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Abstrac t 

The ACT-R production-system theory (Anderson, 1993) 
has bee n extende d t o includ e a  theor y o f  visua l  attentio n 
and patter n recognition .  Productio n rule s ca n direc t 
attentio n t o primitiv e visua l  feature s i n th e visua l  array . 
When attentio n i s focuse d o n a  region ,  feature s i n tha t 
regio n ca n b e synthesize d int o declarativ e chunks . 
Assumin g a  tim e l o switc h attentio n o f  abou t  20 0 msec ,  thi s 
model  prove s capabl e o f  simulatin g th e result s fro m a 
number  o f  th e basi c studie s o f  visua l  attention .  W e hav e 
extende d thi s mode l  t o comple x problem-solvin g lik e 
equatio n solvin g wher e w e hav e show n tha t  a n importan t 
component  o f  learnin g i s acquirin g mor e efficien t  strategie s 
fo r  scannin g th e problem . 

Theorie s o f  higher-leve l  cognitio n typicall y ignor e 
lower-leve l  processe s suc h a s visua l  attention .  The y 
simpl y assum e tha t  lower-leve l  processe s delive r  som e 
relativel y high-leve l  descriptio n o f  th e stimulu s situatio n 
upo n whic h th e higher-leve l  processe s operate .  Thi s 
certainl y i s a n accurat e characterizatio n o f  ou r  pas t  wor k 
on th e A C T - R theor y (e.g. .  Anderson ,  1993) .  Th e typica l 
tas k tha t  A C T - R ha s bee n applie d t o i s on e i n whic h th e 
subjec t  mus t  proces s som e visua l  array—th e arra y m a y 
contai n a  sentenc e t o b e recognized ,  a  puzzl e t o b e solved , 
or  a  compute r  progra m bein g written .  W e hav e alway s 
assumed tha t  som e processe d representatio n o f  thi s visua l 
arra y i s  place d int o workin g m e m o r y i n som e highl y 
encode d for m an d w e modele d processin g give n tha t 
representation . 

The strategy of focusing on higher-level processes 
migh t  see m eminentl y reasonabl e fo r  a  theor y o f  higher -
leve l  cognition .  However ,  th e strateg y create s tw o 
stresse s fo r  th e plausibilit y  o f  th e resultin g models .  O n e 
sues s i s tha t  b y assumin g a  processe d representatio n o f 
th e inpu t  th e theorist s ar e grantin g themselve s unanalyze d 
degree s o f  freedo m i n term s o f  choic e o f  representation . 
I t  i s  no t  alway s clea r  whethe r  th e succes s o f  th e mode l 
depend s o n th e theor y o f  th e higher-leve l  processe s o r  th e 
choic e o f  th e processe d representation .  Th e othe r  stres s i s 
tha t  th e theoris t  ma y b e ignorin g significan t  problem s i n 
acces s t o tha t  informatio n whic h m a y b e contributin g t o 
dependen t  variable s suc h a s accurac y an d latency .  Fo r 

instance ,  th e visua l  inpu t  m a y contai n mor e informatio n 
tha n ca n b e hel d i n a  singl e attentiona l  fixation ,  an d shift s 
of  attentio n (wit h o r  withou t  accompanyin g ey e 
movements )  ma y becom e a  significan t  bu t  ignore d par t  o f 
th e processing .  Fo r  thes e reason s w e hav e bee n 
encourage d t o joi n th e growin g numbe r  o f  effort s (e.g. , 
Kiera s &  Meyer ,  1994 ;  Wiesmeyer ,  1992 )  t o embe d a 
theor y o f  visua l  processin g withi n a  higher-leve l  theor y o f 
cognition .  Th e choic e t o focu s o n visio n i s  largel y 
strategic—reflectin g th e fac t  tha t  mos t  o f  th e task s tha t 
A C T - R ha s modele d involve d inpu t  fro m th e visua l 
modality .  T o b e mor e exact ,  mos t  task s hav e involve d 
processin g inpu t  fro m a  compute r  scree n an d s o w e hav e 
develope d a  theor y o f  th e processin g o f  a  compute r 
screen . 

It is important to define our approach to the problem 
fro m th e outset :  W e requir e a  theor y o f  visua l  attentio n 
and perceptio n whic h i s psychologicall y plausibl e bu t  i t  i s 
not  ou r  intentio n t o propos e a  ne w theor y o f  visua l 
attentio n an d perception .  Therefore ,  w e hav e embedde d 
withi n A C T - R a  theor y whic h migh t  b e see n a s a 
synthesi s o f  th e spotligh t  metapho r  o f  Posne r  (1980) ,  th e 
feature-synthesi s mode l  o f  Treisma n (Treisma n &  Sato , 
1990) ,  an d th e attentiona l  mode l  o f  Wolf e (1994) .  Wha t 
thi s mode l  doe s i s t o provid e u s wit h a  se t  o f  constraint s 
whic h w e the n ca n embe d withi n th e A C T - R theor y o f 
higher-leve l  cognition . 

We have implemented the spotlight metaphor of visual 
attentio n wher e a  variable-size d spotligh t  o f  attentio n ca n 
be move d acros s th e visua l  field .  W h e n th e spotligh t 
fixate s o n a n object ,  it' s  feature s ca n b e recognized .  Onc e 
recognized ,  th e object s ar e the n availabl e a s declarativ e 
structures ,  calle d chunks ,  i n ACT-R' s workin g memor y 
and ca n receiv e higher-leve l  processing .  Th e followin g i s 
a potentia l  chun k encoding  o f  th e lette r  H : 

objec t 
isa H 

left-vertica l 
right-vertica l 
horizonta l 

bar l 
bar 2 
bar 3 
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We assum e tha t  befor e th e recognitio n o f  th e object , 
feature s (e.g. ,  th e bars )  ar e availabl e a s par t  o f  a n objec t 
but  tha t  th e objec t  itsel f  i s  no t  recognized .  I n general ,  w e 
assume tha t  th e syste m ca n respon d t o th e appearanc e o f  a 
featur e anywher e i n th e visua l  fiel d an d recogniz e th e 
objects .  However ,  i t  canno t  respon d t o th e conjunctio n o f 
feature s tha t  defin e a  patter n unti l  i t  ha s move d it s 
attentio n t o tha t  par t  o f  th e visua l  fiel d an d recognize d th e 
patter n o f  features .  Thus ,  i n orde r  fo r  th e A C T - R theor y 
of  higher-leve l  processin g t o " k n o w "  wha t  i s i n it s 
environment ,  i t  mus t  m o v e it s attentiona l  focu s ove r  th e 
visua l  field.  I n A C T - R th e call s fo r  shif t  o f  attentio n ar e 
controlle d b y explici t  firing s o f  productio n rules . 
Consequently ,  i t  wil l  tak e tim e t o encod e visua l 
informatio n an d w e ar e force d t o hono r  th e limite d 
capacit y o f  visua l  attention . 

A basic assumption is that the process of recognizing a 
visua l  patter n fro m a  se t  o f  feature s i s identica l  t o th e 
proces s o f  categorizin g a n objec t  give n a  se t  o f  features . 
Anderso n an d Matess a (1992 )  provid e a  rationa l  analysi s 
of  h o w t o perfor m suc h categorizatio n withou t 
commitmen t  t o a  particula r  cognitiv e architecture .  Tha t 
theor y provide s u s wit h th e mechanis m fo r  assignin g a 
categor y (suc h a s H )  t o a  particula r  configuratio n o f 
features .  W e hav e implemente d thi s mechanis m withi n 
th e A C T - R fo r  translatin g stimulu s feature s int o chunk s 
lik e th e abov e whic h ca n b e processe d b y th e higher-leve l 
productio n system . 

The best way to illustrate how this theory functions is to 
describ e h o w i t  function s i n particula r  tasks .  I n th e 
followin g sectio n w e wil l  firs t  describ e h o w th e theor y 
woul d appl y i n modelin g dat a fro m th e classi c Sperlin g 
Tas k whic h wil l  giv e u s som e estimat e o f  tim e t o m o v e 
visua l  attention .  The n w e wil l  discus s a n applicatio n o f 
thi s t o th e subitizin g tas k whic h show s h o w thi s tim e 
estimat e play s ou t  i n a  slightl y mor e comple x situation . 
We wil l  the n tur n t o discussin g movemen t  o f  visua l 
attentio n i n a  higher-leve l  task—solvin g equations . 

Spe r l i n g T a s k 

Sperling (1960) reported a classic study of visual 
attention .  I n th e whole-repor t  conditio n h e presente d 
subject s wit h brie f  presentation s o f  visua l  array s o f  letter s 
( 3 row s an d 4  columns )  an d foun d tha t  o n averag e the y 
coul d repor t  bac k 4. 3 letters .  I n th e partial-repor t 
conditio n h e gav e subject s a n auditor y cu e t o identif y 
whic h ro w the y woul d hav e t o report .  The n h e foun d tha t 
the y wer e abl e t o repor t  3. 3 letter s i n tha t  row .  A s h e 
delaye d th e presentatio n o f  th e auditor y cu e t o 1  secon d 
afte r  th e visua l  presentatio n h e foun d tha t  subjects '  recal l 
fel l  t o abou t  1. 5 letters .  Sinc e subjects '  recal l  a t  a 
second' s dela y fel l  t o abou t  a  thir d o f  th e whol e repor t 
level ,  th e obviou s interpretatio n wa s tha t  the y wer e abl e t o 
repor t  a s man y item s fro m th e cue d ro w a s the y happene d 
t o encod e withou t  th e cue .  Thi s researc h ha s bee n 
interprete d a s indicatin g tha t  subject s hav e acces s t o al l 

th e letter s i n a  visua l  buffe r  bu t  the y hav e difficult y i n 
reportin g ihc m befor e the y decay .  W e wil l  us e . 8 second s 
as ou r  estimat e o f  th e duratio n o f  tha t  buffe r  i n ou r 
simulation .  W e represente d th e letter s i n th e visua l  arra y 
as set s o f  feature s groupe d i n unidentifie d objects . 
Dependin g o n th e situation ,  on e o f  th e followin g tw o 
production s woul d apply : 

Encode Screen 
I F on e i s encodin g digit s withou t  a  ton e 

and ther e i s a n objec t  o n th e scree n tha t 
has no t  b e attende d 

T H EN mov e attentio n t o tha t  objec t 

Encode Row 
I F on e i s encodin g digit s an d ther e i s a  lon e 

and a  ro w correspond s t o th e ton e 
and ther e i s a n objec t  i n th e ro w tha t 
has no t  b e attende d 

T H EN m o v e attentio n t o tha t  objec t 

These productions call for attention to be moved to 
unattende d objects .  W h e n th e productio n move s attentio n 
t o th e locatio n o f  tha t  object ,  th e lette r  woul d b e 
recognize d an d a  chun k create d t o encod e it .  Thi s chun k 
creatio n als o allow s A C T - R t o k n o w i t  ha s attende d t o 
tha t  objec t  (an d s o avoi d retur n visits) .  Th e actua l 
recognitio n o f  th e lette r  i s  don e b y th e categorizatio n 
componen t  externa l  t o th e productions .  I f  n o ton e i s 
presented ,  encode-scree n wil l  encod e an y lette r  i n th e 
array ;  whereas ,  i f  a  ton e i s present ,  encode-ro w wil l 
encod e letter s i n th e cue d row .  Thus ,  th e numbe r  o f 
letter s encode d i s essentiall y  equa l  t o th e numbe r  o f 
production s tha t  ca n fire  i n . 8 seconds .  Afte r  th e visua l 
arra y disappears ,  th e simulatio n ca n repor t  onl y thos e 
letter s tha t  ha d bee n encode d becaus e onl y thes e hav e a 
chun k representatio n i n workin g memory . 

We get the just-over-four letters reported in the whole-
repor t  procedur e (a s foun d b y Sperling )  b y settin g th e 
tim e pe r  attention-switchin g productio n rul e t o . 2 seconds . 
Thi s wa s a  mea n tim e fo r  a  productio n t o apply ;  w e adde d 
a stochasti c componen t  t o thes e time s producin g item-to -
ite m variabilit y  i n times .  Becaus e o f  thi s stochasti c 
componen t  th e mode l  average d slightl y ove r  4  letter s 
reporte d i n . 8 seconds .  T o se e this ,  suppos e tha t  th e arra y 
was jus t  availabl e fo r  . 2 second s an d hal f  o f  th e time s fo r 
th e productio n wer e unde r  . 2 second s an d hal f  wer e 
above .  Fo r  thos e under ,  th e mode l  woul d ge t  a  secon d 
loo k an d s o encod e a  secon d lette r  (th e assumptio n i s tha t 
th e lette r  i s  encode d a s soo n a s attentio n fixates) .  Fo r 
thos e over ,  ther e woul d b e jus t  on e lette r  reported .  S o th e 
averag e numbe r  reporte d woul d b e 1. 5 letters . 

Performance in the partial report condition was in a 
certai n sens e suboptima l  becaus e attentio n woul d no t 
switc h a s soo n a s th e ton e sounde d bu t  rathe r  a s soo n a s 
th e nex t  productio n fired  afte r  th e ton e sounded .  Thus ,  i f 
th e ton e sounde d a t  . 3 second s an d th e nex t  productio n 
fired  a t  . 4 second s th e subjec t  woul d onl y hav e . 4 (. 8 -  .4 ) 
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second s l o sca n th e appropriat e row .  Eve n whe n th e ton e 
occurre d immediatel y a t  th e offse t  o f  th e arra y th e firs t 
attentiona l  fixatio n woul d b e a t  a  rando m locatio n o n th e 
arra y an d th e secon d woul d b e se t  t o th e targe t  row . 
Sperlin g report s performanc e somewha t  lowe r  i n th e 
partia l  repor t  conditio n tha n woul d b e expecte d i l  th e 
subjec t  coul d repor t  a s man y term s fro m th e targe t  ro w a s 
th e ful l  array .  Ou r  simulatio n reproduce s thi s effec t  i n a 
paramete r  fre e way . 

Subitizing 

We have taken the 200 msec estimate of the time to 
switc h visua l  attentio n fro m th e Sperlin g tas k an d use d i t 
t o mode l  a  numbe r  o f  othe r  task s whic h involv e deployin g 
visua l  attentio n an d w e wil l  describ e her e it s applicatio n 
t o subitizin g (se e th e recen t  discussio n b y Simon , 
Cabrera ,  &  Kliegl ,  1993) .  Figur e 1  illustrate s th e classi c 
resul t  obtaine d i n thi s tas k wher e ther e i s a n increas e i n 
latenc y wit h numbe r  o f  digit s t o b e identified .  However , 
ther e i s a n apparen t  discontinuit y i n th e increas e wit h th e 
slop e bein g muc h shallowe r  unti l  3  o r  4  item s an d the n 
gettin g muc h steeper .  Ther e i s abou t  a  5 0 mse c slop e 
unti l  3  o r  4  item s an d approximatel y a  25 0 mse c slop e 
afterwards .  Figur e 1  als o show s th e result s fro m th e 
ACT- R simulation . 

2000 

1500 

.  2500 ^ 

e 

I 1000 

I  50 0 

0 
10 

Number  o f  Item s 

Figur e 1 :  Dat a fro m a  subitizin g tas k compare d t o 
prediction s o f  th e A C T - R theory . 

The basic organization of the model is to assume that 
ther e ar e specia l  production s tha t  recogniz e 1 ,  2 ,  3 ,  an d 
familia r  configuration s o f  large r  numbe r  o f  object s (suc h 
as fiv e o n a  di e face )  an d tha t  ther e i s a  productio n whic h 
can coun t  singl e objects .  Thi s i s th e basi c mode l  o f  th e 
subitizin g tas k tha t  ha s bee n propose d b y researcher s suc h 
as Mandle r  an d Sheb o (1982) .  Th e followin g ar e tw o o f 
th e production s use d i n modelin g th e task : 

Recognize-Two 
I F th e goa l  i s l o coun t  th e object s startin g fro m a 

coun t  o f  0 
and ther e i s a n objec t  a t  positio n 1 
and ther e i s a n objec t  a t  positio n 2 

T H EN mov e attentio n t o thei r  patter n an d th e coun t 
i s  2 . 

Count-One 
I F th e goa l  i s t o coun t  th e object s startin g fro m 

a coun t  o f  m 
and ther e i s a n objec t  o n th e scree n tha t  ha s 
not  b e attende d 
and n  i s th e successo r  o f  m 

T H EN mov e attentio n t o tha t  objec t  o n th e scree n 
and incremen t  th e coun t  t o n . 

Faced with an array of objects, the largest pattern-
recognitio n productio n (lik e recognize-tw o above )  wil l 
appl y an d directl y recogniz e th e coun t  o f  thos e objects . 
Afte r  tha t  poin t  i t  i s necessar y t o ad d furthe r  object s int o a 
runnin g coun t  an d thi s i s don e b y count-on e above . 
Whil e on e coul d coun t  multipl e additiona l  object s an d ad d 
the m int o th e existin g count ,  th e simple r  mode l  tha t  w e 
hav e implemente d simpl y count s u p b y ones .  Th e basi c 
latenc y mode l  fo r  thi s tas k i s on e whic h take s th e 20 0 
msec fro m th e Sperlin g tas k a s th e tim e fo r  shif t  o f 
attentio n an d 5 0 mse c a s th e time  t o matc h eac h non-goa l 
elemen t  i n a  productio n rul e beyon d th e first .  Th e A C T - R 
model  assume s tha t  productio n firin g increase s wit h 
number  o f  productio n conditio n elements .  Th e basi c 
latenc y wil l  b e determine d b y th e production s abov e plu s 
th e tim e fo r  respons e generation .  Smal l  array s wil l  b e 
handle d b y production s lik e recognize-tw o wit h eac h 
objec t  matche d takin g a n additiona l  5 0 mse c t o match . 
Th e count-on e production ,  whic h determine s th e per -
elemen t  time  (beyon d 3 )  fo r  large r  arrays ,  i s  basicall y th e 
productio n fro m th e Sperlin g tas k plu s a  retrieva l  o f  th e 
successo r  o f  th e count .  Eac h firin g o f  i t  shoul d tak e 25 0 
msec,  reflectin g th e 20 0 mse c t o shif t  attentio n plu s 5 0 
msec t o retriev e th e successo r  o f  th e count . 

Equation Solving 

Figure 2 shows a screen image that we have been using in 
our  researc h o n equatio n solving .  W e hav e don e 
extensiv e researc h o n h o w subject s solv e suc h equation s 
and muc h mor e comple x one s (Anderson ,  Reder ,  & 
Lebiere ,  submitted ;  Lebiere ,  Anderson ,  &  Reder ,  1994) . 
Thi s earl y wor k involve d simulation s whic h assume d tha t 
subject s wer e operatin g o n a n interna l  representatio n o f 
th e equatio n whic h cam e a s a n encodin g o f  Ui e visua l 
presentatio n o f  th e screen .  Mor e recenUy ,  w e hav e bee n 
intereste d i n modelin g h o w subject s migh t  actuall y g o 
abou t  encodin g informatio n fro m th e screen .  W e hav e 
assume d tha t  subject s firs t  encod e th e symbol s fro m th e 
equatio n throug h a  scannin g proces s drive n b y 
production s like : 

Encode-Symbol 
I F th e goa l  i s t o solv e a n algebr a equatio n 

and th e leftmos t  unattende d objec t  i s a t  a  locatio n 
T H EN mov e attentio n t o tha t  location . 

This production embodies a left-to-right encoding strategy 
i n whic h subject s encod e eac h symbo l  fro m th e equatio n 
and the n ar e abl e t o appl y som e procedur e like : 
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Multiply-both-side s 
I F th e goa l  i s  t o solv e a n algebr a equatio n 

and th e equatio n i s o f  th e for m X/ C =  D 
T H EN se t  a  subgoa l  t o multipl y C  b y D . 

However, in observing our own behavior solving this 
equatio n w e note d tha t  w e ofte n di d no t  bothe r  t o sca n th e 
whol e equatio n bu t  rathe r  focuse d o n jus t  th e meaningfu l 
pan s o f  th e equatio n — th e C  an d D  i n X/ C =  D .  (Thi s 
occurre d i n th e contex t  o f  a n experimen t  wher e al l  th e 
problem s wer e divisio n problems. )  Therefore ,  w e hav e 
begu n a  researc h progra m t o stud y jus t  ho w subject s d o 
sca n suc h equations . 

algebr a 

Figur e 2 

Our initial research has involved using a restricted 
interfac e lik e th e on e illustrate d i n Figur e 3 .  Her e th e 
subjec t  ha s a  movabl e windo w wit h whic h t o examin e th e 
equation .  T o m o v e th e window ,  th e subjec t  jus t  move s 
th e mouse .  W e analyze d subjec t  movement s int o period s 
wher e the y spen d a t  leas t  20 0 msec ,  o n a  meaningfu l 
symbol  o f  th e equation .  I f  w e represen t  thes e simpl e 
equation s a s X/ C =  D ,  the n th e fiv e meaningfu l  region s 
ar e X ,  /,C,= ,  an d D .  Th e spacin g an d siz e o f  th e windo w 
ar e suc h tha t  onl y on e regio n a t  a  tim e ca n b e fixated . 

algebr a 

Figur e 3 

We found evidence for at least two scanning patterns. 
O ne involve d a  near-exhaaustive ,  linea r  sca n o f  th e 
equatio n i n whic h th e subjec t  fixate d th e symbol s i n th e 
sequenc e X ,  / ,  C ,  = ,  D .  I f  w e us e thi s stric t  definilio n the n 
subject s engag e i n thi s scannin g patter n (wit h ove r  20 0 
msec fixation s o n eac h symbol )  o n jus t  8 % o f  th e 
problems .  However ,  i f  w e us e a  mor e libera l  scorin g 
definitio n i n whic h w e requir e th e subjec t  t o fixate  C ,  D , 
and tw o o f  X ,  / ,  an d D  i n an y orde r  wit h an y numbe r  o f 
repea t  visit s tha t  percentag e rise s t o 4 3 % .  Th e secon d 
strateg y wa s indicate d b y th e subjec t  jus t  visitin g th e C 
and D .  Thi s occurre d 3 5 % o f  th e lime .  Thes e 
percentage s ar e fo r  th e firs t  da y o f  th e experiment . 
Subject s wer e i n th e experimen t  fo r  thre e days .  B y th e 

thir d da y th e firs t  strateg y ha d droppe d fro m 4 3 % t o 1 1 % 
by th e libera !  scorin g metho d whil e th e secon d strateg y 
had rise n fro m 3 5 % t o 6 7 % .  Thus ,  ther e i s a  ver y definit e 
shif t  ove r  th e cours e o f  th e experimen t  t o a  mor e efficien t 
scannin g strategy . 

This raises the issue of what the nature of the learning 
migh t  b e i n thi s task .  Subject s ge t  muc h faste r  ove r  th e 
cours e o f  th e thre e days ,  takin g 4.0 6 second s t o solv e th e 
simpl e equation s o n da y 1  bu t  2.6 6 second s o n da y 3 .  W e 
brok e thi s tim e u p int o tw o components .  Ther e i s th e tim e 
spen t  whe n no t  fixatin g th e equatio n an d th e tim e spen t 
fixating  th e equation .  Th e non-fixatio n tim e include s th e 
tim e befor e th e first  equatio n fixation  whe n th e subjec t  i s 
perhap s organizin g a  strateg y an d th e tim e afte r  th e las t 
fixation  whe n th e subjec t  i s  typin g ou t  th e answer .  Thi s 
non-fixatio n tim e decrease s fro m 1.8 4 second s o n da y 1  t o 
1.3 4 second s o n da y 3 .  Th e fixation  tim e decrease s fro m 
2.2 2 second s t o 1.3 2 seconds .  W e analyze d th e fixation 
tim e int o tim e pe r  fixation  an d separate d thes e ou t  int o 
fixations  befor e th e las t  an d fixations  afte r  th e last .  Th e 
pre-las t  fixations  appea r  t o b e relativel y constan t  an d 
averag e .4 2 second s o n da y 1  an d .3 6 second s o n da y 3 . 
So ther e i s littl e spee d u p i n th e duratio n o f  thes e 
fixations .  Th e las t  fixatio n take s muc h longer—.9 4 
second s o n da y 1  an d .9 2 second s o n da y 3 .  Th e longe r 
tim e fo r  th e las t  fixation  (almos t  alway s o n d )  presumabl y 
reflect s th e tim e fo r  th e subjec t  t o mak e th e calculation . 
Thus ,  th e reaso n wh y subject s ar e spendin g les s fixation 
tim e i s no t  a  reductio n i n amoun t  o f  tim e pe r  fixation  bu t 
rathe r  a  reductio n i n th e numbe r  o f  fixations—fro m abou t 
4. 2 o n da y 1  t o 2. 8 o n da y 2 

Thus, we have discovered that an important component 
of  th e learnin g (indee d th e majorit y o f  th e tim e savings ) 
tha t  i s  goin g o n i n thi s experimen t  i s du e t o improve d 
strategie s fo r  scannin g th e equation .  Thi s i s ver y differen t 
tha n th e typica l  explanatio n o f  spee d u p i n A C T whic h 
attribute s i t  eithe r  t o stronge r  an d mor e rapi d production s 
or  t o composition s o f  existin g production s (Anderson , 
1987) .  Thi s serve s t o illustrat e th e importan t  contributio n 
tha t  stud y o f  visua l  attentio n ca n mak e t o ou r 
understandin g o f  th e natur e o f  learning .  Thi s researc h 
indicate s tha t  a n importan t  componen t  o t  skil l 
developmen t  i s learnin g wher e critica l  informatio n i s t o 
be foun d i n th e visua l  interface .  Th e A C T - R theor y does 
hav e strateg y learnin g mechanism s whic h ca n mode l  th e 
transitio n betwee n strategie s (Anderson ,  1993 ;  Lovet t  & 
Anderson ,  i n press )  an d w e ar e currentl y i n th e proces s o f 
tryin g t o mode l  thi s transition . 

Concluding Remarks 

In the introduction we described two motivations for 
developin g a  theor y o f  visua l  processin g i n ACT-R .  On e 
was t o mode l  th e information-processin g limitation s i n 
accessin g informatio n fro m th e screen .  This  pape r  ha s 
been mainl y devote d t o describin g that—showin g ho w w e 
can mode l  classi c allentiona l  paradigm s an d gai n insigh t 
int o th e performanc e an d improvemen t  o f  comple x 
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cognitiv e skills .  Th e othe r  motivatio n wa s t o eliminat e 
magica l  degree s o f  freedo m i n goin g fro m a  descriptio n 
of  a n experiment ,  t o a  cognitiv e mode l  o f  ho w i t  i s 
performed .  W e hav e accomplishe d thi s also .  Th e sam e 
experimenta l  softwar e tha t  run s subject s interact s wit h th e 

A C T - R system. ^  W e hav e develope d th e experiment -
runnin g syste m tha t  ca n b e "toggled "  s o tha t  i t  wil l  eithe r 
administe r  a n experimen t  t o a  rea l  subjec t  o r  interac t  wit h 
th e A C T - R simulation .  W h e n i t  i s  toggle d t o interac t  wit h 
ACT-R,  A C T - R ca n "see "  th e scree n i n term s o f  thi s 
featur e representatio n an d th e experimenta l  progra m wil l 
rea d ke y presses ,  mous e movements ,  an d mous e click s 
issue d b y ACT-R .  Thus ,  i t  become s possibl e fo r  anyon e 
t o buil d a  simulatio n t o interac t  wit h th e sam e 
experiment-runnin g softwar e tha t  subject s interac t  wit h 
(provide d tha t  softwar e i s writte n i n LIS P o n th e 
Macintosh) . 
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1 W e hav e take n advantag e o f  standard s fo r  Macintos h 
LIS P dialogu e window s t o creat e a  defaul t  visua l  interfac e 
modul e whic h represent s alphanumeri c character s i n 
term s o f  a  standar d se t  o f  feature s (thos e use d i n th e 
McClellan d &  Rumelhart ,  1981 ,  modeling) ,  an d encode s 
al l  othe r  element s i n th e windo w i n term s o f  thei r  defaul t 
Macintos h encodings .  I t  i s  possibl e fo r  user s t o chang e 
th e featur e representatio n accordin g t o thei r  preferences , 
but  th e defaul t  provide s a  first-orde r  representatio n fro m 
whic h everyon e ca n wor k 
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