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Bruner ,  Goodnow ,  an d Austin' s (1956 )  researc h o n 
concep t  attainmen t  wa s reexiuiiine d fro m a  connectionis t 
perspective .  Brune r  e t  al .  use d a  se t  o f  card s t o stud y concep t 
attainmen t  (p .  42 )  consistin g o f  fou r  attributes ,  eac h o f 
whic h varie d o n thre e values :  shap e (cross ,  circle ,  square) , 
colo r  (green ,  black ,  red) ,  numbe r  o f  object s (one ,  two ,  o r 
three) ,  numbe r  o f  border s (one ,  two ,  o r  three) .  Eac h car d 
instanc e combine s on e valu e o f  eac h o f  th e fou r  attributes .  A 
categor y o r  a  concep t  {conjunctive ,  disjunctive ,  an d 
relational )  i s  define d wit h respec t  t o a  subse t  o f  card s tha t 
shar e a  c o m m o n se t  o f  attribut e values . 

Figur e 1  show s a  P D F networ k tha t  associate s positiv e 
and negativ e instance s o f  a  concep t  wit h thei r  correspondin g 
attribut e values .  T w o method s wer e use d t o hel p preserv e th e 
ecologica l  validit y o f  th e inpu t  (Brach t  &  Glass ,  1968) . 
First ,  fo r  networ k inpu t  a  one-to-on e mappin g wa s 
constructe d betwee n eac h card' s visua l  representatio n an d a  2 -
dimensiona l  numeri c array .  Thi s arra y ha d 114 4 cells ,  wher e 
colore d pixel s green ,  re d an d blac k wer e assigne d th e value s 
of  0.25 ,  0.5 ,  an d 0.7 5 respectivel y (whit e pixe l  value s wer e 
0.0) . 

Second ,  empirica l  result s demonstrate d tha t  a  networ k 
usin g on e outpu t  uni t  t o classif y card s a s eithe r  positiv e o r 
negativ e instance s wa s incapabl e o f  generalizin g beyon d th e 
trainin g se t  t o nove l  instances .  Gagne' s (1985 )  theor y o f 
concep t  learnin g require s a  learne r  m a k e discrimination s t o 
identif y distinctiv e feature s o f  stimulu s objects .  Gagne' s 
idea s resulte d i n th e additio n o f  extr a outpu t  unit s nsferre d t o 
as attribut e contex t  constraint s (se e Figur e 1) .  Thes e unit s 
guide d th e networ k i n constructin g a  bette r  representationa l 
model  tha n thos e model s i n whic h th e constraint s wer e 
absent .  T h e ide a o f  employin g additiona l  outpu t  unit s t o 
improv e networ k learnin g ha s previousl y bee n use d i n 
engineerin g t o increas e th e probabilit y o f  th e networ k 
finding  a  goo d representatio n an d t o reduce  networ k learnin g 
tim e (Gallm o &  Carlstrom ,  1995) .  Essentially ,  th e ide a i s 
t o provid e additiona l  outpu t  unit s tha t  expres s som e 
knowledg e o f  th e problem .  N o modificatio n o f  th e networ k 
algorith m o r  erro r  correctio n i s  required .  Th e specifi c  targe t 
output ,  a  binar y string ,  consist s o f  9  outpu t  unit s tha t 
uniquel y symboliz e whethe r  th e car d i s  a  positiv e o r 
negativ e instanc e an d it s attributes . 

Althoug h i t  migh t  b e expecte d tha t  th e constraine d 
networ k take s mor e presentation s t o reac h a  give n leve l  o f 
categorizatio n tha n a n unconstraine d networ k becaus e mor e 
calculation s ar e involve d i n learnin g a  large r  numbe r  o f 

attributes ,  th e result s indicat e th e opposite .  Th e constraine d 
networ k too k les s tim e t o lear n th e appropriat e 
categorization s o f  instance s an d attribute s tha n th e 
unconstraine d networ k too k t o lear n th e categorizatio n o f 
instanc e only .  Th e result s als o indicat e tha t  th e constraine d 
networ k ha d bette r  capacit y t o generaliz e (inductivel y reaso n 
i n th e Brune r  e t  al .  sense )  t o nove l  car d instances .  Thi s wa s 
not  th e cas e fo r  network s tha t  di d no t  includ e th e attribut e 
contex t  constraint s outpu t  units .  Furthermore ,  th e 
constraine d networ k ove r  generalize d th e learne d concep t  b y 
categorizin g previousl y unsee n shapes ,  wit h simila r 
surroundin g attributes ,  a s bein g i n th e sam e clas s a s thos e 
alread y see n durin g training . 
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Figur e 1 :  Networ k structur e o f  Brune r  e t  al.' s  (1956 )  task . 
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