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Abstrac t 
We presen t  a n experimen t  wher e subject' s subitizin g 
performanc e fo r  linea r  do t  array s wa s analyze d usin g 
Differentia l  Tim e Accurac y Functions .  Thi s techniqu e use s 
accurac y an d reactio n tim e dat a t o decompos e overal l 
respons e latenc y int o stimulus-limite d an d post-stimulu s 
processing .  Ou r  result s sho w tha t  subitizin g i s a  phenomeno n 
produce d b y th e effect s o f  increase d numerosit y o n stimulus -
limite d processe s alone .  The y als o sugges t  tha t  th e familia r 
guessin g strateg y fo r  th e larges t  array s i n reactio n tim e 
measure s o f  subitizin g result s fro m a  reductio n i n post -
stimulu s processing .  Subject s appea r  t o extrac t  th e perceptua l 
characteristic s o f  al l  array s bu t  presumabl y fai l  fo r  th e larges t 
and therefor e defaul t  t o guessing .  Existin g theorie s o f 
subitizin g ar e evaluate d i n ligh t  o f  thes e results . 

In t roduc t io n 

The phenomeno n know n a s subitizin g ha s bee n implicate d 
as a  foundationa l  capabilit y  i n th e develoiMnen t  o f  numerica l 
and mathematica l  competenc e (Geary ,  1995 ;  S imo n & 
Klahr ,  1995) .  Yet ,  despit e it s investigatio n b y psychologist s 
fo r  mor e tha n 10 0 year s (e.g .  Jevons ,  1871 )  a  definitiv e 
informatio n processin g accoun t  remain s t o b e developed . 
Subitizin g describe s th e abilit y o f  adult s an d childre n t o 
ver y rapidl y an d accuratel y enumerat e a  smal l  numbe r  o f 
discret e entities .  Th e numbe r  o f  item s i s typicall y i n th e 
rang e o f  3-5 .  Beyon d tha t  number ,  enumeratio n proceed s a t 
a muc h slowe r  rat e an d wit h considerabl y mor e error s 
(Atkinson ,  Campbel l  &  Francis ,  1976 ;  Ch i  &  Klahr ,  1975 ; 
Svenso n &  Sjoberg ,  1983) .  Thus ,  a  satisfactor y accoun t  o f 
subitizin g mus t  adequatel y explai n 2  aspect s o f  th e 
phenomenon .  O n e i s th e reaso n fo r  th e ver y rapi d rat e o f 
processin g fo r  smal l  numerosities ,  whic h i s eviden t  i n a 
slop e o f  aroun d 4 0 t o 1(X )  millisecond s pe r  item .  Th e othe r 
i s th e limi t  o r  spa n o f  subitizing .  whic h i s define d b y a  shar p 
discontinuit y i n performanc e tha t  occur s whe n subject s 
reac h th e m a x i m u m numbe r  o f  item s the y ca n enumerat e i n 
thi s way . 

Despit e th e lac k o f  consensu s c m a  detaile d explanatio n o f 
subitizing ,  ther e i s considerabl e agreemen t  o n a  highe r  leve l 
of  analysis .  Subitizin g i s assumed ,  i f  onl y implicitly ,  t o 
compris e 2  broa d phase s o f  processin g (Klah r  &  Wallace , 
1976 ;  Tric k &  Pylyshyn ,  1994 ;  va n Oeffele n &  Vos ,  1982) . 
The firs t  involve s som e kin d o f  objec t  individuatio n 
processing .  Targe t  item s mus t  b e located ,  thei r  feature s 

integrate d an d spatia l  location s determined .  Th e secon d 
involve s assignin g a  quantitativ e label ,  eithe r  t o th e entir e 
set  o f  object s a t  once ,  o r  iteratlvel y t o a  subse t  o f  them ,  thu s 
requirin g subsequen t  summation .  W e wil l  refe r  t o thi s a s th e 
enumeratio n phase ,  althoug h th e ter m i s  use d i n a n 
atheoretica l  sens e an d n o particula r  enumeratio n strateg y i s 
implied .  Th e first  o f  thes e tw o phase s mus t  emplo y domain -
independen t  processe s becaus e objec t  identificatio n o r 
individuatio n i s no t  a  tas k tha t  i s specifi c  t o enumeration . 
However ,  th e secon d phas e i s  certainl y enumeration -
specific .  Thi s distinctio n ha s bee n expande d o n b y th e 
researc h o f  Tric k &  Pylyshy n (1993 ,  1994) ,  w h o hav e 
linke d th e first  phas e t o earl y attentiona l  processing .  A 
number  o f  theorie s hav e attempte d t o explai n subitizing' s 
slqj e an d limi t  b y appealin g t o on e o r  othe r  o f  thes e phase s 
as th e locu s o f  th e characteristi c subitizin g performanc e 
profile .  Ther e i s no t  spac e her e t o revie w the m i n detail ,  bu t 
we shal l  briefl y presen t  th e ke y aspect s o f  thre e theorie s t o 
contras t  thei r  account s o f  subitizing . 

Theories of Subitizing 

T h e first  detaile d processin g accoun t  o f  subitizing , 
develope d b y Davi d Klah r  (Klahr ,  1973 ;  Klah r  &  Wallace , 
1976) ,  ha d th e primar y goa l  o f  explainin g th e subitizin g 
slope .  Th e theor y wa s state d i n th e for m o f  a  production 
syste m mode l  i n whic h rule s "unpack "  cluster s o f  object s 
befor e th e siz e o f  th e grou p ca n b e determined .  Th e basi c 
proces s i s th e aeatio n o f  symbol s i n "Semanti c Shor t  Ter m 
M e m o r y "  ( S S T M )  fro m wha t  migh t  b e referre d t o a s 
"signals "  i n "Visua l  Shor t  Ter m M e m o r y "  ( V S T M ) ,  whic h 
contain s th e outpu t  o f  iconi c processing .  Th e quantitativ e 
symbol s create d i n S S T M n a m e a  particula r  se t  siz e o f 
object s tha t  ha s bee n recognize d i n V S T M b y quantity -
specifi c  productions .  Bein g a  seria l  system ,  th e mor e object s 
ther e ar e i n V S T M ,  th e longe r  th e recognitio n takes .  Thu s 
th e cycl e tim e o f  productio n firing ,  assume d b y Klah r  & 
Wallac e t o b e 4 5 m s ,  account s fo r  th e subitizin g slope . 
Therefore ,  Klah r  &  Wallace' s accoun t  o f  th e subitizin g slop e 
i s tha t  i t  come s fro m processe s tha t  dea l  directl y wit h th e 
physicall y presen t  stimul i  represente d i n V S T M ,  "a n 
exQ°emel y short-ter m m e m o r y ahea d o f  S T M i n th e visua l 
chain "  (1976 ,  p.43) .  However ,  n o dat a wer e collecte d tha t 
coul d b e use d t o directl y evaluat e th e propose d model . 

Mandle r  &  Shebo' s (1982 )  primar y goa l  wa s t o explai n 
th e subitizin g limi t  i n term s o f  "canonica l  pattern " 
recognition .  The y claime d that ,  durin g childhood ,  w e lear n 
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tha t  collection s o f  1  t o 3  object s fal l  int o regula r 
configurations :  1  i s a  singleton ,  2  a  lin e an d 3  a  triangle .  Ou r 
recognitio n o f  thes e pattern s result s i n a  subitizin g limi t  o f  3 
object s wit h a  fla t  respons e profile .  Explainin g subitizin g i n 
term s o f  pattern-recognitio n mean s tha t  Mandle r  &  Sheb o 
als o loa d thei r  accoun t  o n perceptua l  processes .  Sinc e thi s 
accoun t  assume s tha t  recognitio n o f  eac h canonica l  patter n 
happen s a s a  singl e event ,  n o slop e i s predicte d b y thi s 
account .  Th e subitizin g limi t  i s  predicte d t o b e th e limi t  o f 
canonica l  patterns ,  i.e .  3  items .  Whil e Mandle r  &  Shebo' s 
theor y doe s attemp t  t o accoun t  fo r  bot h th e subitizin g limi t 
and slope ,  th e theor y i s challenge d b y a  lo t  o f  data .  I n 
particular .  Aki n &  Chas e (1978 )  foun d subitizin g slope s an d 
varyin g span s usin g bloc k stimuli ,  m a n y o f  whic h wer e 
simila r  t o Mandle r  &  Shebo' s do t  patterns . 

The mos t  recen t  accoun t  o f  subitizin g i s th e F I N S T theor y 
(Tric k &  Pylyshyn ,  1993 ;  1994) .  Thi s accoun t  primaril y 
aim s t o explai n th e subitizin g limi t  a s a  side-effec t  o f  th e 
objec t  individuatio n proces s i n earl y vision .  I n thi s respect , 
th e theor y share s muc h i n c o m m o n wit h Klah r  &  Wallace's , 
sinc e object s mus t  b e individuate d befor e the y ca n b e 
enumerated .  Th e mai n differenc e i s that ,  i n th e F I N S T 
theory ,  objec t  individuatio n take s plac e i n paralle l  i n th e 
preattentiv e stag e o f  vision .  Here ,  objec t  markers ,  o r 
FINSTs ,  ar e attache d t o target s i n th e visua l  field  fo r  late r 
processing ,  suc h a s enumeration .  Thu s th e subitizin g slop e 
predictio n i s exacU y th e revers e o f  Klah r  &  Wallace's .  Sinc e 
F INST s ar e assigne d i n parallel ,  th e slop e ca n onl y aris e 
fro m pos t  stimulus-dependen t  processing .  Tric k &  Pylyshy n 
(1994 )  stat e tha t  "th e respons e choic e rathe r  tha n th e 
variabl e bindin g account s fo r  th e subitizin g slope "  (p .  89) . 
However ,  lik e Klah r  &  Wallace' s account ,  ther e ar e n o dat a 
tha t  ca n b e use d t o prov e o r  disprov e th e operatio n o f  th e 
F I N S T mechanism .  Th e limi t  o f  subitizin g i s predicte d t o b e 
th e limi t  o f  th e numbe r  o f  F INST s tha t  ca n b e assigned .  Thi s 
i s claime d t o b e 4  bu t  n o reaso n i s give n a s t o wh y i t  i s  no t  5 
or  3  o r  wh y i t  coul d no t  var y withi n o r  betwee n individuals . 

I n thi s pape r  w e presen t  a n analysi s o f  subitizin g 
performanc e tha t  focuse s o n wha t  w e wil l  cal l  stimulus -
limite d processing .  Th e labe l  come s fro m Salthouse' s (1981 ) 
definitio n o f  stimulus-limite d an d response-limite d 
processes .  Stimulus-limite d processe s ar e thos e whic h ar e 
assume d t o operat e whe n "th e subject' s processin g [is ] 
presumabl y controlle d b y th e duratio n o f  th e stimulus ,  an d 
th e subjec t  [has ]  a n unlimite d tim e t o respond "  (Salthouse , 
1981 .  p .  44) .  Response-limite d processe s ar e assume d t o b e 
thos e tha t  operat e whe n "stimul i  [are ]  presente d unti l  th e 
subjec t  [make s a ]  respons e an d i t  [is ]  th e occurrenc e o f  th e 
respons e tha t  limite d th e informatio n processing " 
(Salthouse .  1981 .  p .  44) . 

Th e method s tha t  w e hav e use d t o asses s subitizin g 
performanc e fit  Salthouse' s defmitio n o f  task s fo r  measurin g 
stimulus-limite d processing ,  an d w e thin k tha t  the y provid e 
insigh t  int o subitizin g fo r  th e followin g reason .  Whil e th e 
slimulus-limited/response-limite d distinctio n doe s no t 
necessaril y  impl y a  decompositio n o f  subitizin g int o objec t 
individuatio n an d enumeratio n phases ,  i t  seem s reasonabl e 
t o assum e tha t  object-individuatio n processe s woul d b e 
stimulus-limite d i n nature .  Thi s i s becaus e th e qualit y o f  th e 
representation s tha t  perceptua l  processe s ar e abl e t o creat e 

woul d b e limite d t o informatio n tha t  coul d b e extracte d 
whil e th e stimul i  wer e availabl e fo r  inspection .  Therefore , 
limite d exposure ,  maske d stimuli ,  lik e thos e w e presente d 
shoul d enabl e u s t o examin e th e effect s o f  increasin g 
numerosit y o n stimulus-limite d processes .  I f  subitizin g i s 
base d o n objec t  individuatio n processes ,  on e woul d predic t 
an increas e i n stimulus-Umite d processin g wit h numerosity , 
as di d Klah r  &  Wallace .  However ,  i f  th e phenomeno n i s du e 
t o respons e selection ,  a s Tric k &  Pylyshy n propose ,  the n 
increasin g numbe r  shoul d no t  affec t  stimulus-limite d 
processin g i n a  significan t  manner .  Therefore ,  w e believ e 
tha t  analyzin g th e stimulus-limite d characteristic s o f 
subitizin g wil l  provid e on e wa y t o determin e whic h existin g 
accoun t  offer s th e bes t  prospect s o f  progres s toward s a  full y 
specifie d informatio n processin g accoun t  o f  subitizing . 

Differential Time-Accuracy Functions 

Our  methodolog y o f  individua l  subjec t  analysi s base d o n 
T im e Accurac y Function s (TAFs )  ha s bee n describe d i n 
detai l  elsewher e (Simon ,  Cabrer a &  Kliegl .  1993) . 
However ,  a  brie f  descriptio n i s require d her e i n orde r  t o 
explai n ou r  results . 

Prio r  t o eac h experimen t  w e us e pilot-testin g t o generat e a 
diagnosti c rang e o f  presentatio n time s fo r  eac h o f  th e 
numerositie s 2  throug h 8 .  Suc h a  rang e comprise s 1 0 
presentatio n time s wher e th e shortes t  produce s clos e t o 
chanc e performanc e an d th e longes t  produce s clos e t o 
perfec t  enumeration .  Nin e o f  th e time s ar e separate d b y th e 
same incremen t  an d a  tent h " d u m m y "  tim e i s adde d wit h a 
large r  increment .  Thi s provide s maxima l  overla p wit h 
range s fo r  othe r  numerosities ,  thereb y reducin g th e chanc e 
tha t  subject s ca n detec t  a  numerosit y o n th e basi s o f 
presentatio n tim e alone .  F ro m eac h subject' s response s 
(base d o n 140 0 trials )  w e generat e a  T A F showin g th e 
accurac y profil e wit h respec t  t o presentatio n time .  I n ou r 
earUe r  wor k (Simo n e t  al. .  1993) ,  thi s relationshi p wa s the n 
modele d usin g a  negativel y accelerate d exponentia l 
function .  Subitizin g produce s ver y stee p functions ,  rising 
fro m chanc e t o near-perfec t  detectio n wit h minima l 
addition s o f  presentatio n time .  Othe r  enumeratio n strategies . 
use d fo r  large r  numerosities ,  ar e reflecte d i n shallowe r  t o 
almos t  linea r  functions .  Figur e 1  present s T A F s fro m a 
subjec t  i n th e curren t  experimen t  w h o subitize d th e 
numerositie s 2  throug h 4 . 

The analysi s tha t  allow s reactio n tim e decompositio n int o 
stimulus-limite d an d post-stimulu s component s i s describe d 
i n detai l  b y Cabrer a &  S imo n (1995) .  I n summary , 
individua l  subjec t  T A F s ar e take n a s inpu t  t o analyse s 
whereb y Differentia l  T im e Accurac y Function s (DTAFs ) 
ar e compute d t o produc e measure s o f  stimulus-limite d 
processing .  Eac h T A F i s interprete d a s th e cumulativ e 
probabilit y  distributio n o f  th e tim e a  subjec t  need s t o 
successfull y complet e a  give n task .  B y differentiatin g thi s 
distributio n wit h respec t  t o time ,  th e correspondin g 
probabilit y  densit y functio n ca n b e ccmputed .  Fro m thi s w e 
ca n estimate ,  a m o n g othe r  things ,  th e m e a n (o r 
mathematica l  expectation) ,  an d th e standar d deviatio n o f 
proces s duration .  Th e m e a n represent s th e m a x i m u m 
likelihoo d estimato r  fo r  th e duratio n o f  th e stimulus-limite d 
processes . 
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Figur e 1 :  Tim e Accurac y Function s fro m Subjec t  #  2 9 

The standard deviation reflects the complexity of these 
processes .  A  smal l  standar d deviatio n i s indicativ e o f  a 
unitary ,  simpl e proces s wherea s a  larg e standar d deviatio n i s 
take n t o indicat e th e combinatio n o f  severa l  separat e 
processes .  W e wil l  refe r  t o thes e measure s a s th e subject' s 
mean duratio n an d standar d deviatio n o f  duration .  Thes e 
measure s d o no t  accoun t  fo r  th e entir e reactio n tim e o f  th e 
subject ,  bu t  onl y fo r  th e tim e i t  take s t o extrac t  th e 
perceptua l  informatio n tha t  i s needed .  Th e res t  o f  th e 
operation s tha t  occu r  correspon d t o wha t  w e cal l  post -
stimulu s processes .  W e assum e thes e t o b e independen t  of , 
and sequentiall y  relate d t o stimulus-limite d processes . 
Therefore ,  subtractin g mea n duratio n fro m tota l  respons e 
tim e give s a n estimat e o f  post-stimulu s processin g fo r  th e 
tas k i n question .  I t  i s  importan t  t o not e tha t  thes e post -
stimulu s processe s ar e no t  th e sam e a s response-limite d 
processes .  A s Salthous e (1981 )  make s clear ,  response -
limite d processe s canno t  b e measured  unles s th e subjec t  ha s 
contro l  ove r  presentatio n tim e b y virtu e o f  terminatin g i t 
wit h a  response .  Thi s wa s no t  th e cas e i n th e experimen t 
reporte d here .  Therefore ,  w e defin e post-stimulu s processin g 
as th e menta l  activit y tha t  take s plac e subsequen t  t o 
stimulus-limite d processing . 

We ar e intereste d her e i n 2  mai n questions .  First ,  ar e th e 
slope s achieve d b y combinin g stimulus-limite d an d post -
stimulu s measure s togethe r  simila r  t o previou s reactio n tim e 
slopes ? I f  the y are ,  thi s woul d provid e evidenc e tha t  ou r 
analyse s produc e credibl e dat a fo r  th e stud y o f  subitizing . 
Second ,  wha t  ar e th e relativ e contribution s o f  stimulus -
limite d an d post-stimulu s processe s t o th e subitizin g an d 
post-subitizin g slopes ? I n othe r  words ,  w e shoul d b e abl e t o 
determin e whethe r  th e subitizin g slop e i s produce d 
primaril y b y stimulus-limite d processes ,  b y post-stimulu s 
processe s o r  b y som e combinatio n o f  both .  W e shal l  repor t 
dat a fro m a n experimen t  wher e subject s wer e show n dot s i n 
linea r  array s o f  varyin g numerositie s fo r  a  rang e o f 
presentatio n times .  A  numbe r  o f  stimulu s configuration s 
hav e bee n use d i n subitizin g studies ,  al l  o f  whic h hav e thei r 
strength s an d weaknesses .  Ou r  large r  researc h projec t  i s 
examinin g th e effect s o n processin g o f  presentin g a  rang e o f 
these .  Th e linea r  array s use d i n thi s experimen t  hav e th e 
benefi t  o f  removin g cue s t o numbe r  suc h a s subjectiv e 
groupin g o r  familia r  patterning ,  an d the y ar e simila r  t o thos e 

use d i n previou s experiment s (Atkinson ,  Campbel l  & 
Francis ,  1976 ;  Atkinson ,  Franci s &  Campbell ,  1976 ; 
Svenso n &  Sjoberg ,  1983) .  Yet ,  the y hav e th e disadvantag e 
tha t  line-lengt h ma y provid e numerosit y cues .  However ,  a 
contro l  stud y tha t  w e hav e carrie d ou t  provide d evidenc e 
tha t  line-lengt h alon e i s a  ver y wea k cu e t o absolut e 

numCTOsity . 

Method 

Material s 
Al l  experiment s wer e carrie d ou t  usin g a n Appl e Macintos h 
Ilf x  compute r  wit h 1 3 inc h high-resolutio n R G B display . 
Stimulu s presentatio n an d dat a collectio n wer e controlle d b y 
th e Cedru s Superia b softwar e package .  Th e stimul i  wer e 9 -
poin t  helvetic a typ e fon t  lette r  O s arrange d withou t  type d 
space s betwee n them .  The y appeare d a s blac k circle s o n a 
whit e backgroun d centere d horizontall y an d verticall y o n 
th e screen .  Th e longes t  ro w (N=8 )  wa s 5/ 8 inc h i n length . 
The mas k tha t  wa s employe d wa s a  ro w o f  1 6 identica l  lette r 
Os tha t  wa s 1  1/ 8 inche s length .  Respons e tim e measure s 
wer e collecte d b y mean s o f  a  voice-activate d relay . 

Subjects 
Twenty-eigh t  undergraduat e student s w h o enrolle d i n 
introductor y psycholog y classe s volunteere d a s subject s i n 
retur n fo r  extr a credi t  an d complete d th e procedure .  Ther e 
wer e 1 7 male s an d 1 1 females .  Al l  ha d norma l  o r  correcte d 
vision . 

Procedure 
Instruction s wer e presente d t o subject s o n th e compute r  an d 
wer e rea d i n a  self-pace d manner .  A n experimente r  wa s o n 
hand t o answe r  an y question s tha t  aros e a t  thi s poin t  o r  afte r 
completin g 1 0 trial s sample d fro m th e tas k itself .  Thes e 
wer e employe d t o sho w subject s wha t  the y coul d expec t  t o 
experienc e durin g th e experimen t  Stimul i  wer e presente d a t 
eye level ,  3 0 inche s fro m th e subjec t  an d subtende d les s 
tha n 2  degree s o f  visua l  angle ,  t o ensur e fovea l  presentation . 
Each tria l  bega n wit h th e presentatio n o f  a  fixatio n arro w fo r 
125 0 milliseconds .  Th e hea d o f  th e arro w pointe d t o th e 
locatio n wher e th e cente r  o f  th e stimulu s t o b e presente d 
woul d appear .  A t  th e offse t  o f  th e stimulu s arrow ,  a  stimulu s 
was presente d fo r  it s jM-edetermine d presentatio n tim e an d 
the n wa s masked .  An y respons e emitte d b y th e subjec t  wa s 
not  recorde d unti l  th e mas k appeared .  However ,  onc e th e 
stimul i  wer e masked ,  th e time r  wa s stoppe d b y th e subject' s 
spoke n th e numerica l  response .  A t  thi s poin t  th e subjec t 
type d th e sam e numbe r  h e o r  sh e ha d jus t  spoken .  Thi s wa s 
store d b y th e Superia b progra m whic h use d i t  a s a  signa l  t o 
begi n th e nex t  trial .  Subject s wer e instructe d t o respond  a s 
quickl y a s possibl e withou t  sacrificin g accuracy .  Trial s wer e 
presente d i n block s o f  7 0 ( 7 numerositie s eac h wit h 1 0 
presentatio n times )  wit h trial s randomize d withi n eac h 
block .  A t  th e en d o f  ever y bloc k th e subjec t  coul d res t  an d 
continu e th e experimen t  whe n s/h e wa s ready .  Th e progra m 
requested  tha t  th e subjec t  tak e a t  leas t  a  2  minut e brea k afte r 
block s 8  an d 16 .  Th e presentatio n time s tha t  provide d 
diagnosti c range s fo r  thi s experimen t  wer e determine d 
durin g pilo t  testin g an d ar e show n i n Tabl e 1 
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Tabl e 1 :  Diagnosti c Range s o f  Presentatio n Time s i n Millisecond s 

Tim e 

Tl 

T2 

T3 

T4 

T5 

T6 

17 

T8 

T9 

TI O 

incremen t 

N =2 

35 

45 

55 

65 

75 

85 

95 

105 

115 

250 ^ 

10 

N=3 

35 

48 

61 

74 

87 

100 

113 

126 

139 

300d 

13 

N =4 

35 

70 

105 

140 

175 

210 

245 

280 

315 

500d 

35 

N=5 

75 

150 

225 

300 

375 

450 

525 

600 

675 

850d 

75 

N =6 

75 

175 

275 

375 

475 

575 

675 

775 

875 

llOO d 

100 

N=7 

200d 

350 

600 

850 

1100 

1350 

1600 

1850 

210 0 

235 0 

250 

N =8 

200 ^ 

350 

625 

900 

1175 

1450 

1725 

200 0 

227 5 

255 0 

275 

^  Dummy tim e 

Result s 

Mean duratio n o f  stimulus-limite d processe s wa s 
calculate d fo r  eac h individua l  subjec t  fo r  al l  7 
numerositie s (2-8) .  Thes e wer e the n subjecte d t o a  singl e 
facto r  (numerosity )  repeate d measure s analysi s o f 
variance .  Result s showe d a  significan t  increas e o f  mea n 
duratio n F(6 ,  162 )  =  164.0 7 p<.001 .  Thi s demonstrate s 
that ,  a s numerosit y increased ,  th e mea n duratio n o f 
stimulus-limite d processin g als o increased .  W e the n 
carrie d ou t  regressio n analyse s o n stimulus-limite d an d 
post-stimulu s processes .  Post-stimulu s processin g time s 
wer e compute d base d onl y o n correc t  trials .  I n orde r  t o 
compar e ou r  fmding s t o thos e o f  previou s studie s w e 
carrie d ou t  regression s independentl y o n th e numerositie s 
2- 4 (t o represen t  th e subitizin g range )  an d 5- 8 (t o 
represen t  th e rang e i n whic h countin g an d othe r  processe s 
ar e executed) .  Withi n th e subitizin g rang e th e result s wer e 
as follows .  Th e slop e fo r  stimulus-limite d processe s wa s 
59. 7 m s pe r  item ,  r  =  .6 ,  F(l .  82 )  =  123. 0 p<.001 ,  whil e 
th e regressio n fo r  post-stimulu s processe s wa s no t 
significant ,  r  =  .08 ,  F(l ,  82 )  =  0.5 5 n.s .  Thi s suggest s tha t 
al l  o f  th e impac t  o f  increasin g numerosit y withi n th e 
subitizin g rang e wa s foun d i n stimulus-limite d î ocesse s 

alone .  Outsid e th e subitizin g rang e a  differen t  patter n o f 
result s wa s found .  Th e slop e fo r  stimulus-limite d 
processe s wa s 227. 6 m s pe r  item ,  r  =  .6 ,  F(l ,  110 )  =  157. 8 
p<.001 .  Th e regressio n fo r  post-stimulu s processe s wa s 
als o significant ,  wit h a  slop e o f  130. 3 m s pe r  item ,  r  =  .5 , 
F(l ,  110 )  =  37. 2 p<.001 .  W h e n stimulus-limite d an d post -
stimulu s processe s ar e combine d additively ,  a s discusse d 
by Cabrer a &  S imo n (1995) ,  w e find  a  strikin g 
resemblanc e i n ou r  result s t o thos e fro m previou s studies . 
Tota l  processin g showe d slope s o f  59. 7 millisecond s pe r 
ite m i n th e subitizin g rang e an d 357. 9 millisecond s pe r 
ite m outsid e th e subitizin g range .  Thes e time s ar e 
precisel y i n th e rang e foun d b y traditiona l  reactio n tim e 
measure s o f  subitizing .  Thi s suggest s tha t  ou r 
methodology ,  whic h control s presentatio n tim e an d henc e 
respons e latency ,  doe s no t  interfer e wit h subject' s 
respons e patterns ,  eve n fo r  th e rathe r  lon g presentatio n 
time s associate d wit h th e large r  numerosities . 
Thes e result s appea r  t o provid e 2  kind s o f  evidenc e tha t 
our  methodolog y an d analyse s ar e usefu l  tool s fo r  th e 
stud y o f  subitizing .  First ,  ou r  estimate s o f  overal l  reactio n 
tim e agre e wit h thos e fro m traditiona l  reactio n tim e 
studie s showin g slope s o f  4 0 t o 12 0 m s pe r  ite m an d 25 0 
t o 37 0 m s pe r  ite m insid e an d outsid e th e subitizin g rang e 
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Figur e 2 :  Tota l  an d Decompose d Proces s Time s 

respectivel y (Tric k &  Pylyshyn ,  1994) .  Second ,  an d mor e 
importantly ,  th e result s revea l  whic h clas s o f  processe s 
produc e th e subitizin g slope .  Figur e 2  show s a  plo t  o f  th e 
duratio n o f  stimulus-limite d processes ,  post-stimulu s 
processes ,  an d overal l  processin g duratio n insid e an d 
outsid e th e subitizin g range .  A s ca n b e seen ,  th e subitizin g 
slop e i s  solel y a  phenomeno n o f  stimulus-limite d 
processes .  Ther e i s a  59. 7 millisecon d slop e fo r  thos e 
processe s i n th e subitizin g rang e an d n o slop e fo r  th e post -
stimulu s processe s i n th e N  =  2  -  4  range .  Thes e latte r 
processe s onl y begi n t o pla y a  rol e outsid e th e subitizin g 
range ,  bu t  i n th e curren t  stud y onl y provid e 3 6 % o f  th e 
overal l  slope . 

Discussion 

The experimen t  reporte d her e produce d result s base d o n 
aggregate d dat a tha t  ar e ver y simila r  overal l  t o thos e 
reporte d fro m previou s studies .  Th e slope s insid e an d 
outsid e th e subitizin g rang e produce d b y combinin g thos e 
of  stimulus-limite d an d post-stimulu s processe s ar e 
exactl y o f  th e expecte d magnitudes .  Mor e importantly ,  th e 
deccwnpose d processe s sho w tha t  th e subitizin g slop e i s 
solel y a  functio n o f  increase d stimulus-limite d processin g 
as numerosit y increase s i n th e subitizin g range .  Outsid e 
th e subitizin g rang e thes e processe s stil l  compris e 2/ 3 o f 
th e slope ,  bu t  n o w post-stimulu s processe s pla y a  rol e 
also .  Thes e result s suppor t  th e subitizin g mode l  i^opose d 
by Klah r  &  Wallac e (1976) ,  tha t  increase d numerosit y 
generate s th e characteristi c respons e tim e slop e b y 
affectin g thos e processe s tha t  operat e o n th e perceptua l 
characteristic s o f  th e availabl e stimuli .  I t  i s  stil l  unclea r 

IM-ecisel y wha t  thes e processe s are .  However ,  ou r  researc h 
i s pnx:eedin g wit h a  simila r  assumptio n t o tha t  o f  Tric k & 
Pylyshyn ;  tha t  objec t  individuatio n processe s ar e likel y t o 
be involved .  Nevertheless ,  ou r  result s counte r  Tric k & 
Pylyshyn' s model ,  whic h suggest s tha t  respons e selectio n 
processe s ar e responsibl e fo r  th e subitizin g slope .  Suc h 
selectio n processe s woul d surel y fal l  int o th e post -
stimulu s an d no t  th e stimulus-limite d class .  I n othe r 
words ,  Tric k an d Pylyshyn' s mode l  woul d predic t  post -
stimulu s ivocesse s t o sho w a  slop e i n th e subitizin g range , 
ratho *  tha n stimulus-limite d processes .  Figur e 2  depict s 
exactl y th e opposit e picture .  Th e result s als o counte r 
Mandle r  &  Shebo' s model ,  whic h predict s n o slop e a t  al l 
withi n th e subitizin g range . 

Furthermore ,  ou r  result s  ̂ pea r  t o revea l  n e w piec e o f 
evidence .  A  typica l  findin g i n reactio a tim e measurement s 
of  subitizin g i s  tha t  respons e latenc y fo r  th e larges t 
numerosit y ofte n decreases ,  especiall y whe n subject s 
kno w wha t  tha t  numerosit y  is .  Th e generall y accepte d 
explanatio n i s  tha t  subject s emplo y a  guessin g strateg y 
when man y object s ar e presented .  I t  i s assume d tha t  the y 
do no t  attemp t  t o quantif y th e large r  arrays ,  bu t  simpl y 
respon d wit h th e highes t  possibl e number .  Henc e th e 
decisio n no t  t o quantif y th e stimulu s object s i s reflecte d i n 
lowere d respons e tim e (a s wel l  a s mor e errors) .  Ou r  dat a 
sho w that ,  fo r  th e subject s w e tested ,  thi s accoun t  i s no t 
strictl y accurate .  I t  ca n b e see n fro m th e Figur e 2  tha t 
stimulus-limite d processin g increase s wit h ever y 
numerosit y increase ,  an d ver y markedl y fo r  th e larges t 
numerosities .  Thus ,  i t  appear s tha t  ou r  subject s di d tr y t o 
quantif y al l  th e array s tha t  wer e presented ,  eve n th e ver y 
larges t  ones .  Presumably ,  the y ra n ou t  o f  presentatio n 
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tim e befor e objec t  individuatio n coul d b e complete d fo r 

th e arra y containin g 8  dot s an d decide d agains t  investin g 
resource s i n enumeratin g a n arra y tha t  the y ha d faile d t o 
examin e completely .  Simpl y guessin g th e larges t  numbe r 
i s stil l  likel y t o produc e a  correc t  respons e o n som e trials . 
Thi s accoun t  i s  consisten t  wit h th e di p i n duratio n o f  post -
stimulu s processe s fo r  th e las t  numerosity .  Furthe r  studie s 
whic h considerabl y lengthe n presentatio n time s fo r  th e 
larges t  number s shoul d provid e dat a tha t  woul d enabl e th e 
evaluatio n o f  suc h a n hypothesis . 

We believ e tha t  th e D T A F analysi s w e hav e presente d 
i s a  ver y promisin g on e fo r  th e investigatio n o f  th e 
subitizin g phenomenon .  Th e result s presente d her e ar e 
stil l  rathe r  preliminary ,  an d furthe r  researc h i s i n progres s 
on studie s usin g othe r  stimulu s types .  However ,  ou r  dat a 
do sugges t  tha t  subitizin g linea r  array s i s entirel y a 
functio n o f  increase d stimulus-limite d processin g i n 
respons e t o increase s i n numerosit y u p t o 4  items .  I n orde r 
t o properl y stud y th e rol e o f  post-stimulu s processe s i n 
thes e tasks ,  furthe r  researc h i s neede d wher e a  self -
terminate d presentatio n tim e desig n i s used .  Thi s woul d 
enabl e th e examinatio n o f  wha t  Salthous e (1981 )  calle d 
response-limite d processes .  However ,  i f  ou r  presen t 
result s ar e foun d t o b e stable ,  the n w e abead y hav e a 
predictio n fo r  suc h studies .  Response-limite d processe s 
ar e presumabl y no t  thos e primaril y involve d i n objec t 
individuatio n an d s o woul d b e predicte d t o onl y sho w 
effect s o f  increase d numerosit y outsid e th e subitizin g 
range . 
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