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Abstrac t 

Many philosophers and psychologists argue that causal infer-
ence s ar e solel y base d o n th e observatio n o f  contingencie s 
betwee n potentia l  cause s an d effects .  B y conu-ast ,  causal-mode l 
theor y postulate s tha t  th e interpretatio n o f  th e learnin g inpu t  i s 
governe d b y prio r  causa l  assumptions .  Simpson' s parado x i s a n 
exampl e o f  thi s basi c clai m o f  causal-mode l  theory .  Identica l 
observation s ma y resul t  i n dramaticall y differen t  causa l  impres -
sion s dependin g o n th e partitionin g o f  th e even t  space .  T w o 
experiment s ar e presente d tha t  sho w tha t  participants '  assessmen t 
of  a  contingenc y betwee n a  potentia l  caus e an d a n effec t  i s 
moderate d b y thei r  backgroun d assumption s abou t  th e causa l 
relevanc e o f  additiona l  variables ,  an d th e orderin g o f  th e learnin g 
items .  Despit e th e fac t  tha t  al l  participant s receive d identica l 
learnin g inputs ,  participants '  assumption s abou t  th e causa l 
relevanc e o f  a n additiona l  groupin g variabl e le d eithe r  t o th e 
impressio n tha t  th e caus e facilitate d th e effec t  o r  t o a n impressio n 
tha t  i t  prevente d th e effect .  Thus ,  th e acquisitio n o f  ne w causa l 
knowledg e i s cruciall y dependen t  o n causa l  knowledg e tha t  i s 
alread y availabl e a t  th e outse t  o f  th e inductio n process . 

I n t r o d u c t i o n 

Causal Induction as Bottom-Up Contingency Learn-

in g 

The ability to acquire causal knowledge belongs to our most 
centra l  cognitiv e competencies .  W e woul d hardl y b e abl e t o 
surviv e withou t  knowledg e abou t  systemati c relationship s 
betwee n events .  Causa l  knowledg e allow s u s t o anticipat e 
harmfu l  o r  gratifyin g events ,  o r  t o pla n action s t o achiev e goals . 
Despit e th e fac t  tha t  a  larg e numbe r  o f  philosopher s an d 
psychologist s hav e analyze d th e concep t  o f  causality ,  n o 
agreemen t  ha s bee n accomplishe d s o far .  Th e mai n questio n o f 
ho w w e distinguis h causa l  relation s fro m accidenta l  sequence s 
of  event s remain s largel y unanswered . 

I n th e pas t  3 0 years ,  philosopher s an d psychologist s hav e 
become increasingl y intereste d i n probabilisti c  notion s o f 
causality .  Ou r  knowledg e abou t  causa l  facts ,  suc h a s "Aspiri n 
relieve s headache "  o r  "Smokin g cause s lun g cancer" ,  i s  ofte n 
base d o n th e observatio n o f  probabilisti c  relations .  A  numbe r 
of  philosopher s hav e propose d a  notio n o f  causalit y tha t 
reduce s causa l  relation s t o observabl e statistica l  law s (e.g. , 
Eells .  1991 ;  Salmon ,  1971 ;  Suppes ,  1970) .  Roughly ,  i t  ha s 
bee n propose d tha t  cause s rais e th e probabilitie s o f  thei r 
effects .  Thi s ide a ha s bee n adopte d b y psychologist s w h o 

propos e tha t  causa l  inductio n involve s th e acquisitio n o f 
knowledg e abou t  contingencie s betwee n cause s an d effect s 
(Jenkin s &  Ward ,  1965 ;  Wasserman ,  Chatlos h &  Neunaber , 
1983) .  Formally ,  a n (unconditional )  contingenc y ca n b e 
define d a s th e differenc e betwee n th e conditiona l  probabilit y  o f 
a targe t  effec t  E  give n th e presenc e o f  a  potentia l  causa l  facto r 
C an d it s probabiUt y give n th e absenc e o f  th e facto r  (i.e. ,  p(E\C ) 
-  p {E \~Q) .  I f  thi s differenc e i s greate r  tha n 0 ,  th e contingenc y 
suggest s tha t  C  i s a  facilitator y cause ,  i f  i t  i s  smalle r  tha n 0  the n 
C ma y b e inhibitor y fo r  th e occurrenc e o f  th e effect .  Typically , 
i t  ha s bee n assume d tha t  thes e probabilitie s ar e estimate d o n th e 
basi s o f  store d frequenc y informatio n (Chen g &  Novick ,  1992 ; 
Melz ,  Cheng ,  Holyoak ,  &  W a l d m a n n ,  1993) .  However ,  a 
differen t  approac h assume s th e acquisitio n o f  associativ e 
weight s (Wasserman ,  Elek ,  Chadosh ,  &  Baker ,  1993) . 
C h a p m an an d Robbin s (1990 )  hav e proven ,  however ,  that ,  a t 
leas t  i n situation s wit h on e singl e caus e an d on e effect ,  th e 
asymptoti c associativ e weigh t  obtaine d b y th e Rescorla -
Wagner  learnin g rul e (Rescori a &  Wagner ,  1972 )  correspond s 
t o th e result s o f  applyin g th e contingenc y rule .  Thus ,  associa -
tiv e a s wel l  a s statistica l  learnin g theorie s mode l  causa l  induc -
tio n a s bottom-u p learnin g abou t  statistica l  contingencies . 

Unconditiona l  contingencie s ar e onl y a  roug h characteriza -
tio n o f  th e theor y o f  probabilisti c  causality .  Unconditiona l 
contingencie s m a y eve n b e observe d betwee n event s tha t  ar e 
not  directl y causall y related ,  o r  th e contingencie s m a y no t 
expres s th e tru e causa l  relatio n betwee n th e tw o events . 
Problem s alway s occu r  whe n ther e ar e additiona l  causa l  factor s 
whic h ar e correlate d wit h th e tw o observe d events .  Thes e 
additiona l  factor s ma y b e th e caus e fo r  spuriou s correlations ,  o r 
the y m a y alte r  th e observe d statistica l  relatio n an d therefor e 
conve y a  wron g impressio n o f  th e tru e causa l  relation .  Philoso -
pher s (e.g. ,  Cartwright ,  1983 ;  Eells ,  1991 ;  Salmon ,  1980 )  an d 
cognitiv e psychologist s (Chen g &  Novick ,  1992 ;  Cheng ,  1993 ; 
Melzetal. ,  1993 ;  Wa ldman n &  Holyoak ,  1992 )  hav e therefor e 
suggeste d conditiona l  contingencie s a s indicator s o f  causality . 
Conditiona l  contingencie s asses s th e contingencie s betwee n 
tw o event s C ,  E  conditiona l  upo n alternativ e causa l  factor s K , 
bein g kep t  constant ,  i.e .  a s p{E\C.K,.K2....K„ )  p{E\~C.K,.K2 . 
...K „  ) .  A n isolate d perio d denote s a n "and" ,  an d eac h A" ,  a 
choic e betwee n th e presenc e o r  th e absenc e o f  th e factor .  Fo r 
example ,  suppos e w e wan t  t o tes t  th e hypothesi s tha t  smokin g 
(C )  cause s hear t  diseas e (£) .  Furthermore ,  w e assum e tha t 
smokin g i s correlate d wit h coffe e drinkin g whic h m a y als o b e 
a caus e o f  hear t  disease .  I n orde r  t o tes t  ou r  hypothesis ,  w e 
shoul d asses s th e conditiona l  contingencie s betwee n smokin g 
and hear t  diseas e i n th e subpopulatio n o f  coffe e drinker s (K, ) 
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and peopl e w h o d o no t  drin k coffe e i~K,) .  I f  w e the n discove r 
tha t  smokin g equall y lead s t o hear t  diseas e i n bot h 
subpopulations ,  w e m a y conclud e tha t  smokin g i s a n 

independen t  caus e o f  thi s disease . 

Causal-Model Theory 

No attempt to reduce causa! laws to purely statistical relations 
has s o fa r  bee n successfu l  (se e Cartwright ,  1983 ,  1989 ;  Eells , 
1991) .  O n e o f  th e reason s fo r  thi s failur e i s th e fac t  tha t 
statistica l  relation s ar e typicall y insensitiv e t o on e o f  th e mos t 
fundamenta l  propertie s o f  causa l  relations ,  causa l  priority :  W e 
k n o w tha t  cause s preced e thei r  effects ,  an d no t  th e othe r  wa y 
around .  B y contrast ,  contingencie s ar e typicall y symmetric .  I n 
situation s i n whic h a  caus e raise s th e probabilit y  o f  it s effect ,  i t 
i s  ceteri s paribu s tru e tha t  th e effec t  raise s th e probabilit y  o f  it s 
cause .  Thus ,  probabilisti c  relation s d o no t  represen t  th e 
fundamenta l  propert y o f  causa l  priority .  I n mor e comple x 
situation s wit h multipl e cause s an d effects ,  th e interpretatio n o f 
th e observe d statistica l  evidenc e i s cruciall y dependen t  o n th e 
assume d patter n o f  causa l  directionality . 

Wa ldmann an d Holyoa k (1992 )  hav e therefor e propose d th e 
causal-mode l  theor y whic h postulate s a n interactio n betwee n 
hypothesize d causa l  model s an d th e learnin g input .  Th e mai n 
ide a i s tha t  th e structur e o f  causa l  model s direct s th e interpreta -
tio n o f  th e learnin g inpu t  whic h i n tur n ma y modif y th e initia l 
causa l  model .  Statistica l  informatio n abou t  conditiona l  an d 
unconditiona l  contingencie s i s stil l  importan t  bu t  causal-model 
theor y postulate s a  "tigh t  coupling "  (Wisniewsk i  &  Medin , 
1994 )  betwee n bottom-u p inpu t  an d top-dow n assumptions . 
The impac t  o f  prio r  assumption s abou t  causa l  directionalit y ha s 
bee n demonstrate d i n a  numbe r  o f  experiments .  I n general , 
thes e experiment s hav e show n tha t  identica l  learnin g input s 
wer e treate d differentl y dependin g o n th e structur e o f  th e causa l 
model  invoke d fo r  th e interpretatio n o f  th e learnin g experience s 
(Waldman n &  Holyoak ,  1990 ,  1992 ;  Wa ldmann ,  Holyoak ,  & 
Fratianne ,  i n press) . 

Previou s wor k o n th e impac t  o f  top-dow n processe s ha s 
demonstrate d th e impac t  o f  domain-specifi c  knowledg e o n 
causa l  inductio n an d learnin g (Chapma n &  Chapman ,  1969 ; 
Medin ,  Wattenmaker ,  &  Hampson ,  1987 ;  Pazzani ,  1991) .  I n 
general ,  thes e studie s hav e show n tha t  peopl e us e domain -
specific ,  prio r  knowledg e abou t  relation s betwee n specifi c 
entitie s i n learnin g situation .  Thi s knowledg e m a y hel p peopl e 
see relation s i n th e learnin g materia l  the y otherwis e woul d hav e 
misse d (Medi n e t  al. ,  1987 ;  Pazzani ,  1991) .  Furthermore ,  prio r 
knowledg e tha t  i s incompatibl e wit h th e learnin g inpu t  m a y 
als o lea d t o distortion s an d selectiv e processin g (Chapma n & 
Chapman,  1969) . 

Eve n thoug h causal-mode l  theor y i s compatibl e wit h thes e 
type s o f  knowledg e influences ,  it s majo r  focu s i s o n mor e 
abstrac t  top-dow n influences .  Fo r  example ,  knowledg e abou t 
th e causa l  directio n betwee n tw o event s doe s no t  hav e an y 
implication s abou t  th e strengt h o f  th e causa l  relatio n betwee n 
thes e events .  Thus ,  thi s typ e o f  knowledg e doe s no t  lea d t o 
selectiv e processin g an d distortion s a s i n th e case s i n whic h 
specifi c  knowledg e abou t  th e strengt h o f  relation s i s directl y 
transferred .  Nevertheless ,  W a l d m a n n e t  al .  (i n press )  showe d 
tha t  abstrac t  knowledg e abou t  pattern s o f  causa l  directionalit y 
strongl y affect s th e eas e o f  learnin g o f  otherwis e identica l 
learnin g material . 

Simpson' s Parado x 

Causal directionality is only one aspect of abstract prior causal 
knowledg e tha t  influence s th e interpretatio n o f  th e learnin g 
input .  A  furthe r  proble m o f  purel y statistica l  theorie s o f 
causalit y i s a  consequenc e o f  th e fac t  tha t  contingencie s 
betwee n tw o event s ma y b e affecte d b y othe r  causa l  factors . 
O ne solutio n fo r  thi s problem ,  th e conditiona l  contingenc y 
approach ,  ha s alread y bee n mentioned .  Accordin g t o thi s 
theory ,  contingencie s shoul d no t  b e compute d ove r  th e univer -
sal  se t  o f  event s bu t  ove r  subset s o f  events .  However ,  Cart -
wrigh t  (1983 )  point s ou t  tha t  thi s metho d onl y yield s correc t 
result s whe n th e subset s ar e properl y selecte d (se e als o Cheng , 
1993) .  Conditionalizin g o n th e wron g variable s ma y lea d t o 
erroneou s contingenc y estimates .  A n instanc e o f  thi s proble m 
i s k n o w n i n th e philosophica l  an d statistica l  literatur e a s 
Simpson' s parado x (se e Cartwright ,  1983 ;  Eells ,  1991 ; 
Simpson ,  1951) . 

Simpson' s parado x describe s th e fac t  tha t  a  give n contin -
genc y betwee n tw o event s whic h hold s i n a  give n populatio n 
ca n disappea r  o r  eve n b e reverse d i n al l  subpopulations ,  whe n 
th e populatio n i s partitione d i n certai n ways .  Cartwrigh t  (1983 ) 
cite s a  stud y o n th e graduat e admission s o f  Berkele y tha t 
demonstrate s th e proble m (Bickel ,  H a m m e l ,  &  O'Connell , 
1977) .  Th e graduat e schoo l  o f  Berkele y wa s accuse d o f 
discriminatin g agains t  w o m e n .  A n d indeed ,  a t  firs t  sigh t  th e 
probabilitie s seeme d t o suppor t  th e causa l  hypothesi s tha t  bein g 
a w o m a n cause s on e t o b e rejecte d a t  Berkeley :  th e probabilit y 
of  admission s wer e highe r  fo r  mal e student s tha n fo r  femal e 
students .  However ,  th e researcher s looke d a t  th e dat a mor e 
carefully .  W h e n th e admission s wer e analyze d separatel y fo r 
eac h department ,  on e b y one ,  th e correlatio n betwee n gende r 
and admissio n completel y disappeared .  Th e reaso n fo r  thi s wa s 
tha t  w o m e n tende d t o appl y t o department s wit h highe r 
rejectio n rates .  Departmen t  b y departmen t  w o m e n wer e 
admitte d i n th e sam e rati o a s mal e applicants ,  wherea s acros s al l 
th e department s proportionall y fewe r  w o m e n wer e admitted . 

Tabl e 1 :  A n exampl e fo r  Simpson' s paradox .  Th e Berkele y 
admissio n proble m (afte r  Eells ,  1991 ,  p .  63) . 

Mal e 
Femal e 

Dept .  1 

81/9 0 
9/1 0 

Dept .  2 

2/1 0 
18/9 0 

Tota l 

83/10 0 
27/10 0 

Tabl e 1  fro m Eell s (1991 ,  p.63 )  give s a n exampl e o f  ho w thi s 
can happen .  I n thi s example .  Departmen t  1  accept s 9 0 % o f  th e 
femal e an d o f  th e mal e applicants .  Departmen t  2  onl y accept s 
2 0 % o f  th e femal e an d th e mal e applicants .  Thus ,  withi n eac h 
departmen t  mal e an d femal e applicant s ar e accepte d i n th e sam e 
proportions .  However ,  mor e femal e applicant s appl y t o 
Departmen t  2  whic h i s harde r  t o ge t  in .  Therefore ,  overall , 
acros s al l  departments ,  mor e tha n thre e time s a s man y mal e 
applicant s (83% )  ar e admitte d tha n femal e applicant s (27%) . 

Thi s exampl e ma y lea d t o th e methodologica l  suggestio n tha t 
i t  i s  alway s a  goo d ide a t o partitio n int o subset s o f  events ,  an d 
comput e conditiona l  contingencies .  However ,  thi s strateg y ma y 
als o lea d t o fals e assessments .  Th e reaso n wh y i n th e Berkele y 
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admission s cas e th e analysi s shoul d b e base d o n th e departmen t 
leve l  i s tha t  th e department s ar e causall y relevan t  fo r  th e effec t 
unde r  investigation .  Th e department s decid e abou t  th e admis -
sions ,  an d no t  th e whol e university .  If ,  b y contrast ,  i t  ha d bee n 
shown tha t  th e contingencie s revers e whe n th e applicant s wer e 
partitione d o n th e basi s o f  thei r  rolle r  skatin g skills ,  thi s woul d 
not  coun t  a s a n argumen t  agains t  se x discriminatio n (Cart -
wright ,  1983) .  Onl y partition s b y causall y relevan t  variable s ar e 
relevan t  fo r  evaluatin g causa l  laws .  I f  causall y irrelevan t 
variable s als o mattered ,  almos t  an y contingenc y ca n b e 
obtaine d b y choosin g th e righ t  partitio n o f  th e even t  space . 

What  thi s exampl e show s i s tha t  causa l  inductio n i s cruciall y 
dependen t  o n prio r  causa l  knowledge .  N e w causa l  relation s 
may b e induce d usin g contingenc y estimates .  However ,  th e 
contingencie s onl y reflec t  causa l  relation s w h e n th e observa -
tion s ar e partitione d o n th e basi s o f  causall y relevan t  rathe r  tha n 
irrelevan t  variables .  Th e causa l  relevanc e o f  thes e partitionin g 
variable s ha s t o b e establishe d prio r  t o th e n e w inductio n task . 
Thus ,  Simpson' s parado x exemplifie s th e basi c assumptio n o f 
causal-mode l  theor y tha t  th e interpretatio n o f  th e learnin g inpu t 
i s base d o n prio r  assumption s abou t  genera l  propertie s o f  th e 
causa l  situation . 

Simpson' s parado x i s a n interestin g exampl e o f  h o w specifi c 
knowledg e interact s wit h abstrac t  causa l  strategies .  I t  i s  tru e 
tha t  knowledg e abou t  th e causa l  relevanc e o f  th e partitionin g 
variabl e i s domain-specifi c  (e.g. ,  th e fac t  tha t  department s 
decid e abou t  admissions) .  However ,  unlik e i n th e previou s 
researc h o n transfe r  o f  specifi c  knowledge ,  thi s typ e o f 
knowledg e doe s no t  directl y bia s estimate s abou t  th e strengt h 
of  th e causa l  relatio n betwee n th e targe t  caus e (e.g. ,  se x o f 
applicants )  an d th e targe t  effec t  (e.g. ,  admission) .  I n orde r  t o 
get  th e correc t  results ,  abstrac t  knowledg e ha s t o b e activate d 
tha t  conditiona l  contingencie s base d o n causall y relevan t 
subgroup s shoul d b e computed .  Interestingly ,  th e dramati c 
reversal s obtaine d i n situation s exemplifyin g Simpson' s 
parado x ar e no t  du e t o selectiv e processin g o f  individua l  case s 
or  distortion s o f  th e contingenc y judgments .  The y rathe r  ar e a 
natura l  consequenc e o f  unbiase d processin g o f  differentiall y 
groupe d cases . 

T h e followin g tw o experiment s ar e designe d t o asses s 
whethe r  participant s ar e sensitiv e t o th e potentia l  impac t  o f 
causall y relevan t  a s oppose d t o causall y irrelevan t  groupin g 
variable s whe n assessin g contingencie s betwee n a  putativ e 
caus e an d a n effect . 

Experimen t  1 

Metho d 

Participants '  tas k i n thi s experimen t  wa s t o asses s th e strengt h 
of  th e causa l  relatio n betwee n th e irtadiatio n o f  tropica l  frui t 
and th e qualit y o f  th e fruit .  Participant s receive d writte n 
instruction s i n whic h the y wer e tol d tha t  importer s o f  tropica l 
frui t  ar e tryin g t o improv e th e qualit y o f  th e frui t  b y irradiatin g 
them .  However ,  s o fa r  i t  i s unknow n whethe r  th e irradiatio n ha s 
a positive ,  a  negative ,  o r  n o effec t  o n th e qualit y o f  th e fruit .  T o 
asses s th e efficac y o f  irradiatio n participant s receive d informa -
tio n abou t  th e qualit y o f  sample s o f  frui t  tha t  eithe r  ha d o r  ha d 
not  bee n irradiated .  Th e participant s wer e hande d a  two-pag e 
lis t  whic h containe d informatio n abou t  8 0 sample s o f  fruit . 
Each sampl e wa s represente d o n on e line ,  an d fo r  eac h sampl e 
participant s coul d se e whethe r  o r  no t  th e sampl e ha d bee n 

irradiate d ("yes "  o r  "no") ,  an d whethe r  th e qualit y o f  thi s 
sampl e wa s "good "  o r  "bad" .  Participant s wer e instructe d t o 
stud y th e lis t  carefull y i n orde r  t o b e abl e t o asses s whethe r 
irradiatio n ha s a n effec t  o r  not .  The y wer e requeste d t o expres s 
thei r  impressio n o n a  ratin g scal e tha t  range d fro m -1 0 ("irradi -
atio n lead s t o a  stron g deterioratio n o f  th e quality" )  t o -i-I O 
("irradiatio n lead s t o a  stron g improvemen t  o f  th e quality") . 

Participant s wer e assigne d t o on e o f  thre e conditions . 
Participant s i n al l  condition s sa w th e sam e lis t  wit h th e 8 0 
cases ,  an d receive d th e sam e ratin g instructions .  Thu s ai l 
participant s wer e requeste d t o rat e th e strengt h o f  th e causa l 
relatio n betwee n irradiatio n an d qualit y o f  fruit .  T h e onl y 
differenc e wa s tha t  i n tw o o f  th e condition s a n additiona l 
groupin g variabl e wa s mentione d whic h eithe r  wa s causall y 
relevan t  o r  irrelevant .  T h e thir d conditio n represent s a  contro l 
conditio n i n whic h n o groupin g variabl e wa s introduced . 

Participant s i n th e conditio n wit h th e causall y relevan t 
variabl e wer e tol d tha t  ther e ar e tw o type s o f  fruit ,  Taringe s an d 
Mamones.  Additionall y  i t  wa s pointe d ou t  tha t  i t  wa s expecte d 
tha t  irradiatio n affect s thes e tw o type s o f  frui t  differently . 
Furthermore ,  informatio n wa s adde d t o th e lis t  whic h indicate d 
tha t  on e o f  th e tw o page s showe d Taringes ,  an d th e othe r  pag e 
Mamones.  I n th e conditio n wit h th e causall y irrelevan t  group -
in g variable ,  participant s wer e tol d that ,  du e t o th e larg e numbe r 
of  tests ,  th e sample s o f  frui t  describe d o n th e tw o page s wer e 
randoml y assigne d t o tw o differen t  investigators .  Th e partici -
pant s i n thi s conditio n sa w th e sam e lis t  a s i n th e conditio n wit h 
th e causall y relevan t  variabl e excep t  tha t  " M a m o n e s "  an d 
"Taringes "  wer e respectivel y replace d b y "A "  an d " B "  a s a 
shorthan d fo r  th e tw o investigators . 

Tabl e 2 :  Relativ e frequenc y o f  frui t  wit h goo d qualit y afte r 
irradiatio n an d n o irradiatio n withi n an d acros s th e subcate -
gorie s A  an d B  o f  th e groupin g variables . 

irradiatio n 
no irradiatio n 

A 

16/3 6 (.44 ) 
3/ 4 (.75 ) 

B 

0/ 4 (.00 ) 
5/3 6 (.14 ) 

Tota l 

16/4 0 (.40 ) 
8/4 0 (.20 ) 

I n orde r  t o tes t  whethe r  participants '  contingenc y judgment s 
reflec t  thei r  prio r  assumption s abou t  th e additiona l  groupin g 
variables ,  th e organizatio n o f  th e lis t  corresponde d t o a  varian t 
of  Simpson' s paradox . 

Tabl e 2  display s h o w th e case s wer e distributed .  Th e tabl e 
display s th e proportio n o f  frui t  tha t  wer e o f  goo d qualit y afte r 
the y wer e irradiated ,  an d th e proportio n o f  frui t  tha t  wer e goo d 
withou t  bein g irradiated .  Fo r  example ,  withi n subgrou p A  3 6 
frui t  sample s wer e presente d tha t  wer e irradiated .  4 4 % o f  thes e 
sample s (i.e. ,  1 6 ou t  o f  36 )  ha d goo d qualit y afte r  irradiation . 
As ca n b e see n i n Tabl e 2 ,  th e arrangemen t  o f  th e case s resulte d 
i n a  reversa l  o f  th e sig n o f  th e contingencie s withi n a s oppose d 
t o acros s th e groupin g variable .  Disregardin g th e groupin g 
variabl e yield s a  positiv e contingenc y betwee n irradiatio n an d 
qualit y o f  frui t  (.4 0 -  .2 0 =  .20) .  B y contrast ,  th e contingenc y 
withi n eac h o f  th e subgroup s i s negativ e (A :  .4 4 -  .7 5 =  -.31 ;  B : 
.0 0 .1 4 =  -.14) .  Fo r  hal f  o f  th e participants ,  th e mappin g 
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betwee n irradiatio n an d qualit y o f  frui t  wa s switche d s o tha t 
thes e participant s sa w a  symmetri c situatio n wit h a  negativ e 
overal l  contingency ,  an d positiv e contingencie s withi n th e 
subgroups . 

I t  wa s exf)ecte d tha t  participant s i n th e contro l  conditio n w h o 
di d no t  receiv e an y groupin g informatio n shoul d rel y o n th e 
tota l  proportions .  Thus ,  participant s w h o receive d th e arrange -
ment  displaye d i n Tabl e 2  shoul d ge t  th e impressio n tha t 
irradiatio n raise s th e qualit y o f  fruit .  Th e tw o othe r  condition s 
ar e mor e interesting .  I f  participants '  behavio r  conforme d t o th e 
normativ e suggestion s regardin g contingenc y assessments ,  the y 
shoul d conditionaliz e th e contingenc y estimate s o n causall y 
relevan t  groupin g variables .  Thus ,  i t  m a y b e expecte d tha t 
participant s i n th e conditio n wit h th e causall y relevan t  groupin g 
variabl e woul d asses s th e causa l  impac t  o f  irradiatio n separatel y 
fo r  eac h subgrou p ( M a m o n e s an d Taringes) .  Sinc e th e contin -
gencie s withi n eac h subgrou p ar e negative ,  participant s shoul d 
get  th e overal l  impressio n tha t  irradiatio n lower s th e qualit y o f 
fruit .  Sinc e participant s i n al l  condition s wer e requeste d t o giv e 
an overal l  assessment ,  i t  wa s expecte d tha t  participant s woul d 
averag e th e impression s the y obtaine d fo r  eac h subgroup . 
Finally ,  participant s i n th e conditio n wit h th e irrelevan t 
groupin g variabl e ( A an d B )  should ,  accordin g t o normativ e 
standards ,  ignor e thi s variable .  Thu s thei r  assessment s shoul d 
be simila r  t o th e one s obtaine d i n th e contro l  condition . 

Results 

Table 3 shows the results of this experiment based on 36 
student s fro m th e Universit y o f  Tubingen .  Th e sign s o f  th e 
rating s o f  th e grou p w h o sa w th e negativ e overal l  contingenc y 
wer e reverse d s o tha t  th e tw o subgroup s wer e comparable . 

Tabl e 3 :  M e a n rating s o f  th e causa l  relatio n betwee n irradia -
tio n an d qualit y o f  frui t  i n th e contro l  condition ,  an d th e 
condition s wit h th e causall y relevan t  an d irrelevan t  groupin g 
variable . 

Experimen t  2 

Metho d 

relevan t 

-4.3 3 

irrelevan t 

5.1 7 

contro l 

4.7 5 

T h e result s sho w tha t  participant s behave d accordin g t o 
normativ e standards .  T h e rating s i n th e contro l  conditio n an d 
i n th e conditio n wit h th e irrelevan t  groupin g variabl e wer e 
positive ,  an d statisticall y indistinguishabl e fro m eac h other . 
Thus ,  participant s i n thes e tw o condition s believe d tha t 
irradiatio n raise s th e qualit y o f  fruit .  Thi s findin g indicate s tha t 
participant s base d thei r  assessment s o n th e tota l  distributio n o f 
case s whil e disregardin g subgroups .  B y contrast ,  participant s 
i n th e conditio n wit h th e causall y relevan t  groupin g variabl e 
got  th e impressio n tha t  th e caus e prevent s th e effect .  Thes e 
participant s conclude d tha t  irradiatio n lower s th e qualit y o f 
fruit .  Th e negativ e mea n ratin g indicate s tha t  m a n y participant s 
compute d contingencie s fo r  eac h subgrou p separatel y befor e 
thes e contingenc y estimate s wer e integrated .  Th e rating s o f  thi s 
grou p wer e ver y differen t  fro m th e rating s o f  th e tw o othe r 
groups ,  F ( l ,  33 )  =  71.!,/?<.001 ,  A/5 £ =  9.71 . 

I n Experimen t  1  tw o differen t  groupin g variable s wer e 
compared ,  typ e o f  frui t  (Mamone s an d Taringes )  an d investiga -
tor s ( A an d B ) .  Experimen t  2  attempte d t o replicat e th e result s 
of  Experimen t  1  wit h a  groupin g variabl e tha t  wa s kep t 
constan t  acros s th e tw o conditions .  Thus ,  al l  participant s sa w 
identica l  cases ,  receive d identica l  ratin g instructions ,  an d wer e 
informe d abou t  identica l  subcategories .  Participant s wer e tol d 
tha t  thei r  tas k wa s t o asses s th e causa l  efficac y o f  a  ne w 
waterin g techniqu e trie d o n differen t  plant s fro m th e Nort h 
Africa n desert .  T w o instructio n condition s wer e compare d 
whic h onl y differe d i n on e sentence .  I n bot h conditions ,  i t  wa s 
pointe d ou t  tha t  th e waterin g techniqu e i s applie d t o tw o type s 
of  plants ,  Eleusin a an d Setaria .  Bu t  onl y i n on e o f  th e tw o 
condition s th e hin t  wa s adde d tha t  th e techniqu e migh t  hav e 
differen t  effect s o n th e tw o plan t  types .  (Thi s manipulatio n i s 
les s stron g tha n i n Experimen t  1  becaus e participant s i n th e 
conditio n withou t  th e hin t  m a y stil l  believ e tha t  th e typ e o f 
plan t  i s  causall y relevant. ) 

Simila r  t o Experimen t  1 ,  participant s receive d a  lis t  o f  8 0 
case s whic h provide d participant s wit h informatio n abou t  th e 
typ e o f  plan t  ("Eleusina "  o r  "Setaria") ,  whethe r  th e plan t  wa s 
watere d o r  no t  ("yes "  vs .  "no") ,  an d whethe r  th e particula r  plan t 
gre w (+ )  o r  no t  (-) .  Again ,  participants '  tas k wa s t o rat e o n a 
ratin g scal e betwee n -(-1 0 an d -1 0 whethe r  waterin g generall y 
lead s t o a n improve d o r  decrease d growt h o f  th e plants .  Th e 
assignmen t  o f  th e case s t o th e tw o subcategorie s corresponde d 
t o Tabl e 2 .  Thus ,  calculatin g contingencie s fo r  eac h subgrou p 
separatel y shoul d caus e th e impressio n tha t  waterin g lead s t o 
decrease d growt h o f  th e plants ,  wherea s disregardin g th e tw o 
plan t  type s shoul d lea d t o th e impressio n tha t  applyin g th e ne w 
waterin g techniqu e actuall y help s th e plant s t o grow . 

Experimen t  2  als o introduce d a  secon d factor ,  th e orderin g 
of  th e cases .  O n e conditio n presente d th e informatio n abou t  th e 
tw o plant s i n a  blocke d fashion .  Thus ,  o n on e pag e al l  th e 
Eleusina s an d o n th e othe r  pag e al l  th e Setaria s wer e listed .  I n 
th e secon d condition ,  th e presentatio n o f  th e case s wa s 
unordered .  O n bot h page s informatio n abou t  th e tw o plan t 
type s wa s give n i n a  rando m order .  I t  wa s expecte d tha t  th e hin t 
abou t  th e causa l  relevanc e o f  th e groupin g variabl e shoul d hav e 
particularl y stron g effect s i n th e conditio n i n whic h th e case s 
wer e no t  grouped .  Separatin g ou t  th e tw o group s i s muc h 
harde r  i n thi s conditio n s o tha t  participant s shoul d onl y attemp t 
t o calculat e separat e contingencie s w h e n the y believe d i t  wa s 
absolutel y necessary .  B y contrast ,  th e blocke d presentatio n o f 
th e tw o group s make s th e groupin g variabl e mor e salien t  a s a 
potentia l  causa l  facto r  eve n whe n n o hin t  wa s given . 

Agai n fo r  hal f  o f  th e participant s th e sig n o f  th e observe d 
contingencie s wa s reverse d (thei r  rating s wer e recode d fo r  th e 
analyses) . 

Results 

Table 4 shows the results based on 48 participants from the 
Universit y o f  Tubingen .  Thi s tabl e display s participants '  mea n 
rating s o f  th e causa l  efficac y o f  th e n e w waterin g techniqu e i n 
th e condition s wit h an d withou t  th e hin t  abou t  th e potentia l 
causa l  relevanc e o f  Eleusina s an d Setarias ,  an d i n th e condi -
tion s wit h blocke d versu s unordere d presentatio n o f  th e tw o 
plan t  types .  Th e negativ e mea n rating s i n thre e o f  th e fou r 
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condition s indicat e tha t  man y participant s assume d tha t  plan t 
typ e i s causall y relevan t  eve n whe n n o explici t  hin t  wa s given . 
I n th e tw o condition s wit h th e blocke d presentatio n o f  th e case s 
participant s tende d t o giv e negativ e rating s whic h indicat e tha t 
the y assesse d th e contingencie s fo r  eac h plan t  typ e separatel y 
befor e th e tw o contingenc y estimate s wer e mtegrated .  Th e 
rating s o f  thes e tw o group s di d no t  diffe r  significantl y  (F<1) . 
Groupin g th e case s apparentl y le d t o th e impressio n tha t  th e 
plan t  typ e ma y b e causall y relevan t  eve n whe n n o explici t  hin t 
was given .  However ,  i n th e group s i n whic h th e case s wer e 
presente d i n a n intermixe d fashion ,  omittin g th e hin t  abou t  th e 
causa l  relevanc e resulte d i n a  significan t  shif t  o f  th e rating s 
towar d th e positiv e side ,  F  (1 ,  44 )  =  11.2 ,  p  <  .01 ,  M S E =  11.2 . 
Thus ,  participant s tende d t o ignor e th e subgroup s whe n th e 
group s wer e no t  ver y salient ,  an d whe n n o hin t  abou t  th e causa l 
relevanc e o f  th e groupin g variabl e wa s given . 

Overall ,  thi s patter n o f  result s yielde d a  reliabl e interactio n 
betwee n th e factor s hin t  an d amoun t  o f  grouping ,  F  (1 ,  44 )  = 
6.25 ,  p  <  .025 ,  M S E =  11.2 . 

Tabl e 4 :  Mea n rating s o f  th e causa l  relatio n betwee n waterin g 
and plan t  growt h i n th e group s wit h o r  withou t  th e hin t  abou t 
th e causa l  relevanc e o f  th e plan t  type ,  an d wit h o r  withou t 
category-base d grouping s o f  th e cases . 

groupe d 

ungroupe d 

wit h hin t 

-2.3 3 

-3.7 5 

withou t  hin t 

-2.5 8 

.8 3 

Discussio n 

Simpson' s parado x i s a n exampl e o f  th e basi c assumptio n o f 
causal-mode l  theor y tha t  th e interpretatio n o f  th e learnin g inpu t 
i s cruciall y dependen t  o n prio r  causa l  knowledge .  Identica l 
case s ma y resul t  i n dramaticall y differen t  causa l  impression s 
dependin g o n th e partitionin g o f  th e even t  space .  Unlik e 
experiment s tha t  demonstrat e direc t  influence s o f  domai n 
specifi c  knowledg e abou t  causa l  relations ,  Simpson' s parado x 
i s a n exampl e o f  th e importanc e o f  abstrac t  causa l  knowledge . 
Even thoug h knowledg e abou t  th e causa l  relevanc e o f  th e 
groupin g variable s i s domai n specific ,  thi s knowledg e doe s no t 
directl y predetermin e th e strengt h o f  th e causa l  relatio n tha t  i s 
bein g assessed .  Rather ,  mor e abstrac t  kind s o f  knowledg e abou t 
interaction s betwee n contingenc y assessment s wit h th e causa l 
relevanc e o f  partitionin g variable s ha s t o b e invoked . 

The tw o experiment s showe d tha t  participants '  assessmen t  o f 
a contingenc y betwee n a  potentia l  caus e an d a n effec t  i s 
moderate d b y thei r  backgroun d assumption s abou t  th e causa l 
relevanc e o f  additiona l  variables ,  an d th e mod e o f  presentatio n 
of  th e learnin g items .  Despit e th e fac t  tha t  th e participant s o f  th e 
experiment s receive d identica l  learnin g inputs ,  participants ' 
assumption s abou t  th e causa l  relevanc e o f  a n additiona l 
groupin g variabl e le d eithe r  t o th e impressio n tha t  th e caus e 
facilitate d th e effec t  o r  t o a n impressio n tha t  i t  prevente d th e 
effect .  Thes e result s demonstrat e tha t  th e acquisitio n o f  ne w 
causa l  knowledg e i s base d o n ol d causa l  knowledg e whic h i s 

alread y availabl e a t  th e outse t  o f  th e inductio n process . 
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