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Introductio n 

I t  wa s recentl y claime d tha t  feedforwar d neura l  network s 
canno t  simulat e wha t  i s  considere d t o b e rule-base d 
behavio r  i n adul t  human s (Raijmakers ,  va n Koten ,  & 
Molenaar ,  1996) .  Back-propagatio n network s learnin g 
discriminatio n shift s wer e foun d t o behav e i n a n associativ e 
way characteristi c o f  youn g children .  W e sugges t  tha t  thes e 
simulation s ar e flawe d b y usin g layere d network s o n linea r 
problems . 

Discrimination shift tasks 

Discriminatio n shif t  paradigm s involv e th e pairwis e 
discriminatio n o f  stimul i  wit h attribute s o n thre e binar y 
dimensions .  A  pai r  o f  stimul i  exhibi t  mutuall y exclusiv e 
attribute s o n al l  thre e dimensions ,  a  constrain t  tha t  allow s 
fou r  pairs .  Participant s lear n t o identif y th e stimulu s i n eac h 
pai r  tha t  exhibit s th e targete d attribut e (e.g. ,  dark) . 
Learnin g occur s b y reinforcemen t  unti l  participant s reliabl y 
identif y th e target .  W h e n criterio n i s  reached ,  shift s i n 
rewar d contingencie s ca n b e introduced . 

I n a  reversa l  shif t  (RS) ,  trainin g i s shifte d t o th e othe r 
attribut e o f  th e sam e dimensio n (e.g. ,  fro m dar k t o bright) . 
Al l  reinforcemen t  contingencie s ar e thu s changed .  Fo r 
extra-dimensiona l  shift s  (EDS) ,  trainin g i s  shifte d t o a n 
attribut e o f  a  previousl y irrelevan t  dimensio n (e.g. ,  dar k t o 
small) .  Contingencie s ar e change d fo r  onl y hal f  o f  th e pair s 
(e.g. ,  hal f  o f  th e dar k stimul i  ar e als o small) .  Huma n adult s 
typicall y lear n a n R S faste r  tha n a n E D S an d thei r 
performanc e o n unchange d pair s o f  a n E D S i s  impaire d 
durin g shif t  learnin g (Kendler ,  1983 ;  Tigh e &  Tighe , 
1978) . 

Thi s ha s suggeste d tha t  adult s lear n thes e task s b y wa y o f 
mediatin g concept s representin g th e relevan t  dimensio n 
(Kendler ,  1983) .  Bu t  whe n younge r  childre n lackin g 
mediatin g abilit y  ar e traine d fo r  a n extende d tim e beyon d 
criterion ,  the y to o perfor m a n R S faste r  tha n a n E D S 
(Wolff ,  1967) .  Thi s i s th e overtrainin g effect ,  an d i t  ca n b e 
implemente d i n neura l  network s b y lowerin g th e scor e 
threshol d producin g deepe r  learning . 

We propos e a  mode l  o f  discriminatio n shift s usin g 
cascade-correlatio n networks .  W e traine d 12 0 network s o n 
RS an d E D S task s usin g a  smal l  scor e threshold .  Th e 
network s learne d a n R S faste r  tha n a n E D S an d showe d 
impaire d performanc e o n unchange d E D S pair s durin g shif t 
training .  The y di d no t  recrui t  hidde n units . 

I n a n optiona l  shif t  (OS) ,  initia l  trainin g i s identica l  t o 
tha t  i n R S an d E D S ,  bu t  a t  th e onse t  o f  th e shift ,  tw o o f  th e 

fou r  pair s ar e presente d wit h change d rewar d contingencie s 
suc h tha t  th e shif t  agree s wit h eithe r  a n R S o r  a n E D S .  Fo r 
most  adults ,  response s o n th e tes t  pair s agre e wit h a n RS . 
Thi s i s  als o th e cas e o f  youn g childre n i n overtrainin g 
condition s (Wolff ,  1967) .  W e traine d 6 0 network s o n a n 
OS task ,  agai n wit h a  smal l  score-threshold .  Th e behavio r 
of  5 7 network s wa s consisten t  wit h a n RS ,  a  proportio n no t 
significantl y differen t  fro m tha t  observe d i n adults .  Again , 
hidde n unit s wer e no t  recruite d b y th e networks . 

Discussion 

Our  network s showe d behavio r  consisten t  wit h wha t  i s 
foun d i n adult s o n RS ,  E D S ,  an d O S tasks .  Moreover ,  th e 
lac k o f  hidde n unit s i n th e network s implie s tha t  mediate d 
processin g i s no t  involve d i n thei r  behavior .  W e sugges t 
tha t  huma n adult s ma y submi t  themselve s t o spontaneou s 
overtrainin g throug h a  proces s simila r  t o rehearsa l  i n 
memory tasks .  Thi s ha s alread y bee n suggeste d b y Levin e 
(1975 )  fo r  discriminativ e learning .  W e als o modele d th e 
learnin g o f  youn g childre n usin g a  highe r  score-threshol d 
(Siroi s &  Shultz ,  i n preparation) .  Ou r  mode l  show s tha t 
P DP network s ca n simulat e behavio r  usuall y considere d 
rule-based .  Indeed ,  th e prospect s loo k favorabl e fo r 
simulatin g a  wid e rang e o f  age-relate d phenomen a i n th e 
discriminatio n shif t  literature . 
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