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A connec t ion is t  m o d e l  o f  selectiv e a t t en t i o n 

i n v isua l  p e r c e p t i o n 

Michael C. Mozer 

Institute of Cognitive Science 
Universit y o f  Colorado ,  Boulde r 

This paper describes a model of selective attention that is part of a connectionist object recognition sys-
te m calle d MORSEL MORSEL i s capabl e o f  identifyin g multipl e object s presente d simultaneousl y o n it s 
"retina, "  bu t  becaus e o f  capacit y limitations ,  MORSEL require s attentio n t o preven t  i t  fro m tryin g t o d o 
to o muc h a t  onc e Attentiona l  selectio n i s performe d b y a  networ k o f  simpl e computin g unit s tha t  con -
struct s a  variable-diamete r  "spotlight "  o n th e retina ,  allowin g sensor y informatio n withi n th e spotligh t 
t o b e preferentiall y  processed .  Simulation s o f  th e mode l  demonstrat e tha t  attentio n i s mor e critica l  fo r 
les s familia r  item s an d tha t  attentio n ca n b e use d t o reduc e inter-ite m crosstal k Th e mode l  suggest s 
fou r  distinc t  role s o f  attentio n i n visua l  informatio n processing ,  a s wel l  a s a  nove l  vie w o f  attentiona l 
selectio n tha t  ha s characteristic s o f  bot h earl y an d lat e selectio n theories . 

Few would argue that the visual system is unlimited in its capacity for processing sensory informa-
tion .  S o m e mean s o f  selectiv e an d sequentia l  analysi s i s required .  Thi s i s th e primar y functio n o f  atten -
tion :  t o contro l  th e amoun t  an d th e tempora l  orde r  o f  informatio n flowin g throug h th e visua l  system . 
A n y complet e mode l  o f  visua l  informatio n processin g mus t  thu s addres s th e issu e o f  attention .  I n thi s 
paper ,  I  describ e a n attentiona l  mechanis m designe d fo r  a  connectionis t  mode l  o f  two-dimensiona l  objec t 
recognitio n calle d M O R S EL (Mozer ,  1987a ,  b) .  M O R S EL i s  capabl e o f  identifyin g multipl e object s 
presente d simultaneousl y o n it s "retina, "  bu t  becaus e o f  capacit y limitations ,  M O R S EL require s a n atten -
tiona l  mechanis m t o preven t  i t  fro m tryin g t o d o to o m u c h a t  onc e an d makin g errors . 

Briefly, MORSEL (Figure l) consists of four components: (l) a set of processing modules that 
analyz e object s alon g variou s attribut e dimensions ;  (2 )  a  networ k tha t  construct s a  consisten t  interpreta -
tio n o f  th e perceptua l  dat a provide d b y thes e module s (th e pull-ou t  net) ;  (3 )  a n attentiona l  mechanis m 
{a m fo r  short )  tha t  guide s th e effort s o f  th e modules ;  an d (4 )  a  visua l  short-term ,  m e m o r y tha t  hold s 
objec t  descriptions .  T o illustrat e th e typica l  operatio n o f  th e system ,  conside r  a  simpl e exampl e i n 
whic h M O R S EL i s show n a  displa y containin g tw o colore d letters ,  a  re d X  an d a  blu e T .  Thes e letter s wil l 
caus e a  patter n o f  activit y o n MORSEL' s retina ,  whic h serve s a s inpu t  t o eac h o f  th e processin g module s 
as wel l  a s t o th e AM .  T h e A M the n focuse s o n on e retina l  region ,  sa y th e locatio n o f  th e re d X .  Informa -
tio n fro m tha t  regio n i s processe d b y eac h module .  O n e modul e extract s shap e information ,  identifyin g 
th e objec t  a s a n " x "  o r  possibl y a  "y, "  anothe r  extract s colo r  information ,  identifyin g th e objec t  a s 
bein g red .  T h e pull-ou t  ne t  the n select s th e mos t  plausibl e interpretatio n o f  eac h module' s output ,  i n 
thi s cas e " x "  an d "red. "  T h e representatio n a t  thi s leve l  o f  th e syste m encode s attribute s o f  th e visua l 
objec t  withou t  regar d t o location .  Locatio n informatio n i s  recovere d fro m th e A M ,  whic h indicate s th e 
curren t  locatio n o f  focus .  Shape ,  color ,  an d locatio n informatio n ar e the n boun d togethe r  an d store d i n 
th e short-ter m memory .  Next ,  attentio n shift s t o th e blu e T ,  an d thi s proces s repeats . 

I have built a computer simulation of MORSEL with one module elaborated in detail — a letter and 
wor d recognitio n syste m calle d B U R N E T.  BLIRNE T ha s bee n traine d t o recogniz e letter s an d word s i n 
arbitrar y retina l  locations ,  an d i s  abl e t o recogniz e severa l  item s simultaneously ,  althoug h interaction s 
withi n th e networ k limi t  th e numbe r  o f  item s tha t  ca n b e accuratel y processed .  BLIRNE T i s a  hierarchi -
cal  multi-layere d network .  It s inpu t  laye r  i s a  retinotopi c featur e m a p arrange d i n a  3 6 X 6 spatia l  array , 
wit h detector s fo r  fiv e featur e type s a t  eac h poin t  i n th e arra y (lin e segment s a t  fou r  orientation s an d 
line-segmen t  terminato r  detectors) .  Letter s o f  th e alphabe t  ar e encode d a s a n activit y patter n ove r  a 
3 X 3 retina l  region .  BLIRNET' s outpu t  laye r  contain s letter-cluste r  detectors ,  whic h respon d t o singl e 

My thank s t o Do n Norman ,  Ha l  Pashler ,  an d Geof f  Hinto n fo r  thei r  guidance ,  an d t o Stev e Nowla n fo r  helpfu l  comment s o n a n 
earlie r  draft .  Thi s wor k wa s supporte d b y gran t  87-2-3 6 fro m th e Alfre d P .  Sloa n Foundatio n t o Geoffre y Hinton ,  Contrac t 
N00014-85-C-013 3 N R 667-54 1 wit h th e Personne l  an d Trainin g Researc h Program s o f  th e Offic e o f  Nava l  Research ,  an d a  gran t 
fro m th e Syste m Developmen t  Foundatio n t o Donal d Norma n an d Davi d Rumelhart . 
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Figur e 1 .  A  sketc h o f  M O R S E L. Figur e 2 .  T h e attentiona l  mechan i s m an d it s relationshi p t o 
BLIRNET. 

letter s an d bit s o f  words ,  regardles s o f  retina l  location .  Th e othe r  processin g module s o f  MORSEL hav e 
simila r  input-outpu t  properties :  a  retinotopi c inpu t  o f  elementar y features ,  an d a  location-independen t 
outpu t  representatio n o f  high-leve l  conjunctiv e features . 

THE ATTENTIONAL MECHANISM 

What might an attentional mechanism look like in the context of MORSEL? I propose a simple 
mechanism ,  on e tha t  direct s a  "spotlight "  t o a  particula r  regio n o f  th e retin a (e.g. ,  Crick ,  1984 ;  Erikse n 
& Hoffman ,  1973 ;  Posner ,  1980 ;  Treisma n &  Gelade ,  1980) .  Th e attentiona l  spotligh t  serve s t o enhanc e 
th e activatio n o f  low-leve l  retinotopi c feature s withi n it s bound s relativ e t o thos e outside .  A s activit y i s 
propagate d throug h BLIRNE T an d th e othe r  modules ,  th e highlighte d regio n maintain s it s enhance d 
status ,  s o tha t  i n th e outpu t  laye r  o f  th e module ,  unit s appropriat e fo r  th e attende d item(s )  ten d t o 
become mos t  activ e a s well .  Consequently ,  thes e unit s wil l  dominat e th e pull-ou t  ne t  competition ,  caus -
in g th e attende d item(s )  t o b e selected .  I n thi s way ,  th e A M allow s preferentia l  processin g o f  attende d 
stimuh . 

The Attentional Mechanism as a Filter 

The AM (Figure 2) is a set of units arranged in a retinotopic map in one-to-one correspondence 
wit h th e inpu t  laye r  (denote d Lj )  o f  BLIRNET .  Activit y i n a n A M uni t  indicate s tha t  attentio n i s focuse d 
on th e correspondin g retina l  locatio n an d serve s t o gat e th e flo w o f  activit y fro m L  i  t o th e secon d laye r 
(denote d Lg )  o f  BLIRNET .  Specifically ,  th e activit y leve l  o f  a n L  i  uni t  i n locatio n {x,y )  i s  transmitte d t o 
L 2 wit h probabilit y C+(l~C)''i y  (th e transmissio n probability) ,  wher e â y i s th e activit y leve l  o f  th e A M 
uni t  i n locatio n {x,y )  an d ha s rang e [0,1] ,  an d ̂  i s  a  scalin g paramete r  wit h a  valu e o f  approximatel y .25 . 
As lon g a s  ̂  i s  greate r  tha n zero ,  th e A M serve s onl y t o bia s processing ;  i t  doe s no t  absolutel y inhibi t 
activation s fro m unattende d region s (simila r  t o th e N o r m a n an d Shallice ,  1985 ,  model) . 
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As one might expect, highly familiar stimuli outside the focus of attention can work their way 
throug h th e syste m bette r  tha n othe r  stimuli .  T o illustrat e thi s point ,  BLIRNE T wa s teste d m i d w a y 
throug h trainin g o n a n isolate d lette r  recognitio n task .  S o m e letter s wer e recognize d bette r  tha n others : 
X wa s detecte d i n ever y locatio n an d i n th e contex t  o f  virtuall y an y othe r  simultaneously-presente d 
letters ,  H  wa s les s consistentl y detected ,  an d F  eve n les s so .  Takin g stabilit y  o f  detectio n t o b e a n indi -
catio n o f  familiarity ,  on e migh t  predic t  tha t  performanc e o n X  shoul d suffe r  les s tha n performanc e o n H , 
an d H  les s tha n F ,  w h e n attentio n i s removed .  Thi s predictio n i s confirme d b y Figur e 3a .  Performanc e 
her e i s measure d a s th e rati o o f  th e activatio n leve l  o f  th e targe t  lette r  t o th e activatio n leve l  o f  th e 
maximall y activ e nontarge t  letter ,  average d ove r  thirt y presentation s o f  th e target .  W h e n thi s rati o fall s 
belo w 1.0 ,  th e targe t  canno t  b e discriminate d fro m th e nontargets .  X  i s discriminabl e a s lon g a s th e 
transmissio n probabilit y  i s  greate r  tha n .1 ,  H  . 3 an d F  .8 .  Thus ,  BLIRNE T i s abl e t o recogniz e familia r 
stimul i  base d o n fewe r  perceptua l  feature s tha n les s familia r  stimuli .  I n othe r  words ,  foca l  attentio n i s 
les s critica J fo r  highl y familia r  stimuli . 

To further illustrate the filtering properties of the AM, BLIRNET was tested on L and G presented 
simultaneously .  Attentio n wa s varie d fro m bein g full y divide d (i.e. ,  th e transmissio n probabilit y  wa s 1. 0 
fo r  bot h letters )  t o bein g focuse d solel y o n th e L  (i.e. ,  th e transmissio n probabilit y  wa s 1. 0 fo r  L  an d 0. 0 
fo r  g ) .  Figur e 3 b show s tha t  b y concentratin g attentio n o n L ,  it s  relativel y wea k respons e ca n b e 
improve d dramatically ,  althoug h thi s improvemen t  i s matche d b y a  correspondin g decremen t  i n th e 
respons e t o G .  Thus ,  inter-ite m crosstal k i s reduce d b y focusin g attentio n o n on e item .  (I n thi s exam -
ple ,  th e target:spuriou s activit y rati o i s no t  a n absolut e measur e o f  discriminability .  Becaus e ther e ar e 
tw o stimuli ,  wha t  matter s fo r  recognitio n ar e th e tw o mos t  activ e units .  Eve n i f  a  targe t  ha s a  rati o les s 
tha n one ,  i t  m a y stil l  b e th e secon d mos t  activ e unit. ) 

System Dynamics 

In the previous section, I described the manner in which a given AM state influences processing in 
MORSEL.  I n thi s section ,  I  tur n t o th e issu e o f  h o w thi s stat e i s computed .  I  begi n b y assumin g externa l 
source s o f  knowledg e ar e availabl e tha t  offe r  suggestion s abou t  wher e t o focus .  Sometime s thes e sugges -
tion s wil l  conflic t  wit h on e another ;  th e tas k o f  th e A M i s t o resolv e suc h conflict s an d construc t  a n 
attentiona l  spotligh t  centere d o n th e selecte d location . 

The AM units are interconnected to form a relaxation network that settles into states having a sin-
gle ,  conve x regio n o f  activation .  Th e activit y o f  eac h uni t  i s  update d ove r  tim e a s follows : 

«,,('+! ) 
1 1 

,=-1 y=_i 

(b ) 

"0. 0 0. 3 OA 0. « OJ 
Transmissio n Probabilit y 

0.0 0. 2 0. 4 0. « 0. 8 1. 0 
Transmissio n Probabilit y  o f  G 

Figur e 3 .  (a )  Mea n rati o o f  targe t  activatio n t o th e maximu m spuriou s (nontarget )  activatio n fo r  X ,  H ,  an d F  presente d i n loca -
tio n (14,2 )  a s a  functio n o f  transmissio n probability ,  average d ove r  thirt y presentations ,  (b )  Mea n rati o o f  targe t  activatio n t o 
th e maximu m spuriou s activatio n fo r  L  i n locatio n (11,2 )  an d G  i n locatio n (20,2 )  a s a  functio n o f  attentio n t o th e G ,  average d 
over  thirt y presentations . 
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where a,y(< ) is the activity of AM unit in location {x,y) at time t , n and 6 are adjustable constants, 
extj y [t )  i s  a n externa l  inpu t  t o locatio n {x,y )  a t  tim e t  ,  an d f[x ]  i s  a n identit y functio n wit h saturatio n 
point s a t  zer o an d one .  Th e firs t  ter m i n th e activatio n functio n encourage s contiguou s region s o f 
activit y b y pushin g eac h uni t  t o tak e o n th e averag e valu e o f  itsel f  an d it s eigh t  spatia l  neighbors .  ( A 
neighbo r  i s assume d t o hav e activit y leve l  zer o i f  i t  i s  outsid e th e retinotopi c array. )  I f  /i x  i s  1/9 ,  a n 
exac t  averag e i s computed ;  a s a  result ,  activatio n level s fad e wit h increase d distanc e fro m th e cente r  o f 
activity .  I f  n  i s larger ,  however ,  th e boundar y betwee n activ e an d inactiv e region s ar e sharpened ,  s o 
tha t  a  uni t  wil l  ten d t o b e full y o n i f  it s  neighbor s ar e o n o r  of f  otherwise .  Th e secon d ter m i n th e 
activatio n functio n limit s th e tota l  activit y i n th e networ k b y causin g eac h uni t  t o inhibi t  al l  others , 
wit h 6  controllin g th e degre e o f  inhibition .  I f  severa l  discontinuou s region s ar e simultaneousl y active , 
thi s ter m serve s t o suppres s al l  bu t  th e mos t  activ e region .  Th e thir d ter m allow s externa l  source s o f 
knowledg e t o driv e activit y i n th e network . 

Guiding the Spotlight 

These external knowledge sources can be dichotomized into two classes: data driven and conceptu-
all y driven .  T o conside r  a  simpl e cas e o f  a  "dat a driven "  source ,  attentio n shoul d b e draw n t o object s 
bu t  no t  empt y region s i n th e visua l  field .  Thi s propert y i s incorporate d int o th e A M b y havin g eac h Z,  i 
uni t  projec t  t o it s correspondin g A M uni t  (Figur e 2) .  Simila r  connection s t o th e A M shoul d b e mad e fro m 
th e elementar y featur e map s o f  othe r  modules ,  e.g. ,  map s detectin g color ,  textur e boundaries ,  an d 
motion .  Throug h thes e connections ,  attentio n ca n b e capture d b y suc h varie d stimul i  a s a n intens e o r 
flashin g light ,  objec t  motion ,  o r  a n od d elemen t  agains t  a  homogeneou s background .  Furthe r  contro l  i s 
required ,  however :  th e mer e presenc e o f  an y featur e shoul d no t  caus e a n attentiona l  shif t  will y  nilly ; 
attentio n i s dependen t  o n higher-leve l  expectation s an d tas k demands .  Fo r  example ,  i n th e tas k o f 
detectin g a  "- "  i n a  displa y o f  oriente d hn e segments ,  on e woul d lik e fo r  onl y th e "- "  feature s t o trigge r 
attention .  I  thu s propos e tha t  highe r  level s o f  cognitio n {HLO )  ca n modulat e th e effec t  o f  eac h featur e 
typ e o n th e AM ,  allowin g onl y th e feature s o f  interes t  t o captur e attention .  Mechanistically ,  thi s i s no t 
difficul t  t o implement :  H L C simpl y nee d t o gat e th e connection s fro m eac h featur e typ e i n L  i  (an d 
othe r  suc h featur e maps )  t o th e AM . 

Besides data-driven guidance, "conceptually-driven" guidance — direct control by HLC — is 
require d i n m a n y situations ,  fro m reading ,  wher e tex t  mus t  b e scanne d fro m lef t  t o right ,  t o a  variet y o f 
experimenta l  task s wher e selectio n i s base d o n locatio n (e.g. ,  a  precu e indicatin g th e locatio n o f  a n 
upcomin g targe t  item) . 

If items of interest in the visual field vary in size, so must the spotlight. Empirical evidence con-
firm s thi s intuitio n (Erikse n &  Yeh ,  1985 ;  Laberge ,  1983) .  Thus ,  i t  seem s critica l  tha t  H L C b e abl e t o 
influenc e no t  onl y th e locu s o f  th e spotligh t  bu t  als o it s diameter .  Th e spotligh t  diamete r  i s modulate d 
by th e paramete r  9 .  Consequently ,  I  assum e tha t  0  i s dynamicall y regulate d b y H L C a s a  functio n o f 
tim e an d task . 

SIMULATION RESULTS 

I have implemented a simulation of the AM in which the human operator is allowed to specify the 
externa l  inputs .  Figur e 4 a present s a  simpl e exampl e i n whic h tw o externa l  input s hav e bee n given ,  on e 
at  locatio n (7,4 )  wit h valu e . 2 an d th e othe r  a t  (16,3 )  wit h valu e .3 .  Initially ,  activit y level s o f  al l  A M 
unit s ar e rese t  t o zero .  Ove r  time ,  th e externa l  input s ar e copie d int o th e activit y o f  th e correspondin g 
A M units .  Spotlight s the n begi n t o for m aroun d eac h stimulate d location ,  bu t  graduall y activit y i n th e 
regio n o f  (7,4 )  i s suppressed ,  du e t o th e fac t  tha t  onl y on e spotligh t  ca n b e supporte d an d th e externa l 
inpu t  t o (7,4 )  i s smaller .  B y iteratio n 15 ,  th e networ k reache s equilibrium .  Figur e 4 b show s anothe r 
exampl e wit h th e sam e externa l  input s bu t  0  decrease d fro m .0 2 t o .01 .  Th e resultin g spotligh t  i s  abou t 
twic e a s larg e a s i n Figur e 4a .  On e migh t  b e tempte d t o conclud e tha t  0  directl y regulate s th e diamete r 
of  th e spotlight ,  bu t  th e stor y i s mor e complex ,  a s th e nex t  exampl e demonstrates . 

In Figure 4c, the external inputs specify two blob-like regions, not individual points of activation 
as i n th e previou s examples .  Thi s inpu t  patter n wa s constructe d b y presentin g th e stimulu s W EX M U J t o 
BLIRNET (se e Figur e 4d) ,  an d countin g th e numbe r  o f  featur e detector s activ e i n eac h locatio n o f  L  i . 
Thi s sor t  o f  a n inpu t  patter n migh t  aris e naturall y o n th e A M i f  eac h L  i  uni t  fe d activit y int o it s 
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Figur e 4 .  (a )  Activit y patter n i n th e A M a t  equilibriu m resultin g fro m tw o externa l  input s (/i=.22 ,  ̂ = .02) .  Th e activit y leve l 
of  eac h A M uni t  i s represente d b y th e siz e o f  th e digi t  i n th e correspondin g position .  Th e digi t  itsel f  represent s th e magnitud e o f 
th e externa l  inpu t  (actually ,  te n time s th e input) ,  (b )  Activation s i n th e A M resultin g fro m tw o externa l  input s (/î .22 , 
6=.0l) .  (c )  Activation s i n th e A M resultin g fro m externa l  input s concentrate d i n tw o regions ,  wit h slightl y mor e inpu t  t o th e 
lef t  regio n (//=,22 ,  d=.02) .  (d )  Locatio n o f  th e stimulu s W D C M U J tha t  serve s a s inpu t  fo r  Figure s 4 c an d 4e .  (e )  Activa -
tion s i n th e A M resultin g fro m externa l  input s base d o n th e \  an d /  feature s o f  th e stimulu s W I X M U J (/i=.22 ,  5 = .02) .  Th e 
locatio n o f  th e X  i s selected . 

corresponding AM unit (as discussed earlier). The initial AM activity then reflects all bottom-up sources 
of  information :  attentio n i s  broadl y tune d t o includ e al l  item s i n th e visua l  field .  O v e r  t ime ,  h o w e v e r , 
attentio n " n a r r o w s "  o n th e lef t  regio n — th e sit e o f  W D C.  Thi s regio n i s  selecte d becaus e it s ne t  exter -
na l  inpu t  i s  greate r  — 3. 6 unit s o f  activit y versu s 3.5 . 
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Although the same value of 6 was used in Figures 4a and 4c, the spotlight in Figure 4c is larger. It 
appear s tha t  0  doe s no t  directl y contro l  th e spotligh t  diameter .  Roughly ,  0  ca n b e though t  o f  a s a  meas -
ur e o f  th e max imu m distanc e allowe d betwee n tw o point s o f  externa l  activit y i n orde r  fo r  the m t o b e 
enclose d withi n th e spotlight :  th e large r  0  is ,  th e smalle r  th e distance .  Thi s i s a  nic e propert y o f  th e 
syste m i n tha t  th e spotligh t  shoul d b e o n on e objec t  a t  a  time ,  bu t  i t  i s  unclea r  ho w t o defin e th e boun -
dar y o f  a n object ;  wit h WEX MUJ ,  i s th e entir e stimulu s a n object ,  i s  jus t  th e WDC,  th e X ,  o r  perhap s 
onl y on e strok e o f  th e X ? 0  provide s on e dimensio n alon g whic h a n object' s boundar y ca n b e character -
ized ,  namely ,  th e maximu m spacin g betwee n it s components . 

A final example of the operation of the AM is presented in Figure 4e. I have simulated the situa-
tio n i n whic h W DC MUJ i s presente d t o BLIRNE T an d th e L  j-A M connection s ar e gate d s o tha t  onl y th e 
"\ "  an d "/ "  featur e map s trigge r  th e AM.  A s a  result ,  th e lette r  X  i s selected .  I n thi s manner ,  highe r 
level s o f  cognitio n ca n contro l  whic h ite m wil l  b e selected ,  bu t  onl y i f  th e ite m ha s distinctiv e elemen -
tar y features :  pair s lik e W an d M canno t  b e differentiate d o n th e basi s o f  elementar y features . 

THE ROLE OF ATTENTION 

The AM serves MORSEL in four respects, suggesting the following roles of attention in visual infor-
matio n processing . 

(l) Controlling order of read out. The AM allows MORSEL to selectively access information in the visual 
fiel d b y location . 

(2 )  Reducin g crosstalk .  Whe n item s ar e analyze d simultaneousl y b y MORSEL,  interaction s withi n th e 
processin g module s caus e interferenc e amon g items .  B y focusin g attentio n o n on e ite m a t  a  time , 
crosstal k ca n b e reduced . 

(3 )  Recoverin g locatio n information .  Remember  tha t  th e outpu t  o f  BLIRNE T — th e letter-cluste r 
representatio n — encode s th e identit y o f  a  lette r  o r  wor d bu t  no t  it s retina l  location ;  th e operatio n 
of  BLIRNE T an d th e othe r  module s facto r  ou t  locatio n information .  However ,  becaus e th e curren t 
focu s o f  attentio n reflect s th e spatia l  sourc e o f  letter-cluste r  activations ,  th e A M ca n conve y th e 
los t  locatio n information . 

(4 )  Coordinatin g processin g performe d b y independen t  subsystems .  Eac h processin g modul e operate s 
independentl y o f  th e others .  Consequently ,  i t  i s  imperativ e t o ensur e tha t  th e result s fro m th e 
variou s module s ar e groupe d appropriately .  Th e A M allow s thi s b y guidin g processin g resource s o f 
al l  module s t o th e sam e spatia l  region .  Thi s functio n o f  attentio n seem s analogou s t o tha t  sug -
geste d b y feature-integratio n theor y (Treisma n &  Gelade ,  1980) . 

EARLY VERSUS LATE SELECTION: WHERE DOES THE AM FIT IN? 

A central issue in perceptual psychology over the past three decades has been the level at which 
attentiona l  selectio n operates .  Theorie s o f  attentio n ca n b e dichotomize d int o tw o opposin g views : 
earl y an d lat e selection .  Early-selectio n theorie s (Broadbent ,  1958 ;  Treisman ,  1969 )  deriv e thei r  nam e 
fro m th e assertio n tha t  selectio n occur s earl y i n th e sequenc e o f  processin g stages ,  prio r  t o stimulu s iden -
tification .  I n contrast ,  late-selectio n theorie s (e.g. ,  Deutsc h <f e Deutsch ,  1963 ;  Norman ,  1968 ;  Shiffri n & 
Schneider ,  1977 )  posi t  tha t  selectio n occur s lat e i n processing ,  followin g stimulu s identification .  Addi -
tiona l  propertie s g o han d i n han d wit h th e centra l  assumptio n o f  eac h theor y (Pashle r  &  Badgio ,  1987) . 
Earl y selectio n generall y implie s tha t  (l )  selectio n i s base d o n low-leve l  feature s suc h a s stimulu s loca -
tio n o r  color ,  (2 )  th e processin g syste m i s o f  quit e limite d capacity ,  an d (3 )  stimulu s identificatio n i s 
necessaril y  serial .  I n contrast ,  lat e selectio n generall y imphe s tha t  (1 )  selectio n i s base d o n high-leve l 
feature s suc h a s stimulu s identity ,  (2 )  th e processin g syste m i s withou t  capacit y limitations ,  an d (3 ) 
stimulu s identificatio n proceed s i n parallel . 

The view of attention presented by MORSEL is neither strictly early nor late selection. It agrees 
wit h late-selectio n theorie s i n suggestin g tha t  multipl e displa y item s ca n b e processe d i n paralle l  t o a 
hig h leve l  o f  representation ,  eve n t o th e poin t  o f  makin g simultaneou s contac t  wit h semanti c knowledg e 
(whic h occur s i n th e pull-ou t  net) .  Further ,  selectio n vi a th e pull-ou t  ne t  ca n b e base d o n high-leve l  — 
semanti c o r  orthographi c — features ;  thi s i s accomplishe d b y primin g semanti c unit s o r  letter-cluste r 
unit s i n th e pull-ou t  ne t  t o bia s th e pul l  ou t  process .  I n othe r  respects ,  however ,  MORSEL embodie s a n 
early-selectio n theory .  First ,  th e A M i s a n earl y selectio n device .  I t  operate s o n a  low-leve l  representa -
tion ,  muc h i n th e spiri t  o f  th e filterin g an d attenuatio n operation s propose d b y early-selectio n theories . 
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Second, the processing capacity of MORSEL is limited. If multiple items are analyzed simultaneously, 
interaction s amon g th e item s ca n lea d t o damagin g crosstalk ;  an d ther e i s th e furthe r  proble m tha t 
informatio n abou t  th e locatio n o f  eac h ite m i s lost . 

MORSEL thus shows characteristics of both early and late selection theories. Pashler and Badgio 
(1985 ,  1987 )  hav e propose d a  simila r  hybri d vie w o f  attentiona l  selectio n base d o n a  larg e bod y o f  empir -
ica l  work .  Thei r  vie w seem s entirel y compatibl e wit h MORSEL an d th e AM.  I  fin d i t  bot h surprisin g an d 
excitin g tha t  MORSEL i s i n suc h clos e accor d wit h th e conclusion s o f  Pashle r  an d Badgio .  MORSEL wa s 
not  designe d specificall y t o addres s attentiona l  issues ,  ye t  i t  make s stron g prediction s concernin g th e 
natur e o f  attentiona l  selection .  Furthermore ,  th e hybri d vie w o f  attentiona l  selectio n presente d her e 
seems lik e a  possibl e resolutio n t o th e longstandin g debat e betwee n proponent s o f  earl y an d o f  lat e selec -
tion . 

In closing, I should note that Koch and Ullman (1985) have developed a related neurally-inspired 
model  o f  th e attentiona l  spotlight .  Thei r  mode l  i s simila r  t o th e A M i n tha t  i t  consist s o f  a  topographi c 
map i n whic h unit s ar e activate d t o indicat e th e allocatio n o f  attention .  Additionally ,  i t  operate s b y 
gatin g th e flo w o f  activit y fro m a  low-leve l  inpu t  representatio n compose d o f  elementar y features .  I n 
Koch an d Ullman' s model ,  however ,  selectio n i s performe d b y a  simpl e winner-take-al l  network .  Thi s 
result s i n a  singl e poin t  o f  activity ,  a s compare d t o th e distribute d activit y patter n produce d b y th e AM. 
Thei r  mode l  i s thu s unabl e t o adjus t  th e diamete r  o f  th e attentiona l  spotlight .  A  furthe r  drawbac k o f 
th e Koc h an d Ullma n mode l  i s tha t  i t  i s  embedde d i n a  seria l  processin g system ,  capabl e o f  processin g 
onl y on e ite m a t  a  time .  Withou t  a  syste m lik e BLIRNET ,  thei r  mode l  i s merel y a n earl y selectio n device . 
Thi s bring s u p th e poin t  tha t  i t  i s  no t  th e attentiona l  mechanis m itsel f  tha t  determine s whethe r  th e sys -
te m a s a  whol e i s bes t  characterize d i n term s o f  earl y o r  lat e selection ,  bu t  rathe r  ho w th e attentiona l 
mechanis m i s integrate d int o th e res t  o f  th e system .  Thi s i s wher e MORSEL make s a  distinc t  contribu -
tio n t o theorie s o f  attention . 
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