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Abs t rac t 

We use a connectionist model which relies on the 
encodin g o f  lempnjra l  relationship s amon g event s t o 
investigat e th e rol e o f  causa l  mechanism s i n causa l 
attribution .  Mechanism s ar e encode d a s intervenin g 
event s wit h tempora l  exten t  tha t  occu r  betwee n th e 
offse t  o f  a  causa l  even t  an d th e onse t  o f  a n effect .  I n 
on e se t  o f  simulations ,  th e presenc e o f  intervenin g 
event s facilitate d acquisitio n o f  a  relationshi p betwee n 
caus e an d effec t  vi a th e mechanism .  I n a  secon d se t  o f 
simulations ,  prio r  experienc e wit h mechanism s 
enhance d developmen t  o f  a  cause-effec t  relationshi p 
durin g late r  trainin g absen t  th e mechanism .  Th e result s 
provid e evidenc e tha t  causa l  mechanism s ca n facilitat e 
causa l  attributio n vi a Humea n cues-to-causality . 

Introduct io n 

Our intuitive notion of causality leads us to believe that 
cause s an d effect s ar e linke d vi a som e underlyin g 
physica l  mechanism .  However ,  i t  become s readil y 
apparen t  tha t  w e d o no t  perceiv e thi s mechanis m i n 
operation .  W h e n w e se e a  billiar d bal l  strik e anothe r 
causin g i t  t o move ,  w e d o no t  se e energ y passin g fro m 
one t o th e other .  Psychologica l  theorie s whic h rel y o n 
our  intuitiv e notion s o f  causalit y (e.g .  White ,  1988 ) 
focu s o n adul t  introspectio n a s a  vali d indicato r  o f  ou r 
cognitiv e processes .  I n thi s paper ,  w e wis h t o explor e 
th e foundation s o f  ou r  causa l  attributions ,  relyin g upo n 
th e mos t  objectiv e o f  perceptua l  information .  Thi s 
motivate s a  focu s o n learnin g an d o n basi c objec t  an d 
even t  attributes .  Thi s contrast s wit h a  focu s o n th e 
precis e scientifi c  basi s fo r  causa l  relationships . 

Singularist s believ e single-observatio n causa l  attri -
bution s t o b e paradigmatic .  Fo r  th e singularis t  th e sub -
jec t  learn s causa l  principle s o r  rule s whic h ar e applie d 
t o curren t  perceptions .  Th e rul e o f  generativ e transmis -
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sio n o r  causa l  mechanis m i s argue d t o b e primar y i n 
makin g causa l  judgment s (e.g .  Bullock ,  Gelma n & 
Baillargeon ,  1982 ;  Shultz ,  1982 ;  Shult z &  Kestenbaum , 
1985) .  Thi s rul e presuppose s th e presenc e o f  a n objec -
tive ,  knowabl e causa l  mechanis m (Harr d &  Madden , 
1975 )  t o mediat e betwee n th e propose d caus e an d 
effect .  Candidat e mechanism s ar e identifie d a s a  resul t 
of  prio r  experienc e wit h simila r  instance s o r  b y 
applyin g culturall y transmitte d knowledge . 

Neo-Humean theorist s requir e observatio n o f 
variou s cues-to-causalit y t o buil d knowledg e o f 
causatio n (Hume ,  1739/1978) .  Whil e i t  m a y ofte n see m 
otherwise ,  bot h classe s o f  theorist s ar e relyin g o n th e 
subjec t  learnin g th e relation s amon g events .  Fo r  th e 
neo-Humea n th e causa l  judge r  gather s empirica l 
evidence ,  principall y relyin g upo n th e cues-to-causality . 
Thes e cue s includ e tempora l  priorit y (cause s mus t  pre -
ced e thei r  effects) ,  tempora l  contiguit y (cause s shoul d 
occu r  nea r  i n tim e t o thei r  effects) ,  spatia l  contiguity , 
and contingenc y o r  covariatio n (cause s consistentl y 
preced e a n effec t  an d d o no t  occu r  i n it s absence )  (se e 
Einho m &  Hogarth ,  1986) .  W h e n tw o event s posses s 
al l  o f  thes e cues ,  a  causa l  associatio n fro m th e earlie r  t o 
th e late r  i s made .  W h e n an y o f  th e cue s ar e absen t  thi s 
detract s fro m th e certaint y o f  a  causa l  attributio n (e.g . 
Koslowsk i  &  Okagaki ,  1986 ;  Siegle r  &  Liebert ,  1974 ; 
fo r  a  review ,  se e Shult z &  Kestenbaum ,  1985) .  Th e 
cue s ar e differentiall y  weighte d i n thei r  importanc e t o 
th e causa l  judgmen t  (e.g .  Einho m &  Hogarth ,  1986) . 
Singularis t  argument s agains t  th e H u m e a n positio n 
involv e causa l  judgment s mad e afte r  onl y on e observ -
ation ,  demonstratin g th e non-necessit y o f  covariation . 
Yet  H u m e (1739/1978 )  offere d a n explanation :  "...thi s 
difficult y wil l  vanish ,  i f  w e consider ,  tha t  tho '  w e ar e 
her e suppos' d t o hav e ha d onl y on e experimen t  o f  a 
particula r  effect ,  ye t  w e hav e man y million s t o convinc e 
us o f  thi s principle ;  tha t  lik e objects ,  plac' d i n lik e 
circumstances ,  wil l  alway s produc e lik e effects.... "  (p . 
105) .  W h e n th e event s ar e sufficientl y simila r  t o know n 
causall y relate d events ,  w e wil l  readil y (i.e .  afte r  a 
singl e observation )  infe r  causality . 
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T h e R o l e o f  C a u s a l  M e c h a n i s m s 

For neo-Humeans it is necessary to explain caus:U 
ascription s i n th e absenc e o f  cues .  Lac k o r  a)n(ingenc y 
ca n b e overcom e b y a  subjec t  positin g unknow n o r 
unobserve d factor s mediatin g th e cause/effec t  relation -
ship .  Lac k o f  tempora l  o r  spatia l  contiguit y ca n b e 
explaine d b y by]X)thesizin g th e presenc e o f  a n inter -
venin g even t  (wit h tempora l  duration )  o r  object/forc e 
(whic h ha s spatia l  extent )  t o bridg e th e gap .  Thi s inter -
venin g even t  o r  forc e the n become s th e causa l  mecha -
nism .  Fo r  a  singularis t  th e mechanis m provide s a 
med iu m fo r  transmissio n o f  physica l  energ y whil e a 
neo-Humea n argue s that ,  du e t o th e mechanism ,  a  serie s 
of  event s i s perceive d eac h o f  whic h i s spatiall y  an d 
temporall y contiguou s wit h th e subsequen t  even t  i n a 
causa l  sequence . 

Causa l  mechanism s ar e use d a s explanation s fo r  a 
lac k o f  spatia l  o r  tempora l  contiguit y betwee n a  (pre -
viousl y attributed )  caus e an d a n effect .  The y ar e als o 
use d a s explanation s whe n ther e i s spatia l  an d tempora l 
contiguit y bu t  specifi c  cause-effec t  mechanism s ar e 
unknown ,  a s whe n a n appea l  i s mad e t o a  lowe r  leve l  o f 
analysi s (e.g .  th e subatomic) .  Despit e th e evidenc e (vi a 
th e cues-to-causality )  whic h suggest s tha t  tw o event s 
ar e causall y related ,  th e lac k o f  a n adequat e explanatio n 
may indicat e tha t  th e tw o event s ar e merel y correlated . 
However ,  i f  th e tw o event s ar e readily  connecte d b y a 
sufficien t  explanator y construct ,  the n les s evidenc e (e.g . 
covariatio n data )  i s necessary .  Not e tha t  eve n i n di e 
presenc e o f  sufficien t  mechanisms ,  absenc e o f  suppor t 
fo r  a  causa l  judgmen t  fro m th e cues-to-causalit y results 
i n a  significan t  negativ e impac t  o n th e likelihoo d o f 
attributio n (Koslowski ,  e t  al ,  1989) .  Thus ,  whil e th e 
cues-to-causalit y m a y b e insufficien t  fo r  causa l 
attributio n b y adults ,  the y ar e necessary . 

One o f  th e problem s wit h th e causa l  mechanis m rul e 
as defme d b y th e singularis t  i s th e lac k o f  specificatio n 
regardin g it s source .  Ther e ar e man y occasion s unde r 
whic h knowledg e o f  causa l  mechanis m i s no t  necessary , 
e.g .  operatio n o f  a  ligh t  switc h (mechanis m i s elec -
tricity) ,  operatio n o f  a  remot e contro l  (mechanis m i s 
some sor t  o f  electri c bea m -  eve n w e don' t  kno w th e 
rea l  mechanism) ,  an d startin g a  ca r  (ho w doe s tha t  wor k 
anyway?) .  Unde r  circumstance s lik e Uies e causa l  attri -
bution s ar e readil y m a d e an d mechanism s ar e fre -
quentl y manufacture d a s pos t  fact o explanation s b y 
individual s (wh o ar e frequenti y wrong ,  i f  m y persona l 
experienc e i s an y indication) .  Thre e yea r  ol d childre n 
sho w n o suc h concer n fo r  identifyin g a  causa l  mecha -
nis m (Bullock ,  1984 ;  Shult z &  Mendelson ,  1975) . 
W h en 4- 5 yea r  old s i n Bullock' s stud y discovere d tha t 
th e obviou s causa l  mechanis m wa s absent ,  the y di d no t 
chang e thei r  causa l  attributio n i n di e absenc e o f  th e 
mechanis m bu t  instea d 7 7 % o f  Uie m hypothesize d 
alternativ e mechanisms ,  fro m magnet s (t o bridg e a 
spatia l  gap )  l o invisibl e string s an d magic . 

I n additio n t o thei r  explanator y role ,  causa l 
mechanism s ma y als o serv e a  facilitator y rol e durin g 
th e earl y learnin g process .  Thi s rol e i s suggeste d b y 
th e huma n an d anima l  conditionin g literature .  Shank s 
& Dickinso n (1987 )  an d Wasserma n (1987 )  sugges t 
tha t  causa l  judgment s ar e buil t  o n di e basi c processe s o f 
learnin g a s exemplifie d b y classica l  an d instrumenta l 
conditioning .  Simila r  factor s affec t  bot h conditionin g 
and causa l  attributio n (mos t  notabl y th e cues-to -
causality) .  A  tempora l  ga p betwee n caus e (conditione d 
stimulus )  an d effec t  (unconditione d stimulus )  make s 
learnin g di e cause-effec t  relationshi p mor e difficult ,  bu t 
filling  di e tempora l  ga p witi i  intervenin g events ,  diu s 
establishin g a n uninterrupte d chai n o f  contiguou s 
events ,  facilitate s learnin g (e.g .  Kehoe ,  1979 ;  Reed , 
1992) .  Thes e intervenin g event s m a y serv e di e sam e 
rol e tha t  causa l  mechanism s d o i n causalit y judgment . 
That  dii s  facilitator y effec t  i s  observe d i n animal s 
suggest s dia t  dii s  rol e o f  "mechanism "  m a y no t  b e 
base d o n prio r  knowledg e o f  h o w mechanism s operat e 
but  raUie r  ma y b e roote d i n di e conditionin g processe s 
underlyin g learning . 

A Connect ionis t  M o d e l  o f  Causal i t y 

Connecuonist models manifest some of die principles 
espouse d b y di e suggeste d conditioning-causa l  atui -
butio n homology .  W e presen t  evidenc e dia t  intervenin g 
event s fo r  a  connectionis t  mode l  demonstrat e th e 
explanator y an d facilitator y propertie s ascribe d t o 
causa l  mechanisms .  Thi s i s don e withou t  an y hypo -
diesi s o f  energ y transmission .  Th e presen t  mode l  relie s 
heavil y o n th e tempora l  cues-to-causality :  tempora l 
contiguit y an d tempora l  priorit y (covariatio n ca n als o 
be processe d b y th e syste m bu t  i s no t  varie d i n th e 
presen t  simulations) .  Th e syste m learn s di e tempora l 
relationship s amon g event s an d predict s consequent s 
fro m presentation s o f  antecedents .  A n even t  "causes " 
anothe r  i f  it s presenc e predict s th e occurrenc e o f  th e 
second .  Ther e i s a  stiic t  reliance  o n tempora l  priorit y a s 
a causa l  cue .  Tempora l  contiguit y i s importan t  fo r  di e 
model  i n dia t  di e longe r  di e time  interva l  betwee n onse t 
and offse t  o f  a  cause' s occurrenc e an d th e onse t  o f  a 
effect ,  di e longe r  i t  wil l  tak e th e syste m t o lear n th e 
relationship,  i f  i t  leam s i t  a t  all . 

The architectur e o f  di e mode l  i s base d upo n tha t  pre -
sente d b y Elma n (1990) .  A t  a  give n instanc e o f  time ,  i t 
predict s futur e event s fro m a n interna l  memor y o f  pas t 
event s an d curren t  conditions .  Fo r  th e purpose s o f 
causa l  attribution ,  th e mode l  predict s effect s fro m 
causes .  Th e model' s architectur e wa s designe d t o ac -
commodat e dat a fro m di e literatur e o n conditionin g an d 
causalit y an d wa s develope d t o tes t  th e proposa l  dia t 
conditionin g processe s ma y underli e causa l  attributio n 
processe s (Shank s &  Dickinson ,  1987 ;  Wasserman , 
1987) .  Th e constraint s place d upo n di e connection s 
fro m di e hidde n unit s t o di e prediction s o f  di e cause s 
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Syste m Architecture :  Recurren t 
Backpropagatio n Networ k 

3 output units 

A B 

[-2.2 ] 
E O 

6 hidde n unit s 

^ - _ ™ 
[1,1 ]  -  cop y bac k 

r T T T T 6 contex t  unit s 

3 input s 

Figure 1: Architecture used for the Model of causal 
attribution .  Weight s represente d b y gra y arrow s ar e 
constraine d t o value s withi n th e rang e [oiinimum ,  maximum] . 

(not the final effect) are one technique for encouraging 
cu e competitio n amon g th e alternativ e predictors .  Cu e 
competitio n i s a  face t  o f  conditioning ,  a s exemplifie d 
by th e wel l  k n o w n phenomeno n o f  blocking ,  an d o f 
causa l  attributio n (e.g .  Wa ldman n &  Holyoak .  199 2 o n 
analog s t o blockin g an d Einho m &  Hogarth ,  198 6 an d 
th e rol e o f  alternativ e causes) . 

Simulation s o f  th e mode l  i n a  seria l  conditionin g 
paradig m (Young ,  1992 )  demonstrate d tha t  th e presenc e 
of  a n intervenin g even t  (B )  whic h fill s  a  tim e ga p 
betwee n tw o events ,  A  an d C  facilitate s acquisitio n o f 
th e A - > C relationshi p (i.e .  expectatio n o f  C  afte r  A' s 
occurrenc e develop s faste r  followin g A - > B - > C 
experienc e tha n afte r  A->gap-> C experience) .  Thi s 
facihtatio n ha s bee n demonstrate d i n huma n an d anima l 
conditionin g experiment s (e.g .  Kehoe ,  1979 ;  Reed , 
1992) .  Withou t  th e intervenin g even t  i n th e causa l 
chain ,  th e lac k o f  tempora l  contiguit y betwee n th e tw o 
event s implie s th e absenc e o f  a  causa l  relation . 
However ,  th e presenc e o f  th e even t  serve s t o fill  th e ga p 
thu s "explaining "  th e lac k o f  contiguit y an d establishin g 
a causa l  chain . 

A replicatio n o f  th e facilitator y effec t  o f  a n 
intervenin g even t  wil l  b e presente d fo r  a  mode l  tha t  i s  a 
simplifie d versio n o f  tha t  presente d i n Youn g (1992) . 
Th e simulation s involv e trainin g wit h muc h highe r 
learnin g an d m o m e n t u m setting s (. 4 an d . 5 respectively ) 
t o increas e th e rat e o f  learnin g withou t  creatin g 
predictio n instabiUties .  A  secon d se t  o f  simulation s wil l 
the n b e presente d whic h demonstrat e th e effec t  tha t 
prio r  learnin g wit h a  perceptibl e causa l  mechanis m ha s 
on late r  experienc e i n it s absenc e (i.e .  A->B-> C trial s 
followe d b y A - > g ^ - > C trials) . 

S imu la t i o n 1 

A series of simulations were run using Uie recurrent 
architectur e o f  Figur e 1 .  Thi s networ k differ s fro m tha t 
presente d i n Youn g (1992 )  i n tha t  ther e ar e 6  hidde n 

and contex t  unit s her e rathe r  tha n 4 ,  an d ther e wer e 3 
additional ,  constan t  input s use d i n Youn g (1992 )  Uia t 
playe d n o rol e m thos e simulation s an d wer e no t  use d i n 
tiie  presen t  ones .  T im e i s represente d i n a n E lma n 
(1990 )  networ k b y usin g discret e time  slice s o f  a 
constan t  duratio n (on e "tim e step") .  Even t  occurrenc e 
i s identifie d a s a n increas e i n activatio n fo r  on e o f  th e 
networ k input s (fro m 0  t o 1) .  Ther e ar e thre e 
onhogona l  event s use d her e (A ,  B  an d C )  a s inpu t  t o th e 
model ,  on e inpu t  uni t  representin g eac h event . 

Seve n architecturall y equivalen t  network s wit h dif -
feren t  rando m initia l  weight s wer e used .  Thes e net -
work s receive d tw o differen t  form s o f  U-aining .  Th e 
Mechanis m grou p wa s traine d o n repeate d A ->B-> C 
even t  sequences .  Th e las t  even t  i n thi s an d al l  sub -
sequen t  simulation s wa s on e tim e ste p long .  Al l  othe r 
event s wer e tw o tim e steps .  Al l  sequence s o f  event s 
wer e separate d b y a  2 0 time  ste p intertria l  interva l 
durin g whic h al l  input s t o th e networ k wer e 0 .  Th e No -
Mechanis m grou p receive d repeate d A->gap-> C even t 
sequences ,  wher e Ui e ga p wa s 2  tim e step s lon g an d 
consiste d o f  presentatio n o f  O' s a t  al l  inputs . 

A tria l  consiste d o f  on e presentatio n o f  th e 
appropriat e even t  sequence .  Ever y 2 5 o r  5 0 trials ,  th e 
network' s response s t o a  se t  o f  tes t  event s wer e re -
corded .  Durin g thes e tes t  trials ,  n o learnin g too k place . 
The se t  o f  tes t  stimul i  consiste d o f  thre e tria l  types :  1 ) 
presentatio n o f  A  alone ,  2 )  presentatio n o f  B  alone ,  an d 
3)  presentatio n o f  A -> B ( A followe d b y B ) .  Al l  tes t 
event s wer e tw o time  step s i n duration .  Th e network' s 
expectanc y o f  Ui e occurrenc e o f  even t  C  (th e "effect" ) 
was th e dependen t  measur e o f  interest .  Th e expectanc y 
i s th e valu e o f  a n event' s outpu t  node .  Unles s otherwis e 
noted ,  al l  figures  an d discussion s wil l  refe r  t o di e C 
expectanc y a t  tiie  appropriat e time  step ,  i.e .  4  time  step s 
afte r  A' s onse t  o r  2  tim e step s afte r  B' s onset . 

Result s a n d Discussio n 

C expectancies after presentation of A, B and A->B are 
plotte d i n Figur e 2 .  Th e formatio n o f  th e A - > C rela -
tionship  i s stronge r  afte r  A->gap-> C trainin g tha n afte r 
A - > B - > C training .  Th e obviou s reaso n fo r  thi s 
differenc e i s tha t  th e No-Mechanis m grou p wa s traine d 
t o expec t  C  followin g onl y A  whil e th e Mechanis m 
group' s experienc e suggest s tiiat  tiie  presenc e o f  B  i s 
expecte d a s a  forerunne r  t o C .  Th e C  expectanc y fo r 
th e latte r  i s  significantl y highe r  an d develop s m u c h 
quicke r  afte r  presentatio n o f  A ->B ,  th e sequenc e o n 
whic h thi s grou p wa s trained .  Not e tha t  th e C 
expectanc y followin g di e serie s o f  stimul i  i s  m u c h 
greate r  tha n th e su m o f  th e expectancie s followin g A  o r 
B individually .  Thi s demonsu^te s tha t  di e stron g C 
expectanc y followin g th e A - > B configuratio n i s no t 
carrie d solel y b y tiie  contiguou s B  even t  bu t  i s  tiie  resul t 
of  a n interactio n o f  tiie  tw o (altiioug h i t  ca n b e argue d 
tha t  th e individua l  expectancie s ar e sub-threshol d an d 
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Effec t  o f  preseoc e o f  intervenin g B  even t 

Test StimuU 

A-> B 

Effec t  o f  prio r  experienc e 

wit h a  m e c h a n i s m 

O o O O OO O o O § 2 § 2 o o 
^  C 4 d  ^  » n v o X a-  °  • ^  \ Z ̂  Z  " 

Trial s 

Figure 2: Growth of predictive relationship between earlier 
event s (A ,  B  o r  A->B )  an d th e effec t  (C )  a s a  functio n o f 
experimenta l  grou p (A *  i s  fo r  No-Mechanis m group) . 

their co-occurrence exceeds this threshold, resulting in 
th e highe r  expectanc y t o th e configuratio n (Kehoe , 
persona l  communication)) .  Durin g earl y trainin g th e C 
expectanc y followin g A - > B i s carrie d ahnos t  entirel y 
by th e contiguou s B  event ,  bu t  a s trainin g progresse s B 
facilitate s th e earl y developmen t  o f  th e A - > C 
relationship  (compar e A - > g ^ - > C ) .  B  provide s a n earl y 
bridg e fro m A  t o C .  However ,  thi s advantag e 
dis{q)pear s wit h tim e (afte r  ̂ proximatel y 7(X )  trials) . 

I n th e networks ,  a n intervenin g even t  (ou r  reificatio n 
of  a  causa l  mechanism )  ca n facilitat e acquisitio n o f  a 
cause-effec t  relationship  b y bridgin g a  tempora l  gap . 
Thi s facilitatio n i s limite d t o occasion s o n whic h th e 
mechanis m i s presen t  -  th e mechanis m strengthen s th e 
A - > C relationshi p vi a B ,  no t  i n it s absence .  Thes e 
results  contras t  wit h thos e foun d i n Youn g (1992) .  I n 
th e latter ,  th e intervenin g even t  facilitate d developmen t 
of  A - > C despit e th e lac k o f  A->gap-> C experience .  Fo r 
many o f  th e network s th e B  playe d a n earl y facilitator y 
rol e bu t  contribute d littl e late r  i n trainin g onc e th e A-> C 
relationshi p ba d bee n established .  Informa l  simulation s 
wit h th e curren t  mode l  usin g lowe r  learnin g rat e an d 
m o m e n t u m value s exhibite d performanc e simila r  t o 
thos e o f  Y o u n g (1992) ,  demonstratin g tha t  th e 
differenc e wa s du e t o paramete r  value s an d no t  th e 
chang e i n architecture .  Th e secon d se t  o f  simulation s 
investigate d othe r  potentia l  benefit s (o r  disadvantages ) 
afforde d b y experienc e wit h intervenin g events . 

S imu la t i o n 2 

This set of simulations investigated the effect prior ex-
perienc e wit h a  causa l  mechanis m ha s o n late r  trainin g 
i n it s absence .  Thi s wa s investigate d b y trainin g net -
work s (th e sam e network s use d i n th e othe r  simulations . 

a 

? 

1500 

No-Pretrainin g 

200 30 0 

Trials 

400 50 0 

Figur e 3 :  Compariso n o f  effec u o f  experienc e wit h A->B-> C 
trial s (none ,  500 ,  o r  1500 )  o n late r  learnin g o f  th e A-> C 
relationshi p durin g A->gap-> C training . 

i.e.  same initial weight settings) on A->gap->C trials, 
but  eac h grou p o f  network s ha d differin g degree s o f 
prio r  experienc e wit h A->B->C .  Grou p No-Pretrainin g 
i s identica l  t o th e A->gap-> C grou p use d i n th e earlie r 
simulations ;  Group s 50 0 an d 150 0 ha d 50 0 an d 150 0 
trial s o f  A - > B - > C pretraining ,  respectively .  T w o 
group s wer e chose n t o examin e th e effec t  tha t  amoun t 
of  experienc e wit h causa l  mechanis m woul d hav e o n 
late r  learning . 

Result s a n d Discussio n 

The basic results are presented in Figure 3. We first 
not e tha t  prio r  experienc e wit h a  mechanis m fillin g th e 
ga p facilitate s th e late r  acquisitio n o f  th e A - > C 
relationshi p durin g A->gap-> C trials .  Th e benefi t 
provide d b y th e pretrainin g i s immediatel y apparent . 
Afte r  a s fe w a s 2 5 trials ,  th e expectanc y o f  C  followin g 
A alon e progresse d fro m a n initia l  media n valu e o f  .05 8 
(valu e a t  th e en d o f  pretraining )  t o a  media n valu e o f 
.79 3 fo r  Grou p 500 .  Fo r  Grou p 150 0 result s wer e 
mixed .  Averag e improvemen t  appear s significan t  a s 
eviden t  i n Figur e 4 ,  bu t  thi s non-zer o averag e wa s 
entirel y th e resul t  o f  tw o network s w h o benefite d fro m 
th e 150 0 trial s o f  pretrainin g ( C expectanc y media n a t 
25 trial s wa s .843) ;  th e othe r  5  network s ha d C 
expectancie s o f  zero .  Thi s tren d continued :  afte r  50 0 
trial s o f  A->gap-> C th e median s wer e .9 5 (fo r  th e two ) 
and 0  (fo r  th e five).  I t  i s interestin g t o not e tha t  thes e 
tw o network s wer e th e one s whic h bega n wit h th e 
highes t  C  expectancie s t o A  alon e a t  th e en d o f  15(X ) 
trial s (.68 3 an d .089) . 

Figur e 4  graphicall y depict s th e specia l  benefi t 
afforde d b y prio r  mechanis m experienc e fo r  Grou p 500 . 
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Acquisitio n o f  A-> C afte r  50 0 pretrainln g trial s 
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Figure 4: Strength of C expectancy following presentation of 
A alone .  Thes e network s wer e traine d wit h A->B-> C fo r  50 0 
trial s befor e receivin g th e graphe d A->gap-> C training . 

Only one network failed to learn the A->C relation after 
50 0 trials .  Prio r  experienc e wit h a n intervenin g even t 
(th e causa l  mechanism )  ha s tremendou s benefi t  fo r  th e 
grou p pretraine d fo r  50 0 trial s ye t  retard s thos e net -
work s receivin g mor e o f  thi s apparentl y beneficia l 
experience . 

A s a  networ k attempt s t o lear n a n A->gap-> C 
relationship ,  i t  i s  necessar y fo r  i t  t o construc t  a n 
intonal ,  mediatin g representatio n tha t  posist s internall y 
throughou t  th e duratio n o f  th e gap .  A  recurren t  networ k 
of  th e typ e use d her e (Ehnan ,  1990 )  bridge s tim e b y 
creatin g suc h intermediar y representations .  Th e prio r 
experienc e wit h A - > B - > C provide s suc h a  mediatin g 
even t  explicitly .  Durin g th e trial s wher e th e mechanis m 
i s n o w absen t  th e networi c nee d onl y lear n no t  t o 
explicitl y  expec t  B  (i.e .  th e ouQ)u t  o f  th e B  nod e shoul d 
not  b e appreciabl y abov e zer o o r  a n erro r  wil l  back -
propagat e throug h th e network) ,  whil e maintainin g th e 
interna l  representatio n o f  B  a s a  mediatin g even t  Thi s 
unlearnin g require s change s i n th e weight s betwee n th e 
hidde n laye r  an d th e outpu t  laye r  only .  Evidenc e fo r 
thi s us e o f  B  a s a n interna l  mediato r  i s eviden t  i n th e 
correlatio n betwee n similarit y i n interna l  representa -
tion s (hidde n uni t  vecto r  afte r  pretrainin g an d afte r  2 5 
trial s o f  A->gap->C )  an d th e performanc e o f  th e 
network .  Tabl e 1  show s th e similarit y betwee n th e in -
terna l  rqjresentation s (measure d usin g a  nonnalize d do t 
produ a betwee n hidde n uni t  vectors )  an d th e network' s 
performanc e afte r  2 5 trial s o f  A->gap-> C (performanc e 
i s c^ture d a s th e strengt h o f  th e A - > C relationship) . 

lli e similarit y i n B  interna l  representation s (th e tw o 
vector s represen t  th e firs t  an d secon d tim e steps )  wa s 
positivel y correlate d wit h th e network' s succes s a t 

Netwoi k 
7 
5 
1 
6 
2 
3 
4 
Pearso n r 
Partia l  r  B#. A 

Dot  product s 
A 
.99 7 
.99 4 
.99 1 
.99 4 
.98 6 
.97 8 
.97 2 
.94 2 

Bl 
.99 3 
.98 4 
.90 8 
.96 4 
.91 2 
.91 7 
.89 9 
.61 1 
.47 5 

B2 
.96 1 
.90 2 
.93 9 
.91 2 
.90 3 
.77 6 
.83 7 

.91 6 

.88 8 

Cexp. 

.85 7 

.83 7 

.80 6 

.79 3 

.72 5 

.00 2 

.00 1 

Tabl e 1 :  Th e similarit y betwee n interna l  representation s o f 
event s befor e an d afte r  2 5 A->gap-> C tria l  an d th e correlatio n 
of  similarit y wit h performanc e (a s measure d b y C 
expectancy) . 

learning the A->C relationship, i.e. prior experience 
wit h a  mediatin g mechanis m benefit s late r  learnin g 
throug h th e hypothesize d existenc e o f  th e unobserve d 
even t  Thi s correlatio n hel d eve n afte r  partiallin g ou t 
th e effec t  o f  A' s similarity .  Give n th e advantage s 
afforde d late r  learnin g i n th e absenc e o f  th e earlie r 
causa l  mechanism ,  ther e shoul d b e greate r  facilitatio n 
when perceptua l  suppor t  fo r  th e presenc e o f  B  exist s 
(e.g .  a  lo w inpu t  activatio n valu e fo r  th e B  uni t  rathe r 
tha n zero )  an d whe n th e intervenin g even t  i s simila r  t o 
B (throug h generalization) .  Th e latte r  i s  especiall y 
interestin g sinc e ther e appear s t o b e m a n y occasion s 
when th e perceptua l  suppor t  fo r  a  causa l  mechanis m 
consist s o f  event s o r  object s tha t  ar e simila r  t o bu t  no t 
identica l  t o experience d mechanisms . 

We sugges t  tha t  overleamin g explain s w h y to o muc h 
experienc e wit h a  mechanis m result s i n a  benefi t  fo r 
onl y tw o o f  th e seve n networks .  Th e network s appea r 
t o hav e s o overieame d th e A - > B - > C relationshi p tha t 
the y lacke d generalizability .  Thi s i s no t  surprisin g i n 
th e contex t  o f  causa l  attribution .  I t  ha s bee n repeatedl y 
demonstrate d tha t  spatia l  an d tempora l  gap s i n a 
launchin g paradig m ( a rathe r  overieame d atunbution ) 
bav e significan t  impac t  o n subjects '  report s o f  a  causa l 
relationship .  Thes e result s sugges t  tha t  trainin g studie s 
involvin g suc h gap s shoul d b e mor e effectiv e i n 
younge r  subject s tha n the y woul d i n olde r  subjects . 
H o w youn g huma n subject s mus t  b e t o behav e lik e 
Grou p 5(X )  rathe r  tha n Grou p 15(X )  i s a n ope n question . 

G e n e r a l  D iscuss io n 

The results presented here suggest that encoding causal 
relation s i n th e environmen t  i s reducibl e l o representin g 
th e regularit y o f  tempora l  sequence s give n tha t  othe r 
cues-to-causalit y ar e presen t  (e.g .  spatia l  contiguity) . 
There' s a  lo t  o f  debat e o n thi s notio n o f  causalit y (se e 
White ,  1990) .  Ou r  intuition s tel l  u s otherwise ,  suggest -
in g hypothese s simila r  t o White' s (1989 )  theor y o f 
causa l  powers .  Ou r  wor k i s addressin g th e origin s o f 
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our  knowledg e o f  causa l  powers :  ho w d o w e kno w tha t 
electricit y ca n serv e a s a  mechanis m fo r  th e illumin -
atio n o f  a  light ? Ou r  netwoilc s us e intervenin g event s i n 
a manne r  analogou s t o facilitator y causa l  mechanisms . 
withou t  th e us e o f  singularis t  notion s o f  ena^ y trans -
missio n o r  causa l  powers .  Event s faciliuii c  learnin g b y 
bridgin g a  tempora l  ga p throug h thei r  explici t  presenta -
tion .  Afte r  experienc e wit h mechanis m sequence s th e 
interna l  representation s ca n b e effectiv e throug h thei r 
implici t  presence .  A n intervenin g even t  ca n als o ex -
plai n a  singl e nove l  tempora l  sequenc e whe n th e nove l 
sequenc e i s simila r  t o know n causa l  sequences . 

I t  i s  importan t  t o remembe r  tha t  H u m e di d no t  sug -
ges t  multipl e experience s wit h a  particula r  sequenc e 
wer e necessar y fo r  causa l  attribution .  Experienc e wit h 
simila r  sequence s i s adequat e fo r  a  judgmen t  o f  causali -
t y afte r  a  singl e observatio n o f  a  nove l  serie s o f  events . 
Th e singularis t  shoul d diffe r  wit h th e neo-Humea n pri -
maril y ove r  th e representationa l  for m prio r  experienc e 
take s an d it s functio n i n generatin g curren t  perceptions . 
For  th e singularist ,  prio r  experienc e i s store d i n sym -
boli c rule s wit h varyin g generality .  N o representationa l 
for m i s specifie d b y H u m e bu t  paio r  experienc e impact s 
curren t  perceptio n vi a similarit y an d inference .  Th e 
presen t  neura l  networ k mode l  encode s prio r  experienc e 
i n a  non-symboli c form ,  whic h give s th e surfac e 
appearanc e o f  rule-lik e behavi w t o a n outsid e observer . 

The singularis t  vie w i s premise d o n knowabl e causa l 
relation s (Harr 6 &  Madden ,  1975) ,  followin g Kant' s 
vie w o f  natur e a s conformin g t o genera l  law s (Kant , 
1781/1929) .  Th e concep t  o f  causalit y advocate d b y 
H u me i s counter-intuitiv e t o man y adults :  causalit y  i s a 
psychologica l  construc t  an d ha s n o provabl e physica l 
instantiation .  "I t  spear s tha t  i n singl e instance s o f  th e 
operatio n o f  bodie s w e neve r  can ,  b y ou r  utmos t 
scrutiny ,  discove r  anythin g bu t  on e even t  followin g an -
other ,  withou t  bein g abl e t o comprehen d an y forc e o r 
power  b y whic h th e caus e operates.... "  (Hume , 
1748/1955 ,  pp .  84-85) .  Whil e w e d o no t  den y th e 
Kantia n metaphysics ,  w e sugges t  tha t  peopl e ar e 
H u m e an cognizers . 

R e f e r e n c e s 

Bullock, M. (1984). Preschool children's understanding of 
causa l  connections .  Britis h Journa l  o f  Developmenta l 
Psychology ,  2 .  139-148 . 

Bullock ,  M. ,  Gelman ,  R .  &  Baillargeon ,  R .  (1982) .  Th e 
developmen t  o f  causa l  reasoning .  I n W .  Friedma n (Ed.) , 
The Developmenta l  Psycholog y o f  Time .  N e w York : 
Academi c Ptess . 

Einhorn ,  H.J .  &  Hogarth ,  R.M .  (1986) .  Judgin g probabl e 
cause .  Psychologica l  Bulletin ,  99,3-19 . 

Elman ,  J.L .  (1990) .  Findin g structur e i n time .  Cognitiv e 
Science ,  14,179-211 . 

Harr6 ,  R .  &  Madden ,  E.H .  (1975) .  Causa l  Powers :  A  Theor y 
of  Natura l  Necessity .  Oxford :  Blackwell . 

Hume,  D .  (1955) .  A n Inquir y Concernin g H u m a n 
Understanding .  (C.W .  Hendel ,  Ed.) .  N e w York : 
Macmillan .  (Origina l  woi k publishe d 1748) . 

Hume,  D .  (1978) .  A  Treatis e o f  Huma n Nature .  (L .  A .  Selby -
Bigg e Ed.) .  N e w York :  Oxfor d Universit y Press . 
(Origina l  wor k publishe d 1739) . 

Kant ,  I .  (1929) .  Critiqu e o f  Pur e Reaso n (N.K .  Smith ,  Trans.) . 
London :  Macmillan .  (Origina l  woi k publishe d 1781) . 

Kehoe,  E.J .  (1979) .  Th e rol e o f  CS-U S contiguit y  i n classica l 
conditionin g o f  th e rabbit' s  nictitatin g membran e 
respons e t o seria l  stimuli .  Learnin g an d Motivation ,  JO , 
23-38 . 

Koslowski ,  B .  &  Okagaki ,  L .  (1986) .  Non-Humea n indice s o f 
causatio n i n problem-solvin g situations :  Causa l 
mechanism ,  analogou s effects ,  an d th e statu s o f  rival 
alternativ e accounts .  Chil d Development ,  57 ,  1100-1108 . 

Koslowski ,  B. ,  Okagaki ,  L. ,  Lorenz ,  C .  &  Umbach ,  D .  (1989) . 
When Covariatio n i s no t  enough :  Th e Rol e o f  causa l 
mechanism ,  samplin g method ,  an d sampl e siz e i n causa l 
reasoning .  Chil d Development ,  60 ,  1316-1327 . 

Mackie ,  J.L .  (1974) .  Th e Cement  o f  th e Universe :  A  Stud y o f 
Causation .  Oxford :  Clarendo n Press . 

Reed,  P .  (1992 )  Effec t  o f  a  signalle d dela y betwee n a n actio n 
and outcom e o n huma n judgemen t  o f  causality .  Th e 
Quarterl y Journa l  o f  Experimenta l  Psychology ,  44B ,  81 -
100. 

Shanks ,  D.R .  an d Dickinson ,  A .  (1987) .  Associativ e account s 
of  causalit y judgment .  I n G.H .  Bowe r  (Ed.) ,  Th e 
Psycholog y o f  Learnin g an d Motivation ,  Vol .  21 .  Sa n 
Diego :  Academi c Press . 

ShulU ,  T.R .  (1982) .  Rule s o f  causa l  attribution .  Monograph s 
of  th e Societ y fo r  Researc h i n Chil d Development ,  47(1 , 
Seria l  No .  194) . 

Shultz ,  T.R .  &  Kestenbaum ,  N.R .  (1985) .  Causa l  reasonin g i n 
diadren .  Annal s o f  Chil d Development ,  2 ,  195-249 . 

Shultz ,  T.R .  &  Mendelson ,  R .  (1975) .  Th e Us e o f  covariatio n 
as a  principl e o f  causa l  analysis .  Chil d Development ,  46 , 
394-399 . 

Siegler ,  R.S .  &  Liebert ,  R.M .  (1974) .  Effect s o f  contiguity , 
regularit y an d ag e o n children' s causa l  inferences . 
Developmenta l  Psychology ,  10 ,  574-579 . 

Waldmann,  M.R .  &  Holyoak ,  K.J .  (1992) .  Predictiv e an d 
diagnosti c learnin g withi n causa l  models :  Asymmetrie s 
i n cu e competition .  Journa l  o f  Experimenta l 
Psychology :  General ,  121 ,  222-236 . 

Wasserman,  E.  (1990) .  Detectin g response-outcom e 
relations :  Towar d a n understandin g o f  th e causa l 
structur e o f  th e environmen t  I n G.H .  Bowe r  (Ed.) ,  Th e 
Psycholog y o f  Learnin g an d Motivation ,  Vol .  26 .  Sa n 
Diego :  Academic  Press . 

White ,  P.A .  (1988) .  Causa l  processing :  Origin s an d 
developmen t  Psychologica l  Bulletin ,  104 ,  36-52 . 

While ,  P.A .  (1989) .  A  Theor y o f  causa l  processing .  Britis h 
Journa l  o f  Psychology ,  80 ,  431-454 . 

White ,  P.A .  (1990) .  Idea s abou t  causatio n i n philosoph y an d 
psychology .  Psychologica l  Bulletin ,  108 ,  pp .  3-18 . 

Young ,  M.E .  (1992) .  A  Simpl e recurren t  networ k mode l  o f 
seria l  conditioning :  Implication s fo r  tempora l  even t 
representation .  Proceeding s o f  th e Fourteent h Annua l 
Conferenc e o f  th e Cognitiv e Scienc e Society .  Hillsdale , 
NJ:  Lawrenc e Erlbaum . 

1097 


	cogsci_1993_1092-1097



