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Abstrac t 

Letters are detected more efficiently among digits than among 
letters .  Thi s alphanumeri c categor y effec t  suggest s a n archi -
tectura l  distinctio n betwee n lette r  an d numbe r  representatio n 
i n huma n visio n an d dissociation s betwee n lette r  an d numbe r 
recognitio n followin g brai n damag e suppor t  thi s interpretation . 
Becaus e lette r  an d numbe r  recognitio n ar e no t  innate ,  thi s im -
plie s tha t  experienc e ca n shap e th e functiona l  architectur e o f 
vision .  A  possibl e explanatio n i s tha t  letter s co-occu r  wit h let -
ter s i n th e environmen t  whil e number s co-occu r  wit h numbers ; 
suc h statistic s caus e segregatio n o f  lette r  an d numbe r  repre -
sentation s i n artificia l  neura l  networks .  T o tes t  th e genera l 
hypothesi s tha t  environmenta l  statistic s affec t  th e architectur e 
of  vision ,  an d th e specifi c  hypothesi s tha t  within-categor y co -
occurrenc e cause s th e alphanumeri c categor y effect ,  w e mea -
sure d th e effec t  i n foreig n mai l  sorter s wh o proces s Canadia n 
zi p code s (whic h violat e th e co-occurrenc e statistics )  an d i n 
contro l  subjects .  A s predicted ,  foreig n mai l  sorter s showe d a 
smalle r  categor y effec t 

The Alphanumeric Category Effect 

a n d th e C o - O c c u r r e n c e H y p o t h e s i s 

A central goal of cognitive psychology is to characterize 
th e fiinctional  architecture ,  tha t  is ,  th e se t  o f  information -
processin g subsystem s underlyin g cognition .  I n th e cas e o f 
vision ,  a  productiv e behaviora l  approac h t o elucidatin g th e 
architectur e ha s bee n t o stud y pop-ou t  effects .  A  visua l  tar -
get  i s sai d t o pop-ou t  i f  i t  i s  detecte d quickl y an d withou t 
seria l  searc h (i.e. ,  respons e tim e i s relativel y independen t  o f 
th e numbe r  o f  distractors) .  Treisma n an d colleague s (Treis -
man,  1988 ;  Treisma n &  Gelade ,  1980 )  hav e show n tha t  tar -
get s tha t  diffe r  fro m distractor s b y th e presenc e o f  certain , 
so-calle d primitive ,  visua l  feature s (e.g. ,  color ,  orientation , 
motion )  pop-out ,  whil e target s tha t  diffe r  b y th e presenc e o f 
othe r  feature s d o no t  (i.e. ,  the y requir e slower ,  seria l  search) . 
Treisma n an d Gelad e (1980 )  propose d a n influentia l  feature -
integratio n theor y i n whic h primitiv e featiu-e s ar e processe d 
automaticall y an d i n paralle l  i n specialize d modules ,  calle d 
featur e maps .  Thi s hypothesi s i s consisten t  wit h neuroscien -
tifi c  evidenc e fo r  spatiall y  segregated ,  cortica l  area s tha t  ar e 
specialize d fo r  processin g suc h feature s (Cowey ,  1979 ;  Va n 
Esse n &  Maunsell ,  1983) . 

A simila r  pop-ou t  effec t  occur s fo r  letter s an d digits :  A 
lette r  targe t  i s detecte d mor e quickl y an d accuratel y amon g 
digi t  distractor s tha n amon g distinc t  lette r  distractor s an d vic e 
vers a (EHincan ,  1980 ;  Duncan ,  1983a ;  Egeth ,  Jonides ,  &  Wall , 
1972 ;  Jonides  &  Gleitman ,  1972 ;  Merikle ,  1980 ;  Schneide r 

& Shiffrin ,  1977 ;  vo n Wright ,  1972) .  Althoug h thi s alphanu -
meri c categor y effec t  ca n disappea r  whe n usin g letter-digi t 
pair s tha t  ar e matche d fo r  visua l  similarit y (Cardosi ,  1986 ; 
Krueger ,  1984) ,  thi s approac h make s betwee n categor y item s 
(letter s an d digits )  mor e visuall y similar ,  o n average ,  tha n 
withi n categor y item s (differen t  letters )  an d henc e m a y mas k 
th e effect ;  whe n bot h betwee n an d withi n categor y similar -
it y ar e controlled ,  th e categor y effec t  reemerge s (Dixo n & 
Shedden ,  1987) . 

Thi s evidenc e suggest s tha t  categor y informatio n abou t  al -
phanumeri c stimul i  i s compute d automatically ,  rapidl y an d i n 
paralle l  i n muc h th e sam e wa y informatio n abou t  primitiv e 
visua l  feature s i s processed .  Consisten t  wit h thi s hypothesis , 
brain-damage d patient s ca n b e selectivel y impaire d a t  lette r 
recognitio n relativ e t o numbe r  recognitio n (Gardner ,  1974 ; 
Hecae n &  Kremin ,  1976 )  an d vice-vers a (Cipolotti ,  1995) , 
suggestin g tha t  lette r  an d digi t  recognitio n ar e carrie d ou t  b y 
distinc t  module s o r  maps . 

Althoug h i t  i s  natura l  t o assum e tha t  th e visua l  processin g 
of  color ,  motion ,  an d othe r  primitiv e feature s ar e innate ,  lette r 
and digi t  recognitio n certainl y ar e not :  The y ar e no t  phylo -
geneticall y  old ,  the y ar e no t  share d b y al l  norma l  adults ,  an d 
the y requir e systemati c trainin g t o develop .  I f  th e fiinctiona l 
architectur e o f  visio n (i n norma l  adul t  readers )  include s map s 
devote d t o lette r  an d digi t  recognition ,  a s th e behaviora l  an d 
neuropsychologica l  dat a suggest ,  the n th e environmen t  mus t 
be playin g a  rol e i n shapin g tha t  architectiu-e .  H o w migh t  i t 
do so ? 

Th e fac t  tha t  neura l  learnin g i s fundamentall y correlation -
base d suggest s tha t  tempora l  correlation s i n th e environmen t 
m ay provid e a n answer .  Fo r  example ,  stimul i  withi n a  cate -
gor y (e.g. ,  letters )  ten d t o occu r  i n clos e tempora l  proximit y 
(e.g. ,  i n text) ,  bu t  stimul i  betwee n categorie s (e.g. ,  letter s an d 
digits )  occu r  i n suc h clos e tempora l  proximit y muc h les s of -
ten .  Thi s statistica l  featur e o f  th e environmen t  coul d interac t 
wit h correlation-base d learnin g i n th e brai n t o lea d t o map s fo r 
lette r  an d digi t  recognition .  Pol k an d Fara h (1993,1995 )  im -
plemente d thi s hypothesi s i n a  simpl e neura l  networ k mode l 
tha t  use d a  Hebbia n learnin g rule .  W h e n thi s networ k wa s pre -
sente d wit h input s tha t  satisf y thes e co-occurrenc e statistics ,  i t 
spontaneousl y self-organize d t o produc e map s fo r  letter s an d 
digits . 

An Empirical Test 

of  th e Co-Occurrenc e Hypothesi s 

I f  th e developmen t  o f  suc h map s i s du e t o th e co-occurrenc e 
of  letter s wit h letter s an d digit s wit h digits ,  the n th e alphanu -
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Figur e 1 :  M e a n reactio n tim e (wit h standar d erro r  bars )  fo r  correc t  response s o n target-presen t  trial s fo r  th e foreig n mai l  sorter s 
and posta l  control s i n bot h th e letter-among-letter s (LL )  an d letter-among-digit s (LD )  conditions . 

meri c categor y effec t  shoul d b e smalle r  i n subject s w h o regu -
larl y se e letter s an d digit s together .  Suc h subject s shoul d hav e 
les s segregate d map s and ,  a s a  result ,  letter s shoul d no t  po p ou t 
fro m digit s a s m u c h a s the y d o fo r  contro l  subjects .  Thi s pre -
dictio n offer s th e appealin g possibilit y  o f  directl y observin g 
th e effect s o f  environmenta l  co-occurrenc e o n th e functiona l 
architectur e o f  vision . 

To tes t  thi s predictio n w e compare d th e alphanumeri c cat -
egor y effec t  i n foreig n mai l  sorter s wit h tha t  i n posta l  worke r 
controls .  Foreig n mai l  sorter s spen d roughl y 4  hour s pe r 
day processin g Canadia n zi p code s i n whic h letter s an d digit s 
occu r  togethe r  (the y alternate) . 

Method 

Subjects. 10 foreign mail sorters and 16 postal controls 
fro m th e Philadelphi a Ai r  Mai l  Facilit y  wer e pai d $2 0 fo r  thei r 
participation .  Th e foreig n mai l  sorter s ha d al l  bee n operatin g 
th e Lette r  Sortin g Machin e fo r  a t  leas t  6  month s prio r  t o thei r 
participation . 

Task. The experiment was run on a Macintosh Ilsi computer 
wit h a  14 "  screen .  Display s wer e mad e u p o f  digit s an d 
uppercas e letter s fro m th e Genev a typefac e i n 1 0 poin t  font . 
The tas k an d procedur e wer e modele d o n thos e o f  Dunca n 
(1983b) ,  experimen t  1 . 

On eac h trial ,  th e compute r  first  presente d th e targe t  lette r  i n 
th e cente r  o f  th e scree n (eithe r  a n A  o r  a  Z ,  randoml y chosen) . 
Once th e subjec t  presse d th e spaceba r  indicatin g the y wer e 
read y t o proceed ,  th e scree n wen t  blan k fo r  160 0 mse c an d 
the n presente d a  fixation  poin t  a t  th e cente r  o f  th e screen . 
Afte r  40 0 mse c th e fixation  poin t  wa s replace d b y a  circula r 
arra y o f  two ,  four ,  o r  si x character s whos e diamete r  subtende d 
a visua l  angl e o f  3. 4 degree s an d whic h wa s centere d o n th e 

fixation  point .  O n hal f  th e trials ,  thi s arra y include d th e targe t 
letter ,  o n hal f  th e trial s i t  di d not .  I n th e letter-among-digi t 
( LD )  trials ,  th e distractor s wer e selecte d randoml y fro m th e 
set  3 ,  5 ,  6 ,  8 ,  9 .  I n th e letter-among-lette r  (LL )  trials ,  th e 
distractor s wer e selecte d randoml y fro m th e se t  C ,  E ,  F ,  H ,  J , 
K,  L ,  N ,  P ,  R ,  S ,  T ,  U ,  V ,  X ,  Y .  Th e subject s presse d a  ke y wit h 
thei r  righ t  inde x finger  i f  th e targe t  wa s presen t  an d wit h thei r 
lef t  inde x finger  i f  th e targe t  wa s absent .  Afte r  th e response , 
th e scree n wen t  blan k fo r  2  se c followe d b y th e targe t  fo r  th e 
nex t  trial . 

Ther e wer e 1 2 possibl e position s i n th e circula r  arra y i n 
whic h character s coul d appear ,  arrange d lik e a  clock .  Th e 
position s i n th e arra y wer e groupe d int o si x pair s (1 2 an d 1 
o'clock ,  2  an d 3  o'clock,... ,  1 0 an d 1 1 o'clock) .  Character s 
appeare d i n rando m position s i n th e arra y excep t  tha t  tw o 
character s neve r  appeare d i n th e sam e grou p an d a t  leas t  on e 
pai r  o f  character s appeare d i n diametricall y opposit e group s 
(e.g. ,  on e characte r  i n th e 12- 1 o'cloc k grou p an d on e characte r 
i n th e 6- 7 o'cloc k group) . 

Procedure .  Afte r  bein g instructed ,  eac h subjec t  receive d a 
bloc k o f  L D trial s an d a  bloc k o f  L L trial s wit h th e orde r  ran -
domize d acros s subjects .  Eac h bloc k consiste d o f  2 4 practic e 
trial s (no t  analyzed) ,  a  break ,  an d 10 8 tes t  trials . 

Withi n eac h se t  o f  10 8 tes t  trials ,  th e followin g factor s wer e 
varie d orthogonally :  3  (two ,  four ,  o r  si x characters )  x  2  (targe t 
presen t  vs .  absent )  x  6  (targe t  positions ;  a  d u m m y variabl e fo r 
targe t  absen t  trials )  x  2  ( A o r  Z ) .  Otherwise ,  tria l  sequence s 
wer e randomize d fo r  eac h bloc k an d subject . 

Results 

Figure 1 shows the mean reaction time for correct responses on 
target-presen t  trial s fo r  th e foreig n mai l  sorter s an d posta l  con -
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Figxir e 2 :  M e a n rati o o f  reactio n time s (wit h standar d erro r  bars )  i n th e tw o condition s (LL/LD )  fo r  th e tw o subjec t  groups . 

trol s i n bot h th e letter-among-leiter s (LL )  an d letter-among -
digit s ( L D )  conditions .  I n keepin g wit h th e traditiona l  cate -
gor y effect ,  ther e wa s a  mai n effec t  fo r  condition ,  wit h L D 
trial s bein g reliabl y fast w tha n L L trials ,  t(25 )  =  4.367 ,  p 
< .001 ,  one-tailed .  Althoug h th e foreig n mai l  sorter s wer e 
on avCTag e faste r  tha n control s (62 7 mse c vs .  72 1 msec )  thi s 
effec t  di d no t  achiev e significance ,  t(24 )  =  1.429 ,  p  > .  15 ,  two -
tailed .  Th e interactio n betwee n subjec t  grou p an d condition , 
however ,  wa s significant ;  th e foreig n mai l  sorter s showe d a 
smalle r  differenc e betwee n th e L L an d L D condition s tha n 
di d th e control s (i.e. ,  a  reduce d categor y effec t  a s measure d 
by L L - L D difference) ,  t(24 )  =  1.816 ,  p  <  .05 ,  one-tailed . 

Figur e 2  show s th e mea n rati o o f  reactio n time s i n th e 
tw o condition s (LL/LD )  fo r  th e tw o subjec t  groups .  Th e 
foreig n mai l  sorter s als o showe d a  reduce d categor y effec t  a s 
measure d b y th e L L / L D ratio ,  t(24 )  =  1.864 ,  p  <  .05 ,  one -
tailed . 

Figur e 3  show s th e mea n reactio n time s fo r  th e tw o subjec t 
group s whe n th e thre e slowes t  control s ar e excluded ,  thu s 
makin g thei r  averag e respons e tim e i n th e L D conditio n faste r 
tha n tha t  fo r  th e sorters .  I n keepin g wit h th e overal l  results ,  th e 
L D conditio n wa s significantl y faste r  tha n th e L L condition , 
t(22)=4.785 ,  p  <  .001 ,  one-tailed ,  an d th e foreig n mai l  sorter s 
showe d a  reduce d categor y effec t  a s measure d b y th e L L - L D 
difference ,  t(2 1 ) = 1.881 ,  p  <  .05 ,  one-tailed ,  an d b y th e L L / L D 
ratio ,  t(21 )  =  2.060 ,  p  <  .05 ,  one-tailed .  Ther e wa s a  cross -
ova -  interactio n i n thi s case ,  wit h contro l  subject s respondin g 
faste r  tha n sorter s i n th e L D condition ,  bu t  slowe r  tha n sorter s 
i n th e L L condition .  Ther e wa s no t  a  significan t  mai n effec t 
fo r  subjec t  group ,  t(21 )  =  0.583 ,  p  >  .50 ,  two-tailed . 

Figiu- e 4  show s th e sam e result s wit h a  se t  o f  8  colleg e 
graduate s i n plac e o f  th e posta l  controls .  Onc e again ,  th e 
L D conditio n wa s significantl y faste r  tha n th e L L condition , 
t(17 )  =  3.208 ,  p  <  .01 ,  one-tailed ,  an d th e foreig n mai l  sorter s 

showe d a  reduce d categor y effec t  a s measure d b y th e LL -
L D difference ,  t(16 )  =  2.271 ,  p  <  .05 ,  one-tailed ,  an d b y th e 
L L / L D ratio ,  t(16 )  =  2.792 ,  p  <  .01 ,  one-tailed .  Again ,  thi s 
was a  cross-ove r  interactio n wit h control s respondin g faste r 
tha n sorter s i n th e L D condition ,  bu t  slowe r  tha n sorter s i n 
th e L L condition .  Ther e wa s no t  a  significan t  mai n effec t  fo r 
subjec t  group ,  t(16 )  =  -0.438 ,  p  >  .50 ,  two-tailed . 

Discussion 

I n keepin g wit h th e predictio n o f  th e co-occurrenc e hypoth -
esis ,  foreig n mai l  sorter s showe d a  reduce d categor y effec t 
as measure d b y th e absolut e differenc e i n respons e time s (R T 
i n th e letter-among-lette r  [LL ]  conditio n -  R T i n th e letter -
among-digi t  [LD ]  condition .  Figur e 1 )  an d b y th e rati o o f 
respons e time s ((R T i n LL)/(R T i n L D ) ,  Figur e 2) .  T o en -
sur e tha t  thes e result s wer e no t  th e resul t  o f  a  floor  effec t  (R T 
fo r  th e sorter s i n th e L D conditio n approachin g a  floor  an d 
therefor e reducin g th e effect) ,  w e exclude d th e thre e slowes t 
posta l  worke r  control s fo r  on e analysi s (Figur e 3 )  an d use d 
colleg e graduate s whos e RT s wer e faste r  fo r  anothe r  (Figur e 
4) .  I n bot h cases ,  th e contro l  grou p showe d a  large r  categor y 
effec t  tha n th e foreig n mai l  sorters ,  eve n thoug h bot h thes e 
group s wer e faste r  tha n th e sorter s i n th e L D condition .  Thes e 
cross-ove r  interaction s eliminat e an y obviou s interpretation s 
base d o n artifacts . 

Th e co-occurrenc e hypothesi s m a y als o explai n othe r  ex -
ample s o f  environmenta l  influence s o n th e functiona l  archi -
tecture .  Ther e i s evidenc e fo r  th e neura l  segregatio n o f  hand -
writin g vs .  othe r  manua l  contro l  task s (Alexander ,  Fischer ,  & 
Friedman ,  1992 )  (an d eve n scrip t  an d prin t  ca n b e selectivel y 
impaire d b y brai n damage ,  Kinsbourn e an d Hiltbrunner ,  per -
sona l  communication) ,  o f  melod y recognitio n vs .  th e recog -
nitio n o f  othe r  sound s (Peretz ,  1993) ,  an d o f  eac h languag e 
i n bilingual s (Ojemann ,  1983) .  Thes e example s als o involv e 
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Figur e 3 :  Mea n reactio n time s (wit h standar d erro r  bars )  fo r  th e tw o subjec t  group s whe n th e thre e slowes t  control s ar e excluded . 

influence s o n th e functiona l  architectur e tha t  ar e presumabl y 
not  innate .  An d i n keepin g wit h th e co-occurrenc e hypothesis , 
stimul i  withi n thes e categorie s ofte n occu r  i n clos e tempora l 
proximity :  Handwritin g a  characte r  i s usuall y immediatel y 
precede d an d followe d b y writin g anothe r  characte r  (an d scrip t 
character s ar e temporall y correlate d wit h othe r  scrip t  charac -
ters ,  bu t  prin t  character s ar e correlate d wit h print) ,  musica l 
sound s ten d t o co-occu r  wit h othe r  musica l  sounds ,  an d spo -
ken word s ten d t o co-occu r  wit h spoke n word s fro m th e sam e 
language .  Conversely ,  stimul i  betwee n differen t  categorie s 
(e.g. ,  scrip t  an d print )  occu r  i n suc h clos e tempora l  proximit y 
les s often . 
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