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Abstrac t 

The standard approach guiding research on the relationship 
betwee n categorie s an d causalit y view s categorie s a s reflect -
in g causa l  relation s i n th e world .  W e provid e evidenc e tha t 
th e opposit e directio n als o holds :  Categorie s tha t  hav e bee n 
acquire d i n previou s leamin g context s ma y influenc e subse -
quent  causa l  leaming .  I n thre e experiment s w e sho w tha t 
identica l  causa l  leamin g experience s yiel d differen t  attribu -
tion s o f  causa l  capacit y dependin g o n th e pre-existin g catego -
ries  tha t  th e leamin g exemplar s ar e assigne d to .  Ther e i s a 
stron g tendenc y t o continu e t o us e ol d conceptua l  scheme s 
rathe r  tha n switc h t o ne w one s eve n whe n th e ol d categorie s 
ar e no t  optima l  fo r  predictin g th e ne w effect .  Thi s tendenc y i s 
particularl y stron g whe n ther e i s a  plausibl e semanti c lin k 
betwee n th e categorie s an d th e ne w causa l  hypothesi s unde r 
investigation . 

Introduction 

T h e S t a n d a r d V i e w :  Causalit y S h a p e s Categorie s 

The standar d vie w guidin g researc h o n causalit y presup -
pose s th e existenc e o f  network s o f  cause s an d effect s i n th e 
worl d tha t  cognitiv e system s tr y t o mirror .  Regardles s o f 
whethe r  causa l  learnin g i s viewe d a s th e attemp t  t o induc e 
causalit y o n th e basi s o f  statistica l  informatio n o r  o n th e 
basi s o f  mechanis m informatio n i t  i s  typicall y assume d tha t 
th e goa l  o f  causa l  learnin g i s t o for m adequat e representa -
tion s o f  th e textur e o f  th e causa l  worl d (se e Shanks , 
Holyoak ,  &  Medin ,  1996 ,  fo r  a n overvie w o f  recen t  re -
search) .  Thi s vie w als o underlie s researc h o n th e relation -
shi p betwee n categorie s an d causality .  Accordin g t o th e 
vie w tha t  categorizatio n i s theory-base d traditiona l  similar -
ity-base d account s o f  categorizatio n ar e deficien t  becaus e 
the y ignor e th e fac t  tha t  m a n y categorie s ar e grounde d i n 
knowledg e abou t  causa l  structure s (Murph y &  Medin , 
1985) .  A s Murph y an d Medi n pointe d out ,  natura l  kin d 
categorie s (e.g. ,  animals )  ar e no t  adequatel y represente d a s 
list s o f  feature s becaus e thi s forma t  exclude s functiona l  an d 
causa l  relation s tha t  als o ar e par t  o f  ou r  categor y knowl -
edge .  Categorie s shoul d rathe r  b e see n a s embodyin g intui -
tiv e theorie s o f  th e targe t  domain .  O n e exampl e o f  th e stan -
dar d vie w i s Wa ldmann ,  Holyoak ,  an d Fratianne' s (1995 ) 
wor k o n causa l  categorie s (als o se e Wa ldmann ,  1996) .  I n a 
serie s o f  experiment s the y hav e show n tha t  categor y learn -
in g i s affecte d b y assumption s abou t  th e causa l  structur e 
underlyin g th e categorie s (e.g. ,  diseas e categories) . 

T h e Neglecte d Direction :  Categor ie s S h a p e C a u -
salit y 

Eve n thoug h i t  i s  certainl y tru e tha t  i n m a n y case s knowl -
edg e o f  causa l  structure s influence s th e wa y categorie s ar e 
formed ,  th e opposit e m a y als o hol d true :  Th e categorie s tha t 
hav e bee n acquire d i n previou s learnin g context s m a y hav e 
a crucia l  influenc e o n subsequen t  causa l  learning .  Thi s 
directio n ha s typicall y bee n neglecte d i n researc h o n th e 
relationshi p betwee n categorie s an d causality . 

Th e basi s o f  th e potentia l  influenc e o f  categorie s o n 
causa l  inductio n lie s i n th e fac t  tha t  th e acquisitio n an d us e 
of  causa l  knowledg e i s  base d o n categorize d events .  Re -
gardles s o f  whethe r  causa l  relation s ar e viewe d a s statistica l 
relation s (probabilisti c  causalit y view )  o r  a s mechanism s 
(mechanis m view) ,  bot h account s postulat e causa l  regulari -
tie s tha t  refe r  t o type s o f  events .  Causa l  laws ,  suc h a s th e 
fac t  tha t  smokin g cause s hear t  disease ,  ca n onl y b e notice d 
on th e basi s o f  event s tha t  ar e categorize d (e.g. ,  event s o f 
smokin g an d case s o f  hear t  disease) .  Withou t  suc h catego -
rie s causa l  law s neithe r  coul d b e detecte d no r  coul d causa l 
knowledg e b e applie d t o n e w cases .  Thus ,  causa l  knowledg e 
not  onl y affect s th e creatio n o f  categories ,  i t  als o presup -
pose s alread y existin g categorie s fo r  th e descriptio n o f 
cause s an d effects . 

Give n tha t  th e inductio n o f  n e w causa l  knowledg e i s 
base d o n alread y existin g categorie s th e questio n arise s 
whethe r  th e outcom e o f  causa l  learnin g m a y b e influence d 
by th e categorie s tha t  ar e used .  Th e potentia l  influenc e o f 
categorie s i s du e t o th e fac t  tha t  on e o f  th e mos t  importan t 
cue s t o causalit y i s  statistica l  covariatio n betwee n cause s 
and effects .  M a n y (otherwis e conflicting )  view s agre e tha t 
causa l  inductio n i s base d o n th e observatio n o f  cause s al -
terin g th e probabilit y o f  effect s (e.g. ,  contingenc y view ; 
associationis t  theories)(se e Shank s e t  al. ,  1996) .  However , 
statistica l  regularitie s ar e no t  invarian t  acros s differen t  cate -
goria l  segmentation s o f  domains .  Thi s ca n easil y b e show n 
wit h a  simpl e example .  Le t  u s assume ,  fo r  example ,  a  worl d 
wit h fou r  differen t  (uncategorized )  even t  tokens .  A ,  B ,  C , 
and D ,  tha t  represen t  potentia l  causes .  I t  ha s bee n observe d 
tha t  A  an d C  ar e followe d b y a  specifi c  effec t  bu t  B  an d D 
ar e not .  N o w th e statistica l  regularitie s tha t  ar e observe d i n 
thi s mini-worl d ar e cruciall y dependen t  o n h o w thes e fou r 
event s ar e categorized .  I f  A  an d B  ar e exemplar s o f  Cate -
gor y 1 ,  an d C  an d D  exemplar s o f  Categor y 2 ,  n o causa l 
regularit y woul d b e observed .  Withi n thi s conceptua l 
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framewor k th e effec t  ha s a  bas e rat e o f  0. 5 tha t  i s  invarian t 
acros s th e tw o categories .  B y contrast ,  categorizin g A  an d C 
(Categor y 3) ,  an d B  an d D  (Categor y 4 )  togethe r  woul d lea d 
t o th e inductio n o f  a  deterministi c causa l  law .  Event s tha t 
belon g t o Categor y 3  alway s produc e th e effect ,  wherea s 
Categor y 4  i s neve r  associate d wit h th e effect .  Thus ,  th e 
causa l  regularitie s observe d i n a  domai n ar e dependen t  o n 
th e wa y th e domai n i s categorized .  I n fact ,  a s pointe d ou t  b y 
Clar k an d Thornto n (1997 )  i n a n exampl e wit h (non-causal ) 
continuou s features ,  ther e i s a n infinit e numbe r  o f  descrip -
tion s o f  th e worl d wit h a  potentiall y  infinit e numbe r  o f  sta -
tistica l  regularitie s entaile d b y thes e descriptions . 

At  thi s poin t  i t  coul d b e argue d tha t  th e dependenc e o f 
causa l  knowledg e o n pre-existin g categorie s i s a  philosophi -
cal  rathe r  tha n a  psychologica l  proble m a s lon g a s i t  ha s no t 
bee n show n tha t  ther e i s evidenc e fo r  th e possibilit y  o f  dif -
feren t  categorization s o f  th e sam e domains .  Followin g th e 
wor k o f  Rosc h o n natura l  categorie s man y psychologist s 
hav e assume d tha t  natura l  categorie s ar e relativel y stabl e 
sinc e the y ar e reflectin g th e correlationa l  structur e i n th e 
worl d (se e Rosch ,  1978) .  However ,  recentl y  i t  becam e clea r 
tha t  thi s assumptio n i s to o strong .  Fo r  example ,  Medin , 
Lynch ,  Coley ,  an d Atra n (1997 )  hav e show n tha t  th e wa y 
natura l  object s (e.g. ,  trees )  ar e categorize d i s dependen t  o n 
pragmati c factor s suc h a s th e professio n o f  th e categorize r 
(als o se e Barsalou ,  1983) .  Schyns ,  Goldstone ,  an d Thibau t 
(1998 )  hav e demonstrate d tha t  no t  eve n th e objec t  feature s 
use d i n categorization s ar e invariant .  Thei r  wor k demon -
strate s tha t  th e wa y th e worl d i s perceive d m a y b e influ -
ence d b y th e categorie s tha t  ar e bein g used . 

Anothe r  reaso n fo r  th e potentia l  bi-directiona l  interactio n 
of  categorie s an d causalit y i s th e dynami c characte r  o f 
knowledg e acquisition .  Causa l  knowledge ,  i n everyda y lif e 
as wel l  a s i n science ,  i s typicall y no t  acquire d a t  on e poin t  i n 
tim e afte r  whic h i t  remain s stabl e bu t  i s rathe r  th e resul t  o f  a 
lon g proces s i n whic h i t  undergoe s dynami c change s suc h a s 
continuou s modification s o r  eve n paradig m shift s (se e 
Carey ,  1991 ;  Horwich ,  1993) .  Categorie s acquire d i n spe -
cifi c  context s m a y no t  alway s b e optima l  fo r  th e ne w learn -
in g tas k a t  hand .  Fo r  example ,  a  learne r  w h o i s equippe d 
wit h Categorie s 1  an d 2  i n ou r  exampl e m a y b e bette r  of f 
abandonin g th e ol d conceptua l  schem e altogethe r  an d in -
stea d formin g Categorie s 3  an d 4  tha t  allo w he r  t o optimiz e 
predictability .  O n th e othe r  hand ,  switchin g t o a  nove l  con -
ceptua l  schem e o r  keepin g tw o differen t  scheme s i n paralle l 
incur s a  cos t  tha t  i s  computationall y demanding .  Therefore , 
ther e i s a  possibl e trade-of f  betwee n stickin g t o ol d con -
ceptua l  scheme s tha t  m a y no t  b e currentl y optima l  an d 
switchin g t o a  n e w paradigm . 

Th e hypothesize d impac t  o f  pre-existin g categorie s o n 
causa l  learnin g constitute s a  ne w typ e o f  transfe r  effect . 
Unlik e i n researc h o n analogica l  transfe r  (se e Holyoa k & 
Thagard ,  1995) ,  n o specifi c  relationa l  knowledg e i s trans -
ferred .  T h e transfe r  effec t  i s  rathe r  base d o n th e indirec t 
influenc e pre-existin g categorie s m a y hav e o n th e statistica l 
regularitie s observe d i n a  domain .  Fo r  example ,  tradition -
ally ,  psychiatri c disease s wer e classifie d o n th e basi s o f  a 
taxonom y o f  symptoms ,  wherea s toda y man y researche r  ar e 
mor e intereste d i n neuropsychologica l  analyse s fo r  whic h 
th e ol d categorie s m a y no t  b e optima l  anymore .  Th e origina l 

categorie s hav e neve r  bee n create d wit h th e n e w researc h 
question s i n mind .  Nevertheless ,  i t  i s  possibl e tha t  th e con -
tinue d us e o f  th e ol d categorie s i n th e ne w contex t  ma y 
seriousl y bia s th e outcom e o f  th e causa l  investigations . 

The followin g thre e experiment s demonstrat e h o w causa l 
inductio n i s affecte d b y th e wa y a  nove l  domai n i s catego -
rized .  I t  wil l  b e show n tha t  participant s ten d t o us e categor y 
knowledg e acquire d i n a  differen t  contex t  i n a  subsequen t 
causa l  learnin g task . 

Experiment 1 

The goa l  o f  thi s experimen t  wa s t o demonstrat e h o w th e 
way exemplar s i n a  domai n ar c categorize d affect s causa l 
learning .  Th e experimen t  consiste d o f  thre e phases :  I n Phas e 
I ,  th e categor y learnin g phase ,  participant s wer e tol d tha t 
scientist s ha d discovere d ne w type s o f  viruse s tha t  var y i n 
th e dimension s brightness ,  size ,  shape ,  an d numbe r  o f  mole -
cule s o n th e surface .  Cytophysiologica l  investigation s ha d 
reveale d tw o type s o f  viruse s whic h ca n b e distinguishe d o n 
th e basi s o f  thei r  appearance ,  allovedi c an d hemovedi c vi -
ruses .  Afte r  thes e instruction s participant s receive d inde x 
card s wit h picture s o f  viruse s on e afte r  another ,  an d ha d t o 
judg e whethe r  th e respectiv e exempla r  represente d a  he -
movedi c o r  a n allovedi c virus .  Afte r  eac h judgmen t  feed -
bac k wa s given .  Learnin g proceede d unti l  participant s me t  a 
learnin g criterion ,  1 0 correc t  classification s i n a  row .  Th e 
exemplar s varie d continuousl y i n th e fou r  features .  Th e tw o 
relevan t  feature s wer e siz e an d brightness .  Th e diamete r  o f 
th e viruse s varie d betwee n 3 0 an d 4 8 m m (Level s 1  t o 4  i n 
Tabl e 1) ,  an d brightnes s wa s manipulate d b y usin g fou r 
equall y space d level s o f  graynes s ( 2 0 % t o 80%)(Level s 1  t o 
4 i n Tabl e 1) .  Th e tw o irrelevan t  feature s als o cam e i n fou r 
level s whic h allowe d u s t o creat e 25 6 differen t  items .  Ou r 
goal  wa s t o discourag e exempla r  learning .  Tabl e 1  show s 
example s o f  th e 1 6 crucia l  type s o f  viruse s tha n ca n b e 
create d b y factoriall y  combinin g fou r  value s o f  siz e an d 
brightness . 

T wo condition s wer e compared :  I n th e siz e conditio n 
participant s learned ,  fo r  example ,  tha t  th e bigge r  viruse s 
wer e allovedic ,  an d th e smalle r  one s hemovedic ,  i n th e 
orthogona l  brightnes s conditio n the y learned ,  fo r  example , 
tha t  th e darke r  exemplar s wer e allovedi c an d th e lighte r 
one s hemovedic .  I n Phas e 1  12 8 differen t  exemplar s wer e 
presente d t o th e participants . 

Whil e Phas e 1  differe d betwee n conditions ,  th e subse -
quen t  Phase s 2  an d 3  wer e identica l  acros s conditions .  I n 
Phas e 2 ,  th e causa l  learnin g phase ,  participant s wer e tol d 
tha t  physician s wer e intereste d i n explorin g th e relationshi p 
betwee n th e newl y discovere d viruse s an d disease s i n ani -
mals .  I n particular ,  the y wante d t o fin d ou t  whethe r  th e 
viruse s caus e splenomegaly ,  tha t  i s  a  swellin g o f  th e spleen . 
Therefor e the y studie d animal s tha t  wer e infecte d wit h th e 
ne w viruses .  I t  wa s pointe d ou t  tha t  an y outcom e o f  thi s 
stud y wa s possibl e includin g th e possibilit y  tha t  ther e wa s 
no causa l  relationshi p betwee n th e viruse s an d splenomeg -
aly .  I n Phas e 2  participant s sa w a  n e w se t  o f  3 2 viruse s on e 
afte r  anothe r  representin g singl e instance s o f  th e viruses .  O n 
th e backsid e o f  eac h car d informatio n wa s give n o n whethe r 
th e respectiv e viru s ha d cause d splenomegal y o r  not .  I n al l 
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condition s th e sam e item s wit h identica l  association s wit h 
th e effec t  wer e presente d t o participants . 

Table 1: Structure of learning items in Experiments I nnd 3 

(se e tex t  fo r  explanations) . 

1 

2 

3 

4 

1(A ) 

5(B ) 

effec t 

9(B ) 

effec t 

13(A ) 

1 

2(B ) 

m 

-  effec t 

6(A ) 

* 

10(A ) 

• 

14(B ) 

m 
effec t 

2 

3(B ) 

1 
-  effec t 

7(A ) 

m 

11(A ) 

15(B ) 

m 

effec t 

3 

4(A ) 

I k 

8(B ) 

m 

~ effec t 

12(B ) 

w 
~ effec t 

16(A ) 

4 

Brightnes s 

Tabl e 1  display s th e structur e o f  th e item s wit h respec t  t o 
th e tw o relevan t  dimension s siz e an d brightness .  I n th e 
brightnes s conditio n th e lef t  hal f  o f  th e tabl e (Level s 1  an d 2 
of  th e brightnes s dimension )  ma y represen t  allovedi c vi -
ruse s an d th e righ t  hal f  hemovedi c viruse s (Level s 3  an d 4) . 
By contrast ,  i n th e siz e conditio n th e uppe r  hal f  represente d 
one categor y (Level s 1  an d 2  o f  th e siz e dimension) ,  an d th e 
lowe r  hal f  th e othe r  categor y (Level s 3  an d 4) .  Hal f  o f  th e 
items ,  indicate d b y a n A ,  wer e show n i n th e categor y 
learnin g phas e (Phas e 1) ,  th e othe r  hal f  (indicate d b y a  B )  i n 
th e causa l  learnin g phas e (Phas e 2) .  (Again ,  ou r  goa l  wa s t o 
discourag e exempla r  encodin g b y presentin g item s tha t 
differe d i n thei r  appearance. )  Tabl e 1  als o show s whic h o f 
th e B-item s cause d th e effec t  splenomegal y (effect) ,  an d 
whic h di d no t  (-effect) .  Th e assignmen t  o f  exemplar s t o th e 
learnin g phase s (A ,  B ) ,  an d th e associatio n o f  dimensiona l 
attribute s (dark ,  light ,  big ,  small )  wit h th e effect s wa s 
counterbalanced . 

I n Phas e 3 ,  th e tes t  phase ,  w e switche d bac k t o exemplar s 
correspondin g t o th e A-item s fro m th e categor y learnin g 
phase .  Thes e item s ha d no t  bee n presente d i n th e causa l 
learnin g phase .  Participant s receive d eigh t  exemplars .  Thei r 
tas k wa s t o expres s thei r  assessmen t  o f  th e likelihoo d tha t 
th e respectiv e viru s cause s splenomegal y b y usin g a  ratin g 

scal e tha t  range d fro m 0  ("never" )  t o 10 0 ("always") .  Afte r 
thes e rating s participant s als o gav e a  genera l  assessmen t  o f 
th e likelihoo d tha t  th e tw o viru s types ,  allovedi c an d he -
movedi c viruses ,  cause d th e effect .  Thes e rating s allowe d u s 
t o chec k whethe r  participant s encode d th e causa l  relatio n o n 
th e categor y level . 

Despit e th e fac t  tha t  participant s i n th e tw o condition s re -
ceive d identica l  learnin g input s i n th e causa l  learnin g phas e 
(Phas e 2) ,  an d wer e confronte d wit h identica l  tes t  item s 
(Phas e 3 )  w e expecte d tha t  th e differen t  categorie s learne d 
i n Phas e 1  woul d influenc e th e causa l  judgments .  Ite m 1  (A ) 
i n Tabl e 1  ma y exemplif y ou r  predictions :  W e expecte d tha t 
participant s i n th e siz e conditio n woul d grou p thi s ite m 
alon g wit h th e othe r  item s i n th e categor y o f  relativel y smal l 
viruse s (Item s 1  t o 8) .  Sinc e onl y on e ou t  o f  fou r  item s 
(Item s 2 ,  3 ,  5 ,  8 )  fro m th e grou p presente d i n th e causa l 
learnin g phas e produce d th e effect ,  i t  seem s reasonabl e t o 
infe r  tha t  Ite m 1  woul d hav e a  relativel y lo w likelihoo d o f 
causin g splenomegaly .  B y contrast ,  participant s i n th e 
brightnes s conditio n wer e expecte d t o classif y thi s ite m 
alon g wit h th e othe r  relativel y ligh t  viruses .  Withi n thi s 
grou p thre e ou t  o f  fou r  viruse s (Item s 2 ,  5 ,  9 ,  14 )  cause d 
splenomegal y whic h shoul d lea d participant s i n thi s condi -
tio n t o giv e relativel y hig h ratings .  A  simila r  predictio n ca n 
be derive d fo r  Ite m 6 ,  wherea s fo r  Item s 1 1 an d 1 6 th e in -
vers e patter n i s predicte d (i.e. ,  hig h rating s i n th e siz e con -
dition ,  an d lo w rating s i n th e brightnes s condition) .  Th e 
remainin g fou r  tes t  item s (4 ,  7 ,  10 ,  13 )  shoul d no t  yiel d an y 
difference s acros s th e categor y condition s becaus e the y 
wer e associate d wit h th e sam e numbe r  o f  effect s regardles s 
of  whic h categor y structur e wa s used . 

Alternatively ,  participant s coul d ignor e th e category-leve l 
informatio n fro m Phas e 1  i n th e causa l  learnin g phase ,  an d 
compar e th e tes t  exempla r  wit h th e causa l  patter n o f  adja -
cen t  exemplar s (exemplar-base d learning) ,  o r  the y coul d 
creat e ne w categorie s tha t  ar e mor e optima l  fo r  th e causa l 
tas k a t  hand .  Bot h strategie s shoul d no t  lea d t o an y differ -
ence s i n th e rating s o f  th e item s acros s th e tw o categor y 
conditions . 

Results and Discussion 

The result s ar e base d o n 4 8 participants ,  2 4 i n th e siz e con -
ditio n an d 2 4 i n th e brightnes s condition .  (Tw o participant s 
wer e exclude d becaus e the y di d no t  mee t  th e learnin g crite -
rio n i n Phas e 1. )  Th e mos t  interestin g analyse s involve d th e 
tes t  item s whos e rating s shoul d diffe r  acros s condition s 
(e.g. .  Item s 1 ,  6 ,  II ,  1 6 i n Tabl e 1) .  T o mak e thes e item s 
comparable ,  th e rating s o f  Item s 1 1 an d 1 6 wer e assigne d 
th e invers e ratin g (e.g. ,  8 0 wa s recode d a s 20) .  Fo r  th e sta -
tistica l  analyse s th e averag e o f  thes e fou r  item s wa s used . 

The result s clearl y confir m th e predictions .  Th e mea n 
rating s o f  th e fou r  critica l  item s clearl y differe d dependin g 
on whic h categorie s ha d bee n learne d i n th e prio r  categor y 
learnin g phase ,  F(l,46)=11.8 ,  p<.00l ,  MSE=350.9 .  Th e 
mean rating s fo r  thes e critica l  item s wer e 43. 5 versu s 62. 1 
i n th e tw o contrastin g categor y learnin g conditions .  B y 
contrast ,  n o reliabl e differenc e wa s obtaine d fo r  th e tes t 
item s whic h wer e no t  expecte d t o diffe r  acros s condition s 
(M=62. 7 vs .  M=65.8) .  A  2  (categor y conditions )  x  2  (criti -
cal  vs .  non-critica l  items )  analysi s o f  varianc e yielde d a 
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significan t  interaction ,  F(I.46)=5.62 ,  p<.05 ,  iW5£'=253.8 . 
Thes e result s wer e mirrore d i n th e fina l  category-effec t 
ratings .  Th e m e a n rating s fo r  th e categor y wit h stron g asso -
ciation s wit h th e effec t  wa s 70.0 ,  th e contras t  categor y wit h 
weak association s yielde d a  mea n valu e o f  24.6 .  Al l  bu t  fou r 
participant s w h o rate d bot h categorie s equall y gav e rating s 
consisten t  wit h thi s difference .  A n analysi s o f  varianc e wit h 
categorie s a s a  within-subjec t  facto r  yielde d a  clearl y sig -
nifican t  effect .  f(1.47)=153.5 .  p<.001 ,  MSE=299.2 .  Thi s 
effec t  wa s independen t  o f  whethe r  th e categorie s wer e 
base d o n th e siz e o r  th e brightnes s o f  th e items .  Thus ,  par -
ticipant s no t  onl y registere d th e associatio n o f  th e individua l 
exemplar s wit h th e effec t  bu t  the y als o encode d th e causa l 
relation s o n th e categor y level . 

I n summary ,  despit e th e fac t  tha t  participant s i n al l  condi -
tion s receive d identica l  learnin g input s i n th e causa l  learn -
in g phase ,  an d ha d t o m a k e prediction s abou t  identica l  ex -
emplar s i n th e tes t  phase ,  th e attributio n o f  causa l  capacit y 
clearl y differe d dependin g o n th e categorie s th e exemplar s 
wer e assigne d t o i n Phas e 1 .  Th e sam e viru s exemplar s wer e 
eithe r  see n a s causall y effectiv e o r  ineffectiv e wit h respec t 
t o splenomegaly . 

Althoug h i t  I S certainl y tru e tha t  viruse s m a y generall y b e 
viewe d a s categorie s tha t  ar e potentiall y  responsibl e fo r 
symptom s suc h a s splenomegaly ,  i t  i s  b y n o mean s certai n 
tha t  viruse s tha t  hav e bee n classifie d o n th e basi s o f  thei r 
appearanc e represen t  classe s tha t  ar e optima l  wit h respec t 
t o al l  kind s o f  effect s tha t  late r  m a y b e studied .  Potentia l 
causa l  link s betwee n th e viruse s an d specifi c  symptom s 
neve r  wer e a n issu e whe n th e rational e fo r  th e classifica -
tion s i n Phas e 1  wa s introduced .  I n fact ,  othe r  classification s 
(e.g. ,  segmentin g th e exemplar s i n Tabl e 1  usin g a  diagona l 
boundary )  ar e bette r  abl e t o captur e th e observe d causa l 
regularities .  Nevertheless ,  Experimen t  1  show s tha t  partici -
pant s rathe r  continue d t o us e categorie s acquire d i n a  differ -
ent  learnin g contex t  tha n creat e ne w categorie s fo r  th e in -
ductio n tas k a t  hand . 

Experiment 2 

Experimen t  1  use d relativel y simpl e categor y structure s tha t 
wer e base d o n one-dimensiona l  rules .  B y contrast ,  th e rule s 
underlyin g th e causa l  regularitie s i n Phas e 2  wer e quit e 
comple x relativ e t o th e categorizatio n rules .  I n Experimen t 
2 w e investigate d a  tas k wit h mor e realistic ,  comple x cate -
gor y structures ,  an d wit h a  comparabl y comple x causa l 
structure .  I n thi s experimen t  w e use d linearl y separable , 
famil y resemblanc e categorie s tha t  wer e base d o n fou r  bi -
nar y features .  N o n e o f  thes e feature s wa s individuall y suffi -
cien t  fo r  achievin g correc t  classifications .  However ,  correc t 
classification s coul d b e learne d b y a n additiv e integratio n o f 
th e fou r  features . 

As learnin g exemplar s w e use d item s simila r  t o th e one s 
i n Experimen t  1 .  I n th e presen t  experimen t  th e exemplar s 
varie d o n fou r  binar y dimensions ,  however :  brightnes s 
( 2 0 % vs .  6 0 % ) ,  siz e ( 3 0 m m vs .  4 2 m m ) ,  numbe r  o f  corner s 
( 5 vs .  7 ) ,  an d numbe r  o f  molecule s o n th e surfac e ( 2 vs .  4) . 
Tabl e 2  display s th e structure s o f  th e learnin g item s wit h th e 
featur e valu e 1  representin g hig h value s an d th e valu e 0  lo w 
values . 

Agai n th e cove r  storie s fro m Experimen t  1  wer e use d s o 
tha t  participants '  tas k wa s t o categoriz e th e item s int o all -
ovcdi c an d hemovedi c viruse s i n Phas e 1  o f  th e experiment . 
T wo categorizatio n condition s wer e compare d tha t  ma -
nipulate d th e locatio n o f  th e categor y boundarie s (se e Tabl e 
2) .  I n Conditio n A  hemovedi c viruse s ha d a t  leas t  tw o hig h 
value s o n th e fou r  dimension s (Item s 1  t o 11) ,  wherea s 
allovedi c viruse s (Item s 1 2 t o 16 )  onl y ha d on e o r  n o hig h 
value .  (Th e categor y label s wer e counterbalanced. )  B y con -
trast ,  i n Conditio n B  hemovedi c viruse s (Item s 1  t o 5 )  ha d a t 
leas t  thre e hig h values ,  wherea s allovedi c viruse s (Item s 6  t o 
16)  onl y ha d tw o hig h value s o r  less .  Agai n w e use d a 
learnin g criterio n i n Phas e 1 .  Learnin g proceede d unti l  par -
ticipant s manage d t o correctl y classif y on e bloc k o f  1 6 
item s (max imu m o f  8  blocks) .  Th e item s wer e presente d i n 
rando m order s withi n blocks . 

Table 2: Structure of learning items in Experiment 2 
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Wherea s Phas e 1  differe d acros s th e tw o conditions ,  th e 
subsequen t  causa l  learnin g phas e an d th e tes t  phas e wer e 
identica l  fo r  al l  participants .  Agai n participant s receive d 
inde x card s tha t  depicte d exemplar s o f  th e viruse s wit h 
informatio n o n th e backsid e o n whethe r  th e respectiv e viru s 
cause s splenomegal y (E )  o r  no t  (~£) .  T o avoi d a n unequa l 
associatio n o f  individua l  feature s wit h th e effec t  Item s 8  an d 
9 wer e no t  presente d i n thi s phase .  I n th e particula r  counter -
balancin g conditio n show n i n Tabl e 1  th e uppe r  hal f  o f  th e 
item s (1-7 )  cause d th e effect ,  wherea s th e lowe r  hal f  (10-16 ) 
di d no t  caus e it . 

I n Phas e 3 ,  th e tes t  phase ,  participant s receive d te n exem -
plar s (1 ,  3 ,  6  t o 11 ,  14 ,  16 )  an d ha d t o asses s thei r  likelihoo d 
of  producin g splenomegal y usin g th e ratin g scal e fro m 
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Experimen t  1 .  Th e mos t  importan t  result s involve d th e si x 
item s ( 6 t o 11 )  lyin g betwee n th e categor y boundarie s o f  th e 
tw o conditions .  I n Conditio n A  thes e item s shoul d b e 
viewe d a s bein g member s o f  th e hemovedi c viru s type . 
Sinc e withi n thi s grou p seve n ou l  o f  nin e viruse s cause d 
splenomegaly ,  hig h rating s ar e t o b e expected .  B y contrast , 
th e ver y sam e item s shoul d yiel d lo w rating s i n Conditio n 
B.  I n thi s conditio n th e si x item s belon g t o th e allovedi c 
viruse s whic h caus e th e effec t  i n onl y tw o ou l  o f  nin e cases . 

Results and Discussion 

The analyse s ar e base d o n 3 2 participant s (1 6 i n Conditio n 
A an d 1 6 i n Conditio n B ) .  Al l  participant s me t  th e learnin g 
criterion .  Th e mos t  importan t  analysi s involve d th e tes t 
item s betwee n th e tw o categor y boundarie s (Item s 6-11) . 
The mea n rating s fo r  thes e si x item s clearl y differe d acros s 
th e tw o categor y condition s A  an d B ,  F(l,30)=14.7 ,  p<.01 , 
M5£=224.3 .  Th e tw o contrastin g mea n value s (average d 
ove r  th e si x items )  wer e 65. 9 versu s 45.6 .  N o significan t 
difference s wer e obtaine d fo r  th e (non-critical )  tes t  item s 
tha t  wer e no t  expecte d t o diffe r  acros s conditions .  Th e aver -
age rating s o f  thes e item s (wit h th e item s expecte d t o yiel d 
lo w rating s bein g recode d t o th e correspondin g hig h values ) 
wer e 82. 7 an d 82.6 .  A  2  (categor y conditions )  x  2  (critica l 
vs .  non-critica l  items )  analysi s o f  varianc e reveale d a  sig -
nifican t  interaction ,  F(l,30)=9.19 ,  /7<.01 ,  M5£=178.3 . 

Interestingly ,  th e influenc e o f  th e categorie s wa s stronges t 
fo r  th e exemplar s participant s ha d see n i n th e causa l  learn -
in g phas e (Phas e 2) .  Th e mea n rating s fo r  thes e item s (6 ,  7 , 
10,  11 )  wer e 70. 8 versu s 43. 4 whic h was ,  o f  course ,  highl y 
reliable ,  F(l,30)=25.1 ,  p<.Ol ,  M5£=238.3 .  Thus ,  eve n 
thoug h al l  participant s had ,  fo r  example ,  see n Ite m 6  a s 
causin g splenomegaly ,  the y nevertheles s gav e thi s exempla r 
a lowe r  ratin g i n th e tes t  phas e whe n i t  wa s categorize d a s 
an allovedi c viru s i n Conditio n B  tha n whe n i t  belonge d t o 
th e hemovedi c categor y i n Conditio n A .  (I n thi s experimen t 
th e appearanc e o f  th e item s di d no t  var y acros s phases. )  B y 
contrast ,  th e tw o non-presente d item s 8  an d 9  di d no t  sig -
nificantl y diffe r  acros s categor y condition s (M=56. 3 vs . 
Af=50.0) .  Thi s rathe r  surprisin g resul t  seem s t o indicat e tha t 
categor y leve l  informatio n i s onl y use d whe n i t  i s  activel y 
encode d alon g wit h th e ite m i n th e causa l  learnin g phase . 
Sinc e thes e tw o item s wer e no t  presente d durin g thi s phas e 
th e relatio n betwee n thes e item s an d th e effect s wer e appar -
entl y no t  encode d o n th e categor y level . 

Agai n th e fina l  rating s showe d tha t  participant s generall y 
encode d th e relationshi p betwee n categorie s an d th e effect . 
They rate d th e causa l  efficac y o f  th e tw o categorie s clearl y 
differen t  regardles s o f  th e locatio n o f  th e categor y bound -
ary ,  f(l,31)=80.5,p<.01 ,  M5£=509. 5 (M=74. 8 vs .  M=24.2) . 
Al l  bu t  five  participant s gav e rating s consisten t  wit h thi s 
trend . 

I n summary .  Experimen t  2  confirm s th e result s o f  Ex -
perimen t  1  wit h famil y resemblanc e categor y structures . 
Despit e th e fac t  tha t  al l  participant s receive d identica l 
cause-effec t  informatio n i n th e causa l  learnin g phase ,  th e 
rating s o f  th e causa l  efficac y o f  th e exemplar s see n i n thi s 
phas e wer e moderate d b y th e categorie s t o whic h the y be -
longed . 

E x p e r i m e n t  3 

The tw o previou s experiment s hav e show n tha t  participant s 
tende d t o us e categor y knowledg e tha t  the y ha d acquire d i n 
a previou s learnin g contex t  whe n learnin g abou t  a  n e w 
causa l  relation .  Eve n thoug h ther e wa s n o reaso n t o believ e 
tha t  th e appearance-base d categorie s learne d i n Phas e 1 
woul d provid e usefu l  classification s fo r  th e inductio n o f  th e 
cause-effec t  relation s i n Phas e 2 ,  participant s rathe r  contin -
ued t o us e thes e categorie s tha n switc h t o a  n e w conceptua l 
scheme .  Experimen t  3  aime d a t  explorin g th e boundar y 
condition s fo r  thi s effect .  I n Experiment s 1  an d 2  categor y 
label s wer e use d i n Phas e 1  (type s o f  viruses )  tha t  see m t o 
be plausibl e candidate s fo r  bein g cause s o f  th e targe t  effec t 
i n Phas e 2  (splenomegaly) .  Thus ,  despit e th e fac t  tha t  th e 
classificatio n o f  th e viru s type s wa s base d o n a  rational e 
whic h wa s conceptuall y independen t  o f  th e causa l  hypothe -
si s i n Phas e 2  i t  m a y stil l  b e plausibl e t o assum e tha t  viruse s 
ar e generall y usefu l  categorie s fo r  predictin g health-relate d 
symptoms .  I t  i s  possibl e tha t  i n a  situatio n i n whic h th e 
semanti c relatednes s betwee n categorie s an d targe t  effec t  i s 
reduce d fewe r  participant s woul d continu e t o us e th e ol d 
categories . 

To tes t  th e relevanc e o f  th e semanti c relatio n betwee n 
categorie s an d effec t  w e designe d cove r  storie s tha t  at -
tempte d t o exclud e al l  possibl e association s betwee n catego -
rie s an d effects .  Thus ,  ou r  goa l  wa s t o presen t  participant s 
wit h a  learnin g situatio n i n whic h ther e wa s n o a  prior i 
reaso n t o transfe r  th e categor y knowledg e fro m Phas e 1  t o 
th e causa l  learnin g situatio n i n Phas e 2 . 

We use d th e sam e learnin g exemplar s an d th e sam e 
learnin g procedur e a s i n Experimen t  1  bu t  change d th e 
cove r  stories .  I n Experimen t  3  w e introduce d th e item s 
displaye d i n Tabl e 1  a s belongin g t o tw o type s o f  objects , 
Alpha-Object s an d Beta-Objects ,  tha t  wer e distinguishe d o n 
th e basi s o f  thei r  appearance .  I n Phas e 1  participant s learne d 
t o classif y th e item s int o thes e tw o classes .  I n Phas e 2 ,  th e 
causa l  learnin g phase ,  i t  wa s mentione d tha t  thes e object s 
m ay b e th e cause s o f  a  nove l  Effect .  N o furthe r  semanti c 
characterizatio n o f  th e kin d o f  effec t  wa s given .  I n Phas e 3 
participant s gav e rating s o f  th e likelihoo d tha t  th e tes t  item s 
cause d thi s unknow n effect .  Afte r  thes e rating s w e als o 
require d participant s t o asses s th e causa l  efficac y o f  th e tw o 
contrastin g categories .  Alpha -  an d Beta-Objects . 

Results and Discussion 

The result s ar e base d o n 4 8 participant s (2 4 i n th e siz e con -
ditio n an d 2 4 i n th e brightnes s condition) .  Thre e furthe r 
participant s wer e exclude d becaus e the y di d no t  mee t  th e 
learnin g criterion .  Agai n th e mos t  interestin g resul t  involve d 
th e critica l  tes t  item s whos e rating s shoul d diffe r  i n cas e 
categor y leve l  informatio n wa s used .  I n thi s experimen t  th e 
effec t  wa s agai n i n th e righ t  directio n bu t  clearl y weake r 
tha n i n Experimen t  1 .  Th e mea n value s o f  th e average d fou r 
critica l  item s (tw o o f  the m wer e recoded )  wer e M=59 . 6 
versu s M=49. 6 i n th e contrastin g categor y conditions , 
F(l,46)=3.92 ,  p<.06 ,  MSE=306.3 .  A s i n th e previou s ex -
periment s th e uncritica l  item s whos e rating s wer e no t  ex -
pecte d t o diffe r  acros s condition s yielde d simila r  rating s 
(M=64. 3 vs .  M=63.6) .  Th e 2  (categor y conditions )  x  2 
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(critica l  vs .  non-critica l  items )  analysi s o f  varianc e di d no t 
sho w a  significan t  interactio n (/>=.16 )  i n thi s experiment . 
The rating s o f  th e category-effec t  relation s indicate d tha t 
overal l  th e differentia l  relatio n o f  th e tw o categorie s an d th e 
effec t  wa s learned .  F(1.47)=52.4 ,  p<.Ol ,  MSE=595.2 .  Th e 
mean rating s wer e 68. 8 versu s 32.7 .  However ,  a  close r 
inspectio n o f  th e dat a reveale d tha t  unlik e i n th e previou s 
experiment s a  considerabl e numbe r  o f  participant s di d no t 
encod e th e difference s o n th e categor y level .  1 4 ou t  o f  th e 
48 participant s gav e equa l  rating s t o th e tw o categories .  A n 
analysi s i n whic h thes e case s wer e exclude d showe d tha t 
thes e 1 4 participant s wer e mainl y responsibl e fo r  th e de -
creas e o f  th e siz e o f  th e effec t  fo r  th e critica l  items .  Th e 
remainin g 3 4 participant s (1 4 i n th e siz e an d 2 0 i n th e 
brightnes s condition )  gav e mea n rating s o f  43. 6 versu s 62. 1 
fo r  th e critica l  items ,  F(1.32)=11.6 ,  p<.01 ,  MSE=245.3 , 
whic h closel y correspond s t o th e result s o f  Experimen t  1 . 
A n analysi s o f  varianc e tha t  onl y include d th e dat a fro m 
thes e remainin g participant s yielde d a  significan t  interactio n 
betwee n categor y conditions ,  an d typ e o f  item s (critica l  vs . 
non-critical) ,  F(l,32)=7.55,p<.01 ,  M5£=211.5 . 

I n summary ,  onc e agai n a  considerabl e numbe r  o f  par -
ticipant s continue d t o us e th e ol d categoria l  schem e eve n 
thoug h ther e wa s n o semanti c lin k betwee n categorie s an d 
th e effec t  tha t  suggeste d th e usefulnes s o f  th e categorie s fo r 
th e causa l  context .  However ,  w e als o foun d evidenc e tha t 
th e semanti c relatednes s betwee n categorie s an d effec t  af -
fect s th e likelihoo d o f  transfer .  Unlik e i n th e previou s ex -
periment s a  relativel y larg e numbe r  o f  participant s (c a 3 0 % ) 
seemed t o hav e conclude d tha t  th e categor y leve l  informa -
tio n wa s no t  usefu l  fo r  th e subsequen t  causa l  learnin g task , 
and therefor e di d no t  encod e th e relatio n betwee n categor y 
leve l  an d effect . 

Conclusions 

Overal l  th e thre e experiment s provid e clea r  evidenc e fo r  th e 
tendenc y t o continu e t o us e categorie s tha t  hav e bee n ac -
quire d i n previou s learnin g context s whe n learnin g abou t 
ne w causa l  relations .  Identica l  learnin g experience s yielde d 
differen t  attribution s o f  causa l  capacit y dependin g o n th e 
categorie s tha t  th e learnin g exemplar s wer e assigne d to . 
Thi s hold s tru e eve n thoug h ther e wa s n o compellin g reaso n 
tha t  th e ol d categorie s wer e useful ,  an d i n fac t  othe r  possibl e 
categor y structure s yielde d stronge r  statistica l  relation s 
betwee n categorie s an d th e effect .  I n ou r  view ,  thes e find-
ing s sho w tha t  th e relatio n betwee n categorie s an d causalit y 
i s bi-directional .  Categorie s no t  onl y reflec t  pre-existin g 
knowledg e o f  causa l  structure s the y als o affec t  th e acquisi -
tio n o f  ne w causa l  knowledge .  Lik e i n scientifi c  paradigm s 
ther e i s a  tendenc y t o continu e t o us e ol d conceptua l 
scheme s a t  th e potentia l  cos t  o f  suboptima l  predictabilit y 
but  wit h th e computationa l  gai n o f  no t  havin g t o us e man y 
categorizatio n scheme s i n parallel .  A s i n scienc e ther e see m 
t o b e conditions ,  however ,  i n whic h ol d paradigm s ten d t o 
be abandoned .  Th e result s o f  Experimen t  3  sugges t  tha t 
ther e i s a  tendenc y t o acquir e ne w knowledg e fro m scratc h 
when th e semanti c lin k betwee n ol d categorie s an d th e ne w 
causa l  hypothese s i s weak . 

The inheren t  bi-directionalit y o f  th e relatio n betwee n 
categorie s an d causalit y may ,  o f  course ,  exten d t o multipl e 

step s i n a  dynami c proces s o f  theor y revisions .  Prio r  catego -
rie s affec t  causa l  inductio n whic h i n tur n ma y creat e ne w 
causa l  categorie s tha t  influenc e wha t  kin d o f  statistica l 
structur e ne w dat a exhibit .  Th e presen t  result s sho w tha t  th e 
outcom e o f  thi s dynami c proces s o f  theor y developmen t 
may b e cruciall y dependen t  o n ho w i t  started . 
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