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Neura l  Network s fo r  Simulatin g Cognitiv e Development : 

A Cas e Stud y i n Earl y Mathematica l  Abilitie s 

Trace y A .  Bal e an d Khurshi d Ahma d 
Artificia l  Intelligenc e Grou p 

Departmen t  o f  Mathematica l  an d Computin g Science s 
Universit y o f  Surrey ,  Guildford .  G U 2 5 X H ,  U K 
{T .Ba le ,K .Ahmad}@mcs .su r rey .ac .u k 

Mathematica l  developmen t  ma y b e investigate d throug h 
th e observatio n o f  behaviour ,  o r  alternatively ,  throug h 
computer-base d modelling .  Connectionis t  models ,  ofte n 
referre d t o a s artificia l  neura l  networks ,  ca n demonstrat e 
aspect s o f  huma n cognitiv e development ,  owin g t o thei r 
capacit y t o learn .  Mathematica l  abilitie s hav e bee n 
explore d throug h compute r  metaphor s b y developmenta l 
psychologist s (Wynn ,  1995) ,  an d throug h connectionis t 
approache s b y cognitiv e neuropsychologist s (McCloske y 
and Lindemann ,  1992 )  an d neuroscientist s (Dehaen e an d 
Changeux ,  1993) .  W e examin e ho w artificia l  neura l 
network s ca n b e o f  benefi t  i n th e stud y o f  mathematica l 
developmen t  amongs t  infant s b y describin g ho w tw o 
specifi c  aspect s o f  thi s developmen t  ca n b e simulated . 
First ,  w e attemp t  t o simulat e a  biologically-endowe d 
mechanis m fo r  th e discriminatio n an d representatio n o f 
smal l  numerositie s o f  entities :  fo r  thi s mode l  w e us e a 
self-organizin g neura l  networ k i n a  proces s o f  featur e 
extraction .  Second ,  w e presen t  argument s a s t o wh y an d 
ho w th e so-calle d recurren t  neura l  network s ca n b e use d t o 
model  rhythmicit y i n a  simulatio n o f  learnin g th e tempora l 
behaviou r  o f  counting .  Th e notio n o f  recurrenc y i s 
examine d i n thi s mode l  throug h a  combinatio n o f  feedbac k 
loop s wit h dela y elements . 

We sugges t  tha t  thre e categorie s o f  neura l  networ k 
learnin g procedure s appea r  t o describ e th e componen t 
branche s o f  numerica l  development .  Firstly ,  a n 
unsupervise d learnin g algorith m appear s t o simulat e th e 
acquisitio n o f  th e earliest ,  pre-verba l  skills :  thos e whic h 
appea r  t o spontaneousl y emerge ,  suc h a s numerosit y 
discriminatio n an d th e acquisitio n o f  ordina l  concepts . 
Secondly ,  th e reinforcemen t  learnin g algorith m appear s t o 
simulat e conditione d behaviour ,  an d thirdl y a  supervise d 
learnin g algorith m ma y b e use d t o describ e aspect s o f 
numerica l  developmen t  determine d b y linguisti c 
knowledge :  thos e later-occurrin g abilitie s whic h ar e 
subjec t  t o environmenta l  experience ,  fo r  example ,  th e 
acquisitio n o f  th e linguisti c countin g syste m an d th e 
arithmeti c facts . 

Furthermore ,  w e propos e tha t  a  nervou s system-leve l 
model ,  a  ter m coine d afte r  Kohone n (1990) ,  i s  a n 
appropriat e architectur e fo r  a  simulatio n o f  mathematica l 
development .  Suc h a n architectur e enable s a  rang e o f 
learnin g strategie s t o b e simulate d withi n a  singl e model . 
Nervou s system-leve l  (organizational )  model s ar e 
compose d o f  a  syste m o f  interconnecte d connectionis t 
networks ,  wher e th e connection s themselve s ar e 
connectionis t  networks .  Eac h constituen t  networ k i n a 
simulatio n o f  developmen t  i s base d upo n a  different ,  well -
grounde d architectur e an d employ s a n appropriat e learnin g 
algorithm ,  i n orde r  t o mimi c a n aspec t  o f  th e developmen t 
unde r  consideration .  Unde r  thi s approach ,  th e spectru m o f 
pre-verba l  an d language-dependen t  mathematica l  abilitie s 
may b e modelle d withi n a  singl e architecture . 
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