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N O V A,  Cove r t  Attentio n Exp lo re d 

T h r o u g h Unifie d Theor ie s o f  Cogn i t ion * 

Mark Wiesmeyer and John Laird 

Artificial Intelligence Laboratory 

T h e Universit y o f  Michiga n 

A n n Arbor ,  M I  4 8 1 0 9 

wiesmeye@caen.engin. umich.edu 

Abstrac t 
Cover t  visua l  attentio n i s a  subtl e par t  o f  huma n 
visio n tha t  ha s bee n widel y researche d i n th e 
psycholog y community .  Mos t  ofte n visua l  attentio n 
i s though t  t o involv e movement s o f  th e eye s o r  head ; 
however ,  cover t  visua l  attentio n doe s no t  involv e 
over t  movement s o f  an y sort .  I t  ha s ofte n bee n 
describe d i n a n homuncula r  sens e a s th e "mind' s eye. " 

Thi s pape r  introduce s bot h a  ne w mode l  o f  cover t 
visua l  attentio n an d a  ne w approac h i n whic h t o 
investigat e attention .  Th e approac h i s base d o n fiv e 
assertions :  (1 )  Developmen t  o f  model s o f  attentiona l 
processe s shoul d occu r  i n th e contex t  o f  a  fixed , 
explici t  mode l  o f  nonattentiona l  processes .  (2 ) 
Evaluatio n o f  attentiona l  model s shoul d occu r  i n th e 
contex t  o f  complet e tasks .  (3 )  Judgmen t  o f  th e 
qualit y o f  a n attentiona l  mode l  shoul d b e wit h respec t 
t o it s abilit y t o cove r  man y task s whil e maintainin g 
constan t  parameters .  (4 )  Compute r  implementatio n 
and simulatio n o f  a n attentiona l  mode l  an d th e task s 
i t  claim s t o cove r  shoul d b e use d fo r  demonstratin g 
it s sufficiency .  (5 )  A  proces s mode l  ( a mode l  tha t 
seek s t o correspon d a t  som e leve l  o f  analysi s t o actua l 
mechanism s o f  behavior )  shoul d b e abl e t o accoun t 
f w bot h th e timin g an d th e function s o f  behavior . 

N O VA (No t  Over t  Visua l  Attention) ,  th e firs t 
operator-base d mode l  o f  cover t  visua l  attention ,  i s 
base d o n th e Mode l  H u m a n Processo r  [Card ,  Moran , 
and Newell ,  1983] ,  a  mode l  o f  nonattentiona l 
processe s tha t  ha s bee n applie d successfull y i n 
Human-Compute r  Interactio n (HCI )  research .  I n thi s 
pape r  w e revie w th e result s o f  usin g N O V A t o mode l 
seve n qualitativel y differen t  immediate-respons e task s 
fro m th e psychologica l  literature .  A s a  tes t  o f  th e 
sufficienc y o f  N O V A ,  w e implemente d N O V A an d 
eac h o f  th e tas k model s i n th e Soa r  cognitiv e 
architecture ,  a  compute r  mode l  o f  huma n behavio r 
tha t  ha s bee n propose d a s th e basi s o f  Newell' s 
"Unifie d Theorie s o f  Cognition "  (UTC )  [Newell , 
1990] .  N O V A i s bot h a  ne w theor y o f  attentio n an d 
a framewor k i n whic h existin g theorie s o f  attentio n 
hav e bee n unified . 

1.0 Introduction 

The majo r  par t  o f  th e motivatio n fo r  ou r  work ,  ha s 
come fro m Alle n Newell .  I n particular ,  th e pape r 

"Yo u can' t  pla y 2 0 question s wit h natur e an d win " 
[Newell ,  1973] ,  whic h se t  th e stag e fo r  hi s woi k o n 
U T C,  ha s bee n a n ever-presen t  reminde r  o f  th e nee d t o 
develo p theorie s o f  cognitio n lik e N O V A .  Earlie r 
psychologist s als o seeme d t o fee l  th e nee d fo r  over -
archin g psychologica l  theorie s tha t  coul d unif y larg e 
bodie s o f  subtheory . 

It is true that the discovery of attention did not 
resul t  i n an y immediat e triump h o f  th e 
experimenta l  method .  I t  wa s somethin g lik e th e 
discover y o f  a  hornet' s nest :  th e firs t  touc h 
brough t  ou t  a  whol e swar m o f  insisten t 
problems . 

—Edwaid Titchener (1908) 

The problems to which Titchener is referring 
aris e becaus e attentio n i s onl y on e componen t  o f  a 
behavin g intelligen t  organism .  I n orde r  t o undo^tan d 
what  attentio n is ,  ho w i t  functions ,  an d wha t  it s 
limitation s an d capabilitie s are ,  a n explici t 
nonattentiona l  mode l  o f  th e organis m (includin g 
perception ,  cognition ,  motor )  mus t  b e availabl e i n 
whic h t o tes t  attentiona l  hypotheses . 

N O VA ha s bee n abl e t o explai n cover t  attentio n 
phenomen a b y startin g wit h th e Mode l  H u m a n 
Processo r  ( M H P )  an d extendin g an d unifyin g i t  wit h 
well-know n dat a tha t  hav e bee n publishe d i n th e 
behaviora l  and  attentiona l  literature .  Th e model s fo r 
eac h o f  th e seve n attentiona l  experiment s tha t  ar e late r 
describe d wer e develope d i n th e orde r  i n whic h the y 
ar e presented .  Durin g th e proces s o f  modeling , 
N O VA wa s enlarge d o r  altere d a s experimenta l  dat a 
demanded,  an d th e effec t  o f  eac h chang e o n N O V A ' s 
abilit y  t o accoun t  fo r  previousl y modele d experiment s 
was checked .  Th e powe r  i n th e approac h i s tha t  eac h 
isolate d experiment ,  whe n combine d wit h th e othe r 
isolate d experiments ,  act s a s a  constrain t  o n th e 
model .  Th e resul t  i s  a  mode l  tha t  cover s severa l 
experimenta l  tasks ,  bu t  ha s fe w parameters . 

*  Thi s wor k wa s supporte d b y gran t  NCC2-51 7 fro m 
NASA Ames . 
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Cognitio n 

Figur e 1 :  Nov a 

Figur e 1  show s N O V A ,  whic h i s simila r 
functionall y an d structurall y t o th e M H P .  A s i n th e 
M H P,  eac h subsyste m operate s semi-autonomousl y 
at  a  particula r  rat e calle d it s "cycl e time. "  Th e cycl e 
tim e o f  Perception ,  10 0 msec ,  i s define d t o b e th e 
tim e require d fo r  a  stimulu s t o trave l  fro m th e retin a 
t o th e Visua l  Imag e Store ,  a  par t  o f  Workin g 
M e m o r y .  Cognitio n i s compose d o f  Workin g 
M e m o r y ,  Long-ter m Memory ,  an d th e Cognitiv e 
Processor .  Cognitio n ha s a  cycl e tim e o f  5 0 msec , 
whic h i s th e tim e require d fo r  a n operato r  t o b e create d 
or  applied .  Motor ,  whic h execute s command s tha t 
Cognitio n deposit s i n Woikin g Memory ,  ha s a  cycl e 
tim e o f  7 0 msec .  Tha t  i s th e tim e require d fo r  a 
Workin g M e m o r y chang e t o caus e a n over t  moto r 
response . 

N O V A ' S majo r  addition s t o th e M H P includ e a 
perceptua l  dependenc y fo r  th e shif t  o f  cover t  visua l 
attentio n (15 0 msec) ,  th e specificatio n o f  thre e 
semanti c operator s (VERIFY ,  C O U N T,  R E S P O N D) 
an d tw o visua l  operator s ( A T T E N D an d 
R E C O G N I Z E ),  an d a  mor e develope d theor y o f  visua l 
features . 

A "perceptua l  dependency "  occur s whe n th e 
creatio n o f  a n operato r  tha t  i s  critica l  t o a  tas k i s 
dependen t  upo n visua l  stimul i  tha t  m a y no t  ye t  b e 
converte d int o Workin g M e m o r y inputs .  I n th e 
M H P,  perceptua l  dependencie s occu r  strictl y du e t o 
stimulu s presentatio n latencies ,  perceptua l  cycl e 
times ,  an d ey e movements . 

N O V A ' S 15 0 mse c latenc y fo r  a  shif t  o f  attentio n 
i s th e su m o f  th e tim e t o creat e a n A T T E N D operato r 
(5 0 msec) ,  th e tim e t o appl y tha t  operato r  (5 0 msec) , 
and th e tim e require d fo r  attende d visua l  informatio n 
t o arriv e i n th e Visua l  Imag e Stor e fro m V 4 (5 0 
msec) .  Visua l  informatio n ha s bee n show n t o b e 
attentionall y gate d a t  V 4 ,  a  par t  o f  th e visua l  corte x 
[MOTan an d Desimone ,  1985] . 

Th e cor e concep t  o f  N O V A i s tha t  visua l 
attentio n mus t  preced e identification ,  an d bot h 
attentio n an d identificatio n ar e deliberat e action s tha t 
ar e mediate d b y operator s ( A T T E N D an d 

R E C O G N I Z E ).  Th e attentiona l  zoo m len s i s a  singl e 
ova l  regio n o f  attentiona l  focu s tha t  range s acros s th e 
visua l  field ,  separatin g i t  int o attende d an d unattende d 
regions .  Perceptio n deliver s bot h attende d features , 
whic h deriv e from  th e attende d region ,  an d unattende d 
features ,  whic h deriv e fro m th e unattende d region , 
int o th e Visua l  Imag e Store ,  whic h i s par t  o f 
Workin g Memory .  Bot h attende d an d unattende d 
feature s ar e iconi c (i.e. ,  presemantic )  representations . 
Unattende d feature s ar e use d t o cu e n e w shift s o f 
attention .  Attende d feature s ar e use d i n th e proces s o f 
identification .  Onl y afte r  attende d feature s ar e 
transforme d int o symbol s throug h th e applicatio n o f 
th e R E C O G N I ZE operato r  ca n th e identitie s o f  visua l 
event s b e reporte d o r  affec t  behavior .  However , 
unidentifie d change s i n th e visua l  field  ca n b e reporte d 
or  affec t  behavio r  withou t  attention .  Th e V E R I F Y 
operato r  monitor s th e symboli c content s o f  Workin g 
Memory allowin g th e tas k mode l  t o accomplis h tas k 
goals ,  whil e th e R E S P O ND operato r  produce s over t 
actions .  Th e C O U NT operato r  count s attende d items . 

Difference s i n th e availabilit y  o f  informatio n fo r 
feature s fi'om  th e attende d an d unattende d region s i s 
th e resul t  o f  visua l  attentio n an d create s th e nee d fo r 
th e regio n o f  attentio n t o move .  Ther e ar e fou r 
combination s o f  featur e identit y an d locatio n 
informatio n i n N O V A :  (1 )  K n o w n featur e identit y 
informatio n an d exac t  locatio n information . 
Cognitio n "knows "  tha t  ther e i s a  specifi c  even t  i n 
th e visua l  fiel d an d wher e i t  is .  (2 )  K n o w n featur e 
identit y informatio n an d inexac t  locatio n information . 
Cognitio n know s tha t  ther e i s a  specifi c  even t  i n th e 
visua l  field  i n a  genera l  are a o f  th e visua l  field.  (3 ) 
Unknown featur e identit y informatio n an d inexac t 
locatio n information .  Cognitio n know s tha t  ther e i s 
an even t  i n th e visua l  fiel d i n a  genera l  are a o f  th e 
visua l  field,  bu t  doe s no t  k n o w wha t  i t  is .  (4 ) 
Unknown featur e identit y informatio n an d n o locatio n 
information .  Cognitio n know s tha t  ther e i s a n even t 
i n th e visua l  field,  bu t  i t  doe s no t  kno w wha t  i t  i s  o r 
wher e i t  is .  Thes e variou s combination s o f  featur e 
informatio n produc e a  discret e approximatio n o f  a 
gradient-based ,  zoom-len s attentiona l  ̂ q)aratus . 

A discussio n o f  th e exac t  natur e o f  feature s i n 
N O VA i s involve d an d ou t  o f  th e s c c ^  o f  thi s p^)er . 
Generally ,  however ,  i n N O V A ,  shap e an d colo r 
stimul i  ar e represente d separatel y a s tw o differen t 
classe s o f  features .  Perceptio n deliver s bot h simpl e 
shap e feature s a t  th e grai n siz e o f  primitiv e feature s 
(e.g. ,  lines ,  curves ,  orientations ,  angles )  an d comple x 
shap e feature s a t  th e leve l  o f  linguisti c object s t o th e 
Visua l  Imag e Store .  Fo r  a  ful l  explanatio n o f 
feature s an d othe r  part s an d result s o f  th e N O V A 
theory ,  pleas e refe r  t o th e firs t  author' s thesi s 
[Wiesmeyer ,  1992] . 
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2. 0 T a s k M o d e l s 

A "tas k model "  i s  a  collectio n o f  operators ,  contro l 
knowledge ,  an d goal s tha t  whe n combine d wit h tas k 
stimul i  produce s operato r  trace s tha t  ma y b e use d t o 
explai n tas k behavior .  Eac h operato r  trac e consist s o f 
a sequenc e o f  operato r  creation s an d application s tha t 
i n conjunctio n wit h perceptua l  dependencie s an d 
moto r  cycl e time s accoun t  fo r  functiona l  behavio r  an d 
yiel d timin g estimate s fo r  th e task .  N O V A operato r 
trace s ar e simila r  t o G O MS model s a s introduce d wit h 
th e M H P;  however ,  G O MS use s muc h highe r  leve l 
operator s tha n ar e employe d i n N O V A.  N O V A ma y 
be though t  o f  a s G O MS modelin g a t  th e micr o level . 

Additiona l  importan t  characteristic s o f  N O V A 
tas k model s ar e tha t  operator s remai n th e sam e i n al l 
tas k models ;  tas k contro l  knowledg e an d goal s 
entirel y specif y th e orderin g o f  operator s tha t  ar e 
create d an d applied ;  an d al l  operation s tak e o n th e 
orde r  o f  5 0 msec . 

The followin g subsection s revie w th e successe s 
and shortcoming s o f  th e variou s tas k models .  A  tas k 
model  fo r  th e Deca y Experiment s i s presente d i n 
some detail ,  sinc e i t  i s  representativ e o f  N O V A 
model s an d ha s no t  bee n publishe d before—a s hav e 
th e ixecuin g an d searc h experiment s [Wiesmeye r  an d 
Laird ,  1990 ]  an d th e countin g experiment s 
[Wiesmeyer ,  1991] . 

Precuing Experiments 
The precuin g tas k mode l  wa s base d o n experimenta l 
result s fro m Colegate ,  e t  al .  (1973) .  Th e goa l  o f 
thes e experiment s wa s t o vocall y identif y  a  cue d lette r 
from  a  grou p o f  8  o r  1 2 letter s arraye d i n a  circl e 
aroun d a  fixatio n poin t  (onl y th e 12-lette r  versio n o f 
th e experimen t  wa s modeled) .  Result s showe d tha t 
reactio n time s improve d a t  a  relativel y constan t  rate 
as th e cu e precede d th e lette r  targe t  (maximu m benefi t 
occurre d wit h a  25 0 mse c [vecue) .  Mea n respons e 
time s wer e 57 4 mse c (482-63 5 msec )  fo r 
simultaneou s presentatio n an d 49 1 mse c (434-56 9 
msec)  fo r  25 0 mse c precue d presentation . 

The precuin g tas k mode l  identifie d cue d letters . 
When th e cu e appeare d wit h th e lette r  wheel ,  th e 
predicte d reactio n tim e wa s 57 0 msec .  Whe n th e cu e 
appeare d 25 0 mse c befor e th e ̂)pearanc e o f  th e lette r 
wheel ,  th e predicte d reactio n tim e wa s 47 0 msec . 
Thes e predicte d reactio n time s ar e clos e t o th e 
observe d extrem e reactio n times .  Additionally ,  th e 
tas k mode l  predict s thre e othe r  reactio n time s (57 0 
msec a t  15 0 msec ,  52 0 mse c a t  20 0 msec ,  an d 47 0 
msec a t  35 0 msec) .  Th e relationshi p betwee n precue s 
and reactio n time s wa s no t  a s linea r  a s i n th e average d 
expoimenta l  results . 

Crowding Experiments 
The crowdin g tas k nKxle l  wa s base d o n experimenta l 
result s from  LaBerg e an d Brow n (1989) .  Th e goa l  o f 
thes e experiment s wa s t o determin e ho w reactio n 

time s fo r  identifyin g a  targe t  woul d b e affecte d b y 
attentiona l  focu s prio r  t o stimulu s presentatio n an d 
th e typ e o f  object s tha t  flanked  th e target .  Reactio n 
time s wer e fas t  whe n attentio n wa s centrall y focuse d 
and th e targe t  appeare d i n th e cente r  o f  th e visua l  field 
(350-40 0 msec) ;  the y wer e generall y slowe r  whe n th e 
attentio n wa s centrall y focuse d an d th e targe t  appeare d 
eithe r  i n th e lef t  o r  right  visua l  field  (350-47 0 msec) ; 
and the y wer e consistentl y slowe r  whe n th e attentio n 
was distributed ,  an d th e targe t  appeare d anywher e i n 
th e visua l  field  (420-49 0 msec) . 

The crowdin g tas k mode l  identifie d targe t  letter s 
among flankers .  Whe n attentio n wa s cenball y focuse d 
and th e targe t  appeare d i n th e cente r  o f  th e visua l 
field,  th e predicte d reactio n tim e wa s 32 0 msec .  Whe n 
attentio n wa s cenball y focuse d an d th e targe t  appeare d 
eithe r  i n th e lef t  o r  right  visua l  field ,  th e predicte d 
reactio n tim e wa s 47 0 msec .  Whe n attentio n wa s 
distributed ,  an d th e targe t  appeare d anywher e i n th e 
visua l  field,  th e predicte d reactio n tim e wa s als o 47 0 
msec. 

Decay Experiments 
The deca y tas k mode l  wa s base d o n experimenta l 
result s from  Sperlin g (1960) .  Th e goa l  o f  thes e 
experiment s wa s t o identif y a s man y letter s a s 
possibl e i n a  briefl y presente d display .  Typica l 
stimul i  ar e show n i n Figur e 2 .  Reactio n time s wer e 
of  n o interest ,  althoug h th e tim e t o respon d afte r 
stimulu s exposur e wa s usuall y small .  A n averag e o f 
4. 3 letter s wer e identified . 

R N  F 

X V N KH 

L Q D K KJ 

ZYVVFF 

K LB 

Y NX 

X M RJ 

P N KP 

T DR 
S RN 
FZR 

7IV F 
XL5 3 
B 4 W7 

Figur e 2 :  Deca y Experimen t  Stimul i 

In this task model, we assumed that identification 
and localizatio n o f  letter s proceed s seriall y  i n a n item -
by-ite m fashio n unti l  lette r  feature s supporte d b y 
Perceptio n completel y decay .  Th e operato r  ti-ace 
shown i n Figur e 3  begin s wit h lette r  stimulu s 
presentatio n (to p row ,  middl e stimulu s i n Figur e 2 ) 
and consist s o f  a  serie s o f  fou r  shift/identificatio n 
episode s correspondin g t o th e fou r  letter s tha t  ca n b e 
identifie d an d locate d befor e stimulu s extinctio n 
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occurs .  Eac h episod e begin s wit h th e creatio n (labele d 
"c" )  o f  a n A T T E N D operato r  an d end s wit h th e 
aH)licatio n (labele d "a" )  o f  a  R E C O G N I ZE operator . 
Hatche d area s sho w Perceptual ,  Cognitive ,  an d Moto r 
activity . 

# 

s f 
.s ^ 

/ / • / / 
/ ^ ^ 

. / / 
A^ 

H 

Perceptio n $^ p 

ATTEND 

RECOG. 

RESPOND 

Motor 

o 
Time i n mse c 

/ 
. V A ^  . ^  /? ? A ^  A -

m 
i'-̂'-' -

m 

Perceptio n 

ATTEND 

RECOG. 

[lESPON D 

Motor 

. 4 #  ^ ^  .J. ^ 

Perceptio n 

ATTEND 

RECOG. 

RESPOND 

Motor 

u 
t a 

77771XTO 
i s ^ 

^ ^ 
8888 bf 

M-
Ŝ  I  S  2 § ^ 

Times 
undefine d fo r 

las t  thre e 
responses : 

Write "B" 
Writ e "L " 
Writ e "X " 

Figur e 3 :  Operato r  Trac e fo r  Deca y Experiment s 

Since stimulus presentation was so brief, an 
approximat e latenc y o f  stimulu s deca y coul d b e 
determine d b y simpl y readin g th e tim e of f  th e trac e 
when th e las t  identificatio n complete d (95 0 msec) .  A 
fina l  shif t  o f  attentio n i s attempte d a t  95 0 mse c bu t  i s 

aborted ,  becaus e lette r  feature s i n Workin g M e m o r y 
ar e retracte d du e t o deca y o f  th e stimulu s i n 
Perception .  Followin g th e shift/identificatio n 
activity ,  responses  ar e made .  Th e tas k mode l  doe s no t 
commi t  t o latencie s fo r  th e responses ,  becaus e 
respons e time s wer e no t  a  variabl e o f  interes t  i n th e 
experimen t  an d wer e no t  recorded . 

Illusory Conjunction Experiments 
The illusor y conjunctio n tas k mode l  wa s base d o n 
experimenta l  result s fro m Treisma n an d Schmid t 
(1982) .  Fo r  eac h tria l  o f  thes e experiments ,  th e 
primar y goa l  wa s t o identif y tw o number s tha t 
flanke d thre e colore d letters .  Th e secondar y goa l  wa s 
t o identif y an d locat e th e centra l  colore d letters . 
Display s wer e maske d shortl y afte r  presentation . 
Result s showe d tha t  subject s performe d th e primar y 
tas k ver y accurately ,  repwte d abou t  5 0 % o f  th e shap e 
and colo r  feature s presen t  i n eac h trial ,  an d mislocate d 
a fe w o f  th e identifie d shape s an d colors .  Abou t  1 2 % 
of  th e mislocate d sh^)e s an d color s produce d illusor y 
conjunctions . 

Th e illusor y conjunctio n tas k mode l  produce d 
shap e an d colo r  mismatches .  I t  showe d tha t  error s i n 
featur e conjunctio n coul d b e modele d a s th e remova l 
of  locatio n informatio n fro m feature s i n a  specia l  par t 
of  th e Visua l  Imag e Stor e calle d Integrativ e Visua l 
Memory (wher e attende d feature s ar e accumulated) . 

Search Experiments 
The searc h tas k mode l  wa s base d o n experimenta l 
result s fro m Treisma n an d Gelad e (1980) ,  Treisma n 
and Gormica n (1988) ,  an d Wolf e e t  al .  (1989) .  Th e 
goal  o f  thes e experiment s wa s t o determin e th e 
presenc e o r  absenc e o f  a  targe t  amon g a  field  o f 
distracter s i n a s littl e tim e a s possible .  Result s 
showe d tha t  reactio n time s wer e eithe r  fas t  an d 
relatively  independen t  o f  th e numbe r  o f  distracter s o r 
wer e slowe r  an d linearl y relate d t o th e numbe r  o f 
distracters .  Searche s fo r  target s define d b y singl e 
attribute s tende d t o b e o f  th e faste r  variety ,  whil e 
searc h fo r  target s define d b y bot h shape s an d color s 
tende d t o b e o f  th e slowe r  variety .  Searc h slope s wer e 
foun d t o rang e from  2  t o 12 8 mse c pe r  ite m an d 
intercept s wer e foun d t o rang e fro m 39 7 t o 68 2 msec . 

The searc h tas k mode l  foun d target s amon g 
distracters .  I t  showe d tha t  a  singl e mode l  o f  searc h 
coul d accoun t  fo r  bot h o f  th e typica l  reactio n tim e 
behavior s see n i n experimenta l  data .  Th e centra l 
notio n o f  th e tas k mode l  i s tha t  searc h rat e pe r  ite m i s 
relate d t o th e numbe r  o f  item s tha t  th e attentiona l 
mechanis m ca n sca n a t  a  time .  Thi s number ,  th e 
grou p size ,  i s  relate d t o th e contras t  betwee n th e 
targe t  an d distracters .  Th e tas k mode l  di d no t  accoun t 
fo r  th e larg e rang e o f  intercepts ,  becaus e th e intercept s 
di d no t  generall y correlat e wit h identifiabl e parameter s 
of  th e experimenta l  stimuli .  (Al l  tas k model s fo r 
searc h ha d a n intercep t  o f  47 0 msec. ) 
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Count in g Exper iment s 
Th e countin g tas k mode l  wa s base d o n result s fro m 
Chi  an d Klah r  (1975) .  Th e goa l  o f  th e countin g 
experimen t  tha t  w e modele d wa s t o coun t  fro m on e t o 
te n dot s a s quickl y a s possible .  Th e result s showe d 
tha t  fo r  u p t o abou t  thre e o f  fou r  dot s countin g i s 
ver y quic k an d tha t  afte r  tha t  i t  become s significantl y 
slowe r  pe r  dot .  Straigh t  lin e fit s fo r  Chi' s result s 
sho w tha t  ther e i s a  shallo w slop e o f  4 6 mse c wit h a n 
intercep t  o f  49 5 mse c fo r  th e ftrst  thre e items ,  an d a 
steepe r  slop e o f  30 7 mse c wit h a n intercep t  o f  -44 2 
msec fo r  subsequen t  items . 

Th e countin g tas k mode l  counte d item s usin g 
tw o processes .  I n th e firs t  process ,  u p t o thre e o r  fou r 
item s wer e counte d i n a  singl e regio n o f  attention .  I n 
th e secon d process ,  an y remainin g object s (mor e tha n 
thre e o r  four )  wer e counte d eac h i n it s o w n regio n o f 
attention .  Th e reactio n time s predicte d b y th e tas k 
model  fo r  eac h numbe r  o f  item s wer e accurat e t o 
abou t  1 0 msec . 

Detection Experiments 
Th e detectio n tas k mode l  wa s base d o n result s fro m 
Hughe s an d Z imb a (1985) .  Th e goa l  o f  thes e 
experiment s wa s t o detec t  th e onse t  o f  a  luminanc e 
incremen t  (brightening )  eithe r  i n a  cue d o r  noncue d 
positio n i n th e visua l  field .  Result s showe d tha t  th e 
effect s o f  attentio n wer e onl y hemifiel d specific . 
W h en cue s wer e i n th e expecte d hemifield ,  reactio n 
time s improve d b y abou t  1 0 mse c wit h respec t  t o a 
neutra l  cu e condition ,  an d whe n cue s wer e i n th e 
unexpecte d hemifield ,  reactio n time s worsene d b y 
abou t  3 0 mse c wit h respec t  t o a  neutra l  cu e condition . 
Typica l  reactio n time s wer e 190—24 0 mse c i n th e 
expecte d hemifiel d an d 250—29 0 i n th e unexpecte d 
hemifield . 

Th e detectio n tas k mode l  reporte d (simulated ) 
luminanc e increments .  I t  predicte d reactio n time s fo r 
onl y tw o classe s o f  conditions :  (1 )  neutra l  cue s an d 
target s i n th e expecte d hemifiel d (22 0 msec )  an d (2 ) 
target s i n th e unexpecte d hemifiel d (27 0 msec) .  Thi s 
tas k mode l  wa s significantl y differen t  fro m other s i n 
tha t  th e notio n o f  a  regio n o f  attentio n wa s no t 
involved ,  sinc e attentiona l  effect s wer e instea d 
ascribe d t o th e eari y creatio n an d applicatio n o f  th e 
RESPOND opentot . 

Comparison of Task Models with 
Exper imenta l  Result s 
Figur e 4  compare s th e timin g estimate s o f  th e tas k 
model s t o th e experimenta l  result s tha t  the y sough t  t o 
explain .  Not e tha t  th e tas k model s fo r  deca y an d 
illusor y conjunction s ar e no t  include d i n th e figure, 
becaus e the y di d no t  yiel d timin g estimates .  Th e 
reactio n time s fo r  searc h ar e base d o n a  Treisma n an d 
Gelade ,  Experimen t  2 ,  th e difficul t  condition .  Th e 
figure  show s tha t  al l  experimenta l  result s fal l  clos e t o 

th e dashe d 4 5 degre e line .  I n thi s typ e o f  comparativ e 
figure,  sinc e th e absciss a an d ordinat e ar e a t  th e sam e 

scale ,  tha t  i s exactl y wher e th e bes t  result s shoul d lie . 
The averag e absolut e erro r  fo r  dat a point s provide d b y 
N O VA tas k model s i s 17. 2 msec . 
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Figur e 4 :  Compariso n o f  Tas k Mode l  Result s wit h 
Experimenta l  Result s 

3.0 Discussion 

Newel l  presente d a  mode l  o f  perceptua l  attentio n a s 
par t  o f  hi s Soar-Based ,  Unifie d Theor y o f  Cognitio n 
(UTC) .  Althoug h attentio n i n th e U T C i s no t  strictl y 
visua l  attention ,  i t  i s  simila r  t o attentio n i n N O V A 
i n severa l  importan t  ways :  i t  i s tas k oriented ,  operato r 
based ,  an d capabl e o f  yieldin g timin g predictions . 

I n spit e o f  th e similarities ,  th e purpos e an d effec t 
of  attentio n i s fundamentall y differen t  i n N O V A an d 
Newell' s  U T C .  I n th e U T C ,  th e purpos e o f  attentio n 
i s t o allo w Centra l  Cognitio n accessibilit y t o 
perceptua l  element s an d thei r  derivatives .  W h e n 
attentio n engages ,  th e effec t  i s  simpl y tha t  a  channe l 
i s established—n o change s i n th e numbe r  o r  type s o f 
element s comin g int o Workin g M e m o r y occur .  O n 
th e othe r  hand ,  th e purpos e o f  attentio n i n N O V A i s 
t o selec t  a  regio n o f  th e visua l  field  tha t  Perceptio n 
wil l  proces s preferentially .  Th e effec t  i s  tha t  th e 
relativ e amoun t  o f  informatio n delivere d b y 
Perceptio n t o Workin g M e m o r y fi-om  th e attende d 
regio n o f  th e visua l  field  i s increase d an d th e relativ e 
amount  o f  informatio n fro m th e unattende d regio n i s 
decreased .  I n spit e o f  thes e differences ,  N O V A i s 
compatibl e wit h th e Soa r  theory ,  whic h mean s tha t  i t 
ca n b e viewe d a s a n alternativ e t o th e U T C mode l  o f 
attention . 

M u ch o f  inspiratio n fo r  th e N O V A theor y an d 
th e supportin g methodolog y fo r  behaviora l  modelin g 
presente d i n thi s pape r  i s derive d fro m a n ol d ide a 
[Newell ,  1973] .  Th e ide a i s tha t  muc h gai n m a y b e 
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made i n psychologica l  researc h from  a n ̂proac h tha t 
emphasize s th e synthesi s o f  observe d dat a int o a 
consisten t  integrate d model .  Th e beaut y i n Newel l  * s 
approac h t o modelin g i s tha t  i t  i s  i n som e sens e 
alway s successful .  Wheneve r  a  mode l  account s fo r 
observe d behavior ,  w e fee l  tha t  ou r  understandin g o f 
th e processe s involve d ha s advanced ,  an d wheneve r  i t 
fail s  t o accoun t  fo r  observe d behavior ,  w e ar e 
presente d wit h a  ne w an d compellin g collectio n o f 
question s an d direction s f w futur e research . 
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