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A Sublexica l  L o c u s fo r  Repetitio n Blindness :  Ev idenc e f r o m Illusor y W o r d s 

Aliso n L .  Morri s an d Catherin e L .  Harri s 
Bosto n University ,  Departmen t  o f  Psycholog y 

64 Cummingto n St. ,  Boston ,  M A 0221 5 
alisonm@bu.edu ,  charris@bu.ed u 

Abstrac t 

When words containing an orthographically similar segment 
(rock ,  shock )  ar e rapidl y displaye d i n wor d list s an d 
immediatel y reporte d b y subjects ,  th e secon d critica l  wor d 
(W2)  i s frequentl y omitted ,  a  defici t  know n a s repetitio n 
blindnes s (Kanwisher ,  1987) .  Thre e experiment s use d a n 
illusor y word s paradig m t o demonstrat e a  sublexica l  locu s fo r 
repetitio n blindnes s i n orthographicall y overlappin g words . 
I n Experimen t  1 ,  w e constructe d R S V P stream s o f  word s an d 
wor d fragment s whic h woul d allo w th e W2' s uniqu e lette r 
cluster s t o combin e wit h a  wor d fragmen t  t o creat e a  word ,  a s 
i n roc k shoc k ell .  Th e illusor y wor d shel l  wa s produce d 3 6 % 
of  th e tim e i n th e R B condition ,  compare d t o 1 6 % o f  th e tim e 
fo r  lette r  migratio n contro l  trial s (roc k shoe u ell )  an d 1 6 % o f 
trial s containin g sequentia l  presentatio n o f  th e illusor y word' s 
fragment s (roc k s h ell) .  Experimen t  2  demonstrate d th e sam e 
superiorit y fo r  th e R B conditio n ove r  a  lette r  migratio n 
contro l  usin g nonwor d stimul i  (riw u shiw u ell) .  Experimen t  3 
showed tha t  th e uniqu e letter s left-ove r  afte r  R B ar e marke d 
fo r  position .  Implication s fo r  model s o f  repetitio n blindnes s 
ar e discussed . 

Introduction 
Repetitio n Blindnes s ( R B )  i s  th e failur e t o detec t  a 

repetitio n o f  a  visua l  event ,  whe n th e tw o event s ar e rapidl y 
and briefl y displaye d (usuall y fo r  duration s o f  les s tha n 15 0 
msec;  Kanwisher ,  1987) .  Th e mos t  c o m m o n techniqu e fo r 
elicitin g R B i s vi a rapi d seria l  visua l  presentatio n (RSVP) . 
RB occur s fo r  divers e visua l  stimul i  includin g word s i n list s 
and i n sentences ,  phonologicall y simila r  item s (Bavelie r  & 
Potter ,  1992) ,  pictures ,  an d eve n betwee n word s an d 
picture s (suc h a s a  pictur e o f  th e su n an d th e wor d sun ; 
Bavelier ,  1994) .  Demonstration s o f  R B i n sentence s ar e 
striking ;  fo r  a  sentenc e suc h a s Whe n sh e spille d th e in k 
ther e wa s in k al l  over ,  reader s report .  W h e n sh e spille d th e 
in k ther e wa s al l  ove r  (Kanwisher ,  1987) .  Th e subjectiv e 
experienc e o f  viewer s i s  no t  tha t  the y forgo t  th e secon d 
even t  o r  wer e confuse d abou t  wha t  appeared ,  bu t  tha t  the y 
sa w on e occurrenc e o f  th e even t  rathe r  tha n two . 

Kanwisher' s explanatio n fo r  R B i s tha t  th e visua l  syste m 
fail s t o individuat e th e tw o stimul i  a s  distinc t  event s 
(Kanwisher ,  1987 ;  Kanwishe r  &  Potter ,  1990) .  Sh e refer s t o 
thi s a s "typ e activatio n withou t  toke n individuation" .  T h e 
curren t  pape r  focuse s o n R B i n words ,  an d s o i t  i s  helpfu l  t o 
translat e Kanwisher' s genera l  theoretica l  statemen t  int o on e 
specifi c  fo r  words .  A  word' s typ e i s wha t  wor d recognitio n 

researcher s hav e calle d it s logoge n (Morton ,  1969) ,  node ,  o r 
word-leve l  representatio n (McClellan d &  Rumelhart ,  1981) . 
Kanwisher' s "toke n individuatio n hypothesis "  therefor e 
implie s tha t  a  word' s recognitio n nod e i s activate d twice ,  bu t 
onl y on e o f  thes e activation s ca n b e boun d t o a n episodi c 
visua l  token ,  o r  even t  representatio n (Par k &  Kanwisher , 
1994) . 

M a ny question s i n cognitiv e scienc e revolv e aroun d th e 
natur e o f  th e representationa l  unit s whic h mediat e perceptua l 
processin g an d recognition .  Studie s o f  R B usin g word s i n 
list s an d sentence s woul d appea r  o n th e surfac e t o sugges t 
tha t  th e locu s o f  R B i s a t  th e wor d level .  Bu t  th e pictur e 
becomes mor e complicate d whe n th e repeatin g event s ar e 
non-identica l  words .  Kanwishe r  an d Potte r  (1990 )  foun d 
R B fo r  orthographicall y simila r  words ,  suc h a s ca p an d 
cape .  Misreadin g ca p a s cap e coul d potentiall y  resul t  i n 
word-leve l  R B ;  however ,  a  letter-leve l  locu s fo r  R B coul d 
als o accoun t  fo r  thes e results .  Kanwishe r  an d Potte r  faile d 
t o find  R B fo r  word s suc h a s faul t  an d heart ,  wher e remova l 
of  th e share d lette r  fro m hear t  woul d creat e anothe r  word , 
hear .  The y therefor e argu e tha t  R B i s  no t  th e su m o f 
independen t  letter-leve l  effects .  Kanwishe r  an d Potte r  wer e 
unabl e t o differentiat e whethe r  R B occur s a t  th e whol e wor d 
or  lette r  cluste r  level ;  however ,  the y di d sugges t  tha t  th e 
locu s o f  R B i s partl y determine d b y whic h visua l  uni t  i s 
"mos t  relevant "  t o th e task .  Thus ,  whe n subject s ar e 
viewin g an d reportin g singl e letters ,  R B occur s a t  th e lette r 
level ;  whe n subject s ar e viewin g an d reportin g words ,  R B 
operate s a t  th e wor d level . 

Bavelier ,  Prasada ,  an d Segu i  (1994) ,  o n th e othe r  hand ,  i n 
thei r  investigation s o f  R B betwee n orthographi c neighbors , 
(e.g .  m a d e an d fade )  sugges t  tha t  R B effect s ar e locate d a t 
th e leve l  o f  abstrac t  lette r  clusters .  Specifyin g lette r  cluster s 
as th e orthographi c representatio n tha t  i s activated ,  bu t  no t 
individuated ,  i n R B woul d appea r  t o accoun t  fo r  a  wid e 
rang e o f  observe d R B phenomena .  However ,  thes e author s 
di d no t  explicitl y  tes t  thi s hypothesis . 

Experiment s i n ou r  laborator y usin g orthographicall y 
overlappin g word s (models...modest ;  income...comet ; 
sister...blister )  i n R S V P sentenc e display s hav e provide d 
some additiona l  clue s t o th e locu s o f  R B (Harri s &  Morris , 
1996) .  A  typica l  resul t  i n ou r  experiment s wa s tha t  subject s 
reporte d th e first  critica l  wor d ( W 1 )  an d omitte d th e secon d 
( W 2 ) .  However ,  w e als o observe d tha t  subject s 
occasionall y reporte d th e non-share d letter s i n th e W 2 ,  i n 
th e for m o f  a  gues s a t  a  rea l  wor d containin g thes e letters . 
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Thi s sometime s resulte d i n amusin g reconstruction s o f  th e 
R S VP stream .  Th e followin g ar e example s o f  stimulu s 
sentence s (S )  an d instance s o f  thei r  seria l  report s  (R) : 

S: /'// take a chance the chancellor will do us good. 
R:  /'/ /  tak e a  chanc e th e counsello r  wil l  d o u s good . 

S:  M y siste r  wa s unhapp y becaus e he r  bliste r  wa s hurtin g 
R:  M y siste r  wa s unhapp y becaus e o f  th e blinding? ? 

S:  I  ca n 'tfac e m y fat e bac k home . 
R:  /  ca n 'tfac e m y — [pause ]  plat e bac k home? ? 

Subjects frequently indicated with uncertain tone (marked 
abov e b y ?? )  tha t  the y wer e unsur e o f  thei r  readin g o f  th e 
sentence .  I n th e abov e examples ,  th e letter s preserve d i n th e 
misreadin g ar e th e W 2 ' s uniqu e letters .  I n th e sister...bliste r 
example ,  i t  i s  i f  th e share d iste r  segmen t  ha s disappeare d 
fro m blister ,  leavin g a  _b l  cluste r  behind .  W o r d recognitio n 
theorie s (Carr ,  1986 ;  Grainge r  an d Jacobs ,  1994 )  specif y 
tha t  lette r  cluster s activate d b y visua l  feature s sen d 
activatio n t o word s containin g the m (at e activate s plate , 
rate ,  activate ,  an d s o on) .  Ou r  analysi s o f  subjects ' 
misreadin g error s suggest s tha t  th e non-share d letter s i n a 
wor d affecte d b y R B ar e detecte d an d availabl e fo r 
activatin g words ,  bu t  normall y fai l  t o d o so ,  an d deca y 
withou t  bein g consciousl y perceive d b y subjects .  I f  th e non -
share d letter s i n a  W 2 ar e no t  affecte d b y R B ,  the n R B mus t 
be operatin g a t  a  sub-lexica l  (absu-ac t  lette r  cluster )  level . 
O ne wa y o f  testin g th e hypothesi s tha t  th e W 2 ' s uniqu e 
letter s ar e activate d woul d b e t o observ e whethe r  placin g a 
wor d fragmen t  i n th e R S V P strea m woul d resul t  i n subjects ' 
combinin g th e left-ove r  letter s wit h th e fragmen t  t o produc e 
an "illusory "  word .  Thi s ide a wa s explore d i n Experimen t  1 . 

Experiment 1 

Subjects were shown RSVP lists of words of the form in 
(1 )  (item s marke d fille r  wer e unrelate d word s servin g t o 
make th e perceptua l  tas k mor e difficult) .  I f  th e letter s g r  ar e 
"left-over "  fro m R B affectin g grain ,  reader s ma y perceiv e 
and repor t  gravy . 

(1 )  filler  pai n grai n av y filler 

I n a  pilo t  experiment ,  subject s di d produc e illusor y word s 
unde r  thes e conditions .  However ,  experiment s o n readin g 
rapidl y presente d wor d pair s hav e show n tha t  a  c o m m o n 
typ e o f  erro r  i s lette r  migration .  Moze r  (1983 )  foun d tha t 
subject s produce d lin e an d lac e whe n presente d wit h lan e 
and lice .  T o suppor t  ou r  theor y tha t  th e W2 ' s nonshare d 
letter s ar e activate d i n R B ,  w e neede d t o sho w tha t  mor e 
illusor y word s ar e reporte d i n a n R B conditio n tha n woul d 
be expecte d fro m lette r  migration. '  W e als o neede d t o 
contro l  fo r  th e possibilit y  tha t  av y alon e ma y sometime s 
activat e gravy .  T o creat e condition s whic h woul d promot e 
lette r  migration ,  w e replace d th e W2 ' s wit h nonword s 
containin g lo w frequency ,  difficult-t o pronounc e trigrams , 
suc h a s ui w an d uen ,  creatin g a  Lette r  migratio n condition , 
as i n (2) . 

(2 )  filler  pai n grus u av y filler 

1.  W e than k Daphn e Bavelie r  fo r  pointin g ou t  th e proble m o f  lette r 
migrations . 

A secon d contro l  condition ,  th e Spli t  condition ,  displaye d 
th e tw o component s o f  th e targe t  illusor y wor d separate d i n 
tim e (3) .  Thi s conditio n control s fo r  activatio n o f  a n 
illusor y wor d base d o n cohor t  activatio n fro m eithe r  o r  bot h 
of  it s  tw o components . 

(3 )  filler  pai n g r  av y filler 

Our  predictio n wa s tha t  mor e illusor y word s woul d b e 
reporte d fo r  th e R B conditio n tha n woul d b e expecte d i f 
lette r  cluster s wer e simpl y presen t  i n th e R S V P strea m (th e 
Spli t  condition :  g r  avy )  o r  fro m lette r  migratio n (th e Lette r 
migratio n condition :  grus u avy) . 

Materials and Procedure 

Subjects were 12 Boston University students who 
participate d i n exchang e fo r  cours e credit .  Al l  subject s 
acquire d Englis h i n th e h o m e befor e ag e 5  (fou r  subject s 
acquire d Englis h simultaneousl y wit h anothe r  language) . 

Thre e version s o f  eac h stimulu s ite m wer e created :  a n R B 
condition ,  a  Spli t  condition ,  an d a  Lette r  migratio n condition . 
For  th e R B condition ,  th e critica l  item s wer e tw o 
orthographicall y simila r  word s ( W l  an d W 2 )  whic h differe d 
onl y i n thei r  initia l  consonan t  cluste r  (kill ,  chill) ,  plu s a  wor d 
fragment .  Fragment s wer e selecte d suc h tha t  a n illusor y wor d 
woul d resul t  i f  th e fragmen t  combine d wit h th e initia l 
consonan t  cluste r  fro m th e W 2 {slee p cree p az y — > crazy ; 
fai r  chai r  il d — > child) .  I n th e Spli t  condition ,  th e W 1 wa s 
followe d b y tw o successiv e fragment s whic h forme d th e 
illusor y wor d {slee p c r  azy) .  I n th e Lette r  migratio n 
condition ,  th e W 2 wa s simila r  i n lengt h t o th e targe t  illusor y 
word ,  an d containe d th e sam e initia l  1- 2 letters ,  bu t  it s  bod y 
consiste d o f  lo w frequenc y trigram s (usuall y beginnin g wit h 
M,  creatin g nonword s suc h a s grusu ,  chuas ,  shoeu) . 
Sequence s o f  5  item s fo r  al l  condition s wer e the n create d b y 
addin g filler  word s a s th e beginnin g an d endin g ite m (th e 
same filler  word s wer e use d i n al l  thre e version s o f  eac h wor d 
list. )  Th e thre e version s o f  eac h wor d lis t  wer e 
counterbalance d acros s subjects . 

Eac h tria l  bega n wit h a  ro w o f  asterisk s appearin g i n th e 
cente r  o f  th e compute r  monitor .  W h e n th e subjec t  presse d 
th e spac e bar ,  th e wor d lis t  appeared  on e wor d a t  a  tim e i n th e 
same locatio n a s th e asterisks .  Eac h wor d wa s centere d o n 
th e display .  Subject s wer e warne d tha t  R S V P i s a  difficul t 
perceptua l  tas k i n whic h the y woul d no t  b e abl e t o se e ever y 
word ,  bu t  tha t  the y shoul d repor t  wha t  word s the y sa w 
withou t  tryin g t o fix  u p o r  fill  i n word s the y though t  the y 
migh t  hav e missed .  Subject s wer e additionall y instructe d t o 
repor t  wor d fragment s the y ma y hav e noted .  Experimenter s 
recorde d vi a keypresse s whethe r  subject s reporte d th e targe t 
illusor y word ;  keypresse s als o recorde d whethe r  subject s 
reporte d bot h critica l  items ,  th e W l  only ,  th e W 2 only ,  o r 
non e o f  th e critica l  items .  Exposur e duratio n fo r  th e 4 2 
experimenta l  trial s wa s se t  individuall y fo r  eac h subjec t  base d 
on 3  set s o f  5  practic e wor d lists .  Th e averag e duratio n pe r 
wor d fo r  th e experimenta l  trial s acros s th e 1 2 subject s wa s 
12 0 msec .  Th e stimul i  wer e presente d o n a  Macintos h Ilci , 
controlle d b y PsyScop e (Cohen ,  MacWhinney ,  Flatt ,  & 
Provost ,  1993) .  Th e fon t  wa s 4 8 pt .  Chicago .  Subject s sa t  2 0 
inche s fro m th e screen . 
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Result s an d Discussio n 

Table 1 shows frequency of report of W1 and W2 for the 
RB,  Lette r  migration ,  an d Spli t  conditions .  Th e lo w W 2 
repor t  i n th e Lette r  migratio n conditio n likel y reflect s th e 
difficult y i n reportin g nonword s wit h lo w frequenc y trigram s 
suc h a s grus u an d shoeu . 

Tabl e 1 :  Frequenc y o f  Repor t  fo r  Critica l  Word s (Exp .  1 ) 

Example 
Stimulu s 
Conditio n 

RB bee r  snee r  ak e 

Lette r  migratio n bee r  snoo a ak e 

Spli t  bee r  s n ak e 

Wl 

92 

95 

95 

W2 

38 

11 

31 

Tabl e 2  show s frequenc y o f  repor t  o f  illusor y word s i n al l 
conditions .  Analysi s o f  varianc e reveale d a  highl y 
significan t  effec t  o f  condition ,  F(2 ,  22 )  =  12.5 ,  p  <  .001 , 
wit h mor e illusor y word s bein g reporte d i n th e R B 
condition .  Th e Lette r  migratio n an d Spli t  condition s wer e 
not  significantl y differen t  fro m eac h other .  Illusor y word s 
wer e generall y reporte d i n lie u o f  th e W 2 i n al l  conditions ; 
i n othe r  words ,  i t  wa s quit e rar e fo r  a  subjec t  t o repor t  bot h 
th e W 2 an d th e illusor y word . 

Table 2: Frequency of Report for Illusory Words (Exp. 1) 

Stimulu s 
Conditio n 

RB 

Lette r  Migratio n 

Spli t 

mean 

.3 6 

.1 6 

.1 6 

stand.err . 

.0 5 

.0 3 

.0 5 

Experimen t  1  teste d th e predictio n tha t  illusor y word s 
coul d b e produce d b y combinin g th e letter s left-ove r  fro m 
orthographi c R B wit h a  subsequen t  fragmen t  i n th e R S V P 
stream .  T o attribut e th e illusor y wor d productio n t o th e 
effect s o f  R B ,  w e neede d t o fin d mor e illusor y word s i n th e 
RB conditio n compare d t o contro l  condition s designe d t o 
evok e illusor y word s vi a activatio n fro m th e word' s 
component s (Spli t  condition )  o r  lette r  migratio n (Lette r 
migratio n condition) .  Thi s i s exactl y wha t  w e found .  Eve n 
thoug h al l  item s i n th e R B conditio n wer e poole d fo r  analysis , 
(includin g thos e wher e bot h th e W l  an d W 2 wer e reported , 
thu s n o R B actuall y coul d hav e occurred )  subject s stil l 
produce d ove r  twic e a s man y illusor y word s i n th e R B 
conditio n compare d t o th e contro l  conditions .  Th e effec t  als o 
had a  compellin g phenomenology ;  whe n a n illusor y wor d 
was "perceived "  durin g a n R B trial ,  th e tria l  appeare d t o b e a 
norma l  fou r  wor d list .  W h e n illusor y word s wer e perceive d 
durin g th e Spli t  an d Lette r  migratio n conditions ,  subject s 
more frequentl y remarke d tha t  th e visua l  inpu t  looke d od d 
(usuall y becaus e the y sa w som e o f  th e od d letter s i n th e 
Lette r  migratio n condition ,  o r  th e ga p i n th e Spli t  condition) . 

I t  i s  importan t  t o not e tha t  ou r  illusor y word s wer e no t 
simpl y th e resul t  o f  lette r  "copies "  a s i n mos t  previou s lette r 
migratio n experiment s (Mozer ,  1983) .  Usually ,  i f  th e W 2 
was reported ,  th e illusor y wor d wa s not .  W e recede d th e 
RB conditio n trial s t o determin e th e percentag e o f  illusor y 

word s reporte d whe n th e W 2 wa s omitte d (a s i n R B )  vs . 
when i t  wa s reporte d (n o R B ) .  Illusor y word s wer e reporte d 
on 5 2 % o f  R B conditio n trial s whe n th e W 2 wa s omitted ; 
when th e W 2 wa s reporte d (n o R B )  illusor y word s wer e onl y 
reporte d 7 % o f  th e time . 

Experimen t  1  provide s stron g evidenc e fo r  a  sublexica i 
locu s fo r  RB .  Onl y th e share d letter s o f  th e W 2 ar e lost , 
leavin g th e non-share d letter s attemptin g t o activat e words . 
But  generally ,  part s o f  word s ar e no t  enoug h b y themselve s 
t o activat e a  word ,  s o th e fragmen t  decay s an d i s no t 
consciousl y perceived .  W h y d o th e "left-over "  letter s o f  th e 
W2 combin e wit h th e subsequen t  fragmen t  s o muc h mor e 
effectivel y tha n th e sam e letter s i n th e Lette r  migratio n an d 
Spli t  conditions ? W e coul d speculat e tha t  th e left-ove r 
letter s i n th e W 2 ar e marke d fo r  wor d position .  Th e s h 
fragmen t  i n th e Spli t  condition ,  becaus e i t  i s  ambiguou s fo r 
wor d position ,  i s  therefor e a t  a  disadvantag e fo r  activatin g 
words .  I n th e Lette r  migratio n condition ,  ther e i s som e 
competitio n fro m th e nonwor d (.shoe u compete s wit h shell) . 
We wil l  addres s th e issu e o f  positio n markin g o f  th e left -
ove r  letter s i n Experimen t  3 . 

If ,  a s w e claim ,  R B occur s a t  th e leve l  o f  share d 
orthographi c segment s rathe r  tha n words ,  w e shoul d b e abl e 
t o produc e illusor y word s vi a R B usin g orthographicall y 
overlappin g nonwor d stimul i  a s wel l  a s wor d stimuli. ^  Thi s 
questio n i s investigate d i n Experimen t  2 . 

Experiment 2 

Experiment 2 tested the effectiveness of overlapping 
nonword s (muvu ,  chuvu )  i n producin g illusor y words . 
Nonword s ar e no t  ofte n use d i n R B experiment s becaus e o f 
th e difficultie s i n perceivin g nonword s give n th e brie f 
exposure s require d t o obtai n R B .  W e use d nonword s tha t 
had n o orthographi c neighbors ,  bu t  tha t  wer e pronounceable , 
i n orde r  t o mak e th e tas k somewha t  easie r  fo r  subjects . 
Subject s wer e exclude d firo m analysi s i f  the y wer e unabl e t o 
repor t  eithe r  critica l  wor d o n mor e tha n 5 0 % o f  trial s (fou r 
subject s wer e exclude d unde r  thes e criteria) . 

Methods and Procedure 

Subjects were 16 Boston University students who 
participate d i n exchang e fo r  cours e credit .  Al l  subject s 
acquire d Englis h i n th e hom e befor e ag e 5  (thre e subject s 
acquire d Englis h simultaneousl y wit h anothe r  language) . 

Stimul i  wer e derive d fro m 2 4 o f  th e item s use d i n 
Experimen t  1 .  Fo r  eac h stimulu s item ,  a  lo w frequenc y 
lette r  cluste r  wa s substitute d fo r  th e share d letter s fro m th e 
Wl  an d W 2 o f  th e R B condition ,  a s i n (4 ) 

(4) filler peki greki avy filler 

The letter migration condition from Experiment I was 
use d a s a  contro l  condition ,  wit h th e W l  modifie d t o matc h 
th e W l  fro m th e R B condition : 

(5) filler peki grusu avy filler 

2.  W e than k Wayn e Podrouze k fo r  suggestin g th e nonword s 
experiment . 
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Each subjec t  viewe d 1 2 stimuli ,  hal f  from  th e R B 
conditio n an d hal f  fro m th e Lette r  migratio n condition ,  plu s 
12 fille r  trial s designe d t o tes t  anothe r  hypothesis .  Al l 
stimul i  wer e counterbalance d acros s subjects . 

Procedur e wa s identica l  t o tha t  o f  Experimen t  1 ,  excep t 
subject s wer e informe d tha t  the y woul d b e viewin g bot h 
word s an d pronounceabl e nonwords .  M e a n exposur e 
duratio n wa s als o longer ,  a t  15 0 msec ,  t o accommodat e th e 
difficultie s o f  readin g nonword s i n R S V P . 

Results and Discussion 

Tabl e 3  show s frequency  o f  repor t  o f  W 1 an d W 2 fo r  th e 
RB an d Lette r  migratio n conditions .  Th e lowe r  repor t  fo r 
bot h critica l  word s i n th e R B conditio n i n Experimen t  2 
compare d t o Experimen t  1  reflect s th e difficultie s i n 
perceivin g nonwords ,  eve n a t  increase d exposur e times . 

Table 3: Frequency of Report for Critical Words (Exp. 2) 

Example Wl W2 
Stimulu s 
Conditio n 

RB buhasnuhaak e .4 8 .1 9 

Lette r  migratio n buh a snoo a ak e .5 7 .0 8 

Table 4 shows frequency of report of illusory words for 
th e R B an d Lette r  migratio n conditions .  A s i n th e previou s 
experiment ,  repor t  o f  illusor y word s wa s significantl y 
greate r  i n th e R B conditio n compare d t o th e Lette r  migratio n 
condition ,  f(15 )  =  2.9 ,  p  <  .05 . 

Table 4: Frequency of Report for Illusory Words (Exp. 2) 

Stimulu s 
Conditio n mean stand.err . 
RB 

Lette r  migratio n 

.2 1 

.0 9 

.0 5 

.0 3 

The R B conditio n agai n produce d twic e a s man y illusor y 
word s a s th e contro l  condition .  Ou r  findin g tha t  illusor y 
word s ca n b e produce d b y orthographi c R B wit h nonwor d 
stimul i  provide s furthe r  evidenc e tha t  th e locu s o f  R B i s a t 
th e leve l  o f  contiguou s lette r  clusters . 

An alternativ e explanatio n fo r  ou r  result s mus t  b e 
considered .  W e hav e argue d tha t  R B prevent s processin g o f 
th e share d letter s o f  th e W 2 ,  leavin g th e non-share d letter s 
left-over ,  usuall y t o deca y withou t  bein g perceived .  I t  i s 
remotel y possible ,  however ,  tha t  th e formatio n o f  th e 
illusor y wor d i s th e proces s whic h disrupt s processin g o f  th e 
W2 i n ou r  stimuli ,  b y co-optin g th e nonshare d letters .  W e 
examine d thi s question ,  a s wel l  a s th e questio n o f  whethe r 
th e left-ove r  letter s ar e marke d fo r  position ,  i n experiment s 
3a an d 3b .  Thes e experiment s wer e ru n a s on e experiment , 
but  ar e presente d separatel y her e fo r  eas e o f  explanation . 
Experiment 3a 
In our discussion of letter clusters, we have assumed that 
the y ar e marke d fo r  position ;  tha t  is ,  _s h i s a  differen t  lette r 

cluste r  tha n sh_ .  W e hav e als o speculate d tha t  th e "left -
over" ,  non-share d letter s i n orthographi c R B ar e position -
specific .  Experimen t  3 a wa s designe d t o investigat e thi s 
question ,  b y determinin g whethe r  illusor y wor d productio n 
i s constraine d b y a  lette r  cluster' s positio n i n th e W 2 . 
Studie s o f  lette r  migratio n hav e show n tha t  migratin g letter s 
maintai n thei r  position s (McClellan d &  Mozer ,  1986) .  I f 
lette r  cluster s i n a  W 2 affecte d b y R B ar e marke d fo r 
position ,  the n w e shoul d no t  b e abl e t o creat e a n illusor y 
wor d b y movin g a  cluste r  a t  th e en d o f  a  W 2 t o th e 
beginnin g o f  a n illusor y word . 

Materials and Procedure 

Our stimuli used letter clusters which are orthographically 
lega l  a t  bot h beginning s an d end s o f  word s (ch ,  st) .  Th e 
mai n manipulatio n wa s whethe r  o r  no t  lette r  cluste r  positio n 
was consisten t  fro m th e W 2 t o th e illusor y word .  Fo r  th e 
Matc h stimuli ,  th e cluste r  a t  th e en d o f  th e W 2 forme d th e 
end o f  th e illusor y word .  Fo r  th e MisMatc h stimuli ,  th e 
cluste r  a t  th e en d o f  th e W 2 forme d th e beginnin g o f  th e 
illusor y word .  Ou r  contro l  condition ,  th e Spli t  condition ,  i s 
ambiguou s wit h regar d t o positio n o f  th e "migrating "  lette r 
cluster .  Example s o f  stimul i  ar e provide d i n Tabl e 5 . 

Table 5: Examples of Stimuli (Exp. 3) 

Match type 

RB fille r  roa d roas t  bl a filler  — > fille r  roa d blas t  filler 
Spli t  filler  roa d s t  bl a filler  — > fille r  roa d blas t  filler 

MisMatch type 

RB fille r  leav e leas h el l  filler  — > filler  leav e shel l  filler 
Spli t  filler  leav e s h el l  filler  — > filler  leav e shel l  filler 

Note that, in the Match stimuli, the fragments creating the 
illusor y wor d ar e presente d i n a  differen t  tempora l  orde r 
tha n thos e fo r  th e MisMatc h stimul i  {s t  bl a vs .  s h ell) .  T o 
contro l  fo r  an y potentia l  difference s i n illusor y wor d 
productio n arisin g from  thi s tempora l  orde r  difference ,  w e 
actuall y presente d al l  Spli t  conditio n stimul i  i n bot h orders , 
counterbalance d acros s subjects .  So ,  som e subject s woul d 
vie w roa d s t  bla ,  whil e other s viewe d roa d bl a st .  Subject s 
viewe d a  tota l  o f  3 0 item s from  experiment s 3 a an d 3 b 
combined . 

A tota l  o f  2 8 subject s participate d i n experiment s 3 a an d 
3b.  Subject s wer e draw n from  th e sam e poo l  a s fo r  th e 
previou s experiments .  Procedure s an d exposur e time s wer e 
simila r  t o thos e describe d i n Experimen t  1 . 
Results and Discussion 
Table 6 shows frequency of report of Wl and W2 for the 
RB an d Spli t  condifions .  Ther e wer e n o significan t 
difference s i n repor t  o f  eithe r  W l  o r  W 2 betwee n condition s 
or  stimulu s types .  Sinc e i n th e Spli t  condition ,  ther e ca n b e 
no R B ,  th e lo w repor t  fo r  W 2 i n thi s conditio n i s attribute d 
t o th e difficultie s i n perceivin g smal l  wor d fragments. 

522 



Tabl e 6 :  Frequenc y o f  Repor t  fo r  Critica l  Word s (Exp .  3a ) 

Stimulu s 
Conditio n 

RB Matc h 

RB MisMatc h 

Spli t  Matc h 

Spli t  MisMatc h 

Wl 

.8 9 

.9 5 

.9 4 

.9 5 

W2 

.3 0 

.2 5 

.2 2 

.1 8 

Percen t  o f  illusor y word s fo r  eac h conditio n i s show n i n 
Tabl e 7 .  Sinc e w e foun d n o effect s o f  presentatio n orde r 
{bl a St  vs .  S t  bla )  o n illusor y wor d productio n i n th e Spli t 
condition ,  al l  Spli t  item s wer e poole d withi n typ e fo r  furthe r 
analysis .  Ther e wer e n o significan t  mai n effect s o f  conditio n 
(R B vs .  Split )  o r  stimulu s typ e (Matc h vs .  MisMatch) , 
however ,  th e conditio n x  typ e interactio n wa s significant , 
f(l ,  18 )  =  18. 1 ,  / 7 <  0.001 .  Not e that ,  althoug h w e sho w 
tha t  illusor y word s ca n b e create d b y attachin g th e left-ove r 
letter s fro m th e en d o f  a  W 2 t o th e en d o f  a  subsequen t 
fragment ,  (Matc h type )  n o illusor y word s wer e create d i n 
th e R B conditio n b y changin g th e positio n o f  th e lette r 
cluste r  fro m th e en d o f  th e W 2 t o th e beginnin g o f  th e 
illusor y wor d (MisMatc h type) .  Fo r  th e Matc h stimuli ,  th e 
percen t  o f  illusor y word s wa s significantl y greate r  fo r  th e 
RB conditio n compare d t o th e Spli t  condition ,  f(9 )  =  3.49 , 
p<m. 

Table 7: Frequency of Report for Illusory Words (Exp. 3a) 

Stimulus Stimulus type 
Conditio n Matc h MisMatc h 

RB 

Spli t 

mean stand.err . 

0.20 0.05 

0.06 0.03 

mean stand.err . 

0.00 0.00 

0.10 0.04 

Experimen t  3 a demonstrate s tha t  th e left-ove r  letter s o f  a 
wor d affecte d b y R B d o no t  chang e position s i n creatin g 
illusor y words .  Thi s provide s suppor t  fo r  ou r  assertio n tha t 
thes e letter s ar e marke d fo r  position . 

Experiment 3b 

Experiment 3b, run concurrently with experiment 3a, was 
designe d t o investigat e whethe r  th e apparen t  "loss "  o f  th e 
W2 i n th e R B conditio n coul d b e du e no t  t o R B ,  bu t  t o lette r 
"stealing "  b y th e illusor y word .  I f  thi s wer e true ,  the n th e 
amount  o f  R B affectin g th e W 2 (a s indexe d b y repor t  o f 
W 2)  shoul d b e greate r  whe n th e combinatio n o f  th e leftove r 
letter s wit h th e subsequen t  fi-agment  produce s a  word ,  rathe r 
tha n a  nonword . 

Materials and Procedure 

We created two versions of each RB stimulus: a "word" 
version ,  {roa d roas t  bl a — > blast )  wher e th e left-ove r 
letter s combinin g wit h th e subsequen t  fragment  forme d a 
word ;  an d a  "nonword "  version ,  {roa d roas t  pr i  — > prist ) 

wher e a  pronounceabl e nonwor d woul d resul t  fro m suc h a 
combination .  Th e tw o version s o f  th e stimul i  wer e 
counterbalance d acros s subjects . 

Results and Discussion 

Since no illusory words were created in the MisMatch RB 
condition ,  W e examine d onl y th e Matc h typ e item s fo r  thi s 
analysis .  Tabl e 8  show s frequency  o f  repor t  o f  W 2 fo r  wor d 
vs .  nonwor d stimulu s types : 

Table 8: Frequency of Report of W2 (Exp. 3b) 

Illusor y 
Typ e repor t  o f  W 2 

wor d 

nonwor d 

.3 0 

.3 6 

W2 repor t  fo r  wor d v s nonwor d illusorie s wa s no t 
significantl y different ,  t{21 )  =  1.48 ,  p  =  .15 .  Sinc e subject s 
neve r  onc e reporte d a  nonwor d illusor y (eve n thoug h al l 
woul d b e easil y pronounceable )  ye t  th e impac t  o n W 2 wa s 
similar ,  th e explanatio n fo r  th e frequen t  failur e t o repor t  th e 
W 2,  compare d t o goo d repor t  o f  W l ,  canno t  b e explaine d 
by simpl e lette r  "stealing "  b y th e illusor y word . 

General Discussion 

Repetitio n Blindnes s ha s bee n th e focu s o f  considerabl e 
investigatio n sinc e Kanwisher' s initia l  descriptio n o f  th e 
phenomeno n (Kanwisher ,  1987) .  R B i s surprising ,  an d 
interesting ,  becaus e i t  present s suc h a  stron g conflic t 
betwee n stimulu s an d perception . 

The presen t  stud y use d a n RSVP-illusor y word s paradig m 
t o investigat e th e locu s o f  orthographi c repetitio n blindnes s 
effects .  Kanwishe r  an d Potte r  (1990 )  suggeste d th e locu s 
fo r  R B depend s o n th e leve l  o f  uni t  bein g attende d to .  Thus , 
althoug h R B ca n occu r  fo r  singl e letter s i n single-lette r 
displays ,  whe n th e display s ar e words ,  R B wil l  no t  sho w 
independen t  letter-leve l  effects .  Bu t  Kanwishe r  an d Potter' s 
reasonin g an d conclusion s wer e premature .  W e sho w tha t 
th e phenomeno n i s robustl y sublexical .  I n orthographi c R B 
betwee n roc k an d shock ,  i f  roc k i s perceived ,  onl y th e 
share d oc k segmen t  wil l  b e los t  fro m shock .  Th e _s h wil l 
be "left-over "  an d availabl e fo r  activatin g words .  I n 
Experimen t  1 ,  subject s create d illusor y word s b y combinin g 
suc h left-ove r  letter s wit h a  subsequen t  wor d fragment .  I t  i s 
temptin g t o regar d th e repor t  o f  illusor y word s i n th e R B 
conditio n a s jus t  simpl e lette r  migration ;  however ,  ou r 
subject s create d illusor y word s i n th e R B conditio n (roc k 
shoc k ell )  mor e tha n twic e a s frequently  a s i n a  Lette r 
migratio n contro l  conditio n {roc k shoe u ell) .  Coul d i t  b e tha t 
th e advantag e o f  th e R B conditio n ove r  th e lette r  migratio n 
conditio n wa s simpl y tha t  th e migratin g letter s i n th e R B 
conditio n wer e copie d from a  word ,  a s oppose d t o a 
nonwor d i n th e contro l  condition ? Bu t  th e illusor y word s i n 
th e R B conditio n wer e no t  th e resul t  o f  copyin g th e letter s 
from  th e W 2 .  I n fact ,  whe n th e illusor y wor d wa s reported , 
th e W 2 wa s rarel y reported .  W h y woul d shoc k s o readil y 

523 



giv e u p it s _s h cluste r  t o th e illusor y wor d shell ,  unles s 
processin g o f  shoc k ha d alread y bee n disrupted ? 

Our  findin g i n Experimen t  2  tha t  w e coul d als o creat e th e 
illusor y wor d shel l  ou t  o f  th e nonwor d sequenc e riw u shiw u 
el l  provide s furthe r  evidenc e fo r  a  lette r  cluste r  locu s fo r 
R B.  Thi s findin g wit h nonwor d stimul i  als o nullifie s th e 
possibl e argumen t  that ,  i n Experimen t  1 ,  illusor y word s wer e 
mor e prevalen t  i n th e R B conditio n becaus e th e W 2 i n th e 
RB conditio n wa s a  word ,  an d th e W 2 i n th e contro l 
conditio n wa s a  nonwor d (becaus e i n Experimen t  2 ,  bot h 
W2' s wer e nonwords) . 

The superiorit y o f  th e R B conditio n ove r  th e contro l 
condition s i n Experimen t  1  i s eve n mor e strikin g whe n 
considerin g onl y thos e trial s wher e a  W 2 wa s no t  reporte d 
(a s woul d occu r  i n R B ) .  Illusor y word s wer e reporte d o n 
5 2 % o f  thos e trials .  I n addition ,  subjects '  subjectiv e report s 
indicate d tha t  thes e illusor y word s looke d normal ,  wher e th e 
illusor y word s create d fro m Spli t  {s h ell )  o r  Lette r  migratio n 
condition s di d not .  Experimen t  3 a demonstrate d tha t  th e 
letter s left-ove r  afte r  R B ar e marke d fo r  position .  W e ca n 
therefor e speculat e tha t  wha t  i s encode d i n a n R B tria l  o f 
roc k shoc k i s somethin g lik e roc k _ s h — ,  an d whe n el l 
immediatel y follows ,  a  full y  integrate d wor d shel l  i s  easil y 
perceived .  Whethe r  subject s encod e informatio n abou t  th e 
lengt h o f  th e W 2 i s a n ope n questio n fo r  futur e research . 

Our  findin g tha t  th e processin g o f  onl y par t  o f  a  wor d ca n 
be disrupte d i n R B make s i t  difficul t  t o defen d claim s b y 
variou s investigator s tha t  th e effect s o f  R B ca n b e attribute d 
t o postperceptua l  processe s (Armstron g &  Mewhort ,  1995 ; 
Fago t  &  Pashler ,  1995 ;  Whittlesea ,  Dorken ,  &  Podrouzek , 
1995) .  Th e result s o f  ou r  experiment s canno t  b e explaine d 
by respons e biases .  Thes e result s provid e additiona l 
evidenc e tha t  R B i s a  tru e perceptua l  effect . 

I n th e te n year s sinc e R B wa s "discovered" ,  i t  ha s bee n 
wel l  studie d withi n experimenta l  psychology ,  bu t  hasn' t 
become a  topi c o f  interes t  t o mainstrea m cognitiv e science . 
Thi s neglec t  i s  puzzling ,  sinc e R B i s nearl y a s 
"interdisciplinary "  a s a  cognitiv e phenomeno n ca n be .  R B 
involve s perception ,  attention ,  an d th e transfe r  fro m visua l 
memory t o workin g memory .  I t  i s foun d fo r  almos t  an y typ e 
of  visua l  materials ,  creatin g a  c o m m o n proble m fo r  thos e 
studyin g wor d recognitio n an d pictur e perception .  R B i s 
relevan t  fo r  th e stud y o f  awarenes s an d phenomenology ,  an d 
seems t o b e mos t  compatibl e wit h a  multipl e draft s mode l  o f 
consciousness .  Finally ,  becaus e R B appear s t o operat e a t  a 
lowe r  leve l  tha n th e token s recorde d int o S T M ,  R B i s 
relevan t  t o subsymboli c approache s t o cognition ,  an d coul d 
thu s illuminat e distribute d model s o f  visua l  informatio n 
processing . 
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