches can be done in parallel. That is, there is no increase in reaction 

tim e a s th e numbe r  o f  item s i s increased .  Othe r  conjunctiv e searche s (usin g differen t 

visua l  dimensions) ,  however ,  ar e mor e difficul t  an d reactio n tim e increase s fo r  increasin g 

set  sizes .  Ou r  workin g hypothesi s i s tha t  featur e groupin g amon g som e visua l  dimension s 

i s stronge r  tha n i n others .  I n particular ,  thos e feature s whic h reliabl y co-var y wit h th e 

distanc e o f  surface s i n rea l  worl d scene s see m mos t  likel y t o suppor t  grouping .  A s such , 

ther e i s th e tendenc y fo r  paralle l  conjunctiv e searc h t o b e mos t  prominen t  fo r  task s 

employin g th e dimension s o f  binocula r  disparity ,  size ,  spatia l  frequency,  an d motio n a s 

oppose d t o colo r  an d orientation/form . 

In a new series of experiments designed to evaluate the nature of perceptual grouping in 

visua l  searc h tasks ,  Mar y Brav o an d I  hav e show n ver y differen t  finding s dependin g o n 

whethe r  th e observe r  ha s knowledg e o f  th e targe t  color .  W e fin d tha t  whe n th e colo r  o f  a 

targe t  i s  unchange d from  tria l  t o tria l  (th e observe r  i s searchin g fo r  a  know n target) , 

performanc e i s unaffecte d b y th e numbe r  o f  distractors .  W h e n th e colo r  o f  a  targe t  i s 

change d from  tria l  t o tria l  (th e observe r  i s searchin g fo r  a n unknow n target) ,  reactio n time s 

decreas e wit h increasin g number s o f  distractors .  Th e importanc e o f  distracto r  numbe r  i n 

th e searc h fo r  a n unknow n targe t  i s  eve n greate r  whe n targe t  an d distractor s ar e randoml y 

distribute d acros s tw o disparit y planes . 
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T h r e e Aspect s o f  th e Paralle l  G u i d a n c e o f  Visua l  Attentio n 

Jeremy M Wolfe 
Dept .  o f  Brai n an d Cognitiv e Sciences ,  MIT ,  Cambridge ,  M A 0213 9 

As noted in the Introduction, visual processing can be crudely divided into two parts: A 

"front-end "  capabl e o f  processin g a  fe w simpl e feature s i n paralle l  acros s th e visua l  fiel d 

and a  "back-end "  consistin g o f  mor e powerfu l  processe s tha t  ca n operat e ove r  onl y a 

restricte d portio n o f  th e visua l  field .  Thes e processe s ca n b e directe d t o differen t  part s o f 

th e fiel d b y attention .  T o m o v e th e limite d capacit y processe s i n a  sensibl e an d efficien t 

manner ,  attentio n shoul d b e guide d b y informatio n collecte d i n parallel .  Th e Guide d Searc h 

model  (Wolfe ,  Cave ,  an d Franzel ,  1989 ;  Cav e an d Wolfe ,  1990 )  i s a n effor t  t o understan d 

tha t  guidanc e i n th e contex t  o f  visua l  search .  I n a  visua l  searc h task ,  a  subjec t  look s fo r  a 

targe t  ite m (o r  items )  amon g a  variabl e numbe r  o f  distracto r  items .  Variou s measure s o f 

performanc e m a y b e use d (e.g .  Klei n an d Farrell ,  1989 ;  Berge n an d Julesz ,  1983) .  I n ou r 

experiments ,  w e follo w Treisma n (1988 )  i n measurin g reactio n tim e (RT )  a s a  functio n o f 

th e tota l  numbe r  o f  item s presented .  S o m e searc h task s yiel d highl y efficien t  searches , 

independen t  o r  nearl y independen t  o f  se t  size .  Th e cleares t  example s ar e searche s fo r  a 

targe t  define d b y a  simpl e featur e (color ,  size ,  etc )  presente d amon g homogeneou s 

distractor s (e.g .  a  re d targe t  amon g gree n distractors )  (Treisma n an d Souther ,  1985 ; 

Dunca n an d Humphreys ,  1989) . 

When simple feature information is of no use, RTs increase linearly with set size. The 

increas e i s twic e a s grea t  fo r  target-absen t  trial s a s fo r  target-presen t  trials .  Thes e result s ar e 

consisten t  wit h a  self-terminatin g searc h governe d b y seria l  movement s o f  attentio n a t  a  rat e 

of  40-6 0 msec/item .  (e.g .  Sag i  an d Julesz ,  1986) .  A  searc h fo r  a  "T "  amon g "L" s i s a n 

exampl e o f  suc h a  search .  I f  th e T s an d L s ca n rotate ,  the y ca n b e distinguishe d onl y b y 

determinin g th e relativ e positio n o f  th e tw o lin e segments .  Thi s tas k appear s t o requir e 

seria l  deploymen t  o f  attention . 

From the vantage point of Guided Search, the most interesting cases are those where 

simpl e featur e informatio n i s presen t  eve n i f  n o singl e featur e i s adequat e t o differentiat e 

targe t  an d distractors .  A n exampl e i s th e searc h fo r  a  conjunctio n o f  tw o features .  I f  th e 

targe t  i s a  re d vertica l  ite m whil e th e distt-actor s ar e re d horizonta l  an d gree n vertical ,  n o 

singl e featur e ca n b e use d t o discriminat e target s from  distractors .  However ,  i f  attentio n ca n 

be guide d towar d "red "  item s an d towar d "vertical "  items ,  th e combinatio n o f  thes e tw o 

source s o f  guidanc e coul d direc t  attentio n towar d "re d vertical "  items .  Guide d searc h fo r  a 

conjunctio n o f  tw o basi c feature s ca n b e muc h mor e efficien t  tha n a  searc h wher e n o 

guidanc e i s possible .  (Wolfe ,  Cave ,  an d Franzel ,  1989 ;  Egeth ,  Virzi ,  an d Garbart ,  1984 ; 

N a k a y a ma an d Silverman ,  1986 ;  Treisma n an d Sato ,  1990) . 

In the Guided Search model, attention is guided by the activation in the parallel stage. There 

ar e tw o component s t o paralle l  stag e activation .  Bottom-u p activatio n i s a n accelerating , 

non-linea r  functio n o f  th e mea n o f  th e difference s betwee n a n ite m an d othe r  item s i n it s 

neighborhood .  Top-dow n activatio n i s a  functio n o f  th e similarit y betwee n a n ite m an d th e 

interna l  representatio n o f  th e target .  Thes e activation s ar e compute d independentl y wit h 

eac h paralle l  featur e module .  Thus ,  i n a  searc h fo r  a  re d vertica l  item ,  ther e woul d b e 

relevan t  bottom-u p activation s from  bot h colo r  an d orientatio n module s base d o n loca l 

variation s i n thos e features .  Further ,  ther e woul d b e independen t  top-dow n activatio n i n th e 

same module s base d o n th e similarit y o f  eac h ite m t o "red "  fo r  th e colo r  modul e an d 

"vertical "  fo r  th e orientatio n module .  Al l  activation s ar e s u m m e d an d perturbe d b y noise . 
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Attentio n move s from  locatio n t o locatio n o n th e basi s o f  tota l  activatio n startin g wit h th e 

most  activ e an d continuin g unti l  th e activatio n fall s  belo w som e threshold .  (Se e Cav e an d 

Wolfe ,  1990 ,  fo r  details ) 

In this paper, we will discuss three aspects of the parallel guidance of attention: 

n Bottom-up activation can be based on local contrast, independent of stimulus identity. 

Conside r  th e followin g tas k (Eac h patter n stand s fo r  a  differen t  color) . 

WJ I' l 
i m '̂ . 

T^TTTr m 

i I 

I 
I 
I 

I 

POSSIBLE TARGETS POSSIBLE D ISTRACTORS 

I t  i s eas y t o find  thes e target s becaus e the y contai n a  hig h chromati c contras t  edge .  I t  i s no t 

necessar y fo r  targe t  color s t o b e uniqu e o r  known .  A  simpl e hig h degre e o f  loca l  variatio n 

attract s attention . 

2) Top-down activation is based on perceptual "categories". Top-down activation is based 

on th e similarit y betwee n a n ite m an d a n interna l  representatio n o f  targe t  properties . 

Evidenc e from  searche s fo r  a  targe t  orientatio n amon g tw o o r  mor e distt̂ cto r  orientation s 

suggest s tha t  tiiis  interna l  representatio n i s categorica l  (an d not ,  fo r  example ,  geometrical) . 

Attentio n ca n b e directe d towar d "steep "  (o r  "shallow" )  item s o r  towar d "left "  (o r  "right" ) 

tilted  item s bu t  no t  towar d target s specifiei d b y angl e o f  orientatio n o r  eve n b y tiie  degre e o f 

steepnes s (i.e .  i t  i s no t  possibl e t o atten d t o th e "steepest "  line) . 

3) Visual search can be performed as a sequence of guided operations. As discussed above, 

searc h fo r  a  conjunctio n o f  tw o feature s ca n b e mor e efficien t  tha n a n unguide d seria l 

search .  Fo r  example ,  i n a  searc h fo r  a  blac k vertica l  ite m amon g blac k horizonta l  an d re d 

vertica l  item s attentio n ca n b e directe d t o th e intersectio n o f  th e se t  o f  al l  blac k item s an d th e 

set  o f  al l  vertica l  items .  However ,  th e followin g tas k pose s a  problem : 

Targets : 

I 

Distractors : 

N o w th e targe t  ca n b e eitiie r  whit e o r  blac k an d eithe r  vertica l  o r  horizontal .  Guidin g 

attentio n t o tiie  intersectio n o f  th e se t  o f  item s tha t  ar e blac k o r  whit e an d th e se t  o f  item s 

tha t  ar e vertica l  o r  horizonta l  i s obviousl y useless .  Instead ,  subject s appea r  t o execut e tw o 

sequentia l  searches ,  firs t  guidin g attentio n t o on e targe t  typ e an d then ,  i f  n o targe t  i s found , 

guidin g attentio n t o th e othe r  type .  Thi s yield s R T x  se t  siz e function s wit h shallo w slope s 

but  highe r  intercepts .  Tha t  is ,  th e doubl e searche s tak e somewha t  longe r  bu t  remai n 

efficient . 

1049 



ATTENTIONAL PRIORIT Y I N VISIO N 

Steven Yantis 
Departmen t  o f  Psycholog y 

John s Hopkin s Universit y 

Coherent thought and action concerning visual object configurations require a control 

mechanism ,  visua l  attention ,  t o selec t  task-relevan t  subpart s o f  th e inpu t  imag e fo r  rapi d processing . 

Thi s requiremen t  arise s becaus e visua l  cognitio n i s limite d i n capacity :  ther e i s ofte n mor e sensor y 

inpu t  availabl e tha n th e visua l  syste m ca n handl e efficientl y a t  on e time .  I n thi s paper ,  I  describ e 

some ne w dat a tha t  constrai n th e possibl e mechanism s fo r  attentiona l  capture ,  an d I  propos e a  mode l 

fo r  attentiona l  prioritizatio n tha t  i s  a  hybri d o f  severa l  recen t  architecture s fo r  visua l  selection . 

Experiment s conducte d i n ou r  la b revea l  tha t  spatiotempora l  discontinuitie s (e.g. ,  abrup t  onse t 

or  movement )  captur e attention .  I n th e experiments ,  subject s searc h a  multielemen t  arra y fo r  a 

prespecifie d targe t  element .  Whe n th e targe t  i s presente d wit h a n abrup t  onse t  an d nontarget s ar e 

presente d withou t  abrup t  onset ,  the n respons e time s ar e rapi d an d d o no t  depen d o n th e numbe r  o f 

nontarget s i n th e display .  Whe n th e targe t  i s  amon g th e object s withou t  abrup t  onsets ,  respons e time s 

increas e monotonicall y wit h th e numbe r  o f  object s i n th e display .  Thi s suggest s tha t  th e onse t  elemen t 

i s processe d wit h hig h priorit y (e.g. ,  i f  decision s ar e mad e serially ,  i t  i s  almos t  alway s processe d first) . 

Attentiona l  captur e b y abrup t  onse t  i s  no t  absolute ,  o f  course .  W e hav e foun d tha t  focussin g 

attentio n o n a  spatia l  locatio n tha t  i s  likel y t o contai n a  targe t  prevent s captur e b y th e appearanc e o f 

an onse t  elsewhere .  Thi s i s adaptivel y sensible ,  an d suggest s tha t  ther e ca n b e multipl e criteri a fo r 

selection ,  som e tha t  ar e mor e o r  les s hard-wire d an d bottom-u p (e.g. ,  onsets )  an d other s tha t  ar e 

strategi c an d top-dow n (e.g. ,  positiona l  expectancies) . 

Our  mos t  recen t  dat a concer n th e mechanis m b y whic h attentiona l  prioritie s ar e establishe d 

and maintaine d whe n ther e ar e severa l  high-priorit y an d severa l  low-priorit y object s i n th e image . 

We hav e analyze d respons e time s whe n ther e ar e multipl e onse t  an d no-onse t  element s presen t  i n a 

singl e tria l  an d foun d tha t  th e syste m queue s o r  tag s a s man y a s fou r  onse t  element s fo r  attentiona l 

priority .  Thes e element s ar e processe d earlie r  o r  receiv e mor e computationa l  resource s tha n lower -

priorit y element s do .  Preliminar y dat a als o sugges t  tha t  a  simila r  mechanis m ma y operat e i n othe r 

stimulu s domain s whe n priorit y i s specifie d b y top-dow n selectio n criteria . 

A mode l  fo r  attentiona l  priorit y (se e diagram )  tha t  ca n incorporat e thes e result s a s wel l  a s 

othe r  fact s abou t  visua l  selectio n incorporate s a  two-stag e architecture ,  i n whic h th e firs t  stag e 

(Prioritization )  rapidl y an d i n paralle l  prioritize s object s i n th e imag e base d o n th e exten t  t o whic h 

variou s selectio n criteri a ar e satisfie d (includin g bot h bottom-u p criteri a lik e onse t  an d top-dow n 

criteri a lik e expecte d position) .  Th e importanc e o f  an y give n selectio n criterio n i s specifie d b y a 

priorit y schedule ,  an d prioritie s ar e assume d t o b e dynamicall y updated .  Th e secon d stag e 

(Identification )  allocate s limite d computationa l  resource s base d o n th e prioritie s assigne d a t  th e firs t 

stag e an d identifie s object s vi a weighte d stochasti c sampling .  T o th e exten t  th e selectio n criteri a i n 

combinatio n wit h th e priorit y schedul e effectivel y guid e resource s t o task-relevan t  objects ,  searc h 

wil l  b e optimal . 

A consensu s i s emergin g tha t  two-stag e architecture s o f  thi s typ e ma y accoun t  fo r  a  wid e 

rang e o f  visua l  phenomena .  Furthe r  empirica l  wor k i n psychophysics ,  neuropsychology ,  an d 

neurophysiolog y ca n plac e additiona l  constraint s o n th e detaile d structur e o f  thes e models . 

Priorit y Schedul e Weighte d Stochasti c Samplin g 

i  i 
I M A GE = » P R I O R I T I Z A T I O N =>-  I D E N T I F I C A T I O N 

[rapid ,  parallel ]  [limite d capacity ] 

Schematic diagram of prioritization model. 

1050 



Reference s 

Bergen J. R. and Julesz B. (1983) Rapid discrimination of visual patterns. IEEE Trans on 
Systems ,  Man ,  an d Cybernetics ,  SMC-1 3 857-86 3 

Cave K. R. and Wolfe J. M. (1990) Modeling the role of parallel processing in visual 
search .  Cognitiv e Psychology ,  2 2 

Duncan J. and Humphreys G. W. (1989) Visual search and stimulus similarity. 
Psychologica l  Review ,  9 6 433-45 8 

Egeth H. E., Virzi R. A.and Garbart H. (1984) Searching for conjunctively defined 
targets .  J .  Exp .  Psychol .  :Huma n Perceptio n an d Performance ,  1 0 32-3 9 

Klein R. and Farrell M. (1989) Search performance without eye movements. Perception 
and Psychophysics ,  4 6 476-48 2 

Mackeben M. and Nakayama K. (1988) Fixation release faciUtates rapid attentional shifts. 
Invest .  Ophthalmol .  Vis .  Sci .  (suppl) ,  2 9 

Nakayama K. and Silverman G. H. (1986) Serial and parallel processing of visual feature 
conjunctions .  Nature ,  32 0 264-26 5 

Sagi D. and Julesz B. (1986) Fast noninertial shifts of attention. Spatial Vision, 1 141-
149 

Treisman A. (1988) Features and objects: the fourteenth Bartlett memorial lecture. The 
Quarteri y J  o f  Experimenta l  Psychology ,  40A(2 )  201-23 7 

Treisman A. and Gelade G. (1980) A feature-integration theory of attention. Cognitive 
Psychology ,  1 2 97-13 6 

Treisman A. and Sato S. (1990) Conjunction search revisited. J. Exp. Psychol.:Human 
Perceptio n an d Performance ,  1 6 ? ? 

Treisman A. and Souther J. (1985) Search asymmetry: A diagnostic for preattentive 
processin g o f  separabl e features .  J .  Exp .  Psychol .  -  General ,  11 4 285-31 0 

Tsotsos J. K. (1989) Analyzing vision at the complexity level. Brain and Behavioral 
Sciences ,  m s m s 

VanEssen D. C. and Maunsell J. H. R. (1983) Hierarchical organization and functional 
stream s i n th e visua l  cortex .  Trend s i n Neuroscience ,  6  370-37 5 

Wolfe J. M., Cave K. R.and Franzel S. L. (1989) Guided Search: An alternative to the 
Featur e Integratio n mode l  fo r  visua l  search .  J .  Exp .  Psychol .  -  Huma n Perceptio n an d 
Perf. ,  1 5 419-43 3 

Wolfe J. M., Yu K. P., Stewart M. I., Shorter A. D., Friedman S. R.and Cave K. R. 
(1990 )  Limitation s o n th e paralle l  guidanc e o f  visua l  search :  Colo r  X  Colo r  an d 
Orientatio n X  Orientatio n conjunctions .  J .  Exp .  Psychol .  -  Huma n Perceptio n an d 
Performance ,  i n pres s 

1051 




