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O r d e r  Effect s an d Frequenc y Learnin g i n Belie f  Updat in g 

Jiaji e Zhang' ,  Tod d R .  Johnson ^  Hongbi n Wang ' 
Departmen t  o f  Psychology ' 

Divisio n o f  Medica l  Informatics ,  Departmen t  o f  Pathology ^ 
Cente r  fo r  Cognitiv e Science'' ^ 

The Ohi o Slat e Universit y 
Columbus ,  Ohi o 4321 0 

z h a n g . 5 2 @ o s u . e d u ,  J o h n s o n . 2 5 @ o s u . e d u , 
w a n g . 1 9 0 @ o s u . e d u 

Abstrac t 

This paper examines order effects and frequency learning i n 
belie f  updating .  W e presen t  a n experimen t  tha t  test s fo r  th e 
existenc e o f  orde r  effect s fo r  actua l  decision s durin g fre -
quenc y learnin g an d fo r  belie f  evaluation s afte r  frequenc y 
learnin g i n a  realisti c tactica l  decisio n makin g task .  Th e 
experimen t  reveale d tha t  (a )  subject s showe d orde r  effect s 
fo r  actua l  decision s durin g frequenc y learning—a n effec t 
not  reporte d previousl y an d (b )  subject s stil l  showe d orde r 
effect s fo r  belie f  evaluation s eve n afte r  havin g correctl y 
learne d mos t  o f  th e frequenc y information .  W e als o presen t 
a simulatio n fo r  th e frequenc y learnin g behavio r  an d som e 
preliminar y result s o f  a  simulatio n fo r  th e orde r  effect ,  an d 
sugges t  network s fo r  potentia l  combination s o f  th e orde r 
effec t  an d frequenc y learning . 

Introduction 

A number of experiments indicate that the order in which 
evidenc e i s presente d ca n affec t  th e strengt h o f  a  person' s 
belie f  i n hypothesize d causes .  Differen t  experiment s hav e 
foun d tha t  orde r  o f  evidenc e ca n produc e n o effect ,  a  recenc y 
effect ,  o r  a  primac y effect .  Hogart h an d Einho m (1992 )  pro -
pose d a n anchorin g an d adjustmen t  mode l  o f  belie f  updatin g 
tha t  predict s whe n thes e effect s wil l  occu r  base d o n feature s 
of  th e belie f  updatin g task .  Fo r  example ,  step-by-ste p 
evaluatio n o f  belief s fo r  mixe d positiv e an d negativ e evi -
denc e item s produce s a  recenc y effect :  th e final  evaluatio n o f 
belie f  i s  mainl y determine d b y th e las t  evidenc e item .  How -
ever ,  step-by-ste p evaluatio n o f  belief s fo r  consisten t  evi -
denc e (al l  positiv e o r  al l  negative )  produce s n o effect . 

A differen t  se t  o f  studie s an d model s ar e concerne d wit h 
th e learnin g an d us e o f  frequenc y information .  W h e n condi -
tiona l  probabilit y  an d bas e rate s o f  occurrenc e ar e presente d 
explicitl y  i n term s o f  numeri c values ,  the y ar e ver y difficul t 
t o lea m an d utiliz e (se e Kahneman ,  Slovi c &  Tversky , 
1982) .  However ,  whe n the y ar e presente d i n term s o f  rea l 
event s an d occurrences ,  the y ca n ofte n b e learne d implicitl y 
and use d correctl y (e.g. ,  Christensen-Szalanski ,  &  Bushy -
head ,  1981 ;  Medi n &  Edelson ,  1988 ;  fo r  a  review ,  se e 
Hasher  &  Zacks ,  1984) .  A s a  resul t  o f  usin g rea l  event s t o 
presen t  frequency  information ,  man y o f  th e well-know n bi -
ases i n huma n probabilisti c  reasonin g (se e Kahneman , 

Slovi c &  Tversky ,  1982 )  disappear .  However ,  on e importan t 
bia s tha t  ha s ye t  t o b e studie d i n thi s are a i s th e orde r  effec t 
on belie f  updatin g describe d above . 

The studie s an d model s o f  th e orde r  effec t  ar e usuall y sepa -
rate d fro m thos e o n frequenc y learnin g an d use .  A s a  result , 
model s o f  belie f  updatin g base d o n frequency  acquisitio n 
researc h canno t  accoun t  fo r  th e complet e spectru m o f  ordo " 
effects .  I n fact ,  on e o f  th e mos t  well-know n examples ,  th e 
Rescorla-Wagne r  mode l  (Rescorl a &  Wagner ,  1972) ,  com -
pletel y ignore s th e tempora l  sequenc e o f  information .  Sinc e 
many frequency  acquisitio n task s involv e tempora l  sequence s 
of  information ,  i t  i s  importan t  t o conside r  th e join t  implica -
tion s o f  thes e tw o researc h areas .  Thi s pape r  examine s cide r 
effect s an d frequency  learnin g i n a  c o m m o n tas k environ -
ment .  W e presen t  a n experimen t  tha t  test s fo r  th e existenc e 
of  orde r  effect s durin g an d afte r  th e acquisitio n o f  frequency 
informatio n i n a  natura l  setting .  Th e experimen t  reveale d 
tha t  (a )  subject s showe d orde r  effect s fo r  actua l  decision s 
durin g frequenc y learning—a n effec t  no t  reporte d previousl y 
and (b )  subject s stil l  showe d orde r  effect s fo r  belie f  evalua -
tion s eve n afte r  havin g correcd y learne d mos t  o f  th e fre-
quenc y information .  W e als o presen t  a  simulatio n fo r  th e 
frequency  learnin g behavio r  an d som e preliminar y result s o f 
a simulatio n fo r  th e orde r  effect ,  an d sugges t  network s fo r 
potentia l  combination s o f  th e orde r  effec t  an d frequency 
learning . 

Experiment 

The experimental task was implemented on the CIC 
(Combat  Informatio n Center )  simulato r  develope d b y Town e 
(1995 )  fo r  th e U S Navy .  Figur e 1  show s a  simplifie d lada r 
displa y o f  th e C I C simulator .  I t  show s a n unknow n airplan e 
headin g towar d th e Nava l  shi p whic h i s a t  th e cente r  o f  th e 
rada r  display .  Th e captai n o f  th e shi p ca n chec k whethe r  th e 
targe t  i s o n o r  of f  a  commercia l  ai r  rout e b y clickin g th e 
rout e butto n t o displa y al l  availabl e routes .  H e ca n als o sen d 
a radi o verba l  warnin g t o reques t  th e targe t  t o identif y itsel f 
by clickin g th e warnin g button .  Th e targe t  ma y o r  ma y no t 
respon d t o th e warning .  I n thi s experiment ,  whe n i t  respond s 
t o th e warning ,  i t  alway s identifie s itsel f  a s a  commercia l 
airplane .  Th e targe t  ca n b e eithe r  friendl y o r  hostile .  Th e 
tas k i s t o us e th e informatio n abou t  th e ai r  rout e an d th e 
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infonnatio n abou t  th e identit y (ID )  obtaine d from  th e radi o 
warnin g t o identif y whethe r  th e targe t  i s friendly  o r  hostile . 
The constrain t  o f  th e tas k i s tha t  th e tw o evidenc e item s 
(rout e an d ID )  ca n onl y b e obtaine d sequentially ,  on e a t  a 
time .  Th e orde r  ca n b e eithe r  rout e followe d b y I D o r  I D 
followe d b y route . 

The experimen t  test s thre e hypotheses .  T h e first  hypothe -
si s i s abou t  frequenc y learning .  I n a  give n geopolitica l  envi -
ronment ,  ther e ar e certai n conditiona l  probabilitie s abou t 
whethe r  th e targe t  i s friendly  o r  hostil e give n th e tw o evi -
denc e items .  W h e n subject s ar e traine d o n th e tas k m a n y 
time s wit h a  fixed  bas e rat e an d conditiona l  probabilities , 
the y ca n implicitl y  an d accuratel y acquir e mos t  o f  th e fre-
quenc y information .  T h e secon d hypothesi s i s abou t  th e 
orde r  effec t  fo r  belie f  evaluations .  Previou s studie s sho w tha t 
when frequency  informatio n i s accuratel y an d implicitl y 
learne d i n actua l  events ,  certai n biase s suc h a s th e bas e rat e 
fallac y ca n b e eliminated .  W e tes t  th e hypothesi s tha t  eve n i f 
most  o f  th e frequency  informatio n i s acquire d implicitl y  an d 
accurately ,  th e oidC T effec t  fo r  belie f  evaulations ,  a  specia l 
typ e o f  bias ,  stil l  exists .  Tha t  is ,  whe n th e tw o evidenc e 
item s ar e [nesente d on e b y on e i n differen t  tempora l  orders , 
th e final  evaluation s o f  hypothese s abou t  th e fiiendliness  o f 
th e targe t  ar e differen t  T h e thir d hypothesi s i s abou t  th e 
orde r  effec t  fo r  actua l  decisions .  Previou s studie s showe d 
orde r  effect s onl y fo r  belie f  evaluations ,  no t  fo r  actua l  deci -
sions .  W e tes t  th e hypothesi s tha t  subject s sho w orde r  ef -
fect s fo r  actua l  decision s durin g frequency  learning . 

chec k commercia l 
ai r  rout e 

send radi o 
warnin g 

Figur e 1 .  A  simplifie d rada r  displa y o n th e C I C simulator . 
See tex t  fo r  details . 

M e t h o d 

Subjects. The subjects were 40 undergraduate students 
i n introductor y psycholog y course s a t  Th e Ohi o Stat e Uni -
versit y w h o participate d i n th e experimen t  fo r  cours e credit . 

Desig n &  Procedure .  Ther e wer e tw o evidenc e items : 
rout e an d ID .  Rout e indicate s whethe r  th e targe t  i s o n o r  of f 
a commercia l  ai r  route .  I D indicate s whethe r  ther e i s an y 
respons e from  th e u n k n o w n targe t  t o a  radi o warnin g issue d 
from  th e ship .  Th e tw o evidenc e item s wer e presente d i n tw o 

differen t  orders :  Route-I D orde r  i n whic h rout e informatio n 
was collecte d first,  followe d b y I D information ;  ID-Rout e 
orde r  i n whic h I D informatio n wa s collecte d first,  followe d 
by Rout e information .  Afte r  havin g collecte d bot h evidenc e 
items ,  subject s mad e a  forced-choic e respons e indicatin g 
whethe r  th e unknow n targe t  wa s friendly  o r  hostile .  Alte r 
eac h response ,  subject s wer e give n feedbac k indicatin g 
whethe r  th e respons e wa s correc t  o r  incorrect .  Eac h subjec t 
performe d 5 0 trials .  T h e conditiona l  probabilitie s o f  hostil -
it y  an d friendlines s fo r  a  give n se t  o f  eviden t  item s ar e 
show n i n Tabl e 1 .  Fo r  hal f  o f  th e 4 0 subjects ,  th e tw o evi -
denc e item s wer e alway s presente d i n th e Route-I D orde r  fo r 
al l  5 0 trials ;  fo r  th e othe r  half ,  i n th e ID-Rout e orde r  fo r  al l 
5 0 trails .  T h e 5 0 trial s fo r  eac h subjec t  constitute d th e learn -
in g phas e fo r  th e acquisitio n o f  frequency  information . 

Afte r  5 0 trials ,  eac h subjec t  wa s give n a  writte n question -
nair e requestin g belie f  evaluation s abou t  th e hostilit y  an d 
friendlines s o f  th e unknow n targe t  afte r  th e presentatio n o f  a 
baselin e fac t  an d eac h o f  th e tw o evidenc e items .  I n th e ques -
tionnaire ,  Rout e w a s alway s negativ e (th e plan e wa s no t  o n 
a conmiercia l  route )  an d I D wa s alway s positiv e (th e plan e 
indicate d tha t  i t  wa s a  conmiercia l  plane) .  Fo r  hal f  o f  th e 2 0 
subject s receivin g eac h o f  th e tw o trainin g order s (Route-I D 
and ID-Route )  o f  th e 5 0 trials ,  th e evaluatio n orde r  o f  th e 
evidenc e item s wa s Route-ID ;  an d fo r  th e othe r  half ,  th e 
evaluatio n orde r  wa s ID-Route .  Fo r  example ,  a n evaluatio n 
orde r  o f  Route-I D i s show n i n Figur e 2 .  T h e writte n ques -
tionnair e constitute d th e evaluatio n phas e fo r  belie f  evalua -
tions . 

Thus ,  thi s experimen t  wa s a  2 x 2 between-subjec t  design , 
wit h th e tw o learnin g order s a s on e facto r  an d th e tw o 
evaluatio n order s a s anothe r  factor . 

/ .  Yo u se e a  plan e whic h i s gettin g close r  t o you r  ship . 
On a  scal e from 0  t o 10 0 (wit h 0  bein g tota l  disbelie f 
an d 10 0 tota l  belief )  pleas e rat e you r  belie f  i n th e fol -
lowin g hypotheses : 

1.  H o w likel y d o yo u thin k th e plan e i s hostile ? 
2.  H o w likel y d o yo u thin k th e plan e i s friendly ? 

2.  Afte r  consultin g commercia l  ai r  routes ,  yo u discove r 
tha t  th e plan e i s no t  o n a  commercia l  ai r  route .  Give n 
thi s ne w information ,  pleas e answe r  th e followin g 
questions .  Again ,  expres s you r  answe r  o n a  scal e o f  0 
t o 10 0 wit h 0  bein g tota l  disbelie f  an d 10 0 bein g to -
ta l  belie f 

1.  H o w likel y d o yo u thin k th e plan e i s friendly? 
2.  H o w likel y d o yo u thin k th e plan e i s hostil e ? 

3.  Whe n yo u aske d th e plan e t o identif y itsel f  th e plan e 
identifie s itsel f  a s a  commercia l  airplane .  Give n thi s 
ne w information ,  pleas e answe r  th e followin g ques -
tions .  Again ,  expres s you r  answe r  o n a  scal e o f  0  t o 
10 0 wit h 0  bein g tota l  disbelie f  an d 10 0 bein g tota l 
belie f 

1.  H o w likel y d o yo u thin k th e plan e i s friendly ? 
2.  H o w likel y d o yo u thin k th e plan e i s hostile ? 

Figure 2. The questionnaire for the Route-ID evaluation 
order . 
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Rout e 

+ 
+ 

-

I D 
+ 

+ 

Tabl e 1 .  Probabilit y 

p(Friendl y 1  Route ) 
0.8 0 
0.8 0 
0.2 0 
0.2 0 

Distributio n o f  Learnin g 

p(Friendl y 1  ID ) 
0.8 0 
0.2 0 
0.8 0 
0.2 0 

Trial s 

p(Friendl y IRoute ,  ID ) 
0.9 4 
0.5 0 
0.5 0 
0.0 6 

Theor y Route-I D H ID-Rout e [~1 Simulatio n 

X 

X 

1 v o 

p(FIR+ )  p(FIR- )  p(FIID+ )  p(FIID- )  p( F IR+ID+ )  p(FIR-ID- )  p(FIR+ID- )  p(FIR-ID+ ) 

Figure 3. Conditional probabilities from theoretical calculation (Bayes rule), the experiment, and the simulation using the 
Rescorla-Wagne r  rule . 

Result s &  Discussio n 

Frequency Learning. The responses of the 50 trials by 
eac h subjec t  wer e transforme d int o conditiona l  probabilities , 
whic h wer e the n average d acros s th e 2 0 subject s fo r  th e 
Route-I D learnin g orde r  an d acros s th e 2 0 subject s fo r  th e 
ID-Rout e learnin g order .  Th e result s ar e show n i n Figur e 3 
unde r  Route-I D an d ID-Route . 

The conditiona l  probabilitie s fro m th e experimen t  wer e 
compare d wit h thei r  correspondin g theoretica l  values .  Fo r 
th e Route-I D learnin g orde r  ,  p(FIID+) ,  p(FIID-) ,  an d p(FIR -
ID- )  wer e significantl y differen t  fro m th e theoretica l  value s 
(smalles t  t(19 )  =  2.82 ,  p  <  0.05) ;  p(FIR+) ,  p(FIR-) , 
p(FIR+ID-) ,  p(FIR-ID+) ,  an d p(FIR+ID+ )  wer e no t  signifi -

cantl y differen t  fro m th e theoretica l  value s (larges t  t(19 )  = 
2.0 ,  p  >  0.05) .  Fo r  th e ID-Rout e order ,  p(FIID+) ,  p(FIID-) , 
p(FIR-ID-) ,  p(FIR+ID-) ,  an d p(FIR-ID+ )  wer e significantl y 
differen t  fro m thei r  theoretica l  value s (smalles t  t(19 )  =  2.26 , 
p <  0.05) ;  p(FIR+) ,  p(FIR-) ,  an d p(FIR+ID+ )  wer e no t  sig -
nificantl y differen t  fro m th e theoretica l  value s (larges t  t(19 ) 
= 1.31 ,  p  >  0.20) .  Thes e result s indicat e tw o findings.  First , 
subject s correctl y learne d som e o f  th e conditiona l  probabili -
tie s bu t  no t  all ,  an d mor e fo r  th e Route-I D orde r  tha n fo r  th e 
ID-Rout e order .  Second ,  I D wa s a  les s objectiv e evidenc e 
ite m tha n Route :  p(FIID+ )  wa s smalle r  tha n it s theoretica l 
valu e bu t  p(FIR+ )  wa s no t  differen t  Iro m it s theoretica l 
value .  Thi s migh t  b e becaus e Rout e wa s alway s objectivel y 
observe d fro m th e rada r  displa y wherea s I D wa s obtaine d 
fro m possibl y deceptiv e radi o communication . 
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The conditiona l  probabilitie s from  th e tw o differen t  learn -
in g order s wer e als o compare d wit h eac h other .  Th e onl y 
significan t  differenc e wa s p(FIR-ID+ )  (F(l ,  38 )  =  4.52 ,  p  < 
0.05) .  Thi s i s  clearl y a  recenc y orde r  effect :  p(FIR-ID+ )  fo r 
th e Route-E )  orde r  wa s large r  tha n p (ER- ID+ )  fo r  th e IE> -
Rout e Olde r  becaus e th e las t  evidenc e ite m i n th e Route-I D 
orde r  wa s positiv e (ID+ )  wherea s tha t  i n th e ID-Rout e rader 
was negativ e (R-) .  A  simila r  orde r  effec t  wa s als o observe d 
fo r  p(FIR+ID- )  althoug h th e diffoenc e betwee n th e tw o 
learnin g wder s wa s no t  statisticall y significant .  Thi s resul t 
i s a n indicatio n tha t  subject s showe d ofxk r  effect s fo r  actua l 
decision s durin g frequency  learning . 

Belie f  Evaluation .  T h e result s o f  belie f  evaluation s af -
te r  th e learnin g phas e ar e show n i n Figur e 4 .  Fo r  bot h learn -
in g orders ,  ther e wa s a  clea r  orde r  effect :  whe n th e tw o evi -
denc e item s (positiv e ID ,  negativ e Route )  wer e presente d i n 
differen t  tempora l  orders ,  th e fina l  friendlines s evaluation s o f 
th e unknow n targe t  wer e different .  A n A N O V A fo r  th e fina l 
evaluation s o f  friendlines s wa s conducte d fo r  th e tw o learn -
in g order s an d tw o evaluatio n orders .  Th e mai n effec t  fo r  th e 
tw o learnin g order s wa s significan t  (F(l ,  38 )  =  4.32 ,  p  < 
0.05) ,  indicatin g tha t  th e learnin g orde r  Route-I D produced  a 
mor e hostil e evaluatio n tha n th e learnin g orde r  ID-Route . 
The mai n effec t  fo r  th e tw o evaluatio n order s wa s als o sig -
nifican t  (F(l ,  38 )  =  13.41 ,  p  <  0.001) ,  indicatin g tha t  th e 
evaluatio n orde r  Route-I D produce d a  mor e friendly  evalua -
tio n tha n th e evaluatio n orde r  ID-Route .  Thi s orde r  effec t  fo r 
evaluation s wa s a  recenc y effect ,  a s predicte d b y Hogart h an d 
Einhorn' s model :  th e final  evaluatio n o f  friendliness  wa s 
determine d b y th e las t  evidenc e item .  Fo r  th e Route-I D 
evaluatio n order ,  th e las t  evidenc e I D wa s positive ,  produc -
in g a  mor e friendl y evaluation .  I n conu-ast ,  fo r  th e ID-Rout e 
evaluatio n order ,  th e las t  evidenc e Rout e wa s negative ,  pro -
ducin g a  mor e hostil e evaluation .  Th e interactio n betwee n 
learnin g orde r  an d evaluatio n wa s no t  significan t  (F(l ,  38 )  = 
0.53 .  p  =  0.47) . 

S i m u l a t i o n :  F r e q u e n c y L e a r n i n g 

The experiment shows that subjects could learn most of the 
frequency  informatio n implicitl y  an d accurately .  Thi s sectio n 
describe s a  connectionis t  simulatio n o f  frequency  learnin g 
base d o n th e Rescorla-Wagne r  rul e (Rescorl a &  Wagner , 
1972) . 

The Rescorla-Wagne r  rul e wa s initiall y  propose d fo r  clas -
sica l  conditionin g i n anima l  associativ e learnin g an d late r 
extende d fo r  huma n learnin g (e.g. ,  Gluc k &  Bower ,  1988) .  I t 
i s  sensitiv e t o frequencies  o f  observation s an d conditiona l 
probabilities .  Le t  w, ^  denot e th e strengt h o f  associatio n be -
twee n observatio n o /  an d hypothesi s hi .  I f  h i  i s  a  correc t 

hypothesi s fo r  observatio n oj ,  the n th e weigh t  chang e i s 

A wy =r;o,(max-^M',y) ,  wher e t )  i s th e learnin g rate ,  o, -

reflects the reliability of the observation, max is the maxi-
m um possibl e leve l  o f  associativ e strengt h tha t  ca n b e asso -
ciate d wit h eac h hypothesi s uni t  h j  an d ] ^  w ^  i s  th e tota l 

ie o 
associativ e strengt h fo r  th e hypothesi s h j  tha t  connect s al l 

observation s presen t  o n tha t  trial .  I f  th e hypothesi s h j  i s a n 

incorrec t  hypothesi s fo r  observatio n o,- ,  the n th e associativ e 

strengt h betwee n o ,  an d h j  decreases .  Th e weigh t  chang e i s 
Aw, j  =  -7JO ,  ̂  Wy .  Afte r  a  serie s o f  trials ,  wj j  wil l  reflect 

the conditional probability of the hypothesis hi given the 

observatio n o, . 
Figur e 5  show s a  simpl e networ k use d t o simulat e th e ex -

perimenta l  tas k describe d previously .  Th e fou r  observatio n 
unit s represen t  th e fou r  possibl e outcome s o f  th e tw o evi -
denc e items :  Rout e positiv e (R+) ,  Rout e negativ e (R-) ,  I D 
positiv e (ID+) ,  an d I D negativ e (ID-) .  Th e tw o hypothesi s 
unit s represen t  th e tw o possibl e outcome s o f  th e evaluation : 
Friendl y (F )  an d Hostil e (H) . 
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Figur e 4 .  Th e evaluation s o f  friendlines s fo r  th e tw o differen t  evaluatio n order s unde r  th e tw o differen t  learnin g orders . 
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Tabl e 2 .  Th e Estimatio n o f  Conditiona l  Probabilitie s fo r  On e Evidenc e Ite m 

inpu t  pattern s 
R+ R-  ID + ID -

1 0 1 0 
10 0 1 
O l i o 
0 1 0 1 

pro b o f  pattern s 

P 
0.3 4 
0.1 6 
0.1 6 
0.3 4 

outpu t  activatio n 
0(F ) 

0.92 4 
0.51 9 
0.48 7 
0.08 2 

o(H ) 

0.07 2 
0.46 7 
0.51 5 
0.91 0 

p x outpu t  X  10 0 1 

Friendl y 
31.4 2 
8.3 0 
7.7 9 
2.7 9 

Hostil e 

2.4 5 
7.4 7 
8.2 4 

30.9 4 

Figur e 5 .  A  simpl e networ k use d t o simulat e th e experi -
menta l  task .  Th e Rescoria-Wagne r  learnin g rul e wa s used . 
The weight s ar e th e averag e o f  th e weight s learne d b y th e 
networ k acros s 2 0 simulate d subject s wit h 5 0 trial s fo r  eac h 
simulate d subject . 

Me tho d 

Subjects. 20 simulated subjects were trained on the 
network . 

Materials .  Th e 5 0 trial s use d i n th e experimen t  wer e th e 
50 trial s fo r  th e simulate d subjects .  Th e presentation s o f  th e 
50 trial s wer e randomize d fo r  eac h simulate d subject .  Th e 
conditiona l  probabilitie s o f  outcome s give n condition s o f 
th e tw o evidenc e item s wer e identica l  t o thos e i n th e ex -
periment ,  whic h ar e show n i n Tabl e 1 . 

Desig n &  Procedure .  Th e orde r  effec t  o f  th e presenta -
tio n o f  th e evidenc e item s wa s no t  considere d i n thi s simula -
tio n becaus e Rescorla-Wagne r  rul e canno t  dea l  wit h tempora l 
orders .  Th e tw o evidenc e item s fo r  eac h tria l  wer e encode d a s 
fou r  observatio n unit s (R+ ,  R- ,  ID+ ,  ID-) .  Fo r  example , 
positiv e Rout e an d negativ e I D wer e encode d a s (1 ,  0 ,  0 ,  1) . 
The outcom e fo r  eac h tria l  wa s encode d a s tw o competin g 
hypothesi s unit s (F ,  H ) .  Fo r  example ,  friendl y wa s encode d 
as (1 ,  0) . 

The parameter s o f  Rescorla-Wagne r  rul e wer e a s follows : 
ri  =  0.1 ;  ma x =  1 ;  initia l  weight s =  0 .  Fo r  eac h simulate d 
subject ,  th e 5 0 trial s wer e onl y presente d once ,  sam e a s i n 
th e experiment .  Th e weight s wer e update d afte r  eac h trial . 

Result 

The final weights of the 20 simulated subjects were aver-
aged ,  whic h ar e show n i n Figur e 5 .  Thes e weight s wer e use d 
t o estimat e th e conditiona l  probabilitie s o f  friendlines s an d 
hostilit y  fo r  differen t  combination s o f  th e tw o evidenc e 
items . 

The calculatio n o f  p( F I  R ,  ID )  i s straightforward .  Fo r  ex -
ample ,  i f  w e us e o(F )  an d o(H )  t o indicat e th e activatio n 
value s o f  th e friendl y an d hostil e units ,  the n 

p( F I  R+ ,  ID-h ) 
= o(F)/(o(F)+o(H) ) 
= (Wn,*+WnD )̂/((wFR^+WF„>^>+(w„R^+WHn>.) ) 
= (0.470+0.454)/((0.470+0.454)+(0.024-h0.048) ) 
= 0.9 3 

Similarly ,  w e ca n ge t  p( F I  R+ .  ID- )  =  0.53 ;  p( F I  R- , 
ID-t- )  =  0.49 ;  p( F I  R- ,  ID- )  =  0.08 .  Thes e p  value s ar e 
shown i n Figur e 3 . 

To estimat e p( F I  R )  an d p( F I  ID) ,  w e nee d a  differen t 
procedur e becaus e w e canno t  us e th e rati o o f  activatio n val -
ues o r  th e rati o o f  weight s directl y fo r  th e followin g reason . 
Suppos e w e hav e a n inpu t  vecto r  (R+ ,  R- ,  ID+ ,  ID-) .  I n a n 
actua l  inpu t  pattern ,  on e o f  th e tw o R s i s 1  an d th e othe r  i s 
0 an d on e o f  th e tw o ID s i s 1  an d th e othe r  i s 0 ,  e.g. ,  (1,0 , 
1,  0) .  T o estimat e p( F IR+) ,  fo r  example ,  w e nee d a n inpu t 
patter n (1 ,  0 ,  0 ,  0) ,  whic h i s a  patter n neve r  presente d i n th e 
trainin g set .  Thus ,  i n orde r  t o estimat e p( F I  R )  an d p( F I 
ID) ,  w e nee d t o conside r  th e distributio n o f  th e 5 0 trainin g 
patterns ,  a s show n i n Tabl e 2 .  Fo r  example ,  t o calculat e p( F 
IR+) ,  w e nee d t o conside r  al l  th e pattern s i n th e 5 0 trainin g 
pattern s tha t  contai n th e patter n (1 ,  0 ,  0 ,  0) ,  whic h ar e (1 ,  0 , 
1,  0 )  an d (1 ,  0 ,  0 ,  1) .  Give n th e inpu t  (1 ,  0 ,  1 ,  0) ,  th e out -
put  activatio n o f  F  i s 0.924 ,  whic h i s the n weighte d b y th e 
probabilit y  o f  thi s patter n (0.34 )  acros s th e 5 0 trainin g pat -
terns ,  producin g a  produc t  0.3142 .  Similarly ,  w e ca n ge t  th e 
weighte d outpu t  activatio n fo r  H  (0.0245 )  fo r  th e sam e pat -
ter n an d thos e fo r  F  an d H  fo r  patter n (1 ,  0 ,  0 ,  1) :  0.08 3 an d 
0.0747 .  Fro m thes e values ,  w e ge t 

p( F I  R+ ) 
= (31.42+8.30)/((31.42+8.30)+(2.45+7.47) ) 
= 0.8 0 
Similarly ,  w e ca n ge t  p( F I  R- )  =  0.20 ;  p( F IID+ )  =  0.79 ; 

p( F I  ID- )  =  0.21) .  Thes e p  value s ar e als o show n i n Fig -
ur e 3 . 

Fro m Figur e 3  w e ca n se e tha t  th e conditiona l  probabili -
tie s learne d b y th e Rescorla-Wagne r  rul e ar e identica l  t o th e 
theoretica l  values .  Thi s indicate s tha t  th e Rescorla-Wagne r 
rul e accuratel y learne d conditiona l  probabilities . 

Discussion and Conclusion 

The experimental results supported our three hypotheses: (a) 
most  o f  th e frequency  informatio n wa s learne d impUcitl y  an d 
accurately ,  (b )  ther e wa s a n orde r  effec t  fo r  belie f  evaluatio n 
afte r  frequenc y learning ,  an d (c )  ther e wa s als o a n orde r  effec t 
fo r  actua l  decision s durin g frequenc y learning .  Th e first 
uniqu e contributio n o f  th e presen t  experimen t  i s tha t  i t 
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shows tha t  th e orde r  effec t  coul d no t  b e eliminate d eve n i f 
most  o f  th e frequenc y informatio n wa s learne d implicitl y an d 
accurately .  Thi s i s i n contras t  wit h previou s studie s whic h 
sho w tha t  whe n frequency  informatio n i s  learne d implicitl y 
and accurately ,  certai n biase s suc h a s th e bas e rat e fallac y ca n 
be eliminated .  Th e secon d uniqu e contributio n o f  th e presen t 
experimen t  i s th e demonstratio n o f  orde r  effect s fo r  actua l 
decisions ,  whic h hav e no t  bee n repotte d previousl y i n th e 
literature . 

The simulatio n result s o n frequency  learnin g wit h th e 
Rescorla-Wagne r  rul e wer e identica l  t o th e theoretica l  value s 
and ver y clos e t o th e value s learne d b y huma n subjects .  I t 
indicate s tha t  th e Rescorla-Wagne r  rul e ca n accoun t  fo r  bot h 
theoretica l  an d empirica l  dat a o n frequency  learning .  I n addi -
tio n t o th e Rescorla-Wagne r  rule ,  w e als o trie d a  simpl e 
recurren t  ne t  (Elman ,  1993 )  an d a  reinforcemen t  ne t  (Sutton , 
1988 )  t o simulat e th e ordo -  effect .  Th e simulatio n result s 
sho w tha t  bot h type s o f  network s coul d produc e orde r  effect s 
fo r  th e orde r  use d fo r  trainin g bu t  the y coul d no t  b e general -
ize d t o a  ne w orde r  no t  presen t  i n th e training .  Othe r  type s 
of  network s ar e bein g examine d fo r  th e orde r  effect .  Th e 
high-leve l  objectiv e o f  ou r  simulatio n studie s i s t o fm d a 
singl e architectur e tha t  ca n no t  onl y lear n frequenc y informa -
tio n bu t  als o produc e th e ful l  rang e o f  orde r  effects . 
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