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Generalizatio n i n Categor y Learning :  O n e an d T w o Categor y Problem s 

A.  J .  Will s  (AJW43@CUS.CAM.AC.uk ) 
1.  P .  L .  McLare n (lPLM2@CUS.CAM.AC.UK ) 
Psychologica l  Laboratories ,  Universit y O f  Cambridg e 
Downin g St. ,  Cambridg e C B 2 3EB .  Unite d Kingdo m 

Generalizatio n i s on e o f  th e mos t  pervasiv e concept s i n th e 
stud y o f  cognition .  Fo r  a  ver y wid e rang e o f  situation s an d 
specie s i t  ca n b e show n tha t  i f  a  respons e i s traine d t o a 
stimulu s the n th e likelihoo d o f  anothe r  stimulu s als o 
evokin g tha t  respons e i s a  functio n o f  th e similarit y betwee n 
them .  On e o f  th e establishe d fact s abou t  generalizatio n 
gradients ,  a t  leas t  withi n anima l  learnin g studies ,  i s  tha t  th e 
presenc e o f  a  second ,  differentiall y  reinforced ,  stimulu s i n 
trainin g lead s t o decrease d generalizatio n t o th e targe t 
stimulu s a t  test .  Prio r  t o ou r  work ,  n o direc t  stud y o f  thi s 
effec t  ha d bee n don e wit h norma l  adults .  Th e purpos e o f  ou r 
researc h wa s t o investigat e whethe r  a  simila r  resul t  coul d b e 
foun d i n huma n categor y learnin g and ,  i f  so ,  t o produc e a n 
appropriat e connectionis t  account . 

Experiments 

Our  firs t  experimen t  compare d gradient s o f  generalizatio n 
followin g on e an d tw o categor y training .  Suc h a 
compariso n raise s tw o methodologica l  problems .  First , 
ho w ma y meaningfu l  categor y membershi p informatio n b e 
provide d i n a  on e categor y situation ? Th e typica l  "guess -
and-correct "  metho d o f  tw o categor y trainin g i s inappropriat e 
fo r  th e on e categor y conditio n a s th e answe r  wil l  alway s b e 
th e same .  W e resolve d thi s b y presentin g th e categor y labe l 
alongsid e th e stimulu s i n bot h conditions .  Th e secon d 
proble m wa s tha t  o f  th e numbe r  o f  th e trainin g trial s tha t 
shoul d b e give n i n th e non-discriminativ e condition ,  i.e . 
does on e contro l  fo r  th e tota l  numbe r  o f  stimul i  seen ,  o r  fo r 
th e numbe r  fro m th e relevan t  category ? W e addres s thi s 
proble m b y includin g bot h control s i n th e experiment . 

The stimul i  use d wer e nove l  t o th e subjects ,  prototype -
based ,  an d constructe d fro m 1 2 symbol s positione d o n a n 
invisibl e grid .  Subject s studie d a  numbe r  o f  different , 
sequentiall y  presented ,  examples .  The y wer e the n wer e 
aske d t o classify ,  a s quickl y a s possible ,  othe r  example s 
whic h range d fro m highl y typica l  o f  on e categor y t o highl y 
typica l  o f  th e othe r  (sometime s unseen )  category .  T w o 
categor y trainin g le d t o a  sharpe r  generalizatio n gradien t  tha n 
one categor y training ,  an d th e gradient s i n th e one-categor y 
condition s di d no t  diffe r  fro m eac h other .  Th e patter n o f 
reactio n time s wa s als o affecte d b y th e presenc e o f  a  contras t 
category . 

Th e typica l  explanatio n o f  thi s resul t  i n th e anima l 
learnin g literatur e i s tha t  th e presentatio n o f  th e contras t 
stimulu s someho w neutralize s th e effec t  "incidental " 
component s o f  th e stimulu s o r  th e context .  Incidenta l 

component s ar e thos e tha t  d o no t  chang e systematicall y 
acros s th e rang e i n whic h generalizatio n i s tested .  I t  i s 
shown tha t  a  simpl e feedforwar d error-correctin g networ k (o f 
th e sam e typ e a s use d i n Gluc k &  Bower ,  1988 )  ca n 
correctl y predic t  th e result s o f  th e firs t  experimen t  i f  on e 
assumes tha t  th e stimulu s representatio n doe s indee d includ e 
incidenta l  components . 

Thi s typ e o f  explanatio n o f  th e resul t  lead s t o a  furthe r 
predictio n t o th e exten t  tha t  ther e i s a  differenc e betwee n 
one an d tw o categor y trainin g ther e shoul d b e a  comparabl e 
differenc e betwee n blocke d an d intermixe d tw o categor y 
training .  Specifically ,  i f  al l  example s o f  on e categor y ar e 
presente d befor e an y example s o f  th e other ,  th e resultin g 
generalizatio n gradien t  shoul d b e shallowe r  tha n i f  ther e i s 
no systemati c ordering .  Th e secon d experimen t  directl y 
compare d on e category ,  blocke d tw o categor y an d intermixe d 
tw o categor y training .  Althoug h a  on e vs .  tw o categor y 
differenc e i s agai n seen ,  n o differenc e i s observe d betwee n 
blocke d an d intermixe d training .  Th e incidenta l  stimulu s 
hypothesi s wa s therefor e disconfirmed ,  an d w e forwarde d a n 
alternativ e explanation . 

Modeling 

The basi s o f  ou r  mode l  i s  tha t  th e decisio n processe s 
engage d followin g tw o categor y trainin g ar e differen t  t o 
thos e engage d followin g on e categor y training .  Afte r  tw o 
categor y trainin g th e decisio n i s relativ e whils t  afte r  on e 
categor y trainin g i t  i s  not .  Th e mode l  take s Gluc k &  Bowe r 
(1988 )  a s it s startin g point ,  bu t  add s a  threshol d uni t  an d a 
winner-take-al l  networ k whic h togethe r  implemen t  th e 
hypothesize d decisiona l  processes .  I t  predicts ,  i n som e 
detail ,  th e choic e probabilitie s an d th e reactio n time s foun d 
i n ou r  experiments . 
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