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Hidden-Objec t  Indexing :  Claim s a t  T w o Tempora l  Level s 

Erik M. Altmann 
Krasno w Insiilui c lo r  Advance d Stud y 

Georg e Maso n Universit y 
Fairfax ,  V A 2203 0 

a l t m a n n g g m u . e d u 

Thi s abstrac t  i s  concerne d wit h th e memor y phenomen a 
underlyin g directe d acces s t o hidde n externa l  information . 
Such acces s depend s o n knowin g wha t  informatio n exist s i n 
th e environment .  Tha t  is ,  i t  depend s o n havin g a  memor y 
fo r  hidde n object s tha t  function s a s a n inde x i n whic h t o 
loo k the m u p whe n the y ar e relevan t  t o th e tas k a t  hand . 

Example s o f  hidden-objec t  indexin g com e fro m a  stud y i n 
whic h w e observe d a  programme r  workin g i n a  real-worl d 
tas k environmen t  (Altmann ,  1996 ;  Altmann ,  Larki n &  John , 
1995) .  Th e programme r  interacte d wit h a n interprete d 
program .  Sh e issue d multipl e querie s an d ru n command s t o 
th e interpreter ,  thereb y generatin g a  larg e buffe r  o f  output . 
Onl y a  fraction  o f  thi s buffe r  coul d fit  o n th e scree n a t  once , 
but  hidde n portion s coul d b e scrolle d bac k int o view . 
Occasionall y th e programme r  scrolle d bac k t o som e hidde n 
object .  Thes e scrollin g events ,  a s wel l  a s th e origina l 
appearanc e o f  eac h scrolled-t o object ,  wer e capture d i n a  lo g 
of  proces s dat a tha t  include d verba l  an d keystrok e protocol s 
and al l  scree n changes . 

Altman n (1996 )  describe s five  o f  thes e scrollin g event s i n 
detail .  I n tw o o f  them ,  th e objec t  wa s hidde n fo r  les s tha n 
30 seconds ,  an d durin g tha t  tim e remaine d closel y relevan t 
t o th e programmer' s curren t  goal .  Fo r  example ,  i n on e cas e 
th e programme r  wante d t o compar e tw o progra m fragments, 
wit h on e fragment  hidden .  Th e programme r  probabl y kep t 
th e hidde n fragment  activ e i n workin g memor y ( W M )  a s a 
basi s fo r  comparin g t o th e visibl e fragment. 

I n th e thre e remainin g scrollin g events ,  th e scrolled-t o 
objec t  wa s hidde n fo r  u p t o severa l  minutes ,  durin g whic h 
th e programme r  performe d othe r  tasks .  Thi s implicate s 
long-ter m memor y ( L T M ) ,  becaus e th e objec t  i s unlikel y t o 
hav e remaine d activ e i n W M th e entir e tim e i t  wa s hidden . 
Apparentl y som e trac e wa s store d i n L T M whe n th e objec t 
was first  attended ,  an d wa s retrieve d late r  a s a  basi s fo r 
decidin g t o scrol l  bac k t o th e object .  Th e protoco l  dat a 
sho w n o evidenc e tha t  th e trac e wa s store d prospectivel y ou t 
of  anticipatio n fo r  futur e recal l  demands ;  th e encodin g 
seems t o hav e bee n largel y incidental . 

We implemente d a  computationa l  mode l  spannin g al l  five 
scrollin g event s an d intervenin g behavio r  (Almiann ,  1996) . 
For  eac h even t  th e mode l  encode s th e objec t  o f  interes t 
when i t  first  appear s o n th e screen .  Later ,  th e mode l  scroll s 
t o tha t  objec t  base d i n par t  o n th e trac e encode d earlier .  Th e 
model  i s  constraine d o n tw o fronts:  th e underlyin g 
architecftir e (Soar ;  Newell ,  1990 )  impose s theoretica l 
constraint s o n learnin g an d memory ,  an d th e behaviora l  dat a 
impos e differen t  functiona l  requirement s o n th e memor y fo r 
an object ,  dependin g o n whethe r  th e objec t  wa s hidde n 
recentl y o r  not . 

I n th e shor t  term ,  th e mode l  mus t  b e abl e t o maintai n a n 
activ e recor d o f  a n object' s existenc e whil e tha t  objec t  i s 
hidden .  Thi s i s  implemente d a s follows .  I f  a n objec t 
encode d i n W M disappear s from  th e screen ,  th e mode l  tag s 
th e correspondin g W M cod e a s recently-hidden .  Th e 
[object ,  recendy-hidden ]  pai r  persist s briefl y i n W M afte r 
th e objec t  become s hidden ,  fo r  a n interva l  spannin g a t  leas t 
th e curren t  goal .  Durin g thi s interva l  th e mode l  remain s 
awar e o f  th e hidde n object .  Th e recently-hidde n ta g i s 
chea p t o compute ,  becaus e th e visua l  proces s tha t  monitor s 
th e scree n exploit s high-leve l  spatia l  knowledg e tha t 
prevent s havin g t o monito r  ever y object .  (Th e mode l  mus t 
hav e thi s spatia l  knowledg e anyway ,  t o accoun t  fo r  a n 
independen t  dimensio n o f  th e programmer' s behavior. ) 
Thu s th e theoretica l  clai m i s tha t  peopl e maintai n a n activ e 
inde x o f  recently-hidde n objects ,  an d tha t  thi s maintenanc e 
i s chea p enoug h t o b e automatic . 

I n th e lon g term ,  th e mode l  mus t  stor e som e recor d o f  a n 
objec t  i n L T M ,  an d b e abl e t o activat e thi s recor d late r 
shoul d th e objec t  becom e relevant .  Th e mode l  encode s 
episodi c trace s i n L T M ,  a s a  sid e effec t  o f  attention .  Eac h 
suc h trac e represent s th e even t  o f  attendin g t o a n object . 
Th e trac e i s associative ,  i n tha t  i t  require s a  cu e fo r  retrieval . 
Th e require d cu e i s a n imag e o f  th e attende d objec t 
appearin g i n W M.  W h e n th e objec t  i s  hidden ,  thi s imag e 
must  b e generate d from  memory .  Thu s th e mode l  mus t 
generat e image s (fro m L T M )  i n orde r  t o retriev e episodi c 
trace s (als o from  L T M ) .  Thi s i s to o costl y t o b e plausibl e 
fo r  short-ter m indexing ,  becaus e i t  involve s multipl e 
successiv e retrieval s fro m L T M .  However ,  encodin g i s 
chea p enoug h t o b e automatic ,  a s a  resul t  o f  Soar' s learnin g 
mechanism .  Thu s th e clai m i s tha t  peopl e automaticall y 
acquir e pointer s t o object s a s a  sid e effec t  o f  attention ,  an d 
activat e thes e pointer s whe n necessar y usin g a  deUberate , 
knowledge-base d proces s o f  cu e generation . 
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