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M e m o r y U s e Dur in g H a n d - E y e Coordinatio n 

Mar y M .  Hayhoe ,  Dan a H .  Ballard , 
and Steve n D .  Whitehea d 

Cente r  fo r  Visua l  Scienc e 
The Universit y o f  Rocheste r 

Rochester ,  N e w Yor k 14627-022 6 U S A 

Abst rac t ^ 

Recen t  successfu l  roboti c model s o f  comple x task s 
ar e characterize d b y us e o f  deicti c primitive s an d 
frequen t  acces s t o th e sensor y input .  Suc h model s 
requir e onl y limite d memor y representations ,  a  well -
know n characteristi c o f  huma n cognition .  W e show , 
usin g a  sensori-moto r  copyin g task ,  tha t  huma n 
performanc e i s als o characterize d b y deicti c strategie s 
and limite d memor y representations .  Thi s suggest s 
tha t  th e deicti c approac h i s a  fruitful  on e fo r  under -
standin g huma n brai n mechanisms ;  i t  als o suggest s a 
computationa l  rational e fo r  th e limitation s o n huma n 
shor t  ter m memory . 

Model s o f  visua l  an d cognitiv e processe s hav e 
traditionall y assume d elaborat e viewer -  o r  world -
base d interna l  model s o f  th e environmen t  tha t  ar e 
sufficientl y ric h t o allo w comple x reasonin g abou t  th e 
effect s o f  actio n sequences .  However ,  ther e ar e 
inheren t  limitation s t o thes e models .  I t  i s  compu -
tationall y expensiv e t o represen t  a  vas t  arra y o f  time -
varyin g environmenta l  information .  Consequentl y th e 
rang e o f  behavior s tha t  ca n b e modele d i s  ver y 
restricted .  M o r e recentl y a  numbe r  o f  researcher s 
hav e demonstrate d tha t  a  rang e o f  comple x task s ca n 
be modele d efficientl y usin g ver y limite d memor y 
representations .  Th e ke y aspec t  o f  thes e model s i s 
tha t  comple x interna l  representation s ar e avoide d b y 
allowin g frequen t  acces s t o th e sensor y inpu t  durin g 
th e problem-solvin g proces s (Brooks ,  1991 ;  1986 ; 
Whitehea d &  Ballard ,  1990 ;  Agr e an d Chapman . 
1987 ;  Ballard ,  1989 ;  1991 ;  Chas e &  Simon ,  1973) . 

The model s us e "deictic "  primitives, ^  whic h dynami -

'  Supporte d b y A F O S R Gran t  91-033 2 an d N S F 
Gran t  IRI-8903582 . 

^Th e wor d deicti c mean s "pointing "  o r  "showing " 
an d wa s firs t  use d i n thi s contex t  b y Agr e an d 
Chapman,  buildin g o n wor k b y Ullma n (1984) .  I t 
means tha t  aspect s o f  th e scen e ca n b e referre d t o b y 
denotin g tha t  par t  o f  th e scen e wit h a  specia l  marker . 
O ne suc h marke r  ca n b e fixation  itself :  lookin g 
directl y a t  a  par t  o f  th e scen e provide s specia l  acces s 
t o th e feature s immediat e t o th e fixation  point .  Thus , 
an instructio n migh t  b e t o ge t  'th e colo r  o f  th e thin g 

call y refe r  t o point s i n th e worl d wit h respec t  t o thei r 
crucia l  describin g feature s (e.g. ,  colo r  o r  shape) .  Th e 
limite d memor y representation s tha t  emerg e naturall y 
fro m thes e model s captur e on e o f  th e fundamenta l 
feature s o f  huma n cognition :  th e limite d natur e o f 
shor t  ter m memory .  Thi s ha s bee n a  focu s o f  researc h 
sinc e Miller' s semina l  articl e (Miller ,  1956) .  I n 
addition ,  th e saccadi c ey e movemen t  syste m provide s 
a natura l  biologica l  mechanis m fo r  efficien t  acces s t o 
task-relevan t  informatio n tha t  i s  tie d t o ongoin g 
behavior .  Althoug h th e compariso n betwee n human s 
and roboti c model s i s  suggestive ,  w e hav e littl e 
knowledg e o f  h o w human s actuall y perfor m i n task s 
comparabl e t o thos e modele d b y roboti c systems .  W e 
ask her e whethe r  huma n sensori-moto r  performanc e 
ca n als o b e characterize d b y th e us e o f  deicti c 
strategie s an d limite d memor y representation s tha t 
has prove d s o powerfu l  i n th e forma l  models .  W e 
repor t  evidenc e fro m a  copyin g tas k tha t  reveal s tha t 
human performanc e exhibit s exactl y thes e charac -
teristics :  extremel y limite d memor y representation s 
and th e crucia l  rol e o f  ey e movement s i n definin g th e 
referenc e fo r  deicti c instructions .  Th e environmen t 
ca n b e use d a s a n externa l  store ,  sinc e frequen t  acces s 
ca n b e mad e b y fixational  ey e movements .  Conse -
quently ,  comple x behavior s ca n b e generate d usin g a 
smal l  numbe r  o f  simpl e primitiv e instructions , 
withou t  th e nee d fo r  comple x reasoning .  Thi s 
suggest s tha t  th e approac h usin g deicti c represen -
tation s i s a  fruitfu l  wa y o f  understandin g huma n brai n 
mechanisms .  I t  als o suggest s a  computationa l 
rational e fo r  w h y shor t  ter m memor y i s limited . 

I n orde r  t o examin e th e rol e o f  ey e movement s i n 
th e performanc e o f  comple x tasks ,  w e chos e a  tas k 
whic h involve d copyin g a  patter n o f  colore d blocks . 
The tas k wa s chose n t o reflec t  basi c sensory ,  cog -
nitive ,  an d moto r  operation s involve d i n a  wid e rang e 
of  huma n performance .  A  displa y o f  colore d block s 
was divide d u p int o thre e areas ,  th e model ,  source , 
and workspace .  Th e mode l  are a contain s th e bloc k 
configuratio n t o b e copied ;  th e sourc e contain s th e 
block s t o b e used ;  an d th e workspac e i s th e are a 

currentl y fixated'  rathe r  tha n 'th e colo r  a t  locatio n 

(x.y)' . 
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Figur e 1 .  Displa y use d i n th e hand-ey e coordinatio n 
experiments .  Th e mode l  i s displaye d o n th e to p left , 
and th e sourc e are a i s o n th e right .  Th e botto m lef t  i s 
th e workspac e fo r  copyin g th e mode l  pattern .  Th e 
subject' s instruction s ar e t o buil d a  cop y o f  th e mode l 
i n th e workspac e are a usin g block s from  th e sourc e 
area .  Block s ar e move d usin g a  curso r  tha t  i s 
controlle d b y th e Macintos h M o u s e ® .  Th e displa y 
subtende d 1 7 b y 1 3 de g o f  visua l  angle ,  individua l 
block s wer e 1. 7 b y 1. 3 deg .  Th e righ t  ey e i s tracke d i n 
th e experiment .  Th e ey e positio n trac e i s show n b y th e 
cros s an d th e thi n line .  Th e curso r  trac e i s show n b y 
th e arro w an d dar k line .  Show n i s a  singl e cycle ,  fro m 
droppin g of f  bloc k tw o t o droppin g of f  bloc k thre e (i n 
th e experimenta l  tria l  th e block s appea r  colored) . 
Immediatel y afte r  droppin g of f  bloc k tw o (ligh t  gray ) 
th e fixatio n poin t  i s  transferre d t o th e model , 
presumabl y t o gai n informatio n o n th e nex t  block . 
Simultaneously ,  th e curso r  i s move d t o th e sourc e are a 
at  th e extrem e right  o f  th e screen .  Subsequentl y th e 
fixatio n poin t  i s  transferre d t o th e sourc e are a a t  th e 
locatio n o f  bloc k thre e (dar k gray )  an d use d t o direc t 
th e han d fo r  a  picku p action .  The n th e ey e goe s bac k 
t o th e mode l  an d th e curso r  i s move d t o th e drop-of f 
location .  Th e ey e move s t o th e drop-of f  locatio n t o 
facilitat e th e releas e o f  th e block .  Thi s displa y i s 
accomplishe d b y a  "replay "  progra m tha t  retrace s th e 
experimenta l  cours e fro m save d data .  I n th e 
experimen t  itsel f  th e bloc k i s erase d immediatel y afte r 
i t  ha s bee n picke d up ,  bu t  fo r  th e figure  i t  ha s bee n lef t 
visibl e t o mar k it s location .  Thu s th e bloc k move d 
appear s twice :  onc e i n th e sourc e are a an d onc e i n th e 
extrem e lef t  o f  th e woricspace . 

wher e th e cop y i s assembled .  Subject s use d th e curso r 
drive n b y a  mous e t o "pic k up "  an d "place "  block s o n 
th e screen .  Pickin g u p a  bloc k i s accomplishe d b y 
movin g th e curso r  ove r  th e bloc k an d depressin g a 
butto n attache d t o th e mouse .  Placin g th e bloc k i s 
accomplishe d b y movin g th e bloc k t o th e desire d 

locatio n an d releasin g th e button^ .  Bot h th e ey e an d 
curso r  movement s wer e monitore d throughou t  th e 
task. 4 

W h en th e tas k i s performe d whil e th e mode l  i s 
visibl e throughou t  th e trial ,  observation s o f  individua l 
ey e movement s sugges t  tha t  informatio n i s acquire d 
incrementall y durin g th e tas k an d no t  acquire d i n tot o 
at  th e beginnin g o f  th e task .  Fo r  example ,  th e trac e 
fo r  th e thir d bloc k use d b y subjec t  K  i s depicte d i n 
Figur e 1 .  Initiall y  th e mous e movemen t  an d fixation 
poin t  movement s ar e i n differen t  directions ,  wit h th e 
curso r  bein g transferre d t o th e sourc e an d th e ey e 
directe d toward s th e model .  Th e fixation  poin t  the n 
moves t o th e sourc e are a a t  th e locatio n o f  bloc k thre e 
(black )  an d i s use d t o direc t  th e han d fo r  a  picku p 
action .  The n th e ey e goe s bac k t o th e mode l  whil e th e 
curso r  i s move d t o th e workspace .  Th e ey e move s t o 
th e drop-of f  locatio n t o facilitat e th e releas e o f  th e 
block . 

Th e fac t  tha t  fixation  i s use d fo r  pickin g u p an d 
droppin g of f  eac h bloc k woul d hav e bee n expecte d 
fro m dat a o n singl e hand-ey e movement s (Milne r  & 
Goodale ,  1991) .  However ,  th e exten t  t o whic h th e 
eye s wer e use d t o chec k th e mode l  wa s unanticipated . 
I t  seem s likel y tha t  human s us e thei r  abilit y  t o fixate 
t o simplif y th e tas k i n tw o ways .  First ,  th e "fixatio n 
frame "  allow s th e us e o f  deicti c primitives .  Fo r 
example ,  a n objec t  i s  picke d u p b y first  lookin g a t  i t 
and the n directin g th e han d t o th e cente r  o f  th e 
fixatio n coordinat e frame .  W e cal l  thi s th e d o i t 
wher e I' m lookin g strategy .  Th e alternativ e require s 
programmin g a  c o m m a n d i n a  world -  o r  ego-base d 
coordinat e representation ,  wit h m u c h greate r 

^Fo r  thi s reaso n th e bloc k copyin g tas k use d a  se t  o f 
coarse-grained ,  discret e location s fo r  th e blocks .  Thu s 
releasin g th e mous e butto n place d th e bloc k a t  th e 
neares t  discret e gri d location .  Thi s obviate d th e nee d 
fo r  ver y precis e positionin g an d mad e th e tas k easie r 
t o perform .  Bloc k size s varie d fro m 1/2 °  t o 2° .  Usin g 
1.7 °  b y 1.3 °  blocks ,  th e resultan t  gri d wa s a  1 0 b y 1 0 
arra y a s ca n b e inferre d fro m Figur e 1 ,  whic h show s 
th e initia l  configuratio n fo r  suc h a n example . 
Display s wer e rando m configuration s o f  8  block s o f 
fou r  colors :  red ,  green ,  yellow ,  blue . 

^Th e ey e movement s wer e monitore d usin g a  Dual -
Purkinj e Imag e ey e tracker ,  samplin g th e ey e 
movement s an d han d movement s ever y 2 0 msec .  Th e 
hea d wa s hel d fixed  throughou t  th e experiment ,  usin g 
a bit e bar .  A t  th e outse t  o f  eac h se t  o f  trial s fo r  a n 
individua l  subject ,  th e subject' s gaz e wa s calibrate d 
by measurin g th e recordin g signa l  ove r  a  gri d o f  2 5 
position s tha t  spanne d th e displa y screen .  Th e 
accurac y o f  th e tracke r  i s considerabl y bette r  tha n on e 
degre e s o tha t  fixations  o f  individua l  block s coul d b e 
detecte d wit h hig h confidence . 
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Figur e 2a .  Th e differen t  categorie s o f  ey e movement s 
use d i n th e task .  " M "  mean s tha t  th e eye s ar e directe d 
t o th e model .  " P "  an d " D "  mea n tha t  th e eye s an d 
mouse ar e coinciden t  a t  th e picku p poin t  an d drop-of f 
poin t  respectively .  Thu s fo r  th e P M D strategy ,  th e 
ey e goe s directl y t o th e sourc e fo r  pickup ,  the n goe s 
t o th e mode l  area ,  an d the n t o th e sourc e fo r  drop-off . 

demands on the fidelity of the representation. Second, 
fixatio n i s b e use d t o acquir e informatio n e n rout e a t 
th e poin t  a t  whic h i t  i s  required .  Fo r  example , 
conside r  th e colo r  o f  th e thir d block .  I f  thi s i s 
memorize d a t  th e outse t  alon g wit h severa l  othe r 
colors ,  the n a  correspondin g numbe r  o f  memor y 
location s woul d b e required .  However ,  a  singl e 
locatio n tha t  encode s the-color-of-the-next-bloc k ca n 
be use d i f  th e loadin g o f  tha t  locatio n i s performe d a t 
th e appropriat e moment  i n th e task . 

Th e basi c cycl e fro m th e poin t  jus t  afte r  a  bloc k 
i s droppe d of f  t o th e poin t  wher e th e nex t  bloc k i s 
droppe d of f  provide s a  convenien t  wa y o f  breakin g 
up th e tas k int o componen t  subtask s o f  singl e bloc k 
moves .  Thi s allow s u s t o explor e th e differen t 
sequence s o f  primitiv e movement s mad e i n puttin g 
th e block s int o place .  A  wa y o f  codin g thes e subtask s 
i s t o summariz e wher e th e eye s g o durin g a  particula r 
subtask .  Thu s th e sequenc e i n Figur e 1  ca n b e 
encode d a s "model-pickup-model-drop "  (M-P-M- D 
on th e grap h legend )  wit h th e understandin g tha t  th e 
picku p occur s i n th e sourc e are a an d th e dro p i n th e 
workspac e area .  Fou r  principa l  sequence s o f  ey e 

movement s ca n b e identified ,  a s show n i n Figur e 2a. ^ 

Î t  i s  possibl e tha t  thes e frequen t  ey e fixation s ar e a n 
artifac t  o f  th e us e o f  th e compute r  mous e t o mov e th e 
blocks ,  whic h m a y slo w d o w n performance .  Perhap s 
i f  rea l  three-dimensiona l  block s wer e used ,  th e result s 

Summary dat a fo r  thre e subject s i s show n a s th e 
dar k bar s i n Figur e 2b .  Th e model-pickup-model -
dro p strateg y i s th e mos t  frequentl y use d b y al l  th e 
subjects ,  fa r  outweighin g th e pickup-dro p strategy . 
The latte r  i s  almos t  invariabl y use d onl y a t  th e en d o f 
th e construction .  Thi s frequen t  acces s t o th e mode l 
are a durin g th e constructio n o f  th e cop y w e tak e a s 
direc t  evidenc e o f  th e incrementa l  acces s t o 

informatio n i n th e worl d durin g th e task. ^ 

I n a  contro l  experiment ,  S s wer e give n 1 0 se c t o 
inspec t  th e mode l  whic h wa s the n remove d fro m 
view .  Performanc e wa s goo d u p t o fou r  items ,  bu t 
degrade d rapidl y abov e this .  W h e n S s wer e allowe d 
t o inspec t  th e mode l  fo r  a  variabl e duratio n befor e i t 
was remove d fro m view ,  performanc e asymptole d b y 
aroun d 1 0 see s a t  abou t  6 0 % correc t  fo r  model s o f  8 
blocks .  O n thi s basi s w e migh t  hav e expecte d tha t  S s 
woul d hav e us e m e m o r y mor e extensivel y i n th e 
mai n experiment ,  bu t  the y clearl y us e onl y minima l 
memory whe n the y ar e fre e t o d o so . 

I n thi s tas k th e crucia l  informatio n i s th e colo r 
and relativ e locatio n o f  eac h block .  Th e observe d 
sequence s (i n th e mai n experiment )  ca n b e under -
stoo d i n term s o f  whethe r  th e subjec t  ha s remembere d 
eithe r  th e colo r  and/o r  th e locatio n o f  th e bloc k 
currentl y needed .  Th e necessar y assumption s ar e that : 
(1 )  th e informatio n i s mos t  convenientl y obtaine d b y 
explicitl y  fixatin g th e appropriat e location s i n th e 
model ,  an d (2 )  th e informatio n i s preferentiall y 
acquire d sequentially .  I f  bot h th e colo r  an d locatio n 
ar e needed ,  a n M P M D sequenc e shoul d resul t  I f  th e 
colo r  i s  known ,  a  P M D sequenc e shoul d result ;  i f  th e 
locatio n i s known ,  a n M P D sequenc e shoul d result ;  i f 
bot h ar e known ,  the n P D .  I n th e dat a th e P D 

would be different. We think this unlikely for two 
reasons .  First ,  eve n thoug h differen t  S s use d ver y 
differen t  han d speeds ,  the y use d simila r  strategies . 
Second ,  th e tas k wa s especiall y desgne d t o mak e 
bloc k manipulatio n easy .  (I n fact ,  easie r  tha n i n th e 
three-dimensiona l  cas e wher e th e finger s tak e u p 
spac e an d manipulatio n become s mor e difficult ) 

^Thi s resul t  als o point s t o th e us e o f  ey e movement s 
as a n integra l  par t  o f  th e economica l  executio n o f  th e 
task .  Wha t  i f  th e subject s ha d t o perfor m th e tas k 
whil e holdin g thei r  gaz e fixed?  A s a  control ,  w e ha d 
subject s d o this :  th e mode l  wa s kep t  visibl e bu t 
subject s ha d t o fixat e th e cente r  o f  th e displa y 
throughou t  th e task .  The y wer e abl e t o complet e th e 
tas k successfully ,  bu t  require d abou t  thre e time s 
longer .  W e conjectur e tha t  thi s i s no t  du e t o difficult y 
i n seein g th e block s (whic h ca n b e u p t o 5  degree s 
eccentric) ,  sinc e w e varie d th e siz e o f  th e block s 
durin g thi s contro l  an d foun d that ,  fo r  size s i n th e 
rang e o f  on e degree ,  th e tim e t o complet e th e tas k i s 
invarian t  t o variation s i n bloc k siz e o f  plu s an d minu s 
a facto r  o f  two . 
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Eye Fixatio n Categorie s 

Figure 2b. Frequency of category use for a sample of 100 block moves from 4 observers. Treating the addition of a 
bloc k t o th e figur e bein g buil t  i n th e workspac e allow s th e compariso n o f  differen t  strategies .  A  strateg y tha t 
memorize d th e mode l  configuratio n a t  th e outse t  coul d the n consis t  entirel y o f  picku p an d dro p operations .  Instead , 
th e dat a summar y show s a  numbe r  o f  differen t  programs .  Compariso n o f  mode l  an d data .  Mode l  use d P c =  0.2 1 

andPi=0.11 . 

sequence s wer e invariabl y th e las t  on e o r  sometime s 
tw o block s i n th e sequence .  Th e M P D an d P M D 
sequence s ca n b e explaine d i f  th e subject s ar e 
sometime s abl e t o remembe r  a n extr a locatio n and/o r 
colo r  whe n the y fixat e th e mode l  area .  T o mode l  thi s 
effect ,  w e allowe d colo r  an d locatio n memor y t o hav e 
a capacit y o f  zer o t o tw o items .  I f  eithe r  o f  thes e 
location s ar e empt y th e eye s ar e draw n t o th e mode l 
area .  T o explai n thi s i n mor e detail ,  conside r  th e 
model  contro l  program : 

Repeat  unti l  {patter n copied ) 
GetColo r 
PickU p 
GetLocatio n 
Dro p 

I f  eac h o f  thes e basi c instruction s require d 
fixation ,  eac h o f  th e observe d sequence s woul d b e o f 
th e for m M P M D.  Th e instruction s GetColo r  an d 
GetLocatio n ac t  a s producer s o f  colo r  an d locatio n 
informatio n respectively .  Similarly ,  PickU p an d Dro p 

act  a s consumer s o f  colo r  an d locatio n information . 
T o explai n th e observe d sequences ,  w e onl y hav e t o 
allo w th e mode l  fixation s t o probabilisticall y produc e 
an extr a colo r  and/o r  location .  Th e ne w progra m 
becomes : 

Repeat  unti l  {patter n copied ) 
I f  (n o color s i n memory )  the n GetColo r 
PickU p 
I f  (n o location s i n memory )  the n GetLocatio n 
Dro p 

wher e n o w GetColo r  an d GetLocation ,  i n additio n t o 
determinin g a  singl e colo r  o r  location ,  ar e eac h 
allowe d t o determin e th e subsequen t  colo r  wit h 
probabilit y  P c an d th e subsequen t  locatio n wit h 

probabilit y  Pi .  Th e onl y remainin g modificatio n i s 

tha t  a t  th e penultimat e block ,  subject s invariabl y 
memoriz e th e colo r  an d locatio n o f  th e las t  block . 
W h en thi s featur e i s adde d t o th e mode l  a s a  specia l 
cas e th e observe d dat a ca n b e modele d ver y closely , 
as show n b y th e gra y bar s i n Figur e 2b . 
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I n summary ,  th e mai n resul t  i s  tha t  th e 
informatio n require d fo r  th e tas k i s acquire d jus t  prio r 
t o it s use .  Th e alternat e strateg y o f  memorizin g th e 
configuratio n t o b e copie d i n it s entiret y befor e 
movin g block s i s neve r  used .  I t  i s  neve r  use d eve n 
thoug h i t  technicall y coul d be :  ou r  memor y exper -
iment s sho w tha t  u p t o fou r  block s ca n b e copie d 
fro m memor y withou t  error .  Instead ,  th e observation s 
poin t  t o th e us e o f  a  smal l  amoun t  o f  predictio n tha t 
onl y extend s t o th e colo r  an d locatio n o f  th e bloc k 
afte r  th e curren t  one .  I n additio n th e experiment s 
poin t  t o (1 )  th e us e o f  ey e fixation s t o acquir e 
information ,  an d (2 )  th e incrementa l  acquisitio n o f 
informatio n o f  th e colo r  an d locatio n o f  eac h block . 

Thu s huma n performanc e i n suc h task s reveal s 
th e sam e fundamenta l  characteristic s a s thos e roboti c 
model s whic h hav e bee n successfull y implemente d 
usin g deicti c instruction s base d o n a  smal l  numbe r 
primitiv e operations ,  thu s obviatin g th e nee d fo r 
comple x m e m o r y representations .  Th e kind s o f 
primitive s use d i n th e simpl e contro l  progra m abov e 
ca n clearl y b e use d t o generat e mor e comple x 
behaviors .  Thes e result s sugges t  a  ne w interpretatio n 
of  th e limitation s o f  huma n workin g memory .  Rathe r 
tha n bein g though t  o f  a s a  limitatio n o n processin g 
capacity ,  i t  can  b e see n a s a n integra l  par t  o f  a  syste m 
whic h make s dynami c us e o f  deicti c variables .  Th e 
limite d numbe r  o f  variable s nee d onl y b e a  handica p 
i f  th e entir e tas k i s t o b e complete d fro m memory ;  i n 
tha t  cas e th e shor t  ter m m e m o r y syste m i s 
overburdened .  I n th e mor e natura l  cas e o f  performin g 
th e tas k wit h ongoin g acces s t o th e visua l  world ,  th e 
tas k i s complete d perfectly .  Thi s suggest s tha t  a 
natura l  metri c  fo r  evaluatin g behaviora l  program s ca n 
be base d o n thei r  spatio-tempora l  informatio n 
requirements . 

Thes e result s als o sugges t  a  ne w interpretatio n o f 
th e rol e o f  foveatin g ey e movement s i n vision .  Rathe r 
tha n bein g though t  o f  a s a  consequenc e o f  th e poo r 
resolutio n o f  periphera l  vision ,  fixatio n ca n b e see n a s 
definin g th e variabl e currentl y relevan t  fo r  tas k 
performanc e an d thu s orchestratin g performanc e o f 
th e task .  Similarly ,  th e attentio n ca n b e see n a s bein g 
necessaril y  limite d b y virtu e o f  it s rol e i n specifyin g 

th e variabl e fo r  th e nex t  instruction. ^ 

Historicall y w e hav e bee n accustome d t o think -
in g o f  th e jo b o f  perceptio n a s creatin g rich,  task -
independen t  description s o f  th e worl d whic h ar e the n 
re-accesse d b y cognitio n (Marr ,  1982) .  However ,  a n 
intriguin g suggestio n tha t  follow s fro m thes e experi -
ment s i s tha t  perhap s th e jo b o f  perceptio n ca n b e 
greatl y simplified :  i t  nee d onl y creat e description s 

tha t  ar e relevan t  t o th e curren t  tas k (se e als o (Naka -
yama,  1990)) . 
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