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T o w a r d s a n Integrativ e A p p r o a c h t o Cognit iv e D e v e l o p m e n t 

Kazuhis a Niki ,  Kazu o Hiraki ,  Steve n Phillips , 
Mikik o Nisikim i  an d Akk > Sashim a 

Cognitiv e Developmen t  Laboratory ,  Elcctrotechnica l  Laboratorie s 
1-1- 4 Umezono ,  Tsukuba ,  Ibaral d 305 ,  Japa n 

{niki ,  khiraki ,  stevcp ,  nisikimi ,  sashima}@etl.go.j p 

In t roduc t io n 

I n Spring ,  th e Electiotechnica l  Labotatorie s bega n a  ne w 
projec t  toward s understandn g th e mechanism s o f  huma n 
cognitiv e development .  I n th e spiri t  o f  cognitiv e science , 
we hop e tha t  a n int̂ rativ e approac h tha t  combine s 
method s from  robotics,  compute r  sdenoe ,  linguistic s an d 
ncurosdeno e (i n adcitio n t o psychology )  wil l  bette r 
fiacilitat e ou r  searc h fo r  mechanisms .  W e anticipat e tha t  a 
broade r  int̂ rativ e appmac h wil l  bette r  constrai n th e 
modelin g process .  Here ,  w e outlin e ou r  area s o f  interes t 
and di e approache s w :  take . 

Spatial Learning & Robotics 

We propos e usin g autonomou s robots  a s th e subjec t  o f 
cognitiv e development ,  an d constructin g compute r 
prognim s b y whic h robots  ca n bdiav e analogousl y t o 
infants(Hira) d e t  al. ,  1996) .  Th e advantag e o f  usin g robots 
i s tha t  i t  force s u s t o us e th e sam e inpu t  stimul i  an d 
actio n goal s a s th e infan t  B y contrast ,  i n compute r 
simulation ,  th e shjp e o f  th e input/outpu t  representations 
i s generall y assumed .  Th e us e o f  robots  als o permit s u s t o 
construc t  a  theor y absorbin g "activeness" ,  whic h ha s 
recently  bee n emphasize d i n th e developmen t  o f  spatia l 
knowledge .  W e propos e "featur e abstraction "  (Hiiaki , 
1994 )  fo r  a  mode l  o f  spatia l  learning .  Ou r  final  targe t  i s t o 
darif y th e medianis m o f  chang e from  egocentric -  t o 
allocentric-base d behaviour ,  indudn g menta l  trackin g 
(Hirak i  e t  al. ,  1997) ,  i n yoim g children . 

Reasoning & Relational Theory 

Halfoi d (1993 )  an d Halford ,  Wilso n an d Phillip s 
(submitted )  propose d idationa l  complexit y a s a  metri c 
devdopmenta l  change .  Briefly ,  stage s i n devdopmen t 
ooticspon d t o th e capadt y t o proces s increasingl y highe r 
arit y relations  O-C ,  unary ,  binary ,  ternary ,  etc) .  Base d o n 
psychologica l  experiments ,  childe n b d o w th e ag e o f  five 
year s ar e sai d t o b e limite d t o task s requirin g a t  mos t 
binar y rdations ,  wherea s childre n abov e five  ca n perfor m 
task s involvin g ternar y rdations .  W e hop e thi s theor y wil l 
become a  benchmar k fo r  theorie s o f  devdopmenta l  change . 
Towar d thi s goal ,  method s from  idariona l  theor y i n 
compute r  sdenc e hav e bee n applie d t o psychologica l 
experimenta l  paracfigm s i n a n effor t  t o darif y (objectivdy ) 
idationa l  complexit y an d it s lin k t o chil d devdopmen t 
(Phillips .  1997) . 

f M R I  f o r  n e u r o n a l  bas i s 

We ar e preparin g t o incorporat e fiMRI  tedinique s fo r  th e 
stud y o f  cognitiv e devdopment .  I n prdiminai y studes ,  w e 
wil l  tes t  whethe r  cognitiv e dsvdopmenta l  phenomen a ar e 
detectabl e b y thes e methods ,  whil e fulfillin g al l  ethica l  an d 
safte y requirements .  W e expec t  fMR I  wil l  hav e grea t 
potientia l  fo r  th e stud y o f  cognitiv e developmen t 

Integrated Approach 

Our  appvozdt i  t o th e issu e o f  th e mechanis m drivin g 
cognitiv e devdopmen t  i s  t o us e method s fiom robotics, 
compute r  sdenc e an d neurosdence .  Rathe r  tha n addes s 
multipl e problem s withi n a  singl e fi:amewoik,  w e propos e 
combinin g ̂ parentl y dsparat e method s towar d resolvin g 
a singl e problem .  A s on e example ,  complexit y analysi s 
fiom  compute r  sdenc e suggeste d way s i n whid i  Halford s 
idationa l  theor y fiom  psycholog y coul d b e teste d usin g 
brai n imagin g technique s i n neurosdenc e (Halford ,  e t  al , 
submitted ;  Phillips ,  Hiraki ,  Nakai ,  Mild ,  1997) .  Cleariy , 
th e medianis m o f  devdopmen t  i s complex ,  bu t  thi s jus t 
underscore s th e nee d fcH *  a  wide r  appmac h t o th e problem . 
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