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O n th e Unitizatio n o f  N o v e l ,  C o m p l e x V isua l  St imul i 

Nancy Lightfoot and Richard M. Shiffrin 
Indian a Universit y 

Bloomington ,  I N 4740 5 
lightfoo@ucs.indiana.ed u 
shiffrin@ucs.indiana.ed u 

Abs t rac t 

We investigated the degree to which novel 

conjunction s o f  feature s com e t o b e represente d 

as perceptua l  wholes .  Subject s wer e traine d i n a 

visua l  searc h tas k usin g novel ,  conjunctively -

define d stimul i  compose d o f  discret e features . 

The stimulu s set s wer e designe d s o tha t 
successfu l  searc h require d identificatio n o f  a 

conjunctio n o f  a t  leas t  tw o features .  Wit h 

extende d training ,  th e slop e o f  th e searc h 

function s droppe d b y larg e amounts .  Variou s 

transfe r  task s wer e use d t o rul e ou t  th e 

possibilit y  tha t  th e organizatio n o f  sequentia l 

searc h strategie s involvin g simpl e feature s coul d 

accoun t  fo r  thi s result .  Th e perceptua l 

discriminabilit y o r  confusibilit y o f  th e stimul i 

exerte d a n importan t  influenc e o n th e rat e o f 

unitization .  Th e natur e o f  th e perceptua l  uni t 

appear s t o depen d o n th e subse t  o f  feature s 

whic h ar e diagnosti c  fo r  carryin g ou t  a  particula r 

discriminatio n task .  Th e result s provid e 

importan t  constraint s fo r  model s o f  visua l 

perceptio n an d recogniHon . 

What are the mechanisms by which 

representation s o f  individua l  feature s ar e boun d 

togethe r  an d processe d a s perceptua l  wholes ? 

O ne solutio n t o thi s bindin g proble m involve s 

pre-specifyin g a  representatio n fo r  al l  possibl e 

conjunction s o f  features ,  i n additio n t o th e 
feature s themselve s (Hunune i  &  Biederman , 

1990) .  Thi s approac h ha s bee n criticized , 

however ,  a s bein g relativel y inefficien t  an d 

implausibl e w h e n applie d t o highe r  leve l 

conjunction s ( H u m m e l  &  Biederman ,  1990 ; 

Hinton ,  McClellan d &  Rumelhart ,  1986) . 

Thi s researc h wa s supporte d b y grant s AFOSR90-021 5 t o th e 
Institut e fo r  th e Stud y o f  Human Capabilities ,  an d b y grant s 
N IMH 1271 7 an d AFOSR 87008 9 t o th e secon d author . 

We conducte d a  n u m b e r  o f  experiment s t o 

examin e th e natur e o f  processin g fo r 

conjunctivel y define d stimuli ,  an d th e w a y i n 

whic h suc h stimul i  nrugh t  becom e unitize d 

durin g training .  O u r  specifi c  interes t  w a s i n 

examinin g th e transitio n fro m th e processin g o f 

unfamiha r  stimul i  a t  th e leve l  o f  individua l 

features ,  t o th e processin g o f  thos e s a m e stimuli , 

afte r  familiarization ,  a s conjunctiv e perceptua l 

wholes .  O u r  result s sugges t  tha t  p)erceptua l 

unitizatio n occur s afte r  prolonge d exposur e t o 

particula r  stimuli .  Thes e finding s argu e agains t 

th e notio n tha t  conjunctiv e representation s ar e 

pre-specified .  I n condition s unde r  whic h 

conjunctiv e representation s hav e developed , 

however ,  the y m a y for m th e basi c fvmctiona l 

unit s o n whic h attentiona l  processe s operate . 

Th e processin g o f  visua l  informatio n i s ofte n 

investigate d usin g visua l  searc h tasks ,  i n whic h 

th e subjec t  attempt s t o locat e a  targe t  a m o n g 

multipl e distractors ,  typicall y respondin g 'targe t 

presen f  o r  'targe t  absent' .  Th e slop e o f  th e 

functio n relatin g respons e tim e t o displa y siz e 

provide s a  convenien t  w a y o f  assessin g capacit y 

d e m a n ds associate d wit h increasin g stimulu s 

an d displa y complexity .  Thi s slop e i s  ofte n 
assume d t o reflec t  th e tim e take n fo r  a  singl e 

compariso n betwee n a  subject' s representatio n o f 

th e targe t  an d a  stimulu s appearin g i n th e 

display .  Slope s o n positiv e (targe t  present )  trial s 

ar e typicall y hal f  a s stee p a s slope s o n negativ e 
(targe t  absent )  trials .  Thi s patter n o f  result s ha s 

bee n interprete d a s evidenc e fo r  a  self -

terminatin g searc h process ,  sinc e subject s vyril l  o n 

averag e identif y th e targe t  half-wa y throug h 
thei r  searc h o f  th e displa y o n positiv e trials .  Th e 

increas e i n reactio n tim e a s a  functio n o f  displa y 

siz e i s  assume d t o reflec t  th e operatio n o f  a 

limited-capacit y searc h mechanism . 

M a ny well-know n theorie s o f  visua l  searc h 

assum e tha t  stimul i  ar e processe d a t  th e leve l  o f 
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primitiv e visua l  feature s suc h a s lin e orientation , 

curvature ,  o r  colo r  (eg .  Triesma n &  Gelade ,  1980 ; 

Fisher ,  1986) .  Treisma n an d he r  colleague s (eg . 

Treisma n &  Gelade ,  1980 ;  Treisma n &  Gormican , 

1988) ,  fo r  example ,  propos e tha t  subject s firs t 

pars e th e visua l  fiel d int o individua l  featur e 

maps,  i n whic h th e presenc e o f  visua l  feature s i s 

code d withou t  informatio n a s t o thei r  location ,  o r 

as t o th e object s t o whic h the y belong . 

Accordin g t o Treisman ,  i t  i s  onl y throug h 

limited<apacit y attentiona l  processin g tha t 

feature s ar e conjoine d int o coheren t  objects . 

Triesma n argue s tha t  th e distinctio n betwee n 

pre-attentiv e processing ,  i n whic h th e simpl e 

presenc e o f  feature s i s coded ,  an d attentiv e 

processing ,  i n whic h thes e feature s ar e conjoine d 

int o coheren t  wholes ,  account s fo r  difference s i n 

efficienc y i n visua l  searc h tasks .  Target s whic h 

ar e distinguishabl e fro m distractor s o n th e basi s 

of  a  singl e primitiv e featur e wil l  b e detecte d 

automaticall y an d withou t  capacit y limitations , 

wherea s target s whic h requir e identificatio n o f  a 

conjunctio n o f  feature s t o b e uniquel y identifie d 

wil l  requir e attentiona l  processing . 

An importan t  linutatio n o f  Treisman' s 

approac h i s it s difficult y i n accountin g fo r  th e 

well-documente d effect s o f  trainin g i n visua l 

searc h tasks .  T w o type s o f  trainin g paradigm s 

hav e bee n studie d extensivel y i n visua l  search : 

Consisten t  nwppin g (CM )  an d varie d mappin g 

(VM)  trainin g (eg .  Shiffri n &  Schneider ,  1977 ; 

Schneide r  &  Shiffrin ,  1977) .  I n C M training , 

stimul i  ar e designate d eithe r  "targets "  o r 

"distractors "  an d neve r  chang e role s acros s trials . 

I n V M trairung ,  o n th e othe r  hand ,  stimul i 

chang e role s randoml y fro m tria l  t o trial , 

appearin g a s target s o n som e trials ,  an d 

distractor s o n others .  I n som e searc h tasks ,  ther e 

i s a  larg e advantag e fo r  C M training ,  whic h i s 

wel l  accounte d fo r  b y automati c attentio n 

atti-actio n t o target s (Shiffri n &  Schneider ,  1977 ; 

Schneide r  &  Shiffrin ,  1977) .  I n othe r  visua l 

searc h tasks ,  however ,  typicall y wher e searc h i s 

mor e difficult ,  slope s appea r  t o decreas e 

consistentl y acros s day s o f  trainin g i n bot h C M 

and V M trainin g paradigms ,  althoug h ther e i s 

generall y a t  leas t  som e degre e o f  C M advantage . 

Fishe r  (1986 )  ha s propose d a  feature-base d 

model  whic h account s fo r  a  wid e patter n o f 

trainin g effect s foun d i n visua l  searc h (se e 

Shiffri n &  Schneider ,  1977 ;  Schneide r  &  Shiffrin , 

1977 fo r  a n alternativ e explanation) .  Accordin g 

t o Fisher' s model ,  stimul i  ar e decompose d an d 

processe d a t  th e leve l  o f  individua l  features ,  a s 

Treisma n ha s suggested .  I n visua l  searc h tasks , 

subject s sequentiall y  compar e th e individua l 

feature s o f  a  targe t  wit h thos e o f  th e distractors . 

Displa y item s no t  havin g th e firs t  featur e ar e 

rejected ,  remainin g item s ar e teste d o n th e nex t 

feature ,  an d s o on ,  unti l  searc h terminates . 

I n Fisher' s (1986 )  model ,  a s i n Treisman' s 

model ,  target s distinguishabl e o n th e basi s o f  a 

primitiv e featur e wil l  b e easil y identified .  I n th e 

cas e o f  conjunctivel y define d targets ,  however , 

searc h efficienc y depend s o n th e particula r  orde r 

i n whic h th e feature s ar e compared .  Wit h 

increasin g experienc e i n searchin g fo r  a  give n 

targe t  amon g al l  o f  it s possibl e combination s o f 

distracto r  elements ,  subject s lear n t o organiz e a 

maximall y efficien t  featur e compariso n strategy . 

The developmen t  o f  thi s searc h strateg y give s 

rise  t o th e observe d effect s o f  training . 

Ther e ar e severa l  critica l  implication s o f 

feature-base d theories .  I f  al l  stimul i  ar e assume d 

t o b e processe d a t  th e leve l  o f  individua l 

features ,  an d al l  stimul i  requir e limited-capacit y 

resource s t o b e conjoine d int o coheren t  wholes , 

the n th e basi c unit s o f  informatio n an d th e 

natur e o f  processin g shoul d b e roughl y simila r 

fo r  stimul i  wit h hig h an d lo w level s o f 

familiarity .  Thi s sam e predictio n hold s i n th e 

cas e wher e conjunction s o f  feature s for m th e 

basi c uni t  o f  processing ,  bu t  thes e conjunctiv e 

representation s ar e pre-spedfie d v t̂hi n th e 

visua l  processin g system .  Wit h regar d t o 

trainin g effects ,  i f  stimulu s set s ar e designe d i n 

whic h al l  feature-base d searc h strategie s requir e 

approximatel y th e sam e numbe r  o f  comparison s 

t o uniquel y identif y th e target ,  ther e shoul d b e 

gread y attenuate d effect s fo r  training . 

Exper imen t  1 

We tested these assumptions by training 

subject s o n set s o f  nove l  stimu h i n whic h 

featura l  overla p wa s carefull y controlled .  Figur e 

1 show s th e tw o stimulu s set s assigne d t o eac h 

subject .  Fo r  eac h subject ,  on e se t  wa s assigne d 

t o C M trainin g an d on e t o V M training .  Th e 

stimul i  wer e compose d o f  a n externa l  fram e an d 

thre e interna l  hn e segments .  Th e stimulu s set s 

wer e designe d s o tha t  wdthi n eac h set ,  al l  featur e 

compariso n sequence s woul d lea d t o 

approximatel y comparabl e performanc e whe n 

average d ove r  display s compose d o f  differen t 

distracto r  elements . 
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Figur e 1 .  Nove l  stimulu s set s fo r  Experimen t  1 . 

We assumed that the three internal line 

segment s withi n eac h characte r  forme d th e 

functiona l  feature s i n th e searc h task .  Base d o n 

thi s assumption ,  eac h targe t  share d a  featur e 

wit h exactl y on e othe r  stimulu s i n th e set .  Eac h 

targe t  coul d b e uniquel y identifie d onl y b y 
examinin g a  conjunctio n o f  tw o features ,  bu t  an y 

tw o feature s would ,  average d acros s display s o f 
differen t  distracto r  compositions ,  wor k equall y 

wel l  i n identifyin g th e target .  Ther e wa s n o 
featura l  overla p betwee n th e tw o stimulu s sets . 

Under  thes e conditions ,  trainin g effect s 

woul d b e uiUikel y t o b e du e t o learnin g optima l 
featur e compariso n strategies .  Furthermore ,  t o 

th e exten t  t o whic h al l  stimul i  ar e decompose d 

and processe d a t  th e leve l  o f  individua l  features , 

performanc e o n thes e charaaer s shoul d b e 

comparabl e t o tha t  fo r  familia r  stimuli .  A s a 
result ,  extende d practic e usin g thes e stimul i 

shoul d produc e greatl y attenuate d trainin g 

effect s unde r  th e assumption s o f  feature-base d 
model s o f  visua l  search . 

Subject s wer e ru n i n C M an d V M condition s 

fo r  a  perio d o f  5 0 days .  I n th e C M condition , 
one stimulu s wa s desigr\ate d a s th e targe t  an d 
th e othe r  stimul i  wer e designate d a s distractor s 
ove r  th e entir e cours e o f  training .  I n th e V M 

conditions ,  al l  stimul i  withi n th e se t  appeare d 

equall y ofte n a s targets ,  an d serve d a s distracto r 
element s o n remainin g trials .  I n orde r  t o equat e 
trainin g o n particula r  combination s o f  target s 

and distractor s i n th e tw o trainin g conditions , 

ther e wer e fou r  time s a s man y trial s i n V M a s i n 

C M training .  Hal f  o f  th e trial s i n eac h conditio n 

wer e positiv e an d hal f  wer e negative .  Displa y 

size s varie d fro m on e t o eight .  Fo r  displa y size s 

large r  tha n three ,  display s wer e fille d i n a 

pseudo-rando m manner ,  wit h a s fe w repetition s 

of  eac h distracto r  stimulu s a s possible . 
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Figure 2. Training effects for Experiment 1. 

Figure 2 shows the average slopes across 

d a y s o f  trainin g fo r  positiv e a n d negativ e trials , 

usin g C M an d V M trainin g paradigms .  Thes e 

dat a ar e reniarkabl e i n severa l  respects .  Hrs t  o f 

all ,  th e trainin g effect s ar e unusuall y large ,  wit h 

compariso n time s droppin g fro m a  hig h o f  24 0 

t o a n asymptot e o f  8 0 mse c pe r  ite m i n th e 

negativ e C M condition .  Th e effect s o f  trainin g 

ar e als o unusuall y protracted .  Searc h 

performanc e doe s no t  asymptot e fo r  35  t o 4 0 

session s usin g thes e nove l  stimuli .  A  thir d 
unusua l  aspec t  o f  th e dat a i s tha t  performanc e i s 

initiall y  bette r  fo r  V M tha n fo r  C M traimn g 

trials .  Althoug h C M an d V M trainin g ca n lea d 

t o comparabl e performanc e i n visua l  search ,  a n 

advantag e fo r  V M trainin g i s unprecedented . 

The hug e effect s fo r  trainin g foun d wit h 

thes e nove l  stimul i  sugges t  tha t  ther e i s a n 

importan t  rol e fo r  familiarit y i n th e processin g o f 
visua l  stimuli .  Thi s hypothesi s  i s als o supporte d 
by th e fac t  tha t  performanc e o n C M trial s wa s 

initiall y  wors e tha n o n V M trials .  Becaus e ther e 
ar e fou r  time s a s man y trial s i n V M a s i n C M ,  a 
plausibl e explanatio n fo r  thi s findin g i s tha t 

subject s  ar e simpl y geiinin g mor e familiarit y wit h 

th e V M stimul i  earl y i n training .  Thi s argumen t 

i s strengthene d b y th e findin g tha t  th e trainin g 
paradig m itsel f  ha s littl e influenc e o n asymptoti c 

searc h performance :  reactio n tim e function s a t 

asymptote ,  graphe d i n Figur e 3 ,  ar e virtuall y 
identica l  fo r  th e tw o trainin g conditions . 

The natur e o f  thes e fanuliarit y effect s i s 

somewhat  ope n t o question .  O n e explanatio n i s 

tha t  throug h repeate d exposure ,  subject s ar e 

learnin g t o unitiz e thes e nove l  stimul i  an d trea t 

the m a s perceptua l  wholes .  I f  subject s lear n t o 

j)erfor m comparison s a t  th e leve l  o f  th e entir e 
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Figure 3. Display size effects at asymptote. 

stimulus, instead of at the level of individual 

features ,  thi s greatl y reduce s th e n u m b e r  o f 

c o m p a r i s o n require d t o identif y a  target .  Thi s 

reductio n i n th e actua l  n u m b e r  o f  comparison s 

offer s a  plausibl e explanatio n fo r  th e larg e 

trainin g effect s foun d i n Experimen t  1 . 

A n alternativ e possibilit y  relie s o n th e hig h 

similarit y a m o n g th e character s withi n eac h 

searc h set .  Bot h th e larg e degre e o f  featura l 

overla p a n d th e additio n o f  th e redundan t 

externa l  frame s n u d e th e stimul i  withi n a  se t 

highl y similar ,  a n d guarantee d tha t  searc h w o u l d 

b e extrenrtel y difficult .  I t  i s  possibl e tha t  unde r 

thes e conditions ,  subject s we r e initiall y  confuse d 

a n d grossl y inefficien t  i n developin g appropriat e 

featur e searc h strategie s fo r  thes e displays . 

Subject s m a y hav e initiall y  d o n e a  grea t  dea l  o f 

re-cheddng ,  fo r  example ,  o r  m a y hav e attende d 

t o irrelevan t  o r  non-diagnosti c features ,  suc h a s 

th e lin e segment s i n th e externa l  frame ,  befor e 

organizin g a  m o r e coheren t  searc h strategy . 

immediate ,  marked ,  a n d discret e j u m p i n searc h 

performanc e w h e n featura l  overla p i s  reduced . 

I f  subject s wer e usin g who l e character s unit s i n 

thei r  search ,  however ,  th e shif t  i n stimul i  shoul d 

produc e littl e chang e unti l  subject s lear n t o 

switc h t o a  featur e base d approach .  Figur e 4 

s h o w s a  sampl e re-pairin g fo r  thi s condition . 
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Figur e 4 .  Sampl e stimulu s sets .  Experimen t  2 . 

Subjects trained using these new stimulus 

set s fo r  1 5 sessions .  Figur e 5  show s fiv e day s o f 

baselin e performanc e usin g th e origina l  stimulu s 

sets ,  followe d b y th e dat a fro m th e stimulu s re -

pairing .  Th e result s ar e no t  ver y compatibl e 

wit h th e notio n tha t  subject s wer e employin g a 

feature-base d search .  Ther e wa s n o sudde n 

jum p i n performanc e afte r  re-pairing .  Instea d 

slope s showe d a  moderat e an d continuou s 

declin e ove r  th e ful l  cours e o f  trainin g i n th e 

ne w condition ,  possibl y reflectin g a  gradua l 

switc h t o a  mor e efficien t  feature-base d search . 

Exper imen t  2 

To further investigate the nature of these 

familiarit y effects ,  w e traine d th e sam e subject s 

w ho ha d participate d i n ou r  firs t  experimen t  i n 

an additiona l  searc h task ,  i n whic h th e featura l 

overla p o f  th e target s an d distractor s wa s 

reduced .  I n particular ,  w e mad e th e item s fro m 

th e forme r  V M se t  consisten t  targets ,  an d th e 

distractor s fro m th e forme r  C M se t  consisten t 

distractors .  Target s an d distractor s n o w share d 

no feattires ,  s o a  featur e base d searc h shoul d 

alway s terminat e wit h th e firs t  comparison . 

Thus ,  i f  subject s wer e usin g a  featur e base d 

searc h i n Experimen t  1 ,  w e shoul d se e a n 

100 Batalln * St I  a « lu t  Ra-pil r  In g 
*• % CM P« *  V M 

Hat OM • • N«f VM 

« 1 0 1 6 
Days of Training 

20 

Figur e 5 .  Result s o f  stimulu s re-pairing . 
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Exper imen t  3 

An alternative explanation for these data is 
tha t  subject s ma y b e usin g a  feature-base d 
search ,  bu t  usin g feature s othe r  tha n thos e whic h 

we ha d anticipated .  I t  i s possible ,  fo r  example , 

tha t  subject s wer e usin g emergen t  feature s a s th e 

basi s fo r  thei r  featur e compariso n process ,  suc h 

as comer s o r  angle s forme d betwee n th e interna l 

lin e segment s an d th e externa l  stimulu s frames . 

To tes t  thi s hypothesis ,  w e decide d t o 

continu e trainin g o n th e origina l  searc h set s wit h 

th e externa l  stimulu s frame s removed .  Mos t 

model s o f  visua l  searc h woul d predic t  a n 
improvemen t  i n searc h performanc e afte r 

removin g th e externa l  frames ,  sinc e searc h i s 

much mor e efficien t  whe n th e featura l  overla p 

betwee n target s an d distractor s i s reduced .  If , 
on th e othe r  hand ,  subject s ar e relyin g o n 

emergen t  feature s a s th e basi s o f  thei r  searc h 

strategy ,  removin g th e externa l  stimulu s frame s 

shoul d lea d t o a n eliminatio n o f  th e emergen t 

feature s an d a  disruptio n i n searc h performance . 

Figur e 6  show s th e slope s fo r  fiv e day s o f 

baselin e trainin g followe d b y th e remova l  o f  th e 
externa l  stimulu s frames .  T o establis h a  baseline , 

th e subject s fro m th e first  tw o experiment s wer e 

re-traine d usin g th e origina l  sfimulu s set s 

(conjuncfively-defined ,  frame d stimuli) .  Afte r  re -
training ,  th e externa l  frame s wer e removed ,  an d 

searc h wit h th e unframe d stimul i  began . 
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Figur e 6 .  Result s o f  removin g externa l  frames . 

There was no evidence for disruption in 

searc h performanc e followin g th e remova l  o f  th e 

externa l  frames .  I n fact ,  searc h graduall y 

improved ,  a s w o u l d b e expecte d base d o n th e 

decrease d similarit y betwee n target s an d 

distractor s afte r  th e remova l  o f  th e redundan t 

lin e segments .  Thes e dat a offe r  n o suppor t  fo r 

th e ide a tha t  subject s ar e usin g emergen t  feature s 
as th e basi s fo r  a  strategi c featur e search .  Give n 

thi s demonstratio n tha t  th e interna l  stimulu s 

feature s appea r  t o for m th e basi s fo r  th e searc h 

process ,  th e result s o f  Experimen t  2  sugges t  tha t 

thi s proces s operate s a t  th e leve l  o f  th e characte r 

or  featur e conjunction ,  rathe r  tha n a t  th e leve l  o f 

individua l  features . 

Exper imen t  4 

This last study raises a puzzle, however. If 

searc h i s base d o n unitize d characte r 

representations ,  w h y doe s remova l  o f  a  larg e 

par t  o f  th e characte r  no t  disrup t  performance ? 

One possibilit y  i s  tha t  th e functiona l 

representatio n o f  thes e character s doe s no t 

includ e th e boundaries .  Perhap s a  goo d dea l  o f 

th e trainin g involve s learnin g t o ignor e th e 

redundan t  an d confusin g externa l  frames .  I f  th e 

learne d uni t  consist s o f  th e arrangemen t  o f 
interna l  lin e segments ,  the n th e larg e degre e o f 
transfe r  see n i n Experimen t  3  woul d b e expected . 

I f  thi s reasonin g i s correct ,  the n initia l  trainin g 

on unframe d character s shoul d b e fas t  an d easy , 

but  subsequen t  transfe r  t o frame d stimul i  shoul d 

be ver y poor .  W e therefor e traine d ne w subject s 

i n jus t  thi s way .  Experimen t  1  wa s repeate d 

usin g unframe d stimuli .  W h e n subject s reache d 
asymptote ,  th e frame s wer e adde d an d trainin g 

continued .  Th e result s ar e show n i n Figur e 7 . 
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Figur e 7 .  Slope s fo r  subject s traine d initiall y o n 

unframe d stimuli ,  befor e an d afte r  th e additio n 

of  externa l  stimulu s frames . 

281 



The result s ar e remarkable :  Slope s bega n a t  th e 

leve l  indicativ e o f  featur e search ,  bu t  droppe d 

quickl y t o a  lo w asymptoti c level .  W h e n th e 

frame s wer e added ,  n o transfe r  wa s see n ~ 

fjerformanc e reverte d t o a  leve l  a t  leas t  a s poo r 

as tha t  see n a t  th e star t  o f  trainin g i n bot h thi s 

experimen t  an d i n Experimen t  1 .  Thi s wa s 

followe d b y a n additiona l  gradua l  reductio n i n 

slopes ,  presumabl y reflectin g th e subjects ' 

learnin g t o remov e th e externa l  frame s fro m 

thei r  perceptua l  representations . 

Thi s complet e asymmetr y o f  transfer , 

dependin g o n th e orde r  i n whic h th e externa l 

frame s ar e adde d o r  deleted ,  furthe r  reveal s th e 

natur e o f  perceptua l  unitization .  Th e learne d 

unit s ar e apparentl y no t  th e item s themselves , 

but  rathe r  th e part s o f  th e item s tha t  ar e usefu l 

fo r  makin g require d discriminations . 

Take n together ,  ou r  dat a provid e evidenc e 

fo r  a  proces s o f  perceptua l  unitizatio n wit h 

increasin g exposur e t o nove l  stimuli .  Althoug h 

i t  i s  logicall y possibl e t o generat e a  feature-base d 

explanatio n fo r  th e hug e trainin g effect s see n i n 

Experimen t  1 ,  thi s explanatio n i s incompatibl e 

uit h th e result s o f  Expjeriment s 2  an d 3 . 

However  th e exac t  natur e o f  thi s perceptua l 

unitizatio n i s somewha t  ambiguous .  Subject s 

m ay b e learnin g t o unitiz e th e characte r  a s a 

whol e (thoug h withou t  th e externa l  frames) ,  o r 

the y m a y b e learnin g t o unitiz e onl y a  simpl e 

diagnosti c conjunctio n o f  tw o features . 

I t  seem s clea r  tha t  thes e perceptuall y 

unitize d representatior w d o no t  ac t  ver y muc h 

lik e th e primitiv e visua l  feature s whic h Treisma n 

has propose d a s th e functiona l  unit s i n 

perceptua l  processing .  Searc h base d o n th e 

distinctio n betwee n basi c feature s suc h a s colo r 

or  shap e appear s t o b e unlimite d i n capacity , 
generatin g flat  slope s fo r  bot h positiv e an d 

negativ e trials .  I n contrast ,  slope s fo r  ou r 

frame d nove l  stimul i  remaine d hig h ove r  th e 

cours e o f  5 0 day s o f  trairung ,  wit h th e two-to -

one slop e rati o fo r  negativ e versu s positiv e trial s 

characteristi c o f  a  limited-capacity ,  self -

terminatin g searc h mechanism .  Thu s highl y 

similar ,  unitize d stimul i  appea r  t o b e deal t  wit h 

by a n attentive ,  limited-capacit y searc h process . 

The mor e discrinunabl e character s withou t 

frames ,  however ,  showe d considerabl y lowe r 

asymptoti c slopes .  I t  i s possibl e tha t  sufficientl y 

discriminabl e conjunction s ma y com e t o exhibi t 

characteristic s sinula r  t o thos e fo r  simpl e 

features . 

We ar e clearl y abl e t o encod e an d recogniz e 

nove l  combination s o f  features ,  thoug h wit h 

some difficulty ,  probabl y du e t o th e necessit y o f 

processin g suc h stimul i  on e featur e a t  a  time . 

Wit h increasin g familiarit y wit h conjunction s o f 

features ,  however ,  w e apparentl y develo p a n 

alternativ e for m o f  conjunctiv e o r  unitize d 

representatio n o f  whol e perceptua l  objects . 

Evidenc e fo r  thi s typ e o f  perceptua l  unitizatio n 

call s int o questio n bot h th e assumptio n tha t 

familia r  stimul i  ar e processe d simpl y a t  th e leve l 

of  basi c features ,  an d th e assumptio n tha t 

conjunction s o f  feature s ar e someho w pre -

specifie d i n th e visua l  system .  Th e fundamenta l 

difference s i n th e processin g o f  stimul i  base d o n 

primitiv e visua l  features ,  nove l  combination s o f 

features ,  an d familia r  visua l  whole s plac e stron g 

constraint s o n model s o f  visua l  processin g an d 

perceptua l  binding . 
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