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AbstiBc t 

Symbolic and associative theories ha\e l)ccn 

claime d t o b e abl e t o accoun t  fo r  concep t  learnin g 

fro m examples .  Give n tha t  ther e seem s t o b e 

enoug h empirica l  evidenc e supiwrtin g bot h claims , 

we hav e trie d t o integrat e associativ e an d symboli c 

Tomiulation s int o a  singl e com|Mitationa l  mode l  tha t 

abstract s infonmatio n Tro m empirica l  dat a a t  th e 

same tim e tha t  i t  take s int o accoun t  th e strengt h 

wit h whic h eac h hypothesi s i s associate d wit h 

lewan L Th e mode l  i s teste d i n a  simulatio n o f 

pigeo n dat a i n a  fuzz \  concep t  learnin g task ,  wher e 

onl y a  fe w abstraction s ar e store d i n representation 

of  ai l  th e trainin g pattern s an d strengthc d o r 

weakene d dependin g o n thei r  predictiv e ̂  alue . 

Iiitit>ductio n 

In concept learning from examples, subjects are 

required  t o incrementall y b e abl e t o describ e th e 

relevant  characteristic s o f  a  concep t  an d l o 

correctl y classif y ne w instance s a s eithe r  membci ^ 

or  nonmember s o f  th e category .  Fo r  example ,  afte r 

seein g man y instance s o f  tal l  an d shor t  fieople ,  a 

chil d ma y com e u p wit h a  usefu l  —thoug h fuzzy — 

Thi s i«seaic h \«a s contiucle d i n tti e contex t  o f  n  join t 
irsearc h projec t  u f  Deusu > Lniversit A an d Li«l)el n 
laboratorie s (Bilbao )  an d wa s carrie d ou t  whil e th e secon d 
autho r  wa s a t  Labei n supporte d b > a  gian t  Tmr n th e 
Lngineeiin g Schoo l  a t  liilbao .  Th e iese»ic h Nva s uls o 
pailiail y  suppoite d b y th e Tivtd e an d lndusU > Dopailmen l 
of  th e Basqu e Goveinmen L 

descriptio n o f  a  tal l  |)erso a Simila r  experiment s 

hav e bee n conducte d wit h pigeon s (Pearee ,  1988 ; 

1989) ,  an d i n som e sense ,  th e tas k t o whic h th e 

pigeon s wer e exjwse d wa s mor e comple x tha n Uia t 

i n ou r  example ,  sinc e th e tal l  an d shor t  instance s 

presente d t o th e pigeon s wer e no t  singl e object s 

(lik e th e tal l  o r  shor t  |)eopl e i n ou r  example) ,  bu t 

rather,  eac h exempla r  wa s a  tal l  o r  shor t  grou p o f 

bars . 

I n general ,  i t  ca n b e sai d tha t  i f  subject s at e 

ex|K)sc d t o severa l  exemplar s o f  a  concep t  (S+) ,  an d 

severa l  negativ e exemplar s (S-) ,  the y wil l 

eventuall y b e abl e t o discriminat e th e relevant 

characteristic s o f  th e concep t  an d t o respond 

differentl y t o member s an d noimiembet ^  o f  th e 

category .  Ihi s result  ha s been  widel y observed ,  an d 

leiwrte d eithe r  a s concep t  o r  categor y learning ,  i n 

lM)t h anima l  an d huma n cognitiv e research,  o r  a s 

discriminatio n learnin g i n conditionin g ex|)eriment s 

conducte d mosU y wit h animal s (Estes ,  198S ;  Medi n 

& Schaffer ,  1978 ;  Pearce,1989) . 

At  th e theoretica l  level ,  however ,  ther e i s n o 

genera l  agreemen t  abou t  th e interna l  prtKesse s 

invo h ed ,  o r  eve n a s t o whethe r  a  singl e learnin g 

proces s ca n accoun t  fo r  results  obtaine d i n concep t 

learnin g an d conditionin g exjieriments .  Researc h i n 

th e anima l  an d huma n tradition s ha s been  conducte d 

separatel y fo r  man y jear s an d man y woul d vie w 

anima l  learnin g a s a  iMtrel y associativ e mechanis m 

whic h i s muc h simple r  tha n huma n cognitiv e 

learnin g (se e Catania ,  1985) .  O n th e othe r  hand . 

severa l  model s hav e bee n recenUy  propose d i n th e 

attemp t  t o offe r  a  unifie d vie w o f  conditionin g an d 

categor y learning ,  assumin g tha t  th e sam e typ e o f 

learnin g take s plac e nhe n a  huma n i s learnin g 

concept s fro m examples ,  a s whe n a n anima l  i s 
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learnin g t o respond  t o iwsitiv e in<itance! i  an d t o 

avoi d responding  t o negativ e ones .  Bu t  whil e som e 

explor e th e role  o r  associativ e learning ;  pioce.ssess , 

traditionall y studie d i n conditionin g research,  whe n 

accountin g To r  concep t  learnin g task s ((iluc k & 

Bower ,  1988 ;  Pearce ,  1989) ,  other e prefe r  t o 

emphasiz e th e symboli c component s ofconditionin g 

and concep t  learning ,  arguin g tha t  the y ca n no t  b e 

reduced  t o associativ e learnin g (Hollan d c t  al. . 

1986 ;  Holyoak ,  K o h &  Msbett ,  1989 ;  WaJdman n & 

Holyoak ;  1990) . 

The dis|)ut e i s no t  new .  Associativ e (S|)cnc e 

1936 )  an d hypothesi s testin g (Krechevsk y 1932 ) 

theorie s hav e bee n pro|)Ose d t o accoun t  To r 

discriminatio n learnin g i n animals ;  studie s o f 

human conditionin g hav e bee n plague d b y th e 

controven y bet^vee n iHirel y associativ e mechanism s 

>eRus awareness ,  hy|)othesi s testin g an d symboli c 

representation  o f  th e contingencie s (se e Boakes , 

1989 ;  Davey ,  1987) .  Similariy ,  tw o mai n familie s 

of  theorie s o f  concep t  Icamin g hav e Iwc n 

traditionall y distinguished .  ITi e fire t  theoi > wa s th e 

associativ e accoun t  pro|H)se d initiall y  b y Hul l  i n 

192 0 an d furthe r  develope d i n greaterdcpt h b y Hul l 

(1943 )  an d Si)enc e (1936) .  Thi s theoi y iwsuilate d 

th e existenc e o f  simila r  associativ e mechanism s i n 

anima l  an d huma n teaming ,  bu t  i t  wa s abandone d 

by mos t  psychologist s sinc e th e publicatio n o f  th e 

boo k b y Bmner ,  Goodno w an d Austi n (1956) ,  w h o 

viewe d concep t  learnin g i n term s o f  hy|)othesi s 

testin g an d emphasize d th e symboli c as|)ect s o f 

learnin g an d representatioa  Althoug h Hul l  ha d 

conducte d e\|)eriment s whic h favore d a n associativ e 

inteniictatio n o f  concep t  Icaming ,  c\|K>rimcnl s 

conducte d thereafte r  b > Lc \  in e (1975 )  an d othent , 

supiwrtc d th e symboli c accoun t  o f  Bnincr . 

Goodno w an d .\usti n w h o \iewe d subject s a s 

hyiMthese s generator e an d testere .  Mor e recent 

research  ha s show n tha t  thi s  i s no t  a  complet e vie w 

cither ,  an d tha t  mos t  ex|)eriment s i n th e hy|)othesi s 

testin g traditio n wer e usin g well-define d concept s 

wit h a n all-or-non e stnictur e whic h ca n b e define d 

by necessar > an d sufficien t  conditions ,  an d tha t  thi s 

does no t  corres|)on d t o natura l  concept s whic h ar e 

usuall y fuzzy ,  ill-define d an d »it h a  grade d 

stnjctur e o f  mor e typica l  an d les s typica l  excm|)lar s 

(Itosch ,  1978) .  O n th e othe r  hand ,  learnin g o f 

natura l  concept s ha s als o bee n re|)orted  i n animal s 

(se e Hcrmstei n 198 4 fo r  a  review)  an d associati ^  e 

theorie s hav e bee n claimed ,  onc e again ,  t o accoun t 

fo r  th e learnin g o f  ill-define d concept s (Cluc k & 

Bower ,  1988 ;  Pearce ,  1989) . 

Give n tha t  enoug h empirica l  evidenc e seem s t o 

supiwi l  eac h o f  th e abov e claims ,  w e hav e trie d t o 

integrat e associativ e an d symboli c foimulation s int o 

a singl e model ,  calle d DvASLE' ,  whic h w e hav e 

implemente d i n LIS P cod e an d teste d successfull y 

i n simulation s o f  h u m a n concep t  learnin g durin g 

proble m solvin g (Albenl i  &  Matute ,  1991) ,  I n orde r 

t o explor e th e generalit y o f  ou r  model ,  her e w e 

presen t  a  simulatio n o f  pigeo n behavio r  durin g 

concep t  learnin g a s re|)orted  b y Pearc e (1988) , 

wher e pigeon s ner e ex|)ose d t o a  fuzz y 

discriminatio n t̂ is k o f  com|)oun d stimul i  wit h 

overia|)pin g features . 

Peaite's Data 

Pearce (1988; 1989) re|)otted several experiments 

conducte d wit h pigeon s tha t  wer e ex|iose d t o a 

serie s o f  com|)oun d stimul i  whic h wer e exempla n 

of  th e "tall "  an d "short "  categories .  Eac h stimulu s 

w a s comjMse d o f  thre e colore d bar s agains t  a  blu e 

background .  I n th e shor t  categoiy ,  th e mea n heigh t 

of  eac h ba r  wa s 3  unit s (+-2 )  an d th e su m o f  th e 

height s o f  th e thre e bar s wa s 9  units .  Fo r  instaiKe , 

th e patte m 3-5- 1 i s a n exampl e o f  thi s categoi y (th e 

numbei s refer  t o th e height s o f  eac h o f  th e thre e 

ban) .  I n th e tal l  category ,  th e mea n heigh t  o f  eac h 

bar  w  a s 5  unit s (+-2 )  an d th e su m o f  thei r  height s 

was 1 5 units .  A n exampl e o f  thi s categoi y i s th e 

stimulu s 7-3-5 .  Iher e wer e 3 6 com|)Oun d stimuli ; 

18 exemplar s o f  eac h category . 

bi  th e first  cx|)erimen t  (Pearce ,  1988) ,  pigeon s 

wer e randomly  allocate d t o tw o groups .  Fo r  grou p 

"Categoiy" ,  th e shor t  pattern s wer e consistentl y 

reinforced  i n a n autoshapin g paradig m wherea s th e 

tal l  pattern s wer e neve r  reinforced.  Fo r  grou p 

"Random" ,  hal f  o f  th e tal l  an d hal f  o f  th e shor t 

pattem s wer e followe d b y food .  A s expected , 

subject s i n grou p "Categoiy "  learne d t o discriminat e 

bet^vee n bot h ty|)e s o f  pattem s wherea s subject s i n 

grou p "Random "  di d no t  sho w a  discriminativ e 

behavior . 

I n a  subsequen t  tes t  phase ,  Pearc e presente d ne w 

stimul i  w  hic h wer e no t  use d durin g acquisitio a Th e 

'iKASL E mean s Iciiiiie i  i n Basqu e an d stand s fo r 
"Incremental ,  knowledge-independent ,  Associativ e an d 
Symboli c Leainin s I'lo m Examples" . 
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stimul i  3-3- 3 an d 5-5- 5 represented  th e respective 

means o f  th e shor t  an d tal l  cate};orics .  I n th e tes t 

task ,  however ,  pigeon s i n grou p "Categoi\ "  showe d 

a greate r  excitatio n towar d th e 1-1- 1 tha n t o th e 3 -

3- 3 stimulus ,  an d a  greate r  inhibitio n t o th e 7-7- 7 

tha n t o Ui e 5-5- 5 stimulus .  Thi s "shif t  o f  th e |)eak " 

(Ilanson ,  1959 )  wa s replicated  i n simila r  concep t 

learnin g ex|)eriment s conducte d thereafte r  (Peaire , 

1989 )  an d interprete d i n tenn s o f  th e interactio n 

betwee n th e excitatoi y an d inhibitoi \  associativ e 

gradient s (Spence ,  1936 )  tha t  generaliz e t o simila r 

stimul i  fro m th e exemplar s store d durin g th e 

learnin g phase . 

T h e E l e m e n t s o f  th e Associatio n 

Accepting an associative ^ iew of concept learning 

requires,  a s Peare e noted ,  $|)ecifyin g th e element s o f 

th e association .  Severa l  alternativ e explanation s fo r 

th e abov e resu  v s wer e discusse d b y Peait e (1888 ; 

1989) ,  includin g th e associatio n o f  reinforcement 

wit h a  singl e featur e (are a o f  blu e background ) 

whic h i s constan t  fo r  ai l  membei s o f  a  categon , 

an d th e formatio n o f  a  protot\|) e (a s centra l 

tendeiK v o f  a  category) ,  bot h o f  whic h di d no t 

see m t o b e supporte d b y th e ex|)erimenta l  dat a I n 

Pearee' s view ,  tw o alternativ e explanation s coul d 

accoun t  fo r  th e data :  association s ap|)ea r  t o b e 

fonned ,  "eithe r  bet^vee n reinforcement  an d 

individua l  element s o f  th e patterns ,  o r  bct^vee n 

reinforcement  an d separat e configuration s o f  th e 

element s tha t  represent  th e differen t  trainin g 

patterns "  (1989 ,  p .  405 ,  italic s added) .  Hnally , 

Pearc e argue s fo r  a n exempla r  \ie » o f  concep t 

learnin g (Medi n &  Schaffer ,  1978) ,  suggestin g tha t 

th e pigeon s remember  eac h patte m an d it s 

signincanc e (Pearce ,  1988 ;  1989) . 

Althoug h i t  i s  difficul t  t o empiricall y determin e 

th e element s o f  th e associations ,  i n th e simulatio n 

describe d below ,  w e sho w that ,  i n principle ,  a n 

associative-symboli c a|)proach ,  a s implemente d i n 

I K A S L £ ,  i s als o abl e t o accoun t  fo r  th e data .  B y 

"symbolic "  representation  w e d o no t  necessaril y 

m e an tha t  pigeon s shar e th e "human "  abilit y  t o 

encod e relational  description s (se e Pearce .  198 8 fo r 

dat a suggestin g tha t  pigeon s ar e differen t  fro m 

humans i n thi s res|)ect),  bu t  rather,  tha t  association s 

ca n b e forme d benvee n reinforcement  an d 

abstraction s o f  th e trainin g pattcms ,  instea d o f 

bet>vee n reinforcement  an d representations  o f  th e 

individua l  trainin g patterns .  I n ou r  view ,  th e 

advantag e o f  thi s approac h i s tha t  i t  allow s a  mor e 

economica l  treatmen t  o f  m e m o r y w h e n man y 

trainin g pattern s ar c use d (Hermstei n 1984) ,  an d o f 

generalizatio n gradients ,  sinc e onl y a  fe w 

abstnM:tion s ar e store d an d weighte d i n 

representation  o f  al l  th e trainin g patterns .  Belo w w e 

presen t  a  brie f  outiin e o f  I K A S L E (se e Albenl i  & 

Vlatute ,  199 1 fo r  mor e details )  an d it s results  i n th e 

simulatio n o f  th e abov e data . 

IKASLE 

IKASLE is an associative-symbolic computational 

model  o f  learnin g whic h preserve s a  symboli c 

representation  o f  event s an d hy|M>these s a s 

iwstulate d b y cognitiv e theorie s whil e a t  th e sam e 

time,  i n orde r  t o strengthe n o r  weake n th e 

alternativ e hy|)othese s tha t  th e syste m i s formin g 

whil e learning ,  i t  make s us e o f  th e associativ e 

capabilitie s demonstrate d i n animal s an d humans . 

Th e informatio n provide d b y jMsitiv e an d 

negativ e stimul i  - o r  exemplars — i s summarize d i n 

t̂ v o set s o f  hyiMthese s dwsitiv e an d negative) . 

Ilyimthese s ar e abstraction s fro m empirica l  dat a an d 

ar e forme d throug h a  generalizatio n proces s 

(Michalski ,  1983) . 

Ol d hyimthese s ar e no t  abandone d upo n th e 

creatio n o f  a  ne w one .  Instead ,  th e proces s o f 

hy|K>thesi s testin g i s mad e mor e flexibl e an d 

adaptiv e b y takin g int o accoun t  th e predictivenes s 

of  eac h hypothesis ,  or ,  i n othe r  woixls ,  th e strengt h 

wit h whic h eac h hy|)othesi s become s associate d 

wit h reward.  I K A S L E deal s wit h th e assignmen t 

and revision  o f  associativ e strength s implementin g 

th e Shank s an d Dickinso n (1987 )  ada|)tatio n o f  th e 

Rescoria-Wagne r  (1972 )  mode l  o f  conditioning . 

Hyiwthese s ar e reird'orced  i f  the y correcti y predic t 

th e outcom e o f  futur e trial s an d los e strengt h i f 

thei r  predictio n i s incoiicc L 

I n thi s wa y th e syste m i s abl e t o co|) e wit h 

inconsisten t  o r  nois y data ,  —or  imperi'ec t 

correlation s benvee n events — a s wel l  a s wit h 

concep t  drif t  o r  change s overtim e (Sch l immer & 

Granger ,  1986) .  Wherea s acquire d concept s ar e 

mutabl e an d flexibl e durin g th e eariie r  phase s o f 

learning ,  resistance  t o extinctio n i s increase d a s th e 

hyiMthese s generate d acquir e enoug h associativ e 

strength ,  llius ,  dealin g wit h concep t  drif t  wil l  b e 

easie r  fo r  concept s no t  ye t  full y  acquire d tha n fo r 

concept s alread y establishe d throug h enoug h 
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empirica l  dii u supportin g the m -an d hence ,  wit h 

hig h associativ e strength .  O n th e othe r  hand , 

complet e lac k o r  correlatio n betwee n event s (suc h 

as th e treatmen t  o f  grou p "Random" )  ca n no t  lea d 

t o discriminativ e behavio r  sinc e th e description s 

whic h ar e bein g Tonne d ca n neve r  ge t  enoug h 

strength . 

O ne o r  th e collatera l  effect s tha t  w e hav e 

obtaine d thi s w a y ha s bee n th e simulatio n o f 

typicalit y effects :  give n tha t  th e syste m generate s 

and test s severa l  hypotheses ,  an d store s eac h o f 

the m wit h a  differen t  associativ e strength ,  a 

hierarchica l  stnictur e o f  possibl e description s o f  th e 

concep t  i s formed ,  an d therefore ,  typica l  exempla n 

of  th e categor y ar e predicte d wit h hig h accurac y b y 

th e bes t  descriptions ,  wherea s atypica l  exemplar s 

ar e onl y predicte d wit h lo w strengt h b y wea k 

hypotheses . 

Results of the Siinulation 

In our attempt to test IKASLE in quite different 

learnin g tasks ,  th e progra m wa s no t  modifie d fo r 

thi s simulatio n an d th e w a y i n whic h I K A S L E 

learne d i n thi s experimen t  wa s identica l  t o th e w a y 

i t  learne d concept s i n othe r  domains ,  suc h a s th e 

game o f  " m u s "  ( a can l  g a m e simila r  t o iwker , 

Albenl i  &  Matute ,  1991) . 

Tabl e 1  clarifie s th e learnin g proces s o f  I K A S L E 

durin g th e simulatio n o f  Pearee' i  experimen t  Pint , 

I K A S L E di d no t  stor e ever y singl e trainin g 

exemplar .  Rather ,  i t  abstracte d regularcharacteristics 

fro m positiv e an d negativ e exemplan ,  thu s formin g 

a se t  o f  hypothese s t o describ e bot h th e shor t  an d 

tal l  -|X)sitiv e an d negative -  categorie s a t  th e sam e 

tim e tha t  i t  kep t  a  record  o f  empirica l  validit y o f 

eac h hypotesi s throug h it s associativ e strength .  I n 

th e absenc e o f  mor e information ,  th e Tin t  positiv e 

and negativ e hy|Mthese s ar e fonne d b y th e firs t 

positiv e an d negativ e instaixe s respectively.  I f  a 

n e w instarK C i n th e nex t  tria l  i s  no t  covere d b y th e 

curren t  hypotheses ,  previou s featur e interval s i n th e 

description s ar e geneiidize d s o a s t o cove r  thi s n e w 

exemplar .  Thi s abstractio n summarize s informatio n 

fro m empirica l  data .  I f  i t  correctl y predict s th e 

outcom e o f  futur e trials ,  it s  associativ e strengt h i s 

augmented .  I f  i t  irKorrectl y cover s a  give n exempla r 

(o r  predict s irKorrectl y th e outcom e o f  a  give n 

trial) ,  it s  strengt h i s reduced. 

Th e results  obtaine d b y grou p "Category "  i n th e 

Tes t  phas e o f  ou r  simulatio n ar e show n i n Figur e 1 . 

Th e overal l  probabilit y  o f  res|H)nding  wa s greateri n 

Pearce' s ex|)erimen t  sinc e th e pigeon s responded  i n 

an autoshapin g paradig m an d w e di d no t  attemp t  a 

searc h fo r  th e bes t  |)arameteni ,  bu t  rather,  w e 

simpl y replicated  th e \alue s use d b y Shank s & 

Dickinso n (1988 )  fo r  change s i n th e strengt h o f  th e 

associations .  Althoug h \«it h a  lowe r  resjionse rate. 

H* H-

(1-3-S) *  ( 1 3  5  )  .2 4 
(4-7-4) -
(5-1-3) *  ((1-5)(1-3)(3-5) )  .2 4 
(2-2-5) » ,  .42 ;  .5 6 
(4-4-7) -
(4-3-2) « ((1-5)(1 ;̂>M^5) )  .2 4 
(7-3-5) -
(4-2-3) « 

(  4 4 )  .2 4 

(  4  (4-7 )  (4-7) )  .2 4 

((4-7)(3-7)(4-7)) .24 

( 1 3  5  )  .2 4 
((1-6)(l-3)(3-6) )  .8 6 
((1-5)(l-3)(2-5) )  .4 2 
((1-5)(1-4)(2-5) )  .5 6 
((1-5)(1-5)(2-5) )  .4 2 
((1-5)(1-5)(l-5) )  .5 6 

( 4 7  4  )  .2 4 
(  4  (4-7 )  (4-7) )  .2 4 
((4-7)(3-7)(4-7) )  .8 8 
((3-7)(3-7)(4-7) )  .5 6 
((3-7)(3-7)(3-7) )  .5 6 

3-3- 3 5-6- 5 
Tet t  Stimul i 

7-7- 7 

-  Reapona *  Strengt h '̂ Excitatio n ''̂ '  Inhibttto n 

Tabl e I :  S u m m a n o f  (h e behavio r  o f  I k A S L E whe n 
simuJatin g a  hypothelica J subjec t  i n Pearc e s  expeiimen L 
The uppe r  pane l  show s som e o f  (h e stimuJ i  t o whic h (h e 
subjec t  i s  expose d an d th e proces s o f  hypothesi s 
generatio n an d weiehting .  Th e lowe r  pane l  show s th e 
desciiption s acquiir d b v thi s subjec t  a t  th e en d o f  th e 
tinnin g phase ,  alon g wit h thei r  associa(i> e stivngths . 

Figur e I :  Piobabilil y o f  i^spondin g t o th e (es t  stimul i 
dependin g o n th e diffeienc e benvee n th e m a x i m u m 
evcitatoi y an d inhibitoi y sliengt h wit h whic h th e patter n 
i s pi«dicte d b \  bot h positix e an d negatit e desciiptions . 
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th e results  tha t  w e obtaine d i n th e simulatio n 

showe d th e sam e tendenc > o f  thos e o f  (h e pigeon s 

re|K)ited  b y Peaite .  Ih e shir t  o f  th e |)ea k i s als o 

show n her e fo r  grou p "Categor>" ,  wit h a  greate r 

prDbabilit y  o f  responding  t o th e 1-1- 1 tha n t o th e J -

3- 3 stimulu s an d a  greate r  inhibitio n t o th e 7-7- 7 

tha n t o th e 5-5- 5 stimulus .  Grou p iiando m di d no t 

sho w an y clea r  patter n o f  discriminatiu a 

Peak shif t  effect s ocurre d i n grou p "Categor y "  a s 

a consecuenc e o f  th e interaction s betwee n th e 

excitatoi y andinhibitoi y strength s o f  th e hy|)othese s 

tha t  th e syste m fomie d abstractin g th e c o m m o n 

featur e value s fo r  eac h categoiy .  Althoug h no t  al l 

th e possibl e configuration s o f  th e stimul i  ha d th e 

same strengt h (se e Tabl e 1) ,  i n general ,  i t  ca n b e 

sai d that ,  fo r  th e shor t  categoiy ,  value s bet>vee n 1 

an d 5  wer e fiossibl e fo r  eac h o f  th e 3  ban ,  wherea s 

fo r  th e tal l  categoiy ,  th e itossibl e rang e o f  \  alue s 

fo r  eac h ba r  wa s bet>vee n 3  an d 7 .  Ilius ,  tes t 

stimulu s 3-3- 3 wa s receiving  bot h cxcitato n an d 

inhibitor y strength s an d so ,  res|)onding  l o i t  wa s 

les s probabl e tha n res|)onding  t o th e l-I- l  patter n 

whic h wa s iwssibl e onl y i n th e shor t  categoiy . 

Similariy ,  fo r  inhibitor y o r  negati\ e stimuli ,  tes t 

stimulu s 7-7- 7 wa s cleari y a  tal l  -negative -  p a n e m 

wherea s res|ionding  t o th e 5-5- 5 tes t  stimulu s wa s 

de|)enden t  o n th e interactio n o f  inhibitor y an d 

excitatoi y strength s o f  bot h th e shor t  an d tal l 

categories .  Th e greate r  inhibitoi y an d excitatoi y 

res|wnse  rate s ar e show n wit h th e talles t  an d 

shortes t  stimul i  res|)ectively. 

Discussion 

Through the pa|)erwe have shown a ^say in which 

associativ e an d symboli c I'oimulation s o f 

conditionin g an d categoi y leamin g ca n l) e 

integrated .  Ilyimthese s abou t  th e bes t  descriptio n o f 

th e concep t  ar e forme d fro m individua l  trainin g 

patterns ,  an d ar e associate d wit h cithe r 

reinforcement  o r  it s abscence ,  de|)endin g o n thei r 

abilit y  t o predic t  th e outcom e o f  futur e trials .  ITi e 

ad>'antag e o f  thi s approac h i s tha t  i t  ca n accoun t  fo r 

quit e differen t  ty|)e s o f  data ,  suc h a s huma n 

hy|K)thesi s testin g i n proble m solving ,  pigeo n 

discriminatio n leamin g beDvee n categorie s wit h 

o\  eriappin g features ,  an d typicalit y  effects . 

Certainly ,  w e d o no t  clai m t o accoun t  fo r  al l  o f 

th e complexit y o f  concep t  leaming .  Selectiv e 

attention ,  a  greate r  representational  |>otential ,  an d 

similarity ^  ar e jus t  som e imiwrtan t  factor s tha t 

shoul d b e deal t  with . 

For  instance ,  fo r  th e simulatio n o f  th e 

ex|)erinien t  presente d above ,  th e introductio n o f  a 

similarit y measuremen t  (Medi n &  Schaffer ,  1978 ) 

and a  generalizatio n mi e fo r  excitator y an d 

inhibitor y gradient s ha s no t  bee n needed ,  an d 

IK/\SLJ* ^  ha s bee n teste d i n it s origina l  venio n 

withou t  modification .  However ,  w e d o no t  mea n t o 

impl y tha t  a  similarit y measuremen t  i s no t 

necessar y i n othe r  tasks .  I n general ,  th e inclusio n o f 

a similarit y measuremen t  shoul d |)eimi t  th e syste m 

t o res|)ond  t o a  ne w patter n tha t  i s  no t  predicte d b y 

any o f  th e hyiwthese s tha t  th e syste m ha s alread y 

generate d an d tested ,  a s wel l  a s t o simulat e typica l 

conditioning .  experiment s wher e generalizatio D 

gradient s ar e rcimrted  afte r  trainin g wit h jus t  on e 

singl e instanc e (e.g. ,  Pearc e 198 9 experimen t  2) . 

Not e tha t  thi s approac h i s no t  incompatibl e wit h th e 

formatio n an d weightin g o f  abstractiona l 

descriptions .  Give n tha t  on;anism s ar e ex|)ose d t o 

hundred s o f  trainin g object s an d tha t  man y o f  the m 

ar e certainl y ver y simila r  t o eac h other ,  i t  i s 

lirobabl y mor e adaptiv e t o comiNit e th e similarit y o f 

a ne w patter n t o a  fe w abstractiona l  representations 

summarizin g informatio n fro m previou s trainin g 

pattern s tha n t o com|MJt e th e similarit y o f  thi s ne w 

instanc e t o th e representations  o f  al l  th e trainin g 

|)attem s (Pearce ,  1989 )  o r  t o a  rando m subse t  o f  al l 

th e individua l  representations  (Medi n &  Schaffer , 

1978) . 

I n thi s view ,  an d assumin g tha t  leamin g an d 

res|M)nding  ar e bette r  undentoo d a s separat e 

processe s (NDIIe r  &  Matzel ,  1988) ,  subject s ca n 

res|)ond  t o a  ne w patter n no t  covere d b y curren t 

h\  |H)theses ,  b y mean s o f  it s  similarit y t o previousl y 

store d an d weighte d descriptions .  Th e infoimatio n 

provide d b y thi s ne w instanc e i s the n incorporate d 

int o previou s knowledge ,  modifyin g th e alread y 

existin g hy|)otheses .  If .  o n th e othe r  hand ,  th e tes t 

pattern s ar c alread y predicte d b y th e curren t 

descriptions,onl y associativ e strength s ar e modifie d 

de|)endin g o n th e accurac y o f  th e prediction . 
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