
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
Learning to Form Visual Chunks: On the Structure of Visuo-Spatial Working Memory

Permalink
https://escholarship.org/uc/item/2bq269mc

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 20(0)

Authors
Magnuson, James S.
Bensinger, David G
Hayhoe, Mary
et al.

Publication Date
1998
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/2bq269mc
https://escholarship.org/uc/item/2bq269mc#author
https://escholarship.org
http://www.cdlib.org/


Learn in g t o F o r m Visua l  C h u n k s : 

On the Structure of Visuo-Spatial Working Memory 

James S. Magnuson (magnusonSbcs. rochester. edu) 
Davi d G  Bensinge r  (dgbScv s .  rochester .  edu ) 

Mary Hayho e (mary@cvs .  rochester .  edu ) 
Dana BaUard *  (dana@cs.rochester.edu ) 

Departmen t  o f  Brai n an d Cognitiv e Sciences ,  Cente r  fo r  Visua l  Scienc e 
Universit y o f  Rochester ,  Melior a Hall ,  Rochester ,  N Y 1462 7 U S A 

*Als o wit h th e Departmen t  o f  Compute r  Science ,  Universit y o f  Rocheste r 

Abst rac t 

We are interested in a functional account of how capacity 
constrain s memor y us e i n natural ,  ongoin g behaviors ,  an d 
i n ho w visua l  memor y demand s ca n b e reduce d throug h th e 
use o f  wha t  w e hav e calle d perceptua l  pointers ,  o r  deicti c 
codes .  Here ,  w e as k whether ,  wit h experience ,  participant s 
can restructur e tas k representation s suc h tha t  singl e 
fixation s ca n poin t  t o mor e an d mor e comple x chunk s o f 
information .  W e tracke d ey e movement s a s participant s 
copie d simpl e mode l  pattern s whic h wer e presente d wit h 
differen t  frequencies .  A t  first ,  participant s mad e multipl e 
fixation s t o individua l  patter n components .  A s pattern s 
wer e presente d repeatedly ,  mode l  inspection s wer e reduce d 
substantially .  Thi s suggest s tha t  participant s forme d mor e 
compact  representation s o f  th e pattern s wit h experience , 
allowin g singl e fixation s t o poin t  t o large r  chunk s o f 
information .  W e als o propos e tha t  deicti c code s provid e a 
short-ter m stor e analogou s t o th e visuo-spatia l  scratchpa d 
or  articulator y loop .  W h e n th e tas k wa s structure d suc h tha t 
a separat e visua l  searc h wa s require d fo r  eac h mode l 
component ,  muc h les s learnin g wa s observe d tha n whe n 
fixation s t o know n location s wer e required ,  suggestin g 
deicti c code s wer e disrupte d b y activ e visua l  search . 

Introduction 

Model s o f  visuo-spatia l  workin g meinor y hav e typicall y 
been concerne d wit h th e limit s o f  h u m a n workin g memory . 
Result s fro m studie s pushin g workin g m e m o r y t o it s limit s 
hav e le d t o th e proposa l  o f  modality-specifi c  "slave "  system s 
whic h provid e short-ter m stores .  Usually ,  i t  i s  assume d tha t 
ther e ar e a t  leas t  tw o suc h stores :  th e articulator y loop , 
whic h support s verba l  workin g memory ,  an d th e visuo -
spatia l  scratchpa d (Baddele y &  Hitch ,  1974 )  o r  "inne r  scribe " 
(Logic ,  1995) ,  whic h support s visua l  workin g memory . 
Here ,  w e ar e intereste d i n complementin g suc h wor k wit h 
studie s o f  h o w capacit y limitation s constrai n performanc e i n 
natural ,  ongoin g task s carrie d ou t  withou t  adde d tim e o r 
memory pressures . 

Eye Movements in Natural, Ongoing Tasks 

The prototypica l  tas k w e us e i s  block-copyin g (se e Figur e 
1) .  Participant s ar e presente d wit h a  visua l  displa y (o n a 
compute r  monito r  o r  o n a  rea l  board )  whic h i s divide d int o 
thre e areas .  Th e mode l  are a contain s a  patter n o f  blocks . 
The participant' s tas k i s t o us e block s i n th e resourc e are a t o 
construc t  a  cop y o f  th e mode l  patter n i n th e workspace .  W e 

continuousl y measur e ey e an d han d positio n a s th e 
participan t  perform s th e task . 

Not e tha t  th e tas k differ s fro m typica l  laborator y task s i n 
severa l  ways .  First ,  i t  i s  close r  t o natural ,  everyda y task s 
than ,  e.g. ,  test s o f  iconi c m e m o r y o r  recognitio n tasks . 
Second ,  a s a  natura l  task ,  i t  extend s ove r  a  tim e scal e o f 
severa l  seconds .  Third ,  th e ey e an d han d positio n measure s 
allo w u s t o examin e performanc e withou t  interruptin g th e 
ongoin g task ;  tha t  is ,  th e tim e scal e an d dependen t  measure s 
allo w u s t o examin e instantaneou s performanc e a t  an y point , 
but  w e als o hav e a  continuou s measur e o f  performanc e 
throughou t  a n entire ,  uninterrupte d natura l  task .  Studie s 
usin g variant s o f  th e block-copyin g tas k hav e reveale d tha t 
informatio n abou t  gaz e an d han d location s ca n b e use d a s 
pointer s t o reduc e th e amoun t  o f  informatio n tha t  mus t  b e 
internall y represente d (e.g. ,  Ballard ,  Hayhoe ,  &  Pelz ,  1995) . 
Thes e pointer s inde x location s o f  task-relevan t  information , 
and ar e calle d deicti c code s (Ballard ,  Hayhoe ,  Pock ,  &  Rao , 
1997) . 

Deictic Codes 

I n severa l  variant s o f  th e block-copyin g task ,  th e sam e ke y 
resul t  ha s bee n replicated .  Rathe r  tha n committin g eve n a 
smal l  portio n o f  a  mode l  patter n t o m e m o r y ,  participant s 
wor k wit h on e componen t  a t  a  time ,  an d typicall y fixat e 
eac h mode l  componen t  twice .  First ,  participant s fixate  a 
model  componen t  an d the n sca n th e resourc e are a fo r  th e 
appropriat e componen t  an d fixate  it .  Th e han d m o v e s t o 
pic k u p th e component .  Then ,  a  secon d fixation  i s  m a d e t o 
th e sam e mode l  componen t  a s o n th e previou s mode l 

Workspac e Model Resourc e 

D D 
a m 

n 

Figur e 1 :  Th e bloc k copyin g task .  Th e tas k i s t o us e block s 
displaye d i n th e resourc e (righ t  monitor )  t o buil d a  cop y o f 
th e mode l  (center )  i n th e workspac e (left) .  Th e arrow s an d 
number s indicat e a  typica l  fixation  patter n durin g bloc k 
copying .  Th e participan t  fixate s th e curren t  mode l  bloc k 
twice .  A t  fixation  2 ,  th e participan t  pick s u p th e dar k gra y 
block .  A t  fixation  4 ,  th e participan t  drop s th e block . 
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fixation .  Finally ,  participant s fixat e th e appropriat e locatio n 

i n th e workspac e an d m o v e th e componen t  fro m th e resourc e 
are a t o plac e i t  i n th e workspace .  I f  w e divid e th e dat a int o 
fixation-action  sequence s eac h tim e a n objec t  i s  droppe d i n 
th e workspace ,  thi s model-pickup-model-dro p sequenc e i s th e 
most  ofte n observe d (-45% ,  wit h th e nex t  mos t  frequen t 
patter n bein g pickup-model-drop ,  whic h account s fo r  - 2 5 % 
of  th e sequences ;  model-pickup-dro p an d pickup-dro p eac h 
accoun t  fo r  - 1 0 % o f  th e sequences ,  wit h mos t  o f  th e 
remaining ,  infrequen t  pattern s involvin g multipl e mode l 
fixation s betwee n drops ;  thus ,  th e majorit y o f  fixatio n 
sequence s involv e a t  leas t  on e mode l  fixatio n pe r 
component ,  wit h a n averag e o f  nearl y tw o mode l  fixations 
per  component) . 

Give n suc h a  simpl e task ,  w h y don' t  participant s encod e 
and wor k o n eve n tw o o r  thre e component s betwee n mode l 
fixations ,  whic h woul d b e wel l  withi n th e rang e o f  capacity ? 
Ballar d e t  al .  (1997 )  hav e propose d tha t  memorie s fo r  moto r 
signal s an d ey e o r  han d location s provid e a  mor e efficien t 
mechanis m tha n coul d b e afforde d b y a  purel y visual , 
unitary ,  imagisti c representation .  I n th e bloc k copyin g 

paradigm ,  participant s see m t o encod e simpl e propertie s on e 
at  a  time ,  rathe r  tha n encodin g comple x representation s o f 
entir e components .  Fo r  example ,  a  fixation  t o a  mode l 
componen t  coul d b e use d t o encod e th e block' s color ,  an d it s 
locatio n withi n th e pattern .  Thi s migh t  requir e encodin g no t 
jus t  th e block' s color ,  bu t  als o th e color s o f  it s  neighbor s 
(whic h woul d indicat e it s relativ e location) .  Alternatively , 
th e block' s colo r  an d th e signa l  indicatin g th e fixation 
coordinate s coul d b e encoded .  Wit h th e colo r  information ,  a 
fixatio n ca n b e mad e t o th e resourc e are a t o locat e a  bloc k 
fo r  th e copy .  Th e fixatio n coordinate s coul d serv e a s a 
pointe r  t o th e block' s locatio n i n th e model .  N o w ,  a  saccad e 
ca n b e mad e bac k t o th e fixation  coordinates ,  an d th e 
informatio n necessar y fo r  placin g th e picked-u p bloc k i n th e 
workspac e ca n b e encoded . 

Not e tha t  i n th e copyin g task ,  th e secon d fixation  i s 
typicall y m a d e bac k t o exactl y th e sam e plac e i n th e model . 
W hy can' t  th e informatio n tha t  allow s th e participan t  t o 
fixat e th e sam e locatio n b e use d t o plac e th e picked-u p bloc k 
i n th e correc t  plac e i n th e workspace ? Becaus e tha t 
informatio n i s abou t  a n ey e positio n ~  th e pointe r  -  no t 
abou t  th e relativ e locatio n o f  th e bloc k i n th e pattern .  Th e 
fixatio n coordinate s ac t  a s a  pointe r  i n th e sens e o f  th e 
compute r  programmin g term :  a  smal l  informatio n uni t 
whic h represent s a  large r  informatio n uni t  simpl y b y 
encodin g it s location .  Thus ,  ver y littl e informatio n nee d b e 
encode d internall y a t  a  give n momen t .  Perceptua l  pointer s 
allo w u s t o referenc e th e externa l  worl d an d us e i t  a s 
m e m o r y ,  i n a  just-in-tim e fashion .  Thi s hypothesi s wa s 
inspire d i n par t  b y a n approac h i n compute r  visio n whic h 
greatl y reduced  th e complexit y o f  representation s neede d t o 
interac t  wit h th e world .  O n th e activ e o r  animat e visio n 
vie w (Bascy ,  1985 ;  Brooks ,  1986 ;  Ballard ,  1991) ,  m u c h 
les s comple x representation s o f  th e worl d ar e neede d whe n 
sensor s ar e deploye d (e.g. ,  camer a saccade s ar e made )  i n ordo " 
t o sampl e th e worl d frequently ,  i n accor d wit h tas k demands . 

Hayho e e t  al .  (1998 )  reporte d compellin g evidenc e fo r  th e 
pointe r  hypothesi s i n huma n visuo-moto r  tasks .  A s 
participant s performe d th e block-copyin g tas k a t  a  compute r 

display ,  th e colo r  o f  a n unworke d mode l  bloc k wa s 
sometime s change d durin g saccade s t o th e mode l  are a (whe n 
th e participan t  woul d b e functionall y blin d fo r  th e 
approximatel y 5 0 m s i t  take s t o mak e a  saccadi c ey e 
movement) .  Th e colo r  change s occurre d eithe r  afte r  a  dro p 

i n th e workspac e {befor e pickup) ,  o r  afte r  a  picku p i n th e 
resourc e are a (afte r  pickup) .  Participant s wer e unawar e o f 
th e majorit y o f  colo r  changes ,  accordin g t o thei r  verba l 
reports .  However ,  fixation  duration s reveale d tha i 
performanc e wa s affected .  Fixatio n duration s wer e slightly , 
but  no t  reliably ,  longe r  (+4 3 m s )  whe n a  colo r  chang e 
occurre d befor e picku p compare d t o a  contro l  whe n n o colo r 

chang e occurred .  W h e n th e colo r  chang e occurre d c^ r 
pickup ,  fixation  duration s wer e reliabl y longe r  (+10 3 ms ) 
tha n whe n n o chang e occurred . 

H o w d o thes e result s suppor t  th e pointe r  hypothesis ? 
Recal l  tha t  th e mos t  frequent  fixatio n patter n wa s model -
pickup-model-drop .  W h e n th e chang e occur s afte r  picku p -

jus t  afte r  th e participan t  ha s picke d u p a  componen t  fro m th e 
resourc e are a an d i s abou t  t o fixat e th e correspondin g mode l 
bloc k agai n ~  ther e i s a  relativel y larg e effec t  o n 
performance .  W h e n th e colo r  chang e occur s befor e picku p -
jus t  afte r  a  participan t  ha s finished  addin g a  componen t  t o 
th e workspac e -  ther e i s a  relativel y smal l  effect .  A t  thi s 
stage ,  accordin g t o th e pointe r  hypothesis ,  colo r  informatio n 
i s n o longe r  relevant ;  wha t  ha d bee n encode d fo r  th e 
precedin g picku p an d dro p ca n b e discarded ,  an d thi s i s 
reflecte d i n th e smal l  increas e i n fixation  duration . 

Bensinge r  (1997 )  explore d variou s alternative s t o thi s 
explanation .  H e foun d tha t  th e sam e basi c result s hol d 
when:  (a )  participant s ca n pic k u p a s man y component s a s 
the y lik e (i n whic h cas e the y stil l  mak e tw o fixation s pe r 
component ,  bu t  wit h sequence s lik e model-pickup ,  model -
pickup ,  model-drop ,  model-drop) ,  (b )  image s o f  comple x 
natura l  object s ar e use d rathe r  tha n simpl e blocks ,  o r  (c )  th e 
model  are a i s onl y visibl e whe n th e han d i s i n th e resourc e 
are a (i n whic h cas e th e numbe r  o f  component s worke d o n 
drop s whe n participant s ca n pic k u p a s man y component s a s 
the y want ,  s o a s t o minimiz e th e numbe r  o f  workspac e 
location s t o b e recalle d whe n th e mode l  i s no t  visible) . 

Deictic Codes and Chunking 

Th e concep t  o f  chunkin g (o r  recodin g informatio n int o smal l 
unit s suc h tha t  th e numbe r  o f  informationa l  unit s tha t  mus t 
be hel d i n short-ter m m e m o r y i s reduce d — e.g. ,  recodin g th e 
twelv e digit s "200117761492 "  a s th e thre e chunk s "2001 , 
1776 ,  1492" )  ha s bee n well-know n sinc e Miller' s semina l 
studie s (Miller ,  1956) .  However ,  i t  i s  no t  necessaril y  clea r 
h o w t o quantif y th e notio n whe n w e stud y natura l  behavior s 
involvin g multidimensiona l  stimuli .  Deicti c code s provid e 
a potentiall y  informativ e framewor k fo r  studyin g thi s issue . 
As describe d above ,  i n th e copyin g task s w e use , 
participant s ten d t o emplo y highl y stereotyped ,  serialize d ey e 
movement s whe n first  presente d wit h a  mode l  t o copy . 
Usin g multipl e fixations  allow s participant s t o encod e 
differen t  aspect s o f  a  stimulu s i n a  just-in-tim e fashion .  I f 
we giv e participant s th e opportunit y t o becom e familia r 
wit h th e model ,  i t  i s  possibl e tha t  th e ey e movemen t 
pattern s wil l  change .  Specifically ,  i f  participant s ar e abl e t o 
recod e th e feature s o f  th e mode l  patter n suc h tha t  a  singl e 
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fixatio n ca n stan d fo r  mor e features ,  w e shoul d observ e 
reduction s i n mode l  fixations .  Indeed ,  Magnuson ,  Sagerer , 
Hayhoe &  Ballar d (1997 )  foun d suc h a  patter n whe n the y 
presente d participant s wit h th e sam e highl y comple x mode l 
objec t  (e.g. ,  o f  a  scooter )  constructe d fro m woode n nnxlclin g 
toy s o n severa l  consecutiv e copyin g trials . 

I n th e curren t  experiment ,  w e extende d th e wor k o n deicti c 
codes i n severa l  ways .  First ,  w e use d severa l  differen t 
simpl e mode l  pattern s ("connected "  blocks )  withi n 
participants .  Second ,  w e varie d th e frequenc y wit h whic h 
th e pattern s wer e presented .  Thi s allowe d u s t o stud y th e 
amount  o f  experienc e necessar y t o yiel d reduction s i n th e 
number  o f  mode l  fixations . 

Third ,  w e varie d th e interna l  consistenc y o f  som e o f  th e 
model  patterns .  Tw o o f  th e model s wer e identica l  i n tw o o f 
thei r  thre e components .  Thi s coul d hav e severa l  possibl e 
outcomes .  Th e pattern s migh t  b e treate d independently , 
whic h woul d b e reflecte d i n simila r  amount s o f  reductio n a s 
foun d fo r  frequency-matched,  100 % consisten t  models ;  th e 
tw o share d component s migh t  b e learne d muc h mor e quickl y 
tha n th e unshare d component ,  resultin g i n a  large r  reductio n 
tha n fo r  frequency-matche d items ;  or ,  th e variabilit y  migh t 
disrup t  learnin g suc h tha t  th e amoun t  o f  reductio n observe d 
woul d actuall y b e les s tha n tha t  fo r  frequency-matche d items . 

A fourt h contributio n o f  th e curren t  stud y wa s a n 
examinatio n o f  tas k consistency .  Fo r  on e grou p o f 
participant s (th e consisten t  resourc e group) ,  th e resourc e are a 
containin g th e component s necessar y fo r  th e tas k wa s 
presente d i n th e sam e arrangemen t  o n eac h trial .  Fo r  th e 
othe r  grou p (variabl e resource) ,  th e resourc e are a wa s 
randoml y rearrange d fo r  eac h trial .  Thi s allowe d u s t o 
examin e th e importanc e o f  consistenc y i n anothe r  par t  o f  th e 
tas k beside s th e model ,  i n orde r  t o as k whethe r  onl y th e 
model  patter n informatio n i s bein g learned . 

Expe r imen t 

Metho d 

Participants .  Eleve n student s a t  th e Universit y o f 
Rocheste r  wer e pai d fo r  thei r  participation .  Al l  ha d norma l 
or  corrected-to-norma l  vision . 

Material s Th e stimul i  wer e simpl e three-componen t 
pattern s consistin g o f  tw o colore d block s connecte d b y a 
thi n colore d rectangl e (se e Figur e 2) .  Ther e wer e five 
differen t  mode l  patterns .  On e wa s presente d wit h relativel y 
hig h frequenc y (50 % o f  trials) ,  on e wit h mediu m frequency 
(20 % o f  trials) ,  an d on e wit h lo w frequency  (10%) .  Thi s 
frequency  manipulatio n allow s u s t o examin e th e effect s o f 
statistica l  regularitie s a t  th e overal l  patter n level .  Th e las t 
tw o pattern s wer e bot h presente d wit h lo w frequency  (10% ) 
but  wer e identica l  excep t  i n th e colore d bloc k o n th e righ t  o f 
th e patter n (se e Figur e 2) .  Thes e pattern s allowe d u s t o 
examin e th e effect s o f  regularit y withi n patterns .  Fo r  th e 
high ,  medium ,  an d lo w patterns ,  an y on e bloc k o r  connecto r 
predict s th e entir e pattern .  Fo r  th e pattern s whic h shar e 
components ,  th e combinatio n o f  th e lef t  bloc k an d th e 
connecto r  predic t  th e righ t  block ,  bu t  wit h onl y a  5 0 % 
transitiona l  probabilit y (w e wil l  refe r  t o th e latte r  pattern s a s 
transitional ,  o r  trans. ,  A  an d B) .  I n all ,  10 0 trial s wer e 

H i g h 

M e d i u m 

L o w 

T r a n s .  A 

T r a n s .  B 

Figur e 2 :  Th e pattern s use d i n th e curren t  experiment .  Not e 
tha t  th e actua l  experimenta l  item s use d solid ,  easily -
distinguishabl e color s rathe r  tha n patterne d shade s o f  gray . 

presented to each participant, with the trials pseudo-
randoml y ordere d suc h tha t  th e overal l  proportion s o f 
pattern s occurre d ever y 1 0 trials . 

I n additio n t o th e frequenc y manipulation ,  th e consistenc y 
of  th e resourc e are a wa s manipulated .  Fo r  on e grou p o f  si x 
participant s (th e consisten t  resourc e group) ,  th e sam e 
arrangemen t  o f  item s appeare d i n th e resourc e are a ever y 
trial .  Fo r  th e othe r  five  participant s (th e variabl e resourc e 
group) ,  a  novel ,  rando m arrangemen t  o f  th e sam e object s 
appeare d i n th e resourc e are a o n eac h tria l  (se e Figur e 3) . 

Procedur e Stimul i  wer e presente d usin g a  Macintos h 
PowerPC 850 0 an d thre e 14 "  Appl e monitors .  Participant s 
were seate d a t  a  comfortabl e distanc e fro m th e monitors . 
The right-mos t  monito r  wa s th e resourc e area ,  an d containe d 
an assortmen t  o f  block s an d connectors .  Th e cente r  monito r 
was th e mode l  area ,  an d th e left-mos t  monito r  wa s th e 
workspace .  O n eac h trial ,  on e o f  th e pattern s show n i n 
Figur e 2  wa s presented .  A  participant' s tas k wa s t o selec t 
item s fro m th e resourc e are a (b y clickin g o n the m wit h th e 
compute r  mouse) ,  mov e the m t o th e workspace ,  an d 
construc t  a  cop y o f  th e mode l  pattern .  Participant s coul d 
pic k u p multipl e item s simpl y b y clickin g o n the m i n 
succession .  I n th e wor k area ,  th e item s coul d b e droppe d b y 
clickin g again .  Multipl e item s wer e droppe d i n a  first-in , 
first-out  fashion . 

We tracke d ey e movement s wit h a n Applie d Scientifi c 
Laboratorie s E40(X )  ey e tracker .  Tw o camera s mounte d o n a 
lightweigh t  helme t  provid e th e inpu t  t o th e tracker .  A n ey e 
camer a provide s a n infrare d imag e o f  th e eye ,  sample d a t  6 0 
Hz.  Th e cente r  o f  th e pupi l  an d th e first  Purkinj e cornea l 
reflectio n ar e tracke d t o determin e th e orbi t  o f  th e ey e 
relativ e t o th e head .  Accurac y i s bette r  tha n 1  degre e o f  arc , 
wit h virtuall y unrestricte d hea d an d bod y movements .  A 
scen e camer a i s aligne d wit h th e participant' s lin e o f  sight . 
A calibratio n procedur e allow s softwar e runnin g o n a  P C t o 
superimpos e crosshair s showin g th e poin t  o f  gaz e o n a  HI- 8 
vide o tap e recor d o f  th e scen e camera .  Th e scen e camer a 
sample s a t  a  rat e o f  3 0 Hz ,  an d eac h fram e i s stampe d wit h a 
tim e code .  Th e AS L provide d th e positio n o f  th e ey e wit h 
respec t  t o th e head .  Th e hea d positio n wa s monitore d usin g 
an Ascensio n Technolog y 6  d f  Floc k o f  Byrds .  Thi s 
consist s o f  a  transmitte r  tha t  emit s a n electromagneti c field 
and a  receive r  tha i  allow s u s t o rea d th e positio n o f  th e hea d 
i n a  ful l  6  degree s o f  freedom .  Th e Floc k o f  Byrd s allow s a n 
are a o f  movemen t  withi n a  volum e o f  abou t  a  cubic .  Th e 
signa l  fro m th e ey e an d hea d tracke r  wer e integrate d wit h 
softwar e provide d b y AS L t o giv e point-of-gaz e wit h respec t 
t o th e world .  Analyse s wer e base d o n th e integrate d point -
of-gaz e record . 
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Figur e 3 :  T h e mode l  an d resourc e area s o n thre e trial s i n th e 
consisten t  resourc e an d variabl e resourc e conditions .  I n th e 
consisten t  resourc e condition ,  th e resourc e are a contain s th e 
same arrangemen t  o f  object s eac h trial .  I n th e variabl e 
resourc e condition ,  th e object s appea r  i n a  rando m 
arrangemen t  eac h trial . 

Result s 

Th e measur e w e wil l  repor t  her e i s th e numbe r  o f  fixation s 
t o th e mode l  area .  W e wil l  assum e tha t  a  shif t  fro m severa l 
model  fixation s t o fe w indicate s tha t  mor e informatio n i s 
bein g acquire d pe r  fixation .  Thi s i s  a  stron g assumption , 
but  on e whic h appear s justifie d give n th e serie s o f  result s 
discusse d i n th e firs t  section .  Thos e result s suppor t  th e 
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Figur e 4 :  Mode l  fixation s b y bloc k i n th e consisten t 
resourc e an d th e variabl e resourc e conditions . 

hypothesi s tha t  fixation s ar e use d t o sampl e jus t  th e 
informatio n neede d a t  th e tim e o f  th e fixation . 

Th e 10 0 trial s wer e divide d int o 5  block s o f  2 0 trials .  A n 
analysi s o f  varianc e showe d a  significan t  mai n effec t  o f 
bloc k (F[4,36]=8.71 ,  p<.001) ,  whic h ca n b e see n i n Figur e 
4 (erro r  bar s i n al l  o f  th e figure s represen t  standar d erro r  o f 
th e m e a n acros s participants) .  Mode l  fixation s droppe d from 
4.6 1 i n th e firs t  bloc k t o 2.9 2 i n th e fifth.  Ther e wa s a 
significan t  mai n effec t  o f  patter n frequency  (F[3,27]=32.50 , 
p<.001) ,  whic h ca n b e see n i n Figur e 5 .  Acros s blocks ,  th e 
averag e numbe r  o f  mode l  fixations  range d fro m 2.5 2 fo r  th e 
high-frequenc y mode l  t o 4.0 6 fo r  th e low-frequenc y model . 
Th e result s fo r  th e transitiona l  pattern s wer e inconclusive . 
Althoug h th e numbe r  o f  mode l  fixations  t o th e transitiona l 
patter n wer e intermediat e betwee n thos e fo r  th e med iu m an d 
lo w pattern s fo r  th e consisten t  resourc e group ,  planne d 
comparison s showe d tha t  th e difference s wer e no t 
significant . 

As ca n b e see n i n Figure s 4  an d 5 ,  ther e wa s als o a  mai n 
effec t  o f  resourc e grou p (F[l,9]=7.02 ,  p=.026) .  O n average , 
participant s i n th e consisten t  resourc e grou p mad e fewe r 
model  fixation s throughou t  th e experimen t  (2.78 )  tha n 
participant s i n th e variabl e resourc e grou p (4.22) .  A s ca n b e 
see n i n th e figures ,  ther e wer e n o significan t  interactions ; 
th e overal l  pattern s wer e ver y simila r  fo r  bot h groups . 

Th e result s ar e broke n d o w n b y frequency  an d bloc k i n 
Figur e 6 .  Wit h th e exceptio n o f  th e low-frequenc y pattern , 
ther e wa s substantiall y  mor e reductio n i n mode l  fixation s b y 
th e participant s i n th e consisten t  resourc e grou p fo r  eac h 
pattern .  Not e tha t  participant s i n th e variabl e resourc e 
grou p mad e substantiall y  mor e mode l  fixations  beginnin g 
fro m th e first  bloc k o f  trials .  A n examinatio n o f  th e first 
bloc k o f  2 0 trial s show s tha t  th e group s star t  a t  th e sam e 
level ,  bu t  diverg e rapidl y a s a  resul t  o f  th e consistenc y o f  th e 
resourc e area .  Thi s suggest s tha t  th e consistenc y o f  th e 
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Figur e 5 :  Mode l  fixation s b y frequenc y typ e i n th e 
consisten t  resourc e an d th e variabl e resourc e conditions . 

resourc e are a ha s a  rapi d an d powerfu l  effec t  o n participants ' 
abilit y t o reduc e th e numbe r  o f  mode l  fixation s require d t o 
cop y eve n th e mos t  frequentl y presente d patterns . 

Figur e 6  show s th e numbe r  o f  fixation s t o eac h patter n 
acros s th e fiv e blocks .  Participant s i n bot h group s bega n 
th e experimen t  usin g a n initia l  procedur e i n whic h the y 
fixate d eac h mode l  componen t  tw o time s - -  a s i s  usuall y 
observe d i n th e copyin g tas k wit h unrepeale d patterns .  Th e 
result s discusse d i n th e firs t  sectio n sugges t  tha t  whe n 
participant s ar e makin g tw o fixation s pe r  component ,  the y 
ar e usin g a  highl y serialize d procedur e i n whic h separat e 
fixation s encod e separat e feature s o f  mode l  component s 
(e.g. ,  colo r  an d relativ e location) . 

Participant s i n th e consisten t  resourc e are a quickl y sliifte d 
fro m feature s t o component s (i.e. ,  thre e fixation s pe r  model , 
or  on e pe r  mode l  component) ,  an d eve n t o th e entir e high -
frequency  mode l  pattern .  A s ca n b e see n i n Figur e 6 , 
participant s i n th e consisten t  resourc e grou p wer e makin g 
jus t  ove r  on e mode l  fixatio n pe r  tria l  fo r  th e hig h frequency 
patter n beginnin g wit h th e secon d bloc k o f  trials .  Fo r  th e 
othe r  patterns ,  participant s wer e makin g abou t  thre e mode l 
fixation s b y th e fift h block .  Thi s suggest s tha t  participant s 
wer e abl e t o encod e chunk s o f  feature s (whe n the y wer e 
makin g on e fixatio n pe r  component )  o r  eve n chunk s o f 
component s (whe n the y wer e makin g on e fixatio n pe r 
model )  wit h singl e fixations . 

Ther e wer e als o larg e decrease s betwee n th e numbe r  o f 
model  fixations  i n th e firs t  an d secon d block s fo r  eac h 
patter n b y th e variabl e resourc e group .  Not e tha t  fo r  th e 
high-frequenc y pattern ,  thi s account s fo r  th e majorit y o f  th e 
reduction .  Participant s move d fro m aroun d si x fixation s pe r 
model  to ,  a t  best ,  abou t  three ,  fo r  th e high-frequenc y pattern . 
Participant s i n th e variabl e resourc e grou p wer e abl e t o adop t 
a mode l  fixatio n — resourc e pick-up ,  model-fixatio n -
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Figure 6: Model fixations per block for each pattern. 

resource pick-up, model fixation - resource pick-up 
procedure .  Thus ,  b y th e en d o f  th e experiment ,  participant s 
i n th e variabl e resourc e grou p wer e abl e t o shif t  from 
individuatin g mode l  componen t  feature s (e.g. ,  on e fixatio n 
fo r  colo r  an d on e fo r  relativ e locatio n fo r  eac h mode l 
component )  t o individuatin g mode l  component s o r  chunk s 
of  feature s (i n th e cas e o f  th e high-frequenc y pattern) . 

The result s ca n b e summarize d i n thre e points .  First ,  a s 
participant s becom e familia r  wit h a  pattern ,  the y ar e abl e t o 
reduc e th e numbe r  o f  fixation s require d t o reproduc e il . 
Further ,  th e frequenc y wit h whic h a  patter n wa s presente d 
modulate d th e reductio n effect ,  demonstratin g tha t  th e 
reductio n wa s no t  du e t o tas k familiarity ,  bu t  rathe r  t o 
experienc e wit h particula r  patterns . 

Second ,  ther e wa s a  substantia l  effec t  o f  th e consistenc y o f 
th e resourc e area .  Mor e fixation s wer e require d i n th e 
variabl e resourc e conditio n i n general ,  an d th e bes t 
performanc e i n th e variabl e resourc e conditio n (o n th e hig h 
frequenc y pattern )  wa s abou t  a s goo d a s tha t  o n th e mediu m 
frequenc y patter n i n th e consisten t  resourc e group . 

Third ,  th e result s fo r  th e transitiona l  pattern s wer e 
inconclusive .  Contrast s comparin g th e numbe r  o f  fixation s 
or  inspection s fo r  transitiona l  an d medium -  o r  /ow-frequenc y 
pattern s i n th e fifth  bloc k fo r  th e consisten t  resourc e grou p 
di d no t  revea l  reliabl e differences .  Thus ,  whil e performanc e 
on th e transitiona l  pattern s wa s roughl y intermediar y 
betwee n mediu m an d lo w patterns ,  w e canno t  sa y wha t  th e 
precis e effec t  o f  varyin g pattern-interna l  consistenc y was ; 
experiment s usin g mor e trainin g ar e calle d fo r  t o examin e 
thi s issue . 

Discussion 

Thes e result s provid e suppor t  fo r  th e deicti c code s 
hypothesis .  Eve n wit h simple ,  three-componen t  models , 
participant s bega n th e experimen t  usin g a  highl y serialize d 
procedur e o f  samplin g individua l  component s multipl e 
times ,  presumabl y t o acquir e importan t  feature s o f  th e 
component s separately .  Wit h sufficien t  practice , 
participant s wer e abl e t o reduc e th e numbe r  o f  fixations 
require d t o cop y frequen t  models .  I n th e cas e o f  th e 

649 



consisten t  resourc e group ,  th e complet e high-frequenc y 
patter n coul d b e acquire d wit h a  singl e fixation .  Fo r  othe r 
patterns ,  an d fo r  th e high-frequenc y patter n fo r  th e variabl e 
resourc e group ,  participant s wer e stil l  abl e t o greatl y reduce 

th e numbe r  o f  fixation s neede d t o perfor m th e copyin g task . 
Instea d o f  makin g tw o fixation s pe r  component ,  the y wer e 
abl e t o mak e abou t  on e fixation  pe r  component .  Thes e 
reduction s indicat e tha t  singl e fixation s ca n com e t o 
represen t  chunk s o f  features .  Tha t  is ,  participant s wer e abl e 

t o restructur e thei r  representation s o f  th e tas k suc h tha t  fewe r 
fixation s wer e require d t o encod e th e sam e information . 
Wit h repeated  exposures ,  participant s wer e abl e t o buil d 
pointer s t o increasingl y comple x chunk s o f  informatio n i n 
th e visua l  world .  Futur e wor k wil l  explor e th e natur e o f  th e 
reductio n mor e precisel y b y examinin g th e detail s o f  th e 

change s i n th e fixatio n patterns . 
The result s sugges t  tha t  th e memor y mechanis m a t  wor k 

does involv e deicti c codes .  Th e resul t  i n th e cas e o f  th e 
consisten t  resourc e grou p i s straightforward :  give n practic e 
and stabl e tas k constraints ,  participant s nee d fewe r  fixations 
t o perfor m th e task .  Th e key  t o th e connectio n wit h th e 
deicti c code s hypothesi s i s th e effec t  o f  varyin g th e 
arrangemen t  o f  object s i n th e resource  area .  W h y shoul d 
thi s hav e a  stron g effec t  o n participants '  abilit y  t o perfor m 
th e tas k mor e efficiently ? 

We sugges t  tha t  tw o differen t  mechanism s ar e a t  wor k i n 
th e tw o resourc e consistenc y conditions .  I t  ma y b e tha t 
what  i s learne d i n th e consisten t  resourc e conditio n i s no t  a 
prepositiona l  o r  imagisti c representatio n o f  th e model ,  bu t 
rathe r  a  serie s o f  fixatio n locations ,  whic h presumabl y ca n 
be represented  mor e compactl y tha n a n imagisti c 
representation .  Tha t  is ,  give n recognitio n o f  th e high -
frequenc y patter n i n th e mode l  area ,  participant s ca n generat e 
a fixatio n t o locatio n X ,  Y  i n th e resourc e area ,  wher e the y 
pic k u p th e first  component .  Th e coordinate s fo r  th e nex t 
ite m neede d i n tli e resourc e are a (A ,  B )  coul d b e associate d 
wit h positio n X ,  Y ,  an d th e locatio n o f  th e thir d componen t 
coul d b e associate d wit h locatio n A ,  B . 

However ,  give n a  variabl e resourc e area ,  thi s mechanis m 
canno t  work .  Instead ,  participant s mus t  eithe r  maintai n th e 
strateg y o f  serializin g th e tas k b y makin g multipl e fixations 
t o th e model ,  o r  construc t  a  prepositiona l  o r  imagisti c 
representatio n o f  th e model .  Th e curren t  result s sugges t  tha t 
participant s prefe r  serialization .  Tha t  is ,  i n th e variabl e 
resourc e condition ,  participant s wer e force d t o individuat e 
model  component s wit h separat e visua l  searche s fo r  eac h 
one ;  i n th e consisten t  resourc e condition ,  participant s coul d 
potentiall y  wor k o n a  chunke d representatio n o f  th e model , 
by fixating a  learne d serie s o f  resourc e are a location s t o 
obtai n neede d components . 

Thi s suggest s tha t  fixation  location s (o r  othe r 
representation s o f  task-relevan t  locations ;  se e Ballar d e t  al. , 
1998 )  ma y provid e a  stor e aki n t o th e articulaior y loo p o r 
th e visuo-spatia l  scratchpad .  O r  i t  ma y b e tha t  instea d o f  a 
serie s o f  fixation  location s bein g place d i n a  rehearsal-base d 
store ,  a  simple r  mechanis m ma y b e a t  wor k i n whic h on e 
stat e (e.g. ,  a  fixation  location )  i s associate d wit h th e next . 
Such a  mechanis m woul d provid e severa l  advantage s ove r  a 
rehearsa l  mechanism .  Th e informatio n tha t  need s t o b e 
encode d (e.g. ,  fixation  locations )  i s ver y compact ,  an d ca n 

stan d fo r  variabl e amount s o f  information .  A  non-imagisti c 
stor e fo r  guidin g visuo-spatia l  visio n woul d allo w relativel y 
intensiv e visua l  processin g withou t  disruptin g th e stor e -

compared ,  say ,  t o a n imagisti c stor e lik e th e visuo-spatia l 
scratchpa d -  a s lon g a s tha t  processin g di d no t  require  man y 
activ e fixations .  I n th e variabl e resourc e condition ,  suc h 
state s canno t  b e learne d an d th e participan t  mus t  perfor m 
active ,  appearance-base d visua l  searc h fo r  eac h componen t 
and s o rehe s o n serializin g th e tas k vi a deicti c code s fo r 

model  locations . 
Whil e man y question s remai n open ,  th e curren t  result s 

provid e first  step s toward s understandin g th e rol e o f  fixations 
i n learnin g an d visuo-spatia l  workin g memory . 
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