
Causa l  Judgment s Tha t  Violat e th e Prediction s 

of  th e Powe r  P C Theor y o f  Causa l  Inductio n 

Frederic Vallee-Tourangeaii, Robin A. Murphy, and Susan Drew 
Dcpiuimen t  o f  Psycholog y 
Universit y o f  Hertfordshir e 

Hatfield ,  Hertfordshir e 
U N I T E D K I N G D O M,  A L I O 9 A B 

p s y q f v { p s y q r a m ,  p s y q s d } @ h e r t s . a c . u k 

Abstrac t 
The causa l  powe r  theor y o f  th e probabilisti c  contras t  mode l 
(o r  powe r  P C theory )  o f  causa l  inductio n (Cheng ,  i n press ) 
state s tha t  estimate s o f  th e causa l  importanc e o f  a  candidat e 
caus e ar e determine d b y th e covariatio n betwee n th e caus e an d 
th e effec t  an d th e probabilit y  o f  th e effec t  a s indexe d b y th e 
probabilit y  o f  th e effec t  i n th e absenc e o f  th e cause .  I n tw o 
causa l  inductio n experiment s w e teste d prediction s derive d 
fro m th e equation s o f  th e powe r  P C theory .  I n Experimen t  1 , 
th e powe r  P C theor y predicte d equivalen t  causa l  estimate s i n 
condition s wher e th e probabilit y o f  th e effec t  give n th e 
presenc e o f  th e cause ,  P(ejfec t  I  cause) ,  equalle d 1  an d i n 
condition s wher e P{ejfec t  I  cause )  equalle d 0 .  Judgments , 
however ,  differe d significantl y withi n thes e condition s an d 
conforme d t o th e prediction s o f  a  simple r  contingenc y model . 
Thes e predictio n failure s migh t  b e attributabl e t o th e 
particula r  value s o f  V(effec t  I  cause) ,  an d thu s Experimen t  2 
set  thi s probabilit y t o value s othe r  tha n 1  o r  0 .  Causa l 
judgment s agai n disconfirme d th e prediction s o f  th e powe r  P C 
theor y an d thi s tim e significantl y faile d t o confor m t o th e 
prediction s o f  a  simpl e contingenc y model . 

I n t r o d u c t i o n 
I n a  causa l  inductio n task ,  reasoner s see k t o determin e th e 
importanc e o f  differen t  candidat e cause s i n producin g a  targe t 
effect .  Chen g an d he r  collaborator s hav e argue d tha t  peopl e 
bas e thi s assessmen t  o n th e computatio n o f  covariatio n 
betwee n eac h caus e an d th e effec t  ove r  a n appropriat e se t  o f 
foca l  observation s (e.g. ,  Chen g &  Novick ,  1992) .  A n inde x 
of  covariatio n i s A P whic h i s th e differenc e betwee n th e 
conditiona l  probabilit y  o f  th e effec t  e  give n candidat e caus e 
A,  P( e I  A )  an d th e conditiona l  probabilit y o f  th e effec t 
give n th e absenc e o f  th e cause ,  P( e I  -A) .  Mor e recently , 
Cheng' s (i n press )  causa l  powe r  theor y o f  th e probabilisti c 
contras t  mode l  (o r  powe r  P C theory )  specifie d Uia t  causa l 
judgment s ar e no t  simpl y a  functio n o f  A P bu t  als o o f  th e 
bas e rat e o f  th e effect ,  a s indexe d b y P( e I  - A ) .  Fo r 
facilitativ e causa l  relationship s hig h effec t  bas e rate s m a y 
mask th e causa l  powe r  o f  a  candidat e caus e an d reasoners ' 
estimate s shoul d thu s increas e a s th e effec t  bas e rat e 
increases .  Chen g formalize s thi s relationshi p wit h th e 
followin g equation , 

APa (1 ) 
power  A  = 

1 ?{ e \-A ) 
For  preventiv e causa l  relationship s lo w effec t  bas e rate s m a y 
obscur e th e preventiv e causa l  powe r  o f  a  candidat e caus e an d 

consequentl y reasoners '  estimate s shoul d increas e a s th e 
effec t  bas e rat e decreases .  Chen g formalize s thi s relationshi p 
i n Equatio n (2) , 

-^? A (2 ) 
power  A  = 

P( e \-A ) 
Not e tha t  thes e equation s appl y onl y whe n alternativ e 
candidat e causes ,  i n thi s experimen t  represente d b y th e 
constan t  caus e X  (a s introduce d below) ,  ar e independen t  o f 
th e targe t  caus e A ,  an d indee d i n th e experiment s reporte d 
belo w P( X I  A )  =  PC X I  -A )  =  P(X) . 

The experiment s reporte d her e teste d a  numbe r  o f  simpl e 
prediction s derive d fro m Equation s (1 )  an d (2 )  i n a  causa l 
inductio n tas k i n whic h th e covariatio n informatio n betwee n 
candidat e cause s an d th e effec t  wa s presente d on e tria l  a t  a 
time .  Ther e wer e tw o candidat e cause s i n th e task ,  on e 
presen t  o n ever y tria l  (th e constan t  cause )  an d on e presen t  o n 
some trial s bu t  absen t  o n other s (th e variabl e cause) .  Dat a 
fro m Experimen t  I  showe d tha t  rating s o f  th e causa l 
importanc e o f  th e variabl e caus e violate d th e prediction s o f 
th e powe r  P C theor y bu t  no t  thos e o f  a  simpl e contingenc y 
model  base d o n A P alone ,  whil e th e dat a fro m Experimen t  2 
showe d tha t  the y violate d th e prediction s o f  bot h th e powe r 
PC theor y an d th e simpl e contingenc y model .  I n turn , 
rating s o f  th e constan t  cause  i n bot h experiment s wer e a 
functio n o f  th e probabilit y  o f  th e effec t  i n th e presenc e o f 
th e constan t  caus e alone .  W e sho w belo w tha t  o n th e basi s 
of  a  numbe r  o f  auxiliar y assumption s th e powe r  P C theor y 
ca n predic t  thi s result . 

Experiment 1 
I n th e first  experimen t  .subject s judge d th e importanc e o f 
variabl e an d constan t  candidat e cause s i n producin g a n effec t 
i n fou r  conditions .  W e wil l  refe r  t o th e variabl e cause  a s 
cause  A  an d th e constan t  cau.s e a s caus e X .  I n tw o o f  th e 
condition s th e probabilit y  o f  th e effec t  i n th e presenc e o f  th e 
variabl e caus e (an d o f  th e constan t  cause  sinc e i t  i s  presen t 
on ever y tria l  o r  P( e I  A.X)) ,  equalle d 1 .  I n thes e condition s 
th e powe r  P C theor y make s identica l  predictions ,  namel y 
ver y hig h estimate s o f  th e facilitator y powe r  o f  A  regardles s 
of  di e bas e rat e o f  di e effec t  (an d consequentl y o f  th e 
contingenc y betwee n A  an d th e effect ;  w e wil l  deriv e thes e 
prediction s below) .  I n Ui e remainin g tw o conditions ,  P( e I 
A.X )  equalle d 0 .  I n thes e conditions ,  th e powe r  P C theor y 
predict s ver y hig h estimate s o f  th e preventiv e powe r  o f  A 
agai n regardles s o f  di e bas e rat e o f  th e effect . 
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M e t h o d 
Design .  Eac h subjec t  participate d i n fou r  experimenta l 
conditions .  Eac h conditio n wa s compose d o f  4 8 trial s whic h 
showe d eithe r  th e presenc e o f  bot h a  variabl e an d a  constan t 
caus e {A X trials )  o r  th e presenc e o f  th e constan t  caus e alon e 
( X trials )  followe d wit h th e presenc e o r  absenc e o f  th e effect . 
Tabl e 1  show s th e probabilit y  o f  tli e effec t  i n tJi e presenc e 
and i n th e absenc e o f  th e variabl e caus e i n eac h o f  th e fou r 
conditions .  Th e to p hal f  o f  Tabl e 2  report s th e frequenc y o f 
presentatio n o f  th e fou r  tria l  types . 

Predictions. Before examining the predictions of the 
power  P C theor y a  cavea t  i s i n order .  Th e outpu t  value s o f 
Equation s (1 )  an d (2 )  ar e not  understoo d t o m a p 
isomorphicall y ont o a  ratin g scale .  Th e mappin g functio n 
tha t  bind s th e theory' s predictio n t o a  subject' s judgment s i s 
not  know n bu t  i s assume d t o b e monotonic . 

A simpl e contingenc y mode l  base d o n A P predict s tha t 
estimate s o f  th e variabl e candidat e caus e shoul d b e 
proportiona l  t o A P ,  namel y mor e positiv e i n Conditio n 1 
wher e A P i s 0.8 3 tha n i n Conditio n 2  wher e A P i s 0.1 7 an d 
mor e negativ e i n Conditio n 3  wher e A P i s -0.8 3 tha n i n 
Conditio n 4  wher e A P i s -0.17 .  Th e powe r  P C theor y 
makes differen t  prediction s fro m th e simpl e contingenc y 
model .  Thus ,  o n th e basi s o f  Equatio n (1 )  th e prediction s o f 
th e powe r  P C theor y fo r  th e tw o condition s wher e A P i s 
positiv e ar e equivalent .  I n Conditio n 1  wher e A P =  0.8 3 an d 
th e probabilit y  o f  th e effec t  i n th e absenc e o f  th e variabl e 
cause ,  P{ e I  -A.X) ,  i s  0.1 7 th e predicte d powe r  o f  A  is , 

0.8 3 0.8 3 

1-0.17 ~ 0.83 ~ 
and i n Conditio n 2  wher e A P =  0.1 7 an d P( e I  -A.X )  =  0.83 , 
th e predicte d powe r  o f  A  i s als o 1 , 

0.1 7 0.1 7 

1-0.83 ~0.17~ 
For  th e tw o negativ e conditions ,  th e powe r  P C theor y 
prediction s ar e als o equivalent .  Th e A P ter m i n Equatio n (2 ) 
i s negate d t o yiel d positiv e estimate s o f  preventiv e causa l 
power ,  but  sinc e a  negativ e ratin g scal e wa s use d i n thi s 
stud y w e hav e remove d th e negative .  I n Conditio n 3  wher e 
A P =  -0.8 3 an d P( e I  -A.X )  =  0.8 3 th e predicte d powe r  o f  A 
is . 

-0.8 3 

0.83 
= - 1 

For  Conditio n 4  wher e A P =  -0.1 7 an d P( e I  -A.X )  =  0.17 , 
th e predicte d powe r  o f  A  i s als o -1 , 

-0.1 7 
= - 1 

0.1 7 
The lef t  pane l  an d th e middl e pane l  o f  Figur e 1  illustrat e th e 
prediction s o f  th e powe r  P C theor y an d th e simpl e 
contingenc y mode l  respectively .  Whil e th e simpl e 
contingenc y mode l  predict s a  contingenc y polarit y (i.e. , 
positive/negative )  b y absolut e A P interaction ,  th e powe r  P C 
theor y predict s n o suc h interaction . 

The covariatio n betwee n th e constan t  caus e an d th e effec t 
i s  incalculabl e withi n th e tas k trial s sinc e P( e I  -A.-X )  i s 
undefined .  Th e powe r  P C theor y (a s wel l  a s a  simple r  mode l 
base d o n th e calculatio n o f  A P alone )  mus t  postulat e tha t 

subject s redefin e th e foca l  se t  t o includ e observation s othe r 
tha n th e one s presente d durin g th e experimenta l  procedure . 
Sinc e th e causa l  scenari o use d i n thes e experiment s wa s 
ficfilious ,  actua l  o r  simila r  observafion s outsid e th e 
laborator y tha t  woul d len d themselve s t o a  definitio n o f  P( e I 
-A.-X )  ar e rare .  Instead ,  subject s ma y b e argue d t o se t  P( e I 
-A.-X )  t o som e valu e o n th e basi s o f  thei r  understandin g o f 
th e task .  A s lon g subject s defin e P( e I  -A.-X )  i n a  systemati c 
way acros s al l  experimenta l  conditions ,  th e valu e o f  th e 
contras t  fo r  th e constan t  caus e shoul d b e determine d onl y b y 
th e probabilit y  o f  th e effec t  i n th e presenc e o f  th e constan t 
caus e alon e o r  P{ e I  -A.X) .  Thus ,  th e powe r  P C theor y an d a 
simple r  contingenc y mode l  base d solel y o n th e computatio n 
of  AP ,  wit h th e hel p o f  a  fe w auxiliar y assumptions ,  predic t 
tha t  th e rating s o f  th e causa l  importanc e o f  a  constan t 
candidat e caus e shoul d b e a  functio n o f  P( e I  -A.X) . 

1 

1 

2 

3 

4 

Pi e \  A.X ) 

1.0 0 

1.0 0 

0.0 0 

0.0 0 

P(e 1  -A.X ) 
0.1 7 

0.8 3 

0.8 3 

0.1 7 

Cause A 

AP 
0.8 3 

0.1 7 

-0.8 3 

-0.1 7 

PPC 
1 

1 

-1 

-1 

est 
85. 9 
(6.3 ) 
61. 8 
(9.9 ) 
-85. 4 
(8.6 ) 
-61. 5 
(8.3 ) 

Cause X 

est 
-29. 5 
(9.1 ) 
67. 9 
(8.2 ) 
76. 8 
(3.4 ) 
-21. 5 
(10.7 ) 

Tabl e 1 .  Probabilit y  o f  th e effec t  i n th e presence ,  P( e I 
A.X) ,  an d i n th e absenc e o f  th e variabl e candidat e cause , 
P( e I  -A.X) ;  outpu t  o f  a  simpl e contingenc y mode l  A P an d 
of  th e powe r  P C theor y (PPC) ;  mea n termina l  estimate s 
fo r  th e variabl e caus e (A )  an d th e constan t  caus e (X )  i n 
eac h o f  th e fou r  condition s o f  Experimen t  1  (standar d erro r 
i n parentheses) . 

Procedure. The causal induction task was couched in a 
fictitious  scenari o involvin g sample s o f  laborator y mic e 
havin g bee n expose d t o radiafion .  Th e mic e wer e 
subsequentl y injecte d wit h certai n hormone s (e.g. , 
CurieSCT ,  AsloXT) ,  an d on e mont h late r  cel l  growt h wa s 
analysed .  S o m e mic e wer e injecte d wit h tw o hormones , 
other s wit h onl y one .  Th e tas k instruction s informe d th e 
subject s tha t  th e hormone s coul d eithe r  potentiat e cancerou s 
cel l  growt h o r  preven t  it .  Ther e wer e fou r  group s o f  4 8 
mice ,  eac h grou p correspondin g wit h on e o f  th e fou r 
experimenta l  conditions .  Th e recor d fo r  eac h mous e wa s 
presente d on e a t  a  tim e o n a  compute r  scree n an d informe d 
th e subject s whethe r  i t  ha d bee n injecte d wit h on e o r  tw o 
hormones .  Subject s wer e the n aske d t o predic t  th e healt h o f 
tha t  mouse ,  whic h the y di d b y enterin g " 1 "  fo r  "abnorma l 
cel l  growth "  o r  " 0 "  fo r  "health y cel l  growth" .  On e secon d 
late r  feedbac k appeare d o n th e screen ,  informin g th e subject s 
abou t  th e healt h o f  tha t  mouse .  Th e feedbac k staye d o n th e 
scree n unti l  subject s depresse d th e spaceba r  t o se e th e nex t 
record .  Fou r  set s o f  label s fo r  th e fictitious  hormone s wer e 
use d an d thei r  assignmen t  counterbalance d acros s condition s 
and acros s hormon e type s (i.e. ,  variabl e o r  constant) . 

The orde r  o f  presentatio n o f  eac h o f  th e fou r  condition s 
was counterbalance d acros s subjects .  Th e tria l  presentatio n 
was randomize d bu t  constraine d t o matc h exactl y th e 
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conditiona l  probabilitie s o f  th e etiec l  i n th e presenc e an d 
absenc e o f  th e variabl e caus e show n i n I  abl e 1  afte r  eac h 
bloc k o f  2 4 trials .  Afte r  eac h bloc k o l  2 4 trials ,  subject s 
wer e aske d "wha t  i s  you r  estimat e o f  th e relationshi p 
betwee n <hormon e n a m e > an d abnorma l  cel l  developnicni? " 
whic h the y answere d b y enterin g a  numbe r  betwee n -10 0 
and 100 .  Subject s wer e tol d tha t  " a positiv e estimat e 
indicate s tha t  yo u believ e th e hormon e t o C A U S E "  an d " a 
negativ e estimat e indicate s tha t  yo u believ e th e hormon e t o 
P R E V E NT abnorma l  cel l  development "  Sinc e th e trial s 
mai n effec t  wa s no t  reliabl e i n an y o f  th e analyse s conducte d 
on th e causa l  ratings ,  onl y th e termina l  rating s wil l  b e 
rqwrted . 

Experimen t  1 

Tria l  Typ e 
AX-^ E 
AX - > n o E 
X -^ E 
X ^ n o E 

Condition s | 
1 (0.85 ) 

24 
0 
4 
20 

2(0.17 ) 

24 
0 
20 
4 

5 (-0.85 ) 

0 
24 
20 
4 

4 (-0.17 ) 

0 
24 
4 
20 

1 Experimen t  2 
Tria l  Typ e 
AX^E 
AX - )  n o E 
X ^ E 
X ->n o E 

1 (0.50 ) 

10 
10 
0 
20 

2 (0.10 ) 

18 
2 
16 
4 

5 (-0.50 ) 

10 
10 
20 

0 

4 (-0.10 ) 

2 
18 
4 
16 

Tabl e 2 .  Frequenc y o f  presentatio n o f  eac h o f  th e fou r  tria l 
typ e i n eac h conditio n o f  Experimen t  1  (to p hal O an d o f 
Experimen t  2  (botto m half) .  Fo r  eac h conditio n A P fo r  A 
i s give n i n parentlieses .  A  =  variabl e cause ,  X  =  constan t 
cause ,  E  =  effect . 

Subjects. Twenty-four undergraduates from the University 
of  Hertfordshir e receive d cours e aedit s fo r  thei r  participation . 

Results and Discussion 
Variabl e Cause .  T h e m e a n termina l  rating s o f  th e causa l 
importanc e o f  th e variabl e candidat e caus e ar e show n i n th e 
sixt h colum n o f  Tabl e 1  an d ar e plotte d i n th e right-most 
pane l  o f  Figur e 1 .  I t  seeme d tha t  th e rating s wer e influence d 
by A P i n tha t  the y wer e mor e positiv e w h e n A P increase d 
fro m 0.1 7 t o 0.8 3 i n th e tw o positiv e conditions ,  an d the y 
wer e mor e negativ e w h e n A P decrease d fro m -0.1 7 t o -0.8 3 
i n th e tw o negativ e conditions .  Hence ,  th e rating s di d no t 
confor m t o th e powe r  P C theor y predictions .  Th e statistica l 
analysi s supporte d thi s observatio n (th e rejectio n criterio n 
was se t  a t  .0 5 fo r  al l  analyse s unles s indicate d otherwise) .  I n 
a two-wa y repeate d measure s analysi s o f  varianc e ( A N O V A ) , 
th e mai n effec t  o f  th e absolut e valu e o f  A P (i.e. ,  th e 10.17 1 
condition s versu s th e 10.83 1 conditions )  wa s no t  reliabl e 
becaus e o f  th e symmetr y i n th e estimates ,  th e mai n effec t  o f 
contingenc y polarit y  (i.e. ,  th e positiv e versu s th e negativ e 
conditions )  w a s reliable ,  F(l ,  23 )  =  262 ,  an d importantly , 
th e interactio n betwee n thes e tw o factor s wa s reliable ,  F(l , 
23 )  =  6.44 .  Thus ,  whil e th e powe r  P C theor y predicte d n o 
interactio n betwee n thes e tw o factor s (se e th e left-mos t  pane l 
of  Figur e 1) ,  ther e w a s a  significan t  interaction . 

Power  P C 

y - " ? 

Simpl e A P 

^ 

1 1 

Causal  Rating s 

• ^ ^ 

o > 
~ "" O 

1 1 

100 

100 
0.1 7 0.8 3 0.1 7 0.8 3 

Absolut e a P 

0.1 7 0.8 3 

Figur e 1 .  Predicte d causa l  rating s i n th e tw o 
positiv e contingenc y condition s (blac k circles )  an d 
i n di e tw o negativ e contingenc y condition s (whit e 
circles )  derive d fro m th e powe r  P C theor y (lef t 
panel )  an d th e simpl e contingenc y mode l  (middl e 
panel )  fo r  Experimen t  1 ;  mea n observe d termina l 
causa l  rating s (righ t  panel) . 

C o n s t a n t  C a u s e .  T h e m e a n termina l  rating s o f  th e 
constan t  caus e ar e reporte d i n th e righ t  mos t  co lum n o f 
Tabl e 1 .  Th e rating s appeare d determine d b y th e hkelihoo d 
of  th e effec t  occurrin g i n th e absenc e o f  th e variabl e caus e 
(se e th e P( e I  -A.X )  colum n o f  Tabl e 1) .  I n th e tw o positiv e 
condition s thi s probabilit y w a s lo w onl y w h e n A P w a s 
highl y positive ,  whil e i n th e tw o negativ e condition s thi s 
probabilit y w a s hig h onl y w h e n A P w a s highl y negative . 
We thu s expecte d t o obtai n a  reliabl e interactio n i n a  two -
way repeate d measure s A N O V A.  I n suc h a n analysis ,  neithe r 
th e mai n effec t  o f  absolut e A P no r  th e ma i n effec t  o f 
contingenc y polarit y wa s reliabl e (agai n becaus e o f  th e 
symmetr y i n th e estimates) ,  bu t  th e interactio n betwee n 
thes e tw o factor s was ,  F( \ ,  23 )  =  89.2 .  Thus ,  subject s wer e 
willin g t o rat e th e importanc e o f  a  constan t  candidat e caus e 
eve n i f  it s  contingenc y wit h th e effec t  w a s incalculabl e i n 
th e foca l  se t  delimite d b y th e tas k trial s (se e als o Vallde -
Tourangeau ,  M u r p h y ,  &  Baker ,  1996) .  Moreover ,  thes e 
estimate s appeare d t o b e systematicall y determine d b y th e 
frequenc y wit h whic h th e effec t  occurre d i n th e absenc e o f 
th e variabl e cause . 

Experiment 2 
Subjects '  rating s o f  th e variabl e candidat e caus e i n 
Experimen t  1  wer e i n lin e wit h th e prediction s o f  a  simpl e 
contingenc y model .  I n thi s respect ,  thi s resul t  i s  no t 
genuinel y embarrassin g fo r  th e powe r  P C theor y a s lon g a s 
auxiliar y assumption s ar e develope d tha t  woul d specif y th e 
circumstance s i n whic h th e computatio n o f  A P i s o r  i s no t 
furthe r  weighte d b y a n effec t  bas e rat e index .  On e suc h 
auxiliar y assumptio n migh t  hav e somethin g t o d o wit h 
extrem e predictions .  Tha t  is ,  i n Experimen t  1  th e powe r  P C 
prediction s wer e eithe r  perfec t  facilitator y o r  perfec t 
preventiv e causa l  powe r  b y settin g P( e I  A.X )  a t  1.0 0 o r 
0.00 .  Thes e extrem e value s migh t  represen t  som e 
uninterestin g boundarie s t o th e applicatio n o f  th e powe r  P C 
Uieory .  Experimen t  2  thu s se t  P( e I  A.X )  a t  value s othe r 
tha n 1.0 0 an d 0.00 ,  an d investigate d moderat e prediction s o f 
th e powe r  P C theory ,  namely ,  predicte d causa l  powe r  o f 
0.5 0 o r  -0.50 . 
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1 

1 

2 

3 

4 

T'{e\AX ) 

0.5 0 

0.9 0 

0.5 0 

0.1 0 

IVI-AY ) 

0.0 0 

0.8 0 

1.0 0 

0.2 0 

Ciust- A 
AP 

0.5 0 

0.1 0 

-0.5 0 

-0.1 0 

PVC 
0. 5 

0 5 

0.5 

-0. 5 

est 
24. 4 

(10.3 ) 
43. S 
(7.5 ) 
-10. 2 
(10.0 ) 
-49. 8 
(8.2 ) 

Cause X 
est 

-60. 6 
(10.6 ) 
80. 8 
(3.8 ) 
90. 5 
(2.2 ) 
-42. 3 
(10.2 ) 

-0.1 0 

0.20 
--0.5 0 

Tabl e 3 .  Probabilit y o f  th e effec t  i n th e presence ,  P{ e I 
A.X) ,  an d i n th e absenc e o f  th e variabl e candidat e cause , 
P( e I  -A.X) ;  outpu t  o f  a  simpl e contingenc y mode l  A P an d 
of  th e powe r  P C theor y (PPC) ;  mea n termina l  estimate s 
fo r  th e variabl e caus e (A )  an d th e constan t  caus e (X )  i n 
eac h o f  th e fou r  condition s o f  Experimen t  2  (standar d erro r 
i n parentheses) . 

Method 
Desig n a n d Procedure .  A s i n Experimen t  1 ,  eac h 
subjec t  participate d i n fou r  experimenta l  conditions .  Eac h 
conditio n wa s compose d o f  4 0 trials .  Th e differen t 
contingencie s betwee n th e variabl e caus e an d th e effec t 
necessitate d differen t  tria l  number s fro m Experimen t  1  t o 
maintai n equa l  frequencie s o f  th e differen t  tria l  type s i n bot h 
block s o f  trial s i n eac h condition .  Tabl e 3  show s th e 
probabilit y  o f  th e effec t  i n th e presenc e an d i n th e absenc e o f 
th e variabl e caus e i n eac h condition .  Th e frequenc y o f  th e 
tria l  type s fo r  eac h conditio n i s show n i n th e botto m hal f  o f 
Tabl e 2 .  Th e sam e procedur e a s i n Experimen t  1  wa s 
employed . 

Predictions. The simple contingency model predicts diat 
causa l  rating s shoul d b e les s positiv e i n Conditio n 2  (A P = 
0.10 )  Uia n i n Conditio n 1  (A P =  0.50) .  I t  als o predict s dia t 
th e rating s shoul d b e les s negativ e i n Conditio n 4  (A P = 
-0.10 )  Uia n i n Conditio n 3  (A P =  -0.50) .  Th e powe r  P C 
prediction s ar e different :  o n th e basi s o f  Equatio n (1 )  th e 
predicte d rating s shoul d b e equivalen t  i n th e positiv e 
conditions .  I n Conditio n 1  wher e A P =  0.5 0 an d th e 
probabilit y o f  th e effec t  i n th e absenc e o f  th e variabl e cause , 
P( e I  -A.X) ,  equal s 0 ,  th e predicte d powe r  o f  A  is , 

0.5 0 0.5 0 
= =  0.5 0 

1-0.0 0 1 
and i n Conditio n 2  wher e A P =  O.I O an d P( e I  -A.X )  =  0.80 , 
th e predicte d powe r  o f  A  i s th e same ,  namel y 

0.1 0 0.1 0 
= =  0.5 0 

1-0.8 0 0.2 0 
For  th e tw o negativ e conditions ,  th e powe r  P C theor y 
predict s equivalen t  causa l  rating s a s well .  I n Condiuo n 3 
wher e A P =  -0.5 0 an d P( e I  -A.X )  =  1.0 0 th e predicte d powe r 
of  A  is , 

-0.5 0 

1.00 
= -0.5 0 

I n Conditio n 4  wher e A P =  -0.1 0 an d P( e I  -A.X )  =  0.20 ,  th e 
predicte d powe r  o f  A  i s als o -0.50 ,  namel y 

The fa r  lef t  pane l  lui d lli e middl e pane l  o f  Figur e 2  illustrat e 
th e prediction s o f  th e powe r  P C theor y an d th e simpl e 
contingenc y mode l  respectively .  A s i n Experimen t  1  th e 
power  P C theor y predict s n o interactio n betwee n 
contingenc y pohtfit y an d absolut e A P ,  wherea s th e simpl e 
contingenc y mcxle l  does . 

As i n Experimen t  1 ,  botl i  di e powe r  P C theor y an d th e 
simpl e A P mode l  ca n predic t  h o w tli e constan t  caus e wil l  b e 
rate d b y postulatin g tha t  subject s calculat e it s contingenc y 
by redefinin g th e foca l  set .  A s lon g a s subject s redefin e th e 
foca l  se t  i n th e sam e wa y i n th e fou r  conditions ,  the n thes e 
model s predic t  tha t  rating s o f  th e constan t  caus e wil l  b e 
determine d b y th e probabilit y  o f  th e effec t  i n th e presenc e o f 
th e constan t  caus e alone . 

Subjects. Twenty four undergraduates from the University 
of  Hertfordshir e receive d cours e credit s fo r  thei r  participation . 

Results and Discussion 
Variabl e Cause .  Th e mea n termina l  rating s o f  th e 
variabl e candidat e caus e ar t  reporte d i n th e sixt h colum n o f 
Tabl e 3  an d ar e plotte d i n th e right-mos t  pane l  o f  Figur e 2 . 
I t  seeme d tha t  th e estimate s wer e i n lin e wit h th e prediction s 
of  neithe r  th e powe r  P C theor y no r  o f  th e simpl e 
contingenc y model .  Interestingly ,  i n th e positiv e conditions , 
rating s wer e mor e positiv e whe n A P equalle d 0.1 0 tha n 
when i t  equalle d 0.50 ,  an d i n di e negativ e conditions ,  rating s 
wer e les s negativ e whe n A P equalle d -0.5 0 tha n whe n i t 
equalle d -0.10 .  Hence ,  ther e seeme d t o b e a  stron g 
interactio n i n di e rating s bu t  o f  a  kin d opposit e t o di e on e 
predicte d b y th e simpl e contingenc y model .  I n a  two-wa y 
repeate d measure s A N O V A,  di e mai n effec t  o f  th e absolut e 
valu e o f  A P (i.e. ,  th e 10.50 1 condition s versu s di e 10.10 1 
conditions )  wa s no t  reliabl e agai n becaus e o f  th e symmetr y 
i n th e estimates ,  di e mai n effec t  o f  contingenc y polarit y 
(i.e. ,  th e positiv e versu s th e negativ e conditions )  wa s 
reliable ,  F(l ,  23 )  =  47.8 ,  an d importantly ,  th e interactio n 
betwee n thes e tw o factor s wa s reliable ,  F(l ,  23 )  =  6.9 . 
Thes e dat a undermin e di e clai m tha t  th e powe r  P C dieor y 
proffer s a n adequat e descriptio n o f  causa l  judgment s an d 
invalidat e th e argumen t  tha t  subject s wer e stil l  sensitiv e t o 
some element s o f  di e powe r  P C dieor y equations ,  namel y 
AP,  sinc e rating s wer e significanU y differen t  fro m dios e 
predicte d b y a  simpl e A P model . 

Constant Cause. The mean terminal ratings of the 
constan t  candidat e caus e ar e reporte d i n th e right-mos t 
colum n o f  Tabl e 3 .  A s i n Experimen t  1 ,  th e estimate s 
appeare d t o b e a  functio n o f  P{ e I  -A.X) .  I n a  two-wa y 
A N O VA o n thes e estimate s th e mai n effec t  o f  absolut e A P 
was no t  reliable ,  th e mai n effec t  o f  di e variabl e cause' s 
contingenc y polarit y wa s reliable ,  F(l ,  23 )  =  15. 8 an d di e 
interactio n betwee n thes e tw o factors ,  a s expected ,  wa s 
highl y significant ,  F(l ,  23 )  =  166 .  Th e contingenc y polarit y 
mai n effec t  wa s reliabl e becaus e P( e I  -A.X )  i n th e tw o 
negativ e condition s (viz. ,  1.0 0 an d 0.2 0 i n Condition s 3  an d 
4 respectively ,  se e Tabl e 3 )  wa s large r  tha n i n th e tw o 
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positiv e condition s (viz. ,  0.0 0 an d 0.8 0 i n Condition s 1  an d 
2 respectively) .  Tlii s  i s furthe r  evidenc e tlia t  subjects '  rating s 
of  th e constan t  caus e closel y reflecte d th e frequenc y wit h 
whic h th e effec t  occurre d i n th e absenc e o f  th e viyiabk -
cause . 

Power  P C 

•  • 
Simpl e A P Causa l  Rating s 

I T 

50 

•50 
0.1 0 0.5 0 0.1 0 0.5 0 0.1 0 0.5 0 

Absolute AP 

Figur e 2 .  Predicte d causa l  rating s i n th e tw o 
positiv e contingenc y condition s (blac k circles )  an d 
i n th e tw o negativ e contingenc y condition s (whit e 
circles )  derive d fro m th e powe r  P C Uieor y (lef t 
panel )  an d th e simpl e contingenc y mode l  (middl e 
panel )  fo r  Experimen t  2 ;  mea n observe d termina l 
causa l  rating s (righ t  panel) . 

General Discussion 
I n th e experiment s reporte d here ,  estimate s o f  th e causa l 
importanc e o f  a  variabl e candidat e caus e disconfmne d th e 
prediction s o f  th e powe r  P C theory .  However ,  i n th e first 
experiment ,  thes e estimate s conforme d t o th e prediction s o f 
a simple r  mode l  base d simpl y o n th e computatio n o f  A P 
Even thi s simple r  mode l  ha d t o b e rejecte d i n th e ligh t  o f  th e 
dat a obtaine d i n th e secon d experimen t  wher e th e causa l 
rating s wer e inversel y proportiona l  t o AP .  Thus ,  th e rating s 
of  th e variabl e candidat e caus e provide d stron g evidenc e tha t 
th e proces s o f  causa l  inductio n i s no t  describabl e i n term s o f 
th e equation s develope d i n th e powe r  P C theory . 

Subject s als o rate d th e causa l  importanc e o f  a  constan t 
candidat e cause .  Thes e rating s wer e a  functio n o f  th e 
probabilit y  o f  th e effec t  i n di e absenc e o f  th e variabl e cause , 
or  ?( e I  -A.X) .  I f  indee d th e computatio n o f  contrast s 
underlie s causa l  inductio n the n subject s aske d t o rat e di e 
causa l  importan t  o f  a  constan t  caus e wer e facin g a n 'impasse ' 
becaus e th e secon d probabiUt y neede d fo r  thi s computation , 
namel y P( e I  -A.-X )  wa s undefined .  Th e powe r  P C theor y 
must  Uierefor e assum e tha t  subject s redefin e th e foca l  se t  t o 
includ e observatio n fro m outsid e th e experimenta l  procedure . 
Assumin g dia t  dii s  n e w foca l  se t  fixed  P( e I  -A.-X )  a t  di e 
same valu e i n al l  conditions ,  rating s o f  th e constan t  caus e 
shoul d b e a  functio n o f  Pi e I  -A.X) ,  whic h indee d the y were . 
A direc t  tes t  o f  thes e assumption s ha s no t  ye t  bee n 
undertaken . 

A clas s o f  simpl e connectionis t  architecture s originall y 
develope d t o mode l  Pavlovia n conditionin g offe r  a n 
alternativ e accoun t  o f  causa l  induction .  Associativ e model s 
of  causa l  inductio n suc h a s th e Rescorla-Wagne r  mode l 
(Rescorl a &  Wagner ,  1972 ;  henceford i  R - W model )  an d 
Pearce' s (1987 )  mode l  o f  stimulu s generalizatio n d o no t 
postulat e tha t  reasoner s comput e contrast s o r  redefin e foca l 

.sets .  Rather ,  the y lak e th e for m o f  simpl e two-laye r 
network s wit h a n inpu t  laye r  codin g fo r  th e candidat e cause s 
and a n outpu t  laye r  codin g fo r  th e targe t  effect .  Bot h us e 
eno r  reductio n learnin g algorithm s simila r  t o th e delt a rule . 
The R - W mode l  stipulate s tha t  th e chang e i n th e weigh t  o f 
;ui y cause-effec t  connectio n o n an y give n tria l  i s a  functio n 
of  Equatio n (3 ) 

Aw = apa-tw) ^^^ 
I 

wher e a  an d P  ar e learnin g parameters ,  X  i s di e targe t 
activatio n o n tha t  tria l  an d I w represent s th e actua l 
activatio n o f  di e outpu t  nod e (determine d b y di e su m o f  th e 
weight s alon g di e k  activ e connection s ( a connectio n i s 
activ e whe n di e correspondin g candidat e caus e i s present ;  di e 
activatio n functio n o f  th e outpu t  uni t  i s  linear ,  no t 
sigmoidal) . 

Th e inpu t  laye r  o f  a  Pearc e networ k code s fo r  th e 
configuratio n o f  cause s experience d b y th e subjects ,  namel y 
A X an d X .  O n an y give n trial ,  th e weigh t  fo r  th e A X 
configuratio n i s update d usin g di e followin g rul e 

AWax =  p a -  [Ea x -  Iax] )  (4 ) 

wher e ( i  i s a  learnin g paramete r  an d A ,  i s di e targe t  activatio n 
of  di e outpu t  nod e o n dia t  trial .  Th e actua l  activatio n o f  th e 
outpu t  nod e reflect s di e su m o f  th e strengt h o f  tw o type s o f 

connection ,  on e excitator y ( E )  an d on e inhibitor y (I ;  agai n 
di e activatio n functio n i s  linear) .  Critically ,  thes e measure s 
of  excitator y an d inhibitor y associativ e strengt h includ e th e 
generalize d excitator y (o r  inhibitory )  associativ e strengt h o f 
candidat e cause s tha t  ar e simila r  t o th e compoun d A X ,  i n 
dii s cas e X  (se e Pearce ,  1987 ,  Equation s (6 )  an d (8)) .  Th e 
chang e i n weigh t  fo r  di e constan t  caus e i s determine d b y th e 
learnin g rule , 

Awx =  PiX-[Ex-lx] )  (5 ) 
The causa l  rating s fo r  di e constan t  caus e ar e a  functio n o f 
di e cumulativ e weigh t  change s a s specifie d i n Equatio n (5) . 

Th e prediction s concernin g th e rating s o f  th e constan t 
candidat e caus e derive d fro m di e R - W mode l  an d th e Pearc e 
model  ar e plotte d i n th e lef t  hal f  o f  Figur e 3 .  Bot h 
associativ e model s predic t  tha t  rating s o f  X  wil l  b e a 
functio n o f  P( e I  -A.X )  (show n i n Table s 1  an d 3) .  Whil e di e 
power  P C dieor y formulate d di e sam e prediction s i t  di d s o 
by postulatin g tha t  subject s 1 .  redefine d th e foca l  se t  t o 
includ e rea l  o r  imagine d 'observations '  outsid e di e tas k trial s 
and 2 .  compute d a  contrast . 

The prediction s o f  th e thre e model s far e m u c h poore r  fo r 
di e rating s o f  di e variabl e candidat e cause .  A s Figure s 1  an d 
2 showed ,  th e prediction s o f  th e powe r  P C theor y wer e 
disconfirme d i n bot h experiments .  Th e prediction s o f  th e R -
W mode l  an d th e Pearce '  mode l  ar e show n i n th e righ t  hal f 
of  Figur e 3 .  Th e R - W mode l  predict s th e developmen t  o f 

'  Sinc e th e variabl e caus e wa s neve r  experience d o n it s own ,  th e 
Pearc e mode l  stipulate s tha t  it s  causa l  estimatio n i s a  functio n 
of  th e cumulativ e weigh t  change s fo r  th e A X configuratio n a s 
specifie d i n Equatio n (4 )  multiplie d b y a  coefficien t  tha t  indexe s 
th e similarit y betwee n A  an d AX .  Sinc e A  constitute s hal f  o f  th e 
A X configuration ,  th e Pearc e mode l  assume s tha t  tha t 
coefficien t  equal s . 5 (se e Pearce .  1987 ,  Equatio n (3)) . 
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Constan t  Caus e Variabl e Caus e 

0.75 -

0.50 -

0.25 -

0.50 -

0.25 -

.1 7 .8 3 .1 0 
Absolut e A P 

r 
.5 0 3 4  1 2 

Condit io n 
Figur e 3 .  M e a n termina l  predicte d associativ e strengti i  o f  tli e constan t 
candidat e caus e an d th e variabl e candidat e caus e i n th e fou r  condition s o f  eac h 
experiment .  Th e a  paramete r  i n th e R - W algorith m wa s se t  t o 0.35 .  Th e P 
parameter s i n bot h th e R - W an d th e Pearc e algorithm s wer e equate d an d se t  t o 
1.  Th e mea n termina l  associativ e strengt h wa s calculate d afte r  10 0 trainin g 
trial s ove r  10 0 epochs . 

associativ e bond s whos e magnitud e approximate s A P a t 
asymptote .  Thus ,  it s  prediction s ar e th e sam e a s thos e fro m 
a simpl e contingenc y model .  Hence ,  th e R - W ca n anticipat e 
th e result s o f  th e firs t  experiment ,  bu t  no t  thos e o f  th e 
second .  I n turn ,  fo r  Experimen t  1 ,  th e Pearc e mode l  predicts , 
as di d th e powe r  P C theory ,  tha t  rating s o f  th e variabl e caus e 
withi n th e positiv e condition s an d withi n th e negativ e 
condition s shoul d b e equivalent .  Th e Pearc e model ,  however , 
i s th e onl y mode l  tha t  ca n anticipat e th e rating s o f  th e 
variabl e caus e i n Experimen t  2  becaus e th e associativ e 
strengt h o f  th e constan t  cause ,  whic h increase s a s th e effec t 
bas e rat e increases ,  generalize s t o th e variabl e cause .  Th e 
notio n tha t  th e influenc e o f  th e effec t  bas e rat e o n th e rating s 
of  th e variabl e caus e ma y b e mediate d b y th e transfe r  o f 
associativ e strengt h fro m th e constan t  caus e ma y hav e 
importan t  implication s fo r  associativ e model s o f  causa l 
induction .  Fo r  example ,  Dickinso n an d Burk e (1996 )  hav e 
argue d tha t  retrospectiv e revaluatio n suc h a s backwar d 
blockin g m a y b e mediate d b y withi n compoun d 
associations .  Thei r  accoun t  propose s tha t  th e associativ e 
strengt h o f  a  give n caus e ca n b e influence d b y th e strengt h 
of  othe r  cause s wit h whic h i t  ha s bee n repeatedl y paired . 

I n summary ,  then ,  al l  dire e model s considere d her e (R-W , 
Pearce ,  powe r  PC) ,  ca n anticipat e th e rating s o f  th e constan t 
cause .  Howeve r  \h e associativ e model s d o s o withou t 
postulatin g tha t  subject s redefin e foca l  set s an d comput e 
contfast s (A P i s no t  a  theoretica l  primitiv e i n thos e models) . 
Instead ,  th e magnitud e o f  th e causa l  rating s reflec t  th e 
acquisitio n o f  a n associatio n betwee n a  caus e an d a n effect , 
and thi s developmenta l  proces s i s mediate d b y th e cause -
effec t  contiguity .  A s fo r  th e rating s o f  th e variabl e candidat e 
cause ,  al l  thre e model s postulat e tha t  the y ar e influence d b y 
bot h th e cause-effec t  covariatio n an d th e bas e rat e o f  th e 
effect .  Th e loca l  predictio n failure s o f  th e Pearc e mode l  (fo r 
Experimen t  1 )  an d th e R - W mode l  (fo r  Experimen t  2 ) 
sugges t  tha t  thes e associativ e model s hav e no t  full y  capture d 
th e interactiv e natur e o f  thes e influences .  O f  course ,  i t  i s 

precisel y th e integratio n o f  thes e influence s tha t  th e 
equation s o f  th e powe r  P C theor y attemp t  t o formalize . 
However ,  di e fac t  tha t  di e prediction s derive d fro m Uies e 
equation s wer e disconfirme d i n bot h experiment s 
demonstrat e tha t  th e formalizatio n i s inadequate . 
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