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A Produciio n Syste m Mode l  o f  Causalit y Judgmen t 

Uavid R.SIiaiiks 

M RC Applie d Psycholog y Unit .  Cambridg e 

and 

Susan M.Pearson 

Univtrsil y  of'Cambridg e 

I.  Iniroduciio n 

Building an iniernal representation ot the causal structure of the world is a critically important 

cognitiv e ability .  Bot h i n orde r  t o understan d th e relationship s betwee n event s i n th e externa l 

world ,  an d i n orde r  t o contro l  event s i n th e world ,  i t  i s  necessar y t o b e abl e t o detec t  causalit y an d 

t o b e abl e l o perfor m causa l  reasonin g I n psycholog y thi s abilit y  ha s traditionall y bee n see n a s o f 

considerabl e imporianc e i n understandin g suc h divers e area s a s perceptio n (e.g .  Michotte .  1963) , 

decision-makin g (e.g .  Nisbet t  an d Ross ,  1980 )  an d psychopatholog y (e.g .  Seligman ,  1975) .  Recentl y 

too .  researcher s studyin g human-compute r  interactio n hav e com e t o recognis e th e importanc e o f 

causa l  knowledg e (e.g .  Lewis ,  1986 ) 

I n fac t  suc h ha s bee n th e concentratio n o f  effor t  i n understandin g causalit y ludgmeni ,  tha t  i t  i s 

n o w possibl e t o construc t  a  fairl y  complet e mode l  o f  causalit y judgment :  no t  onl y ca n th e processe s 

involve d b e described ,  bu t  i t  i s  als o possibl e t o specif y m reasonabl e detai l  wha t  th e for m o f 

representatio n i s likel y t o be .  I n orde r  t o d o this ,  w e hav e chose n t o us e a  productio n syste m archi -

tectur e t o captur e th e principa l  feature s o f  th e h u m a n causalit y judgmen t  mechanis m 

Becaus e th e empirica l  studie s ar e s o importan t  i n determinin g wha t  feature s a  theor y o f  causalit y 

judgmen t  mus t  have ,  w e begi n b y describin g thre e experiment s whic h illustrat e th e importanc e o f 

certai n feature s o f  causa l  situation s i n determinin g th e formatio n o f  causa l  knowledge .  The n a 

recen t  mode l  o f  causalit y judgmen t  (Shank s an d Dickinson ,  1987 )  i s described ,  followe d b y som e 

extension s o f  thi s theor y whic h cove r  th e wa y causa l  knowledg e migh t  b e represented .  Finally ,  a n 

implementatio n o f  thi s theor y i n term s o f  a  productio n syste m i s presented . 

2. Conliguiiy and Coiningenc) 

It has been recognised at least since the time of Hume that judgments of causality depend on 

clos e tempora l  an d spatia l  contiguit y betwee n th e targe t  caus e an d th e effect .  Althoug h ther e hav e 

bee n som e test s o f  thi s i n causalit y judgmen t  (e.g .  Wasserma n an d Neunaber .  1986) ,  n o parametri c 

dat a hav e eve r  bee n presented .  TTi e firs t  experimen t  attempt s t o se e whethe r  subjects '  judgment s o f 

th e exten t  t o whic h a n actio n cause s a n outcom e ar e reduce d whe n delay s o f  4 ,  8  o r  1 6 se c ar e 

inserte d betwee n th e actio n an d th e outcome ,  relativ e t o a  conditio n i n whic h ther e i s n o delay . 

2. I. Expennieiu I 

In this experiment subjects were exh given eight causality judgment problems in which they 

wer e require d t o judg e th e exten t  t o whic h a n actio n (pressin g th e spac e ba r  o n a  compute r  key -

board )  cause d a n outcom e (th e tlashin g o f  a  triangl e fo r  0. 1 sec )  t o occu r  o n th e vide o screen . 

Each conditio n laste d fo r  2  m m an d wa s divide d int o I  se c tim e intervals .  I n th e fou r  experimental 

conditions ,  i f  th e actio n occurre d durin g a  particula r  I  se c interval ,  the n th e outcom e followe d th e 

actio n wit h probabilit y  0.7 5 an d neve r  occurre d independentl y o f  th e action .  Thes e fou r 
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experimenta l  condition s dilTere d i n th e degre e o f  leinpora l  contiguit y betwee n ili e xtio n an d th e 

outcome .  Eac h tim e a n actio n wa s performe d an d a n outcom e wa s programme d t o follo w it .  a  dela y 

of  eithe r  0 ,  4 ,  8  o r  1 6 se c wa s inserte d befor e th e outcome .  Durin g th e dela y th e schedul e procede d 

normally ,  s o tha t  furthe r  action s coul d se t  u p furthe r  outcomes .  Tliu s fo r  thes e fou r  conditions ,  th e 

probabilit y  o f  th e outcom e give n th e actio n wa s constant ;  wha t  differe d wa s th e tempora l  interva l 

befor e thi s outcom e occurred . 

The remainin g fou r  condition s wer e al l  contro l  conditions .  Lac h experimenta l  conditio n wa s 

immediatel y followe d b y a  contro l  conditio n i n whic h th e patter n o f  outcome s tha t  occurre d i n th e 

experimenta l  conditio n wa s playe d bac k l o th e subject s independentl y o f  thei r  action s Thu s th e 

tempora l  distributio n an d frequenc y o f  outcome s i s maiclie d i n th e experimenta l  an d contro l  condi -

tions .  Thi s i s importan t  becaus e i f  th e numbe r  o f  action s (an d henc e th e numbe r  o f  outcomes )  dif -

fere d acros s th e experimenta l  conditions ,  the n thi s woul d b e confounde d wit h an y difference s i n 

th e subjects '  judgment s o f  th e exten t  t o whic h th e xtio n cause d th e outcome .  Ih e condition s wer e 

presente d i n pair s consistin g o f  a n experimcnia i  conditio n followe d b y u s control ,  bu t  th e orde r  o f 

pair s o f  condition s wit h respec t  t o th e aciion-omcom e dela y wa s random . 

I f  peopl e ar e sensitiv e t o contiguit y i n thei r  causalit y iudgments ,  w e woul d expec t  judgment s i n 

th e experimenta l  condition s t o b e reduce d a s th e dela ^  i s increased ;  th e contro l  condition s provid e 

th e baselin e agains t  whic h th e judgmen t  i n eac h experimenta l  conditio n ca n b e assessed . 

Hi e subject s wer e 1 6 student s w h o wer e teste d indi\iduall> .  Ih e instruction s give n t o th e sub -

ject s a t  th e beginnin g o f  th e experimen t  wer e siinila r  l o thos e use d i n th e experiment s decisibe d b ) 

Wasserman ,  Chailos h an d Neunabe r  (  1983) .  A t  th e en d o f  eac h conditio n th e subject s wer e aske d 

t o mak e a  ratin g o f  th e exten t  t o whici i  pressin g th e spac e ba r  cause d th e triangl e t o Hash ,  usin g a 

scal e fro m 0  t o 100 .  10 0 indicate d tha t  pressin g th e spac e ba r  alway s cause d th e triangl e t o ligh t  up , 

and zer o indicate d tha t  pressin g th e spac e ba r  ha d n o effec t  o n whethe r  o r  no t  th e triangl e li t  up . 

Afte r  typin g i n a  number ,  th e nex t  proble m wa s presented . 

2.2. Resulu, 

Ihe principal results, the judgments of causality, are shown m Table I. As the table shows, judg-

ment s wer e substantiall y  reduce d b y increasin g th e dela y betwee n ih e actio n an d th e outcom e fro m 

0 t o 4 ,  8  an d 1 6 sec .  A n analysi s o f  varianc e foun d a  reliabl e differenc e betwee n th e experimenta l 

and contro l  conditions .  F (  1,15) = 19.63 ,  a  reliabl e overal l  effec t  o f  th e delay ,  F(3,45) = 7.75 ,  an d a 

significan t  interaction ,  F(3,45) = 7.80 .  Individua l  test s foun d tha t  ther e wer e signiUcan t  difference s 

betwee n th e experimenta l  an d contro l  condition s a i  th e 0  an d 4  se c delays .  t's (  15) = 6.3 7 an d 1.90 , 

but  n o difference s a t  th e 8  an d 1 6 se c delays ,  t's (  15) < 1.06 . 

Thes e result s confir m tha t  th e occurrenc e o f  a  tempora l  dela y betwee n a n actio n an d a n outcom e 
can decreas e judgment s o f  th e exten t  t o whic h th e actio n cause d th e outcome .  Clearly ,  accountin g 

fo r  thi s sensitivit y t o contiguit y i s a n essentia l  requiremen t  fo r  an y theor y o f  causalit y judgment . 

./ Sensitivity to Conlingency 

The preceding experiment shows that the degree of contiguity between the cause and the effect 

doe s affec t  causalit y judgments .  Conside r  th e differenc e betwee n th e experimenta l  an d contro l  con -

dition s wit h n o dela y betwee n th e actio n an d th e outcome .  Lxactl y th e sam e patter n o f  outcome s 

occurre d i n thes e tw o conditions ,  bu t  i n th e contro l  conditio n thi s patter n wa s non-contingen t  o n 

th e patter n o f  actions .  Th e notio n o f  th e conlingenc y betwee n th e actio n an d th e outcom e i s a 

secon d importan t  determinan t  o f  th e formauo n o f  causa l  knowledge . 

I t  i s  no t  har d t o se e tha t  contiguit y alon e i s insufficien t  t o accoun t  fo r  causalit y judgments .  Ima -

gin e th e tw o condition s illustrate d i n Figur e I  i n whic h ih e probabilit y  o f  th e outcom e give n a n 

action ,  P ( 0 / A ) .  i s  th e same ,  sa y 0.75 .  I f  ih e probabilit y  o f  ih e outcom e give n n o action ,  P ( 0 / - A ) , 

i s  zer o [pane l  (a)] ,  a s wa s th e cas e i n th e experimenta l  condition s o f  th e precedin g experiment , 

ther e i s littl e difficult y i n detectin g th e causa l  relationshi p provide d tha t  th e action-outcom e dela y i s 
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Tabl e I 

Result s o f  E \  pe n me n I  I 

Mean judgemeni s o f  causalit y m ih e Coniro l  an d Experimenia l  ("ondiiion s a i  eac h o f  ili e fou r 

action-ouicom e delays . 

Dela y (sees ) 

0 4 8 16 

Experimenial 69.8 33.8 34.7 217 

Control 214 19.7 26.8 19.3 

Tuhk J 
Result s o f  E:\perinien t  J 

Mean judgemeni s an d mea n actua l  contingenc y (d P x  100 )  fo r  eac h o f  th e conditions . 

Condition 50/0 50/50 50/50(S) 

Mean Judgement 49.0 20.9 32.4 

Mean dP x 100 48.3 0.6 -0.1 
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small .  Bu t  suppos e tha i  i n ih e secon d conditio n P(C)/-A )  i s th e sam e a s P(()/A) ,  a s show n i n pane l 

(b) .  Thes e tw o condition s hav e th e sam e degre e o f  tempora l  contiguit y betwee n th e actio n an d th e 

outcome ,  bu t  i n th e secon d conditio n th e outcom e i s jus t  a s likel y t o occu r  independentl y o f  an y 

actio n a s i n it s presence .  Tha i  is ,  i n thi s secon d condition ,  th e actio n an d th e outcom e ar e noncon -

tingenl :  th e actio n doe s no t  caus e th e outcome ,  an d henc e subject s shoul d judg e tha t  ther e i s n o 

causa l  relation .  Thi s i s i n lac t  exactl y wlia t  happen s (e.g .  Wasserma n e t  al. ,  I')83) .  Clearly ,  sensi -

tivit y t o th e contingenc y betwee n th e actio n an d th e outcom e i s independen t  o l  tli e degre e ot "  con -

tiguit y betwee n them .  Traditionally ,  contingenc y ha s bee n define d statisticall y b > dP ,  whic h i s th e 

differenc e betwee n P(()/A )  an d P(()/-A) . 

Becaus e thi s sensitivit y t o contingenc y ha s bee n a  crucia l  facto r  i n th e formulatio n o f  theorie s o f 

causalit y judgment ,  som e furthe r  dat a wil l  b e describe d o n thi s issue ,  i t  i s  no t  jus t  importan t  t o loo k 

ai  th e degre e o f  sensitivit y alone ;  fo r  a  variet y o f  reason s whic h wil l  becom e apparen t  i t  i s  als o pro -

fitabl e t o loo k a t  th e learnin g curve s fo r  differen t  contingencies .  Th e followin g experimen t  there -

for e examine s th e acquisitio n function s fo r  causalit y ludgment s unde r  dilTeren t  contingencies ,  tha t 

is ,  th e wa y i n whic h judgment s chang e a s mor e an d mor e informatio n abou t  th e causa l  relationshi p 

i s provided . 

J. I. Ex pen mem 2 

In this experiment subiects were each given 4 mm experience under each of six different con-

tingencies ,  an d i n eac h conditio n the y wer e require d t o mak e regula r  judgment s o f  causalit y durin g 

th e 4  mi n period .  Th e contingencie s use d wer e a s follows ,  wher e th e firs t  figur e refer s t o l*(0/A )  x 

1000 an d th e secon d t o P(()/-A )  x  iOOO:  i n thre e o f  th e condition s P(()/A )  wa s hel d constan t  a s 

P(()/-A )  wa s raise d (condition s 875/125 ,  875/50 0 an d 875/875) ;  th e las t  o f  thes e condition s wa s i n 

fac t  a  noncontingen t  one ,  an d s o anothe r  noncontingen t  conditio n wa s include d fo r  whic h th e fre -

quenc y o f  th e outcom e wa s lower ,  125/12 5 Kinally ,  judgment s fo r  th e 875/87 5 conditio n coul d b e 

compare d wit h judgment s to r  tw o othe r  'condition s fo r  whic h P(()/-A )  wa s hel d constan t  whil e 

P(0/A )  wa s raise d (condition s 125/87 5 an d 500/875) .  I n thes e latte r  condition s d P i s i n fx t  nega -

tive :  th e actio n actuall y prevent s th e outcom e fro m occurrin g o r  reduce s u s likelihood . 

Tlier e wa s n o contiguit y manipulatio n i n thi s experiment .  I f  th e subiec t  responde d durin g a  par -

ticula r  I  se c interval ,  the n th e outcom e occurre d a t  th e en d o f  tha t  interva l  wit h probabilit y 

P(()/A) .  I f  ther e wa s n o respons e durin g th e interval ,  th e outcom e occurre d a t  th e en d o f  th e inter -

val  accordin g t o P(C)/-A) . 

Tli e subjects ,  wh o wer e 1 6 anothe r  member s o f  th e A P U panel ,  wer e aske d t o mak e causalit y 

judgment s alte r  10 ,  20 ,  30 ,  60 ,  90 .  120 ,  150 .  180 .  21 0 an d 24 0 se c i n eac h condition .  Lsseniially , 

th e instruction s wer e th e sam e a s i n th e precedin g experimen t  excep t  tha t  her e a  ratin g scal e goin g 

fro m -10 0 t o +  10 0 wa s used .  Negativ e judgment s wer e indication s tha t  th e actio n t o som e exten t 

prevente d th e outcome . 

12. KenJlis 

Since the events on each trial were determined bv a software random number procedure, it is 

importan t  t o chec k tha i  th e actua l  coniuigenc > experience d b y eaci i  subjec t  wa s clos e t o th e nomina l 

contingency .  Th e deviation s o f  d P fro m th e nomina l  contingenc y wer e ver > minor ,  an d mor e 

importantly ,  ther e wa s n o chang e i n d P acros s trials .  F < I .  no r  wa s ther e a n interactio n betwee n tri -

al s an d conditions .  1(45.661) = 1.07 .  Th e actua l  contingenc y was .  o f  course ,  dilTeren t  acros s th e 

conditions ,  S {  5,75) = 586.88 .  Th e actua l  contingencie s (d P x  100 )  calculate d acros s th e whol e 4  mi n 

perio d fo r  eac h conditio n wer e 7 6 6,07.5 ,  1.4 ,  -1.0 ,  -3 4 8  an d -7 4 5  fo r  condition s 875/125 , 

875/5(JO ,  875/875 ,  125/125 ,  500/87 5 an d 125/875 .  respectively . 

An indicatio n o !  th e exten t  t o whic h P(()/A )  an d P(()/-A )  wer e bot h sample d i s give n b y th e 

rat e o f  respondin g i n eac h condition .  Ou t  o f  a  possibl e 24 0 responses ,  th e mea n numbe r  o f  time s 

th e subject s presse d th e space-ba r  wa s 106.5 ,  indicatin g tha t  th e tw o probabilitie s wer e almos t 
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Tabl e 2 

Result s ofE'vperiinen i  J 

Mean actual judgements, of causality across trials under each contingency. Tlie two numbers 

describin g eac h conditio n refe r  t o P(0/A )  x  100 0 an d P(0/-A )  x  100 0 respectively .  Th e predicte d 

figure s ar e fro m th e simulatio n describe d i n th e fina l  sectio n 

Iria l 

10 20 30 60 90 120 150 180 210 240 

Condition 

875/125 actual 40.9 58.1 62.5 63.7 64.7 70.3 72.4 76.8 71.6 73.3 

875/125 predicted 34.3 52.5 60.2 68.1 68.2 68.8 69.5 67.4 66.2 66.9 

875/500 actual 26.4 36.9 33.4 41.9 39.7 41.3 34.1 43.8 48.1 44.6 

875/500 predicted 25.7 39.0 44.5 45.2 45.6 45 5 46.5 47.0 45 9 46.3 

875/875 actual 6.8 25.6 13.9 14.8 6.0 7.3 I.I 3.3 -0.6 0.6 

875/875 predicted 15.3 20.3 17.4 8.5 2.2 0.8 0.4 0.2 0.9 0.5 

125/125 actual -6.1 -27.0 -28.9 -34.6 -39.4 -41.0 -38.4 -31.1 -37.9 -36.6 

125/125 predicted 1.7 0.8 0.5 0.5 -0 1 0.5 0.2 -0.3 0.0 0.1 

500/875 actual -12.4 -19.0 -17.1 -13.4 -17.1 -23.0 -18.4 -24.4 -22.1 -26.4 

500/875 predicted -2.7 -12.4 -22.2 -38.0 -42 7 -45.4 -45.9 -45.7 -44.4 -46.5 

125/875 actual -30.6 -47.2 -55.3 -67.1 -64.1 -69.8 -77.2 -72.9 -60.0 -64.6 

125/875 predicted -17.2 -33.4 -43.8 -61.3 -65 9 -67 3 -68.3 -67.9 -68.0 -68.6 
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equall y sampled .  Ther e wa s n o ditTerenc e i n ili e numbe r  o l  response s i n eaci i  condition .  F < I ,  no r 

was ther e an y trial s b y condition s inieraciion .  I  <  I . 

Tabl e 2  show s th e mea n ludgmenl s o f  contmtienc > to r  eac h conditio n acros s trials ,  Jus i  takin g th e 

termuia l  judgment s m eac h condition ,  w e ca n se e tha i  iudgmenl s wer e reduce d I'ro m conditio n 

875/12 5 t o conditio n 875/50 0 t o conditio n 875/87 5 a s P(0/-A )  wa s increase d whil e P ( 0 / A )  wa s 

hel d constant .  Similarly ,  judgment s wer e increase d (becam e les s negative )  tro m conditio n 125/87 5 

t o conditio n 500/87 5 t o conditio n 875/87 5 a s P(0 /A )  wa s increase d whil e P(()/-A )  wa s hel d con -

stant .  I n addition ,  judgment s wer e biase d i n th e nonconimgen l  condition s b y th e overal l  frequenc y 

of "  th e outcome :  judgment s wer e subsianiiall y  greate r  i n conditio n 875/87 5 tha n i n conditio n 

125/12 5 wher e judgment s wer e i n lac i  strongl y negative .  Thi s confirm s previou s claim s (e.g .  Allo y 

and Abramson ,  1979 )  tha t  i n noncontingen t  situation s judgment s depen d o n th e rat e o f  occurrenc e 

of  th e outcome . 

Statistically ,  ther e wa s a  significan t  ditterenc e betwee n th e conditions .  1(5,75) = 39.04 .  an d a  sig -

nifican t  trial s X  condition s interaction .  H45.675) = 2.54 .  Ther e wa s n o overal l  effec t  o f  trials .  F < I . 

Th e mai n featur e o f  th e results ,  however ,  i s  th e natur e o f  th e change s acros s trial s unde r  eac h con -

tingency .  Wiie n ther e i s a  positiv e contingency ,  judgment s increas e acros s trial s (comparin g th e llrs t 

and las t  judgment s i n conditio n 875/125 .  t (  15) = 3.52J ,  an d whe n ther e i s a  negativ e contingency , 

judgment s decreas e [comparin g th e firs t  an d las t  judgment s i n conditio n 125/875 .  t (  15) = 3.711 . 

Tlies e changes ,  furthermore ,  appea r  t o b e negativel y accelerate d a s th e judgmen t  approache s 

asymptote .  Fo r  th e intermediat e contingencie s (875/50 0 an d 500/875 )  thes e change s ar e les s 

dra m a  lie . 

The experimen t  demonstrate s tw o importan t  feature s o f  causalit y judgments .  Ili e firs t  i s  tha t 

peopl e ar e highl y sensitiv e t o th e actua l  degre e o f  contingenc y a s measure d b y th e normativ e metri c 

d P Thi s applie s bot h t o positiv e an d t o negativ e contingencies :  peopl e mak e equall y reliabl e judg -

ment s whe n th e actio n prevent s th e outcom e a s whe n i t  cause s i t  Th e secon d featur e o f  th e result s 

i s tha t  thes e accurat e judgment s ar e derive d b y a n incrementa l  (o r  decremenial )  learnin g process . 

Fli e lunciion s represente d i n Tabl e 2  ar e i n fac t  simpl y learnin g curves ;  th e subiecis '  judgment s 

increas e acros s trial s unde r  a  positiv e contingency ,  towards  th e asymptot e o f  th e actua l  contingency , 

and decreas e acros s trial s unde r  a  negativ e contingency . 

4 Seleciion Amongst Potential Causes 

The two experiments described so far have illustrated two factors that have strong effects on the 

formatio n o f  causa l  knowledge ,  namel y contingenc y an d contiguity .  Th e nex t  experimen t  look s a t  a 

furthe r  factor ,  whic h ca n agai n hav e a  poten t  effec t  o n judgments .  Thi s i s th e statu s o f  othe r  poten -

tia l  cause s whic h ar e presen t  a t  th e sam e tim e a s th e targe t  caus e (th e actio n i n thi s  case) . 

As Figur e 1  illustrates ,  a  causa l  sequenc e occur s i n th e contex t  o f  wha t  w e migh t  cal l  a  'causa l 

background' ,  tha t  is ,  a  se t  o f  backgroun d stimul i  whic h ar e constantl y presen t  i n tha t  situatio n an d 

whic h represen t  a  se t  o f  potentia l  alternativ e cause s o f  th e outcome .  Th e targe t  cause ,  therefore ,  i s 

not  occurrin g i n isolation ,  bu t  i s  i n competitio n wit h thi s background .  W h e n ther e i s a  stron g con -

tingenc y betwee n th e targe t  caus e an d th e outcome ,  th e backgroun d i s unlikel y t o offe r  muc h com -

petitio n sinc e th e targe t  caus e i s s o m u c h mor e informativ e abou t  whe n th e outcom e wil l  occur .  Bu t 

w h en th e contingenc y i s degraded ,  th e causa l  backgroun d take s o n greate r  significance .  Referrin g 

agai n t o Figur e I ,  occurrence s o f  th e outcom e i n th e absenc e o f  th e targe t  caus e i n pane l  (b )  mus t 

be attribute d t o th e background .  I n term s o f  th e associativ e theor > o f  Shank s an d Dickinso n 

(  1987) ,  th e backgroun d i n thi s cas e wil l  becom e associate d wit h th e outcome . 

Th e significanc e o f  thi s associatio n betwee n th e backgroun d an d th e outcom e i s tha t  i t  suggest s 

an explanatio n to r  sensitivit y t o contingency .  Conside r  th e subsequen t  pairing s o f  th e actio n an d th e 

outcom e afte r  th e backgroun d ha s alread y becom e associate d wit h th e outcome :  thes e outcome s ca n 

be attribute d t o eithe r  th e backgroun d o r  t o th e action .  Bu t  sinc e th e backgroun d i s alread y associ -

ate d wit h th e outcome ,  surel y subsequen t  occurrence s o f  th e outcom e ar e no w mor e likel y t o b e 

attribute d t o th e backgroun d tha n t o th e action ,  relativ e t o th e situatio n i n whic h th e backgroun d 
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has no t  becom e associate d wil h tli c  o u iconi c l l  ihcs c o n iconic s ar c les s likel y l o b e aiiribiitc J t o 

th e action ,  the n judgment s o f  th e exter n t o winc h th e actio n cause d th e outcom e wil l  b e reduced ; 

thi s i s exactl y th e findin g wlie n P(()/-A )  i s increased . 

Such a n accoun t  o t  sensitivit y t o contingenc y assume s a  crucia l  rol e lo r  th e causa l  backgroun d I t 

als o implie s tha t  causa l  attributio n i s selective :  selection s wil l  b e mad e amongs t  potentia l  cause s i n 

term s o f  h o w wel l  establishe d ihe y alread y ar e a s causes ,  lli e nex t  experimen t  attempt s t o provid e 

suppor t  to r  tlii s  claim . 

4. I. EKpcnnieni J 

The analysis described above proposes that the inipaci of ouicoines occurring in the absence ol 

th e targe t  caus e come s abou t  becaus e suc h outcome s ar e attribute d t o th e background .  Bu t  suppos e 

thi s coul d b e prevented :  wha t  woul d happe n i f  suc h outcome s wer e attribute d t o som e othe r  even t 

rathe r  tha n t o th e backgroun d ?  B y th e abov e analysis ,  i f  thi s happene d the n th e backgroun d woul d 

not  becom e associate d wit h th e outcom e an d henc e woul d no t  b e i n stron g competitio n wit h th e 

actio n whe n subsequen t  outcome s occurre d i n th e presenc e ol '  th e action .  Thu s an y procedur e 

whic h prevent s outcome s occurrin g i n th e absenc e o l  th e actio n fro m bein g attribute d t o th e back -

groun d shoul d elevat e judgment s abou t  th e action .  I n thi s experimen t  a  straightlorwar d wa y o t 

doin g thi s i s employed :  ever y outcom e occurrin g i n th e absenc e o t  th e actio n i s precede d b y 

anothe r  stimulus ,  calle d th e 'signal' ,  whic h onl y occur s o n thos e trials . 

The experimen t  involve s th e sam e basi c procedur e a s i n th e previou s experiments .  Ih e subject s 

(2 4 member s o f  th e A P U subjec t  panel )  wer e eac h give n thre e conditions ,  presente d i n a  rando m 

order .  I n on e conditio n (50/0 )  ther e wa s a  positiv e contingenc y betwee n tli e actio n an d th e out -

come:  P (0 /A )  wa s 0. 5 whil e P(()/-A )  wa s zero .  I n th e secon d conditio n (50/50 )  th e coniingenc > 

was reduce d t o zer o b y increasin g P(0/-A )  t o 0.5 .  Th e critica l  conditio n wa s th e on e i n whic h th e 

signa l  wa s presente d (50/5 0 (S)l .  Th e contingenc y wa s identica l  t o tha t  i n th e noncontingen t  50/5 0 

condition ,  bu t  i n thi s cas e al l  o f  th e outcome s occurrin g i n th e absenc e o f  th e actio n wer e precede d 

by th e signal ,  whic h wa s a  shor t  tone .  Fo r  hal f  o f  th e subject s th e duratio n o f  th e ton e wa s 0. 5 sec . 

whil e fo r  th e othe r  hal f  i t  wa s 0.7 5 sec .  I f  n o respons e occurre d durin g a  particula r  I  se c interval . 

and th e outcom e wa s schedule d t o occu r  a t  th e en d o f  tha t  interval ,  liie n th e outcom e wa s delaye d 

at  th e en d o f  th e interva l  fo r  a n amoun t  o f  tim e equa l  t o th e duratio n o f  th e tone ;  thi s occurre d lo r 

al l  o f  th e conditions .  Th e dilt'erenc e i n th e tone' s duratio n ha d n o eftec i  o n th e results ,  whic h ar e 

therefor e collapse d acros s thi s fxior . 

4. 2. Results 

The subjects responded a mean of 55.1 times in condition 50/0, 48.2 times in condition 50/50, 

and 62. 4 time s i n conditio n 50/5 0 (S) .  Th e differenc e betwee n th e number s o f  response s i n th e 

latte r  tw o condition s wa s i n fac t  reliable ,  Wilcoxo n W = 6 2 . 5 ,  p<0.05 .  Tabl e 3  present s th e m a m 

result s o f  th e experiment . 

The actua l  contingency ,  a s expected ,  wa s clos e t o 0. 5 i n conditio n 50/ 0 an d clos e t o zer o m con -

dition s 50/5 0 an d 50/5 0 (S) .  Judgment s wer e reduce d i n conditio n 50/5 0 relativ e t o conditio n 50/ 0 

by increasin g P(0 / -A) ,  W = 50 ,  p < 0  05 ;  thi s corroborate s th e finding s o f  th e previou s tw o experi -

ment s tha t  contingenc y i s a  stron g deierininan l  o f  causalit y judgments .  Ih e critica l  result ,  however . 

IS th e greate r  mea n judgmen t  i n conditio n 50/5 0 (S )  tha n i n conditio n 50/50 ,  W = 48 .  p<().02 . 

Thu s signalin g thos e outcome s tha t  occu r  i n th e absenc e o f  th e actio n ha s th e effec t  o f  elevatin g 
judgments ,  an d henc e o f  a t  leas t  partiall y  reversin g th e effec t  o f  thos e outcome s o n causalit y judg -

ments . 

5. A Production System Model of Causality Judgment 

If a temporal delay is interpolated between an action and an outcome, judgments of the extent to 
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whic h th e actio n i s th e caus e o f  ili e outcom e ar e reliabl y reduced ,  eve n thoug h th e dela y migh t 

hav e n o elTec i  o n tii e actua l  probabilit y  o f  th e outcome .  I n Hxperimen i  I  a  shor t  dela y betwee n th e 

actio n an d th e outcom e substantiall y  reduce d judgmeius .  I n th e secon d experimen t  i t  wa s tbun d 

tha t  causalit y judgment s follo w growt h function s whereb y unde r  a  positiv e contingenc y judgment s 

ar e incremente d trial-by-tria l  toward s a n asymptote ,  whils t  unde r  a  negativ e contingenc y the y ar e 

decremente d toward s th e asymptote .  Finally ,  i n th e las t  experimen t  th e importanc e o f  th e causa l 

backgroun d wa s illustrate d i n a  situatio n wher e causa l  selectio n o n th e basi s o f  th e prio r  associatio n 

betwee n th e backgroun d an d th e outcom e coul d b e prevented . 

T h e accoun t  o f  causalit y judgmen t  tha t  wil l  n o w b e describe d propose s a  crucia l  rol e fo r  suc h 

associations .  Accordin g t o associativ e theorie s o f  learning ,  th e occurrenc e o f  a n outcom e incre -

ment s th e associativ e strengt h o f  stimul i  presen t  a t  tha t  time .  A  crucia l  aspec t  o f  suc h theorie s i s 

th e rol e the y assig n t o th e causa l  background ,  tha t  se t  o f  stimul i  whic h i s alway s presen t  i n tha t 

context .  I n th e mode l  describe d b y Shank s an d Dickinso n (1987) ,  a n outcom e occurrin g i n th e 

presenc e o f  th e targe t  caus e increment s th e associativ e strengt h o f  th e compoun d o f  th e targe t 

caus e an d th e backgroun d accordin g t o th e equation : 

^^ab=<^ab^('^-^ab) (I) 

where Jl^ is the increment in the associative strength of the compound of the action and the 

background ,  a ^  i s a  learnin g rat e paramete r  fo r  th e compound ,  / J i s  a  learnin g rat e paramete r  fo r 

th e outcome .  X  i s th e asymptot e o f  abbociaiiv e strengt h an d l ^  i s  th e ai.sociativ e strengt h th e com -

poun d alread y has .  Th e asymptot e X  i s usuall y se t  t o I  ( )  o n trial s o n whic h th e outcom e occur s an d 

t o zer o w h e n th e outcom e doe s no t  occur . 

I f  th e outcom e occur s i n th e absenc e o f  th e action ,  the n th e associativ e strengt h o f  th e back -

ground ,  i g i s incremente d accordin g t o th e equation : 

d\ff=as0a-\ti) (2) 

r  a wlier e J i y i s th e incremen t  an d a g i s a  rat e paramete r  fo r  th e causa l  background .  A t  th e en d o 

serie s o f  occurrence s o f  th e actio n an d th e outcome ,  ther e wil l  b e tw o associativ e strengths ,  \^ ^ 

and Vg .  Th e causalit y judgment ,  V^ ,  i s  the n base d o n a n inferenc e ste p m whic h th e differenc e 

betwee n thes e tw o associativ e strength s i s determined ; 

The model can account for sensitivity to coiilmgency since increasing P{()/-A) will increase l^ and 

henc e reduc e judgments .  I n fac t  th e mode l  ca n readil y reproduc e th e patter n o f  acquisitio n func -

tion s see n i n th e secon d experiment .  Tabl e 2  give s th e result s o f  a  simulatio n o f  th e mode l  ru n 

unde r  th e sam e contingencie s a s th e actua l  experiment .  Eac h figur e represent s th e mea n fro m 

100 0 simulate d subject s wit h th e parameter s a s follows :  ag=0. \ ,  a ^ = 0 . 2 ,  / }  fo r  th e outcome=0. 3 

and ^  fo r  th e nonoccurrenc e o f  th e outcome = 0.8 ,  an d assumin g tha t  \ g an d \ ^  star t  a t  zero .  Al l 

of  th e mai n feature s o f  th e actua l  result s ar e reproduced ,  wit h th e exceptio n tha t  th e negativ e judg -

ment s i n th e 125/12 5 conditio n d o no t  emerg e (se e Shank s an d Dickinson ,  1987 ,  fo r  a  discussio n 

of  thi s discrepancy) . 

A productio n syste m mode l  o f  causalit y judgmen t  whic h incorporate s th e linea r  operato r  equa -

tion s o f  Shank s an d Dickinso n (  1987 )  ha s recentl y bee n implemente d i n th e compute r  languag e 

O P S -5 (Brownston .  Farrell ,  Kan t  an d Martin ,  1985) .  I t  consist s o f  tw o principa l  elements ,  namel y 

th e productio n rule s an d a  workin g memory .  Th e productio n rule s consis t  o f  simpl e i f  ..then.. .  state -

ment s whic h operat e w h e n thei r  condition s ar e satisfie d b y th e content s o f  workin g memory .  Tlier e 
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wil l  b e tw o productio n rule s relevan t  t o causalit y judgment .  Th e firs t  wil l  specif y tha t  i f  th e causa l 

backgroun d i s represente d i n workin g memory ,  the n th e representatio n o f  th e outcom e shoul d b e 

place d i n workin g memory ,  an d equatio n (2 )  shoul d b e selected .  Thi s productio n rul e ha s a  meas -

ur e o f  belie f  associate d wit h it ,  whic h i s th e curren t  valu e o f  \g .  Hi e secon d rul e state s tha t  i f  th e 

actio n an d th e backgroun d ar e i n workin g memory ,  the n th e representatio n o f  th e outcom e should . 

be pu t  m workin g m e m o r y an d equatio n (I )  shoul d b e selected ,  liti s  rul e als o ha s a  measur e o f 

belie f  associate d wit h it ,  thi s tim e determine d b y V ^ . 

Notic e tha t  th e productio n rule s d o no t  incorporat e th e concep t  o f  causation .  W h e n th e subjec t 

comes t o mak e a  causalit y judgment ,  th e mode l  propose s tha t  thi s come s abou t  b y a n inferentia l 

proces s whic h involve s propostiona l  knowledg e fro m othe r  source s a s wel l  a s wha t  i s incorporate d 

i n th e productio n rules .  I n causalit y judgmen t  experiments ,  o f  course ,  i t  i s  assume d tha t  an y extra -

experimenta l  knowledg e th e subject s migh t  brin g t o th e situatio n wil l  b e minimal .  I n mor e realisti c 

settings ,  though ,  i t  seem s highl y likel y tha t  prio r  knowledg e abou t  causa l  relationsliip s migh t  hav e a 

stron g effec t  o n causalit y judgment s i n particula r  circumstances .  I n term s o l  th e model ,  suc h 

knowledg e i s brough t  i n t o th e inferenc e represente d b y equatio n (3) . 

H ow ca n suc h a  mode l  accoun t  fo r  contiguit y effect s ?  S o far ,  th e mode l  doe s no t  specif y wha t 

constitute s a  co-occurrenc e o f  th e actio n an d th e outcom e (i n whic h cas e equatio n (  1 )  applies ]  an d 

what  constitute s a n occurrenc e o f  th e outcom e i n th e absenc e o f  th e actio n [i n whic h cas e equatio n 

(2 )  applies) .  Bu t  th e crucia l  determinan t  i s likel y t o b e simpl y whethe r  o r  no t  th e actio n i s stil l 

represente d i n workin g memory ,  abov e a  certai n threshold ,  a t  th e tim e o f  th e outcome .  I f  w e 

assume tha t  th e actio n i s full y  represente d immediatel y afte r  it s  occurrenc e bu t  the n it s representa -

tio n decays ,  the n thi s ca n b e capture d i n th e mode l  b y a  reductio n i n c t ^  ,  th e salienc e o f  th e 

action-backgroun d compound ,  a s lim e elapse s fro m th e occurrenc e o f  th e action .  Althoug h ther e i s 

no obviou s reaso n t o suppor t  on e deca y functio n ove r  another ,  a n exponentia l  deca y curv e i n th e 

model  give s prediction s fo r  contiguit y effect s tha t  approximat e thos e foun d experimentally .  I f  a  i s 

bein g reduced ,  the n th e incremen t  i n th e associativ e strengt h d\/̂ g wil l  likewis e b e reduce d a s th e 

action-outcom e interva l  increases .  Not e tha t  thi s doe s no t  affec t  th e associativ e strengt h o f  th e 

background ,  Vg .  i n accordanc e wit h th e result s o f  Shank s an d Dickinso n (  1987) ;  a  reductio n i n th e 

salienc e o f  th e actio n brough t  abou t  b y a n interva l  betwee n th e xtio n an d th e outcom e wil l  reduc e 

judgment s o f  causalit y b y reducin g Vŷ g ,  bu t  wil l  leav e V g unaffected . 

Obviously ,  a t  som e poin t  th e actio n wil l  n o longe r  b e represente d i n workin g m e m o r y an d there -

for e a n occurrenc e o f  th e outcom e mus t  the n incremen t  \ g an d no t  \ ] ^ .  A  threshol d belo w whic h 

th e leve l  o f  representatio n o f  th e actio n i n workin g m e m o r y cause s equatio n (3 )  t o b e selecte d 

instea d o f  equatio n (2 )  ca n readil y b e incorporate d int o th e model . 

Th e mode l  ca n als o explai n th e signalin g eftec t  o f  Experimen t  3  becaus e th e introductio n o f  th e 

signa l  mean s tha t  outcome s occurrin g i n th e absenc e o f  th e actio n d o no t  incremen t  Vg ,  the y incre -

ment  th e associativ e strengt h o f  th e signal-backgroun d compound ,  whic h doe s no t  figur e i n equa -

tio n (3) . 

I n summar)' ,  th e mode l  i n i b preseii i  for m i s capabl e o f  accountin g fo r  th e mai n feature s o f 
causalit y judgment :  Hrst ,  i t  ca n explai n sensitivit y t o contingency ;  secondly ,  i t  ca n cove r  contiguit y 

effects ;  an d thirdly ,  i t  ca n accoun t  fo r  th e selectiona l  effect s see n i n Experimen t  3 .  Becaus e i t  i s 

specifie d i n th e precis e term s o f  a  productio n system ,  i t  make s concret e prediction s abou t  a  variet y 

of  causalit y judgmen t  situation s an d ca n therefor e readil > b e tested . 
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