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ABSTRACT 

We propose a theoretical framework for interpreting the roles of covariation and the idea of power 

i n psychologica l  causa l  induction .  Accordin g t o thi s framework ,  th e computatio n o f  inferenc e i s 

purel y covariation-based ,  bu t  covariatio n i s compute d onl y o n a  se t  o f  selecte d dimension s i n a  se t 

of  selecte d events .  Whethe r  o r  no t  a  dimensio n ha s powe r  o r  efficac y exert s a n influenc e o n 

whethe r  o r  no t  tha t  dimensio n i s selected .  W e presen t  a n experimen t  testin g tw o prediction s base d 

on thi s framework .  Ou r  experimen t  showe d a  stron g bia s toward s inferrin g a  movemen t  b y a 

human agen t  (compare d t o a  state )  t o b e th e caus e o f  a n event .  I n suppor t  o f  ou r  hypothesis ,  thi s 

bia s wa s foun d onl y whe n th e stat e wa s no t  salien t  an d th e inferenc e wa s mad e withi n a  relativel y 

shor t  time ,  suggestin g tha t  th e bia s occurre d a t  th e selectio n stage . 

INTRODUCTION 

Two views have dominated philosophical discussions on causation. According to the first view, 

whic h ca n b e trace d bac k t o Aristotle' s concep t  o f  a n "efficien t  cause" ,  cause s produc e thei r  effect s 

by virtu e o f  thei r  powe r  o r  efficac y t o d o so .  Th e ide a o f  powe r  o r  efficac y ha s ofte n bee n 

associate d wit h th e concep t  o f  a n activ e agent .  Bisho p Berkeley ,  fo r  example ,  propose d tha t  a 

person' s idea s mus t  b e caused ,  no t  b y eithe r  matte r  o r  othe r  ideas ,  whic h ar e "inen "  o r  passive ,  bu t 

by som e "active "  bein g (suc h a s th e person' s o w n sel f  o r  God ,  a n all-powerfu l  being) .  Similarly , 

th e philosophe r  Thoma s Rei d considere d voluntar y action s b y a n agen t  t o b e th e paradig m exampl e 

of  causation ,  an d suggeste d tha t  state s ca n b e calle d "causal "  onl y i n a  loos e an d metaphorica l 

sense .  I n th e sam e vein ,  i n thei r  analysi s o f  common-sensica l  causality ,  th e lega l  philosopher s 

Har t  an d Honor e (1959 )  propose d tha t  th e concep t  o f  causatio n spring s fro m th e primitiv e notio n 

tha t  movement s o f  ou r  bodie s brin g abou t  change s i n th e environment . 

In opposition to the above view, David Hume proposed the radical idea that instead of explaining 

event s i n term s o f  cause s havin g th e powe r  t o produc e them ,  w e shoul d simpl y not e tha t  certai n 

event s ar e foun d t o b e invariabl y conjoine d wit h others .  Hume' s ide a wa s extende d b y J.S .  Mill , 

w ho propose d a  prescriptiv e se t  o f  method s fo r  causa l  inductio n base d o n th e covariatio n betwee n 

potentia l  cause s an d effects .  Thes e method s for m th e basi s o f  th e A N O V A mode l  (Kelle y 1967 , 

1973) ,  propose d b y Kelle y a s a  descriptiv e psychologica l  mode l  o f  causa l  induction . 

Interestingly, although Kelley's covariational model has received some empirical support, there has 

als o bee n report s o f  systemati c deviation s fro m th e mode l .  I n particular ,  peopl e appea r  t o hav e a 

bia s toward s attributin g a n effec t  t o a  perso n rathe r  tha n t o a  situation .  Thi s bia s i s considere d s o 

pervasiv e tha t  i t  ha s bee n terme d th e "fundamenta l  attributio n error "  (Ross ,  1977) .  Th e erro r  i s 

clearl y consisten t  wit h th e ide a tha t  event s ar e cause d b y activ e agent s rathe r  tha n passiv e 

situations .  Th e philosophica l  debat e o n th e powe r  an d covariatio n view s ha s it s psychologica l 

parallel .  T o explai n bot h suppor t  fo r  an d deviation s fro m Kelley' s model ,  Chen g an d Novic k 

(1989 ,  i n press )  propose d tha t  a  distinctio n ough t  t o b e m a d e betwee n th e rule s o f  inferenc e 

computatio n an d th e dat a o n whic h suc h rule s operate .  The y argue d tha t  psychologica l  rule s o f 

inferenc e ar e covariational ,  an d tha t  the y operat e i n a n unbiase d manne r  o n a  se t  o f  relevan t 

dimension s i n a  se t  o f  relevan t  events .  Biase s reporte d i n th e literature ,  the y argued ,  ar e du e t o th e 

729 



LIE N &  CHENG 

selectio n o f  relevan t  event s an d dimension s characterizin g thos e events ,  rathe r  tha n du e t o th e 
proces s o f  inferenc e computation .  Chen g an d Novic k foun d empirica l  suppor t  fo r  thei r  view . 

In the present paper, we propose that within the framework of the above distinction, the power and 
covariationa l  view s o f  causatio n ca n b e regarded ,  no t  a s competin g explanation s o f  th e proces s o f 
causa l  induction ,  bu t  a s complementar y component s o f  th e process .  Mor e specifically ,  peopl e ma y 
hav e a  bia s toward s selectin g a n actio n a s a  dimensio n o n whic h t o comput e covariation .  Th e 
compute d covariatio n o n th e selecte d dimension s the n determine s causa l  inferences .  Th e bia s fo r 
an actio n ma y b e particula r  t o action s pe r  se ,  o r  ma y reflec t  a  mor e genera l  propensit y t o atten d t o 
salien t  dimensions . 

EXPERIMENT TESTING THE INTEGRATION OF POWER AND COVARIATION 

We tested two hypotheses within the above framework. If a bias towards attributing an effect to an 
actio n i s du e t o a  bia s toward s selectin g tha t  dimensio n fo r  covariatio n computation ,  w e 
hypotiiesiz e tha t  (1 )  th e bia s wil l  b e mos t  prominen t  whe n ther e i s insufficien t  tim e o r  informatio n 
fo r  covariatio n t o b e compute d fo r  othe r  potentiall y  causa l  dimension s (an d a s a  corollary ,  th e bia s 
may decreas e o r  eve n disappea r  whe n ther e i s sufficien t  tim e an d informatio n fo r  covariatio n t o b e 
compute d fo r  othe r  potentia l  causa l  dimensions) ,  an d (2 )  th e bia s fo r  a n actio n ma y b e a  specifi c 
cas e o f  a  mor e genera l  propensit y t o atten d t o mor e salien t  dimensions . 

To test our hypotheses, we presented subjects with animated sequences of events involving a 
fictiona l  causa l  relatio n i n whic h a n actio n b y a n agen t  ( a huma n figure' s movement )  an d a  stat e 
(th e figure' s shade )  jointl y caus e a  bir d t o chirp .  Th e rul e governin g th e chirpin g o f  th e bir d is : 
The bir d chirp s i f  an d onl y i f  th e figur e move s an d i s dar k gre y i n shade .  Th e bird' s chir p 
therefor e covarie d equall y wit h a n actio n an d a  state .  A n even t  i s  define d a s a n occasio n o n whic h 
th e huma n figur e (varyin g alon g th e thre e dimension s o f  movement ,  size ,  an d shade )  an d th e bir d 
appeare d o n a  simpl e scen e draw n o n a  black-and-whit e compute r  screen ,  an d th e bir d eithe r 
chirps ,  o r  doe s no t  chirp .  W e create d a  fictional  causa l  relatio n t o b e sur e tha t  subject s responde d 
by makin g a  causa l  inferenc e rathe r  tha n b y retrievin g previou s knowledge .  T o asses s th e rol e o f 
covariation ,  w e als o include d a  thir d dimensio n (th e figure' s size) ,  a  stat e tha t  di d no t  covar y wit h 
th e effect .  W e assum e tha t  subjects '  real-worl d knowledg e woul d bia s the m toward s interpretin g 
th e movemen t  o f  th e huma n figure  a s a n actio n whic h ha s a  hig h degre e o f  power ,  an d th e huma n 
figure's  siz e an d shad e a s state s whic h hav e lo w degree s o f  power . 

To measure the bias towards attributing an effect to a human movement in an experimental 
situation ,  w e neede d t o creat e condition s unde r  whic h thi s bia s migh t  b e manifested .  A s mentione d 
earlier ,  w e predicte d tha t  i f  a  bia s fo r  a  dimensio n exists ,  i t  woul d mos t  likel y b e manifeste d unde r 
condition s i n whic h th e dimensio n i s mor e salien t  tha n othe r  causall y relevan t  dimensions .  I t 
seems t o u s tha t  th e rat e a t  whic h a  valu e o n a  dimensio n change s ma y b e on e o f  th e primar y 
determinant s o f  salience .  W e though t  tha t  i f  a  dimensio n i s kep t  constan t  acros s a  bioc k o f  events , 
i t  woul d mor e likel y b e perceive d a s par t  o f  th e backgroun d information ,  an d henc e les s likel y t o b e 
selecte d fo r  covariatio n computation .  Thus ,  t o obtai n a  bia s fo r  inferrin g a  movemen t  a s th e caus e 
of  a n effect ,  fo r  on e grou p o f  subject s w e kep t  shad e (th e othe r  causall y relevan t  dimension ) 
constan t  acros s a  bloc k o f  event s whil e w e le t  movemen t  var y fro m on e even t  t o th e next . 
However ,  t o tes t  tha t  an y preferenc e tha t  exist s i s fo r  a  movemen t  i n particular ,  rathe r  tha n fo r 
more salien t  informatio n i n general ,  fo r  a  secon d grou p o f  subject s w e Je t  bot h movemen t  an d 
shad e var y from  on e even t  t o th e next .  Becaus e bot h dimension s wer e salien t  fo r  thi s group ,  i f 
salienc e -  rathe r  tha n bia s fo r  a n actio n pe r  s e -  i s  wha t  determine s whethe r  a  dimensio n i s 
selecte d fo r  covariatio n computation ,  the n ther e shoul d b e n o bia s i n causa l  inferenc e i n thi s 
condition . 

As mentioned earlier, we also predicted that if a dimensional preference exists, it would be likely to 
manifes t  itsel f  mos t  strongl y whe n ther e i s insufficien t  tim e o r  informatio n t o comput e covariatio n 
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fo r  othe r  potenria l  dimensions .  T o measur e subjects '  causa l  inference s a t  variou s point s a s the y 

accumulat e informatio n o n th e events ,  w e aske d the m t o answe r  th e question ,  "Wha t  cause s th e 

bir d t o chirp?" ,  afte r  ever y fou r  event s - -  ou r  definitio n o f  a  block .  Subject s wer e tol d tha t  the y 

coul d giv e a  specifi c  positiv e answer ,  indicat e tha t  the y di d no t  kno w th e answer ,  o r  tha t  the y 

though t  ther e i s n o possibl e answer . 

Method 

Subjects. Thirty-four UCLA students participated in this experiment, 15 in the "change in shade 

betwee n events "  group ,  an d 1 8 i n th e "chang e i n shad e betwee n block s o f  fou r  events "  group . 

One subjec t  wa s exclude d du e t o experimente r  error . 

Materials, Design, and Procedure. The human figure varied on three dimensions: movement, shade, 

and size .  Eac h dimensio n ha s tw o values :  Th e figur e coul d eithe r  b e stil l  o r  wav e a n ar m an d a 

leg ;  b e ligh t  gre y o r  dar k gre y i n shade ;  an d b e bi g o r  small .  Becaus e ther e wer e thre e dimension s 

wit h tw o value s each ,  ther e wer e eigh t  possibl e type s o f  event s define d b y th e configuratio n o f 

value s alon g th e thre e dimension s o f  th e figure .  Th e animate d sequence s o f  event s wer e presente d 

on a  Macintos h Plu s microcompute r  usin g th e Vide o Work s I I  softwar e package . 

The bird chirped whenever the figure was dark and was waving its arm and leg; it did not chirp 

otherwise .  Tha t  is ,  th e chirpin g o f  th e bir d covarie d wit h movemen t  an d darknes s i n combination , 

but  no t  wit h size .  Al l  subject s wer e presente d th e sam e se t  o f  eigh t  event s (wit h repetitions) .  Th e 

rat e o f  chang e i n shade ,  however ,  wa s varie d betwee n subjects .  Thi s rat e wa s manipulate d b y 

arrangin g th e se t  o f  eigh t  possibl e event s s o tha t  shad e change d eithe r  from  on e even t  t o th e nex t  o r 

onl y betwee n block s o f  fou r  events .  Th e causall y irrelevan t  dimensio n o f  siz e varie d betwee n 

event s fo r  bot h groups .  Th e eigh t  possibl e event s wer e presente d consecutively ,  wit h a  sta r  i n th e 

middl e o f  a  blan k scree n separatin g eac h even t  fro m th e next .  Eac h se t  o f  eigh t  event s wer e 

divide d int o tw o block s o f  four .  Th e subjec t  pause d afte r  eac h bloc k t o writ e hi s o r  he r  answe r  t o 

th e question ,  "Wha t  cause s th e bir d t o chirp? "  Th e block s wer e repeate d unti l  th e subjec t  decide d 

he o r  sh e woul d no t  chang e hi s o r  he r  answe r  i f  give n mor e trials .  Th e orde r  o f  th e event s wa s 

counterbalance d acros s subject s i n eac h o f  th e tw o rate-of-chang e conditions . 

Each subject was told to imagine that the computer screen was a window from which he or she 

sa w a  sequenc e o f  events .  The y wer e tol d tha t  a n even t  woul d involv e a  h u m a n figur e an d a  bird , 

and tha t  thei r  tas k wa s t o "figur e ou t  wha t  make s th e bir d chirp" .  Nothin g wa s mentione d abou t 

th e dimension s tha t  woul d b e varied .  Subject s wer e tol d tha t  ther e wa s n o "right "  o r  "standard " 

answer ,  an d tha t  the y shoul d answe r  accordin g t o wha t  fel t  right  o r  natura l  t o them . 

Results and Discussion 

Our results are presented in Table 1 on the next page. In the top half of the table, subjects in the 
tw o rate-of-chang e condition s ar e classifie d accordin g t o whethe r  the y initiall y  judge d th e caus e o f 

th e bird' s chir p t o b e (1 )  movemen t  only ,  (2 )  shad e only ,  (3 )  m o v e m e n t  an d shade ,  o r  (4 )  other . 

The botto m hal f  o f  th e tabl e present s a n analogou s frequency  analysi s fo r  subjects '  fina l  causa l 

judgments . 

Both of our hypotheses were confirmed. As can be seen in the first row, there was a strong initial 

bia s toward s attributin g th e bird' s chir p t o th e movemen t  o f  th e h u m a n figur e i n th e conditio n i n 

whic h it s shad e wa s kep t  constan t  withi n block s o f  fou r  events .  Mos t  o f  th e subject s initiall y 

chos e th e figure' s movemen t  t o b e th e cause .  Corroboratin g thi s finding ,  th e m e a n numbe r  o f 

block s o n whic h subject s initiall y  considere d th e caus e t o includ e th e movemen t  wa s 1.88 ,  wherea s 

th e mea n numbe r  o f  block s o n whic h subject s initiall y  considere d th e caus e t o includ e th e shad e 

was 3.88 ,  tw o block s (i.e. ,  8  events )  later .  I n contrast ,  thi s bia s i n initia l  judgment s di d no t  appea r 

i n th e conditio n i n whic h shad e varie d a t  a  faste r  rate ,  fro m even t  t o event ,  a s ca n b e see n i n th e 
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Tabl e 1 .  PERCENTAGE O F TYPES O F INITIA L AN D FINA L CAUSAL JUDGMENTS I N TH E TWO RATE-OF-CHANGE 
CONDITIONS. 

rat e o f  chang e 
of  shad e 

betwee n block s 
of  4  event s 
(n=18 ) 

betwee n event s 
(n=15 ) 

rat e o f  chang e 
of  shad e 

betwee n block s 
of  4  event s 
(n=18 ) 

betwee n event s 
(n=15 ) 

movement 
onl y 

78 

13 

Initia l  causa l  judgment s 

shad e movemen t 
onl y &  shad e 

0 0 

27 4 7 

othe r 

22 

13 

Fina l  causa l  judgment s 

movement 
onl y 

0 

13 

shad e movemen t 
onl y &  shad e 

0 8 9 

7 7 3 

othe r 

11 

7 

secon d row .  Thi s patter n o f  result s i s consisten t  wit h ou r  hypothesi s tha t  i t  i s  th e salienc e o f  th e 
dimensio n (a s define d b y th e rat e o f  chang e o f  value s o n th e dimension )  tha t  determine s selectio n 
fo r  covariatio n computation ,  rathe r  tha n whethe r  o r  no t  th e dimensio n involve s a  movement . 
Becaus e movement s ar e salient ,  the y ar e mor e likel y t o b e considere d a s a  potentia l  cause . 

Note that although salience has an enormous effect on causal judgments, it is by no means a 
sufficien t  criterio n fo r  inferrin g tha t  a  dimensio n i s a  cause :  Ver y fe w subject s chos e size ,  whic h 
di d no t  covar y wit h th e effect ,  a s th e caus e eithe r  initiall y  o r  finally,  eve n thoug h siz e change d a t 
th e faste r  rat e (fro m even t  t o event )  fo r  bot h group s o f  subjects . 

Our other prediction was that the bias towards attributing an effect to a movement should decrease 
or  disappea r  whe n ther e i s sufficien t  tim e t o comput e informatio n o n othe r  dimensions .  A s w e 
predicted ,  ther e wa s n o dimensiona l  bia s i n subjects '  fina l  causa l  judgments .  Mos t  subject s 
reache d th e final  conclusio n tha t  th e combinatio n o f  movemen t  an d shad e wa s th e cause ,  a 
conclusio n consisten t  wit h th e covariatio n betwee n thes e dimension s an d th e effect . 

Many real life situations may resemble conditions under which our subjects made their initial 
judgments ,  becaus e on e ma y hav e t o for m judgment s unde r  tim e an d informatio n constraints .  Th e 
bia s toward s actions ,  an d toward s salien t  dimension s i n general ,  coul d therefor e b e quit e 
widespread . 

FURTHER RESEARCH 

In the above experiment, we manipulated the salience of shade by manipulating its rate of change. 
We hav e interprete d th e lac k o f  bia s toward s attributin g a n effec t  t o movemen t  whe n shad e change d 
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at  a  rapi d rat e t o b e du e t o a  genera l  pr()|>cnsit y t o atten d t o mor e salien t  dimensions .  However ,  i t 

seems tha t  increasin g th e rat e o f  chang e o f  shade ,  beside s increasin g it s salience ,  m a y als o increas e 

th e tendenc y t o perceiv e th e chang e a s a n action .  Thi s explanatio n require s furthe r  testing . 

We have proposed a framework for understanding causal induction. Within this framework, the 

notio n o f  powe r  play s a  rol e i n selectin g th e relevan t  set s o f  dimension s o r  events ,  an d covariatio n 

i s the n compute d o n thes e selecte d sets .  Althoug h ou r  result s sho w suppor t  fo r  thi s framework ,  i t 

seems t o u s tha t  thi s framework  i s incomplete .  Chen g an d Novic k (1989 )  discusse d th e 

hypothetica l  cas e (adapte d from  Hilto n &  Slugoski ,  1986 )  o f  a  perso n whos e alar m cloc k ha s run g 

when an d onl y whe n th e su n rises .  Fo r  thi s person ,  th e ringin g o f  th e alar m cloc k covarie s 

perfectl y wit h sunrise .  Thi s person ,  however ,  i s  unlikel y t o conclud e tha t  th e su n cause s th e alar m 

cloc k t o ring ,  o r  tha t  th e alar m cloc k cause s th e su n t o rise .  Chen g an d Novic k propose d tha t  thi s 

i s  becaus e th e perso n i s unlikel y o n th e basi s o f  prio r  knowledg e t o selec t  sunris e an d th e ringin g 

of  th e alar m cloc k a s dimension s o n whic h t o comput e covariation .  I t  seem s t o u s tha t  eve n i f  tha t 

perso n i s t o comput e covariatio n o n th e tw o dimensions ,  an d moreove r  succeed s i n doin g so ,  h e o r 

she i s stil l  unlikel y t o conclud e eithe r  o f  th e abov e causa l  relations .  I t  seem s tha t  ther e m a y b e a n 

influenc e fro m a  thir d stage ,  a t  whic h n e w inference s ar e evaluate d accordin g t o it s coherenc e wit h 

th e res t  o f  a  person' s knowledge .  Th e evaluatio n o f  explanator y coherenc e (se e Thagard ,  i n press ) 

is ,  o f  course ,  no t  particula r  t o causa l  induction .  Efficac y m a y pla y a  rol e a t  tha t  stag e a s wel l  a s i n 

th e initia l  selectio n stage . 
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