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Chair: Richard Held, Department of Brain & Cognitive Sciences, MIT 

Advances in experimental technique and technology reveal more and more 
hithert o unexpecte d cognitiv e capabilitie s i n infants .  Moreover ,  thes e 
achievement s appear  a t  earlie r  an d earlie r  ages .  We discer n a  tren d i n infan t 
researc h a s investigator s increasingl y attribut e th e appearanc e o f  cognitiv e 
capacit y t o th e developmen t  o f  sensor y an d moto r  system s a s oppose d t o tha t  o f 
highe r  center s i n th e brain .  Pushe d t o a n extrem e thi s tren d lead s t o th e 
vie w tha t  th e neonata l  mind-brai n lack s onl y th e sensor y inpu t  an d moto r 
outpu t  require d t o potentiat e it s capability .  I n plac e o f  th e doctrin e o f 
th e neonat e tabul a rasa ,  organize d b y sens e an d movement ,  w e woul d hav e th e 
neonat e tabul a cognitiv a awaitin g th e perfectio n o f  it s  sensor y an d moto r 
apparatu s i n orde r  t o engag e th e world .  Echoin g thi s theme ,  Jan e Gwiazd a wil l 
discus s th e developmen t  o f  visio n i n infants .  Sh e report s tha t  visua l 
resolution ,  limite d initiall y  b y periphera l  retina l  processes ,  improve s 
slowl y ove r  severa l  years .  I n contrast ,  th e hyperacuities ,  wit h presumedl y 
more significan t  centra l  cortica l  components ,  ris e muc h mor e abruptly .  Rene e 
Baillargeo n present s evidenc e tha t  ver y youn g infant s understan d tha t  object s 
posses s a t  leas t  som e o f  th e physica l  properties  take n fo r  grante d b y adults . 
Thei r  perceptua l  world s ar e structure d i n accor d wit h thi s understanding . 
Quantitativ e physica l  reasonin g i s a  bi t  slowe r  t o develo p bu t  i t  to o i s 
presen t  b y th e en d o f  th e firs t  half-year .  Adel e Diamon d ha s discovere d tha t 
infant s understan d concept s lon g befor e the y hav e th e capacit y t o pla n an d 
inhibi t  th e moto r  activit y require d t o perfor m response s durin g testing . 
Sequentia l  action s requirin g moto r  plannin g an d refle x inhibitio n d o no t 
appea r  unti l  hal f  a  yea r  o f  age .  Togethe r  thes e report s argu e fo r  th e chang e 
i n viewpoin t  discusse d above . 

Discussant: Jacques Mehler 
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DEVELOPMENT OF VISIO N 

Jane Gwiazda, Department of Brain & Cognitive Sciences, MIT 

Study of the development of vision provides an opportunity to relate changes 
i n visua l  function s t o change s i n th e nervou s system .  Ove r  th e pas t  fiftee n 
year s w e hav e studie d basi c measure s o f  visua l  function ,  includin g gratin g 
acuity ,  stereoacuity ,  an d vernie r  acuity ,  i n huma n infants .  A n initia l 
attemp t  ha s bee n mad e t o relat e th e developmenta l  change s i n visio n t o 
change s i n th e underlyin g neurona l  mechanisms . 

All of our data were obtained using a two-alternative forced choice 
preferentia l  lookin g procedure .  Gratin g acuit y develop s mor e slowl y tha n 
vernie r  an d stereoacuity .  I t  i s  ver y poo r  a t  birt h an d doe s no t  reac h adul t 
level s unti l  3  o r  4  year s o f  age .  Change s occurrin g a t  th e retina l  leve l 
durin g th e earl y month s ca n accoun t  fo r  th e increase s i n gratin g acuity . 

Vernier acuity is termed a hyperacuity because the smallest offset of a line 
tha t  ca n b e detecte d b y a n adul t  i s  almos t  a n orde r  o f  magnitud e mor e 
sensitiv e tha n th e minima l  separatio n o f  fovea l  cones .  I t  i s  though t  b y man y 
t o b e corticall y processed .  I n infants ,  vernie r  acuit y i s actuall y poore r 
tha n gratin g acuit y i n th e firs t  tw o months ,  bu t  rise s rapidl y an d exceed s 
gratin g acuit y b y th e fourt h month . 

Stereopsis is not present in very young infants, but has an abrupt onset at 3 
t o 4  months .  We hav e speculate d tha t  th e onse t  i s dependen t  upo n th e 
segregatio n o f  ocular  dominanc e column s i n laye r  A  o f  th e cortex . 
Stereoacuit y rise s ver y rapidly ,  approachin g adul t  value s withi n a  fe w week s 
fro m onse t  o f  coars e stereopsis .  Thi s implie s fin e tunin g o f  th e disparity -
sensitiv e neurona l  mechanism . 

Females show superiority over males in months 4 through 7 on the 
hyperacuities ,  bu t  no t  gratin g acuity ,  whic h suggest s tha t  se x difference s ar e 
foun d a t  th e cortica l  level . 
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YOUNG INFANTS '  PHYSICAL WORLD 

Renee Baillargeon, Department of Psychology, University of Illinois 

Infants' understanding of the physical world has traditionally been 
characterize d a s severel y limited .  Infant s ar e sai d t o hol d n o belief s o r  t o 
hol d incorrec t  belief s abou t  objects ,  an d t o posses s a t  bes t  primitiv e 
physica l  reasonin g abilities .  However ,  recen t  evidenc e collecte d b y my 
collaborator s an d myself  suggest s tha t  thi s characterizatio n i s inaccurate . 
My tal k i s divide d int o thre e sections .  I n th e firs t  section ,  I  repor t 
experiment s tha t  indicat e tha t  youn g infant s shar e man y o f  adults '  belief s 
abou t  th e physica l  world .  T o illustrate ,  I  argu e that ,  b y 3. 5 month s o f  age , 
infant s understan d tha t  (a )  object s continu e t o exis t  whe n ou t  o f  sight ;  (b ) 
object s canno t  mov e throug h th e spac e occupie d b y othe r  objects ;  an d (c ) 
object s fal l  whe n thei r  support s ar e removed .  I n th e secon d section ,  I 
summariz e experiment s tha t  sugges t  tha t  youn g infant s posses s a n impressiv e 
arra y o f  physica l  reasonin g abilities .  I  distinguis h betwee n qualitativ e 
reasonin g (e.g. ,  determinin g tha t  a  rotatin g scree n shoul d sto p whe n 
encounterin g a n obstacl e i n it s path )  an d quantitativ e reasonin g (e.g. , 
judgin g a t  wha t  poin t  a  rotatin g scree n shoul d sto p base d o n th e locatio n an d 
heigh t  o f  th e obstacl e i n it s  path) ,  an d argu e tha t  infant s engag e i n th e 
forme r  typ e o f  reasonin g severa l  month s befor e the y d o th e latter .  I n th e 
thir d section ,  I  presen t  experiment s tha t  revea l  ho w infants '  physica l 
knowledg e affect s thei r  perception s an d categorization s o f  objects .  I 
conclud e wit h a  revie w o f  th e man y similaritie s an d fe w difference s brough t  t o 
ligh t  b y th e presen t  researc h betwee n infants '  an d adults '  physica l  worlds . 
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THE PLANNING,  EXECUTION,  AN D INHIBITIO N O F MOVEMENT DURIN G INFANC Y 

Adele Diamond, Department of Psychology, University of Pennsylvania 

Infants appear to understand the concept of contiguity, understand and 
remember  tha t  a n objec t  the y ca n n o longe r  se e i s stil l  there ,  an d remembe r 
whic h o f  tw o object s the y hav e alread y seen ,  lon g befor e the y ca n sho w thes e 
abilitie s o n traditiona l  measures .  Why? 

I would like to suggest that traditional measures require planning of motor 
action s an d inhibitio n o f  moto r  actions ,  bot h o f  whic h requir e maturatio n i n 
th e supplementar y moto r  are a (SMA) .  Maturatio n i n SMA ma y accoun t  fo r  man y o f 
th e advance s w e se e i n infants '  behavio r  betwee n 5- 8 month s o f  age .  Note ,  th e 
suggestio n i s tha t  th e cognitiv e abilitie s mentione d i n paragrap h 1  ar e 
presen t  early ,  bu t  the y canno t  b e demonstrate d i n reachin g behavio r  unti l  muc h 
later . 

SMA is required for putting two or more actions together into a sequence, as 
fo r  example ,  i n uncoverin g on e objec t  t o retriev e anothe r  o r  i n executin g a 
circuitou s reac h wit h two-vecto r  components .  I t  i s  als o require d fo r  th e 
inhibitio n o f  th e reflexe s o f  th e hand :  th e gras p an d avoidanc e reflex . 
Traditiona l  measure s o f  objec t  permanenc e (uncoverin g a  hidde n object) , 
recognitio n memor y (th e delaye d non-matchin g t o sampl e task) ,  an d spatia l 
contiguit y (retrievin g a n objec t  directl y behin d a  screen )  hav e al l  require d 
skill s  dependen t  o n SMA.  Task s usin g lookin g a s th e dependen t  measur e hav e 
not  require d moto r  plannin g o r  inhibitio n an d hav e sho\ m thes e memor y an d 
conceptua l  abilitie s t o b e presen t  muc h earlier ;  simila r  result s hav e recentl y 
bee n obtaine d wit h reachin g task s tha t  d o no t  requir e SMA-dependen t 
abilities . 
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