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Larg e N u m b e r  Discriminatio n i n 6-month-oi d Infant s 

Fei  X u (KKI@PSYCHE.MIT.EDU ) 
Elizabet h Spclk e (SPKLKE@PSYCHE.MIT.EDU) 

Departmen t  o f  Brai n an d Cognitiv e Science s 
Massachusett s Institut e o f  Technolog y 
El0-244 ,  Cambridge ,  M A 0213 9 U S A 

One o f  th e mai n task s o f  cognitiv e scientist s i s  t o 
characteriz e th e initia l  conceptua l  stat e o f  a  huma n infant . 
I n particular ,  wha t  ar e th e innat e domain s o f  knowledge ,  i f 
any ? Severa l  recen t  studie s hav e documente d tha t  infant s a s 
youn g a s 5  month s ar e abl e t o discriminat e array s tha t  diffe r 
i n th e numbe r  o f  element s the y contai n an d t o perfor m 
rudimentar y arithmeti c operation s o n suc h arrays .  S o m e 
hav e suggeste d tha t  numbe r  i s a n initia l  cognitiv e domain . 

Starke y &  Coope r  (1980 )  firs t  showe d tha t  5-month-ol d 
infant s w h o habituat e t o 2  dot s wil l  dishabituat e t o 3  dots , 
and th e reverse .  Thi s resul t  ha s bee n extende d t o newbor n 
infants ,  t o mor e heterogeneou s arrays ,  t o set s o f  4  elements , 
and eve n t o element s tha t  m o v e around .  W y n n (1992 ) 
provide d th e first  evidenc e tha t  5-month-ol d infant s ca n tak e 
int o accoun t  th e effect s o f  simpl e additio n an d subtractio n o n 
smal l  numerosities ,  e.g. ,  infant s represen t  tha t  1  +  1 = 2 an d 
2- 1 =  1 .  Variou s laboratorie s hav e replicate d thi s result . 

Youn g infant s appea r  t o represen t  number s no t  onl y o f 
objects ,  bu t  als o o f  sound s an d event s (Starkey ,  Spelke ,  & 
Gelman ,  1990 ;  W y n n ,  1995) ,  an d the y appea r  t o hav e som e 
rudimentar y understandin g o f  th e relatio n betwee n thes e 
smal l  numbers .  Sinc e thes e representation s ar e no t  tie d t o a 
particula r  modalit y o r  a  particula r  typ e o f  entities ,  som e 
researcher s hav e argue d tha t  infant s posses s a  syste m o f 
knowledg e whic h pertain s t o numbe r  pe r  j e . 

Nevertheless ,  thes e sam e studie s provid e evidenc e tha t 
infant s fai l  o n numbe r  discriminatio n an d arithmeti c task s 
wit h se t  siz e large r  tha n 3  o r  4  (e.g. ,  4  vs .  6 ,  whic h ha s th e 
same rati o differenc e a s 2  vs .  3) ,  supportin g th e alternativ e 
hypothesi s tha t  segmentatio n o f  objects ,  bu t  no t  number , 
underlie s infants '  successfu l  performance .  Perhap s infant s 
use a n earl y visua l  processin g mechanis m suc h a s F INST s 
(Tric k &  Pylyshyn ,  1994) ,  objec t  files  (Kahneman , 
Treisman ,  &  Gibbs ,  1992) ,  o r  spatia l  model s o f  object s t o 
kee p trac k o f  th e entitie s i n a n arra y (Simo n e t  al. ,  1995 ; 
Ulle r  e t  al. ,  1996) .  Tha t  is ,  infant s d o no t  hav e a  unitar y 
representatio n o f  " 2 "  pe r  s e bu t  rathe r  "a n objec t  an d anothe r 
object. "  O n thi s account ,  th e "limi t  o f  3 "  i s  inheren t  i n th e 
underlyin g mechanis m an d infant s m a y no t  represen t  numbe r 
per  se . 

Her e w e repor t  a  stud y o f  youn g infants '  discriminatio n o f 
larg e set s o f  element s differin g b y a  2: 1 rati o (1 6 vs .  8) . 
Succes s a t  thi s discriminatio n woul d ad d t o th e clai m tha t 
infant s represen t  number ,  wherea s failur e woul d suppor t  th e 
alternativ e hypothesis . 

T wo group s o f  6-month-ol d infant s wer e tested .  Eigh t 
infant s wer e habituate d t o display s wit h 8  dots ,  the n teste d 
on a  n e w displa y wit h 8  dot s an d a  displa y wit h 1 6 dots ; 
eigh t  infant s wer e habituate d t o display s wit h 1 6 dots ,  the n 
teste d o n a  ne w displa y wit h 1 6 dot s an d a  displa y wit h 8 
dots .  Severa l  feature s o f  th e experimen t  wer e designe d t o 
assur e tha t  successfu l  discriminatio n woul d depen d o n 
number  rathe r  tha n othe r  feature s o f  th e stimul i  tha t  correlat e 
wit h numbe r  (e.g. ,  brightness ,  densit y o f  elements ,  an d 
spatia l  frequency) .  First ,  i n eac h habituatio n trial ,  dot s wer e 
presente d i n a  differen t  rando m patter n an d siz e o f  th e dot s 
varied .  Second ,  th e tw o tes t  display s wer e equate d fo r 
brightness ,  elemen t  size ,  an d elemen t  densit y b y usin g a  16 -
dot  displa y tha t  wa s twic e th e overal l  are a a s th e 8-do t 
display .  Th e elemen t  siz e an d displa y wer e selecte d s o a s t o 
presen t  value s equi-distan t  fro m th e averag e valu e fo r  th e 8 -
and 16-do t  habituatio n displays . 

We foun d tha t  6-month-ol d infant s ar e abl e t o discriminat e 
larg e numerositie s (1 6 vs .  8 )  differin g b y a  2: 1 ratio .  Afte r 
habituatin g t o a  serie s o f  display s wit h 8  (o r  16 )  dots ,  th e 
infant s looke d longe r  a t  display s wit h th e nove l  numbe r  o f 
dot s (th e mea n lookin g tim e fo r  th e n e w displa y wa s 6. 4 
second s an d fo r  th e ol d displa y wa s 4. 7 seconds) ,  F  (1 ,  15 )  = 
5.002 ,  p  <  .05 . 

Thu s w e provid e th e first  evidenc e tha t  th e "limi t  o f  3 " 
observe d i n previou s wor k doesn' t  appea r  t o b e a  limi t  o n 
th e se t  siz e infant s ca n represent ,  bu t  o n th e accurac y o f 
thes e representations :  whe n a  2: 1 rati o o f  se t  size s i s  used , 
larg e se t  size s ar e discriminated . 

Thi s finding  coul d b e explaine d i n tw o ways .  First , 
infant s posses s a  singl e syste m fo r  representin g number , 
supportin g discriminatio n o f  bot h larg e an d smal l  arrays . 
Second ,  infant s m a y posses s distinc t  system s fo r 
representin g smal l  an d larg e numbers :  a n objec t 
individuatio n syste m i n th e first  cas e an d a  numbe r 
estimatio n syste m i n th e secon d case .  Curren t  experiment s 
ar e attemptin g t o distinguis h thes e possibilities . 
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