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D o Visua l  Attentio n a n d Perceptio n Requir e Multipl e Referenc e F r a m e s ? 

Evidenc e f r o m a  Computat iona l  M o d e l  o f  Unilatera l  Neglec t 

Michael C. Mozer 
Departmen t  o f  Compute r  Scienc e an d Institut e o f  Cognitiv e Scienc e 

Universit y o f  Colorad o 

Boulder ,  C O 80309-043 0 

Abstrac t 

A key question motivating research in perception and attention 
i s ho w th e brai n represent s visua l  information .  On e aspec t  o f 
thi s representatio n i s th e coordinat e o r  referenc e fram e wit h 
respec t  t o whic h visua l  feature s ar e encoded .  T o determin e th e 
frame s o f  referenc e involve d i n huma n visio n an d attention , 
neurologica l  patient s wit h unilatera l  neglec t  hav e bee n exten -
sivel y studied .  Neglec t  patient s ofte n fai l  t o orien t  toward , 
explore ,  an d respon d t o stimul i  o n th e left .  Th e interestin g 
questio n is :  wit h respec t  t o wha t  frame  o f  referenc e i s neglec t 
of  th e lef t  manifested ? W h e n a  neglec t  patien t  show s a  defici t 
i n attentiona l  allocatio n tha t  depend s no t  merel y o n th e loca -
tio n o f  a n objec t  wit h respec t  t o th e viewe r  bu t  o n th e extent , 
shape ,  o r  movemen t  o f  th e objec t  itself ,  th e inferenc e i s ofte n 
made tha t  attentiona l  allocatio n mus t  b e operatin g i n a n 
object-base d fram e o f  reference .  Vi a simulation s o f  a n existin g 
connectionis t  mode l  o f  spatia l  attentio n (Mozer ,  1991 ;  Moze r 
& Sitton ,  1998) ,  w e argu e tha t  thi s inferenc e i s no t  logicall y 
necessary :  object-base d attentiona l  effect s i n neglec t  ca n b e 
obtaine d withou t  object-base d frame s o f  reference . 

Introduction 

A ke y questio n motivatin g researc h i n perceptio n an d atten -

tio n i s h o w th e brai n represent s visua l  information .  O n e 

aspec t  o f  thi s representatio n i s th e referenc e fram e wit h 

respec t  t o whic h visua l  feature s ar e encoded .  Th e referenc e 

fram e specifie s th e cente r  location ,  th e up-down ,  left-right , 

an d front-bac k directions ,  an d th e relativ e scal e o f  eac h axis . 

Referenc e frame s ca n b e prescribe d b y th e viewer ,  objects , 

or  th e environment .  Viewer-base d frame s ar e determine d b y 

th e gaze ,  hea d orientation ,  and/o r  tors o positio n o f  th e 

viewer .  Object-base d frame s ar e determine d b y intrinsi c 

characteristic s o f  a n object ,  suc h a s axe s o f  symmetr y o r 

elongation ,  o r  knowledg e o f  th e object' s standar d orienta -
tion . 

Determinin g whic h referenc e fram e o r  frame s ar e use d 

by th e brai n t o encod e visua l  feature s i s a  ke y ste p t o under -

standin g th e mechanism s o f  visua l  cognitio n an d attention . 

For  thi s reason ,  ther e ha s bee n intens e interes t  i n neurologi -

cal  patient s wit h unilatera l  neglect ,  w h o provid e a  rich 

sourc e o f  dat a diagnosti c o f  th e referenc e frame s involve d i n 

h u m an perception . 

Un i l a te ra l  neg lec t 

D a m a ge t o parieta l  corte x ca n caus e patient s t o fai l  t o orien t 

toward ,  explore ,  an d respon d t o stimul i  o n th e contralesiona l 

sid e o f  spac e (Farah ,  1990 ;  Heilman ,  Watson ,  &  Valenstein , 

1993) .  Unilatera l  neglec t  i s  mor e frequent ,  longe r  lasting , 

and sever e followin g lesion s t o th e righ t  hemispher e tha n t o 

th e left .  Consequently ,  al l  description s i n thi s pape r  wil l  refe r 

t o right-hemispher e damag e an d neglec t  o f  stimul i  o n th e 

left .  T h e interestin g questio n surroundin g unilatera l  visua l 

neglec t  is :  Wit h respec t  t o wha t  referenc e fram e i s  lef t 

neglec t  manifested ? Cleve r  behaviora l  experiment s hav e 

bee n designe d t o dissociat e variou s referenc e frame s an d 

determin e th e contributio n o f  eac h t o neglect .  I n severa l 

experiments ,  patient s sho w a  defici t  i n attentiona l  allocatio n 

tha t  depend s no t  merel y o n th e locatio n o f  a n objec t  wit h 

respec t  t o th e viewer ,  bu t  o n th e extent ,  shape ,  o r  movemen t 

of  th e objec t  itself .  F ro m thi s finding  o f  object-base d atten -

tiona l  effects ,  th e inferenc e i s  ofte n m a d e tha t  attentiona l 

allocatio n mus t  b e operatin g i n a n object-base d fram e o f  ref -

erence ,  an d consequently ,  object-base d representation s ar e 

ke y t o visua l  informatio n processing .  T h e poin t  o f  thi s pape r 

i s t o sho w tha t  thi s inferenc e i s no t  logicall y necessary : 

Object-base d attentiona l  effect s ca n b e obtaine d withou t 

object-base d referenc e frames .  W e argu e thi s poin t  vi a a 

computationa l  mode l  tha t  utilize s onl y viewer-base d frames , 

ye t  ca n accoun t  fo r  dat a fro m experimenta l  studie s tha t  wer e 

interprete d a s supportin g object-base d frames . 

MORSEL 

M O R S EL (Mozer ,  1991 ;  M o z e r  &  Sitton ,  1998 )  i s a  connec -

tionis t  mode l  o f  visua l  perceptio n an d attention ,  whic h ha s 

previousl y bee n use d t o explai n a  larg e corpu s o f  experimen -

ta l  data ,  includin g readin g deficit s i n neglec t  dyslexi a (Moze r 

& Behrmann ,  1992) ,  an d lin e bisectio n performanc e i n 

neglec t  (Mozer ,  Halligan ,  &  Marshall ,  1997) .  M O R S EL 

(Figur e 1 )  include s a  recognitio n networ k tha t  ca n identif y 

multipl e shape s i n paralle l  an d i n arbitrar y location s o f  th e 

visua l  field,  bu t  ha s capacit y limitations .  M O R S EL als o 

include s a n attentiona l  mechanis m tha t  determine s wher e i n 

th e visua l  field  t o focu s processin g resources . 
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FIGURE 1 .  Ke y component s 
of  M O R S EL (Mozer ,  1991 ) 
includ e a  recognitio n network , 
th e first  stage s o f  whic h ar e 
depicte d agains t  a  gre y 
background ,  an d a n 
attentiona l  mechanism . 

attentiona l 
mechan i s 

recognitio n 
networ k 

primitiv e 
visua l  feature s 

Visua l  inpu t  presente d t o M O R S EL i s encode d b y a  se t 
of  featur e detector s arraye d o n a  topographi c map .  Activit y 

fro m th e topographi c m a p propagate s throug h bot h th e rec -

ognitio n networ k an d th e attentiona l  mechanism .  Th e topo -

graphi c m a p i s i n a  viewer-base d referenc e frame ,  meanin g 

tha t  th e inpu t  representatio n change s a s th e viewe r  move s 

throug h th e world . 

The attentional mechanism 

I n th e presen t  work ,  onl y th e attentiona l  mechanism ,  o r  A M 

fo r  short ,  i s  require d t o accoun t  fo r  dat a fro m unilatera l 

neglect .  Th e A M i s a  se t  o f  processin g unit s i n one-to-on e 

correspondenc e wit h th e location s i n th e topographi c map . 

Activit y i n a n A M uni t  indicate s th e salienc e o f  th e corre -

spondin g location ,  an d serve s t o gat e th e flo w o f  activit y 

fro m featur e detector s a t  tha t  locatio n i n th e topographi c m a p 

int o th e recognitio n networ k (indicate d i n Figur e 1  b y th e 

connection s fro m th e A M int o th e recognitio n network) ;  th e 

mor e activ e a n A M uni t  is ,  th e mor e likel y tha t  feature s i n 

th e correspondin g locatio n o f  th e topographi c m a p wil l  b e 

detecte d an d analyze d b y th e recognitio n network . 

Each uni t  i n th e A M receive s bottom-u p o r  exogenou s 
inpu t  fro m th e detector s i n th e correspondin g locatio n o f  th e 

topographi c m a p (indicate d i n Figur e 1  b y th e connection s 

fro m th e primitiv e feature s t o th e A M ) .  Give n th e exogenou s 

input ,  cooperativ e an d competitiv e dynamic s withi n th e A M 
caus e a  subse t  o f  location s t o b e activated . 

Figur e 2  show s a n exampl e o f  th e A M i n operation . 

Althoug h th e mode l  appear s t o hav e forme d a  spotligh t  o f 

attention ,  th e dynamic s o f  th e mode l  d o no t  mandat e th e 

selectio n o f  a  contiguou s o r  conve x region .  Typically ,  how -

ever ,  a  singl e regio n i s selected ,  an d th e selecte d regio n con -

form s t o th e shap e o f  object s i n th e visua l  input ,  taperin g of f 

at  objec t  boundaries . 

The operatio n o f  th e A M i s base d o n thre e principle s 

concernin g th e allocatio n o f  spatia l  attention ,  whic h mos t 

woul d vie w a s noncontroversial :  (1 )  Attentio n i s directe d t o 

location s i n th e visua l  fiel d wher e object s appear ,  a s wel l  a s 

t o othe r  task-relevan t  locations .  (2 )  Attentio n i s directe d t o 

contiguou s region s o f  th e visua l  field .  (3 )  Attentio n ha s a 

selectiv e function ;  i t  shoul d choos e s o m e region s o f  th e 

visua l  fiel d ove r  others . 
Thes e abstrac t  principle s concernin g th e directio n o f 

attentio n ca n b e incorporate d int o a  computationa l  mode l 

lik e th e A M b y translatin g the m int o rule s o f  activation ,  suc h 

as th e following : 

(1 )  Location s containin g visua l  feature s shoul d b e acti -

vated .  Thi s rul e provide s a  bia s o n uni t  activit y  (i.e. ,  al l 

els e bein g equal ,  th e principl e indicate s whethe r  a  uni t 

shoul d b e o n o r  off) .  O n e ca n se e thi s rul e a t  wor k i n 

Figur e 2 ,  wher e th e initia l  activit y o f  th e A M (upper -

middl e frame)  i s base d o n th e exogenou s inpu t  (upper -

lef t  frame) . 

Iicniiu n 2 0 licraiio n 1 0 

F I G U RE 2 .  Exampl e o f  th e operatio n o f  th e A M .  Eac h pane l 
contain s a  15x1 5 topographi c ma p depictin g th e stat e o f  th e A M a t 
a particula r  processin g iteratio n Th e are a o f  a  blac k squar e i s 
proportiona l  t o th e exogenou s inpu t  a t  tha t  location .  Th e are a o f  a 
whit e squar e i s proportiona l  t o th e A M activity .  Th e whit e square s 
ar e superimpose d o n to p o f  th e black ;  consequently ,  th e exogenou s 
inpu t  i s no t  visibl e a t  location s wit h A M activity .  Th e exogenou s 
inpu t  patter n indicate s thre e objects ,  th e larges t  one—th e on e 
producin g th e stronges t  input—i s i n th e uppe r  lef t  portio n o f  th e 
field.  B y iteratio n 20 ,  th e A M ha s reache d equilibriu m an d ha s 
selecte d th e regio n surroundin g th e larges t  object . 
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(2 )  Location s adjacen t  t o activate d location s shoul d als o b e 

activated .  Thi s rul e result s i n cooperatio n betwee n 

neighborin g units ,  an d i s manifeste d i n Figur e 2  b y th e 

increas e i n activit y ove r  lim e fo r  th e blo b i n th e uppe r 

lef t  portio n o f  th e field. 

(3 )  Location s whos e activit y grow s th e slowes t  shoul d b e 

suppressed .  Thi s rul e result s i n competitio n betwee n 

units ,  an d i s manifeste d i n Figur e 2  b y th e decreas e i n 

activit y fo r  th e tw o lowe r  blob s onc e th e upper-lef t  blo b 

begin s t o dominat e i n activity .  Thi s rul e allow s a  larg e 

regio n t o becom e activated ,  i f  th e activit y o f  al l  unit s i n 

th e regio n rise s a t  more-or-les s th e sam e rate . 

Thes e thre e rule s qualitativel y describ e th e operatio n o f 

th e model .  Th e mode l  ca n b e characterize d quantitativel y 

throug h a n updat e equation ,  whic h expresse s th e activit y o f  a 

processin g uni t  i n th e A M a s a  functio n o f  th e inpu t  t o th e 

A M an d th e activitie s o f  othe r  A M unit s (Mozer ,  1991 , 

1999) . 

Lesioning the AM to produce neglect 

I n ou r  earlie r  modelin g o f  neglect ,  w e propose d a  particula r 

for m o f  lesio n t o th e model—damagin g th e connection s 

firo m th e primitiv e featur e map s t o th e A M .  Th e damag e i s 

grade d monotonically ,  mos t  sever e a t  th e lef t  extrem e o f  th e 

topographi c m a p an d leas t  sever e a t  th e righ t  (assumin g a 

righ t  hemispher e lesion ,  a s w e wil l  throughou t  thi s article) . 

The grade d damag e w e propos e i s inspire d b y Kinsbourne' s 

(1987 )  orientationa l  bia s accoun t  o f  neglect .  Th e damag e 

affect s th e probabilit y  tha t  primitiv e visua l  feature s ar e 

detecte d b y th e A M .  Th e specific s o f  th e damag e ar e 

describe d i n Moze r  (1999) .  W e emphasiz e tha t  th e damag e i s 

t o a  viewer-centere d representatio n o f  space . 

Simulations 1 and 2 

W h en a n experimenta l  stimulu s i s presente d uprigh t  an d cen -

tere d o n th e fixatio n point ,  viewer-centere d an d object-cen -

tere d referenc e frame s ar e confounded .  T o dissociat e th e tw o 

frames ,  Behrman n an d Tippe r  (1994 )  rotate d a  displa y con -

tainin g a  barbell—tw o disks ,  on e colore d re d an d th e othe r 

blue ,  connecte d b y a  soli d bar .  Th e barbel l  first  appeare d 

with ,  say ,  th e re d dis k o n th e lef t  an d th e blu e dis k o n th e 

(a ) 

t 

I (b )  ®  ® 

F IGURE 3 .  Barbel l  stimulu s use d i n th e Behrman n an d Tippe r 
experiment .  Th e dis k labele d "R "  i s colore d red ,  th e dis k labele d 
"B "  blue .  I n th e movin g condition ,  th e initia l  displa y (pane l  a )  wa s 
rotate d 180° ,  resultin g i n th e lef t  an d right  disk s exchangin g place s 
(pane l  b) .  I n th e stati c condition ,  n o rotatio n occurre d (pane l  b) . 

right .  I t  remaine d stationar y fo r  on e second ,  allowin g sub -

ject s t o establis h a n object-base d fram e o f  reference .  I n th e 

movin g condition ,  th e barbel l  the n rotate d 180 °  (Figur e 3a ) 

suc h tha t  th e tw o disk s exchange d place s (Figur e 3b) .  Fol -

lowin g th e rotation ,  th e re d dis k appear s o n th e lef t  wit h 

respec t  t o th e object-base d frame ,  bu t  o n th e right  wit h 

respec t  t o th e viewer-base d frame .  Th e subjects '  tas k wa s t o 

detec t  a  targe t  appearin g o n eithe r  th e re d o r  th e blu e disk .  A 

stati c condition ,  i n whic h th e barbel l  di d no t  rotate ,  wa s use d 

as a  baselin e (Figur e 3b) .  Left-neglec t  subject s showe d facil -

itatio n fo r  target s appearin g o n th e blu e dis k i n th e movin g 

conditio n relativ e t o th e stati c condition ,  an d showe d inhibi -

tio n fo r  target s appearin g o n th e re d disk .  Essentially ,  th e lat -

eralit y o f  neglec t  reverse d wit h reversa l  o f  th e barbell . 

Result s wer e therefor e consisten t  wit h object-based ,  no t 

viewer-based ,  neglect . 

Tippe r  an d Behrman n (1996 )  showe d tha t  th e phenome -

non appeare d t o depen d o n th e disk s bein g encode d a s on e 

object :  i n contras t  t o th e conditio n depicte d i n Figur e 3  i n 

whic h th e tw o disk s ar e connected ,  whe n th e ba r  betwee n th e 

disk s i s removed—th e disconnecte d condition—th e reversa l 

of  neglec t  n o longe r  occurre d whe n th e disk s rotate .  Thi s 

finding  i s wha t  on e woul d expec t  i f  neglec t  occurre d i n a n 

object-base d frame ,  becaus e rotatio n o f  th e displa y n o longe r 

correspond s t o rotatio n o f  a  singl e object . 

General simulation methodology 

The A M a s describe d i s identica l  t o th e mode l  use d i n ou r 

earlie r  simulatio n studie s o f  neglect .  Becaus e ou r  earlie r 

simulation s involve d stati c display s an d th e presen t  simula -

tion s involv e dynami c displays ,  on e mino r  technica l  chang e 

was mad e t o th e natur e o f  inpu t  noise ,  a s describe d i n Moze r 

(1999) . 

To simulat e a n experimenta l  task ,  th e experimenta l  stim -

ul i  ar e mappe d t o a  patter n o f  exogenou s inpu t  t o th e A M .  A s 

we hav e don e i n earlie r  work ,  th e mappin g wa s accom -

plishe d b y layin g a  silhouett e o f  th e stimulu s ove r  th e topo -

graphi c m a p an d generatin g a  patter n o f  activit y base d o n th e 

silhouette ,  emphasizin g th e objec t  borders . 

The experimenta l  tas k ha s a s it s dependen t  variabl e th e 

respons e tim e t o detec t  a  target .  Rathe r  tha n runnin g th e ful l 

M O R S EL mode l  an d usin g th e object-recognitio n networ k 

t o determin e detectio n o r  identificatio n responses ,  w e mak e a 

simpl e readou t  assumptio n tha t  allow s u s t o perfor m a  simu -

latio n usin g onl y th e A M .  Th e assumptio n i s tha t  th e reac -

tio n tim e t o detec t  a  targe t  i s inversel y proportiona l  t o th e 

attentiona l  activatio n i n location s tha t  correspon d t o th e tar -

get .  Thi s assumptio n i s justifie d b y earlie r  simulation s o f 

M O R S EL (Mozer ,  1991) ,  i n whic h outpu t  activit y o f  th e rec -

ognitio n networ k wa s foun d t o b e monotonicall y relate d t o 

th e allocatio n o f  attentio n t o location s o f  a  target .  I n al l 

result s reported ,  w e averag e activit y ove r  a  windo w o f  2 0 

iteration s followin g targe t  onset ,  ove r  al l  location s o f  th e 
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Iteratio n 0 Iteratio n 5 0 Iteratio n 11 0 Iteratio n 18 0 

F I G U RE 4 .  O n e tria J o f 
th e lesione d mode l  o n 
th e Behnnan n an d 
Tippe r  (1994 )  rotating -
barbel l  stimulus . 

,̂!!|!!f,*n:.:::ani u 

Iteratio n 25 0 Iteratio n 32 0 Iteratio n 40 0 Iteratio n 50 0 

Iteratio n 0 Iteratio n 5 0 Iteratio n 20 0 Iteratio n 35 0 

F I G U RE 5 .  O n e tria l  o f 
th e lesione d mode l  o n 
th e Tippe r  an d 
Behrman n (1996 ) 
rotatin g disconnecte d 
disks . 

Iteratio n 39 0 Iteratio n 42 0 Iteratio n 43 0 Iteratio n 50 0 

dis k o n whic h a  targe t  appears ,  an d ove r  2 0 0 trials .  W e cal l 

thi s th e read-ou t  activity .  Greate r  read-ou t  activit y fo r  a  dis k 

indicate s a  shorte r  respons e tim e t o th e targe t  appearin g i n 

tha t  disk . 

Results 

For  th e unlesione d mode l ,  th e read-ou t  activit y o n lef t  an d 

righ t  disk s an d i n th e stati c an d m o v i n g condition s i s th e 

same.  Th e lesione d A M show s quit e differen t  behavio r  (Fig -

ur e 4) .  A  relativ e degradatio n t o th e exogenou s inpu t  o n th e 

lef t  sid e o f  th e barbel l  ca n b e observe d du e t o th e d a m a g e , 

causin g th e righ t  hal f  o f  th e barbel l  t o b e selecte d initially . 

As th e barbel l  begin s t o rotate ,  th e focu s o f  attentio n narrow s 

furthe r  t o jus t  th e disk .  A s rotatio n continues ,  attentiona l 

activit y lag s slightl y behin d th e exogenou s input ,  bu t  catche s 

up w h e n th e rotatio n i s completed .  Give n th e final  distribu -

tio n o f  attentio n i n th e m o v i n g condition ,  th e mode l  wil l  b e 

faste r  t o respon d t o a  targe t  o n th e lef t  tha n o n th e right.  Thi s 

reversa l  doe s no t  occu r  i n th e stati c condition ,  a s suggeste d 

by th e A M stat e a t  iteratio n 50 .  T h e tria l  depicte d i n Figur e 4 

i s representative ;  i t  i s  consisten t  wit h th e m o r e quantitativ e 

measur e o f  read-ou t  activit y (Tabl e 1 ,  connecte d condition ) 

whic h indicate s greate r  activit y fo r  th e lef t  dis k i n th e m o v -

in g versu s th e stati c condition ,  an d les s activit y fo r  th e right 

disk . 

W h en th e disk s ar e disconnected ,  attentio n j u m p s f ro m 

th e dis k tha t  starte d of f  o n th e lef t  t o th e dis k tha t  end s u p o n 

th e lef t  (Figur e 5 ) .  Afte r  th e disk s cros s th e midline ,  th e dis k 

rotatin g int o th e righ t  field  begin s t o receiv e m o r e suppor t 

fro m th e exogenou s inpu t  tha n th e dis k rotatin g int o th e lef t 

field.  Eventuall y thi s exogenou s suppor t  i s  sufficien t  t o acti -

vat e th e righ t  disk ,  an d competitio n kick s i n t o suppres s th e 

lef t  disk .  Thi s patter n i s observe d reliably ,  a s indicate d b y th e 

measur e o f  read-ou t  activit y (Tabl e 1 ,  disconnecte d condi -

tion) .  T h e read-ou t  activit y show s nearl y ful l  activit y t o th e 

righ t  dis k an d non e t o th e lef t  disk ,  an d n o differenc e 

betwee n m o v i n g an d stati c conditions . 
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To summarize ,  th e A M simulatio n replicate s th e pri -

mar y findings  o f  Behrman n an d Tippe r  (1994 ;  Tippe r  & 

Behrmann ,  1996) :  (1 )  Fo r  normals ,  n o reliabl e difference s 

ar e obtaine d acros s conditions .  (2 )  Fo r  patient s show n con -

necte d disks ,  left-side d facilitatio n an d right-side d inhibitio n 

i s obtaine d i n th e mov in g conditio n relativ e t o th e static .  (3 ) 

For  patient s show n disconnecte d disks ,  left-side d facilitatio n 

an d right-side d inhibitio n ar e no t  observed .  (4 )  Fo r  patients , 

ther e i s a  mai n effec t  o f  targe t  side :  lef t  i s  slowe r  tha n right . 

T o understan d th e simulatio n results ,  conside r  first  th e 

mov in g connected-dis k trials .  T h e mode l  appear s t o trac k th e 

righ t  dis k int o th e lef t  field.  Becaus e attentiona l  activit y i n 

th e mode l  correspond s t o cover t  attention ,  thi s trackin g i s no t 

necessaril y  over t  an d i s therefor e consisten t  wit h th e finding 

of  Tippe r  an d Beh rman n (1996 )  tha t  ey e movement s ar e no t 

critica l  t o th e phenomenon .  Trackin g occur s becaus e th e 

attentiona l  stat e ha s hysteresis :  th e stat e a t  som e iteratio n i s a 

functio n o f  bot h th e exogenou s inpu t  an d th e stat e a t  th e pre -

viou s iteration .  Attentio n i s no t  ordinaril y  draw n t o a  dis k o n 

th e lef t  give n a  competin g dis k o n th e righ t  becaus e th e 

exogenou s inpu t  t o th e lef t  dis k i s weaker .  Nonetheless ,  i f 

attentio n i s alread y focuse d o n th e dis k o n th e left ,  eve n a 

weak exogenou s inpu t  m a y b e sufficien t  t o maintai n atten -

tio n o n th e disk .  Returnin g t o th e rule s o f  activatio n o f  th e 

model  describe d earlier ,  th e dis k tha t  ha s m o v e d int o th e lef t 

field  ha s suppor t  vi a th e bia s an d cooperatio n rules ,  wherea s 

th e dis k tha t  ha s m o v e d int o th e righ t  field  ha s suppor t  onl y 

vi a th e bia s rule . 

However ,  th e winne r  i s  no t  determine d simpl y b y th e 

number  o f  activatio n rule s tha t  suppor t  it .  Ke y t o th e model' s 

behavio r  i s th e tota l  quantitativ e suppor t  provide d t o eac h o f 

th e disks .  I f  th e tota l  suppor t  i s  greate r  fo r  th e right  disk ,  the n 

attentio n wil l  flip  t o th e right.  Thi s flipping  occur s o n th e dis -

connected-dis k trials .  Base d o n a n exploratio n o f  alternativ e 

stimuli ,  i t  appear s tha t  th e flipping  occur s fo r  th e discon -

necte d bu t  no t  connecte d trial s du e t o th e presenc e o f  th e 

nec k o f  th e barbel l  o n connecte d trials—th e regio n wher e th e 

dis k make s contac t  wit h th e bar .  Th e nec k provide s a n regio n 

of  exogenou s inpu t  adjacen t  t o th e disk ,  an d b y th e coopera -

tio n rule ,  therefor e provide s a n environmen t  tha t  support s 

attentiona l  activity .  Figur e 4  clearl y show s tha t  activatio n i s 

centere d o n th e nec k a s th e dis k rotate s int o th e lef t  field. 

Withou t  th e nec k t o "hook "  activit y i n place ,  activit y drop s 

t o th e poin t  tha t  th e lef t  dis k canno t  fen d of f  attac k fro m th e 

right  disk .  Althoug h thi s accoun t  i s no t  entirel y satisfactory , 

i n tha t  w e hav e no t  explaine d th e phenomen a i n linguisti -

call y simple ,  qualitativ e terms ,  i t  i s  sometime s th e bes t  on e 

T A B LE 1 

conditio n 

connecte d 

disconnecte d 

movmg 

stati c 

movmg 
stati c 

lef t  dis k 

U.2 2 

0.0 0 

0.0 0 

0.0 0 

righ t  dis k 

U.U4 

0.9 9 

0.9 3 

0.9 9 

ca n hop e fo r  i n characterizin g th e behavio r  o f  a  complex , 

dynamica l  syste m suc h a s th e A M . 

Simulation 3 

Recently ,  Behrman n an d Tippe r  (1999 )  hav e explore d a n 

intriguin g variatio n o f  th e rotating-barbel l  experimen t  i n 

whic h th e displa y contains ,  i n additio n t o th e rotatin g bar -

bell ,  tw o elements—square s whic h remai n stationar y durin g 

th e tria l  (Figur e 6) .  Subject s wer e aske d t o detec t  a  targe t 

tha t  coul d appea r  eithe r  o n on e o f  th e disk s o r  o n on e o f  th e 

squares .  A s i n th e earlie r  studies ,  facilitatio n i s observe d fo r 

target s appearin g o n th e lef t  (blue )  dis k i n th e movin g condi -

tio n relativ e t o th e stati c condition ,  an d inhibitio n i s observe d 

fo r  target s appearin g o n th e righ t  (red )  disk ,  consisten t  wit h 

neglec t  i n th e object-base d fram e o f  th e barbell .  Simulta -

neously ,  however ,  neglec t  i s  observe d i n th e viewer-base d 

fram e fo r  th e squares :  targe t  detectio n i n th e lef t  squar e i s 

slowe r  tha n i n th e righ t  square .  Th e finding  o f  neglec t  i n bot h 

viewer -  an d object-base d referenc e frame s suggest s tha t 

attentio n ca n selec t  an d acces s informatio n encode d wit h 

respec t  t o multipl e referenc e frames . 

Withou t  delvin g int o th e detail s o f  th e simulation .  Fig -

ur e 7  present s a  singl e tria l  o f  th e lesione d A M whic h give s 

an intuitio n o f  h o w th e mode l  ca n explai n th e data .  Initially , 

attentio n i s  draw n t o th e right  sid e o f  th e display ,  whic h 

include s th e righ t  dis k an d right  square .  A s th e barbel l  begin s 

t o rotate ,  attentio n i s  stretche d t o spa n th e dis k an d th e 

square ,  bu t  a s th e dis k an d squar e separate ,  th e attentiona l 

blo b connectin g the m i s broke n int o tw o blobs .  O n e migh t 

expec t  on e blo b t o b e suppresse d du e t o comf)etitio n betwee n 

th e blobs ,  bu t  th e competifio n i s weak ,  fo r  th e followin g rea -

son .  Th e competitio n rul e depend s o n th e rat e o f  activit y 

growt h i n on e blo b versu s another ,  no t  th e tota l  activit y i n 

on e blo b versu s another .  B y th e tim e th e tw o blob s ar e 

formed ,  th e activitie s o f  individua l  location s i n th e tw o blob s 

ar e comparabl e an d nea r  asymptote .  Consequently ,  th e com -

petitio n rul e doe s no t  produc e significan t  inhibitio n o f  eithe r 

blob .  Quantitativ e measure s o f  read-ou t  activit y ar e consis -

ten t  wit h th e exampl e presente d i n Figur e 7  an d wit h th e 

(a ) (b ) 

^ 

F I G U RE 6 .  Th e multiple-objec t  displa y studie d b y Behrman n an d 
Tippe r  (1999) .  I n th e movin g condition ,  th e initia l  displa y (pane l  a ) 
consist s o f  tw o stationar y square s an d a  barbell ,  which—a s i n th e 
earlie r  studies—rotate s suc h tha t  it s  tw o disk s exchang e horizonta l 
position s (pane l  b) .  Subject s wer e aske d t o detec t  a  targe t  tha t 
coul d appea r  o n eithe r  dis k o r  eithe r  square .  I n th e stati c condition , 
no rotatio n occurre d (pane l  b) . 
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Iteratio n 0 Iteratio n 5 0 Iteratio n 10 0 Iteratio n 15 0 

n C U RE 7 .  On e tria l 
of  th e lesione d 
model  o n th e 
Behrman n an d Tippe r 
(1999 )  barbell -
squar e experiment . 

Iterauo n 20 0 Iteratio n 25 0 Iteratio n 30 0 Iteratio n 35 0 

result s o f  B e h r m a n n an d Tippe r  (se e Mozer ,  1999 ,  fo r 

details) . 

Discussion 

The neuropsychologica l  studie s o f  Behrman n an d Tippe r 

have bee n take n a s suppor t  fo r  th e hypothesi s tha t  neglect , 

and henc e attention ,  ca n operat e i n object-base d coordinates . 

However ,  simulation s o f  th e A M provid e a n alternativ e 

explanation ,  becaus e th e A M operate s onl y i n a  viewer -

base d fram e o f  reference ,  ye t  ca n accoun t  fo r  th e data .  Th e 

AM' s accoun t  involve s cover t  attentiona l  tracking .  Bu t  th e 

AM' s accoun t  i s mor e complex ,  becaus e th e A M ca n i n addi -

tio n explai n th e lac k o f  neglec t  reversa l  fo r  disconnecte d dis -

play s o r  fo r  th e stationar y squares . 

The A M ha s als o bee n successfu l  i n explainin g a  variet y 

of  othe r  neglec t  studie s tha t  hav e bee n interprete d t o suppor t 

th e psychologica l  realit y o f  object-base d frames  o f  referenc e 

(Mozer ,  1999) .  Th e accumulatio n o f  suc h studie s ha s cause d 

many researcher s t o believ e i n th e existenc e o f  object-base d 

referenc e frame s an d object-base d representation s i n th e 

brain .  Bu t  th e A M strike s a  blo w agains t  thi s interpretation . 

I n th e absenc e o f  stron g empirica l  suppor t  fo r  object-base d 

frames ,  i t  woul d see m mor e parsimoniou s t o suppos e tha t 

object-base d frame s o f  referenc e pla y littl e o r  n o rol e i n th e 
cours e o f  ordinar y perception . 
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