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Abstrac t 

Two experiment s compare d th e influenc e o f  th e probabilit y 
of  th e effec t  give n th e absenc e o f  th e candidat e caus e o n th e 
causa l  judgment s o f  candidat e cause s wit h th e sam e AP , 
define d a s th e differenc e betwee n th e probabilit y o f  th e 
effec t  i n th e presenc e o f  a  candidat e caus e an d tha t  i n it s 
absence .  Ou r  result s strongl y suppor t  th e powe r  P C theor y 
(Cheng ,  1997 )  bu t  contradic t  th e Rescorla-Wagne r  mode l 
(1972 )  an d th e traditiona l  A P model . 

Introduction 

Causal  inductio n allow s human s an d othe r  intelligen t 
system s t o explain ,  predict ,  an d contro l  thei r  environment , 
makin g i t  a  critica l  too l  i n a n otherwis e chaoti c world.  H o w 
do peopl e discove r  th e cause s o f  events ? A  long-standin g 
proposa l  (e.g. ,  Jenkin s &  Ward ,  1965 )  fo r  candidat e cause s 
and effect s tha t  ca n b e represente d b y binar y variable s i s tha t 
causa l  judgment s ar e base d o n 

A P =  ?{e\c )  -  Pie\~c) , (1 ) 

wher e c  i s a  candidat e cause ,  e  i s th e effec t  i n question ,  P(dc ) 
i s th e probabilit y  o f  e  give n th e presenc e o f  c ,  an d P{e\~c )  i s 
th e probabilit y  o f  e  give n th e absenc e o f  c .  A P i s a  measur e 
of  th e exten t  t o whic h c  an d e  covar y (i.e. ,  ar e bot h presen t 
or  bot h absent) ,  an d ha s variousl y bee n calle d th e 
contingenc y o r  contrast .  Th e conditiona l  probabilitie s ar e 
estimate d b y th e respectiv e relativ e frequencie s o f  th e event s 
fo r  whic h e  occur s i n th e presenc e an d i n th e absenc e o f  c .  I f 
A P i s  noticeabl y positive ,  c  i s a  generativ e o r  facilitator y 
cause ,  an d i f  i t  i s  noticeabl y negative ,  c  i s a  preventiv e o r 
inhibitor y cause .  I f  A P doe s no t  noticeabl y diffe r  fro m zero , 
c i s independen t  o f  e  an d i s noncausal . 

Rescorla-Wagner Model 

An influentia l  connectionis t  mode l  tha t  unde r  som e 
condition s asymptoticall y compute s a  varian t  o f  A P i s th e 
Rescorla-Wagne r  (1972 )  mode l  ( R W M ) .  Althoug h thi s 
model  wa s originall y propose d fo r  describin g Pavlovia n 
conditioning ,  i t  ha s ofte n bee n adopte d t o explai n causa l 
inductio n (e.g. ,  Dickinson ,  Shanks ,  &  Evenden ,  1984 ; 
Wasserman ,  Elek ,  Chatlosh ,  &  Baker ,  1993) .  Usin g th e 
R WM t o explai n causa l  inductio n implie s reducin g causa l 
learnin g t o associativ e learning .  Accordin g t o thi s model , 
learnin g proceed s b y change s i n th e strengt h o f  a  connectio n 

betwee n a  conditione d stimulu s c  (e.g. ,  a  flas h o f  light )  an d 
an unconditione d stimulu s e  (e.g. ,  a  shock) .  I n causa l 
terms ,  c  i s a  candidat e caus e an d e  i s th e effect .  Thi s chang e 
i n th e strengt h o f  c  ,  AV^ ,  i s specifie d b y th e learnin g rul e 

AV^=aJ^ (X , -J^v ) ,  (2 ) 

wher e a ^  an d /3,ar e rat e parameter s that ,  respectively ,  dqjen d 
on th e salienc e o f  c  an d e ,  an d A ,  i s  th e actua l  outcom e o f 
th e trial .  I f  e  i s present ,  thi s valu e i s typicall y se t  t o 1 ;  i f  e 
i s absent ,  i t  i s  se t  t o 0 .  I V i s th e expecte d outcome ,  whic h 
i s th e su m o f  th e strength s o f  al l  candidat e cause s presen t  o n 
tha t  trial .  Learnin g thu s occur s b y reducin g th e discrepanc y 
betwee n th e actua l  outcom e A ,  an d th e expecte d outcom e I V 
unti l  thi s discrepanc y (A, -  I V )  approximate s zero .  Not e 
tha t  A P fro m th e contingenc y mode l  an d 4  V  i n R W ^ d o 
not  bot h represen t  causa l  strength :  wherea s A P i n th e 
contingenc y mode l  represent s causa l  strength ,  ̂ 4 V  i n R W M 
i s th e chang e i n strengt h o n a  trial .  W h e n A V approximate s 
zer o (whe n learnin g ha s reache d asymptote) ,  th e weigh t  o f 
th e lin k fro m a  candidat e caus e t o th e effec t  represent s it s 
causa l  strength .  Thes e asymptoti c weight s ar e traditionall y 
obtaine d b y compute r  simulation ,  bu t  the y ca n als o b e 
obtaine d mathematicall y fo r  man y experimenta l  design s (se e 
Cheng ,  1997) . 

W h en ther e i s  onl y on e varyin g candidat e caus e i n a 
context ,  th e R W M asymptoticall y compute s A P a s th e 
measur e o f  associativ e strengt h whe n ^ ,  i s  assume d t o 
remai n constan t  acros s trial s o n whic h e  doe s an d doe s no t 
occu r  (Chapma n &  Robbins ,  1990) .  However ,  i f  fi,  i s 
assume d t o b e large r  o n trial s wit h e  present ,  R W M make s 
prediction s differen t  fro m th e contingenc y model :  R W M 
the n predict s th e (absolute )  magnitude s o f  th e judge d causa l 
strength s t o b e smalle r  a s P(e )  increase s fo r  an y fixed 
positiv e o r  negativ e A P (se e Wasserma n e t  al. ,  1993) .  I t 
i s difficul t  t o motivat e w h y p ,  migh t  b e smalle r  o n trial s 
wit h e  presen t  (an d researcher s applyin g th e R W M hardl y i f 
eve r  mak e thi s assumption) ,  bu t  i f  thi s assumptio n i s  made , 
R WM woul d predic t  th e opposit e trend :  th e (absolute ) 
magnitude s o f  th e Judge d causa l  strength s shoul d b e large r  a s 
P(e )  increase s fo r  an y fixe d positiv e o r  negativ e A P 
Regardles s o f  assumption s abou t  /3 „  R W M predict s th e 
same influenc e o f  P(e )  o n th e absolut e causa l  strength s o f 
candidate s wit h sam e positiv e A P a s fo r  thos e wit h th e sam e 
negativ e A P Als o regardles s o f  assumption s abou t  /3 „ 
R WM predict s judge d causa l  strengt h t o b e zer o whe n A P = 
0. 
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P o w er  P C T h e o r y 

As m a n y hav e noted ,  covariatio n i s insufficien t  a s a 
criterio n fo r  inferrin g causality .  Fo r  example ,  on e woul d 
not  infe r  fro m th e covariatio n betwee n a  dro p i n th e 
barometri c readin g an d th e approac h o f  a  stor m tha t  a 
barometri c dro p cause s th e approac h o f  storms .  Thi s 
exampl e fail s t o satisf y on e o f  th e putativ e boundar y 
condition s fo r  inferrin g causalit y fro m covariatio n - -  tha t 
alternativ e cause s o f  th e effec t  (e.g. ,  change s i n atmospheri c 
pressure )  ar e controlled .  T o explai n thi s an d othe r  boundar y 
condition s fo r  inferrin g causalit y fro m covariation ,  Chen g 
(1997 )  propose d th e powe r  P C theor y ( a causa l  powe r  theor y 
of  th e probabilisti c  contras t  mode l  o f  Chen g an d Novick , 
1990) .  Accordin g t o thi s theory ,  th e causa l  reasoner' s goa l 
i s  t o optimall y estimat e th e unobservabl e causa l  powe r  o f  a 
candidat e caus e fro m observabl e events .  Thi s theor y 
assume s tha t  th e reasone r  believe s tha t  ther e ar e suc h thing s 
i n th e worl d a s cause s tha t  hav e th e powe r  t o generat e a n 
effec t  an d cause s tha t  hav e th e powe r  t o preven t  a n effect , 
an d tha t  onl y suc h thing s influenc e th e occurrenc e o f  c m 
effec t  (cf .  Kant ,  1781/1965) .  Applyin g thi s assumptio n i n 
a probabilisti c  for m t o explai n Equatio n 1 ,  thi s theor y 
show s (1 )  th e condition s unde r  whic h A P ^  provide s a n 
estimat e o f  causa l  powe r  an d (2 )  h o w wel l  i t  doe s s o unde r 
thos e conditions .  Chen g (1997 )  review s a  divers e rang e o f 
phenomen a supportin g thi s theor y ove r  othe r  models .  On e 
of  th e mathematica l  consequence s o f  thi s theor y i s tha t  whe n 
cause s alternativ e t o th e candidat e caus e c  ar e controlle d an d 
A Pc a s define d b y Equatio n 1  i s nonnegative ,  p^ ,  th e causa l 
power  o f  candidat e c  t o generat e effec t  e  i s 

Pc = 
(3 ) 

l - P ( e \  c ) 

Analogously ,  whe n cause s alternativ e t o th e candidat e caus e 
c ar e controlle d an d A P ^  i s nonpositive ,  th e causa l  powe r  o f 
candidat e c  t o preven t  effec t  e  i s 

Pc = 
(4 ) 

P ( e I  c ) 

Th e prediction s o f  th e theor y ar e assume d t o b e onl y ordinal . 
Thus ,  wherea s th e traditiona l  contingenc y mode l  (Equatio n 

I) ,  an d th e R W M unde r  th e assumptio n tha t  P ,  remain s 
constan t  acros s trial s o n whic h th e effec t  doe s an d doe s no t 
occur ,  eac h predict s A P t o b e th e sol e sourc e o f  judge d 
causality ,  th e powe r  P C Theor y predict s tha t  equa l  level s o f 
A P,  wit h differen t  value s o f  P(el~c )  (an d henc e als o differen t 
value s o f  P(elc) )  shoul d no t  yiel d equa l  causa l  judgments . 
W h en alternativ e cause s ar e controlled .  Equatio n 3  applie s 
and predict s tha t  candidat e cause s wit h th e sam e positiv e A P , 
shoul d b e judge d t o hav e increasingl y larg e generativ e powe r 
as P(el~c )  increases ,  bu t  doe s no t  equa l  1 .  W h e n P(el~c)=l , 
th e generativ e powe r  o f  th e candidat e caus e i s undefined . 
That  is ,  a  reasone r  canno t  dra w an y conclusio n abou t  th e 
causa l  strengt h o f  c  generatin g e  i f  e  occur s al l  th e tim e 
regardles s o f  whethe r  c  occurs . 

I n contrast .  Equatio n 4  predict s tha t  a s P(el~c )  increases , 
candidat e cause s wit h th e sam e negativ e A P ,  shoul d b e 
judge d t o hav e increasingl y smal l  preventiv e power .  Not e 
tha t  (1 )  P(el~c )  influence s th e (absolute )  magnitud e o f 
estimate d generativ e an d preventiv e power s i n opposit e 

directions ,  an d (2 )  th e directio n o f  thes e influence s ar e no t 
dependen t  o n an y paramete r  settings .  Th e powe r  P C theor y 
and th e R W M diffe r  o n bot h o f  thes e points .  W h e n 
P(el~c)=0 ,  th e preventiv e powe r  o f  th e candidat e caus e i s 
undefine d accordin g t o Equatio n 4 .  Tha t  is ,  on e canno t 
make inference s abou t  th e strengt h o f  c  preventin g e ,  i f  e 
neve r  occur s i n th e first  place . 

Finally ,  Equation s 3  an d 4  bot h predic t  tha t  whe n A P ,  =0 , 
th e powe r  o f  c  shoul d remai n a t  0  an d b e uninfluence d b y 
P(el~c )  a s lon g a s th e denominato r  i n th e relevan t  equatio n i s 
not  0 . 

Conside r  a  concret e illustratio n o f  th e powe r  P C theory' s 
predictions .  Suppos e a  researche r  want s t o evaluat e th e 
preventiv e powe r  o f  a  ne w dru g agains t  headaches .  I n a 
stud y involvin g 1 6 participants ,  8  receiv e treatmen t  wit h th e 
dru g (candidat e present) ,  an d 8  receiv e a  placeb o (candidat e 
absent) .  N o w suppos e neithe r  th e 8  participant s wh o 
receive d dru g treatmen t  no r  th e 8  participant s w h o receive d 
th e placeb o repor t  headaches .  I n thi s cas e A P ,  equal s zero . 
Yet  th e researche r  woul d no t  infe r  tha t  th e dru g i s ineffectiv e 
(i.e. ,  noncausal) .  Sinc e headache s di d no t  occu r  eve n i n th e 
contro l  group ,  h o w the n coul d a  preventiv e candidat e preven t 
the m i n th e dru g group ? Th e researche r  simpl y canno t  dra w 
any causa l  inferences .  Thi s intuitio n i s capture d b y th e 
specia l  cas e i n whic h preventiv e powe r  i n Equatio n 4  i s 
undefined . 

N o w conside r  tw o studie s tha t  involv e th e sam e nonzer o 
A P,  bu t  differen t  P(el~c) .  I n th e first  study ,  al l  o f  th e 8 
participant s i n th e contro l  grou p hav e headaches ,  wherea s 
onl y 6  o f  th e 8  participant s w h o receive d th e dru g hav e 
headaches .  I n thi s case ,  ZlP, = P(elc )  -  P(el~c )  =  .7 5 -  1.0 0 
= -.25 .  Assumin g tha t  al l  alternativ e cause s producin g o r 
preventin g headache s ar e constan t  acros s th e tw o groups ,  th e 
researche r  woul d assum e tha t  i f  no t  fo r  th e drug ,  al l  8 
participant s i n th e dru g group ,  jus t  a s i n th e contro l  group , 
woul d hav e ha d headaches .  Th e dru g therefor e ha s a  smal l 
preventiv e power ,  preventin g headache s wit h a  probabilit y  o f 
.25 .  I n a  secon d study ,  4  o f  th e 8  participant s i n th e contro l 
grou p repor t  headache s an d 2  o f  th e 8  participant s receivin g 
dru g treatmen t  repor t  headache s (i.e. ,  P(elc )  -  P(el~c) = .2 5 -
.5 0 =  -.25) .  Again ,  assumin g tha t  th e composit e o f 
alternativ e cause s remain s constan t  betwee n groups ,  th e 
composit e woul d hav e produce d headache s i n 4  o f  th e 8 
participant s i n th e dru g group ,  jus t  a s i n th e contro l  group . 
The dru g therefor e prevent s headache s i n 2  o f  th e remainin g 
4 participants ,  yieldin g a  probabilit y  o f  .50 .  Thus ,  althoug h 
A P,  =  -.2 5 her e a s i n th e precedin g study ,  th e researche r 
woul d attribut e a  highe r  preventiv e powe r  t o th e latte r 
candidate .  Equatio n 4  formalize s thi s intuition . 

Analogou s intuition s abou t  whe n th e generativ e powe r  o f 
a candidat e caus e i s undefine d an d abou t  th e causa l  powe r  o f 
candidat e cause s wit h th e sam e positiv e A P ,  bu t  differen t 
P(el~c )  ar e capture d b y Equatio n 3 . 

The presen t  pape r  present s a  preliminar y repor t  o f  som e 
experimenta l  test s o f  th e traditiona l  contingenc y model ,  th e 
Rescoria-Wagne r  model ,  an d th e powe r  P C theory .  W e 
repor t  th e result s o f  tw o experiment s tha t  discriminat e 
betwee n th e prediction s o f  thes e thre e accounts .  W e teste d 
candidate s wit h positive ,  negative ,  an d zer o A P s t o evaluat e 
th e ful l  rang e o f  prediction s o f  th e powe r  P C theory .  A n 
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additiona l  reaso n fo r  doin g s o wa s t o cove r  al l  possibl e 
consisten t  paramete r  setting s o f  th e R W M.  Recal l  tha t 
althoug h th e R W M ca n predic t  causa l  judgment s fo r 
candidate s wit h th e sam e non-zer o A P tha t  ar e eithe r  positiv e 
or  negativ e function s o f  P(el-c) ,  o r  no t  a  functio n o f  P(el~c) , 
i t  canno t  predic t  a  positiv e functio n i n on e experimenta l 
conditio n an d a  negativ e functio n i n anothe r  conditio n unles s 
it s paramete r  setting s ar e reverse d acros s conditions . 

A tes t  o f  th e prediction s o f  th e thre e account s woul d 
involv e varyin g level s o f  P(elc )  an d P(el~c) .  Althoug h man y 
previou s experiment s hav e manipulate d thes e variables ,  an d 
th e availabl e result s suppor t  th e powe r  P C theor y (se e 
revie w i n Cheng ,  1997) ,  thes e experiment s eithe r  teste d to o 
fe w level s o f  thes e variable s t o evaluat e thi s predictio n 
systematicall y (e.g. ,  Alle n &  Jenkins ,  1983 ;  Anderso n & 
Sheu,  1995 ;  Baker ,  Berbrier ,  &  Vallee-Tourangeau ,  1989 ; 
Dickinso n e t  al, ,  1984 ;  Shanks ,  1987) ,  o r  the y use d a n 
effec t  tha t  occurre d i n continuou s tim e rathe r  tha n i n discret e 
entitie s (e.g. ,  Wasserma n e t  al. ,  1993) ,  i n whic h cas e th e 
power  P C theor y doe s no t  directl y apply .  I n th e 
experiment s w e report ,  w e therefor e teste d combination s o f 
many level s o f  P(elc )  an d P(el~c )  an d use d a  binar y effec t 
tha t  occur s i n discret e trials .  W e adapte d Wasserma n e t  al.' s 
(1993 )  desig n (th e mos t  comprehensiv e stud y o f  thi s natur e 
t o date) ,  i n whic h 5  level s o f  P(elc )  an d o f  P(el~c )  ar e 
independentl y combine d within-subject .  Ou r  first  experimen t 
presente d subject s wit h a  relativel y smal l  numbe r  o f 
individua l  events ,  an d th e secon d experimen t  presente d a 
large r  numbe r  o f  event s i n a  visua l  summar y format . 
Withi n eac h experiment ,  condition s involvin g negativ e A P s 
wer e teste d separatel y fro m thos e involvin g positiv e A P s , 
and th e forme r  condition s ar e reporte d befor e th e latter .  Bot h 
part s o f  eac h experimen t  include d condition s wit h zer o APs . 

E x p e r i m e n t  l a 

M e t h o d 

.0 0 -  wer e combine d t o yiel d 5  level s o f  nonpositiv e A P s : 
-1.00 ,  -.75 ,  -.50 ,  -.25 ,  an d .00 .  Thes e combination s 
yielde d a  tota l  o f  1 5 condition s (se e Figur e 1) . 

The 1 6 laborator y record s i n eac h conditio n consiste d o f  8 
fo r  whic h c  wa s presen t  (th e ra t  wa s vaccinated )  an d 8  fo r 
whic h c  wa s absen t  (n o vaccinatio n given) .  Th e 1 5 
condition s an d th e laborator y record s withi n eac h conditio n 
wer e bot h presente d i n rando m order .  Afte r  studyin g th e 1 6 
record s i n eac h condition ,  subject s wer e aske d t o evaluat e th e 
effectivenes s o f  th e studie d vaccin e a t  preventin g th e diseas e 
relate d t o th e viru s i n question .  The y wer e aske d t o giv e a 
ratin g o n a  scal e fro m 0  t o 100 ,  wher e 0  mean t  tha t  th e 
vaccin e doe s no t  preven t  th e diseas e a t  al l  an d 10 0 mean t 
tha t  th e vaccin e prevent s th e diseas e ever y time . 

Result s an d Discussion .  Figur e 1  display s 
subjects' s mea n rating s o f  th e preventiv e powe r  o f  th e 
candidat e cause .  O n th e absciss a ar e th e 5  level s o f  P(el~c) . 
For  Figur e 1  an d subsequen t  analogou s figures ,  th e line s 
connec t  dat a point s wit h th e sam e leve l  o f  A P ,  excep t  fo r 
th e poin t  wit h th e zer o A P tha t  ha s undefine d causa l  powe r 
accordin g t o th e powe r  P C theor y (an d intuition) .  Thi s 
poin t  i s  displaye d separately .  Th e correspondin g value s fo r 
P(elc )  follo w fro m eac h combinatio n o f  A P an d P(el~c) .  Th e 
power  P C theor y predict s decreasin g estimate s o f  preventiv e 
power  wit h increasin g P(el~c )  fo r  candidate s wit h equa l 
negativ e APs .  A  tren d analysi s wa s performe d ove r  eac h se t 
of  condition s wit h th e sam e A P .  A  linea r  negativ e tren d 
was highl y reliabl e fo r  eac h leve l  o f  A P ,  t(56 )  =  4.1 ,  p  < 
.00 1 fo r  A P =  -.75 ,  f( l  12 )  =  9.5 ,  p  <  .00 1 fo r  A P =  - .50 , 
f(168 )  =  13.3 ,  p  <  .00 1 fo r  A P =  -.25 ,  an d f(224 )  =  7.6 ,  p 
<.00 1 fo r  A P = 0.0 . 

Th e reliabl e negativ e trend s fo r  candidate s wit h th e sam e 
negativ e A P s contradic t  th e traditiona l  contingenc y model . 
The y als o contradic t  th e R W M i f  )8 ,  i s  assume d t o b e eithe r 
constan t  acros s trial s o r  smalle r  o n trial s i n whic h e  occur s 
tha n thos e i n whic h e  doe s no t  occur .  The y suppor t  th e 
R WM i f  /3 ,  i s  assume d t o b e large r  o n trial s i n whic h e 

Subjects .  1 3 mal e an d 4 4 femal e student s i n 
undergraduat e psycholog y classe 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 
stor y i n whic h the y wer e aske d t o preten d the y wer e 
virologist s testin g severa l  ne w vaccine s agains t  viruses . 
The y wer e aske d t o evaluat e th e outcom e o f  studie s 
performe d o n laborator y rat s whic h ha d al l  bee n infecte d wit h 
certai n viruses .  Fo r  ever y subject ,  ther e wa s on e practic e 
conditio n an d 1 5 experimenta l  conditions ,  wit h eac h 
conditio n consistin g o f  1 6 laborator y record s (i.e. ,  learnin g 
trials) .  Eac h recor d provide d informatio n abou t  whethe r  on e 
particula r  ra t  wa s vaccinate d prio r  t o viru s exposur e an d 
whethe r  th e ra t  develope d th e diseas e relate d t o th e virus . 
The 1 5 differen t  experimenta l  condition s represente d 1 5 
independen t  studie s o n differen t  viruse s an d vaccines . 
Becaus e Experimen t  l a examine d th e evaluatio n o f 
preventiv e causa l  power ,  5  level s o f  th e tw o conditiona l 
probabilities ,  P(elc )  an d P(ei~c )  -  1.00 ,  .75 ,  .50 ,  .25 ,  an d 

100 

Delt a P 
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Figur e 1 :  M e a n judgment s o f  preventiv e causa l  powe r  fo r 
eac h A P leve l  i n Experimen t  la . 

occurs. They also support the power PC theory. 
Th e reliabl e tren d fo r  A P =.0 0 replicate s th e observatio n 

i n m a n y previou s studies ,  bu t  contradict s th e asymptoti c 
prediction s o f  al l  thre e account s considere d i n thi s paper . 
Th e singl e dat a poin t  fo r  A P =  -1.0 0 i s irrelevan t  t o ou r 
evaluatio n o f  alternativ e accounts . 
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E x p e r i m e n t  l b 

Experimen t  l b i s th e analogu e o f  Experimen t  l a fo r  th e 
evaluatio n o f  generativ e causa l  power . 

Method 

Subjects .  2 3 mal e an d 2 9 femal e student s i n 
undergraduat e psycholog y classe s a t  th e Universit y o f 
California ,  Lo s Angeles ,  participate d i n exchang e fo r  cours e 
credit . 

Design and Procedure. The procedure was the same as 
i n Experimen t  la .  Thi s tim e th e cove r  stor y aske d th e 
subject s t o imagin e the y wer e microbiologist s studyin g ho w 
ra y exposur e influence s th e mutatio n o f  viruses .  Th e 
subject s studie d laborator y record s tha t  provide d the m wit h 
informatio n abou t  whethe r  o r  no t  a  petr i  dis h wit h viruse s 
was expose d t o certai n ray s an d whethe r  o r  no t  mutatio n 
occurred .  Th e desig n wa s exactl y symmetrica l  t o tha t  i n 
Experimen t  la ,  yieldin g onl y nonnegativ e AP s wit h value s 
.00 ,  .25 ,  .50 ,  .75 ,  an d 1.00 .  Afte r  studyin g th e laborator y 
records  relevan t  t o a  certai n viru s an d ra y combination , 
subject s gav e a  ratin g o f  ho w strongl y the y though t  th e 
particula r  ray s caus e mutation .  Th e scal e range d fro m 0  t o 
100 ,  wher e 0  mean t  tha t  th e ray s d o no t  caus e th e viru s t o 
mutat e a t  al l  an d 10 0 mean t  tha t  th e ray s caus e th e viru s t o 
mutat e ever y time . 

Results and Discussion. Subjects's mean ratings of 
causa l  powe r  ar e show n i n Figur e 2 .  A s before ,  th e dat a 
point s wit h equa l  level s o f  A P ar e connected .  Recal l  tha t  fo r 
th e evaluatio n o f  generativ e causa l  power ,  th e powe r  P C 
theor y predict s a  positiv e linea r  tren d fo r  candidate s wit h 
equa l  level s o f  positiv e A P wit h increasin g P(el~c) .  A s 
before ,  a  tren d analysi s wa s performe d t o chec k fo r  positiv e 
linea r  trend s i n equa l  level s o f  A P .  Fo r  A P =  .7 5 th e 
positiv e linea r  tren d fel l  jus t  shor t  o f  significance ,  f(51 )  = 
1.99 ,  p  =  .052 .  Fo r  A P =  .5 0 th e positiv e tren d wa s highl y 
significant ,  r(102 )  =  3.72 ,  p  <  .001 ;  a s wa s th e linea r 
positiv e tren d fo r  A P =  .25 ,  f(153 )  =  3.91 ,  p  <  .001 . 

As fo r  th e evaluatio n o f  preventiv e power ,  bot h R W M 
wit h constan t  ) 3 an d th e traditiona l  A P mode l  predic t  fla t 
line s connectin g candidate s wit h equa l  level s o f  A P .  Whil e 
assignin g large r  value s t o / ? fo r  trial s wher e e  occur s allow s 
th e R W M t o explai n th e negativ e trend s foun d i n 
Experimen t  la ,  thi s modificatio n als o predict s negativ e 
u-end s fo r  positiv e APs .  Th e observe d positiv e trend s i n 
Experimen t  l b contradic t  thi s predictio n o f  th e R W M bu t 
suppor t  th e powe r  P C theory . 

For  zer o APs ,  al l  thre e account s considere d predic t 
noncausa l  judgments .  However ,  subject s di d no t  rat e zer o 
A Ps a s noncausal :  W e unexpectedl y als o foun d slopin g 
trend s i n th e zer o A P conditions .  W h y were  ther e suc h 
trends ? 

A possibl e explanatio n i s tha t  ou r  subject s conflate d 
reliabilit y  wit h causa l  strength .  Fo r  example ,  i n th e 
generativ e experiment ,  i n th e 0/8-0/ 8 conditio n (P(elc )  = 

Delt a P 

1o -

P(e|-c ) 

Figur e 2 :  Mea n judgment s o f  generativ e causa l  powe r  fo r 
eac h A P leve l  i n Experimen t  lb . 

P(el~c) = 0)e neither occurred in any of the 8 trials given the 
presenc e o f  c  no r  i n thos e give n it s absence .  Assumin g tha t 
alternativ e cause s wer e constant ,  i t  follow s tha t  c  ha d 8  trial s 
t o "prove "  it s generativ e power ,  an d i t  faile d t o d o so .  I n th e 
6/8-6/ 8 conditio n (P(elc )  =  P(el~c )  =  .75) ,  however ,  e  woul d 
be expecte d t o b e produce d b y alternativ e cause s o n 6  o f  th e 
8 trial s whe n c  wa s present ,  jus t  a s whe n c  wa s absent . 
Thi s leave s onl y 2  ou t  o f  th e 8  trial s fo r  c  t o prov e it s 
causa l  power ,  an d i t  faile d t o d o so .  Becaus e ther e wer e 
mor e trial s o n whic h c  coul d hav e bu t  i n fac t  faile d t o prov e 
it s powe r  i n th e forme r  conditio n tha n i n th e latter ,  subject s 
migh t  b e mor e confiden t  o f  a  noncausa l  judgmen t  i n th e 
forme r  condition ,  leadin g t o a  ratin g close r  t o 0  i n tha t 
condition .  Providin g subject s wit h a  constan t  numbe r  o f 
trial s acros s condition s thu s yield s varyin g reliabilit y  o f  th e 
informatio n presented . 

An analogou s explanatio n applie s t o th e zer o A P 
condition s o f  th e preventiv e experiment . 

Thi s explanatio n doe s no t  appl y t o non-zer o APs .  First , 
not e tha t  unlik e noncontingen t  candidates ,  whic h al l  produc e 
e wit h th e sam e causa l  powe r  (i.e. ,  probability )  o f  0 , 
candidate s wit h th e sam e non-zer o A P d o no t  produc e e  wit h 
th e sam e causa l  power .  Fo r  example ,  fo r  preventiv e 
candidate s tha t  al l  hav e A P =  -.5 ,  i n th e 0/8-4/ 8 condition , 
Pc= 1.0 ;  i n th e 2/8-6/ 8 condition ,  p^ = .67 ;  an d i n th e 4/8 -
8/ 8 condition ,  pc = .5 .  Thei r  causa l  rating s therefor e woul d 
not  reflec t  reliabilit y  alone .  Second ,  i f  on e wer e t o ignor e 
th e varyin g causa l  powers ,  an d conside r  reliabilit y  alone , 
the n th e 3  condition s jus t  mentione d shoul d hav e 
increasingl y greate r  reliability :  Th e 0/8-4/ 8 conditio n ha d 
onl y 4  trial s t o revea l  preventiv e power ,  th e 2/8-6/ 8 
conditio n ha d 6  trials ,  an d th e 4/8-8/ 8 conditio n ha d 8  trials . 
Therefore ,  give n tha t  thes e candidate s hav e non-zer o 
preventiv e power ,  reliabilit y  predict s increasin g preventiv e 
rating s fo r  thes e 3  conditions ,  contrar y t o th e observe d 
ratings ,  whic h wer e i n th e decreasin g orde r  predicte d b y thei r 
causa l  powers .  Tha t  is ,  reliabilit y  canno t  explai n th e trend s 
observe d fo r  candidate s wit h equa l  non-zer o APs . 

Experiments 2a and 2b 

The goa l  o f  Experiment s 2 a an d 2 b wa s t o reduc e th e 
possibilit y  o f  varyin g reliabilit y  b y presentin g th e 
informatio n i n summar y forma t  involvin g a  larg e numbe r  o f 
trial s a s oppose d t o a  smal l  numbe r  o f  individua l  trials .  W e 
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expec t  th e ne w forma t  t o reduc e th e slope s fo r  th e zer o A P 
condition s only . 

Method 

(Experimen t  2b) .  A s before ,  subject s wer e aske d t o giv e 
rating s fro m 0  t o 100 .  Additionally ,  thi s tim e subject s als o 
had th e opportunit y t o giv e n o answe r  whe n the y though t 
the y coul d no t  dra w a  conclusion . 

Subjects .  7 9 (Experimen t  2a )  an d 7 4 (Experimen t  2b ) 
student s i n undergraduat e psycholog y classe s a t  th e 
Universit y o f  California ,  Lo s Angeles ,  participate d i n 
exchang e fo r  cours e credit . 

Design and Procedure. Subjects were given the same 
cove r  storie s a s i n Experiment s l a an d lb .  A s before ,  the y 
wer e aske d t o evaluat e th e outcom e o f  studie s performe d o n 
rat s (Experimen t  2a )  an d o n petri-dishe s o f  viruse s 
(Experimen t  2b) .  Ther e wa s on e practic e conditio n an d 1 5 
within-subjec t  experimenta l  condition s i n bot h Experimen t 
2a an d 2b .  Th e 1 5 experimenta l  condition s represente d 1 5 
independen t  studie s tha t  ha d t o b e evaluate d b y th e subjects . 
The sam e conditiona l  probabilitie s an d level s o f  A P a s i n 
th e previou s experiment s wer e use d t o creat e nonpositiv e 
APs (Experimen t  2a )  an d nonnegativ e AP s (Experimen t  2b) . 

Ophtli c  Viru s -  expose d t o Kapp a ray s 

Vru5 a a NOT 
muia e 

Vao mutae d 

Ophtti c Viru s NOT expose d to  Kapp a ray s 

Vrus mutate d Vrus d d NOT 
mil  al e 

Figur e 3 :  Exampl e o f  Dat a Presentatio n i n Experimen t  2 b 

The main difference between Experiments 2a and 2b and 
th e previou s experiment s wa s tha t  thi s tim e subject s di d no t 
stud y individua l  laborator y report s bu t  wer e rathe r  presente d 
wit h visua l  summarie s o f  th e outcom e o f  performe d studies . 
Thi s wa s realize d b y presentin g subject s wit h tw o pi e chart s 
containin g informatio n abou t  relativ e frequencie s o f  th e 
effect ,  give n th e presenc e o r  th e absenc e o f  th e candidate . 
Subject s wer e informe d tha t  eac h char t  summarize s th e 
result s fo r  10 0 cases . 

Figur e 3  represent s a n exampl e summar y a s use d i n 
Experimen t  2b .  Fo r  eac h o f  thes e summaries ,  subject s wen s 
aske d t o giv e a  ratin g fo r  h o w strongl y the y thin k a  vaccin e 
prevent s th e diseas e (Experimen t  2a )  o r  fo r  h o w strongl y 
the y thin k certai n ray s caus e mutatio n t o a  viru s 

Result s a n d Discussion . 
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Figur e 4 :  M e a n judgment s o f  preventiv e causa l  powe r  fo r 
eac h A P leve l  i n Experimen t  2a . 

Figure 4 displays subjects's mean ratings of preventive 
power  i n Experimen t  2a .  Visua l  examinatio n o f  Figur e 4 
show s th e sam e trend s fo r  th e negativ e A P s a s i n 
Experimen t  1 .  Bu t  thi s tim e th e lin e representin g th e zer o 
A Ps appear s flatter .  A s predicte d b y th e powe r  P C Theory , 
subject s wer e no t  sur e abou t  thei r  causalit y rating s fo r  th e 
P(elc)=P(el--c)=.0 0 condition :  3 5 % o f  th e subject s sai d the y 
wer e unabl e t o giv e a  rating ,  compare d t o a t  mos t  1 4 % o f 
th e sam e subject s i n th e othe r  conditions .  W e therefor e 
exclude d thi s dat a poin t  fro m furthe r  analysis . 

A tren d analysi s fo r  A P =.0 0 stil l  show s a  significan t 
linea r  tren d /(129) = 2.6 ,  p  <  .02 .  However ,  thi s tren d 
appear s t o b e solel y du e t o th e differenc e betwee n th e 
P(elc)=P(el~c)=1. 0 conditio n an d th e othe r  3  condition s (fo r 
whic h causa l  powe r  i s  defined) .  T h e linea r  tren d fo r  th e 
othe r  3  zer o A P condition s alon e w a s no t  reliable ,  r(86) = 
.85,/7>.05 . 

Al l  othe r  level s o f  A P yielde d highl y significan t  linea r 
trends :  f(76) = 5.5 ,  p  <  .00 1 fo r  A P = .75 ,  f(150 )  =8.68 ,  p  < 
.00 1 fo r  A P = .5 0 an d r(225)=10.7 ,  p  <  .00 1 fo r  A P =.25 . 

Figur e 5  show s th e result s o f  Experimen t  2b .  Analogou s 
t o Experimen t  2a ,  th e lin e representin g th e zer o A P s i s 
flatter  tha n tha t  i n Experimen t  lb .  I n Experimen t  2b ,  2 2 % 
of  th e subject s claime d t o b e unabl e t o giv e a  causa l  ratin g 
fo r  th e P(elc)=P(el~c)=1.0 0 condition ,  whic h i s undefine d 
accordin g t o th e powe r  P C Theory .  A s i n Experimen t  2a , 
thi s dat a poin t  wa s exclude d fro m th e tren d analysis . 
Despit e th e flatter  line ,  th e zer o A P s stil l  yielde d a 
significan t  linea r  trend ,  r(195) = 2.67 ,  p  <  0.002 .  A s i n 
Experimen t  2a ,  however ,  thi s tren d appear s t o b e entirel y 
due t o th e lowe r  mea n ratin g fo r  th e P(elc)=P(el-c)=.0 0 
condition .  Th e tren d analysi s fo r  th e remainin g 3  condition s 
was no t  reliable ,  r(130)=.25 ,  p  >  .05 . 

I n contrast ,  th e linea r  trend s fo r  tw o o f  th e nonzer o A P 
condition s wer e highl y reliable .  A P =  .7 5 resulte d i n a 
highl y significan t  linea r  trend ,  r(72) = 3.17 ,  p  <  .003 .  A P = 
.5 0 di d no t  produc e a  significan t  trend ,  wit h f(142) = 1.69 ,  p 
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< .1 .  Bu t  A P = .2 5 
f(198)=2.20./J<.05 . 
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Figur e 5 :  Mea n judgment s o f  generativ e causa l  powe r  fo r 
eac h A P leve l  i n Experimen t  2b . 

In summary, to reduce the possibility that subjects 
conflat e reliabilit y  wit h strength .  Experiment s 2 a an d b 
presente d th e sam e informatio n a s Experiment s l a an d b ,  bu t 
wit h a  larg e numbe r  o f  replication s acros s al l  conditions . 
We foun d reliabl e positiv e an d negativ e trend s fo r  th e non -
zer o A P condition s despit e thi s chang e i n procedure .  Fo r  th e 
zer o A P conditions ,  th e trend s wer e stil l  reliable ,  bu t  the y 
appea r  t o b e reduce d an d wer e du e solel y t o th e differenc e 
betwee n th e conditio n wit h a n extrem e P(e )  an d th e res t  o f 
th e conditions ,  whic h wer e no t  influence d b y P(el~c) . 

General Discussion 

The tw o experiment s reporte d i n thi s pape r  clearl y 
contradic t  bot h th e traditiona l  contingenc y ..lode l  an d R W M 
as description s o f  huma n causalit y judgments .  I n 
Experimen t  l a w e showe d tha t  subjects' s mea n judgment s o f 
preventiv e causa !  powe r  fo r  condition s wit h equa l  level s o f 
A P showe d a  significan t  negativ e linea r  tren d a s P(el-c ) 
increased .  Th e traditiona l  contingenc y model ,  whic h hold s 
A P a s th e onl y determinan t  o f  judge d causality ,  erroneousl y 
predict s n o trend .  R W M wit h constan t  value s o f  P  acros s 
trial s als o predict s n o trend .  B y assumin g highe r  value s o f  P 
fo r  trial s o n whic h th e effec t  i s  presen t  tha n o n trial s o n 
whic h i t  i s absent ,  th e R W M ca n explai n th e negativ e trend s 
fo r  candidate s wit h equa l  negativ e APs .  Bu t  thi s assumptio n 
als o predict s negativ e trend s fo r  candidate s wit h equa l 
positiv e APs .  Experimen t  l b show s that ,  t o th e contrary , 
th e trend s wer e positiv e fo r  suc h candidates . 

The negativ e trend s fo r  candidate s wit h equa l  negativ e AP s 
observe d i n Experimen t  l a an d th e positiv e trend s fo r 
candidate s wit h equa l  positiv e AP s observe d i n Experimen t 
l b bot h suppor t  th e powe r  P C theory . 

Subjects' s rating s fo r  zer o AP s i n Experiment s l a an d l b 
systematicall y deviate d fro m th e prediction s o f  th e account s 
considere d i n thi s paper .  A  negativ e tren d wa s foun d fo r  th e 
evaluatio n o f  preventiv e power ;  a  positiv e tren d wa s foun d 
fo r  th e evaluatio n o f  generativ e power .  A  possibl e 
explanatio n i s tha t  subject s conflate d reliabilit y  wit h causa l 
strength . 

I n Experimen t  2 a an d 2 b w e attempte d t o eliminat e thi s 
conflatio n b y presentin g th e informatio n i n a  visua l  forma t 
summarizin g a  larg e numbe r  o f  trials ,  thereb y increasin g 

reliabilit y  acros s al l  conditions .  W e stil l  foun d th e 
respectiv e negativ e an d positiv e trend s fo r  candidate s wit h 
equal  negativ e an d positiv e APs ,  bu t  w e foun d fla t  line s fo r 
th e candidate s wit h zer o AP s excep t  fo r  th e conditio n wit h 
an extrem e P(e) .  Excep t  fo r  thi s extrem e condition ,  thi s 
patter n o f  result s support s th e powe r  P C theor y bu t 
contradict s th e R W M an d th e traditiona l  A P model .  I t  i s 
unclea r  why ,  contrar y t o al l  3  account s considered ,  th e 
extrem e condition s receive d mea n rating s differen t  fro m th e 
othe r  zer o A P conditions . 

I n conclusion ,  th e experiment s reporte d i n thi s pape r 
clearl y favo r  th e powe r  P C theor y ove r  eithe r  th e R W M o r 
th e traditiona l  contingenc y mode l  a s a  descriptio n o f  huma n 
causa l  induction . 
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