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Abstract * 

This paper presents a new methodology for 
examinin g th e phenomeno n o f  subitizing .  Subject s 
wer e presente d wit h a  standar d numerosity-detectio n 
tas k bu t  fo r  a  rang e o f  presentatio n time s t o allo w 
Task-Accurac y Function s t o b e compute d fo r 
individua l  subjects .  Th e dat a appea r  t o sho w a 
continuou s chang e i n processin g fo r  numerositie s 
fro m 2  t o 5  whe n th e dat a ar e aggregate d acros s 
subjects .  A t  th e leve l  o f  individua l  subjects ,  ther e 
appea r  t o b e qualitativ e shift s i n enumeratio n 
processin g afte r  3  (» -  4  objects .  Th e approac h use d i n 
Uii s experimen t  m a y b e use d t o tes t  th e clai m tha t 
subitizin g i s a  distinc t  enumeratio n proces s tha t  ca n 
be use d f w smal l  number s o f  objects . 

Introduction 

The phenomenon now known as subitizing has been 
reporte d sinc e th e beginnin g o f  experimenta l 
psycholog y (Jevons .  1871 ;  Wundt ,  1896) .  Subitizin g 
refer s t o th e abilit y o f  subject s t o identif y th e 
numerosit y o f  smal l  collection s o f  discret e object s 
ver y rapidl y and  withou t  error .  I t  ha s bee n suggeste d 
tha t  thi s performanc e patter n reveal s basi c 
characteristic s o f  th e perceptual/representationa l 
syste m (Pylyshyn .  1989 )  an d ha s als o bee n 
implicate d a s th e foundatio n fo r  children' s concepnia l 
developmen t  i n th e field  o f  numbe r  (Simon ,  Klah r  & 
Newell ,  1992) .  Yet ,  ther e i s som e debat e abou t  ho w 
many object s ca n b e processe d b y subitizing .  Th e 
earlies t  studie s claime d 6  object s coul d b e 
enumerate d bu t  mor e commonl y a  limi t  o f  3  t o 4 

*  Ange l  Cabrer a i s supporte d b y a  Fulbright/ME C 
scholarshi p fro m th e Institut e o f  Internationa l 
Educatio n &  th e Spanis h Ministr y o f  Educatio n and 
Science . 

object s i s  propose d (e.g .  Atkinson ,  Campbel l  & 
Francis ,  1976) . 

Subitizin g experiment s ar e usuall y on e o f  tw o 
types .  I n one ,  subject s ar e presente d wit h visua l 
stimul i  fo r  a  single ,  brie f  exposur e an d aske d t o 
repor t  th e numbe r  o f  object s seen .  I n th e other , 
presentatio n i s terminate d whe n th e subjec t  make s a 
response .  Th e differen t  design s produc e simila r 
result s (se e Mandle r  &  Shebo ,  198 2 fo r  a  review) . 
Subject s exhibi t  subitizin g fo r  smal l  numerositie s 
followe d b y other ,  mor e time-consumin g and/o r 
errorfu l  processe s fo r  large r  ones .  Thes e includ e 
estimation ,  countin g and  perceptua l  grouping . 

The mos t  typica l  characterizatio n o f  th e 
phenomeno n i s th e presentatio n o f  a  singl e reaction -
tim e curv e spli t  int o tw o regions .  Fo r  adults ,  th e 
curv e fo r  subitizin g u p t o 3  o r  4  object s i s shallo w 
and  rise s a t  abou t  5 0 millisecond s pe r  item .  Almos t 
no error s ar e mad e i n thi s range .  Th e segmen t  fo r 
more tha n 4  o r  5  object s tend s t o ris e steepl y a t  abou t 
300 millisecond s pe r  ite m wit h error s startin g a t 
aroun d 2 0 % and  increasing .  E>eterminin g wher e t o 
spli t  th e curv e i s don e b y lookin g fo r  th e ̂ pearanc e 
of  a  quadrati c tren d i n th e reactio n tim e data .  Wher e 
th e brea k occur s i s take n t o indicat e th e capacit y limi t 
fo r  subitizing . 

Despit e th e fac t  tha t  mos t  studie s o n rapi d 
enumeratio n repor t  dat a consisten t  wit h th e patter n 
describe d above ,  ther e i s  stil l  considerabl e 
controvers y ove r  whethe r  subitizin g reall y exist s a s a 
distinc t  phenomeno n and ,  i f  i t  does ,  whethe r  i t  i s a 
seria l  o r  paralle l  process . 

Informatio n processin g account s hav e bee n 
constructe d i n a n attemp t  t o specif y th e detail s o f  th e 
subitizin g phenomenon .  Klah r  &  Wallace' s (1976 ) 
production-syste m model s describe d subitizin g i n 
template-matchin g terms .  Th e subitizin g slop e i s a 
functio n o f  seriall y  matchin g template s fro m zer o t o 
N item s ont o th e inpu t  a t  a  constan t  rate .  Subitizin g 
limi t  i s a  functio n o f  th e processo r  rat e an d th e deca y 
of  th e visua l  stor e tha t  hold s th e to-be-matche d items . 
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Mandle r  &  Sheb o (1982 )  clai m thre e processe s ar e 
responsibl e fo r  th e typica l  dat a pattern .  Th e firs t  i s 
paralle l  pattern-recognitio n o f  th e canonica l  pattern s 
tha t  array s i n th e 1  t o 3  rang e exhibit .  (On e i s alway s 
a singleton ,  2  alway s a  lin e an d 3  eithe r  a  lin e o r  a 
triangle) .  Thi s predict s tha t  th e oft-see n subitizin g 
slop e should ,  i n fact ,  b e fla t  Thu s the y disput e th e 
existenc e o f  subitizin g a s i t  i s  usuall y characterized . 
Nex t  i s " a respons e t o array s o f  4  t o 6  o r  7  tha t  i s 
base d o n menta l  counting "  an d thi s i s propose d t o 
accoun t  fo r  th e steepe r  "post-subitizing "  slope . 
Hnally ,  "a n estimatin g respons e fo r  array s large r  tha n 
6 (1982 ,  p.l) "  i s presente d a s th e reaso n man y studie s 
s h o w a  leveling-of f  o f  slope s fo r  large r  numbers . 
Thus ,  ther e i s stil l  considerabl e debat e ove r  bot h th e 
existenc e an d natur e o f  subitizing . 

Othe r  investigation s hav e focuse d o n statistica l 
model s fi t  t o th e reactio n tim e data .  Balakrishnan  & 
A s b b y (1991 )  contras t  a  bilinea r  mode l  (whic h 
suggest s th e existenc e o f  a  distinc t  subitizin g proces s 
e.g .  C!h i  &  Klabr ,  1975 )  wit h a  log-linea r  mode l 
(whic h suggest s a  continuou s exponentia l  functio n o f 
reactio n tim e wit h numerosit y e.g .  Kau fma n e t  al , 
1949) .  The y conclud e tha t  neithe r  mode l  adequatel y 
explain s th e relationshi p betwee n reactio n tim e an d 
stimulu s numerosity . 

We conten d tha t  th e lac k o f  theoretica l  consensu s 
fo r  thi s apparentl y robus t  phenomeno n i s largel y du e 
t o th e methodologica l  an d analytica l  convention s o f 
th e paradigm .  B y aggregatin g reactio n tim e dat a fro m 
individua l  subjects ,  distinction s betwee n subitizin g 
an d othe r  enumeratio n strategie s wil l  b e blurre d 
(Siegler ,  1987) .  Thi s i s eqiedall y tru e if ,  fo r  a  give n 
numerosity ,  s o m e subject s ar e contributin g a  lo t  o f 
varianc e havin g switche d t o slow ,  errorfu l  piocessin g 
whil e other s ar e contributin g littl e varianc e b y 
continuin g t o us e th e fast ,  accurat e subitizin g process . 
T h e difficult y i n makin g a  clea r  distinctio n betwee n 
enumeratio n processe s i n a  subjec t  populatio n serve s 
t o fue l  th e debat e ove r  th e existenc e an d natur e o f 
subitizing . 

I n thi s pape r  w e presen t  a n alternativ e methodolog y 
which ,  i n th e lon g run ,  ca n provid e a  stric t  les t  o f  th e 
clai m tha t  subitizin g i s a  distinc t  m o d e o f 
enumeratio n processing .  I t  als o indicate s th e 
m a x i m u m numbe r  o f  object s tha t  eac h individua l 
studie d ca n enumerat e i n thi s way .  O u r  approac h i s t o 
determin e Time-Accurac y Function s (TAFs )  fo r 
individua l  subject s (Kliegl ,  M a y r  &  Krampe .  1993 ) 
o n a n otherwis e standar d subitizin g task .  Here , 
presentatio n tim e i s varie d an d respons e curve s fCH -  a 
give n proble m ar e plotte d agains t  th e whol e rang e o f 
times .  Thi s yield s a  T A P fo r  eac h numerosity .  I f 
subject s produc e a  simila r  functio n ove r  severa l 
numerositie s the n w e tak e tha t  t o indicat e us e o f  th e 
s a me processing .  Thu s a  switc h i n proces s i s 
predicte d t o produc e a  chang e i n th e natur e o f  th e 
function . 

I I  l. < 20 0 40 0 60 0 80 0 100 0 
Prcsenutio n tim e (iro ) 

Figure 1. Example functions for the exponential 
model 

An example set of functions for numerosities 2 to S is 
presente d i n Figur e 1 .  W e modele d th e relatio n 
betwee n tim e an d accurac y wit h referenc e t o th e 
negativel y accelerate d exponentia l  functio n give n i n 
Equatio n 1 

t- a 

p =  d  +  ic-d)*(l- e "  )  (1 ) 
wher e p  indicate s th e probabilit y  o f  a  correc t 
response ,  t  th e availabl e presentatio n time ,  a  th e 
intercep t  o f  th e functio n o n th e time-axis ,  b  th e 
steepnes s o f  th e curve ,  c  th e asymptoti c m a x i m u m , 
an d d  th e chanc e leve l  o f  perfoimance .  Paramete r  a 
indicate s th e amoun t  o f  tim e necessar y t o initializ e 
relevan t  cognitiv e processes ;  paramete r  b  specifie s 
th e constan t  proportiona l  reductio n o f  erro r 
probabilit y  fo r  increase s i n presentatio n time ; 
paramete r  c  w a s fixe d a t  1. 0 becaus e th e enumeratio n 
tas k i s simpl e enoug h fo r  everybod y t o yiel d perfec t 
performanc e wit h sufficien t  time ;  paramete r  d  wa s 
fixe d a t  1/ 7 becaus e participant s ha d t o respon d wit h 
on e o f  seve n respons e key s ( 2 t o 8) . 

Thi s functio n ha s bee n use d vndel y i n 
psychologica l  research ,  fo r  exampl e i n th e 
identificatio n o f  tes t  tone s a s a  functio n o f  th e silen t 
interva l  betwee n tes t  an d maskin g ton e (Massaro , 
1970) ,  fo r  th e accumulatio n o f  informatio n i n iconi c 
m e m o ry (Loftus ,  Duncan ,  &  Gehrig ,  1992) ,  fo r 
describin g speed-accurac y tradeoff s (Wickelgren . 
1977) ,  an d fo r  visua l  searc h tasks ,  episodi c memory . 
an d comple x reasonin g task s (Kliegl .  May r .  & 
Krampe ,  1993) .  Al l  approache s shar e th e conceptua l 
interpretatio n tha t  i t  become s increasingl y difficul t  t o 
improv e performanc e relativ e t o th e leve l  o f  accurac y 
reached . 

Th e curren t  experimen t  teste d th e identificatio n o f 
specifi c  numerositie s fro m 2  t o 8  objects .  T h e 
IM-ediction s ar e that ,  a s show n i n Figur e 1 .  fo r  highe r 
numerositie s th e functio n wil l  shif t  t o th e right  o n th e 
X-axi s (i.e .  paramete r  a  wil l  increase )  an d th e slop e o f 
th e functio n wil l  decreas e (i.e .  paramete r  b  wil l 
increase) .  I f  paramete r  b  change s b y a  constan t  facto r 
acros s al l  numerosities .  thi s woul d constitut e 
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evidenc e fo r  a  continuou s fXDces s o f  enumeration ;  i f 
ther e i s a  qualitativ e shif t  somewhere ,  thi s shoul d b e 
visibl e b y a  j u m p i n th e ratio  o f  th e neighborin g 
value s o f  th e b  parameter .  ImportanUy ,  th e approac h 
presente d her e aUow s u s t o loo k fo r  thi s shif t  a t  th e 
leve l  o f  grou p a s wel l  a s individua l  functions . 

Metho d 

Subject s 

Twenty undergraduate students at Georgia Institute of 
Technolog y participate d i n th e experimen t  {< x extr a 
credit .  Ther e wer e 1 0 male s an d 1 0 females . 

Stimul i 

Rows of 2 to 8 lower case Helvetica 9 point typeface 
lette r  O' s withou t  space s betwee n Uie m wer e 
constructe d fo r  presentation .  Pilo t  testin g ha d 
indicate d tha t  stimul i  thi s smal l  wer e require d t o 
induc e som e errorfu l  performanc e fo r  ver y smal l 
numbers ,  eve n a t  th e shortes t  presentatio n times. 

Each ro w wa s presente d i n th e cente r  o f  a  compute r 
screen .  A  fixatio n arro w pointe d t o th e middl e o f 
wher e th e centra l  lette r  O  (fo r  od d numbers )  wa s t o 
be displayed ,  o r  i n betwee n wher e th e tw o mos t 
cenua l  O' s woul d b e (fo r  eve n numbers) .  Th e longes t 
ro w (N=8 )  wa s 5/8 "  i n length .  A  mas k o f  1 6 identica l 
lette r  O' s centere d a t  th e fixatio n poin t  wa s als o used . 
The mas k wa s 1  1/8 "  i n length .  Stimul i  wer e 
presente d approximatel y a t  ey e leve l  30 "  fro m th e 
subjec t  s o tha t  visua l  angl e fo r  stimul i  wa s les s tha n 2 
degrees .  Al l  stimul i  wer e presente d o n a  high -
resolutio n 13 "  Appl e Macintosh ™ R G B monito r 
switche d t o blac k an d whit e mode . 

Procedur e 

The experiment was run on an Apple Macintosh'"' 
Ilf x  usin g Cedru s Superlab ™ 1. 5 software .  Ther e 
wer e 1 2 stimulu s presentatio n times .  Thes e wer e 34 , 
51,67 .  84,100 .  150 ,  200 .  250 ,  300 ,  500 ,  75 0 &  100 0 
milliseconds .  Seventy-tw o stimulus-duratio n pair s 
wer e created .  Stimul i  o f  N = 2  an d 3  wer e presente d 
fo r  duration s fro m 3 4 t o 30 0 milliseconds .  Beyon d 
tha t  tim e pilo t  subject s ha d show n perfec t 
performance .  Stimul i  o f  N = 7  an d 8  wer e presente d 
fo r  duration s fro m 8 4 t o 100 0 milliseconds .  Pilo t  dat a 
showe d numerosit y detectio n t o b e extremel y 
difficul t  a t  8 4 milliseconds .  Stimul i  o f  N = 4 ,  5  an d 6 
wer e show n fo r  al l  twelv e presentatio n times .  Ther e 
wer e 2 4 block s o f  randoml y ordere d Uial s providin g a 
tota l  o f  172 8 response s fro m eac h subject .  Treatment s 

wer e randoml y disperse d a m o n g al l  block s an d 
treatmen t  block s wer e randoml y re-ordered  fo r  eac h 
subject . 

For  eac h tria l  \h e subjec t  sa w a  fixatio n arro w 
presente d o n th e scree n fo r  75 0 millisecond s an d wa s 
tok l  tha t  th e ro w o f  object s woul d appea r  centere d a t 
di e tip  o f  Ui e arrow .  The n di e stimulu s wa s presente d 
fo r  it s  preselecte d time,  followe d b y th e mask .  A t  thi s 
poin t  th e subjec t  coul d m a k e hi s o r  he r  response. 
whic h wa s t o typ e th e numbe r  o f  object s tha t  ba d 
appeare d befor e th e mask .  A t  th e en d o f  eac h bloc k o f 
7 2 trial s th e progra m halte d an d allowe d di e subjec t 
t o restar t  whenevo -  h e o r  sh e wa s ready .  A t  th e en d o f 
ever y 8  block s (57 6 trials )  th e progra m requeste d tha t 
th e subjec t  tak e a  two-minut e brea k befor e 
continuing . 

Subject s wer e brough t  int o th e la b individually ,  tiie 
experimen t  wa s explaine d t o tiiem  an d the n the y wer e 
give n 7 2 practic e trials .  Her e a  digi t  wa s presente d i n 
di e cente r  o f  di e scree n an d di e subjec t  ha d t o typ e 
di e sam e numbe r  o n th e keyboar d t o remove  it .  Thi s 
was don e t o giv e th e subjec t  practic e i n locatin g di e 
key s fo r  th e number s 2  tiirough  8  an d reduc e searc h 
durin g di e experiment .  Finally ,  di e subjec t  complete d 
5 demonstratio n trial s t o ensur e the y understoo d th e 
procedure . 

Results 

For every subject, 24 responses were recorded for 
eac h o f  th e 7 2 differen t  stimulus-duratio n pairings . 
As describe d i n th e exampl e function ,  probabilit y 
correc t  score s wer e calculate d t o allo w examinatio n 
of  th e effec t  o f  duratio n o n eac h subject' s abilit y t o 
reac h correc t  detectio n fM "  se t  size s fro m N = 2  t o 8 . 
Thes e value s wer e the n use d t o fi t  th e negativel y 
accelerate d exponentia l  functio n describe d abov e 
usin g iterativ e non-linea r  regression.  Function s coul d 
onl y b e fit  accuratel y fo r  numerositie s 2  diroug h 5 , 
therefor e onl y dies e wil l  b e reported.  Thi s i s becaus e 
a leve l  o f  approximatel y 4 0 % correc t  responses  i s 
require d t o comput e di e functio n an d suc h a  leve l  o f 
performanc e wa s rarel y achieve d fo r  numerositie s 6 
diough8 . 

A m in imu m cbi-squar e statisti c wa s use d a s a n 
estimato r  t o tak e int o accoun t  di e chang e i n varianc e 
acros s accuracies .  Fo r  eac h cel l  o f  Ui e numerosit y ( 2 
t o 5 )  b y presentatio n time  b y typ e o f  respons e 
(correct/incorrect )  contingenc y table ,  w e compute d 

where no is number of observed and ne 
ne 

th e numbe r  o f  expecte d response s give n th e 
exponentia l  equatio n (Eq .  1) .  Parameter s wer e sough t 
tha t  minimize d th e su m o f  dies e term s usin g th e 
(!NL R modul e o f  SPSS-X .  Parameter s a  an d b  wer e 
constraine d t o b e equa l  o r  increas e wit h numerosity ; 
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Tabl e 1 .  Value s o f  parameter s a  an d b  fo r  eac h subjec t  fo r  numeroside s N=2-5 . 

paramete r  a paramete r  b paramete r  a paramete r  b 

S# 
1 
2 
3 
4 

5 
6 
7 
8 
9 
10 

2 3 
13 5 1 
0 0 
8 8 
30 3 0 
15 1 9 
17 1 8 
23 4 0 
0 0 
25 2 5 
0 1 6 

4 5 
56 13 2 
47 4 7 
8 8 
30 3 0 
59 5 9 
18 10 0 
40 11 9 
0 0 
25 2 5 
22 14 2 

2 3 
23 4 2 
36 6 3 
58 7 2 
24 5 6 
27 8 5 
26 7 3 
16 5 7 
75 10 3 
32 12 5 
0 4 5 

4 5 
173 17 3 
107 29 1 
119 40 7 
57 20 1 
140 42 3 
92 31 4 
85 22 3 

217 38 7 
193 51 2 
20130 9 

S# 
11 
12 

2 
0 
0 

13 1 1 
14 2 6 
15 0 
16 1 9 
17 0 
18 1 6 
19 
20 

0 
0 

3 4  5 
0 7 5 7 5 
15 1 5 1 6 
20 2 0 2 0 
28 3 4 3 9 
28 3 8 3 9 
29 6 4 6 4 
0 3 5 8 3 
27 2 7 2 7 
0 0  14 5 
18 1 8 11 6 

2 3 
31 7 1 
57 5 7 
62 12 0 
48 5 4 
0 5 8 
23 3 4 
0 5 3 
32 4 4 
40 7 5 
51 5 3 

4 5 
71 22 7 
57 25 7 

268 51 3 
209 42 5 
95 15 8 
118 16 9 
71 9 2 
106 19 2 
202 23 1 
150 17 4 

tha t  i s  w e assume d tha t  a n increas e i n th e numbe r  o f 
object s t o b e enumerate d require s a t  leas t  th e sam e 
amount  o f  cognitiv e processin g a s th e lowe r  numbe r 
of  objects . 

Tli e overal l  goodnes s o f  fit  acros s 2 0 subject s wa s 
significan t  bu t  stil l  acceptabl e give n th e larg e 
number  o f  observation s (minimu m chi-squar e =  112 7 
fo r  68 0 degree s o f  freedom ,  p<.01) :  not e th e ratio  o f 
chi-squar e an d degree s o f  freedo m i s les s tha n two . 
Tabl e 1  present s th e value s o f  parameter s a  an d b  fo r 
each subjec t  fo r  numerositie s N = 2- 5 compute d fro m 
th e non-linea r  regression .  Th e value s wer e multiplie d 
by 10 0 an d rounde d t o a  whol e number . 

I t  ca n b e clearl y see n fro m th e tabl e tha t  bot h 
parameter s a  an d b  increase d wit h numerosity .  Thi s i s 
als o demonstrate d i n th e individua l  time-accurac y 
function s show n i n Figur e 2 .  A n importan t  resul t  i s 
tha t  th e b  paramete r  increase d b y a  constan t  facto r  o f 
tw o acros s numerosity .  I f  w e aggregat e acros s 
subject s th e value s ar e 30 ,  70 .  14 0 &  28 0 fo r 
numerositie s N = 2-5 .  Thus ,  ther e i s n o evidenc e fo r  a 
discontinuit y i n processin g betwee n tw o an d five 
objects .  Thi s suggest s that ,  i f  w e assum e tha t  subject s 
ar e subitizin g 2  objects ,  the n ihe y appea r  t o b e 
processin g 5  object s i n th e sam e way .  Th e function s 
displaye d i n Figur e 1  wer e actuall y base d o n th e 
grou p average s o f  estimate s fo r  parameter s a  an d b . 
However ,  examinatio n o f  individua l  dat a suggest s 
tha t  processin g ha s change d i n mos t  subject s b y thi s 
point .  Thi s divergenc e ma y poin t  t o th e ver y 
weaknes s o f  aggregatin g dat a tha t  inspire d th e curren t 
study . 

We ca n illustrat e thi s b y examinin g th e dat a i n 
more detail .  Tabl e 1  show s value s o f  th e a  an d b 
parameter s fo r  eac h numerosit y aaos s subjects .  W e 
assume tha t  th e poin t  a t  whic h a  subjec t  switche s 
processin g i s indicate d b y a  shif t  i n th e ratio  betwee n 
neighborin g numerosities .  O n th e basi s o f  previou s 
research ,  th e questio n appear s t o b e whethe r  th e shif t 
occur s afte r  3  o r  4  objects .  W e ca n examin e thi s issu e 
at  th e individua l  leve l  b y computin g th e ratio s 

betwee n b(N=4)/b(N=3 )  an d b(N=5)/b(N=4) .  Fo r  1 0 
subject s th e secon d ratio  wa s large r  tha n th e first, 
indicatin g a  shif t  afte r  4  objects .  Fo r  9  subject s th e 
first  ratio  wa s large r  tha n th e second ,  indicatin g a 
shif t  afte r  3  objects ,  whil e fo r  1  subjec t  th e ratios 
wer e equal . 

Figur e 2  present s th e TAF s o f  fou r  subject s (# s 1 , 
6.  7  &  16) .  Eac h plo t  depict s th e exponentia l 
function s o f  accurac y ( % correct )  fo r  numerositie s 2 
throug h 5  fo r  presentatio n time s fro m 3 4 t o 100 0 ms . 
Value s o f  eac h subject' s paramete r  b  provid e muc h 
informatio n abou t  bi s o r  he r  performance .  The y ca n 
be though t  o f  a s a n indicatio n o f  ho w quickl y th e 
subjec t  approache s perfec t  detectio n o f  a  give n 
numerosity .  Lo w value s o f  b ,  an d thei r  associate d 
stee p curves ,  indicat e tha t  smal l  increment s t o initia l 
presentatio n tim e enabl e th e subjec t  t o accuratel y 
detec t  th e numerosit y bein g displayed . 

The plot s sho w tha t  th e tim e neede d t o reac h 
asymptot e increase s systematicall y a s numerosit y 
increases .  Thi s i s directl y relate d t o th e ris e i n th e 
valu e o f  th e b  paramete r  (se e Tabl e 1) .  I t  ca n b e 
observe d tha t  subject s 1  &  1 6 reac h asymptot e ver y 
quickl y fo r  N = 2  &  3  bu t  requir e ver y larg e 
increment s o f  tim e befor e correctl y identifyin g 
numerositie s o f  N = 4  o r  5 .  Subject s 6  &  7  sho w a 
simila r  patter n fo r  N = 2  t o 4  bu t  requir e larg e tim e 
increment s t o approac h correc t  detectio n o f  N = 5 . 

The patter n o f  error-fre e detectio n withi n shor t 
presentatio n time s indicate s th e us e o f  a  fast ,  accurat e 
enumeratio n process ,  i.e .  subitizing .  It s us e i s onl y 
^paren t  fo r  smal l  numbers .  Fo r  large r  numbers , 
error s ar e mad e a t  al l  durations .  Thes e error s decreas e 
wit h longe r  presentatio n time s suggestin g the y woul d 
eventuall y disappear .  Suc h a  patter n indicate s mor e 
time-consumin g an d errorfu l  strategie s suc h a s 
estimatio n o r  counting .  Thu s subject s 1  &  1 6 appea r 
t o subitiz e t o N = 3  whil e subject s 6  &  7  appea r  t o 
subitiz e t o N = 4 . 

Thi s nove l  methodolog y suggest s that ,  o n rapid 
enumeratio n tasks ,  subject s ma y exhibi t  a  distinc t 
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Figur e 2 .  Plot s o f  exponentia l  function s fo r  subject s 1 ,  6 ,  7  &  1 6 fo r  numcrositic s N = 2  t o 5 . 

processin g pattern ,  apparentl y wit h a  capacit y o f  N = 
3 o r  4 .  Th e ratio s (i.e .  th e shift s noticeabl e i n Tabl e 1 ) 
ar e quit e suggestiv e o f  qualitativ e shifts . 
Unfortunately ,  fo r  th e presen t  se t  o f  dat a w e ca n no t 
determin e th e reliabilitie s o f  thes e individua l  shifts . 
We expec t  thi s t o b e possibl e wit h dat a collecte d 
fro m a n extende d testin g schedule . 

C o n c l u s i o n s 

The evidence presented here is consistent with the 
vie w tha t  subject s emplo y a  singl e fast ,  accurat e 
proces s whe n rapidly  enumeratin g u p t o fou r  o r  fiv e 
objects .  Fo r  large r  collection s the y apparentl y us e a 
rang e o f  slower ,  les s accurat e processes .  Th e nove l 
methodolog y w e hav e use d enable s detaile d 
examinatio n o f  th e subitizin g phenomeno n a t  th e 
individua l  subjec t  level .  Th e dat a i t  ha s produce d 
appear s t o b e highl y consisten t  wit h othe r 
characterization s o f  th e subitizin g phenomenon ,  eve n 
thoug h th e analyse s ar e nove l  an d ar e undergoin g 
refinement .  Ther e i s  s o m e indicatio n tha t 
enumeratio n perfonnanc e show s a  discontinuit y i n 
processin g a t  aroun d 3  t o 4  objects .  Thi s support s th e 
vie w tha t  subitizin g doe s exis t  a s a  distinc t  proces s 
fo r  rapi d enumeratio n an d tha t  i t  i s  limite d t o smal l 
set  sizes .  Fo r  large r  se t  size s i t  seem s clea r  tha t 

subject s mus t  rel y o n a  rang e o f  slowe r  an d les s 
accurat e strategie s suc h a s counting ,  estimatio n an d 
guessing . 

O ur  conclusion s shar e s o m e feature s o f  bot h 
model s evaluate d b y Balakrishna n &  Ashb y (1991) . 
Our  dat a ar e i n lin e wit h th e conclusion s o f  Klah r  an d 
hi s colleague s tha t  a  distinc t  subitizin g proces s exists , 
but  i t  i s stil l  necessar y t o provid e statistica l  tests .  W e 
hav e als o show n tha t  a n exponentia l  functio n serve s 
as a  goo d mode l  fo r  rapi d enumeratio n processing .  I t 
i s  simila r  t o Kau fma n e t  al.' s  (1949 ;  se e als o 
Balakrishna n &  Ashby ,  1991 )  log-linea r  mode l  but 
applie d t o presentatio n times  require d fo r  differen t 
level s o f  accurac y rather  tha n respons e latencies .  It s 
fit  t o smalle r  rather  tha n large r  numerositie s fo r  th e 
rang e o f  presentatio n time s examine d ca n b e take n a s 
preliminar y evidenc e tha t  a  singl e proces s i s use d b y 
al l  subject s i n respons e t o smal l  number s wherea s 
eac h subjec t  m a y us e a  rang e o f  strategie s a s th e se t 
siz e increases .  I n futur e researc h thi s issu e need s t o 
be examine d wit h th e us e o f  longe r  presentatio n time s 
fo r  large r  numerosities . 

T h e rea l  strengt h o f  ou r  findings ,  althoug h 
preliminary ,  i s tha t  the y provid e convergin g evidenc e 
fro m a  nove l  methodolog y fo r  th e existenc e o f  th e 
subitizin g phenomenon .  M u c h stil l  remain s t o b e 
don e t o refin e th e techniqu e an d t o carr y ou t  furthe r 
studie s tha t  revea l  th e precis e processin g detail s o f 
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subitizin g a s a n enumeratio n process .  T o paraphras e 
th e title s o f  Mille r  (19S6 )  an d Atkinso n e t  a l  (1976 ) 
as a  conclusion ,  w e believ e that ,  a s fa r  a s rapi d 
enumeratio n goes ,  w e hav e provide d ne w evidenc e 
tha t  ther e i s a  "magi c number "  an d tha t  i t  i s  4±1 . 
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