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Abstrac t 

This paper presents a follow-up to the ATM-Soar models 
presente d a t  199 3 Meetin g o f  th e Cognitiv e Scienc e 
Societ y an d th e CH I  199 4 Researc h Symposium .  Th e 
origina l  wor k describe d th e us e o f  th e Soa r  cognitiv e 
architectur e t o simulat e use r  learnin g wit h differen t  A T M 
interfaces .  I n particular ,  i t  focuse d o n th e relativ e effect s 
of  interfac e instruction s (e.g. ,  "Inser t  car d int o slot" )  an d 
perceptua l  attentiona l  cue s (e.g. ,  a  flashin g are a aroun d th e 
car d slot )  o n learnin g an d performance .  Th e stud y 
describe d her e involve s gettin g huma n dat a o n th e sam e 
task s t o tes t  th e prediction s o f  th e computationa l  models . 
The A T M tas k i s simulate d o n a  P C i n orde r  t o contras t 
thre e type s o f  interfac e conditions :  jus t  instructions , 
instruction s plu s flashing ,  an d jus t  flashing .  Subject s 
must  inser t  a  ban k card ,  chec k th e accoun t  balance ,  an d 
withdra w money .  The y ar e aske d t o repea t  th e tas k fou r 
time s s o tha t  th e effect s o f  trainin g o n performanc e an d 
teamin g ca n b e observed .  Th e dat a suggest s tha t  subject s 
lear n t o perfor m th e tas k faste r  wit h attentiona l  attractors , 
as th e Soa r  mode l  {̂ -edicted .  Mor e interestingly ,  th e Soa r 
model  als o p-edicte d tha t  peopl e woul d d o bette r  withou t 
instruction s whe n ther e ar e attentiona l  attractors .  Ibi s 
predictio n wa s supporte d a s well . 

I n recen t  years ,  w e hav e see n th e ris e o f  a  numbe r 
of  A l  cognitiv e architecture s (e.g. .  Soa r  (Newell ,  1990 )  an d 
ACT- R (Anderson ,  1993) )  whic h attemp t  t o provid e 
unifie d theorie s o f  psychologica l  phenomena .  W e hav e als o 
seen th e growin g us e o f  thes e architecture s i n th e fiel d o f 
Human-Compute r  Interactio n (HCI) .  Perhap s th e primar y 
scientifi c  motivatio n fo r  studyin g H C I  i s t o provid e a 
testin g groun d fo r  ou r  computationa l  model s o f  cognition , 
particularl y thos e tha t  describ e learnin g an d performanc e i n 
interactiv e tasks .  Thi s pape r  report s o n a  se t  o f  studie s 
currentl y  i n progres s t o empiricall y evaluat e th e prediction s 
of  a  Soa r  mode l  originall y presente d a t  th e 199 3 Meetin g o f 
th e Cognitiv e Scienc e Societ y (Vera ,  Lewi s an d Lerch , 
1993) . 

I n th e 199 3 paper ,  w e describe d a  Soa r  mode l  tha t 
simulate d a  use r  learnin g t o interac t  wit h differen t  A T M 
interfaces .  I n particular ,  w e focuse d o n th e relativ e effect s 

of  interfac e instruction s (e.g. ,  "Inser t  car d int o slot" )  an d 
perceptua l  attentiona l  cue s (e.g. ,  flashin g are a aroun d th e 
car d slot )  o n learnin g rat e fo r  th e task .  I n Soar ,  th e numbe r 
of  mem(H y chunk s fotme d wa s take n a s th e measur e o f  eas e 
or  difficult y o f  learnin g i n th e differen t  conditions .  O n e o f 
th e basi c outcome s o f  th e ATM-Soa r  mode l  wa s tha t  bette r 
interface s lea d t o les s learnin g durin g tas k performance . 
Thi s resul t  need s t o b e evaluate d empirically .  Th e follow -
up stud y presente d her e involve s gettin g huma n dat a o n 
thes e tasks . 

The ATM-Soar Models 

Ther e wer e tw o relate d goal s i n buildin g th e ATM-Soa r 
model .  Hi e firs t  goa l  wa s t o answe r  a  se t  o f  question s 
abou t  th e cognitiv e processe s an d representation s o f  th e use r 
i n th e A T M scenario .  I n particular ,  w e wer e intereste d i n 
ho w th e tas k wa s mentall y represente d an d accomplished , 
and ho w tha t  representatio n evolve d a s a  functio n o f 
learning .  A  goo d cognitiv e mode l  shoul d answe r  th e 
followin g questions : 
•  H o w i s behavio r  initiall y  guide d i n th e task ? 
•  Wha t  determine s th e sequenc e o f  action s take n b y th e 

user ? 
•  Wha t  exactl y  i s learne d a s a  resul t  o f  performin g th e task ? 
•  H o w doe s th e learnin g affec t  performanc e o n late r  trials ? 
•  Wha t  constitute s exper t  o r  optima l  performanc e o n thi s 

task ? 
The secon d an d relate d goa l  o f  th e modeUn g wa s t o 
understan d ho w aspect s o f  th e interfac e affec t  performanc e 
and learning ,  an d t o us e tha t  understandin g t o sugges t 
change s i n th e interfac e design .  Th e cognitiv e mode l 
shoul d hel p answe r  th e followin g questions : 
•  Wha t  computational ,  functional ,  an d knowledg e demand s 

does th e interfac e an d tas k plac e o n th e user ? 
•  H o w doe s th e interfac e desig n affec t  learning ? 
•  H o w ca n th e interfac e b e change d t o decreas e bot h th e 

tim e t o accomplis h th e task ,  an d th e tim e require d t o 
reac h exper t  performance ? 

The Soa r  modelin g effor t  wa s primaril y focuse d o n 
cognitiv e skil l  acquisitio n an d th e cognitiv e demand s o f  th e 
task .  W e wer e no t  concerne d wit h detail s o f  moto r 
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behavior ,  o r  th e interleavin g o f  moto r  executio n wit h 
cognitiv e processing .  W e di d no t  mode l  behavio r  a t  th e 
key-strok e leve l  (e.g. ,  John ,  Ver a &  Newell ,  1994) ,  no r  di d 
we presen t  detaile d perceptua l  model s (e.g. ,  Wiesmeyer , 
1992) .  Al l  o f  thes e approache s ar e importan t  an d useful , 
and complemen t  th e approac h w e hav e take n here . 

Soar ,  a s a n architectura l  theory ,  bring s wit h i t 
independentl y motivate d principle s o f  tas k performanc e an d 
acquisitio n (Newell ,  1990) .  A  numbe r  o f  othe r 
architecture s coul d hav e als o bee n adopte d (e.g. ,  A C T - R ) ; 
th e m i n i m u m requirement s fo r  ou r  presen t  purpose s ar e tha t 
th e architectur e specifie s exactl y b o w goal-directe d tas k 
behavio r  unfolds ,  an d h o w tha t  behavio r  ca n chang e ove r 
tim e a s a  resul t  o f  s o m e kin d o f  learning . 

Adoptin g Soa r  a s th e underlyin g theor y ha s a  numbe r  o f 
importan t  implication s fo r  ou r  tas k tha t  ar e apparen t  eve n 
befor e specifyin g a  detaile d model .  Th e representatio n o f 
th e tas k mus t  consis t  o f  a  se t  o f  independen t  association s i n 
lon g ter m memory ,  cue d b y di e content s o f  workin g 
memory.  Tas k behavio r  i s no t  fixed  i n advanc e b y a  pla n 
structur e o r  rigi d progra m i n memory ;  rather ,  behavio r  i s a 
functio n o f  whateve r  knowledg e i s immediatel y cue d an d 
assemble d a t  th e tim e o f  action .  Finally ,  becaus e chunkin g 
i s a n experientia l  learnin g mechanism ,  th e tas k mus t  b e 
learne d b y doin g th e task .  Althoug h prio r  preparatio n (e.g. , 
instructions )  m a y b e helpful ,  ther e i s n o substitut e fo r 
practice . 

Cognitiv e architecture s ar e programmabl e -  tha t  i s  thei r 
primar y functiona l  feature .  A n architectur e widiou t  conten t 
wil l  no t  yiel d behavior .  Behavio r  i s a  functio n o f  th e fixed 
architectura l  mechanisms ,  th e content s o f  th e memories , 
and th e curren t  situation .  Thi s mean s tha t  t o develo p a 
complet e model ,  th e Uieoris t  mus t  posi t  th e knowledg e tha t 
a subjec t  bring s t o th e task .  (Reducin g th e degree s o f 
freedo m i n thi s ste p i s a n importan t  methodologica l  issu e 
fo r  cognitiv e science ;  se e Newell ,  1990 ;  an d Lewis ,  Newel l 
& Polk ,  1989 ,  fo r  mor e discussion) . 

H o w d o w e specif y th e conten t  o f  th e A T M models ? Th e 
guidin g principl e i s t o m a k e plausibl e assumption s abou t 
th e knowledg e an d skill s  tha t  a  use r  wil l  brin g t o th e A T M 
tas k fo r  th e first  time .  Al l  user s brin g t o th e tas k a  se t  o f 
genera l  cognitiv e capabilitie s suc h a s languag e 
comprehensio n an d th e abiUt y t o direc t  attentio n t o differen t 
region s i n space .  Thes e capabilitie s ar e functionall y 
require d fO T th e task ,  bu t  th e detail s o f  thei r  implementatio n 
ar e no t  ou r  concer n here . 

The model s develope d posite d a  se t  o f  abstrac t  functiona l 
capabilitie s tha t  wer e realize d i n th e Soa r  mode l  b y a  se t  o f 
operator s tha t  serve d a s plac e holder s fo r  th e mor e detaile d 
mechanisms .  I n particular ,  th e model s assum e pre-existin g 
(q>erator s tha t  comi»-ehende d language ,  shifte d attentio n an d 
intende d moto r  behavior .  Whil e thi s di d no t  permi t  u s t o 
explor e th e effect s o f  th e interfac e o n th e interna l  structur e 
of  thes e operations ,  i t  permitte d askin g critica l  question s 
abou t  h o w thes e give n cognitiv e function s ar e deploye d t o 
accomplis h th e task . 

I n additio n t o thes e genera l  c^abilities ,  w e mus t  posi t 
some task-specifi c  knowledg e a s well .  Althoug h i t  woul d 

be possibl e t o simpl y posi t  expert-leve l  m e m o r y structures , 
we ar e intereste d i n h o w dies e structure s arise .  Thus ,  w e 
make fairl y minima l  assumption s abou t  th e knowledg e a 
use r  bring s t o th e tas k initially : 
1.  Knowledg e o f  tas k objects .  Th e use r  know s h e ha s a n 
accoun t  wit h a  balance ,  loiow s h e ha s a  plasti c car d tha t  i s 
require d t o operat e th e device ,  an d know s h e ha s a  persona l 
identificatio n numbe r  (an d know s wha t  i t  is) . 
2.  Knowledg e o f  physica l  devices .  Th e use r  know s ho w t o 
pus h button s an d inser t  card s int o slots ,  an d furthermor e ca n 
m a ke som e simpl e association s betwee n aspect s o f  th e 
devic e an d possibl e task-relate d action s (fo r  example ,  th e 
slo t  m a y b e goo d fo r  insertin g th e card ,  th e numeri c keypa d 
m ay b e goo d fo r  specifyin g dolla r  amount s o r  PINs) . 
3.  Minima l  tas k strategy .  Th e use r  doe s jus t  wha t  i s neede d 
t o accomplis h th e task ,  an d n o more .  W e assum e tha t  th e 
basi c strateg y guidin g behavio r  i s simpl y lookin g aroun d 
th e devic e fo r  cue s abou t  wha t  t o d o next ,  whic h ma y tak e 
th e for m o f  explici t  tas k instructions .  Th e user' s goa l  i s 
not  t o lear n h o w t o us e th e machine ,  bu t  t o ge t  th e accoun t 
balanc e (o r  whatever )  an d leave . 

Th e basi c principle s o f  th e A T M - S o a r  mode l  hav e alread y 
bee n describe d i n Ver a e t  al. ,  (1993) .  A n extensio n t o tha t 
model ,  presente d a t  a  Researc h Symposiu m followin g 
C H r 9 4 ,  showe d Uia t  usin g perceptua l  cue s i n th e interfac e 
t o attrac t  th e model' s attentio n t o th e relevan t  locatio n 
greaU y reduce d th e numbe r  o f  chunk s buil t  durin g learning . 
I n othe r  words ,  m u c h o f  wha t  th e Soa r  mode l  learne d i n th e 
origina l  versio n wa s a  consequenc e o f  havin g t o searc h 
aroun d th e interfac e i n orde r  t o find  th e nex t  relevan t 
information .  Th e secon d mode l  assume d tha t  attentio n 
coul d b e draw n t o th e relevan t  par t  o f  th e interfac e wit h 
perceptua l  cues . 

Thi s secon d mode l  achieve d th e sam e leve l  o f 
performanc e a s th e original ,  bu t  learne d m u c h les s becaus e 
i t  di d no t  hav e t o memoriz e th e sequenc e o f  place s i n th e 
interfac e t o whic h i t  neede d t o attend .  Th e argumen t 
presente d i n thi s pape r  i s tha t  th e sam e i s basicall y tru e fo r 
human users .  T o th e exten t  tha t  di e interfac e ha s t o b e 
searche d t o find  th e nex t  relevan t  actio n t o execute ,  mor e 
learnin g i s require d i n orde r  t o improv e performance .  If ,  o n 
th e othe r  hand ,  searchin g i s reduce d o r  remove d completel y 
by havin g attentio n draw n t o th e relevan t  par t  o f  th e 
interface ,  the n performanc e improves ,  bu t  di e amoun t  o f 
informatio n th e use r  ha s t o lear n shoul d no t  increase .  Here , 
we presen t  a  stud y tha t  explore s thes e prediction s b y havin g 
subject s perfor m di e A T M tas k o n simulate d interface s wit h 
and withou t  perceptua l  cues . 

The ATM Study 

The Soar model predicts diat attentional-cues should make a 
bi g differenc e i n di e performanc e o f  peopl e usin g A T M s 
widiou t  instructions .  Th e attentiona l  cue s shoul d spee d u p 
th e proces s o f  achievin g "expert-level "  performance . 
Moreover ,  thi s shoul d b e attaine d withou t  a  concomitan t 
increas e i n learning . 

Althoug h i t  m a y see m somewha t  counterintuitive ,  wha t 
i s bein g suggeste d i s Uia t  perceptua l  cue s wil l  lea d t o a 
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steepe r  perfwrnanc e improvemen t  curv e (i.e. ,  subject s wil l 
g a bette r  faster )  whil e les s actua l  learnin g i s goin g on . 
Thi s i s becaus e th e cue s wil l  guid e attentio n withou t  addin g 
cognitiv e processin g tha t  woul d increas e learning .  Thi s 
raise s a n importan t  distinction ,  sinc e learnin g i s ofte n 
measure d i n term s o f  improvement s i n performance .  A s th e 
Soar  mode l  suggests ,  th e relatio n betwee n performanc e an d 
amount  learne d (numbe r  o f  ne w chunk s i n th e Soa r  model ) 
dqjend s strongl y o n th e interface .  A  use r  w h o ha s learne d 
many ne w thing s abou t  on e interfac e m a y stil l  perfor m 
more poorl y tha n a  use r  w h o ha s learne d littl e abou t  a 
diffo-en t  interface .  Furthermore ,  i f  th e Soa r  mode l  i s 
coned ,  i t  lead s t o anothe r  counter-intuitiv e predictio n that , 
followin g a  numbe r  o f  trainin g trials ,  performanc e wit h th e 
attentio n cue s wil l  actuall y b e faste r  withou t  th e 
instruction s tha n wit h th e instructions ,  becaus e th e 
insoiiction s jus t  ge t  i n th e w a y a t  thi s point .  Possibl e 
explanation s fo r  thi s ar e discusse d i n th e Result s section . 

A flashin g borde r  aroun d th e relevan t  interfac e objec t  wa s 
selecte d a s th e perceptua l  cu e t o b e use d i n thes e studie s 
althoug h a  numbe r  o f  othe r  alternative s wer e available . 
Othe r  variable s tha t  migh t  hav e th e prc^rt y o f  cuein g 
perceptio n i n 2- D environment s ar e thing s lik e change s i n 
s h ^  an d size ,  appearance/disappearanc e o f  objects , 
movement  o f  objects ,  an d coordinate d movemen t  o f  mor e 
tha n on e object .  Ther e ar e als o othe r  candidate s suc h a s 
colo r  changes ,  soun d fro m a  particula r  par t  o f  th e interface , 
and s o on ,  bu t  thes e ar e no t  Ukel y t o b e helpfu l  give n th e 
typica l  physica l  location s o f  A T M s i n di e rea l  world . 
Thes e latte r  cue s hav e ofte n bee n use d i n interface s sinc e 

the y ten d t o b e th e easies t  an d mos t  obviou s w a y t o attrac t 
attention . 

Th e abilit y  o f  th e perceptua l  cue s t o attrac t  attentio n wa s 
measure d i n term s o f  th e tim e i t  too k t o achiev e th e nex t 
tas k actio n (i.e. ,  tim e t o th e nex t  correc t  mous e click) . 
S o me recen t  wor k ha s treate d thes e sort s o f  perceptua l  cue s 
as "affordances" ,  i n th e Gibsonia n (1979 )  sens e tha t  the y 
directl y cu e actio n (e.g. ,  H o w e s &  Young ,  i n press) .  Thi s 
i s no t  th e ide a here .  Th e onl y thin g tha t  flashin g doe s i s 
attrac t  th e user' s attentio n ~  actio n i s generate d b y 
independen t  cognitiv e processin g o f  tas k goal s an d curren t 
conditions .  Th e effec t  o f  attentio n cue s versu s instruction s 
i s thu s measure d i n term s o f  reactio n time .  Thi s i s actuall y 
a measur e o f  Attentio n +  Cognitio n (decid e wha t  t o do )  + 
Moto r  (d o it) .  Assumin g tha t  th e moto r  behavio r  itsel f 
doe s no t  chang e significantl y acros s th e conditions ,  th e 
differenc e betwee n th e tw o condition s i s du e t o difference s 
i n Attentio n +  Cognition ;  tha t  is ,  difference s i n th e tim e 
require d t o decid e wher e an d wha t  t o initiat e nex t 

Method 

Subjects were 96 undergraduate students from The 
Universit y o f  H o n g Kong .  Simulatio n interface s wer e buil t 
and ru n o n a  48 6 P C platform .  A  high-resolutio n digitize d 
photograp h o f  a n A T M w a s use d t o generat e th e loo k o f  th e 
simulation .  Al l  o f  th e functiona l  feature s o f  th e interfac e 
worke d exactl y lik e thos e o f  a  rea l  A T M .  Subject s 
intoacte d wit h th e interfac e usin g a  mouse .  The y coul d 
dra g object s lik e th e ban k card ,  clic k o n buttons ,  dra g 
money from  th e dispensin g slot ,  an d s o o n (se e Figur e 1) . 

The simulatio n capture s 
subject' s mous e movement s 
and time-stamp s them . 

Component s o f  th e 
interfac e ca n b e 
emphasize d usin g 
flashin g borders , 
movement ,  sound s 
and siz e changes . 

The A T M scree n 
change s i n respons e 
t o use r  action s 

The simulatio n function s 
lik e a  norma l  A T M . 
Subject s interac t  wit h i t 
usin g a  mouse . 

Figur e 1 .  Characteristic s o f  th e A T M Interfac e Simulatio n 
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Ther e wer e tw o interfac e conditions .  First ,  a  n w m a l 
A T M interfac e wa s used .  Al l  th e function s o f  a  c o m m o n 
A T M wer e full y reproduced .  Subjects '  tas k wa s t o inser t 
th e ban k car d int o th e slot ,  typ e i n thei r  Persona l 
Identificatio n N u m b e r  (PEN) ,  selec t  a  functio n (ge t  thei r 
accoun t  balance) ,  selec t  a n accoun t  t o chec k (fro m tw o 
possibilities :  checkin g an d savings) ,  selec t  anothe r  functio n 
(withdrawal) ,  selec t  a n accoun t  t o debit ,  ente r  th e amount , 
and remov e th e money .  The y repeate d thi s tas k fou r  times . 

I n orde r  t o addres s th e fac t  tha t  subject s ha d previou s 
experienc e wit h A T M machines ,  th e tas k wa s als o modifie d 
i n a  separat e conditio n s o tha t  subject s wer e no t  performin g 
an A I M transactio n bu t  instea d choosin g a  n e w telephon e 
car d number .  Th e secon d interfac e conditio n wa s therefor e 
an invente d "Phon e Machine "  whic h looke d jus t  lik e a n 
A T M excep t  tha t  w e replace d th e ban k log o wit h a  H o n g 
K o n g Teleco m log o an d th e A T M car d wit h a  phon e car l 
Th e functiona l  aspect s o f  th e interfac e remaine d unchanged . 
Th e (made-up )  function s o f  th e Phon e Machin e wer e 
explaine d t o subject s a t  th e outset .  The y wer e tol d that , 
among othe r  things ,  the y coul d settl e thei r  account s wit h 
th e phon e company ,  chec k h o w m u c h the y owed ,  chang e 
thei r  persona l  phon e code ,  an d s o on .  Th e actua l  tas k the y 
performe d wa s t o fu^ t  chec k h o w m u c h mone y the y owe d 
th e phon e compan y an d the n chang e thei r  phon e code .  Th e 
individua l  step s require d the m t o inser t  th e phon e car d int o 
th e slot ,  typ e i n thei r  phon e code ,  selec t  a  functio n (ge t 
thei r  accoun t  balance) ,  selec t  a  billin g optio n (fro m tw o 
possibilities :  pa y b y chec k o r  charg e t o credi t  card) ,  selec t 
anothe r  functio n (chang e secre t  phon e code) ,  selec t  a  cod e t o 
change ,  ente r  th e n e w code ,  an d remov e a  statement . 
Subject s di d thi s fou r  times . 

Ther e wer e 1 6 subject s pe r  conditio n fo r  th e A T M tas k 
and 1 6 pe r  conditio n fo r  th e Phon e Machin e task .  Eac h 
subjec t  wa s aske d t o carr y ou t  th e sam e tas k fou r  times 
becaus e i t  wa s th e sam e numbe r  o f  trial s th e Soa r  mode l 
require d t o lear n h o w t o petfon n th e tas k withou t  usin g th e 
instructions .  Eac h tria l  wa s separate d b y th e sam e distracte r 
tas k wher e subject s wer e aske d t o coun t  backward s b y 17' s 
firom  1(XX )  fo r  tw o minutes .  Thi s wa s don e i n orde r  t o 
p)reven t  subject s from  rehearsin g th e tas k onc e the y realize d 
the y wer e doin g i t  repeatedly . 

Th e mai n manipulatio n o f  thi s stud y involve d varyin g 
perceptua l  aspect s o f  th e interfac e t o attrac t  attentio n t o 
specifi c  area s o f  th e display .  Th e functionall y relevan t  par t 
of  th e displa y ha d a  flashin g surroundin g border .  Th e 
displa y object s affecte d b y th e flashin g wer e th e car d slot , 
th e numerica l  keypad ,  th e informatio n screen ,  an d th e 
button s aroun d th e screen .  I n on e conditio n subject s sa w 
instructions ,  bu t  n o flashing ;  i n a  secon d condition ,  the y 
sa w bot h instruction s an d flashing ;  and ,  i n th e thir d 
condition ,  jus t  flashin g wit h n o instructions .  Ther e wer e 
thenefCH e 6  experimenta l  group s i n a  2  tas k ( A T M vs . 
Phone Machine )  X  3  interfac e (instruction ,  n o flashin g vs . 
instructio n an d flashin g vs .  no-instruction ,  flashing )  design . 
Th e desig n wa s between-subject s desig n an d eac h subjec t 
sa w onl y on e tas k an d on e interfac e type . 

Resu l t s 

I n orde r  t o compar e subjects '  performanc e aaos s th e thre e 
conditions ,  on e componen t  o f  th e tas k wa s chosen .  Th e 
tim e from  th e saee n chang e followin g insertio n o f  th e car d 
unti l  th e firs t  numbe r  o f  th e PI N wa s clicke d wa s measured . 
The followin g comparison s ar e base d o n performanc e o n 
thi s measur e durin g fourt h trainin g tria l  aaos s subjects . 
Performanc e wa s fastes t  i n th e conditio n wit h flashin g bu t 
no instructions ,  a s anticipated .  T-test s showe d tha t  o n th e 
fourt h trial ,  performanc e wa s significantl y faste r  i n th e 
conditio n wit h flashin g bu t  n o instruction s (1.8 3 sec )  tha n 
i n th e conditio n wit h flashin g a s wel l  a s instruction s (2.2 S 
sec) ,  t(93)=2.25 .  p<.05 .  Th e performanc e differenc e 
betwee n th e conditio n wit h flashin g bu t  n o insmiction s 
(1.8 3 sec )  an d th e conditio n wit h instruction s bu t  n o 
flashin g (2.1 3 sec )  wa s clos e t o significanc e a t  th e . 1 level . 
The analyse s sugges t  tha t  people' s fina l  performanc e i s 
faste r  whe n ther e ar e n o instruction s present .  Thi s follow s 
from  th e hypothesi s tha t  instruction s deman d cognitiv e 
resourc e eve n whe n th e use r  akead y know s h o w t o perfor m 
th e task . 

Th e tas k manipulatio n ( A T M vs .  Phon e Machine )  yielde d 
no significan t  performanc e difference s aaos s condition s an d 
trials .  Ther e ar e a t  leas t  tw o possibl e explanation s fo r  this . 
The Phon e Machin e interfac e m a y no t  hav e bee n 
sufficientl y dissimila r  t o th e A T M ' s i n terms  o f  it s physica l 
and fimctional  characteristics .  Alternatively ,  top-dow n 
knowledg e fro m th e famiUa r  A T M tas k ma y hav e 
transferre d quit e easil y t o th e nove l  Phon e Machin e task .  I f 
th e forme r  i s th e case ,  the n subjects '  performanc e o n th e 
tw o task s shoul d hav e bee n quit e simila r  fro m th e fu^ t  tria l 
onward .  I f  th e latte r  i s  true ,  the n performanc e shoul d b e 
somewhat  bette r  fo r  th e A T M conditio n i n th e firs t  tria l 
tha n fo r  th e Phon e Machin e i n th e firs t  trial ,  wit h 
performanc e evenin g ou t  ove r  th e subsequen t  trials .  Thi s 
was no t  th e cas e however ,  sinc e ther e wa s n o significan t 
differenc e betwee n th e performance s o n eac h tas k i n th e firs t 
trial ,  suggestin g tha t  th e similarit y betwee n th e tw o tas k 
condition s wa s th e mai n factor .  Thi s i s importan t  becaus e 
i t  suggest s tha t  task s variable s overrid e top-dow n 
knowledg e from  th e beginning .  I t  i s clea r  tha t  i f  th e effect s 
of  thes e manipulation s wer e du e largel y t o top-dow n 
knowledge ,  result s regardin g interfac e characteristic s woul d 
los e som e o f  thei r  meaning . 

I n summary ,  subject s perfor m th e tas k faste r  wit h 
attentiona l  attractors ,  a s th e Soa r  mode l  predicted .  Mor e 
interestingly ,  th e Soa r  mode l  als o predicte d tha t  peopl e 
woul d d o bette r  withou t  instruction s whe n ther e ar e 
attentiona l  attractors .  Thi s predictio n wa s als o supported . 
Performanc e o n th e fourt h tria l  i s  slowe r  whe n instruction s 
ar e presen t  tha n whe n the y ar e no t  Thi s i s likel y du e t o 
tw o independen t  factors .  Th e fu-s t  i s  tha t  instruction s dra w 
attentio n awa y from  th e are a o f  th e displa y whic h i s 
functionall y relevan t  t o th e nex t  task .  Fo r  example ,  A T M 
user' s attentio n m a y b e draw n towar d th e instructio n scree n 
raUie r  tha n t o th e numerica l  keypa d whe n th e PI N need s t o 
be entered .  Th e secon d reaso n i s that ,  onc e attended ,  th e 
tex t  o n th e scree n i s processe d automaticall y (see ,  e.g. , 
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Fodor  (1983 )  fo r  a  discussio n o f  thi s mandator y qualit y o f 
inpu t  systems ,  an d Newel l  (1990 )  an d Lewi s (1996 )  fo r  a 
discussio n o f  h o w Soa r  account s fo r  suc h modularit y 
effects )  an d consequentl y use s additiona l  cognitiv e 
resources . 

Discussion 

Unti l  recently ,  th e consensu s i n cognitiv e scienc e wa s tha t 
processe s suc h a s m e m o r y ,  problem-solving , 
categorization ,  an d causa l  inferenc e wer e non-optima l 
becaus e the y di d no t  perfon n maximall y i n m a n y 
conditions .  Thi s i s becaus e thes e condition s h a i ^ n t o b e 
condition s tha t  d o no t  exis t  i n th e rea l  world .  Rationa l 
analysi s (Anderson ,  1990 )  suggest s tha t  informatio n i n th e 
externa l  worl d i s structure d suc h tha t  ou r  cognitiv e system s 
can tak e maxima l  advantag e o f  it .  Ou r  system s at e 
optimall y tune d t o informatio n ou t  i n th e rea l  worl d 
becaus e the y evolve d t o predic t  no t  jus t  an y arbitrar y se t  o f 
externa l  condition s bu t  thos e tha t  actuall y hol d i n thi s 
world . 

Thi s sor t  o f  ̂ jproac h woul d sugges t  tha t  structurin g th e 
externa l  worl d (a n interface ,  i n th e cas e o f  H C I )  suc h tha t 
user s ca n interac t  c t̂imall y wit h i t  i s  no t  a  matte r  o f 
turnin g t o concept s suc h a s "affordances "  t o solv e th e 
p^oblem .  Ther e i s currentl y n o evidenc e tha t  anythin g act s 
lik e a n affoidanc e (i n th e tru e Gibsonia n sense )  i n compute r 
interfaces .  Althoug h mos t  o f  today' s GUI' s use  buttons , 
sliders ,  an d s o on ,  ther e i s littl e reaso n t o behev e tha t  thes e 
image s ar e directl y cuein g actio n i n an y way .  I t  i s  eve n 
doubtfu l  whethe r  rea l  worl d button s (e.g. ,  i n a n elevator ) 
c^or d jH-essing . 

The approac h o f  th e stud y her e wa s t o enUs t  low-leve l 
perceptua l  cue s t o guid e attentio n t o relevan t  part s o f  th e 
interface .  Thi s i s base d o n ou r  computationa l  model' s 
predictio n tha t  th e critica l  tim e bottlenec k i n thi s tas k 
comes from  searchin g th e interfac e fo r  relevan t  information . 
Thi s approac h i s quit e differen t  from  attempt s t o improv e 
performanc e b y redesignin g asj)ect s o f  th e interfac e s o tha t 
the y directl y cu e o r  affor d th e relevan t  action .  Whil e i t  m a y 
be th e cas e tha t  certai n obje a design s ar e bette r  cue s t o 
relevan t  action s tha n others ,  suc h cue s onl y solv e par t  o f 
th e problem .  I n particular ,  the y d o no t  provid e a  wa y t o 
reduc e th e tim e spen t  searchin g th e interfac e fo r  somethin g 
relevan t  becaus e the y d o no t  functio n b y explicitl y  drawin g 
attention .  The y ar e importan t  insofa r  a s the y facilitat e th e 
evaluatio n o f  relevancy ,  an d guid e actio n i n servic e o f  goal s 
onc e th e relevan t  par t  o f  th e interfac e i s attended .  Indeed ,  a s 
mentione d earUer ,  association s from  aspect s o f  th e interfac e 
t o possibl e action s wa s a n importan t  par t  o f  th e Soa r 
models '  initia l  knowledge . 

I n short ,  th e tw o approache s complemen t  eac h other . 
The goal s o f  interfac e desig n migh t  b e bes t  serve d b y 
workin g o n bot h problems :  guidin g attentio n wit h low -
leve l  perceptua l  cues ,  an d usin g objec t  design s tha t  provid e 
good cue s fo r  th e nex t  se t  o f  possibl e actions .  Th e presen t 
Soar  model s sugges t  tha t  i n certai n tasks ,  guidin g attentio n 
t o reduc e searc h m a y b e th e mos t  importan t  factw . 
Increase d searc h tim e i s detrimenta l  no t  onl y t o 

performance ,  bu t  als o t o learnin g becaus e i t  force s user s l o 
lear n mor e tha n the y hav e to . 

Th e stud y presente d her e looke d a t  th e effect s o f 
instruction s an d perceptua l  cue s o n performance ;  i t  di d no t 
evaluat e th e relativ e effect s o n learning .  Th e nex t  se t  o f 
studie s wil l  attemp t  t o sq)arat e th e learnin g component s o f 
th e task .  I t  seem s clea r  fro m th e result s alread y availabl e 
tha t  th e continue d presenc e o f  instruction s ove r  trial s Iowct s 
performance .  I t  i s  als o clea r  tha t  perceptua l  cue s improv e 
it .  Furthermore ,  performanc e i s significantl y impaire d 
when instruction s ar e removed .  W h a t  caimo t  b e determine d 
from  th e presen t  stud y i s whethe r  performanc e wil l 
deteriorat e relativel y mor e w h e n flashin g i s remove d (i.e. , 
when subject s ar e traine d o n trial s wit h flashing  an d the n 
teste d o n trial s withou t  it) .  Th e Soa r  mode l  predict s a 
greate r  dro p i n performanc e whe n flashin g i s remove d tha n 
when instruction s ar e remove d becaus e th e flashing 
conditio n lead s t o fewe r  chunk s bein g buil t  (i.e. ,  les s bein g 
learned) . 

Th e studie s presentl y bein g conducte d presen t  subject s 
wit h fou r  trainin g trials ,  hk e th e stud y describe d here ,  plu s 
thre e tes t  trial s wher e th e instructio n /  flashin g condition s 
ar e varied .  I n particula r  w e ar e intereste d i n seein g wha t 
happen s t o performanc e whe n subject s ar e traine d wit h 
flashin g bu t  n o instructions ,  an d the n teste d wit h n o 
flashin g o r  instructions .  W e expec t  tha t  perfnmanc e wil l 
deteriorat e mixe .  i n thi s conditio n an d tha n i n a  conditio n 
wher e the y g o from  instruction s wit h n o flashin g t o n o 
instruction s an d n o flashing .  Thi s i s because ,  i f  th e 
model' s predictio n tha t  flashing  lead s t o betto '  perfcamanc e 
but  les s learnin g i s correct ,  the n performanc e shoul d fal l  of f 
steq)l y whe n flashing  i s n o longe r  availabl e sinc e subject s 
wil l  hav e learne d ver y Uttl e abou t  th e task .  Th e goa l  i s 
therefor e t o demonstrat e that ,  a s predicte d b y th e A T M - S o a r 
model ,  a  bette r  interfac e i s on e tha t  require s les s learnin g i n 
orde r  t o achiev e bette r  performance . 
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