
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
Alternative Approaches to Causal Induction: The Probabilistic Contrast Versus the Rescorla-
Wagner Model

Permalink
https://escholarship.org/uc/item/2x01115r

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 17(0)

Authors
Yarlas, Aaron S.
Cheng, Patricia W .
Holyoalc, Keith J.

Publication Date
1995
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/2x01115r
https://escholarship.org
http://www.cdlib.org/


Alternativ e A p p r o a c h e s t o Causa l  Induction :  T h e Probabilisti c  Cont ras t 

Ve rsu s th e R e s c o r l a - W a g n e r  M o d e l 

Aaro n S .  Yarla s 

Departmen t  o f  Psycholog y 

U.  o f  California ,  Lo s Angele s 

Lo s Angeles ,  C A 9002 5 

y a r l a s @ p s y c h . u c l a . e d u 

Patrici a W .  C h e n g 

Departmen t  o f  Psycholog y 

U.  o f  California ,  Lo s Angele s 

Lo s Angeles ,  C A 9002 5 

c h e n g S p s y c h . u c l a . e d u 

Keit h J .  Holyoal c 

Departmen t  o f  Psycholog y 

U.  o f  California ,  Lo s Angele s 

Lo s Angeles ,  C A 9002 5 

h o l y o a k @ p s y c h . u c l a . e d u 

Abstrac t 

Rescorla and Wagner's (1972) model of associative 
learnin g ( R W M)  an d Chen g an d Novick' s (1990 ,  1991 , 
1992 )  Probabilisti c  Contras t  Mode l  ( P C M )  represen t 
competin g approache s t o modelin g th e covariatio n 
componen t  o f  huma n causa l  induction .  Give n certai n 
pattern s o f  environmenta l  input s t o th e learner ,  thes e 
model s sometime s mak e contradictor y prediction s abou t 
what  wil l  b e learned .  Som e o f  thes e situation s hav e bee n 
teste d i n Pavlovia n conditionin g experiment s usin g 
anima l  subjects .  W e interpre t  thes e result s accordin g t o 
PCM,  an d find  tha t  the y ar e consisten t  wit h th e prediction s 
of  th e model .  Th e curren t  experimen t  implement s simila r 
experimenta l  design s a s a  causa l  inferenc e tas k involvin g 
humans a s subjects .  T w o experimenta l  condition s wer e 
compare d t o examin e eac h model' s prediction s regardin g 
when th e extinctio n o f  conditione d inhibitio n wil l  occur . 
I n on e condition ,  th e R W M predict s tha t  a  previousl y 
perceive d inhibitor y stimulu s wil l  b e judge d a s les s 
inhibitory ,  wherea s th e P C M predict s tha t  subject s wil l  no t 
chang e thei r  causa l  judgments ;  i n th e secon d condition ,  th e 
tw o model s mak e th e revers e claims .  Th e dat a provid e 
stron g evidenc e favorin g th e P C M. 

Introduction 

Causal induction allows people and other animals to predict 
and contro l  th e environment ,  a  necessar y tas k fo r  survival . 
H ow doe s causa l  inductio n occur ? Wha t  mechanism s ar e 
jse d t o induc e th e causa l  relatio n betwee n variables ? 

A necessar y componen t  o f  causa l  inductio n i s th e 
jvaluatio n o f  covariatio n betwee n a  candidat e caus e an d a n 
:ffect .  T w o variable s tha t  covar y ten d t o b e bot h presen t  o r 
30t h absent .  T w o broa d classe s o f  model s o f  covariatio n 
earnin g withi n causa l  context s hav e bee n proposed .  On e 
ipproac h i s base d o n extendin g associativ e learnin g model s 
nitiall y  applie d t o Pavlovia n conditionin g i n animals .  Th e 
extensio n i s  supporte d b y evidenc e o f  strikin g parallel s 
betwee n phenomen a observe d i n studie s o f  causa l  inductio n 
n peopl e an d Pavlovia n conditionin g i n animal s (e.g. , 
:hapma n &  Robbins ,  1990 ;  Gluc k &  Bower ;  1988 ;  Shank s 
?c Dickinson ,  1987 ;  Wasserman ,  1990) .  Th e mos t 
nfluentia l  associativ e mode l  ha s bee n th e Rescorla-Wagne r 
1972 )  mode l  o f  conditionin g ( R W M ) ,  whic h i s a  versio n o f 
he delt a rul e use d t o implemen t  learnin g i n man y 
;onnectionis t  network s (Sutto n &  Barto ,  1981) . 

A secon d approac h t o modelin g causa l  inductio n ha s bee n 
influence d b y treatment s i n th e philosophica l  an d artificial -
intelligenc e literature s (e.g. ,  Cartwright ,  1989 ;  Pearl ,  1988) . 
Th e latte r  approac h ha s produce d model s base d i n par t  o n 
statistica l  relation s betwee n cause s an d thei r  effects ,  a s 
characterize d b y variant s o f  contingenc y theor y (e.g. ,  Chen g 
& Novick ,  1990 ;  Gallistel ,  1990) .  O n e formulatio n o f 
contingenc y theory ,  th e Probabilisti c  Contras t  Mode l 
( P C M)  o f  Chen g an d Novic k (1990 ,  1991 ,  1992) ,  ha s bee n 
extende d b y Chen g an d Holyoa k (i n press) .  Thes e 
alternativ e theoretica l  approache s hav e sparke d vigorou s 
debat e i n th e literatur e (Melz ,  Cheng ,  Holyoa k & 
Waldmann ,  1993 ;  Shanks ,  1991) . 

The presen t  pape r  present s a  preliminar y repor t  o f  tw o 
experimenta l  test s o f  th e R W M an d th e P C M withi n causa l 
contexts .  Fo r  man y situations ,  thes e tw o model s m a k e 
simila r  prediction s regardin g th e causa l  relation s a  learne r 
woul d infer .  However ,  fo r  othe r  situation s th e tw o model s 
make diametricall y opposit e prediction s abou t  th e causa l 
judgment s learner s wil l  make .  W e wil l  repor t  th e result s o f 
tw o experimenta l  test s tha t  discriminat e betwee n th e 
prediction s o f  th e tw o models . 

Rescorla-Wagner Model 

The RWM was first proposed to explain various data 
pattern s tha t  ha d bee n foun d i n th e Pavlovia n conditionin g 
literature .  Th e R W M represent s th e learnin g o f  a n 
associatio n b y th e chang e i n strengt h o f  th e connectio n 
betwee n a  conditione d stimulu s / '  (e.g. ,  a  flas h o f  light )  an d 
an unconditione d stimulu s j  (e.g. ,  a  shock) .  I n additio n t o 
th e particula r  stimul i  presen t  (e.g. ,  a  tone) ,  th e stimul i  ar e 
assume d t o includ e on e tha t  represent s a  contex t  presen t  i n 
ever y even t  (e.g. ,  th e conditionin g cage) .  I n causa l  terms , 
eac h ( '  i s a  candidat e cause ,  and j  i s th e effect . 

Quantitatively ,  th e R W M i s represente d b y th e learnin g 
rul e 

AV,̂ =a,p ,  A , - X ^ 
(1 ) 

wher e AV, ,  i s  th e chang e i n associativ e strengt h betwee n / 
and j  a s a  resul t  o f  th e curren t  event ,  a ,  an d P ,  ar e rat e 
parameter s tha t  respectivel y depen d o n th e salienc e o f  /  (e.g. , 
th e brightnes s o f  th e light )  an d y  (e.g. ,  th e intensit y o f  th e 
shock) ,  an d A  i s th e desire d outpu t  correspondin g t o th e 
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actua l  outcom e (th e presenc e o r  absenc e o f  th e unconditione d 
stimulus) .  Typically ,  i f  th e outcom e i s present ,  X ^  i s 
define d a s 1 ;  i f  th e outcom e i s absent ,  thi s valu e i s 0 .  £Vi, , 
define d a s th e su m o f  th e curren t  strength s o f  association s t o 
j  fro m al l  n  stimul i  presen t  i n tha t  event ,  i s  th e actua l 
outpu t  o f  th e networ k predictin g th e outcome .  Learnin g 
consist s o f  reducin g th e discrepanc y betwee n th e actua l 
outcom e (A. )  an d th e expecte d outcom e CLVij )  unti l  thi s 
discrepanc y approximate s zero . 

The strength s tha t  ar e update d accordin g t o Equatio n 1  ar e 
equivalen t  t o weight s o n th e link s i n a  two-layere d 
connectionis t  network ,  wit h th e predictin g stimul i  bein g 
represente d o n th e inpu t  laye r  an d th e predicte d outcom e o n 
th e outpu t  layer .  A n importan t  assumptio n o f  th e R W M i s 
tha t  i f  stimulu s i  i s  no t  presen t  durin g th e event ,  it s 
associativ e strengt h remain s unchange d (i.e. .  Equatio n 1 
applie s onl y fo r  thos e stimul i  tha t  ar e presen t  o n a  give n 
trial) .  Th e equivalen t  assumptio n i n delta-rul e learnin g i s 
tha t  th e strength s o f  weight s fro m inpu t  unit s wit h 0 
activatio n ar e no t  revised . 

Probabilisti c  Contras t  M o d e l 

The PCM was proposed by Cheng and No vie k (1990, 1991, 
1992 )  t o explai n th e apparen t  biase s tha t  occu r  whe n peopl e 
make causa l  judgments .  Thi s mode l  extend s Kelley' s (1967 ) 
covariatio n model .  Kelle y (1967 )  propose d tha t  peopl e ar e 
intuitiv e scientists ,  w h o mak e causa l  attribution s base d o n a 
covariatio n principl e analogou s t o th e analysi s o f  variance . 
Chen g an d Novic k (1990 )  propose d tha t  thi s principl e 
involve s contingenc y (o r  contrast) ,  suc h a s tha t  suggeste d b y 
Jenkin s an d W a r d (1965) .  Unlik e previou s contingenc y 
model s i n psychology ,  however ,  th e P C M assume s tha t 
contingenc y i s compute d ove r  a  foca l  set ,  whic h i s a  se t  o f 
event s a  learne r  consider s relevan t  t o th e evaluatio n o f  th e 
candidat e cause .  Chen g an d Holyoa k (i n press )  reviewe d 
evidenc e suggestin g tha t  whe n th e informatio n i s available , 
th e foca l  se t  i s  on e i n whic h al l  alternativ e plausibl e causa l 
agent s ar e hel d constant .  Tha t  is ,  th e learne r  ofte n compute s 
th e conu^as t  fo r  a  candidat e caus e conditiona l  o n th e constan t 
presenc e o r  absenc e o f  alternativ e plausibl e causes . 

T h e P C M determine s th e causa l  relatio n betwee n a 
candidat e caus e an d a n effec t  b y contrastin g th e probabilitie s 
of  th e effec t  bein g presen t  whe n th e candidat e caus e i s 
presen t  versu s absen t  withi n th e foca l  set .  A  main-effec t 
contrast ,  Ap, ,  whic h evaluate s a  candidat e caus e involvin g a 
singl e facto r  i" ,  i s  define d a s 

^ , = P , -  P ; (2 ) 

wher e p ,  i s  th e proportio n o f  event s fo r  whic h th e effec t 
occur s whe n facto r  /  i s  present ,  an d p -  i s th e proportio n o f 
event s fo r  whic h th e effec t  occur s whe n facto r  /  i s  absen t 
(Th e proportion s ar e estimate s o f  th e correspondin g 
conditiona l  probabilities. )  I f  Ap ,  i s  noticeabl y positive ,  w e 
perceiv e /  t o b e a n excitator y caus e o f  th e effect .  I f  A/7 ,  i s 
noticeabl y negative ,  w e perceiv e /  a s preventin g o r 
inhibitin g th e effect .  I f  Ap ,  i s  no t  noticeabl y differen t  fro m 
zero ,  w e perceiv e /  a s havin g n o causa l  relatio n wit h th e 
effect . 

Condit ione d Inhibitio n 

A phenomenon involving multiple stimuli that is predicted 
by bot h model s i s th e acquisitio n o f  conditione d inhibitio n 
(Rescoria ,  1969) .  I n th e standar d design ,  a  stimulu s A  (e.g. , 
a ligh t  flash )  i s first  paire d wit h a n outcom e (e.g. ,  a  shock) , 
so tha t  A  become s excitatory .  Then ,  a  compoun d stimulu s 
consistin g o f  A  togethe r  wit h a  nove l  stimulu s X  (e.g. ,  a 
tone )  i s repeatedl y presented ,  wit h th e A X combinatio n 
signalin g absenc e o f  th e outcome .  Exposur e t o thes e event s 
cause s X  t o b e perceive d a s inhibitin g th e outcome . 

The R W M predict s th e conditione d inhibitio n o f  stimulu s 
X becaus e ther e i s a  discrepanc y betwee n th e actua l  outcom e 
give n th e compoun d A X (shoc k absent )  an d th e expecte d 
outcom e base d o n previou s trial s wit h A  alon e (shoc k 
present) .  Thi s discrepanc y lead s t o a  reductio n i n th e 
strengt h o f  X ,  whic h mus t  becom e negativ e t o offse t  th e 
positiv e strengt h o f  A . 

Not e tha t  th e P C M als o predict s th e conditione d 
inhibitio n o f  X .  Th e contras t  fo r  X  -  th e differenc e betwee n 
th e probabilit y  o f  th e shoc k occurrin g whe n bot h th e ligh t 
and ton e ar e present ,  an d th e probabilit y  o f  th e shoc k whe n 
th e ligh t  i s  presen t  an d th e ton e absen t  (i.e. ,  P(EiA.X )  -
P(EIA .  X) )  — i s negative .  Thus ,  bot h model s predic t  tha t  X 
wil l  b e judge d inhibitory ,  consisten t  wit h Rescorla' s (1969 ) 
finding  usin g anima l  subjects . 

Althoug h bot h model s ca n accoun t  fo r  th e acquisitio n o f 
conditione d inhibition ,  the y m a k e radicall y differen t 
prediction s regardin g th e extinctio n o f  conditione d 
inhibition .  Th e extinctio n o f  a  conditione d inhibitin g 
stimulu s (suc h a s X  describe d above )  occur s whe n ne w 
informatio n lead s t o X  n o longe r  bein g perceive d a s 
preventative .  Th e R W M predict s tha t  conditione d inhibitio n 
wil l  b e extinguishe d b y a  "direct "  procedure ,  i n whic h a 
conditione d inhibitin g stimulu s X  i s late r  presente d alon e 
wit h th e outcom e absent .  Th e R W M predict s tha t  th e 
inhibitor y strengt h o f  th e stimulu s wil l  becom e les s 
negativ e (eventuall y reachin g asymptot e a t  a  strengt h o f 
zero) ,  a s th e R W M revise s th e strengt h o f  a  stimulu s tha t  i s 
presen t  t o reduc e th e discrepanc y betwee n th e actua l  an d 
expecte d outcomes .  Th e mode l  therefor e predict s tha t  X  wil l 
be extinguishe d a s a n inhibito r  i n th e direc t  procedure .  I n 
contrast ,  th e P C M predict s tha t  th e inhibitor y valu e o f  X 
wil l  remai n unchanged ,  a s th e relevan t  conditiona l  contras t 
mentione d earlier ,  P(EIA.X )  -  P ( E I A . X ) ,  yield s a n 
unchange d negativ e numbe r  despit e th e intervenin g 
experienc e wit h X  i n th e absenc e o f  A .  Experiment s usin g 
thi s desig n wit h animal s hav e yielde d suppor t  fo r  th e 
prediction s o f  th e P C M,  i n tha t  th e direc t  procedur e fail s t o 
extinguis h conditione d inhibition .  Zimmer-Har t  an d 
Rescori a (1974 )  conducte d severa l  experiment s wit h rat s a s 
subjects ,  an d foun d tha t  whe n a  previousl y inhibitin g 
stimulu s wa s presente d alon e wit h n o outcome ,  i t  retaine d 
it s inhibitin g strengt h i n late r  trial s whe n paire d wit h a 
nove l  excitator y stimulus . 

Th e prediction s o f  th e tw o model s ar e reverse d fo r  a n 
"indirect "  extinctio n procedur e i n whic h a  previousl y 
excitator y stimulu s A ,  whic h ha d bee n inhibite d b y a 
preventativ e stimulu s X ,  i s a t  a  late r  tim e n o longe r  paire d 
wit h th e presenc e o f  th e outcom e (i.e. ,  th e excitator y powe r 
of  A  i s extinguished) .  Give n thi s information ,  th e R W M 
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predict s tha t  th e inhibitor y strengt h o f  X  wil l  remai n 
unchange d becaus e th e R W M canno t  updat e stimul i  tha t  ar e 
not  present ,  an d X  i s neve r  presen t  durin g th e interva l  i n 
whic h th e excito r  A  i s extinguished .  Th e P C M,  however , 
predict s tha t  th e inhibitor y valu e o f  X  wil l  b e attenuated ,  du e 
t o th e fac t  tha t  th e relevan t  conditiona l  contrast ,  P(EIA.X )  -
P(EIA .  X ) ,  whic h ha d bee n negativ e whe n A  wa s excitatory , 
approache s 0  give n th e subsequen t  event s (th e valu e o f  th e 
firs t  ter m remain s a t  0 ,  whil e th e valu e o f  th e secon d shift s 
fro m 1  towar d 0) .  Studie s o f  anima l  conditionin g (Kapla n 
& Hearst ,  1985 ;  Lysl e &  Fowler ,  1985 ;  Mille r  & 
Schachtman ,  1985 )  hav e yielde d result s consisten t  wit h th e 
prediction s o f  th e P C M ,  a s conditione d inhibitio n i s 
extinguishe d unde r  th e indirec t  procedure . 

I t  thu s appear s tha t  th e P C M provide s a  mor e accurat e 
model  o f  Pavlovia n conditionin g tha n doe s th e R W M,  i n 
tha t  th e forme r  mode l  i s mor e congruen t  wit h th e result s o f 
severa l  majo r  anima l  conditionin g studies .  T o evaluat e 
thes e alternativ e model s a s explanation s o f  causa l  inference , 
however ,  i t  i s  necessar y t o investigat e th e acquisitio n an d 
extinctio n o f  conditione d inhibitio n b y huma n subject s w h o 
ar e face d wit h causa l  relations .  Moreover ,  previou s studie s 
hav e no t  directl y compare d th e impac t  o f  th e direc t  an d 
indirec t  procedure s o n extinctio n o f  conditione d inhibitio n 
withi n th e sam e experiment .  Accordingly ,  th e presen t  stud y 
compare s extinctio n o f  conditione d inhibitio n fo r  human s 
give n a  causa l  inferenc e tas k unde r  bot h th e direc t  an d th e 
indirec t  procedures . 

Metho d 

Subject s 

Sixty-on e student s i n undergraduat e psycholog y course s a t 
th e Universit y o f  California ,  Lo s Angeles ,  serve d a s subject s 
i n exchang e fo r  cours e credit . 

Design and Procedure 

Subjects were given a cover story in which they were told 
tha t  a n outcom e ( a diseas e calle d D S E )  wa s eithe r  caused , 
prevented ,  o r  no t  affecte d b y fiv e candidat e cause s 
representin g biochemica l  substance s calle d "endomins, " 
whic h wer e sai d t o sometime s b e produce d b y th e body .  Th e 
fiv e candidate s wer e labele d P ,  Q ,  R ,  S  an d T  fo r  subject s 
(wit h appropriat e counterbalancing) ;  her e w e wil l  us e th e 
mor e mnemon i c label s E, ,  E j ,  E3 ,  I ,  an d U ,  wher e E 
indicate s a n excitator y cause ,  I  a n inhibitor ,  an d U  a 
candidat e unrelate d t o th e outcome .  Thes e candidate s wer e 
associate d wit h th e outcom e i n specifi c  covariationa l 
relationships ,  whic h wer e t o b e induce d b y subject s throug h 
trial-and-erro r  learning .  Candidate s E p Ej ,  an d E 3 wer e al l 
cause s o f  th e disease ,  i n tha t  whe n thes e candidate s wer e 
presen t  wit h al l  othe r  candidate s absent ,  th e diseas e wa s 
alway s present .  Th e diseas e wa s alway s absen t  whe n n o 

candidate s wer e present .  Candidat e I  wa s a n inhibitor y 
cause ,  i n tha t  whe n i t  wa s presente d i n tande m wit h eithe r 
caus e E ]  o r  E2 ,  th e diseas e wa s n o longe r  present .  Candidat e 
U wa s irrelevan t  t o th e disease ,  i n tha t  th e diseas e wa s 
alway s absen t  (a t  it s  baseline )  whe n U  wa s present ,  jus t  a s 
when U  wa s absent . 

I n th e learnin g phas e o f  thi s experiment ,  al l  subject s wer e 
give n a  serie s o f  learnin g trial s i n whic h the y wer e expecte d 
t o induce ,  b y makin g us e o f  feedback ,  th e appropriat e causa l 
value s fo r  eac h candidate .  Al l  subject s wer e the n tested , 
usin g tw o differen t  measures ,  fo r  learnin g o f  thes e causa l 
relations .  Th e firs t  measur e presente d subject s wit h nin e 
combination s o f  th e variou s endomin s (E, ,  E j ,  E3,1 ,  U ,  E , 
& E j ,  E ,  &  I ,  E 2 &  I ,  an d E 3 &  I )  an d aske d subject s t o 
predic t  th e numbe r  o f  patient s ou t  o f  on e hundre d w h o woul d 
contrac t  th e diseas e give n eac h o f  thes e nin e combinations . 
Not e tha t  tw o o f  thes e combination s ( I  alone ,  an d E 3 &  I ) 
wer e no t  presente d durin g th e learnin g trials .  Th e secon d 
measur e presente d onl y th e five  singl e endomins ,  an d aske d 
th e subjec t  t o indicat e (b y circlin g on e choice )  whethe r  eac h 
endomi n causes ,  prevents ,  o r  ha s n o effec t  o n th e disease . 
Th e purpos e o f  usin g tw o measure s wa s t o examin e tw o 
differen t  type s o f  causa l  judgment s tha t  coul d b e made .  Th e 
first  measur e wa s implicit ,  i n tha t  i t  assesse d th e inhibitor y 
power  o f  candidat e I  (th e candidat e o f  interest )  b y subjects ' 
prediction s regardin g th e outcom e give n tha t  I  i s  presente d 
wit h a  newl y paire d excitator y caus e (E3) .  Th e secon d 
measure ,  i n contrast ,  wa s explici t  i n tha t  i t  require d subject s 
t o mak e a  direc t  causa l  judgment .  Th e R W M an d P C M 
make th e sam e prediction s regardin g wha t  subject s wil l  lear n 
durin g th e initia l  learnin g phase .  I n particular ,  I  shoul d b e 
judge d a s inhibitory . 

I n th e extinctio n phase ,  whic h immediatel y followed , 
subject s wer e divide d int o thre e groups .  I n th e contro l 
group ,  al l  subject s wer e give n additiona l  trial s o f  som e 
informatio n tha t  ha d bee n presente d i n th e initia l  learnin g 
phase ;  th e purpos e o f  thi s grou p wa s t o provid e a  baselin e 
fo r  comparison .  I n th e direc t  extinctio n condition ,  whic h 
was modele d afte r  th e condition s i n th e Zimmer-Har t  an d 
Rescorl a (1974 )  study ,  subject s wer e presente d wit h ne w 
trial s i n whic h th e previousl y inhibitor y caus e (candidat e I ) 
was n o w presente d alon e i n th e absenc e o f  th e disease .  I n 
th e indirec t  extinctio n condition ,  whic h wa s base d o n th e 
condition s use d i n th e studie s o f  Kapla n an d Hears t  (1985) , 
Lysl e an d Fowle r  (1985) ,  an d Mille r  an d Schachtma n 
(1985) ,  subject s receive d trial s i n whic h tw o previousl y 
excitator y cause s (E ,  an d E2 )  wer e n o w paire d wit h th e 
absenc e o f  th e disease .  Candidat e I  wa s no t  presente d durin g 
th e indirec t  extinctio n phase . 

Subject s complete d th e tw o measure s o f  causa l  efficac y i n 
th e middl e an d a t  th e en d o f  th e extinctio n phase .  Th e 
measurement s wer e take n twic e i n thi s phas e t o determin e 
whethe r  subject s ha d reache d asymptot e i n thei r  causa l 
judgment s afte r  th e extinctio n procedure . 
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Figur e 1 :  Lef t  co lumn :  m e a n s fo r  al l  condition s fo r  th e implici t  scal e (numbe r  o f  patient s ou t  o f  10 0 w h o wer e judge d a s 
havin g the  diseas e w h e n E 3 &  I  ar e present) ;  righ t  column :  m e a n s fo r  the  explici t  scal e base d o n causa l  rating s fo r  candidat e I 
(cause s =  1 ;  n o effec t  =  0 ;  prevent s =  -1) . 

434 



R e s u l t s 

The bar graphs in the left column of Figure 1 present the 
result s fo r  th e implici t  measur e o f  th e inhibitor y powe r  o l 
candidat e I  acros s th e thre e tes t  phase s (learning ,  cxiinctio n 
1,  extinctio n 2) :  th e mea n predicte d frequenc y o f  th e diseas e 
(maximu m o f  100 )  fo r  case s exhibitin g th e I  &  E 3 
combination .  Th e ba r  graph s i n th e righ t  colum n o f  Figur e 
1 depict s th e paralle l  se t  o f  result s fo r  th e explici t  measure : 
th e mea n causa l  ratin g fo r  candidat e I  o n a  scal e fro m 1 
(causal )  t o - 1 (preventative) .  Th e overal l  patter n o f  result s 
was qualitativel y th e sam e fo r  bot h causa l  measures .  Fo r 
each measure ,  a  3  x  3  analysi s o f  varianc e wit h conditio n 
(control ,  direc t  procedure ,  indirec t  procedure )  an d tes t  phas e 
(learning ,  first  extinctio n phase ,  secon d extinctio n phase )  a s 
independen t  variable s wa s performed .  Bot h measure s yielde d 
a significan t  interactio n betwee n conditio n an d tes t  phase , 
F (4 ,  116 )  =  14.82 ,  p  <  .00 1 fo r  th e implici t  measure ,  an d 
F (4 ,  116 )  =  6.83 ,  p  <  .00 1 fo r  th e explici t  measure . 

Orthogona l  contrast s wer e the n use d t o asses s whethe r  th e 
perceive d causa l  powe r  o f  I  change d from  th e learnin g phas e 
t o th e tw o extinctio n phase s (collapsin g acros s th e latter) . 
Neithe r  th e contro l  conditio n no r  th e direc t  extinctio n 
procedur e yielde d an y chang e acros s th e tes t  phase s o n eithe r 
measure .  Bot h th e implici t  an d th e explici t  scale s reveale d 
tha t  candidat e I  wa s perceive d a s a n inhibito r  (preventative ) 
of  th e diseas e afte r  th e initia l  learnin g phase ,  an d it s 
inhibitor y powe r  remaine d constan t  acros s th e late r  phases . 
The result s fo r  th e indirec t  extinctio n conditio n wer e 
strikingl y different .  A s th e P C M predicts ,  th e inhibitor y 
power  o f  I  decrease d markedl y fro m learnin g t o extinction , 
F (1 ,  58 )  =  69.83 ,  p  <  .00 1 fo r  th e implici t  measure ,  an d 
F (1 ,  58 )  =  25.29 ,  p  <  .00 1 fo r  th e explici t  measure . 

Discussion 

The results from the present study clearly favor the PCM 
ove r  th e R W M a s a n accoun t  o f  th e condition s unde r  whic h 
th e causa l  analo g o f  conditione d inhibitio n ca n b e 
extinguished .  Th e direc t  procedur e o f  presentin g th e 
inhibitor y caus e alon e i n th e absenc e o f  th e effec t  ha d n o 
impac t  a t  al l  o n it s perceive d preventativ e power ,  wherea s 
th e indirec t  procedur e o f  extinguishin g th e causa l  powe r  o f  a 
previousl y excitator y caus e essentiall y  eliminate d th e 
perceive d preventativ e powe r  o f  th e inhibitor y candidate . 

Thes e tw o result s eac h undercu t  a  basi c assumptio n o f  th e 
R WM an d relate d connectionis t  learnin g models .  Th e 
forme r  undercut s th e assumptio n tha t  th e associativ e 
strength s o f  stimul i  tha t  ar e presen t  ar e revise d t o reduc e th e 
discrepanc y betwee n th e actua l  an d expecte d outcomes . 
Contrar y t o thi s assumption ,  ou r  result s sho w tha t  despit e 
suc h a  discrepanc y durin g a  perio d i n whic h onl y on e 
stimulu s (I )  wa s present ,  th e associativ e strengt h o f  tha t 
stimulu s wa s no t  revised .  Th e latte r  resul t  undercut s th e 
assumptio n tha t  onl y stimul i  tha t  ar e actuall y presen t  (i.e. , 
hav e non-zer o activation )  hav e thei r  associativ e strength s 
revised .  Contrar y t o tha t  assumption ,  th e presen t 
experimen t  show s tha t  th e strengt h o f  a  stimulu s (I )  wa s 
reduce d durin g a  perio d i n whic h i t  wa s neve r  presented . 

Conversely ,  thes e finding s suppor t  a  basi c clai m o f 
statistica l  contingenc y models ,  namely ,  tha t  causa l 

judgment s ar e sensitiv e t o th e contras t  betwee n th e 
probabilitie s o f  th e effec t  i n th e presenc e versu s th e absenc e 
of  a  candidat e cause ,  whe n othe r  cause s ar e hel d constant . 

The presen t  result s exten d th e comparabl e finding s 
obtaine d i n severa l  classi c experiment s o n Pavlovia n 
conditionin g (Kapla n &  Hearst ,  1985 ;  Lysl e &  Fowler , 
1985 ;  Mille r  &  Schachtman ,  1985 ;  Zimmer-Har t  & 
Rescorla ,  1974) .  Th e presen t  stud y i s th e first  t o compar e 
th e direc t  an d indirec t  extinctio n procedure s withi n a  singl e 
experiment .  I n addition ,  th e presen t  stud y i s th e first  t o tes t 
eithe r  procedur e wit h huma n subject s unde r  a  causa l 
inferenc e context ,  rathe r  tha n anima l  subject s i n Pavlovia n 
conditioning .  Ou r  findings  revea l  tha t  sensitivit y t o th e 
indirec t  extinctio n procedur e generalize s fro m laborator y 
animal s t o humans ,  an d fro m conditionin g t o explicit ,  a s 
wel l  a s implicit ,  causa l  judgments .  Ou r  result s thu s suppor t 
th e contentio n tha t  th e evaluatio n o f  covariatio n i n causa l 
context s i s base d o n sensitivit y t o statistica l  informatio n 
tha t  goe s beyon d th e kin d o f  informatio n implicitl y  tallie d 
by associationisti c model s o f  learning . 
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