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I n thi s wor k w e addres s th e issu e o f  h o w number s shoul d 
be plausibl y represente d wit h a  "neural "  code ,  tha t  is ,  a s 
activatio n pattern s ove r  a  se t  o f  processin g unit s i n neura l 
networ k model s o f  mathematica l  (numerical )  cognition .  Ou r 
approac h i s t o evaluat e a  serie s o f  neura l  networ k 
simulation s o f  simpl e arithmetic ,  suc h a s single-digi t 
addition s an d magnitud e comparisons .  W e ca n therefor e 
evaluat e th e impac t  o f  variou s representationa l  scheme s o n 
th e model' s performance ,  i n compariso n t o tha t  o f  skille d 
human participants . 

Galliste l  an d Gelma n (1992) ,  amon g others ,  propose d tha t 
numerica l  expression s i n a n arithmetica l  proble m ar e 
translate d int o magnitude s prio r  t o accessin g th e solutio n 
whic h i s als o a  magnitud e tha t  need s translatin g bac k int o a 
numerica l  expression .  Thes e magnitude s ar e point s o r 
region s o n a  continuou s psychologica l  dimension .  Thi s fit s 
i n wel l  wit h othe r  aspect s o f  numerica l  cognition ,  suc h a s 
magnitud e compariso n tasks ,  whic h appea r  t o behav e a s 
thoug h number s fal l  o n a  single ,  possibl y compressed , 
dimensio n o r  line .  However ,  i t  fail s t o matc h bot h ou r 
intuition s an d standar d analyse s o f  numbe r  whic h 
characteris e intege r  arithmeti c a s involvin g cardinalities ,  i.e. , 
discret e propertie s o f  set s (Giaquinto ,  1995) . 

A secon d proble m concern s th e implementatio n o f  th e 
hypothesi s tha t  number s ar e region s o n a  numbe r  line .  I n on e 
of  th e fe w attempt s t o mode l  arithmetica l  fac t  retrieva l 
(McCloske y &  Lindeman ,  1989) ,  number s ar e encode d ove r 
an ordere d sequenc e o f  inpu t  nodes ,  wher e eac h nod e stand s 
fo r  a  particula r  number .  Moreover ,  th e tw o immediat e 
neighbour s o f  th e numbe r  ar e activate d a s well :  thu s 3  i s 
represente d a s th e activatio n o f  th e nod e labelle d "3 "  plu s 
(lesser )  activatio n o f  " 2 "  an d "4" .  On e obviou s proble m o f 
thi s approac h i s tha t  tw o number s suc h a s " 7 "  an d "3 "  woul d 
not  hav e anythin g i n common ,  sinc e the y activat e orthogona l 
representation s (i.e. ,  node s 6-7- 8 fo r  ' 7 "  an d node s 2-3- 4 fo r 
"3") .  Indeed ,  Ashcraf t  (1995 )  claim s tha t  th e "consensu s 
model "  o f  fac t  retrieva l  consist s o f  association s o f  (possibly ) 
orthogona l  representation s o f  problem s an d asnwers . 
However ,  ou r  intuitiv e understandin g o f  intege r  number s 
entail s tha t  ' 7 "  include s "3" :  thi s i s th e notio n o f  numbe r 
cardinality . 

Recen t  psychologica l  evidenc e show s tha t  cardina l 
magnitud e informatio n i s automaticall y activate d eve n whe n 
i t  i s  irrelevan t  t o th e tas k (e.g. ,  Dehaene ,  Bossini ,  &  Giraux , 

1993) .  I n connectionis t  terms ,  a n abstrac t  representatio n o f 
magnitud e ca n b e straightforwardl y represente d a s th e 
number  o f  unit s activated ,  whereb y bigge r  number s includ e 
smalle r  numbers ;  therefore ,  fo r  N > M ,  a  se t  wit h M member s 
ca n b e pu t  i n 1  - 1 correspondenc e wit h a  prope r  subse t  o f  th e 
set  wit h N  member s (se e Figur e 1) . 

Number  Lin e 
o # « © o o o o 
1 2  3  4  5  6  7  8 
o o o o o # « # 
1 2 3  4  5  6  7  8 

Cardinalit y 
•  •  o  o  o 
2 3  4  5  6 

•  •  •  •  • 
2 3  4  5  6 

o o 
7 8 

•  o 
7 8 

Figur e 1 :  Alternativ e scheme s fo r  representin g numbers . 

Our study shows that feedforward networks using 
unrelated ,  orthogonal "  representation s o f  numbe r  concept s 
hav e mor e difficultie s i n learnin g a  se t  o f  arithmeti c fact s 
and offe r  a  poo r  matc h t o huma n performance ,  wherea s 
number  representation s tha t  ar e base d o n cardina l 
magnitude s ar e fundamenta l  fo r  successfu l  modellin g o f  th e 
processe s involve d i n simpl e arithmeti c an d magnitud e 
comparisons . 
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