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Bindin g an d T^pe-Toke n Problem s i n H u m a n Visio n 

Nancy G. Kanwisher 
Departmen t  o f  Psjrcholog y 

Universit y o f  California ,  Berkele y 
NGK@garnet.berkeley.ed u 

ABSTRACT 

Two computational problems which are trivial for symbol-manipulating systems but which pose 
seriou s challenge s t o connectionis t  network s ar e th e bindin g proble m an d th e type-toke n problem . 
Thes e difficultie s aris e becaus e representation s i n connectionis t  network s d o no t  automaticall y i ) 
specif y whic h feature s g o wit h whic h objec t  tokens ,  o r  ii ^  distinguis h betwee n differen t  token s o f 
th e sam e type .  Nevertheless ,  thes e processin g shortcoming s ma y constitut e advantage s whe n 
connectioms t  network s ar e take n a s model s o f  huma n visua l  informatio n processing .  Perceptio n 
researc h show s evidenc e no t  onl y o f  bindin g errors ,  fo r  exampl e i n Treisman' s illusor y 
conjunction s (Treisma n an d Schmidt ,  1982) ,  bu t  als o o f  type-toke n errors ,  a s see n i n repetitio n 
blindnes s (Kanwisher ,  1987 )  an d othe r  phenomena . 

INTRODUCTION 

There are a number of computational problems which symbol-manipulating systems can handle in 
a natura l  an d straightforwar d way ,  bu t  whic h pos e a  specia l  challene e t o connectionis t  network s 
(Pinke r  an d Prince ,  1988 ;  Fodo r  an d Pylyshyn ,  1988 ;  Norman ,  1986) .  O n e o f  th e mos t  notoriou s o f 
thes e problem s ha s bee n variousl y referre d t o a s th e "bindin g problem "  (Hinton ,  McClelland ,  an d 
Rumelhart ,  1986 ;  Smolensky ,  1987) ,  th e "indexin g problem "  (Feldma n an d Ballard ,  1982) ,  an d th e 
"ta g assignmen t  problem "  (Stron g an d Whitehead ,  1989) .  Roughl y speaking ,  th e bindin g proble m 
refer s t o th e fac t  tha t  whe n severa l  thing s ar e bein g represente d simultaneousl y i n a  network ,  i t  i s 
difficul t  t o kee p trac k o f  wha t  informatio n goe s wit h what .  Fo r  example ,  ther e ma y b e n o wa y t o 
distinguis h th e visua l  representatio n o f  a  re d X  an d a  gree n O  fro m th e representatio n o f  a  re d O 
and a  gree n X . 

It is not that the binding problem is unsolvable in connectionist models. Solutions for particular 
domain s hav e bee n offered ,  fo r  example ,  b y Touretzk y an d Hinto n (1986) ,  Smolensk y (1987) , 
McClellan d (1986) ,  an d Moze r  (1987) .  Th e poin t  i s rathe r  tha t  bindin g i s no t  automaticall y an d 
naturall y accomplishe d i n connectionis t  models ,  a s i t  i s i n symbol-manipulatin g systems .  Tlius ,  a 
goo d dea l  o f  extr a effor t  i s necessar y t o solv e th e bindin g proble m i n a  connectionis t  model ,  ofte n 
at  th e expens e o f  som e o f  th e advantage s o f  paralle l  processing . 

Nevertheless, this processing shortcoming may constitute an advantage when connectionist 
network s ar e take n a s model s o f  huma n visua l  informatio n processing .  I n particular ,  ther e i s 
evidenc e tha t  th e huma n visua l  syste m ma y suffe r  fro m a  bindin g proble m o f  it s  own .  I f  so ,  the n 
connectionis t  network s migh t  provid e mor e accurat e model s o f  som e stage s o f  huma n visio n tha n 
do symbol-manipulatin g models .  Simila r  point s hav e bee n mad e b y Norma n (1986) ,  Rumelhar t 
and N o r m a n (1982) ,  McClellan d (1986) ,  an d Moze r  (1987) . 

One example of a human perceptual limitation in binding is the illusory conjunction of visual 
feature s describe d b y Treisma n an d Schmid t  (1982) .  Previousl y implicate d i n thi s contex t  b y 
Hinto n an d Lan g (1985 )  an d Stron g an d Whitehea d (1989) ,  illusor y conjunction s ar e incorrec t 
recombination s o f  primitiv e visua l  features .  Treisma n an d Schmid t  showe d tha t  whe n visua l 
attentio n i s diverte d fro m a  displa y containing ,  fo r  example ,  a  re d "X" ,  a  blu e 'T' ,  an d a  gree n "O" , 
subject s sometime s confidentl y reporte d seein g a  ̂ ree n T "  o r  a  re d "O" .  Thi s an d othe r  finding s 
hav e le d Treisma n an d Gelad e (1980 )  t o hypothesiz e tha t  earl y paralle l  stage s o f  visua l  processin g 
allo w identificatio n o f  features ,  bu t  no t  bindin g o f  thos e feature s t o thei r  location s o r  t o on e 
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another .  I n Treisman' s mode l  th e bindin g proble m i s solve d a t  a  subsequen t  seria l  stag e i n whic h 
visua l  attentio n act s a s a  gat e t o allo w onl y on e ite m t o b e processe d a t  a  tim e (se e als o Crick , 
1984 ;  Koc h &  UUman,  1985 ,  an d Mozer ,  1988 ;  fo r  evidenc e agains t  tempora l  bmdin g se e McLean , 
Broadbent ,  &  Broadbent ,  1982 ;  Keele .  Cohen ,  Ivry ,  Liotto ,  &  Yee ,  1988) . 

Because it emphasizes the distinction between parallel processing of primitive features and serial 
processin g o f  object s an d locations ,  Treisman' s mode l  deal s mos t  naturall y wit h illusor y 
conjunction s o f  primitiv e feature s i n spatia l  arrays .  However ,  illusor y conjunction s als o happe n fo r 
more comple x visua l  categorie s lik e words ,  an d affec t  stimul i  displaye d i n seria l  list s a s wel l  a s 
spatia l  arrays .  Fo r  example ,  Lawrenc e (1971 )  showe d subject s wor d list s displaye d i n rapi d seria l 
visua l  presentatio n (RSVP) .  W h e n subject s wer e aske d simpl y t o repor t  th e singl e uppe r  cas e 
wor d i n a n R S V P lis t  o f  lowe r  cas e words ,  the y ofte n reporte d no t  th e actua l  capitalize d word ,  bu t 
th e wor d tha t  followe d i t  i n th e sequence .  Tempora l  illusor y conjunction s hav e als o bee n show n 
fo r  a  pictur e an d it s fram e (Intraub ,  1989) ,  an d fo r  letter s an d thei r  color s (McLean ,  Broadbent , 
and Broadbent ,  1982) .  Thus ,  insofa r  a s illusor y conjunction s ar e indicativ e o f  a  bindin g proble m i n 
visua l  processing ,  th e proble m doe s no t  see m t o b e restricte d t o th e earl y stage s whic h extrac t 
primitiv e visua l  features . 

A related problem of connectionist networks is the difficulty of representing multiple occurrences 
of  th e sam e categoiy ,  o r  multipl e "tokens "  o f  th e sam e "type "  (Norman ,  1986 ;  McClelland ,  1986) . 
For  spatia l  arrays ,  thi s coul d b e though t  o f  a s a  subse t  o f  th e bindin g problem ,  sinc e on e obviou s 
way o f  representin g th e fac t  tha t  ther e ar e tw o o f  somethin g woul d b e t o bin d i t  t o tw o differen t 
locations .  Thi s argumen t  ha s bee n mad e b y Moze r  (1989) ,  wh o ha s show n tha t  peopl e ofte n judg e 
a lette r  arra y t o hav e fewe r  item s i f  th e arra y contain s repeate d letter s tha n i f  i t  doe s not .  H e 
argue s tha t  th e difficult y wit h repetition s anse s becaus e "give n th e los s o f  locatio n information , 
difficult y i n detectin g repetition s o f  a n objec t  seem s certain "  (Mozer ,  1989 ,  pg .  298) .  I n othe r 
words ,  accordin g t o Mozer ,  th e type-toke n proble m ca n b e see n a s a  resul t  o f  th e (mor e general ) 
bindin g problem .  A  simila r  argumen t  (Kere n an d Boer ,  1985 )  ha s bee n offere d t o accoun t  fo r  th e 
repeate d lette r  inferiorit y effec t  (Bjor k an d Murray ,  1977 ;  Sante e an d Egeth ,  1980 )  i n term s o f 
spatia l  uncertainty . 

I will argue here that the human visual system indeed has a serious type-token problem, but that it 
canno t  b e accounte d fo r  a s a  simpl e cas e o f  th e already-establishe d bindin g problem .  Rather , 
ther e seem s t o b e som e extr a difficult y i n encodin g tw o token s o f  th e sam e type ,  ove r  an d abov e 
th e difficult y o f  bindin g tw o nonidentica l  item s t o thei r  location s i n spac e o r  time .  T o mak e thi s 
)oint ,  I  wil l  describ e som e researc h o n a  recently-discovere d visua l  phenomeno n calle d "repetitio n 
Dlindness "  (Kanwisher ,  1987) . 

Repetition blindness (RB) was first discovered in a pilot observation of Intraub and Potter 
(Potter ,  persona l  communication ,  1985) ,  i n whic h subject s wer e aske d t o sa y whic h pictur e 
occurre d twic e i n a n R S V P sequenc e o f  pictures .  A t  th e rapi d presentatio n rate s use d (abou t  7 
items/second) ,  viewer s generall y ha d th e impressio n tha t  the y sa w mos t  o f  th e picture s bu t  tha t 
none o f  the m occurre d twice .  Furthe r  exploratio n o f  repetitio n blindnes s fo r  word s i n R S V P 
(Kanwisher ,  1986 )  showe d tha t  th e difficult y o f  detectin g repeate d word s happene d eve n whe n 
thre e word s intervene d betwee n th e tw o occurrences ,  an d eve n whe n th e tw o occurrence s differe d 
physicall y  (i.e. ,  on e wa s i n uppe r  cas e an d on e i n lowe r  case) . 

Repetition blindness was demonstrated most strikingly, however, when repeated words were 
embedded i n sentence s an d presente d i n R S V P fo r  immediat e verbati m recal l  fKanwisher ,  1987) . 
When subject s viewe d sentence s lik e "Whe n sh e spille d th e in k ther e wa s in k al l  over" ,  th e mos t 
common respons e wa s somethin g lik e "Whe n sh e spille d th e in k ther e wa s al l  over" .  I n othe r 
words ,  repetitio n blindnes s wa s stron g enoug h t o forc e subject s t o selectivel y omi t  th e secon d 
occurrenc e o f  th e repeate d word ,  sacrificin g th e meanin g an d grammaticalit y o f  th e sentence . 
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Repetitio n blindnes s ca n not ,  however ,  b e du e t o th e first  occurrenc e o f  a  repeate d wor d 
interferin g wit h recognitio n o f  th e secon d occurrence .  W h e n subject s onl y hav e t o repor t  th e las t 
wor d i n a n R S V P lis t  performanc e i s helped ,  no t  hindered ,  b y a n earlie r  occurrenc e o f  th e targe t 
wor d i n th e sam e lis t  (Kanwisher ,  1987) .  Thus ,  repetitio n blindnes s canno t  b e a  proble m i n 
recognizin g bot h occurrence s o f  a  repeate d word .  Rather ,  wha t  i s difficul t  a t  rapi d presentatio n 
rate s i s individuatin g th e tw o occurrence s a s distinc t  events ,  o r  tokens .  (Presumabl y i n th e name -
the-last-wor d expenment ,  i t  wa s th e las t  word ,  no t  th e first,  whic h wa s individuated ,  o r  "tokenized" , 
wherea s i n sentenc e recal l  i t  i s typicall y th e first  occurrenc e whic h i s tokenize d a t  th e expens e o f 
th e second. )  Thus ,  R B i s a  cas e m whic h th e secon d occurrenc e o f  th e repeate d wor d i s recognize d 
as a  typ e bu t  no t  individuate d a s a  ne w token . 

Repetition blindness can thus be taken as evidence of a dissociation between type recognition and 
toke n individuatio n i n visua l  informatio n processing .  I f  thi s dissociatio n i s a  genera l  propert y o f 
human vision ,  rathe r  tha n a  peculiarit y o f  th e wa y rapi d wor d list s ar e processed ,  the n w e migh t 
expec t  t o als o find  repetitio n blindnes s i n ver y differen t  kind s o f  visua l  stimuli .  First ,  th e effec t 
ough t  t o happe n no t  onl y fo r  comple x visua l  type s lik e words ,  bu t  als o fo r  simpl e visua l  feature s 
lik e color s an d shapes .  Second ,  R B ough t  t o happe n fo r  item s presente d simultaneousl y i n spatia l 
arrays ,  a s wel l  a s item s presente d sequentiall y  i n tempora l  lists .  Thus ,  th e presen t  experiment s 
looke d fo r  repetitio n blindnes s i n simultaneously-presente d array s o f  color s an d letters. ^ 

EXPERIMENT: REPETITION BUNDNESS FOR VISUAL FEATURES IN SPATIAL 
A R R A YS 

Subjects viewed briefly-presented arrays of four letters (Exp A) or four color patches (Exp B), 
chose n fro m a  se t  o f  six .  Th e subjects '  tas k wa s simpl y t o repor t  th e tw o arra y item s indicate d b y 
tw o cu e boxe s surroundin g thei r  locations .  T w o item s wer e cue d rathe r  tha n on e becaus e R B i s a n 
inabilit y  t o individuat e tw o token s o f  th e sam e type ,  rathe r  tha n a n inabilit y  t o simpl y individuat e 
one o f  tw o identica l  stimulu s tokens .  Th e cue s eithe r  appeare d jus t  befor e th e arra y (th e Precu e 
condition) ,  o r  immediatel y afte r  a  200-m s mas k whic h followe d th e arra y (th e Postcu e condition) . 
Subject s wer e tol d t o repor t  th e tw o item s i n a  pre-specifie d orde r  (to p befor e bottom ;  i f  bot h 
wer e o n th e sam e row ,  the n lef t  befor e right) . 

The key question was whether, after correctly reporting the first item, subjects would be less likely 
t o repor t  th e secon d ite m correctl y  i f  i t  wa s th e sam e (th e Repeate d condition )  tha n i f  i t  wa s 
differen t  (th e Unrepeate d condition) .  T o diminis h th e possibilit y  o f  a  respons e bia s favorin g 
repor t  o f  Unrepeate d items ,  th e instruction s strongl y emphasize d th e existenc e o f  trial s containin g 
tw o identica l  targets .  I n orde r  t o avoi d floor  o r  ceilin e effects ,  a  staircas e procedur e wa s use d t o 
adjus t  th e stimulu s duratio n periodicall y t o kee p performanc e a t  abou t  5 0 % correc t  o n 
Unrepeate d trials .  ("Correct '  mean s bot h item s wer e reporte d correctl y i n th e correc t  order. ) 
Separat e staircase s fo r  Precu e an d Postcu e condition s wer e used .  I n eac h case ,  th e adjustment s 
wer e mad e o n th e basi s o f  performanc e o n Unrepeate d trial s only ,  bu t  Repeate d an d Unrepeate d 
tria l  duration s wer e yoke d together . 

Method 

Subjects. Twenty-one UC Berkeley students participated, 16 in the letter version (A) and 16 in the 
colo r  versio n (B) .  Fiv e subject s wer e exclude d becaus e thei r  performanc e o n Unrepeate d trial s 
average d 1 5 % o r  les s correc t  i n eithe r  th e lette r  o r  th e colo r  experiment ,  indicatin g tha t  the y wer e 
not  fa r  abov e chanc e eve n fo r  th e longes t  allowabl e stimulu s duration .  (Eve n fo r  thes e subjects . 
Repeate d score s average d lowe r  tha n Unrepeate d scores. ) 

1 Thi s experimen t  i s reporte d i n mor e detai l  i n Kanwishe r  (1990) . 
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Materials .  Design ,  an d Procedure .  I n experimen t  A ,  th e arra y item s wer e capita l  letter s draw n fro m 
th e se t  E,X,T,0,S ,  an d W .  Thes e letter s wer e selecte d t o b e a s likel y a s possibl e t o diffe r  i n term s 
of  primitiv e shap e features .  I n Experimen t  B ,  th e arra y item s wer e smal l  colo r  patche s (compose d 
of  tw o adjacen t  #  signs )  draw n fro m th e se t  red ,  purple ,  green ,  white ,  yellow ,  an d blue . 
Experiment s A  an d a  wer e isomorphi c (tha t  is ,  A  wa s translate d int o B  b y convertin g eac h 
)articula r  lette r  int o a  patc h o f  a  particula r  color) .  I n eac h experiment ,  th e 9 6 tes t  tnal s wer e 
)roke n dow n int o 2 4 tnal s i n eac h o f  th e fou r  condition s create d b y crossin g Repeatednes s b y Cu e 
(Pr e versu s Post) .  Ther e wer e tw o version s eac h o f  Experiment s A  an d B .  Tii e desig n 
counterbalance d fo r  an y effect s o f  particula r  letter s o r  colors ,  targe t  locations ,  o r  an y interactio n 
of  these .  I n additio n t o th e tes t  items ,  ther e wer e 4 8 fille r  trial s whic h include d repeate d color s o r 
letter s whic h wer e no t  bot h probe d a s targe t  items . 

The experiment was carried out on an AST AT computer with a NEC Mutisync II screen, using 
Psycholog y Softwar e Tools '  M E L experimenta l  softwar e (Schneider ,  1988) .  Eac h tria l  bega n whe n 
th e subjec t  hi t  th e retur n ke y o n th e compute r  keyboard .  A  fixation  poin t  appeare d fo r  75 0 m s i n 
th e cente r  o f  a n outlin e squar e definin g th e borde r  o f  th e array .  The n i n th e Precu e conditio n th e 
tw o smal l  cu e boxe s appeare d insid e th e outlin e squar e fo r  15 0 ms ,  surroundin g th e locatio n 
wher e tw o o f  th e stim u u s item s woul d nex t  appear .  Next ,  th e stimulu s arra y compose d o f  fou r 
letter s o r  colo r  patche s flashed  o n briefl y (on e i n th e cente r  o f  eac h quadran t  o f  th e larg e square) . 
The stimulu s arra y wa s displaye d fo r  a  variabl e interva l  determine d b y th e staircas e manipulation . 
Finally ,  a  mas k compose d o f  fou r  rectangula r  whit e poin t  array s (Experimen t  A )  o r  fou r 
rectangula r  colo r  Mondrian s (Experimen t  B )  flashed  o n fo r  20 0 m s coverin g th e location s o f  th e 
fou r  arra y items .  Th e Postcu e conditio n wa s identica l  excep t  tha t  th e cue s appeare d afte r  th e 
mask,  no t  befor e th e stimulu s array . 

Subjects were instructed to fixate on the point, look at the array and the cue boxes, and report the 
tw o item s appearin g i n th e locatio n surrounde d b y th e cu e boxes .  Th e subjec t  type d th e respons e 
int o th e compute r  keyboard .  Thi s wa s eithe r  th e tw o letter s the y though t  the y sa w (Exp .  A )  o r  th e 
first  letter s o f  th e name s o f  th e tw o color s the y though t  the y sa w (Exp .  B ) .  I f  the y ha d n o ide a wha t 
colo r  o r  lette r  wa s presente d i n eithe r  o r  bot h positions ,  the y type d correspondin g questio n marks . 
Subject s wer e tol d thre e time s durin g th e instruction s tha t  tn e experimen t  containe d trial s wit h 
repeate d letter s (o r  colors) ,  an d tha t  i f  the y though t  bot h targe t  item s wer e th e sam e the y shoul d 
typ e th e correspondin g lette r  i n twice .  Befor e th e experimenta l  session ,  subject s learne d th e 
stimulu s se t  b y goin g throug h 8  trial s wit h feedbac k whic h wer e jus t  lik e th e experimenta l  trial s 
(includin g bot h Repeate d an d Unrepeate d trials) ,  excep t  tha t  th e stimulu s arra y wa s displaye d fo r 
a ful l  second .  Thi s serve d t o trai n the m o n th e colo r  name s (an d lette r  set )  an d t o mak e sur e the y 
understoo d ho w t o respon d correctl y t o Repeate d trials .  The n the y di d 2 4 faste r  practic e trial s 
(withou t  feedback )  befor e th e experimen t  began .  Stimulu s duration s wer e adjuste d periodicall y 
throughou t  th e practic e tes t  an d experimenta l  trials ,  t o kee p Unrepeate d performanc e a t  abou t 
5 0 % correc t  fo r  bot h Pr e an d Pos t  Unrepeate d condition s (ther e wer e separat e staircase s fo r  Pr e 
and Pos t  trials) . 

Results 

The results are shown in Table 1. Individual target items were only scored as correct if they were 
reporte d i n th e correc t  locatio n (indicate d b y repor t  order) .  Th e dat a wer e the n score d i n term s of 
th e conditiona l  probabilit y o f  gettin g th e secon d ite m correc t  give n tha t  th e first  ite m wa s repoTie d 
correctly .  (Performanc e o n th e first  ite m alon e wa s fairl y constan t  acros s conditions-averagin g 
7 7 % fo r  th e lette r  experimen t  an d 6% % fo r  th e colo r  experiment-s o thi s techm'qu e doe s no t  diffe r 
much fro m simpl y reportin g th e percen t  o f  trial s i n whic h subject s go t  bot h targe t  item s correct. )  A 
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correctio n wa s use d t o discoun t  eac h subject' s ra w Unrepeate d scor e b y th e expecte d numbe r  o f 
correc t  Unrepeate d response s du e t o guessing ,  base d o n a n analysi s o f  tha t  subject' s  errors / 

Precue s Postcue s 
Rep.  Unrep .  Duratio n Rep .  Unrep .  Duratio n 

Letter s (Exp .  A )  .4 1 .6 0 

Color s (Exp .  B )  .2 4 .4 9 

62 m s 

88 m s 

.4 4 .4 8 

.4 5 .4 6 

120 m s 

129 m s 

Figur e 1 .  Th e probabilit y  o f  gettin g th e secon d ite m correct ,  give n correc t  repor t  o f  th e first,  a s a 
functio n o f  Cu e (pr e vs .  post )  an d whethe r  th e tw o item s ar e th e sam e (Rep. )  o r  differen t 
(Unrep.) .  Th e Duratio n colum n give s th e averag e stimulu s duratio n fo r  tha t  condition . 
Unrepeate d score s hav e bee n correcte d (downward )  fo r  guessing ,  a s describe d i n footnot e 2 . 

Analysis of variance by subjects on the (corrected) probability of getting the second item correct 
give n correc t  repor t  o f  th e first  showe d a  significan t  mai n effec t  o f  Repetition ,  E(l,15 )  =  10.0 , 
g<.01 ,  an d sigmfican t  interaction s o f  Cu e x  Repetition ,  F(l,15 )  =  16.4 ,  i2<.01 ,  an d Cu e x 
Color/Letter ,  F (  1,15)=8.3 ,  p < .05 .  However ,  ther e wa s n o significan t  interactio n o f  Repetitio n x 
Color/Letter ,  F=0.1 .  N o othe r  mai n effect s o r  interaction s reache d significance . 

Discussion 

These data show substantial repetition blindness for both colors and letters, but only in the Precue 
condition .  Tha t  is ,  i n th e Precu e condition ,  give n correc t  repor t  o f  th e first  targe t  item ,  subject s 
wer e significantl y les s likel y t o ge t  th e secon d ite m correc t  whe n i t  wa s th e sam e a s th e first  (e.g. , 
"XX "  o r  "re d red") ,  compare d t o whe n i t  wa s differen t  (e.g. ,  'TX "  o r  "blu e red") .  Thus ,  repetitio n 
blindness--an d th e type-toke n proble m i t  exemplifies-generaliz e t o spatia l  display s o f  simpl e 
visua l  stimuli . 

The fact that RB seems to occur primarily in the Precue condition is a bit mysterious. At first 
glance ,  on e mieh t  hav e predicte d th e opposite~i.e .  tha t  directin g attentio n t o th e targe t  location s 
ahea d o f  tim e (a s i n th e Precu e condition )  migh t  hav e diminishe d R B .  Howeve r  thi s didn' t 
happen ;  R B i s evidentl y robus t  eve n whe n subject s kno w th e targe t  location s befor e th e stimulu s 
appears .  A s fo r  th e lac k o f  R B i n th e Postcu e condition ,  th e mos t  straightforwar d accoun t  woul d 
be tha t  th e stimulu s duration s necessar y t o obtai n equivalen t  performanc e wer e longer . 
Alternatively ,  Precue s migh t  someho w pre-emp t  groupin g processe s (availabl e i n th e Postcu e 
condition )  whic h organiz e th e displa y int o "chunks "  accordm g t o similarity ,  makin g repetition s 
eviden t  b y thei r  emergen t  orientatio n o r  othe r  features .  Mor e researc h i s neede d t o explai n th e 
sensitivit y o f  R B t o cuein g strategy . 

2 Corrections were made for Unrepealed Pre and Unrepeated Post conditions separately. For each, the number of 

incorrec t  response s i n whic h th e subjec t  go t  th e Hrs t  ite m correct ,  bu t  reporte d a  difl̂ eren t  ite m fro m th e arra y i n th e 

plac e o f  th e secon d ite m wa s tallied .  Thi s coun t  (N )  include s 2/ 3 o f  al l  trial s i n whic h th e subjec t  guesse d th e secon d 

ite m fro m a  poo l  o f  recognized-but-not-locate d items ,  1/ 3 o f  whic h woul d b e expecte d t o generat e correc t  responses . 

Thu s eac h ra w Unrepeate d score ,  i.e .  th e numbe r  i n whic h bot h th e fus t  an d secon d targe t  wer e correctl y reporte d i n 

th e correc t  order ,  wa s discounte d b y N / 2 befor e dividin g b y th e tota l  numbe r  o f  trial s i n whic h th e fu-s t  ite m wa s 

correctl y reported .  Thi s correctio n als o take s mt o accoun t  second-targe t  outrigh t  guesse s o f  item s tha t  wer e neithe r 

recognize d no r  located ,  sinc e th e numbe r  o f  thes e whic h shoul d b e discounte d (i.e .  th e numbe r  o f  response s m whic h th e 

first  targe t  i s  correct ,  bu t  th e secon d i s a n ite m no t  anywher e i n th e array )  happen s t o equa l  th e numbe r  o f  thes e 

response s whic h ge t  spuriousl y include d i n th e location-gues s (N )  count .  Conservatively ,  n o correctio n wa s m a d e fo r  th e 

Repeate d conditio n data . 
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C O N C L U S I O NS 

The available evidence suggests that both repetition blindness and illusory conjunctions reflect 
genera l  limitation s o f  visua l  informatio n processing .  Bot h phenomen a occu r  fo r  a  broa d rang e o f 
visua l  stimul i  -  fro m simpl e visua l  feature s lik e color s t o comple x visua l  entitie s lik e word s 
abstracte d acros s case .  Bot h occu r  fo r  stimulu s item s distribute d acros s eithe r  spac e o r  time ,  an d 
bot h ca n b e describe d (Kahnema n an d Treisman ,  1984 ;  Kanwisher ,  1987,1990 )  a s error s i n 
bindin g visua l  type s (colors ,  letters ,  words )  t o visua l  token s (object s o r  events) .  Tha t  is ,  R B ca n b e 
though t  o f  a s a n erro r  bindin g on e type  t o tw o tokens ,  wherea s illusor y conjunction s ca n b e 
though t  o f  a s error s bindin g tw o differen t  type s t o on e token .  Further ,  Kanwishe r  (1990 )  ha s 
argue d tha t  th e token s necessar y t o detec t  visua l  repetition s ar e th e sam e menta l  entitie s a s th e 
token s necessar y t o conjoi n visua l  features .  Yet ,  despit e al l  thes e similarities ,  th e presen t 
experimen t  demonstrate s a n importan t  asymmetr y i n th e tw o phenomena . 

While illusory conjunctions can be explained in terms of an overall lack of location information, 
repetitio n blindnes s cannot .  I n th e curren t  experiment ,  item s wer e onl y counte d a s correc t  whe n 
the y wer e reporte d i n th e correc t  location ,  s o bot h Repeate d an d Unrepeate d trial s require d 
subject s t o bm d ite m identitie s t o thei r  locations .  Thus ,  a  genera l  bindin g proble m o r  a n overal l 
lac k o f  positiona l  informatio n (a s implicate d b y Mozer ,  198 9 an d Kere n &  Boer ,  1985 )  ca n no t 
explai n th e observe d differenc e i n performanc e i n th e Repeate d an d Unrepeate d conditions .  (I f 
anything ,  a  genera l  bindin g proble m woul d favo r  th e Repeate d condition ,  becaus e switche s 
betwee n th e tw o targe t  location s woul d no t  b e detected ,  wherea s the y woul d b e counte d a s 
incorrec t  i n th e Unrepeate d condition. )  Instead ,  ther e seem s t o b e a  particula r  difficult y i n bindin g 
one type  t o tw o differen t  tokens ,  abov e an d beĵ on d th e difficult y o f  bindin g tw o differen t  type s t o 
tw o differen t  token s (or ,  i t  woul d seem ,  i n bindin g tw o differen t  type s t o on e token ,  a s i n featur e 
conjunction) .  Th e earl y eroeriment s o n R S V P wor d list s demonstrat e th e analogou s situatio n fo r 
tempora l  tokens :  tempora l  R B wa s robus t  eve n thoug h th e seria l  orde r  o f  unrepeate d word s wa s 
reporte d fairl y accurately . 

Thus, human visual perception seems to suffer from two distinct problems: a binding problem and 
a type-toke n problem. 3 Bot h problem s ar e typica l  o f  connectionis t  network s bu t  no t  o f  symbol -
manipulatin g systems ,  whic h suggest s tha t  connectionis t  network s ma y b e bette r  abl e t o mode l 
some stage s o f  huma n visua l  informatio n processing .  I f  so ,  the n i t  i s perhap s noteworth y tha t 
repetitio n blindnes s doe s no t  generaliz e indefinitely .  Fo r  example ,  tner e i s n o R B a t  th e leve l  o f 
meaning :  whe n tw o synonyni s ar e embedde d i n a  sentenc e an d presente d i n R S V P fo r  immediat e 
recall ,  bot h ar e reporte d wit h eas e (Kanwishe r  an d Potter ,  1990) .  ̂  Thi s migh t  sugges t  a n uppe r 
boun d fo r  th e utilit y  o f  connectionis t  model s o f  visua l  processing ,  somewher e afte r  lexica l  entrie s 
ar e activated ,  ye t  befor e meaning s ar e retrieved . 
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3 A n alternativ e perspectiv e suggeste d t o m e b y M .  Moze r  (persona l  communication ,  Marc h 1990 )  i s als o consisten t  wit h 

th e presen t  dat a an d explain s th e type-toke n proble m a s a  by-produc t  o f  th e sequentia l  "readout "  syste m whic h doe s 

bbding :  i f  a n item' s identit y i s  suppresse d afte r  i t  i s  rea d out ,  th e difficult y wit h repetition s wil l  result . 

4 Also ,  whe n sentence s containin g repeate d word s ar e presente d auditoril y  i n compresse d speech ,  n o "repetitio n 

deafness "  i s foun d (Kanwishe r  an d Potter ,  1989) . 
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