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Buildin g T h e N e w Ont o Th e Old :  Categor y Constraint s o n Categor y Formatio n 

Ange l  Cabrer a (ncabrera(a)inf.uc3m.es ) 

Departament o d e Inform t̂ic a 
Universida d Carlo s II I  d e Madri d 

Butarqu e 1 5 

2891 1 Legan^ s (Madrid) ,  SPAI N 

Abstrac t 

It is generally accepted that the process of forming a new 
categor y i s biase d b y th e learner' s prio r  knowledge .  I n thi s 
context ,  numerou s studie s an d model s hav e pai d attentio n t o 
th e effect s o f  prio r  domai n theorie s o n th e proces s o f  formin g 
new categories .  What  i s ye t  t o b e understoo d i s ho w thi s 
proces s o f  acquirin g ne w knowledg e migh t  b e affecte d b y 
backgroun d knowledg e o f  th e ver y sam e type ,  i.e .  b y prio r 
categories .  Thi s pape r  present s a  fe w experiment s showin g 
how th e formatio n o f  ne w categorie s migh t  b e facilitate d b y a 
hig h overla p betwee n th e ne w an d th e ol d categories ,  wher e 
overla p i s operationa l  ize d a s th e mutua l  entrop y betwee n th e 
two . 

Introduction 

The ide a tha t  th e acquisitio n o f  ne w knowledg e i s biase d b y 
th e learner' s prio r  knowledg e i s on e o f  th e basi c tenet s o f 
cognitiv e scienc e wit h respec t  t o learnin g phenomena .  Th e 
ide a goe s back ,  a t  th e ver y least ,  t o th e Piagetia n notio n o f 
assimilation ,  accordin g t o whic h ne w knowledg e i s  con -
structe d onto ,  an d consequentl y constraine d by ,  existin g 
knowledge .  Piage t  stresse d th e ide a tha t  backgroun d 
knowledg e act s a s a  len s throug h whic h meanin g i s attrib -
ute d t o one' s observations ,  i n a  wa y tha t  help s th e cognitiv e 
syste m maintai n a  hig h degre e o f  interna l  coherenc e o r 
equilibrium . 

Sinc e Piaget ,  severa l  researcher s hav e explore d th e bias -
in g (o r  guiding )  rol e o f  backgroun d knowledg e i n learning . 
Jus t  t o mentio n a  few ,  Wisniewsk i  an d Medi n (1994) ,  an d 
Pazzani ,  (1991 )  hav e studie d th e interaction s betwee n prio r 
theorie s an d observatio n i n th e formatio n o f  ne w categories . 
Murph y an d Medi n (1985 )  attribut e prio r  theorie s th e im -
portan t  rol e o f  "holdin g cateogrie s together" ,  a  rol e tha t  ca n 
als o b e trace d t o Barsalou' s wor k o n ad-ho c categorie s 
(1983 )  an d t o studie s o f  children' s conceptua l  developmen t 
(Keil ,  1989) .  I n additio n t o prio r  theories ,  othe r  form s o f 
backgroun d knowledg e migh t  als o hav e simila r  effects . 
Cabrer a an d Billma n (1996) ,  fo r  example ,  foun d tha t 
knowledg e o f  one' s languag e ca n bia s th e proces s o f  cate -
gor y formatio n i n a  wa y tha t  i s no t  ver y differen t  fro m th e 
effect s o f  prio r  theories . 

On th e machin e learnin g sid e o f  cognitiv e science ,  severa l 
model s hav e bee n propose d tha t  dea l  wit h th e effect s o f 
theory-drive n inductiv e proces s i n learnin g (e.g .  Mooney , 
1993 ;  Mitchell ,  Kelle r  &  Kedar-Cabelli ,  1986 ;  DeJon g & 
Mooney,  1986) . 

I n al l  thes e cases ,  th e assumptio n i s tha t  on e typ e o f  prio r 
knowledg e (domai n theorie s o r  language )  affect s th e for -
matio n o f  knowledg e o f  a  differen t  kin d (concept s o r  cate -
gories) .  I n contrast ,  thi s pape r  focuse s o n h o w prio r  knowl -
edge o f  on e kin d (categories )  ca n bia s th e formatio n o f 
knowledg e o f  tha t  ver y sam e kind . 

Categories as mediators of generalization 

One wa y t o star t  analyzin g h o w existin g categorie s migh t 
influenc e th e formatio n o f  ne w one s consist s o f  lookin g a t 
th e rol e playe d b y categorie s i n generalization .  Categorie s 
hav e bee n show n t o pla y a n importan t  rol e i n inductio n b y 
actin g a s conductin g surface s spreadin g th e generalizatio n 
of  ne w knowledg e fro m on e objec t  t o a  whol e clas s o f  ob -
jects .  I n a n illustrativ e developmenta l  stud y b y Gelma n an d 
Markman (1987 )  childre n showe d a  stron g tendenc y t o 
generaliz e ne w propertie s the y ha d learne d abou t  on e objec t 
t o al l  th e member s o f  tha t  object' s basic-leve l  category . 
Furthermore ,  whe n th e categorie s wer e mad e mor e con -
spicuou s b y bein g explicitl y  labeled ,  th e effec t  wa s rein -
forced ,  an d categor y mediate d generalization s outnumbere d 
generalization s drive n b y th e appearanc e o f  th e objects . 
Othe r  example s o f  categor y mediate d generalization s ca n b e 
foun d i n th e are a o f  languag e development .  Fo r  instance ,  i n 
th e acquisitio n o f  th e pas t  tense ,  childre n fin d n o troubl e i n 
generalizin g morphologica l  rule s suc h a s thos e require d t o 
for m th e pas t  tens e t o al l  member s o f  th e V E R B categor y 
(e.g .  "sh e jumpe d ver y high" ,  "h e goe d t o bed" )  an d t o n o 
othe r  classe s o f  word s (se e Pinker ,  1989 ,  fo r  a  discussion) . 

So,  i f  categorie s constitut e a  milie u fo r  th e generalizatio n 
of  ne w knowledge ,  i t  woul d see m reasonabl e t o expec t  tha t 
the y als o hel p guid e th e generalizatio n o f  membershi p t o a 
ne w categor y bein g formed ,  sinc e categor y membershi p i s 
not  bu t  a  particula r  kin d o f  knowledge .  I n othe r  words ,  i f  I 
lear n tha t  Lassi e i s a  M A M M A L,  I  ca n us e m y prio r  cate -
gor y D O G t o generaliz e thi s ne w piec e o f  (categorical ) 
knowledg e t o al l  dogs .  I f  thi s interpretatio n i s correct ,  w e 
migh t  b e abl e t o loo k a t  existiri g categorie s a s conductin g 
surface s spreadin g th e generalizatio n o f  ne w categor y 
membership ,  a  vie w tha t  wil l  hel p u s understan d th e proces s 
of  buildin g ne w categorie s ove r  ol d ones . 

Overlap and Mutual Entropy 

Accordin g t o thi s view ,  th e formatio n o f  ne w categorie s wil l 
be facilitate d i f  th e ne w categorie s ten d t o respec t  th e 
boundarie s o f  existin g categories ,  i.e .  i f  the y ten d t o hol d 

197 



togethe r  item s tha t  als o belon g togethe r  accordin g t o th e 
existin g categories .  Conversely ,  i f  th e ne w categorie s re -

quir e distinction s no t  presen t  i n prio r  categories ,  thei r 
learnin g migh t  b e hindered . 

Thi s ide a o f  "agreement "  o r  "disagreement "  betwee n 
alternativ e categorization s o f  a  domai n ca n b e capture d b y a 
construc t  tha t  I  wil l  refe r  t o a s overlap .  Fro m al l  th e possi -
bl e operationa l  definition s o f  overla p 1  hav e chose n on e tha t 
borrow s fro m informatio n theory ,  a  framework  wit h a  suc -
cessfu l  predictiv e recor d i n th e are a o f  huma n categorizatio n 
(Corte r  &  Gluck ,  1992 ;  Cabrera ,  1995) .  Th e definitio n goe s 

as follows . 
Let  u s refe r  t o eac h possibl e wa y o f  partitionin g a  domai n 

as a  n .  A  partitio n n  consist s o f  a  se t  o f  exhaustive ,  mutu -

all y exclusiv e classe s o f  objects ,  n  =  { C } .  Le t  IT i  =  {C/ , 

C 2,  Cj,... ,  Cfi) ,  b e a  partitio n o f  th e domain ,  an d le t  P ( Q ) 

be th e (prior )  probabilit y  o f  occurrenc e o f  eac h clas s withi n 

th e domain .  Informatio n theor y define s th e entrop v associ -
n 

ate d wit h th e se t  o f  P(Q)' s a s - Z P ( Q ) l o g 2 f ( Q ) .  a n 
.= 1 

expressio n tha t  represent s th e averag e amoun t  o f  uncer -

taint y (measure d i n bits) ,  associate d wit h decidin g whic h 

clas s an y give n instanc e belong s to . 

For  example ,  a  partitio n consistin g o f  tw o equi-probabl e 
classe s ha s a n entrop y o f  1  bit ,  wherea s a  partitio n o f  8 
equi-probabl e classe s wil l  conve y a n entrop y o f  3  bits . 
Intuitivel y speaking ,  entrop y represent s th e averag e numbe r 
of  binar y question s on e woul d nee d t o as k i n orde r  t o figure 
out  whic h categor y an y give n objec t  belong s to .  I n general , 
th e mor e classe s i n a  partition ,  th e mor e uncertaint y th e 
partitio n wil l  convey .  Also ,  th e close r  th e probabilitie s ar e 
t o bein g uniforml y distribute d th e highe r  th e uncertainty . 

N o w suppos e tha t  w e hav e tw o partitions ,  Yl \  an d 112 , 
wher e n  ]  consist s o f  a  se t  o f  n  classe s B i  an d 11 2 consist s o f 
a se t  o f  m classe s Q .  Sayin g tha t  11 1 an d 11 2 hav e a  hig h 
overla p amount s t o sayin g tha t  knowin g th e clas s member -
shi p o f  a n objec t  accordin g t o on e o f  the m reduce s signifi -
cantl y ou r  uncertaint y (entropy )  abou t  th e clas s membershi p 
of  th e objec t  wit h respec t  t o th e othe r  one .  Overla p ca n 
therefor e b e measure d a s th e averag e reductio n i n uncer -
taint y tha t  on e partitio n provide s wit h respec t  t o th e other : 

Overlap{U ^  ,11̂ )  =  - ^  PiC,)log j  P(Q )  + 
i 

+ Y,PiBj)Y^P(C^Bj)log ^  PiC,\Bj ) 
(1 ) 

wher e P(C,]Bj )  represent s th e probabilit y o f  a n instanc e 
belongin g t o C /  give n tha t  w e ah-ead y k n o w tha t  i t  belong s 
t o Bj .  Thi s expressio n i s k n o w n b y informatio n theorist s a s 
mutua l  entropy .  Th e first  ter m i n thi s equatio n represent s 
th e prio r  entrop y associate d wit h partitio n 111 ,  o r  Ill' s 
intrinsi c uncertaint y i n th e absenc e o f  an y additiona l  infor -
mation .  Th e ter m insid e th e brackets ,  whic h w e ca n cal l 
conditiona l  entropy ,  represent s th e uncertaint y tha t  i s  lef t 
wit h respec t  t o partitio n FI i  conditionall y upo n knowin g th e 
clas s membershi p o f  th e objec t  wit h respec t  t o 112 .  Thi s 
conditiona l  entrop y i s weighe d b y th e probabilit y  o f  occur -
renc e o f  eac h o f  th e categorie s Bj ,  P(Bj) ,  an d average d 

acros s al l  th e categorie s i n 112 -  Altogether ,  overla p repre -
sent s h o w muc h mor e certai n I  a m abou t  th e clas s o f  a n 
unknow n stimulu s accordin g t o on e partitio n whe n I  kno w 
th e clas s th e stimulu s belong s t o accordin g t o th e othe r 

partition . 
The "overlap "  operato r  ca n b e though t  o f  a s a  dot -

produc t  betwee n partitions ,  representin g th e siz e o f  th e 

"projection "  o f  on e ove r  th e other .  Mutuall y uninformativ e 

partition s hav e a n overla p o f  zer o bits ,  a  situatio n that ,  fol -

lowin g dot-produc t  terminology,  ca n b e referre d t o a s or -

thogonality .  Sayin g tha t  partition s 11 1 an d 11 2 ar e orthogo -

nal  amount s t o sayin g tha t  P(C,|By )  =  P(C, )  an d 

P{Bj\Ci )  =  P{Bj )  fo r  an y C ,  e D ,  an d B j  e O a . 

A situatio n o f  particula r  interes t  whe n dealin g wit h hu -

m an categorie s i s  wha t  w e ca n cal l  embedde d partitions . 

We sa y tha t  partitio n 11 1 i s  embedde d i n 11 2 (o r  tha t  11 2 

embeds 111) ,  an d w e denot e i t  a s 11 1 ̂  n 2 ,  i f  fo r  ever y 

categor y C ,  G  D j ,  ther e i s a  categor y B j  e  11 2 suc h tha t 

C,  c  Bj .  Embedde d partition s ar e a t  th e opposit e extrem e 

from  orthogona l  partition s i n term s o f  overlap .  Betwee n 

thes e tw o extreme s ther e i s a  continuou s rang e o f  possibl e 

degree s o f  overla p betwee n partitions . 

Notic e tha t  claimin g a  learnin g bia s toward s highl y over -

lappin g set s o f  categorie s implie s a  preferenc e fo r  hierarchi -
call y organize d system s o f  categorie s ove r  system s o f  cate -
gorie s whic h cu t  acros s eac h other' s boundarie s (orthogona l 
organization) .  Thi s predictio n i s  consisten t  wit h th e ofte n 
note d hierarchi c characte r  o f  h u m a n categorie s (e.g .  Mervi s 
& R o s c h ,  1981 ;  Keil ,  1983) . 

Experimental Evidence 

Thi s sectio n summarize s th e result s o f  thre e experiment s 
tha t  wer e conducte d i n orde r  t o tes t  thi s hypothesize d hu -
m an preferenc e fo r  highl y overlappin g set s o f  categories .  I n 
eac h o f  th e experiments ,  subject s first  learne d t o classif y a 
set  o f  1 6 Phoenicia n characters '  int o a  numbe r  o f  categorie s 
followin g th e feedbac k signal s provide d b y th e experi -
menter .  Immediatel y after ,  subject s ha d t o lear n t o classif y 
th e sam e item s i n a  differen t  way .  Th e experiment s varie d 
th e amoun t  o f  overla p betwee n th e first  an d secon d set s o f 
categorie s an d measure d th e experience d difficult y i n th e 
secon d task . 

Experiment 1 

I n th e first  experiment ,  3 8 Georgi a Tec h undergraduat e 
student s underwen t  tw o successiv e supervise d classificatio n 
task s o f  24 0 trial s each :  on e tas k wit h tw o categorie s an d 
th e othe r  on e wit h foiu" .  At,eac h trial ,  subject s wer e pre -
sente d fo r  50 0 m s wit h a  Phoenicia n characte r  insid e a n 

1 Th e stimul i  wer e intende d t o b e a s nove l  t o th e subject s a s 
possibl e i n orde r  t o contro l  fo r  possibl e contaminatin g effect s o f 
prio r  theories .  Similarly ,  categorie s wer e forme d b y groupin g 
character s a s independentl y a s possibl e from  thei r  appearanc e i n 
orde r  t o contro l  fo r  possibl e contaminatin g effect s o f  topologica l 
structure . 
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imaginar y 6 0 b y 6 0 pixe l  squar e i n th e cente r  o f  a  M a c i n -
tos h hig h resolutio n 13 '  colo r  moni to r  an d ha d t o classif y 
th e characte r  b y pressin g a  give n ke y i n th e compute r  key -
board .  I f  the y di d no t  k n o w h o w t o classif y th e characte r 
the y coul d jus t  gues s an d procee d wit h th e nex t  trial . 

I n th e two-categor y task s (labele d a s " A "  an d " B "  i n 
Figur e 1) ,  subject s w e r e tol d tha t  s o m e Phoenicia n charac -
ter s c o m e from  Persia n an d other s c o m e from  Egyptian ,  an d 
tha t  the y w e r e require d t o figur e out ,  base d o n th e provide d 
feedback ,  w h a t  character s c o m e from  w h a t  language ,  b y 
pressin g eithe r  " E "  (fo r  Egypt ian )  o r  " P "  (fo r  Persian) . 
Afte r  thei r  response ,  th e incorrec t  labe l  w a s r e m o v e d from 
th e screen ,  an d th e characte r  w a s displaye d agai n flanke d b y 
th e correc t  labe l  a n d th e m e s s a g e "Co r rec t ! "  o r  " W r o n g . " 
Subject s w e r e instructe d t o respon d a s fas t  a s the y coul d 
whil e tryin g t o b e max ima l l y correct .  Afte r  responding , 
the y coul d wai t  a s lon g a s the y w ishe d befor e pressin g th e 
spac e ba r  t o m o v e o n t o th e nex t  trial . 
I n th e fou r  categor y tasks ,  th e trial s w e r e identical ,  excep t 
tha t  subject s w e r e tol d tha t  Phoenicia n writer s use d t o stor e 
thei r  typesetting s i n fou r  differen t  boxe s an d tha t  thei r  goa l 
w as t o figur e ou t  w h a t  letter s w e n t  int o w h a t  boxe s b y 
pressin g eithe r  " 4 " ,  " 5 " ,  " 7 "  o r  " 8 "  o n th e numer i c key -
pad . 

f \ 0 ] l i A 
qp 9 

( A J 

( W Z 

V\  9 ) 

< 

T 7 a 

CHfii°ty A g«tfi!°nf J O ^ e o r y At 'P»t«e"i Y P 

Figur e 1 .  Categorie s i n Exper imen t  1 . 

Subjects were split into two experimental groups. In one 
grou p ( 2 - 0 ,  th e fou r  categorie s i n th e secon d tas k (se e Fig -
ur e 1 ,  lef t  panel )  w e r e e m b e d d e d i n (hierarchicall y relate d 
to )  th e t w o categorie s i n th e fu-s t  tas k (Overla p =  1  bi t  ac -
cordin g t o Eq .  1) .  I n th e othe r  g rou p (2-4x) ,  th e fou r  cate -
gorie s i n th e secon d tas k (Figur e I ,  righ t  panel )  we r e or -
thogona l  t o th e t w o categorie s i n th e firs t  tas k (Overla p =  0 
bits) .  Accord in g t o th e hypothesis ,  experienc e wit h th e fu-s t 
tas k shoul d m a k e th e secon d tas k i n th e e m b e d d e d situatio n 
easie r  tha n i n th e orthogona l  situation . 

Results. Two subjects in the 2-4 condition performed two 
S D ' s b e l o w th e m e a n i n th e firs t  tas k an d w e r e discarde d fo r 
fiirther  analyses ,  thu s leavin g 1 8 subject s i n eac h o f  th e t w o 
conditions .  T h e analysi s o f  varianc e o f  th e learnin g curve s 
resultin g from  groupin g trial s i n block s o f  2 0 yielde d sig -
nifican t  m a i n effect s o f  block ,  F ( l l ,  3 7 4 )  =  192.39 ,  p  = 
.000 ,  an d tas k (fu-s t  an d transfe r  i n bot h conditions) ,  F ( l , 
34 )  =  43.10,/ ? =  .000 .  T h e m a i n effec t  o f  bloc k reflect s th e 
learnin g progres s acros s trial s i n al l  conditions .  T h e effec t 
o f  tas k reflect s th e differen t  baselin e (chance )  per formanc e 
betwee n th e t w o -  a n d th e four-categor y task s (chanc e leve l 

w as 5 0 % i n th e two-categor y task s a n d 2 5 % i n th e four -
categor y tasks) .  Ther e w a s als o a  significan t  tas k b y b loc k 
interaction ,  F ( \ l ,  3 7 4 )  =  10.65 ,  p  =  .000 ,  w h i c h reflect s th e 
fac t  tha t  th e effect s o f  tas k vanishe d wit h block ,  a s subject s 
approache d perfec t  per fo rmanc e i n al l  conditions . 

Accord in g t o th e hypothesis ,  a n interactio n w a s expecte d 
betwee n tas k an d condition ,  tha t  w o u l d s h o w a  facilitatio n 
from  hierarch y i n th e transfer ,  four-categor y task .  H o w -
ever ,  thi s crossove r  w a s to o smal l  t o reac h statistica l  reli -
ability ,  F ( l ,  3 4 )  =  1.02 ,  p  =  .32 .  T h e analysi s o f  varianc e 
als o s h o w e d n o m a i n effec t  o f  experimenta l  condition ,  F ( l , 
3 4 )  =  .00 ,  an d n o significan t  interactio n o f  bloc k wit h eithe r 
experimenta l  conditio n o r  task . 

I n orde r  t o tes t  th e possibl e effect s o f  individua l  learnin g 
ability ,  subject s i n th e 2- 4 a n d 2-4 x w e r e spli t  int o t w o 
group s accordin g t o th e tota l  n u m b e r  o f  correc t  response s 
durin g th e first  task .  Statistica l  analyse s o f  thi s interactio n 
we r e conducte d b y includin g a  d ichotomize d variabl e repre -
sentin g learnin g abilit y  wit h respec t  t o th e g r o u p m e d i a n ( 9 
fas t  learner s an d 9  s lo w learner s i n eac h condition) .  T h e 
result s s h o w e d a  significan t  interactio n b e t w e e n conditio n 
an d learnin g ability ,  F ( I ,  3 2 )  =  5.72 ,  p  =  .023 ,  s h o w i n g tha t 
fas t  learner s an d no t  s lo w learner s s h o w e d th e predicte d 
benefi t  from  hierarchica l  structure . 

Disfributio n o f  Errors .  Finally ,  subjects '  us e o f  thei r  prio r 
categorie s i n generalizin g th e k n o w l e d g e acquire d durin g 
th e transfe r  tas k w a s assesse d b y lookin g a t  th e distributio n 
o f  erroneou s response s p roduce d b y subject s t o stimul i  from 
eac h o f  th e categorie s i n th e transfe r  tas k o f  th e hierarchica l 
2- 4 condition .  Thi s distributio n w a s c o m p a r e d t o th e re -
sponse s o f  subject s from a  differen t  tas k w h o face d th e 
s a me categorie s wit h n o prio r  experience .  Thi s w a s d o n e 
fo r  s lo w an d fas t  learner s separately ,  i n orde r  t o simultane -
ousl y asses s whe the r  th e us e o f  th e prio r  categorie s i n gen -
eralizin g n e w k n o w l e d g e w a s affecte d b y degre e o f  l e a m m g 
o f  th e prio r  categories .  Figur e 2  s u m m a r i z e s th e results , 
expresse d a s th e proportio n o f  incorrec t  response s tha t  w e r e 
consisten t  wit h th e superordinat e categor y m e m b e r s h i p o f 
th e stimulus ,  fo r  eac h o f  th e fou r  categories . 

Distribution of Errats 

.S 
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Figur e 2 .  Disfributio n o f  error s i n E x p e r i m e n t  1 

In an unbiased situation, only 33% of the incorrect re-
sponse s shoul d correspon d t o th e response s associate d wi t h 
m e m b e r s o f  th e s a m e superordinat e category ,  becaus e fo r 
ever y stimulu s ther e w e r e a lway s thre e possibl e "incorrect " 

Fast  Learner s 
B Slo w Learner s 
(3 N o Prio r  Exp . 
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responses .  Subject s wit h n o prio r  experienc e performe d 
ver y clos e t o thi s chanc e leve l  (averag e o f  3 1 % ) .  Slo w 
learner s wit h prio r  experienc e wit h th e superordinat e cate -

gorie s generalize d acros s th e superodinate s wit h a  sligh t 
highe r  probabilit y  (39%) ,  an d mor e s o fas t  learners ,  w h o 

average d 4 6 % .  So ,  no t  onl y di d subject s see m t o b e usin g 
th e categorie s forme d durin g th e first  tas k t o guid e th e for -
matio n o f  categorie s durin g th e secon d task ,  bu t  als o th e 
capacit y o f  thos e categorie s t o mediat e th e generalizatio n o f 
ne w knowledg e wa s mor e noticeabl e th e bette r  ha d th e firs t 
categorie s bee n learned . 

Experiment 2 

Th e goa l  o f  thi s experimen t  wa s t o furthe r  tes t  whethe r 
degre e o f  overla p wit h prio r  categorie s affect s learnin g 
difficult y i n a  settin g tha t  i s  neithe r  strictl y hierarchica l  no r 
strictl y orthogonal ,  bu t  somewher e i n between .  I n addition , 
thi s experimen t  introduce d a  n e w experimenta l  desig n tha t 
allowe d fo r  mor e powerfu l  withi n subject s analyses . 

The categorie s use d i n eac h o f  th e task s ar e depicte d i n 
Figur e 3 .  I n th e A B tas k ther e wer e tw o categorie s contain -
in g hal f  o f  th e stimul i  each ,  i .  e .  P^A )  =  P(B )  =  .5 .  I n th e L O 
task̂ ,  on e category ,  L ,  containe d al l  eigh t  character s i n cate -
gory/ 1 plu s hal f  o f  th e character s i n B ,  whil e th e othe r  cate -
gory ,  O ,  containe d th e remainin g hal f  o f  B .  I n othe r  words , 
PiL )  =  .75 ,  an d P(0 )  =  .25 .  Th e A B categor y se t  ha d a n 
uncertaint y o f  1  bit ,  th e L O se t  ha d a n uncertaint y o f  .8 1 
bits ,  an d th e tw o set s overlappe d i n .3 1 bits .  Th e A B tas k 
was base d o n th e Persian-Egyptia n stor y lin e o f  th e previou s 
experiment .  Th e stor y lin e i n th e L O tas k wa s abou t  h o w 
Phoenicia n writer s organize d thei r  type-settings ,  keepin g 
some i n on e bo x an d other s i n a  differen t  box . 

Categor y O 

V \  9 

Y A 

CtenorY A Categor y B CatefiOr Y L 

Figur e 3 .  Categor y set s i n Experimen t  2 . 

The key characteristic of the current arrangement as com-
pare d t o th e previou s experimen t  i s th e fac t  tha t  eac h o f  th e 
categorie s i n eac h partitio n ha d a  differen t  individua l  over -
la p wit h respec t  t o th e categorie s i n th e othe r  partition . 
Categor y L  overlappe d i n .06 1 bit s wit h th e A B set ,  whil e 
categor y O  overlappe d i n .2 5 bit s wit h tha t  sam e set .  A t  th e 

same time ,  categor y A  overlappe d i n .40 6 bit s wit h th e L O 
set ,  whil e categor y B  ha d a  negativ e overla p o f  -.09 4 wit h 
tha t  set .  Interestingl y (an d no t  s o intuitively! )  thi s negativ e 
overla p reflect s th e fac t  tha t  w e ar e les s certai n abou t 
whethe r  a n instanc e belong s t o Z ,  o r  O  whe n w e k n o w tha t  i t 

belong s t o B  tha n whe n w e k n o w nothin g a t  al l  abou t  th e 
instance .  I f  w e d o no t  kno w anythin g abou t  th e instance , 
we ca n onl y gues s tha t  i t  belong s t o L  mor e likel y tha n t o O 
(probabilit y  o f  .7 5 vs .  .25) ,  whereas ,  i f  w e k n o w tha t  th e 

instanc e belong s t o B  an d w e us e tha t  informatio n t o gues s 
whethe r  i t  belong s t o L  o r  O ,  w e ar e i n a  situatio n o f  maxi -
m um uncertaint y (. 5 vs .  .5) . 

Ther e wer e tw o experimenta l  conditions .  I n conditio n 
A B - L O subject s experience d th e A B tas k prio r  t o th e L O 
task .  Th e opposit e orde r  too k plac e i n th e L O - A B condition . 

Accordin g t o th e hypothesis ,  i t  wa s expecte d that ,  afte r 
formin g categorie s L  an d O ,  learnin g A  woul d b e easie r  tha n 
learnin g B .  Analogously ,  whe n transferrin g t o L O from  th e 
A B task ,  th e learnin g o f  O  wa s expecte d t o b e facilitate d 
relativ e t o L .  However ,  th e effec t  i n th e latte r  cas e coul d b e 

les s noticeabl e tha n i n th e forme r  case ,  give n th e relativ e 
value s o f  overlap. '  I n bot h cases ,  comparison s betwee n 
categorie s i n th e sam e tas k wer e carrie d ou t  a s withi n sub -
jects . 

Ther e wer e 19 2 A B learnin g trial s an d 19 2 L O trials .  Th e 
trial s wer e randoml y ordere d i n block s o f  4 8 trials .  Withi n 
eac h block ,  eac h o f  th e 1 6 character s appeare d thre e times . 
Twenty-fou r  subject s wer e randoml y assigne d t o conditio n 
A B - L O an d twenty-tw o t o conditio n LO-AB . 

Results. Across all conditions and categories, subjects 
average d betwee n 7 3 % an d 8 6 % correc t  response s i n th e 
first  learnin g task .  Subject s w h o score d a t  leas t  tw o stan -
dar d deviation s belo w th e mea n fo r  eithe r  o f  th e tw o catego -
rie s i n th e first  phas e wer e exclude d from  furthe r  analyses . 
Thi s wa s th e cas e wit h thre e subject s i n th e A B - L O grou p 
and tw o i n th e L O - A B group . 

L O - A B Transfer .  Th e analysi s o f  varianc e o f  accurac y 
yielde d a  significan t  mai n effec t  o f  condition ,  F(l ,  39 )  = 
5.12 ,  p  =  .029 ,  an d block ,  F(3 ,  117 )  =  130.84 ,  p  =  .000 . 
However ,  th e predicte d conditio n b y categor y interactio n 
was onl y marginall y significant ,  F(I ,  39 )  =  2.92 ,  p  =  .096 . 

The predicte d interactio n wa s mor e obviou s i n term s o f 
respons e time .  A s expected ,  experienc e wit h th e L O tas k 
made response s t o instance s from  th e A  categor y faste r  tha n 
response s t o instance s from  th e B  category ,  eve n thoug h 
categor y A  produce d slowe r  response s i n th e absenc e o f 
prio r  experience .  Th e analysi s o f  varianc e yielde d a  signifi -
can t  mai n effec t  o f  conditio n F(l ,  39) = 8.10 ,  p  =  .007 ,  an d 
block ,  F(3 ,  117) = 39.00 ,  p = .000 ,  a  significan t  conditio n b y 
bloc k interaction ,  F(3 ,  117) = 7.72 ,  p = .000 ,  and ,  mos t  im -
portantly ,  a  significan t  conditio n b y categor y interaction , 
F{ \ ,  39) = 9.63 ,  p = .00 4 tha t  i s consisten t  wit h th e predic -
tions . 

A B - L O Transfer .  I t  wa s expecte d tha t  prio r  experienc e 
wit h th e A B woul d facilitat e th e learnin g o f  O  relativ e t o L , 
althoug h th e effec t  wa s expecte d t o b e smalle r  tha n i n th e 
previou s scenario .  Statistica l  comparison s o f  accurac y i n th e 
L O tas k wit h an d withou t  prio r  A B experienc e yielde d a 
significan t  mai n effec t  o f  experience ,  F(l ,  39 )  =  5.96 ,  p  = 
.019 ,  block ,  F(3 ,  117) = 118.64 ,  p = .000 ,  an d category ,  F(l , 
39 )  =  71.53 ,  p  =  .000 ,  bu t  n o significan t  interaction ,  F(l , 

^  Th e label s L  an d O  represent ,  roughly ,  th e shape s o f  th e Ven n 
diagram s o f  th e respectiv e categorie s the y refe r  to . 

'  Notic e tha t  Overlap{A ,  LO )  -  Overlap{B ,  LO )  >  Overlap{0 .  AB ) 
-  OverlapiL ,  AB) . 
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39)  = .  18 .  Analogou s analyse s performe d o n respons e tim e 

dat a di d no t  sho w th e expecte d conditio n b y categor y inter -
actio n either ,  F(l ,  39)=.79 . 

Experiment 3 

Experimen t  3  wa s ver y simila r  t o Experimen t  2  bu t  wa s 
base d o n a  differen t  arrangemen t  o f  categories .  Th e catego -
rie s use d i n thi s experimen t  di d no t  diffe r  i n overla p a s 
much a s thos e i n th e previou s experimen t  bu t  the y ha d th e 
advantag e o f  allowin g u s t o examin e th e distributio n o f 
subjects '  error s (a s w e di d i n Experimen t  1 )  b y includin g a 
tas k wit h thre e categorie s instea d o f  tw o (whic h gav e sub -
ject s tw o possibilitie s fo r  erro r  i n eac h trial) . 

The arrangemen t  o f  categorie s tha t  wa s use d i n thi s ex -

perimen t  i s show n i n Figur e 4 .  Agai n ther e wa s a  symmet -

rica l  tw o categor y tas k tha t  I  wil l  refe r  t o a s AB .  Th e othe r 

task ,  123 ,  involve d thre e categorie s o f  comparabl e size s 

(P(l )  =  P(3 )  =  5/16 ;  P(2 )  =  6/16) ,  tha t  wer e no t  embedde d 

i n th e A B se t  bu t  overlappe d highl y wit h it .  Th e uncertaint y 

associate d wit h th e A B se t  wa s 1  bit ,  th e uncertaint y associ -

ate d wit h th e 12 3 se t  wa s 1.5 8 bits ,  an d th e overla p betwee n 

th e tw o set s wa s .62 5 bits . 
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Figur e 4 .  Desig n o f  categorie s i n Experimen t  3 . 

Categories A and B had an overlap of .3125 bits each 

wit h respec t  t o th e 12 3 set .  Categorie s 1  an d 3  overlappe d 

als o i n .312 5 bit s wit h respec t  t o th e A B set ,  whil e categor y 

2 wa s orthogona l  t o thi s se t  (zer o overlap) .  Consequently ,  i t 

was expecte d tha t  experienc e wit h th e A B tas k woul d fa -

cilitat e th e learnin g o f  /  an d 3  a s compare d t o 2 .  Con -

versely ,  prio r  experienc e wit h th e 12 3 tas k shoul d no t  alte r 

th e relativ e difficult y o f  A  an d B .  Thes e hypothese s wer e 

teste d b y comparin g relativ e performanc e o n eac h categor y 

betwee n th e group s o f  subject s wit h an d withou t  prio r  expe -

rienc e wit h th e alternativ e categor y set . 

Ther e wer e 4 5 subjects .  Twenty-fou r  o f  the m wer e ran -
doml y assigne d t o th e AB-12 3 condition ,  an d twenty-on e 
wer e assigne d t o th e 123-A B condition .  Th e res t  o f  th e 
desig n wa s identica l  t o experimen t  2 . 

Results .  Acros s al l  condition s an d categories ,  subject s 
average d betwee n 7 5 % an d 8 4 % correc t  response s i n th e 
firs t  learnin g tas k the y experienced .  Thre e subject s i n th e 
AB-12 3 grou p an d tiiree  subject s i n th e 123-A B grou p 

score d les s tha n tw o standar d deviation s belo w th e m e a n fo r 
at  leas t  on e o f  th e categories .  Th e dat a from  thes e subject s 
wer e exclude d from  furthe r  analyses .  Thi s lef t  2 1 an d 1 8 
subject s i n eac h condition . 

AB-12 3 Transfer .  Accordin g t o th e between-withi n 
A N O V A,  th e expecte d interactio n fel l  shor t  o f  reachin g th e 
normativ e 5 % reliabilit y  level ,  F(2 ,  74 )  =  2.52 ,  p  =  .087 . 
The mai n effec t  o f  experienc e als o approache d statistica l 
significance ,  F(l ,  37 )  =  3.04 ,  p  =  .09 ,  thu s indicatin g tha t 
ther e migh t  hav e bee n som e practic e effect .  Finally ,  ther e 
was a  significan t  effec t  o f  category ,  F(2 ,  74 )  =  8.40 ,  p  = 
.001 ,  wit h categor y 3  leadin g t o th e overal l  highes t  score s 
(85.4% ,  S D =  5.3) ,  an d categor y / ,  t o th e lowes t  (80.6% , 
S D =  8.3) .  Neithe r  th e mai n effec t  no r  th e interactio n wer e 
significan t  i n term s o f  respons e times . 

Distributio n o f  Errors .  Figur e 5  (left )  show s th e prob -
abilit y  o f  erroneousl y assignin g t o categor y /  a n instanc e o f 
categor y 2  tha t  als o belonge d t o A ,  fo r  subject s wit h an d 
withou t  prio r  experienc e wit h th e A B task .  Subject s wit h n o 
prio r  experienc e wit h th e A B se t  erre d equall y frequently  b y 
classifyin g instance s o f  2  a s /  an d 3  (averagin g abou t  5 0 % 
t o eac h category) .  O n th e contrary ,  subject s wit h prio r  ex -
perienc e wit h th e A B tas k tende d t o er r  mor e frequently  b y 
assignin g t o /  th e character s tha t  als o belonge d t o A ,  con -
sisten t  wit h th e membershi p o f  th e instance s durin g th e firs t 
task .  Overall ,  category-consisten t  error s wer e 60% i  follow -
in g A B training ,  bu t  jus t  5 0 % ,  o r  chance ,  wit h n o prio r  A B 
training . 

No Prio r  Ex p 
Prio r  A B Ex p 

^ = Avimg e 
Instanc e Insta i 

Figur e 5 .  Distributio n o f  error s i n Experimen t  3 . 

Similarly ,  Figur e 5  (right )  show s th e probabilit y  o f  erro -
neousl y assignin g a n instanc e o f  categor y 2  tha t  als o be -
longe d t o B .  t o categor y  3 .  Fo r  al l  thre e instances ,  th e prob -
abilit y  o f  bein g erroneousl y assigne d t o 3  wa s highe r  fo r 
subject s wit h prio r  experienc e wit h th e A B task .  Thes e 
result s ar e consisten t  wit h th e prediction s an d th e findings 
of  Experimen t  1 . 

123-A B Transfer .  Becaus e A  an d B  hav e identica l  overla p 
wit h th e 12 3 categor y  set ,  prio r  experienc e wit h th e 12 3 tas k 
was no t  expecte d t o affec t  th e relativ e difficult y o f  learnin g 
of  A  an d B .  Th e result s di d no t  contradic t  thi s prediction .  A 
mixe d A N O V A showe d n o significan t  experienc e b y cate -
gor y interactio n i n term s o f  eithe r  accuracy ,  F(l ,  37 )  =  .00 , 
or  respons e time ,  F(l ,  37 )  =  .44 .  Accurac y di d sho w a 
significan t  mai n effec t  o f  experience ,  probabl y indicatin g 
practic e effects .  Ther e wa s n o mai n effec t  o f  categor y i n 
term s o f  accurac y o r  respons e time . 
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Discussio n 

The result s o f  Experimen t  1  showe d tha t  fas t  learner s ha d 
les s troubl e transferrin g fro m a  two-wa y classificatio n tas k 

t o a  four-way  tas k whe n th e categorie s i n th e four-wa y tas k 
wer e embedde d i n (wer e hierarchicall y relate d to )  th e cate -

gorie s i n th e two-wa y task ,  tha n whe n th e categor y set s 
wer e orthogona l  t o eac h other .  O n th e contrary ,  slo w learn -
er s di d no t  sho w suc h a  pattern .  W h e n lookin g a t  th e distri -
butio n o f  error s evidenc e wa s foun d supportin g th e ide a tha t 
al l  learner s (bu t  eve n mor e s o fas t  learners )  ha d a  tendenc y 
t o generaliz e categor y membershi p durin g th e secon d tas k 

acros s th e categorie s forme d durin g th e first  task . 
Experimen t  2  showe d tha t  peopl e transferrin g from  a n 

asymmetri c two-wa y classificatio n tas k t o a  symmetri c two -
way tas k ha d les s troubl e formin g th e categor y wit h th e 
highes t  overla p wit h respec t  t o th e initia l  tw o categories , 

thu s supportin g th e predictions .  Thi s resul t  indicate s tha t 
overla p m a y affec t  categor y formatio n eve n i n intermediate , 
neithe r  full y  hierarchica l  no r  fiill y  orthogona l  situations . 
W h en th e sequencin g o f  th e tw o task s wa s reversed ,  th e 
prediction s wer e mor e modes t  a s fa r  a s possibl e effect s o f 
overlap ,  bu t  th e result s faile d t o yiel d significan t  effects . 

W h en subject s i n Experimen t  3  transferre d from a  thre e 
categor y tas k t o a  symmetri c tw o categor y task ,  overla p 
predicte d n o effects .  No t  willin g t o suppor t  th e nul l  hy -
pothesi s base d simpl y o n a  lac k o f  statistica l  significance ,  i t 
i s  o f  interes t  t o not e tha t  th e A N O V A o f  th e no n expecte d 
interactio n yielde d a  nul l  valu e o f  F .  I n th e opposit e case , 
when subject s transferre d from  th e tw o t o th e three-categor y 
task ,  overla p predicte d a n effec t  favorin g categorie s 1  an d 3 
ove r  2 ,  althoug h thi s effec t  wa s predicte d t o b e o f  les s mag -
nitud e tha n tha t  observe d i n Experimen t  2 .  Th e result s wer e 
i n th e directio n tha t  ha d bee n predicted ,  bu t  the y wer e onl y 
marginall y significant . 

Summing up ,  effect s tende d t o sho w u p whe n difference s 
i n overla p wer e large ,  wer e eithe r  no t  observe d o r  onl y 
marginall y s o whe n difference s i n overla p wer e small ,  an d 
wer e no t  observe d a t  al l  whe n th e overla p difference s wer e 
null .  A t  a  genera l  leve l  then ,  thi s patter n o f  result s i s con -
sisten t  wit h th e hypothesi s tha t  overla p wit h respec t  t o prio r 
categorie s influence s th e proces s o f  constructin g ne w cate -
gories .  A t  a  detaile d level ,  th e absolut e predictiv e validit y 
of  mutua l  entrop y a s a  measur e o f  overla p remain s t o b e 
determined . 

The curren t  wor k indicate s tha t  th e proces s o f  buildin g a 
ne w categor y ca n b e considere d a s a  particula r  cas e o f 
knowledg e generalization ,  and ,  a s such ,  i t  i s  susceptibl e t o 
be guide d b y whicheve r  prio r  categorie s migh t  b e availabl e 
t o th e learner .  W h e n a  chil d learn s tha t  a  particula r  do g i s a 
m a m m al  ( a categor y labe l  neve r  encountere d before) ,  h e 
migh t  b e abl e t o generaliz e th e "mammalness "  propert y t o 
al l  dogs .  A s a  conclusion ,  prio r  categorie s wil l  bia s th e 
proces s o f  formin g ne w ones .  I n Keil' s  (1990 )  terms ,  prio r 
categorie s constitut e a  domain-specific ,  acquire d constrain t 
on categor y formation . 

Interestingly ,  th e clai m tha t  overla p wit h prio r  categorie s 

facilitate s categor y formatio n migh t  no t  onl y contribut e t o 

th e furthe r  understandin g o f  th e proces s o f  categor y forma -

tion ,  bu t  migh t  als o provid e a  parsimoniou s causa l  explana -

tio n fo r  th e generall y accepte d clai m tha t  huma n categorie s 

ten d t o b e organize d hierarchically . 
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