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Abstrac t 

Backward masking is often used to limit visual processing 
i n studie s o f  wor d recognition ,  semanti c priming ,  an d tex t 
processing .  However ,  th e manne r  i n whic h th e maskin g 
stimulu s interfere s wit h perceptio n o f  th e targe t  i s  no t  wel l 
understood .  Severa l  explanation s o f  th e backwar d maskin g 
effec t  ar e considered ,  a  terminatio n hypothesis ,  a n attentio n 
caphir e hypothesis ,  an d a  capacit y sharin g hypothesis .  A 
poin t  o f  distinction ,  th e effec t  o f  manipulatin g th e 
processin g demand s o f  th e maskin g stimulus ,  i s  teste d i n 
tw o experiments .  Frequenc y i n prin t  o f  th e maskin g 
stimulu s i s  manipulate d i n a  firs t  experimen t  an d bot h 
frequenc y an d repetitio n o f  th e maskin g stimulu s ar e teste d 
i n th e second .  Th e result s disconfir m tw o o f  th e 
hypotheses ,  terminatio n an d attentio n capture ,  an d suppor t 
th e capacit y sharin g hypothesis . 

In t roduct io n 

In backward pattern masking a stimulus is presented to the 
observe r  an d afte r  a  brie f  interva l  i s  followe d b y anothe r 
stimulu s presente d i n th e sam e locatio n o f  th e visua l  field. 
Thes e ar e calle d th e targe t  an d mas k respectively .  Th e 
presentatio n o f  th e mas k interfere s wit h th e processin g o f  th e 
target ;  th e exten t  o f  thi s inteiferenc e i s typicall y indexe d b y 
respons e accuracy .  W h e n th e interva l  betwee n th e onset s o f 
th e targe t  an d mas k i s small ,  targe t  recognitio n i s poor .  A s 
th e tim e betwee n th e onset s o f  targe t  an d mas k increases , 
targe t  recognition  improves . 

Backwar d maskin g i s a  ver y usefti l  too l  i n cognitiv e 
and perceptua l  psycholog y i n spit e o f  th e fac t  tha t  i t  i s no t 
clea r  exactl y h o w o r  w h y th e maskin g stimulu s interfere s 
wit h th e visua l  recognition  o f  th e target .  M a n y researchers 
hav e adopted ,  a t  leas t  implicitly ,  th e notio n tha t  th e 
presentatio n o f  th e mas k terminate s visua l  processin g c f 
th e target .  Thi s assumptio n i s  instantiate d i n curren t 
model s o f  backwar d masking ,  fo r  exampl e Lupke r  & 
Massar o (1979 )  an d Muise ,  LeBlanc ,  Lavoie ,  &  Arsenault , 
(1991) .  Thes e model s assum e tha t  visua l  informatio n 
relevant  t o targe t  identificatio n begin s t o accru e shortl y afie r 
targe t  presentatio n an d continue s t o buil d unti l  visua l 
processin g o f  th e targe t  i s  terminate d b y presentatio n o f  th e 
mask.  Muis e e t  al .  (1991 )  presente d thei r  basi c mode l 

i n term s o f  th e followin g exponentia l  growt h function : 

d'  =  a  (  1  -  e  • ^ ) .  W h e r e d '  i s th e measur e c f 
performance,"a "  represent s th e tota l  informatio n availabl e 
i n th e display ,  an d "e "  i s th e bas e o f  th e natura l  log .  Th e 
critica l  parameter s ar e "  G "  (th e growt h rat e o f  efifectiv e 
information )  an d "t "  (tim e betwee n targe t  an d mask) .  Th e 
accrua l  o f  infoimationeffectivefortarge t  identificatio n cease s 
at  tim e "t" ;  i n othe r  words ,  visua l  processin g o f  th e targe t 
i s terminate d b y th e presentatio n o f  th e mask .  Th e sol e 
determinan t  o f  informatio n accrua l  i s  "t" ,  o r  th e amoun t  c f 
tim e th e targe t  ha s enjoye d uninterrupte d acces s t o whateve r 
resource s ar e necessar y fo r  recognition.  Thi s mode l  doe s a 
ver y goo d jo b o f  predictin g performanc e wit h single-lette r 
tai]get s an d a  m u c h larger ,  brighter ,  patter n mask .  However , 
backwar d maskin g i s employe d effectivel y i n situation s i n 
whic h th e mas k an d targe t  ar e m u c h mor e equivalen t  i n 
term s o f  spatia l  exten t  an d luminanc e (Perfett i  &  Bell , 
1991 ;  Peifetti.Bell ,  &  Delaney,1988 ;  Naish ,  1983 ;  Taylo r 
& Chabot ,  1978 ;  Theio s &  Amrhein ,  1989a) .  Further , 
research  fro m tw o distinc t  area s suggest s tha t  th e activatio n 
resultin g fro m targe t  processin g i s no t  necessaril y 
obliterate d o r  terminate d b y th e presentatio n o f  th e mask . 

Th e first  i s a  clas s o f  results  groupe d unde r  th e headin g 
of  perceptio n withou t  awareness .  Th e empirica l  result  i s 
tha t  unde r  condition s o f  maskin g s o sever e tha t  observer s 
canno t  reliabl y identif y a  prim e word ,  facihtatio n c f 
semanticall y relate d target s result s (Dietric h &  Theios , 
1994 ;  Evet t  &  Humphreys ,  1981 ;  Greenwald ,  Klinge r  & 
Liu ,  1989 ;  Marcel ,  1983 ;  Morgan ,  1994) .  Marce l  (1983) , 
Coltheart(1980) ,  an d Theio s &  Marmolejo(1991 )  hav e al l 
offere d similia r  theoretica l  interpretation s o f  th e backwar d 
maskin g effect .  The y argu e tha t  th e presentatio n o f  th e 
maskin g stimulu s "snatches "  o r  capture s attentio n awa y 
from  th e targe t  stimulus ,  preventin g consciou s awarenes s c f 
th e targe t  bu t  no t  destroyin g al l  result s o f  perceptua l 
processes . 

Anothe r  lin e o f  evidenc e agains t  th e terminatio n 
hypothesi s i s provide d b y Dembe r  an d colleagues ;  Dembe r 
& Purcel l  (1967) ,  Dember ,  Schwartz ,  &  Koca k (1978) , 
Briscoe ,  Dembe r  &  W a r m (1983) .  I n severa l  experiment s 
thes e researchers  hav e demonstrate d tha t  i t  i s  possibl e t o 
"mas k th e mas k an d unmas k th e target "  .  Thi s i s 
accomplishe d b y addin g a  secon d mask ,  followin g th e fus t 
mask,  t o th e sequenc e o f  stimuli . 
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Lik e th e studie s o n perceptio n outsid e o f  awareness , 
thes e results  suppor t  a  conclusio n tha t  th e mas k interfere s 
wit h attentiona l  processe s leadin g t o th e consciou s 
perceptio n o f  th e target ,  bu t  doe s no t  obliterat e activatio n 
resulting  fro m targe t  processing . 

H o w coul d th e proces s o f  recognizing  th e mas k interfer e 
wit h recognition  o f  th e target ? Colthear t  (1980) ,  Marce l 
(1983) ,  Morga n (1993) .  Ohnesorge A Theio s (1991a )  an d 
Theio s &  Marmolej o (1991 )  hav e al l  suggeste d tha t 
attentio n i s capture d awa y fro m th e targe t  b y th e 
presentatio n o f  th e maskin g stimulus ,  A  reasonable 
prediction ,  base d o n thi s notion ,  i s  tha t  maskin g stimul i 
tha t  ar e easil y o r  quickl y recognize d shoul d captur e 
attentio n quickly ,  resultin g i n mor e o r  bette r  maskin g tha n 
masks tha t  ar e difficul t  t o proces s an d captur e attentio n 
mor e slowly .  However ,  a  differen t  conceptualizatio n o f  th e 
maskin g effec t  lead s t o a  contrastin g predictio a 

Give n tha t  th e transfe r  o f  informatio n fro m iconi c 
representation  t o shor t  ter m memor y i s dependen t  i n som e 
sens e o n capacit y (Gegenfurtne r  &  Sperling ,  1993 ;  LaBerg e 
& Brown ,  1989 ;  Reeves ,  1986 )  i t  seem s plausibl e tha t 
maskin g migh t  b e i n par t  a  result  o f  insufficien t  capacit y t o 
concurrentl y proces s bot h targe t  an d mas k t o a  leve l 
sufiicientfo r  consciou s awareness .  Th e result  o f  thi s lin e Of 
thinkin g i s th e capacit y sharin g hypothesis .  Mask s tha t 
requir e mor e processin g resource ,  rathe r  tha n less ,  wil l 
result  i n th e greates t  degre e o f  masking . 

Wit h thes e thre e hypothese s ther e i s a n exhaustiv e 
partitio n o f  th e possibilit y  space .  T h e terminatio n 
hypothesi s predict s n o effec t  o f  manipulatin g th e processin g 
demands o f  th e mask ,  th e attentio n captur e hypothesi s 
predict s mor e maskin g wit h lo w deman d masks ,  an d th e 
capacit y sharin g hypothesi s predict s mor e maskin g wit h 
hig h deman d masks . 

The Processing Demand of the Mask 

The following experiments will hold constant the low-level 
physica l  characteristic s o f  maskin g word s an d manipulat e 
highe r  orde r  characteristic s o f  th e maskin g stimul i  tha t  ca n 
reasonabl y b e associate d wit h processin g demands .  W e 
assume tha t  th e deman d fo r  resources  ca n b e indexe d 
throug h response  tim e an d accuracy ,  wit h longe r  respons e 
time s an d lowe r  accurac y rate s indicatin g a  greate r  deman d 
fo r  processin g resources.  W o r d Frequenc y an d Stimulu s 
Repetitio n ar e bot h goo d candidate s fo r  manipulatin g th e 
processin g demand s o f  lexica l  stimuli .  Th e wor d frequenc y 
effec t  ( W F E )  i s ubiquitous ,  word s tha t  ar e hig h i n printe d 
frequenc y ar e responded  t o mor e quickly ,  an d wit h fewer 
error s tha n lo w frequenc y o r  les s familia r  word s 
(Scarborough ,  Cortese ,  & .  Scarborough ,  1977) .  Likewise , 
stimul i  tha t  ar e repeated  withi n a n experimenta l  contex t 
yiel d faste r  an d mor e accurat e recognition  score s tha n non -
repeate d stimul i  (Forste r  &  Davis ,  1984 ;  Scarborough , 
Cortese ,  &  Scarborough ,  1977 ;  Theio s &  Walte r  1973 ; 
Wol t z 1990 )  Manipulatin g eithe r  th e printe d wor d 
frequenc y o r  repetition  o f  stimul i  use d a s mask s shoul d 
affec t  th e amoun t  o f  processin g require d fo r  thei r 
recognition ,  an d allo w a  critica l  tes t  o f  th e termination , 
attentio n captiue ,  an d capacit y sharin g hypotheses . 

W o rd frequenc y an d repetitio n ar e usefu l  variable s fc 
manipulat e becaus e explanation s o f  th e somewha t  vagu e 
ter m "processin g resources"  ca n b e mad e wit h respect  t o 
model s o f  wor d recognitio n tha t  incorporat e processin g 
cycle s i n simulation s o f  th e wor d recognition  proces s (e.g . 
th e Activation-Verificatio n mode l  o f  Paap ,  Newsome , 
McDonald ,  &  Schvaneveldt ,  1982 ;  o r  th e Interactiv e 
Activatio n mode l  o f  McClellan d &  Rummelhart ,  (1981 , 
1985) .  A  slightl y differen t  conceptualizatio n o f  wor d 
frequenc y an d repetitio n effect s i s embodie d i n th e 
activatio n leve l  accoun t  o f  th e Logoge n mode l  (Morton , 
1969) .  O u r  first  experimen t  examine s th e effec t  c f 
manipulatin g th e printe d frequenc y o f  th e mask .  O n th e 
basi s o f  a  pilo t  stud y w e concentrate d o n level s o f  S O A u p 
t o 5 3 milliseconds . 

Experiment One 

Subjects 
Twenty-thre e student s wit h norma l  o r  correcte d visio n a t 
th e Universit y o f  Wisconsin-Madiso n participated . 

Apparatus 
The experimen t  wa s designe d an d conducte d usin g th e 
softwar e progra m PsyScop e (Cohen ,  MacWhinney ,  Flat t  & 
Provost ,  1993) .  A  Powe r  Macintos h 710 0 controlle d th e 
displa y sequenc e an d collecte d th e data .  Design  Ther e 
wer e tw o within-subject s variables ,  Stimulu s Onse t 
Asynchron y o r  S O A ,  an d Mas k Frequency .  Ther e wer e fou r 
level s o f  S O A (13.3 ,  26.6 ,  40 ,  53. 3 ms. )  an d tw o level s c f 
Mask Frequency ,  (Hig h an d Low) . 

Procedure 
Subject s sa t  50 0 millimeter s fro m th e compute r  monitor . 
Each tria l  consiste d o f  30 0 m s o f  fixation,  a  5 0 m s blan k 
interval ,  a  1 3 m s presentatio n o f  th e target ,  on e o f  th e fou r 
randoml y selecte d level s o f  S O A ,  and ,  followin g a  30 0 m s 
blan k interval ,  th e choic e alternativ e pai r  unti l  response . 
The compute r  provide d feedbac k o n eac h tria l  o f  th e 4 5 
practic e an d 21 6 experimenta l  trials . 

Stimuli 
The stimul i  wer e selecte d usin g th e thir d inde x o f  th e 
Kuceraan d Franci s (1967 )  wor d frequenc y corpus .  Th e 
experimenta l  stimul i  comprise d thre e sets :  a  se t  o f  21 6 lo w 
frequenc y choic e alternativ e pairs ,  a  se t  o f  21 6 hig h 
frequenc y mask s an d a  se t  o f  21 6 lo w frequenc y masks .  Al l 
of  th e word s use d i n th e experiment ,  bot h mask s an d 
targets ,  wer e fou r  letter s long .  Th e vas t  majorit y wer e 
singl e syllable .  Th e targe t  se t  wa s constmctedb y selectin g 
pair s o f  word s tha t  differe d b y on e o r  tw o letters .  Th e 
substitute d lette r  range d acros s th e fou r  possibl e position s 
withi n word s (e.g .  " L A V A &  J A V A "  var y i n th e fus t 
position ,  " H E C K &  H I C K "  i n th e second) .  Th e targe t  for 
eac h tria l  wa s randoml y selected ,  th e othe r  member  o f  th e 
pai r  becam e th e foi l  i n th e identificatio n phase .  Th e printe d 
frequenc y o f  al l  word s i n th e choic e alternativ e pai r  se t  wa s 
betwee n 1  an d 10 ,  wit h a  mea n frequenc y o f  3.3 .  Th e lo w 
fiequency  maskin g word s range d fro m 1  t o 10 ,  wit h a  mea n 
frequenc y o f  3.6 .  Th e hig h frequenc y maskin g word s range d 
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fro m 5 0 t o 50 0 occurrences ,  wit h a  mea n fiequencyof  187 . 
S u m m ed Positiona l  Bigia m Frequenc y (SPBF )  fo r  th e 
stimulu s set s wa s calculate d usin g th e norm s publishe d b y 
Massaro ,  Taylor ,  Venezky ,  Jastrzembski, & 
Lucas,(1980).Th e maskin g set s dififeiedgreatl y i n frequency 
but  onl y slightl y i n SPBF . 

Results 
The effec t  o f  Mas k Frequenc y wa s significant ,  F (  1,22 )  = 
17.3 ,  p  <  .05 .  Th e mea n percentag e o f  target s correctl y 
recognize d i n th e Hig h Frequenc y mas k conditio n wa s 
6 2 %,  versu s 5 7 % i n th e L o w Frequenc y mas k conditio n 
The efifecto f  S O A wa s als o significant^(3,66 )  =  8.9 ,  p  < 
.05 .  Th e interactio n o f  Mas k Frequenc y an d S O A di d no t 
approac h significanceF(3,66 )  =  .18 ,  p > .05 .  Cohen' s 
epsilo n (  e  )  reveale d a  stron g relationship  betwee n Mas k 
Frequenc y an d targe t  recognitio n performance , 
i _ =  .64 . 
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Figur e 1 :  Targe t  recognitio n unde r  maskin g b y 
Hig h an d L o w Frequenc y maskin g words . 

Discussion 
Thi s resul t  provide s suppor t  fo r  th e capacit y sharin g 
hypothesi s an d infirm s th e terminatio n an d attentio n captur e 
hypotheses .  Targe t  recognitio n i s influence d b y th e 
demand o f  th e mask .  L o w frequenc y (hig h demand )  masks , 
ar e mor e effectiv e tha n hig h firequency  masks ,  i.e .  resul t  i n 
lowe r  level s o f  targe t  recognition .  Th e frequenc y effec t 
produce s abou t  5 % differenc e i n recognitio n accurac y 
betwee n condition s i n thi s 2 A F C design .  However ,  th e 

proportio n o f  varianc e accounte d for ,  e ^  =  .41 ,  i s  larg e 
enoug h t o sho w tha t  thi s differenc e i s no t  trivial . 

Experiment Two 

Word frequency is a manipulation of processing difBcully 
tha t  ca n b e understoo d withi n curren t  simulation s o f  wor d 
recognitio n processes .  I n orde r  t o fiirthe r  tes t  th e distinctiv e 
prediction s o f  th e thre e hypothese s w e conducte d a n 
experimen t  tha t  manipulate d th e d e m a n d o f  th e m a s k usin g 
a repetition  manipulation .  T h e stimulu s repetition  effecti s 
quit e robust ;  faste r  an d m o r e accurat e processin g upo n 
subsequen t  exposure s t o a  stimulu s (Forste r  &  Davis , 
1984 ;  Theio s &  Walter ,  1973 ,  W o l U 1990) .  B y infererc e 

mask in g stimul i  tha t  ar e repeate d wil l  requir e les s 
processin g tha n mask s tha t  ar e presente d onl y once .  T h e 
prediction s fo r  Experimen t  T w o ar e analogou s t o thos e 
derive d fo r  Experimen t  O n e .  T h e terminatio n hypothesi s 
predict s n o efifec t  o f  repeating  th e mask ,  th e attentio n captur e 
hypothesi s predict s mor e mask in g w h e n th e m a s k i s 
repeated,  an d th e capacit y sharin g hypothesi s predict s les s 
maskin g w h e n th e m a s k i s repeated. 

Subjects Twenty-six students with normal or corrected 
visio n f r o m th e Universit y o f  Wisconsin-Madiso n 
participate d i n th e experiment . 

Design There were two within-subjects variables. Mask 
Frequenc y (Hig h &  L o w )  an d M a s k Repetitio n (Singl e 
Exposur e &  Repeate d Exposure) ,  wit h a  singl e S O A o f  2 6 
milliseconds . 

Stimuli 
Th e stimu h wer e thos e use d i n Experimen t  1 . 

Procedure 
Ther e wer e tw o significantdififerencesinth e procedur e use d 
i n experiementtwo .  First ,  onl y on e leve l  o f  S O A w a s use d 
t o reduc e th e overal l  complexit y o f  th e task .  Second ,  a n 
additiona l  stimulu s w a s presente d fo r  o n e secon d 
immediatel y prio r  t o th e target:mas k sequence .  Thi s 
stimulu s w a s eithe r  th e m a s k tha t  woul d appea r  late r  i n th e 
tria l  (repeate d exposiu e condition )  o r  a  differen t  m a s k o f  th e 
appropriat e frequenc y (singl e e^qwsur e condition) . 

Results 
T h e effec t  o f  frequeiK y w a s agai n significant ,  F (  1, 2 5 )  = 
13.1 ,  p  <  .05 ,  an d th e strengt h o f  asociatio n w a s relatively 
high ,  £  =  .56 .  T h e m a i n efifecto f  th e M a s k Repetitio n 
facto r  w a s als o significant ,  £(1,25 )  =  44.1 .  p  <  .05 . 
Observer s correctl y identifie d m o r e target s i n th e Repeate d 
Exposur e conditio n ( m e a n =  7 0 % )  tha n i n th e Singl e 
Exposur e conditio n (mea n =  6 2 % ) .  T h e Repetitio n facto r 
w as als o strongl y related  t o performance ,  e  =  .79 .  T h e 
interactio n o f  Frequenc y an d Repetitio n w a s no t  significan t 
E(l,25 )  =  .021 . 
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Figur e 2 ;  Targe t  recognitio n unde r  maskin g b y Hig h an d 
L o w frequenc y maskin g word s presente d onc e (singl e 

condition )  o r  twic e (repeate d condition) . 
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C o n c l u s i o n 

The interpretation of these studies is straightforward. 
Factor s tha t  affec t  th e processin g deman d o f  a  maskin g 
stimulu s affec t  th e degre e o f  maskin g tha t  occurs .  Thi s 
findin g i s sufficien t  t o disconfir m th e terminatio n 
hypothesis .  Wer e th e terminatio n hypothesi s tru e th e 
manipulatio n o f  maskin g wor d frequenc y an d mas k 
repetitio n shoul d no t  hav e affecte d th e exten t  o f  maskin g 
tha t  occurred .  Give n ou r  tigh t  stimulu s control ,  onl y 
change s i n targe t  processin g tim e (th e parameter"t "  i n th e 
model  describe d b y Muis e e t  al. ,  1991 )  shoul d hav e affecte d 
th e accrua l  o f  informatio n an d thu s recognitio n peifoimance . 
The attentio n captur e hypothesi s i s als o disconfirmed .  Th e 
attentio n captur e hypothesi s admit s a  rol e fo r  higher-leve l 
processesin g resource s i n backwar d maskin g bu t  make s a 
predictio n i n th e opposit e directio n fro m tha t  whic h 
occurred .  I n contrast ,  th e capacit y sharin g hypothesi s i s 
supported .  Mask s tha t  ar e mor e easil y processe d interfer e 
les s wit h th e processin g o f  th e target ,  allowin g bette r  targe t 
recognition  performance .  I n hindsight ,  th e capacit y sharin g 
hypothesi s ca n b e see n t o fi t  neatl y int o th e larg e bod y c f 
wor k o n dual-tas k performance .  W h e n th e difficult y o f  on e 
tas k i s increased ,  performanc e o n a  concurren t  tas k falls ,  t o 
th e exten t  tha t  th e tw o task s compet e fo r  c o m m o n 
resources .  Th e result s o f  thes e studie s suppor t  th e 
conclusio n tha t  th e targe t  an d mas k compet e fo r  resources 
fro m a  c o m m o n poo l  tha t  ar e neede d b y bot h fix 
recognition .  Give n it s late r  arrival ,  th e mas k enjoy s 
privilege d acces s t o thi s poo l  an d ca n deman d sufficien t 
resources  t o suppor t  it s  o w n recognition ,  wit h a n attendan t 
reductio n i n resources  availabl e fo r  targe t  recognition. 
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