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Abstrac t 

When two orthographically siniilar words are briefly and 
successivel y displayed ,  th e secon d wor d i s ofte n difficul t  t o 
detec t  o r  recall ,  a  defici t  know n a s repetitio n blindness ,  o r  R B 
(Kanwisher ,  1987) .  T w o experiment s use d word-nonwor d 
pair s t o tes t  prediction s o f  a  computationa l  mode l  base d o n 
similarit y inhibitio n (Bavelie r  &  Jordan ,  1992 )  vs .  predic -
tion s o f  a  sublexica l  mode l  (Harri s &  Morris ,  1996 ,  1997 ; 
M o ms &  Harris ,  1997) .  On e strikin g finding  wa s o f  stron g 
RB eve n fo r  a  singl e repeate d lette r  (cop e cam ;  ho t  hix) .  Re -
sult s generall y supporte d a  sublexica l  mode l  wher e onl y th e 
share d letter s ar e affecte d b y RB ,  an d eac h share d lette r  ca n 
be differentiall y  affecte d i n a  probabilisti c  manner . 

Introduction 

Repetitio n Blindnes s (RB) ,  th e failur e t o detec t  repetition s 
of  visua l  event s i n Rapi d Seria l  Visua l  Presentation ,  i s  a 
strikin g an d robus t  phenomeno n whic h ha s thu s fa r  elude d 
complet e explanatio n despit e extensiv e study .  Earl y inves -
tigation s o f  R B usin g R S V P sentenc e stimul i  (Kanwisher , 
1987 ;  Kanwishe r  &  Potter ,  1990 )  demonstrate d that ,  whe n 
show n a  sentenc e suc h a s H e r  jacke t  wa s re d becaus e red  i s 
conspicuous ,  subject s woul d typicall y report ,  He r  jacke t 
was re d becaus e i s conspicuous .  R B i s time-an d exposure -
dependent ;  th e effec t  i s  eliminate d wit h increase d exposur e 
of  th e repeate d word ,  o r  increase d tim e betwee n repetition s 
(Kanwisher ,  1987 ;  Par k &  Kanwisher ,  1994) .  R B ha s bee n 
foun d fo r  repeate d word s o r  pictures ,  orthographicall y 
simila r  words ,  an d phonologicall y simila r  item s suc h a s nin e 
and 9  (Bavelie r  &  Potter ,  1992 ;  Bavelier ,  1994) .  Th e phe -
nomenon o f  R B impact s o n model s o f  high-leve l  visua l 
processing ,  wor d recognition ,  an d consciousness ,  an d there -
for e i s o f  considerabl e relevanc e t o cognitiv e scientists . 

O ne prevalen t  explanatio n o f  R B emphasize s th e distinc -
tio n betwee n type s an d token s i n visua l  processin g 
(Kanwisher ,  1987 ;  Kanwishe r  &  Potter ,  1990 ;  Kanwisher , 
1991 ;  Par k &  Kanwisher ,  1994) .  I n thi s view ,  referre d t o a s 
"typ e activatio n withou t  toke n individuation" ,  a  word' s rec -
ognitio n nod e (type )  coul d b e activate d twice ,  bu t  onl y on e 
episodi c representatio n (token )  i s  formed .  Althoug h thi s 
explanatio n ha s intuitiv e appeal ,  a  formal ,  computationa l 
accoun t  o f  th e types-and-token s mode l  ha s ye t  t o emerge . 
I n addition ,  i t  i s  difficul t  t o se e h o w thi s mode l  account s fo r 
RB betwee n non-identica l  words .  Kanwishe r  an d Potte r 
(1990 )  suggeste d tha t  R B betwee n orthographicall y simila r 

word s come s abou t  becaus e on e wor d i s  misrea d a s th e 
other .  Thes e investigator s hav e alternativel y suggested , 
alon g wit h Bavelier ,  Prasada ,  an d Segu i  (1994 )  tha t  R B 
effect s migh t  b e locate d a t  th e leve l  o f  abstrac t  lette r  clus -
ters ;  however ,  thi s ide a ha s no t  bee n propose d a s a  forma l 
par t  o f  th e types-and-token s model . 

Othe r  investigator s hav e attempte d t o locat e th e mecha -
nis m responsibl e fo r  R B withi n th e wor d recognitio n syste m 
(Bavelie r  &  Jordan ,  1992 ;  Bavelier ,  Prasada ,  &  Segui , 
1994) .  Bavelie r  an d Jorda n propose d a  computationa l 
model  o f  visua l  wor d recognitio n tha t  account s fo r  R B a s 
wel l  a s othe r  time-dependen t  phenomen a suc h a s maske d 
priming .  I n thei r  model ,  detectio n o f  a  wor d depend s o n 
level s o f  activatio n relativ e t o a  variabl e baselin e an d 
threshold .  W h e n a  wor d i s displaye d fo r  sufficien t  tim e fo r 
i t  t o pas s it s threshol d an d b e detected ,  it s baselin e i s the n 
temporaril y  raised .  R B result s whe n a  secon d displa y o f  th e 
wor d occur s whil e it s baselin e i s stil l  elevate d fro m th e firs t 
detection ,  becaus e i n thi s case ,  th e leve l  o f  activatio n rela -
tiv e t o baselin e wil l  b e treate d a s noise .  Th e mode l  attempt s 
t o accoun t  fo r  orthographi c R B b y als o raisin g th e baseline s 
of  al l  othe r  word s i n proportio n t o thei r  similarit y t o th e 
detecte d word . 

Our  o w n investigation s o f  R B phenomen a (Harri s & 
Morris ,  1996 ;  1997 ;  Morri s &  Harris ,  1997 )  hav e suggeste d 
tha t  R B betwee n non-identica l  word s i s no t  a  matte r  o f 
similarit y inhibition ,  a s i n th e Bavelie r  an d Jorda n model , 
but  rather ,  tha t  whe n R B occur s betwee n orthographicall y 
simila r  word s (calle d W l  an d W 2 ) ,  onl y th e share d letter s o f 
W2 ar e affected ;  th e uniqu e letter s ar e unaffecte d and  re -
mai n availabl e fo r  activatin g words .  Th e differentia l  effec t 
on share d vs .  nonshare d letter s ha s bee n mos t  strikingl y 
demonstrate d usin g a n illusor y word s paradig m (Harri s & 
Morris ,  1996 ;  Morri s &  Harris ,  1997) .  I n thi s paradigm , 
R S VP stream s o f  word s an d wor d fragment s ar e constructe d 
suc h tha t  th e W 2 ' s uniqu e letter s ca n combin e wit h a  subse -
quen t  wor d fragmen t  t o for m a n "illusory "  word .  Thus , 
displa y o f  ligh t  roc k shoc k el l  cu p result s i n repor t  o f  ligh t 
roc k shel l  cup ;  further ,  report s o f  illusor y word s ar e mor e 
prevalen t  i n suc h "repeated "  condition s compare d t o unre -
peale d condition s designe d t o produc e illusor y word s 
throug h simpl e lette r  migration .  Othe r  evidenc e fo r  th e 
sublexica l  natur e o f  R B betwee n orthographicall y simila r 
word s come s fro m trial s wher e subject s misrepor t  W 2 a s 
some othe r  word .  Thes e misreport s ar e statisticall y mor e 
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likel y t o preserv e th e word' s uniqu e letters ,  an d omi t  th e 
repeate d letters ,  tha n i n contro l  condition s wher e W l  an d 
W2 shar e n o letter s (Harri s &  Morris ,  1997) . 

The wor k cite d abov e i s mor e consisten t  wit h sublexica l 
explanation s o f  R B tha n wit h word-to-wor d inhibitio n ac -
count s suc h a s tha t  o f  Bavelie r  an d Jorda n (1992) .  H o w -
ever ,  detail s o f  th e sublexica l  accoun t  remai n t o b e eluci -
dated .  O n e importan t  questio n i s th e natur e o f  th e sublexi -
cal  units .  W e wil l  discus s tw o sublexica l  accounts :  th e 
singl e lette r  an d th e lette r  cluster s accounts . 

Sublexical units are individual letters 

The simples t  accoun t  i s probabl y tha t  th e sublexica l  unit s 
ar e individua l  letters .  However ,  failur e t o fin d R B fo r  ana -
grams suc h a s earl y an d laye r  (Kanwisher ,  1986 )  indicate s 
tha t  th e individua l  letter s nee d t o hav e som e typ e o f  posi -
tion-specifi c  o r  contextua l  coding .  Kanwishe r  an d Potte r 
(1990 )  teste d th e hypothesi s tha t  displa y o f  stimul i  sharin g 
one lette r  i n th e sam e position ,  suc h a s faul t  an d heart , 
woul d lea d t o "stripping "  o f  th e share d lette r  fro m W 2 ,  re -
sultin g i n repor t  o f  faul t  hear .  Thei r  failur e t o fin d suc h 
lette r  strippin g le d the m t o conclud e tha t  R B betwee n simi -
la r  word s i s no t  th e resul t  o f  independen t  letter-leve l  effects . 

I t  i s  possibl e tha t  R B doe s ste m fro m letter-leve l  effects , 
but  tha t  thi s wa s obscure d b y Kanwishe r  an d Potter' s choic e 
of  stimulu s materials .  The y use d critica l  word s whic h 
share d onl y th e las t  letter .  Subject s migh t  hav e bee n blin d 
t o th e identit y o f  th e repeate d letter ,  bu t  retaine d som e no -
tio n o f  wor d length .  Th e targe t  wor d coul d hav e bee n cor -
rectl y generate d vi a patter n completion ,  a s happen s whe n 
letter s i n a  wor d ar e "missing "  becaus e the y ar e covere d b y 
an in k blo t  (McClellan d &  Rumelhart ,  1981) .  W e reasone d 
tha t  patter n completio n migh t  b e a  les s favore d solutio n i f 
th e repeate d lette r  wer e a t  th e beginnin g o f  th e wor d (Harri s 
& Morris ,  1997) .  Usin g material s lik e bluf f  B R A C E,  cloc k 
C H A R M,  an d doodl e D A N G E R,  w e foun d tw o type s o f  evi -
denc e fo r  repetitio n blindnes s t o a  singl e letter .  Subject s 
woul d sometime s sa y "doodl e anger" ,  bu t  als o frequentl y 
reporte d a  similar-lengt h wor d i n whic h th e repeate d lette r 
had bee n replace d wit h anothe r  letter ,  suc h a s reportin g bluf f 
grac e intea d o f  bluf f  brace .  Fo r  thi s reason ,  th e statu s o f  th e 
independen t  letter-leve l  explanatio n fo r  R B remain s unre -
solved . 

Letter clusters account 

A mor e complicate d mode l  i s tha t  th e relevan t  unit s ar e 
context-dependent ,  overlappin g lette r  cluster s suc h a s th e 
digram s an d trigram s dr ,  ru ,  rug ,  ug s foun d i n drugstor e 
(Mozer ,  1991 ;  Harri s &  Morris ,  1996 ;  1997) .  Th e lette r 
cluster s accoun t  als o explain s th e failur e o f  Kanwishe r  an d 
Potte r  t o find  letter-strippin g fo r  stimul i  lik e faul t  an d heart . 
The sublexica l  unit s i n hear t  includ e th e digra m unit s r t  an d 
t _ (wher e "_ "  indicate s adjacenc y t o a  wor d boundary) . 
Onl y t _ i s share d b y bot h words .  Th e presenc e o f  r t  mean s 
tha t  th e final  lette r  t  i n hear t  ha s som e probabilit y  o f  bein g 
reconstructe d fro m rt .  Ke y evidenc e tha t  lette r  cluster s ar e 
th e unit s whic h mediat e visua l  wor d recognitio n come s 
fro m studie s o n lette r  migratio n (Mozer ,  1983) .  However , 
lette r  cluste r  representation s ar e generall y usefu l  fo r  ex -

plainin g readers *  hig h degre e o f  sensitivit y t o lette r  co -
occurrenc e frequencie s (Seidenber g &  McClelland ,  1989) . 
That  is ,  word s containin g highl y frequen t  clusters ,  suc h a s 
fak e an d crock ,  ar e eas y t o read ,  eve n whe n th e word s them -
selve s ar e lo w frequency .  Th e eas e wit h whic h human s rea d 
pronounceabl e nonword s m a y als o resul t  fro m havin g unit -
ize d lette r  cluste r  representation s (Plaut ,  McClelland ,  Sei -
denberg ,  &  Patterson ,  1996) . 

Empiricall y distigushin g betwee n th e word-leve l  an d 
sublexica l  account s i s mad e difficul t  b y th e fac t  tha t  wor d 
fragment s activat e wor d representation s (McClellan d & 
Rumelhart ,  1981) .  Th e sublexica l  hypothesi s propose s tha t 
onl y th e repeate d unit s ar e affecte d b y R B .  I f  R B i s as -
sesse d b y abilit y  t o repor t  W 2 ,  th e amoun t  o f  R B wil l  indi -
rectl y depen d o n whethe r  th e unaffecte d unit s strongl y o r 
weakl y evok e th e targe t  word .  Fo r  thi s reason ,  nonword s 
m ay provid e a  "purer "  med iu m fo r  assessin g R B ,  a s the y ar e 
les s affecte d b y suc h patter n completio n mechanisms . 

Th e experiment s describe d i n thi s pape r  use d successivel y 
displaye d word-nonwor d pair s o f  varyin g degree s o f  ortho -
graphi c similarity ,  wit h th e wor d a s W l  an d th e nonwor d a s 
W 2.  Experimen t  1  wa s designe d t o tes t  a  predictio n o f 
similarit y inhibitio n model s agains t  a  predictio n o f  th e mos t 
simpl e for m o f  sublexica l  model . 

Experiment 1 

Similarit y inhibitio n model s predic t  tha t  a  wor d an d non -
wor d sharin g al l  bu t  on e o f  thei r  letter s (car d earn )  woul d 
sho w substantiall y  greate r  R B tha n a  wor d an d nonwor d 
sharin g onl y on e lette r  (cop e earn) .  I n contrast ,  a  sublexica l 
model  assumin g simpl e refractorines s o r  toke n individua -
tio n failur e a t  th e (position-specific )  individua l  lette r  leve l 
predict s tha t  veridica l  repor t  o f  W 2 wil l  b e equall y difficul t 
fo r  cop e ear n a s fo r  car d earn .  I n bot h cases ,  suppressio n 
of  th e repeate d letter s wil l  leav e a  fragmen t  whic h wil l  ei -
the r  b e reporte d o r  wil l  b e subjecte d t o patter n completion , 
causin g subject s t o repor t  somethin g othe r  tha n th e correc t 
stimulus . 

Materials and Procedure 

Subject s wer e 1 5 Bosto n Universit y student s w h o partici -
pate d i n exchang e fo r  cours e credit .  Al l  subject s wer e na -
tiv e Englis h speaker s ( 3 subject s acquire d Englis h simulta -
neousl y wit h anothe r  language) . 

Twenty-on e easil y pronounceabl e 3 -  o r  4-lette r  nonword s 
wer e create d an d eac h wa s paire d wit h thre e differen t  word s 
t o creat e thre e version s o f  eac h stimulu s item .  I n th e 
Neighbo r  condition ,  th e wor d an d nonwor d share d al l  bu t 
thei r  fina l  letter s (th e firs t  tw o letter s wer e share d i n th e cas e 
of  3-lette r  word-nonwor d pairs ,  wit h th e firs t  thre e letter s 
share d i n th e cas e o f  4-lette r  word-nonwor d pairs) .  I n th e 
Lette r  condition ,  onl y th e initia l  letter s wer e shared ;  an d i n 
th e Unrepeate d condition ,  n o letter s wer e shared .  Th e 
word s i n eac h stimulu s ite m wer e matche d fo r  frequenc y 
acros s conditions .  Example s o f  th e thre e stimulu s condi -
tion s ar e show n i n Tabl e 1  below .  Th e thre e version s o f 
eac h stimulu s ite m wer e counterbalance d acros s subjects , 
suc h tha t  eac h subjec t  viewe d 7  stimulu s item s i n eac h 
condition ,  fo r  a  tota l  o f  2 1 experimenta l  trials .  Th e wor d 
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( W l )  alway s appeare d i n lowe r  cas e letters ,  wit h th e non -
wor d ( W 2 )  i n uppe r  case .  Stimul i  wer e arrange d i n 7  block s 
of  5  trial s each ;  th e block s eac h containe d 1  Neighbor ,  1 
Letter ,  an d 1  Unrepeate d word-nonwor d pai r  plu s tw o fille r 
trial s containin g n o repeate d letters . 

Table 1: Examples of Stimuli (Experiment 1) 

Condition Wl W2 

Neighbor 

Letter 

mud 

gat e 

mad 

gol f 

ro w 

kne e 

MUP 

GATH 

MUP 

GATH 

MUP 
GATH 

Unrepeate d 

Subject s wer e instructe d t o repor t  bot h th e wor d an d 
nonwor d o n eac h trial .  Pilo t  studie s indicate d tha t  subject s 
varie d considerabl y i n th e abilit y t o perceiv e an d repor t 
briefl y displaye d nonwords ;  subject s wer e therefor e 
instructe d t o repor t  whateve r  letter s the y di d perceiv e i n th e 
even t  tha t  the y wer e unabl e t o repor t  a n entir e nonword .  A 
length y practic e procedur e wa s als o institute d i n orde r  t o 
improv e nonwor d report .  Subject s viewe d 3 0 practic e trial s 
consistin g o f  word-nonwor d pair s (wit h n o repeate d letters ) 
prio r  t o viewin g th e experimenta l  trials .  Eac h tria l  bega n 
wit h a  "+ "  appearin g i n th e cente r  o f  th e compute r  scree n a s 
a fixatio n point .  W h e n th e subjec t  presse d th e spac e bar ,  th e 
" + "  disappeare d an d th e wor d appeare d 50 0 mse c later .  Th e 
wor d wa s displaye d fo r  9 0 msec ,  followe d immediatel y b y 
th e nonwor d (ther e wa s a n approximatel y 1 5 mse c dela y i n 
th e onse t  o f  th e nonword ,  du e t o th e refres h rat e o f  th e 
compute r  monitor) .  Exposur e duratio n fo r  th e nonwor d wa s 
initiall y  se t  a t  19 5 msec ,  an d wa s subsequentl y decrease d b y 
15 mse c ever y 5  trial s i f  th e subject' s accurac y i n reportin g 
bot h th e wor d an d nonwor d wa s greate r  tha n 6 0 % ove r  th e 
precedin g bloc k o f  5  trials .  Exposur e duratio n wa s increase d 
i f  th e subject' s accurac y fel l  belo w 4 5 % .  Th e averag e 
exposur e duratio n fo r  th e nonwor d fo r  th e experimenta l  trial s 
acros s th e 1 5 subject s wa s 10 8 m s e c ,  rang e 75-19 5 msec . 
Th e nonwor d wa s immediatel y followe d b y a  mas k (ro w o f 
ampersands )  displaye d fo r  25 0 msec .  Al l  stimul i  wer e 
centere d o n th e display .  Experimenter s recorde d vi a 
keypresse s whethe r  subject s reporte d bot h critica l  items ,  W l 
only ,  W 2 only ,  o r  neithe r  o f  th e critica l  items . 
Experimenter s als o annotate d th e scoresheet s i n th e even t 
tha t  th e subjec t  reporte d a  differen t  wor d o r  nonwor d tha n 
th e one s displayed ,  o r  reporte d onl y par t  o f  th e wor d o r 
nonword .  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 3 6 pt .  Courier .  Subject s sa t  2 0 
inche s fro m th e screen . 

Results and Discussion 

Percen t  correc t  repor t  o f  W l  average d 9 7 % o r  greate r  i n al l 
thre e stimulu s conditions .  Tabl e 2  show s percen t  correc t 
repor t  o f  W 2 give n correc t  repor t  o f  W l .  Analysi s o f  vari -

anc e reveale d a  highl y significan t  effec t  o f  conditio n i n bot h 
th e subjec t  an d item s analyses ,  ̂ ,(2 ,  28 )  =  44.4 ,  p  <  .001 , 
eta '  =  .76 ;  F,(2 ,  40 )  =  51.2 .  p  <  .001 ,  eta '  =  .72 . 

Table 2: Percent Correct Report of W2 given Report of Wl 
(Experimen t  1 ) 

Conditio n jneai L _ s ^ 

Neighbo r 

Lette r 

Unrepeate d 

.1 1 

.4 3 

.7 2 

.0 3 

.0 6 

.0 5 

Newman-Keul s test s showe d tha t  repor t  o f  W 2 wa s sig -
nificantl y lowe r  fo r  bot h Neighbo r  an d Lette r  condition s 
compare d t o th e Unrepeate d conditio n (bot h p s <  .01) . 
Sinc e R B i s indexe d b y th e differenc e betwee n repeate d 
(Neighbo r  o r  Letter )  an d Unrepeate d conditions ,  thes e re -
sult s showe d a  substantia l  repetitio n defici t  fo r  bot h Neigh -
bor  an d Lette r  conditions .  I n addition ,  repor t  o f  W 2 i n th e 
Neighbo r  conditio n wa s lowe r  tha n i n th e Lette r  condition , 
( p <  .01 )  indicatin g greate r  R B i n th e Neighbo r  conditio n 
(61% )  compare d t o th e Lette r  conditio n (29%) . 

Model s o f  R B base d o n similarit y inhibitio n predic t  tha t 
word-nonwor d pair s sharin g al l  bu t  on e lette r  (Neighbo r 
condition )  woul d sho w greate r  R B tha n word-nonwor d pair s 
sharin g onl y th e firs t  lette r  (Lette r  condition) .  Th e result s o f 
Experimen t  I  ar e therefor e consisten t  wit h a  similarit y in -
hibitio n mode l  o f  R B .  O n th e othe r  hand ,  close r  examina -
tio n o f  subjects '  erro r  report s reveal s evidenc e inconsisten t 
wit h word-to-wor d inhibition ,  bu t  consisten t  wit h sublexica l 
models . 

Tabl e 3  show s th e percentag e o f  misreport s o f  W 2 rela -
tiv e t o correc t  report s an d omissions .  Misreport s includ e 
reportin g a  word ,  anothe r  nonword ,  o r  individua l  letter s (a s 
in ,  fo r  th e stimulu s bo x B O T ,  reportin g "bo x an d somethin g 
endin g i n T \  Suc h misreport s forme d a  substantia l  portio n 
of  W 2 erro r  report s i n th e tw o repeate d conditions . 

Table 3: Percent Correct, Omission, and Misreport of W2 
(Experimen t  1 ) 

Condition Correct Omission Misreport 

Neighbo r 

Lette r 

Unrepeate d 

.1 1 

.4 3 

.7 2 

.6 3 

.2 7 

.1 4 

.2 6 

.3 0 

.1 4 

Whil e word-to-wor d inhibitio n assume s tha t  W 2 wil l  b e 
frequentl y omitte d fro m repor t  i n repeate d conditions ,  thi s 
typ e o f  mode l  make s n o prediction s abou t  misreportin g o f 
W 2,  sinc e th e entir e wor d i s assume d t o b e affecte d b y RB . 
I n contrast ,  sublexica l  model s predic t  th e occurrenc e o f  a 
particula r  typ e o f  misreport :  Letter s uniqu e t o W 2 wil l  b e 
reporte d (eithe r  a s par t  o f  anothe r  word ,  o r  i n isolation ) 
whil e letter s share d wit h W l  wil l  b e excluded . 

Specifically ,  sublexica l  model s predic t  that ,  fo r  th e Lette r 
condition ,  th e firs t  lette r  o f  W 2 (whic h i s share d wit h W l )  i s 
likel y t o b e exclude d fro m th e misreport ,  whil e th e remain -
in g letter s ar e likel y t o b e preserved ,  relativ e t o th e Unre -
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peate d condition .  Th e to p hal f  o f  Tabl e 4  show s percen t 
repor t  o f  th e first  lette r  vs .  th e remainin g letter s fo r  th e Let -
te r  an d Unrepeate d conditions .  A s predicte d b y sublexica l 
models ,  W 2 misreport s i n th e Lette r  conditio n selectivel y 
omitte d th e lette r  share d wit h W l ,  a s compare d t o th e sam e 
lette r  i n th e Unrepeate d condition ,  t{23 )  =  4.0 ,  p  <  .001 ,  eta ' 
= .41 .  Similarly ,  th e uniqu e letter s i n W 2 wer e reporte d a t  a 
highe r  rat e i n th e Lette r  conditio n compare d t o th e sam e 
letter s i n th e Unrepeate d condition ,  r(23 )  =  4.8 ,  p  <  .001 , 
eta '  =  .50 . 

Table 4: Percent Report of Shared vs. Unique Letters in W2 
(Experimen t  1 ) 

Cpnditio n 

Lette r 

Unrepeate d 

Conditio n 

Neighbo r 

Unrepeate d 

%Firs t  < 
lette r 

.1 4 

.7 2 

%share d 
letter s 

.4 4 

.6 5 

%)Remainin g 
letter s 

.9 4 

.5 6 

%las t 
lette r 

1.0 0 

.5 2 

Example s 
Stimulu s Misrepor t 

wi n we p wi n he p 

bay we p ba y wee p 

Example s 
Stimulu s Misrepor t 

noo n noo f  noo n hal f 

dru g noo f  dru g n o 

The botto m hal f  o f  Tabl e 4  show s a  simila r  compariso n 
involvin g th e Neighbo r  an d Unrepeate d conditions .  I n thi s 
case ,  th e Neighbo r  conditio n ha s onl y on e uniqu e letter ,  th e 
las t  letter .  Al l  othe r  letter s ar e shared .  Correspondin g let -
ter s i n th e Unrepeate d conditio n woul d b e th e first  tw o let -
ter s i n th e cas e o f  3-lette r  nonwords ,  an d first  3  letter s i n th e 
cas e o f  4-Iette r  nonwords .  Again ,  th e share d letter s ap -
peare d les s ofte n i n misreport s i n th e Neighbo r  conditio n 
when compare d wit h th e sam e letter s i n th e Unrepeate d 
condition ,  /(25 )  =  2.4 ,  p  <  .05 ,  eta '  =  .19 ,  whil e th e uniqu e 
lette r  wa s selectivel y preserve d i n th e Neighbo r  conditio n i n 
compariso n wit h th e sam e lette r  i n th e Unrepeate d condi -
tion ,  f(8 )  =  2.9 ,  p  <  .02 ,  eta '  =  .51 .  W e ca n als o examin e th e 
for m o f  th e misrepor t  error s i n mor e detail .  Tabl e 5  show s 
percen t  repor t  o f  fou r  erro r  type s a s a  percentag e o f  al l  W 2 
misrepor t  error s fo r  eac h condition :  reportin g a  wor d i n 
plac e o f  th e nonword ,  o r  wor d conversio n (mea t  M E A P — > 
meat  CARP) ;  repor t  o f  anothe r  nonwor d o f  approximatel y 
th e sam e lengt h {jo y J E G — > jo y Z E G ) ;  lette r  strippin g (ho t 
HI X — > ho t  IX) ;  an d repor t  o f  othe r  isolate d letters ,  no t 
lette r  strippin g (dat e RIS P — > dat e "R") . 

Table 5: Misreport Types (Experiment 1) 

Word Other Letter Other 
Conditio n Conversio n Nonwor d Strippin g Letter s 

Neighbor .47 .47 0 .06 

Letter .39 .24 .32 .05 

Unrepeated .52 .39 0 .09 

Most misreports were either word conversions or reports 
of  anothe r  nonword .  Althoug h lette r  strippin g misreport s 

di d occu r  fairl y  frequentl y i n th e Lette r  condition ,  i t  shoul d 
be note d tha t  5 7 % o f  thes e lette r  stripping s als o coul d b e 
classifie d a s wor d conversion s (suc h a s m a d M U P — > m a d 
UP an d bir d B E E L — > bir d EEL) .  Th e erro r  analysi s fro m 
Experimen t  1  i s therefor e consisten t  wit h th e result s o f  ou r 
previou s analysi s usin g wor d stimul i  (Harri s &  Morris , 
1997 )  i n term s o f  bot h th e selectivit y o f  R B (affectin g 
share d bu t  no t  nonshare d letters )  an d misrepor t  typ e (lette r 
strippin g vs .  word-leve l  patter n completion) . 

The overal l  result s o f  Experimen t  1  woul d see m t o b e 
somewhat  ambiguous ,  a s th e erro r  analysi s point s t o a 
sublexica l  locus ,  bu t  th e findin g o f  mor e R B fo r  th e Neigh -
bor  conditio n compare d t o th e Lette r  conditio n i s mor e 
consisten t  wit h a  similarit y inhibitio n model .  However ,  thi s 
experimen t  containe d a  confoun d betwee n th e proportio n o f 
share d letter s betwee n th e Neighbo r  an d Lette r  conditions , 
and th e numbe r  o f  share d letters .  Thi s confoun d ma y ex -
plai n th e ambiguou s results .  Th e simples t  sublexica l  mode l 
assumes tha t  whe n W 2 i s affecte d b y R B ,  al l  share d letter s 
i n tha t  W 2 ar e equall y affected .  O n th e othe r  hand ,  i f  w e 
assume tha t  eac h repeate d lette r  ha s a  separat e probabilit y  o f 
bein g suppresse d b y R B ,  the n w e woul d indee d expec t  mor e 
RB fo r  th e Neighbo r  conditio n tha n fo r  th e Lette r  condition , 
becaus e wit h eac h additiona l  share d letter ,  th e probabilit y  o f 
al l  letter s bein g correctl y perceive d decreases .  I n Experi -
ment  2 ,  w e re-examine d th e questio n o f  word-to-wor d in -
hibitio n vs .  sublexica l  locu s usin g stimul i  whic h share d th e 
same number ,  bu t  differen t  proportions ,  o f  thei r  letter s 
acros s conditions . 

Experiment 2 

Experimen t  2  agai n use d word-nonwor d pair s t o investigat e 
th e locu s o f  th e R B effect .  I n thi s experiment ,  w e hel d th e 
number  o f  share d letter s constan t  acros s item s (i n th e Re -
peate d condition )  bu t  varie d th e proportio n o f  share d letter s 
by varyin g wor d length .  Thi s enable d u s t o manipulat e 
similarit y betwee n W l  an d W 2 an d resulte d i n differen t 
prediction s fo r  similarit y inhibitio n vs .  sublexica l  model s o f 
R B.  Word s an d nonword s suc h a s je t  an d J E G ar e mor e 
simila r  t o eac h othe r  tha n plan e an d P L O S H,  althoug h bot h 
shar e th e sam e numbe r  o f  letters .  Similarit y inhibitio n ac -
count s therefor e predic t  a  greate r  magnitud e o f  R B fo r  je t 
J E G compare d t o plan e P L O S H,  whil e sublexica l  account s 
predic t  simila r  amount s o f  R B . 

A methodologica l  chang e wa s als o introduce d i n Experi -
ment  2 .  I n Experimen t  1 ,  i t  i s  possibl e that ,  wit h n o la g 
separatin g W l  an d W 2 (othe r  tha n th e 15-3 0 msec ,  refres h 
time )  ou r  result s coul d hav e bee n influence d b y visua l  fu -
sion ,  eve n thoug h W l  an d W 2 wer e displaye d i n differen t 
case .  I n orde r  t o eliminat e thi s possibility ,  a  ro w o f  symbol s 
was displaye d fo r  6 0 msec ,  betwee n W l  an d W 2 ,  whic h 
introduce d a  la g o f  approximately .  75-9 0 msec . 

Materials and Procedure 

Subject s wer e 2 0 Bosto n Universit y student s w h o partici -
pate d i n exchang e fo r  cours e credit .  Al l  subject s wer e na -
tiv e Englis h speakers . 

Stimul i  fo r  Experimen t  2  consiste d o f  2 0 word-nonwor d 
pairs ,  wit h tw o differen t  lengths :  thre e letter s an d five  let -
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ters .  Withi n eac h stimulu s typ e ther e wa s als o a  Repeate d 
and Unrepeate d condition .  Fo r  th e Repeate d condition ,  th e 
wor d an d nonwor d share d th e firs t  tw o letters ;  n o letter s 
wer e share d i n th e Unrepeate d condition .  Thus ,  al l  Re -
peate d item s share d th e sam e numbe r  o f  letter s betwee n W l 
and W 2 ,  bu t  th e proportio n o f  letter s share d wa s greate r  fo r 
th e 3-lette r  stimul i  (67% )  tha n fo r  th e 5-lette r  stimul i  (40%) . 
W l ' s wer e agai n matche d fo r  frequenc y betwee n condition s 
and stimulu s types .  Example s o f  stimul i  fo r  Experimen t  2 
ar e show n i n Tabl e 6 . 

Tabl e 6 :  Example s o f  Stimul i  (Experimen t  2 ) 

Conditio n Wl  W2 

3-letter s 

Repeate d 

Unrepeate d 

cu p C U G 

ra w C U G 

Conditio n WL W2 

5-letter s 

Repeate d phon e P H U R L 

Unrepeate d ston e P H U R L 

Stimul i  wer e arrange d i n 5  block s o f  6  trial s each .  Th e 
block s eac h containe d 1  Repeate d an d 1  Unrepeate d 3-lette r 
word-nonwor d pair .  1  Repeate d an d 1  Unrepeate d 5-lette r 
word-nonwor d pair ,  an d tw o filler  U-ial s wit h n o repeate d 
letters .  Thus ,  eac h subjec t  viewe d 5  stimulu s item s o f  eac h 
of  th e fou r  types ,  plu s 1 0 filler  trials .  Stimul i  wer e rotate d 
throug h th e variou s blocks ,  creatin g 1 0 differen t  presenta -
tio n orders .  Th e wor d ( W l )  alway s appeare d i n lowe r  cas e 
letters ,  wit h th e nonwor d ( W 2 )  i n uppe r  case . 

Subject s agai n viewe d 3 0 practic e trial s prio r  t o th e ex -
perimenta l  trials .  Procedur e wa s th e sam e a s i n Experimen t 
1,  excep t  tha t  a  ro w o f  poun d sign s (##### )  wa s displaye d 
fo r  6 0 mse c followin g W l  an d prio r  t o displa y o f  W 2 .  Ex -
posur e duratio n fo r  th e nonwor d ( W 2 )  wa s se t  durin g th e 
practic e trial s a s describe d i n Experimen t  1 ;  duratio n wa s 
hel d constan t  followin g th e practic e trials .  Th e averag e 
exposur e duratio n fo r  W 2 fo r  th e experimenta l  trial s acros s 
th e 2 0 subject s wa s 9 5 msec ,  range  75-13 5 msec . 

Results and Discussion 

Correc t  repor t  o f  W l  average d 9 8 % o r  greate r  i n al l  stimu -
lu s conditions .  Percen t  correc t  repor t  o f  W 2 give n correc t 
repor t  o f  W l  i s show n i n Tabl e 7 .  Analysi s o f  varianc e 
reveale d a  significan t  mai n effec t  o f  repeatednes s i n bot h 
th e subjec t  an d ite m analyses ,  F,(l ,  19 )  =  26.6 ,  p  <  .001 , 
eta '  =  .44 ;  F,(l ,  18 )  =  67.1 ,  p  <  .001 ,  eta '  =  .50 .  Th e mai n 
effec t  o f  lengt h wa s no t  significant ,  f.(l ,  19 )  =  2.3 ,  p  >  .10 , 
eta '  =  .01 ;  F,(l ,  18 )  =  1.5 ,  p  >  .20 ,  eta ^  =  .02 .  W e als o faile d 
t o obtai n a  significan t  interactio n betwee n repeatednes s an d 
length ,  F,(l ,  19 )  =  1.2 ,  p  >  .25 ,  eta '  =  .01 ;  F/ l ,  18 )  =  1.1 , 
p > . 3 0 ,  eta'=.01 . 

Table 7: Percent Correct Report of W2 given Report of Wl 
(Experimen t  2 ) 

Conditio n 

3-letter s 

Repeate d 

Unrepeate d 

mean 

.3 1 

.7 2 

S.E . 

.0 7 

.0 6 

Conditio n 

5-letter s 

Repeate d 

Unrepeate d 

mean 

.2 9 

.6 1 

S,F „ 

.0 6 

.0 6 

Tabl e 8  show s th e percentag e o f  misreport s o f  W 2 rela -
tiv e t o correc t  report s an d omissions ,  collapse d acros s 
stimulu s length .  Misreport s includ e reportin g a  word ,  an -
othe r  nonword ,  o r  individua l  letters . 

Table 8: Percent Correct, Omission, and Misreport of W2 
(Experimen t  2 ) 

Condition Corrggt Omission Misreport 

Repeate d 

Unrepeate d 

.3 0 

.6 7 

.2 4 

.0 9 

.4 6 

.2 4 

As i n Experimen t  1 ,  sublexica l  model s predic t  tha t  i n 
misreports ,  letter s uniqu e t o W 2 wil l  b e reported ,  whil e let -
ter s share d wit h W l  wil l  b e exclude d fro m report .  I n Ex -
perimen t  2 ,  th e first  tw o letter s i n th e Repeate d conditio n 
ar e shared ;  th e remainin g letter s ar e uniqu e t o W 2 .  Tabl e 9 
shows th e percen t  repor t  o f  th e first  2  letter s vs .  th e remain -
in g letter s fo r  th e Repeate d an d Unrepeate d conditions ,  col -
lapse d acros s wor d lengths .  A s predicte d b y sublexica l 
models ,  W 2 misreport s i n th e Repeate d conditio n selec -
tivel y omitte d th e letter s share d wit h W l  a s compare d t o th e 
same letter s i n th e Unrepeate d condition ,  /(17 )  =  6.2 ,  p  < 
.001 ,  eta '  =  .69 .  Also ,  th e uniqu e letter s i n W 2 wer e re -
porte d a t  a  highe r  rat e i n th e Repeate d conditio n compare d 
t o th e sam e letter s i n th e Unrepeate d condition ,  r(17 )  =  2.8 , 
p <  .02 ,  eta '  =  .32 . 

Table 9: Percent Report of Shared vs. Unique Letters in W2 
(Experimen t  2 ) 

%Firs t  %Uniqu e 
Conditio n 2  letter s letter ? 

Repeate d .3 6 .8 0 

Unrepeated .69 .54 

Example s 
Stimulu s Misrepor t 

sweet  swan d swee t  ran d 
m ud m u p m u d wu p 
thic k swan d thic k swam p 
ro w m u p ro w ma t 

Tabl e 1 0 show s percen t  repor t  o f  wor d conversions ,  othe r 
nonwor d report ,  lette r  stripping ,  an d repor t  o f  othe r  letter s 
(non-lette r  stripping )  a s a  percentag e o f  al l  W 2 misrepor t 
error s fo r  eac h condition .  Thi s analysi s show s simila r  re -
sult s t o Experimen t  1 :  som e lette r  strippin g di d occu r  alon g 
wit h th e othe r  misrepor t  types . 

Tabl e 10 :  Misrepor t  Type s (Experimen t  2 ) 

Conditio n 
W o rd 

Convergip n 
Othe r 

Nonwor d 
Lette r 

Strippin g 
Othe r 

Letter s 

Repeate d 

Unrepeated 

.3 9 

.54 

.2 2 

.29 

.1 8 

0 

.2 1 

.17 

Th e result s o f  Experimen t  2  ar e inconsisten t  wit h similar -
it y inhibitio n model s o f  R B :  Eve n thoug h th e 3-lette r 
stimul i  share d a  greate r  proportio n o f  letter s tha n th e 5-lette r 
stimuli ,  the y di d no t  demonstrat e a  greate r  degre e o f  RB . 
The erro r  analysi s i s als o mor e consisten t  wit h a  sublexica l 
model ;  R B appear s t o selectivel y affec t  onl y th e share d let -
ter s betwee n W l  an d W 2 . 
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G e n e r a l  D iscuss io n 

Our  previou s investigation s o f  R B betwee n word s o f 
varyin g orthographi c similarit y (Harri s &  Morris ,  1996 , 
1997 ;  Morri s &  Harris ,  1997 )  hav e suggeste d tha t  R B be -
twee n non-identica l  word s i s no t  a  matte r  o f  similarit y in -
hibition ,  bu t  rathe r  a n emergen t  propert y o f  interaction s a t 
subiexica l  levels .  I n sublexica l  model s o f  R B ,  onl y th e 
share d letter s betwee n word s ar e affected ;  th e nonshare d 
letter s ar e unaffecte d an d availabl e fo r  activatin g words . 
The tw o experiment s presente d i n thi s paper ,  usin g word -
nonwor d pair s a s stimuli ,  provid e additiona l  evidenc e fo r 
th e sublexica l  natur e o f  R B .  I n Experimen t  1 ,  word -
nonwor d pair s sharin g al l  bu t  on e lette r  (Neighbo r  condi -
tion )  showe d greate r  R B tha n word-nonwor d pair s sharin g 
onl y thei r  firs t  letter s (Lette r  condition) .  Thi s resul t  i s  con -
sisten t  wit h sublexica l  model s i f  i t  i s  assume d tha t  eac h 
share d letter ,  o r  lette r  cluster ,  ca n b e differentiall y  affecte d 
by th e mechanis m responsibl e fo r  R B ;  i t  i s  als o consisten t 
wit h prediction s o f  similarit y inhibitio n models .  However , 
i n Experimen t  2 ,  three-lette r  word-nonwor d pair s sharin g 
th e sam e numbe r  o f  thei r  letter s a s five-lette r  word-nonwor d 
pair s faile d t o sho w a  greate r  amoun t  o f  R B ,  i n spit e o f  thei r 
greate r  degre e o f  orthographi c similarity .  Thi s resul t  i s  in -
consisten t  wit h th e prediction s o f  similarit y inhibitio n mod -
els .  Furthermore ,  analysi s o f  subjects '  repor t  error s i n bot h 
experiment s showe d tha t  share d letter s ar e statisticall y les s 
likel y t o appea r  i n misreport s o f  repeate d conditions ,  com -
pare d t o th e sam e letter s i n unrepeate d conditions .  Non -
share d letters ,  o n th e othe r  hand ,  ar e mor e likel y t o appea r 
i n misreport s o f  repeate d condition s tha n ar e thos e sam e 
letter s i n unrepeate d conditions . 

Our  findin g o f  a  sublexica l  locu s fo r  orthographi c R B i s 

als o o f  interes t  i n tha t  i t  contradict s Kanwishe r  an d Potter' s 

assertio n tha t  R B occur s onl y a t  th e leve l  o f  representatio n 

bein g attende d (Kanwishe r  &  Potter ,  1990) .  Althoug h sub -

ject s ar e attendin g t o an d reportin g words ,  R B i s exhibite d 

fo r  letter s withi n thos e words . 

The result s presente d her e ar e consisten t  wit h eithe r  sin -

gl e letter s o r  lette r  cluster s a s th e locu s o f  sublexica l  R B 

effects ;  however ,  elsewhere ,  w e hav e presente d evidenc e i n 

favo r  o f  a  lette r  cluster s vie w (Harri s &  Morris ,  1997) .  W e 

obtaine d greate r  amount s o f  R B betwee n word s sharin g 

thre e consecutiv e letter s {awai t  aware ;  geniu s gender )  tha n 

word s sharin g alternatin g letter s {abov e alone ;  gunme n gen -

der) .  Furthe r  exploratio n o f  th e unit s involve d i n R B wil l 

shed ligh t  o n genera l  processe s i n wor d recognitio n an d 

orthographi c processing .  Thes e i n tur n wil l  infor m large r 

question s abou t  subsymboli c processin g an d th e perceptual -

cognitiv e interface . 
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