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PREFACE 
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t h e  N a t i o n a l  Aeronau t ics  and Space A d m i n i s t r a t i o n  under Grant  NGR 23-005-171 

t o  t h e  Engineer ing Psychology Labora to ry ,  U n i v e r s i t y  of Michigan,  moni tored 

by t h e  Ames Research C e n t e r ,  NASA. 

This  r e p o r t  was a l s o  a d i s s e r t a t i o n  submi t t ed  by t h e  a u t h o r  i n  

p a r t i a l  f u l f i l l m e n t  of t h e  d e g r e e  of Doctor of Phi losophy (Psychology) 

i n  t h e  U n i v e r s i t y  of Michigan,  1969. The d o c t o r a l  d i s s e r t a t i o n  committee 

w a s :  A s s o c i a t e  P r o f e s s o r  Cameron R. P e t e r s o n ,  Chairman; A s s o c i a t e  P r o f e s s o r  

Wi l f red  Kinca id ;  A s s o c i a t e  P r o f e s s o r  Richard W .  Pew; and A s s o c i a t e  

P r o f e s s o r  Danie l  J .  Weintraub.  I wish t o  e x p r e s s  my s i n c e r e  g r a t i t u d e  

t o  D r .  Cameron R. P e t e r s o n  f o r  h i s  w a r m  encouragement and v a l u a b l e  a d v i c e  

n o t  o n l y  on t h i s  paper  b u t  th roughout  my g r a d u a t e  c a r e e r .  
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ABSTRACT 

Conserva t ive  human i n f e r e n c e  has  been a t t r i b u t e d  t o  misper-  

c e p t i o n  o r  misaggrega t ion  of d a t a ,  b u t  i t  may b e  caused by r e s p o n s e  

b i a s e s .  I n  t h e  p r e s e n t  exper iments  s u b j e c t s  r e v i s e d  odds e s t i m a t e s  

abou t  which of two normal d i s t r i b u t i o n  d a t a  g e n e r a t o r s  were be ing  

sampled. An a n a l y s i s  of s p e c i a l  sequences  and a p l o t  of r e v i s e d  

odds a g a i n s t  t h e o r e t i c a l  odds i n  Experiment I showed a b i a s  i n  

s u b j e c t s '  r e sponse  f u n c t i o n s .  They r e v i s e d  odds o p t i m a l l y  on ly  over  

a range  of + 1 . 0  l o g  odds.  When t h e  exper imente r  set d i f f e r e n t  l e v e l s  

of p r i o r  odds,  s u b j e c t s  s h i f t e d  t h e i r  r esponse  f u n c t i o n s  s o  t h a t  t h e  

o p t i m a l  range  c e n t e r e d  around t h e  s e t  p r i o r  odds.  A second exper iment  

showed t h a t  t h e  b i a s e d  f u n c t i o n s  remained i n v a r i a t e  over  changes i n  d a t a  

g e n e r a t o r  f a m i l i a r i t y  and d i a g n o s t i c i t y .  S u b j e c t s  were b i a s e d  over  e i t h e r  

cumula t ive  ev idence  impact o r  t h e  number sys tem,  b u t  w i t h i n  t h e i r  o p t i m a l  

range  t h e y  n e i t h e r  misaggrega ted  nor  misperce ived  d a t a .  



INTRODUCTION 

Of the  many k inds  of e r r o r s  men a r e  known t o  make, one 

p a r t i c u l a r  kind has been t h e  focus of a  cons iderable  number of ex- 

periments i n  t h e  f i e l d  of dec i s ion  theory.  The e r r o r  shows up when 

human opinion r e v i s i o n s  a r e  compared t o  t h e  r e v i s i o n s  of t h e  opt imal  

model, Bayes's theorem. The comparison t y p i c a l l y  shows t h a t  humans 

a r e  conserva t ive ,  they do not  r e v i s e  t h e i r  opinions,  o r  p r o b a b i l i t i e s ,  

s u f f i c i e n t l y  i n  t h e  l i g h t  of new information.  They change i n  t h e  r i g h t  

d i r e c t i o n ,  but  no t  enough. 

The f a c t  t h a t  people r e v i s e  p r o b a b i l i t i e s  i n  a  conserva t ive  

fash ion  i s  of much i n t e r e s t  on both t h e o r e t i c a l  and p r a c t i c a l  grounds. 

Theore t i ca l ly  t h e r e  a r e  two b a s i c  ques t ions  a  person must answer when 

making any dec i s ion ;  "what 's  a t  s take?"  and "what a r e  t h e  odds?" I n  

many dec is ion  s i t u a t i o n s  t h e  p r o b a b i l i t i e s ,  o r  odds, over t h e  va r ious  

s t a t e s  of t h e  world change a s  new information comes i n .  I f  people cannot 

accu ra t e ly  keep up wi th  t h e s e  changes, they w i l l  make suboptimal dec i s ions .  

I n  p r a c t i c a l  a p p l i c a t i o n s  of dec i s ion  t h e o r e t i c  techniques i t  has been 

suggested t h a t  men should provide t h e  p r o b a b i l i s t i c  i npu t s  t o  r e a l  world 

d i agnos t i c  systems, e .g . ,  m i l i t a r y  i n t e l l i g e n c e  systems. But i f  men's 

p r o b a b i l i t y  r e v i s i o n s  a r e  i n  e r r o r ,  t h e  system may a r r i v e  a t  f a u l t y  

diagnoses.  For t hese  reasons much a t t e n t i o n  has been d i r e c t e d  towards 

determining t h e  na tu re  o f ,  and causes f o r ,  conserva t ive  human in fe rence .  
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Prev ious  Explana t ions  of Conservat ism 

Of t h e  s e v e r a l  e x p l a n a t i o n s  of conserva t i sm which have been 

pu t  forward ( f o r  a rev iew s e e  Du Charme, 1969) ,  two have r e c e i v e d  t h e  

most a t t e n t i o n .  Edwards (1968) h a s  d i s c u s s e d  t h e  evidence f o r  t h e s e  

two e x p l a n a t i o n s  c a l l e d  misaggrega t ion ,  and m i s p e r c e p t i o n ,  and some 

of t h i s  p r e s e n t a t i o n  w i l l  b e  drawn from Edwards' paper .  A b r i e f  look  

a t  Bayes 's  theorem w i l l  make t h e  d i s c u s s i o n  somewhat e a s i e r  t o  f o l l o w .  

The theorem s t a t e s  t h a t  t h e  p r o b a b i l i t y  P  of a  h y p o t h e s i s  H g i v e n  t h e  

occur rence  of a  datum D is  

I f  we have two m u t u a l l y  e x c l u s i v e  hypotheses  H and H2,  and we w r i t e  o u t  1 

Equa t ion  1 f o r  each h y p o t h e s i s  and t h e n  d i v i d e  one e q u a t i o n  by t h e  o t h e r  t h e  

r e s u l t  i s :  

Equa t ion  2 can be  r e w r i t t e n  a s  

where t h e  p r i o r  odds  R a r e  e q u a l  t o  P(H ) ,  t h e  l i k e l i h o o d  r a t i o  L i s  e q u a l  
0 1 

P (H2) 

t o  P ( D ~ H ~ )  and t h e  p o s t e r i o r  odds R a r e  e q u a l  t o  
1 

'z$p 
I n  t y p i c a l  p r o b a b i l i t y  r e v i s i o n  exper iments  t h e  two hypotheses  a r e  b inomia l  

p o p u l a t i o n s ,  and t h e  d a t a  c o n s i s t  of b inomia l  e v e n t s  drawn from one o r  t h e  
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o t h e r  of t h e  p o p u l a t i o n s .  

Both t h e  m i s p e r c e p t i o n  and t h e  misaggrega t ion  hypotheses  assume t h a t  

peop le  d e v i a t e  from t h e  Bayesian model f o r  o p i n i o n  r e v i s i o n .  The m i s p e r c e p t i o n  

h y p o t h e s i s  s a y s  t h a t  peop le  always f a i l  t o  u s e  t h e  c o r r e c t  l i k e l i h o o d  r a t i o  

(L i n  Equat ion 3 )  when t h e y  r e v i s e  t h e i r  odds o r  p r o b a b i l i t i e s .  They m i s -  

p e r c e i v e  t h e  d i a g n o s t i c  impact of t h e  datum t h e y  a r e  p r o c e s s i n g .  The 

h y p o t h e s i s  f u r t h e r  asserts t h a t  t h e s e  i n c o r r e c t  l i k e l i h o o d  r a t i o s  a r e  a lways 

p r o p e r l y  combined o r  aggrega ted ,  i . e . ,  m u l t i p l i e d  by t h e  p r i o r  odds  a c c o r d i n g  

t o  Bayes ' s  theorem. The misaggrega t ion  h y p o t h e s i s  a s s e r t s  j u s t  t h e  o p p o s i t e .  

It s t a t e s  t h a t  peop le  p e r c e i v e  d i a g n o s t i c  impact a c c u r a t e l y ,  t h e  l i k e l i h o o d  

r a t i o s  t h e y  u s e  a r e  c o r r e c t ,  b u t  t h a t  t h e y  always f a i l  t o  p r o p e r l y  combine 

t h e  l i k e l i h o o d  r a t i o s  w i t h  t h e  p r i o r  odds.  They never  a g g r e g a t e  t h e  d a t a  

and t h e  p r i o r  odds accord ing  t o  Bayes 's  theorem, i . e . ,  m u l t i p l i c a t i v e l y .  

Although t h e s e  two hypotheses  about  t h e  c a u s e  of conserva t i sm a r e  q u i t e  

d i f f e r e n t ,  i t  may b e ,  as Edwards (1968) s u g g e s t s ,  t h a t  b o t h  a r e  t r u e .  S u b j e c t s  

may b o t h  m i s p e r c e i v e  and misaggrega te  d a t a .  What does  t h e  ev idence  show? 

Beach h a s  championed t h e  m i s p e r c e p t i o n  c a u s e  and c a r r i e d  o u t  s e v e r a l  

exper iments  t e s t i n g  i t .  He and o t h e r s  have found a  v a r i e t y  of ev idence  

suppor t ing  t h e  h y p o t h e s i s  i n c l u d i n g  s u c c e s s f u l  checks  of t h e  i n t e r n a l  con- 

s i s t e n c y  of r e v i s e d  p r o b a b i l i t i e s  (Beach, 1966; P e t e r s o n ,  U l e h l a ,  Miller, 

Bourne & S t i l s o n ,  1965) ;  demons t ra t ions  t h a t  s u b j e c t i v e  sampling d i s t r i b u t i o n s  

are t o o  f l a t  as p r e d i c t e d  by t h e  h y p o t h e s i s  ( P e t e r s o n ,  Du Charme & Edwards, 

1968; Vlek & Beintema, 1967; Vlek & Van d e r  He i jden ,  1967; Wheeler & Beach, 

1968) ;  and d a t a  which show t h a t  t h e  accuracy  of 5s' p r o b a b i l i t y  r e v i s i o n s  

i n c r e a s e s  a s  t h e i r  sampling d i s t r i b u t i o n s  become more a c c u r a t e  (Wheeler 6 

Beach, 1968) . 



U n f o r t u n a t e l y ,  most of t h e s e  s u p p o r t i n g  d a t a  c a n  b e  c r i t i c i z e d  

( a s  Edwards, 1968 h a s  done) on t h e  grounds t h a t  t h e  2s were d e a l i n g  w i t h  

a l r e a d y  aggrega ted  samples .  For  example t h e  exper iments  g e n e r a l l y  show 

t h a t  g iven  t h e  3' P(D/H) e s t i m a t e s  h i s  P ( H J D )  e s t i m a t e s  a r e  t h o s e  

p r e d i c t e d  by Bayes ' s  theorem; he  c o r r e c t l y  a g g r e g a t e s  h i s  e r roneous  

l i k e l i h o o d  r a t i o s .  But t h e  exper imente r s  t y p i c a l l y  g a t h e r  P (D I H) 

e s t i m a t e s  f o r  a l r e a d y  aggrega ted  samples ,  e . g . ,  P ( D ~ ,  D 2 ,  D IH) r a t h e r  
3 

t h a n  f o r  i n d i v i d u a l  d a t a ,  e .  g . , P (Dl / H )  , P (D2 IH) , P (Dg 1 H) . Thus what t h e  

exper iments  r e a l l y  show, accord ing  t o  Edwards, i s  t h a t  e q u a l  amounts of 

conserva t i sm e x i s t  i n  t h e  two k i n d s  of a g g r e g a t i o n ,  P ( D ~  IH) and P ( H ~ D ~ ) ,  

which Ss perform. 

The m i s p e r c e p t i o n  h y p o t h e s i s  can  a l s o  be i n t e r p r e t e d  t o  mean t h a t  

Ss  assume d i f f e r e n t  d a t a  g e n e r a t o r s  t h a n  i n  f a c t  u s e s .  D i f f e r e n t  d a t a  - 

g e n e r a t o r s  w i l l  l e a d  t o  d i f f e r e n t  l i k e l i h o o d  r a t i o s .  S e v e r a l  exper iments  

suppor t  t h e  h y p o t h e s i s  t h a t  2s do sometimes assume d i f f e r e n t  d a t a  g e n e r a t o r s  

(Beach, 1968; L i c h t e n s t e i n  & Feeney, 1968; Vlek & Van d e r  He i jden ,  1969) .  

Support  f o r  t h e  misaggrega t ion  h y p o t h e s i s  comes from a  number of 

exper iments .  The e v i d e n c e  c o n s i s t s  of having 2s e s t i m a t e  b o t h  l i k e l i h o o d  

r a t i o s  and p o s t e r i o r  odds ( o r  p r o b a b i l i t i e s ) ,  and t h e n  showing t h a t  a Bayesian 

a g g r e g a t i o n  of t h e  e s t i m a t e d  l i k e l i h o o d  r a t i o s  i s  more o p t i m a l  t h a n  t h e  2s' 

own a g g r e g a t i o n s  (Edwards, P h i l l i p s ,  Hays, & Goodman, 1968; G o l d s t e i n ,  

Southard h Schum, 1967;  Gus ta f son ,  1969; Kaplan & Newrnan, 1966; P h i l l i p s ,  1966;  

Schneider  , 1965; Schum, Southard 6 Wombolt, 1969 ; wheelerL)  . S i n c e  t h e s e  

 l lo ria Wheeler, P e r s o n a l  communication, 1969. 



s t u d i e s  took p l ace  i n  s e t t i n g s  ranging from s imula t ions  of l a r g e  s c a l e  

m i l i t a r y  i n t e l l i g e n c e  systems t o  medical d iagnos is  and a b s t r a c t  l abo ra to ry  

t a s k s ,  t h e i r  unanimity is  impressive.  Misaggregation, e i t h e r  a lone  o r  

i n  combination wi th  mispercept ion,  would seem t o  c o n s t i t u t e  a good explana t ion  

of conservatism i n  human in fe rence .  But does i t?  Cer t a ip  f i nd ings  have 

been made i n  p r o b a b i l i t y  r e v i s i o n  experiments which do not  seem r e a d i l y  

exp l i cab le  i n  terms of misaggregat ion o r  mispercept ion.  

Some Unexplained Fac t s  

There i s  a whole c l a s s  of p r o b a b i l i t y  r e v i s i o n  experiments where 

f ind ings  of conservatism a r e  not  made. Whenever 2s' e s t ima te s  have been 

gathered f o r  cont inuous,  o r  near  continuous, hypotheses t h e  e s t ima te s  have 

2 
been very nea r ly  opt imal  (Du Charme & Peterson,  1969; Edwards ; Peterson  

& P h i l l i p s ,  1966).  I n  t h e s e  t h r e e  experiments t h e  2s were faced wi th  a 

binomial d a t a  genera tor  whose unknown propor t ion  could range from 0.0 

t o  1.0.  Their  t a s k  was t o  look a t  a sequence of d a t a  generated by t h i s  

unknown binomial populat ion and t o  e s t ima te  e i t h e r  t h e  c e n t r a l  33% 

c r e d i b l e  i n t e r v a l  (Du Charme & Peterson ,  1969; Pe terson  & P h i l l i p s ,  1966) 

o r  t he  e n t i r e  p r o b a b i l i t y  d i s t r i b u t i o n  over t h e  0 .0  t o  1 . 0  range (Edwards, 

s e e  foo tno te  2 ) .  I n  a l l  t h r e e  cases  t he  2 s '  e s t ima te s  were e i t h e r  very  

c l o s e  t o  opt imal  or  extreme. Nei ther  t h e  mispercept ion nor t h e  misaggregat ion 

hypothesis  g ive  any i n s i g h t  i n t o  why 2s perform so nea r ly  opt imal ly  i n  

t h e s e  t a sks .  

No one has spe l l ed  ou t  t h e  misaggregation o r  mispercept ion 

hypotheses f u l l  enough t o  account f o r  t h e  f a c t  t h a t  t h e  amount of conservat ism 

'ward Edwards, Personal  Communication, 1969. 
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i n  ZS' e s t i m a t e s  v a r i e s  a s  a  f u n c t i o n  of t h e  d i a g n o s t i c i t y  of t h e  d a t a  

g e n e r a t o r s  being used ( P e t e r s o n ,  Du Charme & Edwards, 1968; P e t e r s o n  & 

M i l l e r ,  1965; P h i l l i p s  & Edwards, 1966) .  That i s ,  no one h a s  exp la ined  

why conserva t i sm v a r i e s  w i t h  t h e  t h e o r e t i c a l  v a l u e  of L i n  t h e  s i t u a t i o n .  

One h a s  t o  p o s t u l a t e  t h a t  2s m i s a g g r e g a t e  more, o r  m i s p e r c e i v e  more, w i t h  

d i a g n o s t i c  d a t a  t h a n  w i t h  u n d i a g n o s t i c .  N e i t h e r  argument i s  v e r y  compel l ing 

g i v e n  t h e  n a t u r e  of t h e  e x p l a n a t i o n s .  Even more b a s i c a l l y  an  argument 

of misaggrega t ion  o r  m i s p e r c e p t i o n  could  j u s t  a s  w e l l  l e a d  one t o  expec t  

S s '  e s t i m a t e s  t o  be  t o o  extreme a s  t o o  c o n s e r v a t i v e .  There  i s  no th ing  i n  - 

t h e  f o r m u l a t i o n  of e i t h e r  h y p o t h e s i s  which f o r c e s  a  p r e d i c t i o n  of con- 

s e r v a t  i s m .  

The i n e r t i a  e f f e c t  c o n s t i t u t e s  a n o t h e r  s o u r c e  of confus ion  i n  

t h i s  a r e a .  S e v e r a l  exper iments  have shown t h a t  2s change t h e i r  e s t i m a t e s  

more r e a d i l y  when a datum conf i rms t h e  c u r r e n t l y  favored  h y p o t h e s i s  t h a n  

when i t  d i s c o n f i r m s  t h i s  h y p o t h e s i s  ( G e l l e r  & P i t z ,  1968; P e t e r s o n  & 

Du Charme, 1967; P i t z ,  Downing & Reinhold,  1967) .  But t h e  r e v e r s e  of 

a n  i n e r t i a  e f f e c t  h a s  a l s o  been found (Du Charme & P e t e r s o n ,  1968) .  

Again n e i t h e r  m i s a g g r e g a t i o n  nor  m i s p e r c e p t i o n  can e x p l a i n  t h e s e  f i n d i n g s .  

F i n a l l y ,  s e v e r a l  exper imente r s  have no ted  t h a t  when Ss' e s t i m a t e s  

f o r  t h e  f i r s t  datum i n  a  sequence a r e  s e p a r a t e d  from l a t e r  e s t i m a t e s  t h e y  

look  d i s t i n c t l y  d i f f e r e n t .  I n  f a c t  t h e  r e v i s i o n s  a s s o c i a t e d  w i t h  t h e  

f i r s t  datum a r e  v e r y  n e a r l y  op t imal  (Du Charme & P e t e r s o n ,  1968; P e t e r s o n  & 

Swensson, 1968, Wheeler,  see f o o t n o t e  1 ) .  There  seems t o  be  no r e a s o n  

why - Ss shou ld  c o r r e c t l y  p e r c e i v e  t h e  f i r s t  datum i n  a  sequence and m i s -  

p e r c e i v e  l a t e r  d a t a .  And obv ious ly  t h e  f i r s t  datum must b e  aggrega ted  
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w i t h  t h e  p r i o r  odds j u s t  a s  l a t e r  d a t a  a r e .  ( I t  shou ld  be  no ted  

however t h a t  t h e  p r i o r  odds i n  t h e  t h r e e  exper iments  j u s t  mentioned 

were always 1:l s o  a g g r e g a t i o n  c o n s i s t e d  s imply of m u l t i p l y i n g  t h e  L 

v a l u e  by 1, a n o t  v e r y  d i f f i c u l t  t a s k .  P r i o r  odds o t h e r  t h a n  1:l 

should  l e a d  t o  d i f f i c u l t i e s  i n  a g g r e g a t i o n . )  I n  t h e s e  s e v e r a l  in -  

s t a n c e s  misaggrega t ion  and m i s p e r c e p t i o n  do n o t  seem t o  b e  c a p a b l e  

of e x p l a i n i n g  a l l  t h e  f a c t s .  Th i s  paper p r e s e n t s  arguments f o r  a  

h y p o t h e s i s  which can encompass t h e s e  f a c t s  and t h e n  d e s c r i b e s  an  

e m p i r i c a l  test of t h e  h y p o t h e s i s .  

Response Bias Explana t ion  

An assumption commonly made i n  t h i s  a r e a  o f  r e s e a r c h  (Edwards, 

1968) i s  t h a t  t h e  numbers 2s e s t i m a t e  r e p r e s e n t  t h e i r  s u b j e c t i v e  pro- 

b a b i l i t i e s ,  i . e . ,  t h e i r  t r u e  b e l i e f s .  P h i l l i p s  & Edwards (1966) p r o v i d e  

ev idence  t h a t  d i f f e r e n t  s u b j e c t i v e  p r o b a b i l i t i e s  w i l l  be  i n f e r r e d  depending 

on t h e  t y p e  of response  s c a l e  2s u s e ,  e . g . ,  odds o r  p r o b a b i l i t i e s .  Such 

a  f i n d i n g  i s  n o t  consonant w i t h  t h e  b e l i e f  t h a t  any number a s u b j e c t  es- 

timates i s  a v a l i d  i n d i c a t o r  of s u b j e c t i v e  p r o b a b i l i t y .  

Ramsey recognized t h i s  problem many y e a r s  ago when h e  s a i d ,  

". . . t h e  measurement of b e l i e f s  i s  almost c e r t a i n l y  a n  ambiguous p r o c e s s  

l e a d i n g  t o  a  v a r i a b l e  answer depending on how e x a c t l y  t h e  measurement 

i s  conducted." (1964, p .  6 9 ) .  Indeed t h e  same s o r t  of c r i t i c i s m  h a s  

been l e v e l e d  a t  magnitude e s t i m a t i o n  experiments--another a r e a  of r e s e a r c h  

where - Ss a t t a c h  numbers t o  t h e i r  s u b j e c t i v e  f e e l i n g s .  Both Pou l ton  (1968) 

and Zinnes  (1969) have r e c e n t l y  d i s c u s s e d  ev idence  f o r  response  b i a s e s  

i n  magnitude e s t i m a t i o n  exper iments .  It seems r e a s o n a b l e  t h a t  t h e  same 
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i s sue  should be explored i n  the  context of p robabi l i ty  rev is ion  

experiments. 

The misaggregation and misperception hypotheses both e s s e n t i a l l y  

p o s i t  information processing e r r o r s  on t h e  p a r t  of the  gs. The 

problem, however, may l t e  i? t he  response system. It may be naive t o  

expect 5s t o  be so f ami l i a r  with p robab i l i t y  o r  odds s c a l e s  t h a t  they 

make nc response e r ro r s .  What s o r t  of a response b i a s  could be hypo- 

thesized t o  explain t he  l o rn  f a c t s ?  Obviously i t  would have t o  be 

a b i a s  against extreme p r c b a b i l i t i e s  o r  odds. Two poin ts  must be made 

here.  F i r s t ,  t o  stat:  t h a t  2s d isp lay  a response b i a s  and t o  s t a t e  

t h a t  5s' proD- i l i t y  r e v i ~ i o n s  a r e  conservative is not a t  a l l  t h e  same 

thing. The cause of coilservatism may be i n  t h e  i ~ f ~ l m a t i o n  processing 

system o r  i n  t he  response system, and these  two systems can be experimen- 

t a l l y  dis t inguished.  Second, t h e  term 'extreme' is a r a t h e r  ambiguous 

one which obviously needs o y e r ~ z i o n a l  de f in i t i on .  

Given t h a t  2s have a b i a s  aga ins t  extreme p r o b a b i l i t i e s  o r  

odds, what ex i s t i ng  da t a  can be accounted f o r ?  A response t i a s  w i l l ,  

of course, explain t he  occurrence of ?-cnservatism i n  general .  Anytime 

a sequence of da t a  po in ts  toward a p a r t i c u l a r  hypothesis s t rongly  

ezough, 2s' responses w i l l  sppear conservative.  They w i l l  be l oa th  

t o  es t imate  numbers as extreme a s  those ca l l ed  f o r  by the  optimal model. 

More pa r t i cu l a r ly ,  a response b i a s  of t h i s  na ture  can explain why 5s' 

conservdtism increases  when they dea l  with d iagnos t ic  d a t a  geaera tors .  

On the  average more d iagnos t ic  d'lta g e x r a t o r s  w i l l  produce more d iagnos t ic  

data.  These da ta  w i l l  r equi re  more cxcreme responses causing 2s' conser- 

vatism t o  increase.  A s imi la r  argument explains  t he  opt imal i ty  of es t imates  
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fo r  the  f i r s t  datum i n  a sequence. On the  average the optimal rev is ion  

necessary a f t e r  the f i r s t  datum w i l l  be smaller than the  rev is ions  

required a f t e r  more da ta  i n  t h e  sequence have been seen. A response 

b ias  would thus have l e s s  chance t o  come i n t o  play on the  f i r s t  datum. 

A b i a s  against  extreme numbers allows not only f o r  the presence 

of conservatism i n  some s i t u a t i o n s ,  but f o r  the  lack  of i t  i n  others .  

When 2s est imate c red ib lz  i n t e rva l s ,  o r  e n t i r e  d i s t r i bu t ions ,  they a r e  

not making point  ( s ing le  number) est imates ,  and it is  reasonable t h a t  

tbpse e s t i n a t e s  might not necessar i ly  r e f l e c t  t he  same b iases  a s  t he  

~ o i n t  estimates. Extreme respor.ses i n  these  two kinds of s i t u a t i o n s  

a r e  q u i t e  d i f f e r en t .  

The reverse i n e r t i a  e f f e c t  observed by Du Charme & Peterson 

(1968) w a s  explained by them a s  possibly being due t o  the  f a c t  t h a t  5s 

revised t h e i r  estimates along a curv i l inear  odds function. Confirming 

da ta  moved them along the  biased pa r t  of the funct ion while disconfirming 

data  moved them back over t he  l i n e a r ,  unbiased pa r t  of the  function. This 

kind of a biased response funct ion would lead t o  more conservative est imates  

fo r  confirming than f o r  disconfirming da ta .  

On the  f ace  of it a response b a i s  looks l i k e  a reasonable a l t e r -  

nat ive explanation f o r  conservatism i n  p robab i l i s t i c  inference. According 

t o  the  present argument it can explain everything misaggregation o r  m i s -  

perception can e x ~ l a i n  and somewhat moi-e i n  addi t ion.  How well  w i l l  t he  

hypothesis do when subjected t o  an  empirical t e s t ?  The present exper- 

iments attempt t o  answer t h a t  question. 



EXPERIMENT I 

How can  one d i s t i n g u i s h  a  response  b i a s  from misaggrega t ion  o r  

mispercep t ion?  One way i s  t o  look  a t  i n f e r r e d  l o g  l i k e l i h o o d  r a t i o s  

(ILLR) a s  a  f u n c t i o n  o f  p r i o r  odds ( t o  o b t a i n  ILLR one s u b t r a c t s  t h e  

l o g  of 2 ' s  p r i o r  odds from t h e  l o g  of h i s  p o s t e r i o r  odds ) .  I f  t h e  

response  b i a s  argument i s  c o r r e c t ,  t h e  same datum o c c u r r i n g  when 

p r i o r  odds a r e  c l o s e  t o  1:1, and when t h e y  a r e  n o t ,  should  l e a d  t o  

d i f f e r e n t  amounts of p o s t e r i o r  odds r e v i s i o n  and t h e r e f o r e ,  t o  d i f f e r e n t  

ILLRs. S i n c e  t h e  l e v e l  of t h e  p r i o r  odds i s  n o t  a n  o p e r a t i v e  f a c t o r  

i n  e i t h e r  m i s p e r c e p t i o n  o r  misaggrega t ion ,  t h e y  p r e d i c t  no d i f f e r e n c e s  

i n  t h e  ILLRs. Accordingly ,  t h e  f i r s t  experiment p r e s e n t e d  - Ss w i t h  two 

hypotheses  and manipula ted sequences  of d a t a  b e a r i n g  on t h e s e  hypotheses  

s o  t h a t  t h e  same d a t a  occur red  a t  b o t h  h i g h  and low p r i o r  odds. 

There a r e  two ways t h a t  p r i o r  odds can be  manipu la ted :  t h e y  

can be  set a t  any d e s i r e d  l e v e l  by t h e  E b e f o r e  any d a t a  a r e  sampled, 

and t h e y  can  be  changed by sequences  of d a t a .  I n  t h e  f i r s t  h a l f  of 

t h e  exper iment  t h e  i n i t i a l  odds were always set a t  1:l and p r i o r  odds 

were manipula ted by t h e  u s e  of hand picked sequences  of d a t a .  I n  t h e  

second h a l f  of t h e  experiment p r i o r  odds were s e t  a t  v a r i o u s  l e v e l s  by 

E and t h e n  changed by samples of d a t a .  The q u e s t i o n  of i n t e r e s t  w a s  - 

whehter t h i s  v a r i a b l e  would have any e f f e c t  on 5s '  response  f u n c t i o n s .  

A r e  t h e  two k i n d s  of p r i o r  odds e q u i v a l e n t ?  

Although t h e  r e s p o n s e  b i a s  h y p o t h e s i s  p r e d i c t s  a r e v e r s e  i n e r t i a  

e f f e c t ,  i t  a l s o  p r e d i c t s  t h a t  no 'pr imacy1 e f f e c t  shou ld  be found. A 
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primacy e f f e c t  i s  d e s c r i b e d  by P e t e r s o n  & Du Charme (1967) as an  over-  

r e a c t i o n  t o  e a r l y  d a t a  i n  a  sequence.  Under a  primacy e f f e c t  3s g i v e n  

a sequence of d a t a  p o i n t i n g  f i r s t  toward one h y p o t h e s i s  and t h e n  toward 

ano ther  w i l l  b e  o v e r i n f l u e n c e d  by t h e  e a r l y  d a t a  and end up w i t h  t o o  

much p r o b a b i l i t y  a s s i g n e d  t o  t h e  f i r s t  h y p o t h e s i s .  The r e s p o n s e  b i a s  

h y p o t h e s i s  p r e d i c t s  t h a t  5s w i l l  s imply move up and down t h e i r  r e s p o n s e  

f u n c t i o n s  and b e  n e i t h e r  more nor  l e s s  i n f l u e n c e d  by e a r l y  d a t a .  They 

should e x h i b i t  no primacy e f f e c t .  To test t h i s  p r e d i c t i o n ,  one sequence 

was inc luded  which reached  odds of 1 0 0 : l  i n  f a v o r  of one h y p o t h e s i s ,  and 

t h e n  r e t u r n e d  t o  odds of 1:l. 

F i n a l l y ,  t h e  r e s p o n s e  b i a s  h y p o t h e s i s  a l s o  p r e d i c t s  t h a t  r e v i s i o n s  

based on T r i a l  1, o r  s i n g l e  datum t r i a l s ,  w i l l  n o t  be  o p t i m a l  i f  t h e  

datum i s  s o  d i a g n o s t i c  t h a t  it f o r c e s  2 t o  respond on t h e  b i a s e d  p a r t  of 

h i s  r e s p o n s e  f u n c t i o n .  To test t h i s  p r e d i c t i o n ,  some v e r y  d i a g n o s t i c  

s i n g l e  datum t r i a l s  were inc luded .  

Method 

S t i m u l i .  The exper iment  used two normal d i s t r i b u t i o n s  a s  d a t a  

g e n e r a t o r s :  t h e  h e i g h t s  of Uni ted S t a t e s  men and women. These a r e  t h e  

same d a t a  g e n e r a t o r s  used by Du Charme & P e t e r s o n  (1968) excep t  t h a t  t h e  

s t a n d a r d  d e v i a t i o n s  of t h e  two p o p u l a t i o n s  were h e r e  assumed t o  be e q u a l  

( t h e  v a l u e  used was 2.64 which i s  midway between t h e  two r e p o r t e d  i n  

Du Charme & P e t e r s o n ) .  The mean h e i g h t  f o r  t h e  m a l e  p o p u l a t i o n  was 68.2 

i n c h e s  and f o r  t h e  female  63.0 i n c h e s .  For t h e  f i r s t  p a r t  of t h e  exper-  

iment where t h e  E-set  p r i o r  odds were always 1:1, E m a d e  up 1 2  sequences  

t o  test t h e  r e s p o n s e  b i a s  h y p o t h e s i s .  The make up of t h e s e  sequences  
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along wi th  t h e  response b i a s  p r e d i c t i o n s  derived f o r  them can be 

seen i n  Table 1. The t a b l e  i d e n t i f i e s  each sequence, g ives  i t s  l eng th  

and s p e c i a l  c h a r a c t e r i s t i c s ,  and then  desc r ibes  t h e  response b i a s  pre- 

d i c t i o n .  Comparisons a r e  made between sequences wi th  t h e  same i d e n t i f y i n g  

number. For i n s t ance ,  f o r  sequences 1 A  and lB, which d i f f e r  only i n  

t he  d i agnos t i c  impact of t h e i r  f i r s t  datum t h e  response b i a s  hypothesis  

p r e d i c t s  d i f f e r e n t  amounts of p o s t e r i o r  odds r e v i s i o n  on T r i a l s  2 and 

3  and t h e r e f o r e  t h e  d i f f e r e n c e  i n  ILLRs shown i n  t h e  t a b l e .  

These sequences a r e  no t  very  r e p r e s e n t a t i v e  of what one would 

expect from a t r u l y  random sampling process .  To prevent  2s from becoming 

aware of t h i s  t h e  sampling d i s t r i b u t i o n  was made r e p r e s e n t a t i v e  by t h e  

add i t i on  of f i l l e r  sequences. Three a spec t s  of t he  sampling d i s t r i b u t i o n  

were con t ro l l ed  wi th  t h e  a i d  of t he  f i l l e r  sequences. For each t r i a l  

ac ros s  sequences (1) t h e  expected va lue  of t h e  cumulative log l i ke l ihood  

r a t i o  (CLLR) was maintained,  (2) 66% of t h e  CLLRs were kept  w i th in  - + 1 

standard dev ia t ion  of t h e  expected CLLR, and (3) t h e  c o r r e c t  propor t ion  

of d a t a  i tems (about 20%) had Ls smal le r  than  1 . 0  wi th  r e f e rence  t o  t h e  

c u r r e n t l y  favored hypothesis .  (Even though the  male populat ion i s  being 

sampled, about 20% of t h e  t ime a  he ight  w i l l  be drawn which i s  more 

l i k e l y  t o  have come from t h e  female popula t ion  and v i c e  ve r sa . )  There 

were a  t o t a l  of 40 sequences (half  of them s i n g l e  datum sequences) from 

1-7 t r i a l s  long. This y ie lded  a  t o t a l  of 158 t r i a l s  i n  t h e  f i r s t  p a r t  of 

t he  experiment. 

In  the  second p a r t  of t h e  experiment E s e t  t h e  p r i o r  odds a t  

2:1, 5:1,  10:1,  and 100 : l .  A t  each p r i o r  odds l e v e l  sequences of d a t a  



TABLE 1 

Spec ia l  Sequences 

C h a r a c t e r i s t i c s  P r e d i c t i o n s  

ILLRs f o r  same t r i a l s  i n  2 B  

:1 f o r  one hyp No primacy e f f e c t ;  odds a t  

T r i a l  6 should be 1:1 

ILLR f o r  T r i a l  4 of 4 C  > ILLR f o r  

sequences. The p r i o r  odds before  t h a t  datum T r i a l  4 of 43  > ILLR f o r  T r i a l  4 

a r e :  540: l  i n  4 A ,  100:l  i n  4 E ,  and 1 7 : l  i n  

- ------ 
four  arrzngement s such The ILLR f o r  a h t u m  w i l l  always be 

t h a t  each datum appezrs  on T r i a l  1 i n  one l a r g e r  Fn t h a t  sequence i n  which t h e  

sequence, T r i a l  2 i n  another  sequence, e t c .  datum occurs  a t  lower p r i o r  odds. 

The f i n a l  odds reach 10,000: l .  There a r e  24 such comparisons. 

I- 
W 
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from 1-4 t r i a l s  i n  l e n g t h  were p r e s e n t e d .  These sequences  were  s u b j e c t e d  

t o  t h e  same c o n t r o l s  as t h o s e  i n  t h e  f i r s t  p a r t  of t h e  exper iment .  On 

t h e  average ,  21  t r i a l s  were p r e s e n t e d  a t  each p r i o r  odds l e v e l  f o r  a 

t o t a l  of 83 t r i a l s .  

Sub.iects. Twenty-six p a i d  U n i v e r s i t y  of Michigan male  s t u d e n t s  

se rved  i n  groups  of t h r e e ,  f o u r ,  o r  f i v e  each .  

Apparatus .  A v e r t i c a l  board marked o f f  i n  f e e t  and i n c h e s  i n  

u n i t s  of 1 / 4  i n c h  w a s  used t o  d i s p l a y  t h e  sequences .  Magnetic p o i n t e r s  

were a t t a c h e d  t o  a m e t a l  s t r i p  f a s t e n e d  t o  one s i d e  of t h e  board ;  each 

p o i n t e r  r e p r e s e n t e d  a sampled h e i g h t ,  The 2s responded on d e v i c e s  which 

f e a t u r e d  a n  odds s c a l e  and a l e v e r  which moved a long  t h e  s c a l e .  They 

s e t  t h e  l e v e r  t o  t h e  p o i n t  t h e y  d e s i r e d  on t h e  odds s c a l e ,  and t h e n  w r o t e  

t h o s e  odds  down. The odds s c a l e s  were  spaced l o g a r i t h m i c a l l y  and went from 

1:l t o  1 ,000,000:1 i n  s i x  r a n g e s  ( f i r s t  r ange  1: l -10:1 ,  second 10:l-100:1,  

and s o  o n ) .  The odds s c a l e s  could  be  r o t a t e d  t o  whichever of t h e  s i x  r a n g e s  

S wanted t o  respond on.  - 

Procedure .  The experiment was broken up i n t o  t h r e e  p a r t s .  I n  t h e  

f i r s t  p a r t  2s were p r e s e n t e d  w i t h  d e f i n i n g  samples f o r  t h e  two p o p u l a t i o n s .  

For b o t h  t h e  second and t h i r d  p a r t  of t h e  exper iment  2s r e v i s e d  odds es- 

t i m a t e s  about  which of t h e  two p o p u l a t i o n s  had g e n e r a t e d  t h e  random 

samples of d a t a  t h e y  were observ ing .  During t h e  second p a r t  of t h e  exper iment  

t h e  p r i o r  odds a t  t h e  beg inn ing  of each sequence were r e s e t  t o  1:l. I n  p a r t  

t h r e e  t h e s e  s e t  p r i o r  odds were v a r i e d .  

The d e f i n i n g  samples were made up of 100 male  and 100 female  

h e i g h t s .  The s u b j e c t s  were asked t o  make t h r e e  e s t i m a t e s  of t h e  mean 

h e i g h t  of each p o p u l a t i o n ;  b e f o r e  s e e i n g  t h e  sample ,  midway th rough ,  and 
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a t  t h e  end of t h e  sample. By t h e  end of e a c h  sample t h e  average  S 

could e s t i m a t e  t h e  mean q u i t e  a c c u r a t e l y .  

I n  t h e  second p a r t  of t h e  exper iment  s were i n s t r u c t e d  t h a t  g 

had chosen one of t h e  two p o p u l a t i o n s  by randomly drawing a poker 

c h i p  from a canvas  bag.  The bag c o n t a i n e d  one r e d  c h i p  and one b l u e  

c h i p .  I f  a r e d  c h i p  was drawn, t h e  male  p o p u l a t i o n  was sampled; i f  a 

b l u e ,  t h e  female  p o p u l a t i o n  was sampled. Th is  p rocedure  s e t  t h e  p r i o r  

odds a t  1:l. The 2s t h e n  observed a sequence of from 1-7 h e i g h t s ,  and 

a f t e r  each h e i g h t  r e v i s e d  t h e i r  odds about  which p o p u l a t i o n  was b e i n g  

sampled. The h e i g h t s  were cumula t ive ly  d i s p l a y e d  throughout  any g i v e n  

sequence.  The o r d e r  of t h e  sequences  w a s  randomized f o r  each group.  

The t h i r d  p a r t  of t h e  exper iment  d i f f e r e d  from t h e  second o n l y  

i n  t h a t  t h e  p r i o r  odds were changed and t h e  sequences  were  from 1-4 

h e i g h t s  i n  l e n g t h .  P r i o r  odds were set a t  2:1 ,  5 : 1 ,  10 :1 ,  o r  1 0 0 : l  

by informing 2s t h a t  t h e  c o n t e n t s  of t h e  canvas  bag had been changed 

t o  two r e d  c h i p s  and one b l u e ,  o r  f i v e  r e d  and one b l u e ,  o r  whatever  

t h e  a p p r o p r i a t e  p r o p o r t i o n s  were. The p o p u l a t i o n s  favored  by t h e  p r i o r  

odds and t h e  c o l o r s  of t h e  c h i p s  were coun te rba lanced .  P r i o r  odds 

c o n d i t i o n s  were randomized,  and b e f o r e  each sequence 2s s e t  t h e i r  s l i d i n g  

l e v e r s  a t  t h e  a p p r o p r i a t e  odds.  

R e s u l t s  

F igure  1 p l o t s  t h e  2s' average  r e s p o n s e  f u n c t i o n  f o r  p a r t  two 

of t h e  exper iment ;  it p l o t s  t h e  median l o g  e s t i m a t e d  p o s t e r i o r  odds  as 

a f u n c t i o n  of l o g  Bayesian odds. T r i a l  1 e s t i m a t e s  a r e  p l o t t e d  a s  

c r o s s e s ;  t h e  d o t s  r e p r e s e n t  e s t i m a t e s  f o r  T r i a l s  2-7 and t h e  c i r c l e s  
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i n d i c a t e  t h a t  two d a t a  p o i n t s  f e l l  on t h e  same c o o r d i n a t e s .  A Bayesian 

S  would r e v i s e  h i s  odds s o  t h e y  moved up and down t h e  45O l i n e .  C l e a r l y  - 

t h e  e s t i m a t e s  of t h e  median 2 a r e  c o n s e r v a t i v e .  A s  i n  a n  e a r l i e r  ex- 

per iment  (Du Charme & P e t e r s o n ,  1968) 2s perform o p t i m a l l y  o n l y  i n  t h e  

range of + 1 . 0  l o g  odds;  o u t s i d e  t h a t  r ange  t h e i r  e s t i m a t e s  a r e  con- 

s e r v a t i v e .  To check t h e  r e p r e s e n t a t i v e n e s s  o f  t h e  median response  f u n c t i o n  

p l o t t e d  i n  F i g .  1, a  product-moment c o r r e l a t i o n  and r e g r e s s i o n  s l o p e  were 

c a l c u l a t e d  between t h e  median l o g  e s t i m a t e d  odds and each 2s' l o g  odds .  

The average  c o r r e l a t i o n  was .89,  and t h e  a v e r a g e  s l o p e  1 .13  i n d i c a t i n g  

t h a t  i n d i v i d u a l s s  a r e  w e l l  r e p r e s e n t e d  by t h e  median f u n c t i o n .  

It i s  impor tan t  t o  n o t e  t h a t  t h e  c r o s s e s  r e p r e s e n t i n g  s i n g l e  datum 

t r ia l s  ( t h e  f i r s t  datum i n  a sequence o r  a  sequence of l e n g t h  one) f a l l  

on t h e  same response  f u n c t i o n  a s  t h e  aggrega ted  odds.  Th is  means t h a t  

T r i a l  1 e s t i m a t e s  are c o n s e r v a t i v e  i f  t h e  datum i s  d i a g n o s t i c  enough, and 

t h a t  t h e  aggrega ted  odds a r e  not c o n s e r v a t i v e  i f  t h e  ev idence  i s  s u f f i c i e n t l y  

u n d i a g n o s t i c .  Both t h e s e  r e s u l t s  s u p p o r t  t h e  response  b i a s  h y p o t h e s i s .  

F u r t h e r  s u p p o r t  f o r  t h e  h y p o t h e s i s  comes from a n  a n a l y s i s  o f  t h e  

s p e c i a l  sequences  used.  The ILLR p r e d i c t i o n s  l i s t e d  i n  Tab le  1 were  

t e s t e d  by o b t a i n i n g  ILLR d i f f e r e n c e  s c o r e s  f o r  each 2. For i n s t a n c e ,  

one p r e d i c t i o n  i n  Tab le  1 i s  t h a t  t h e  ILLR f o r  T r i a l  2 i n  Sequence 1A 

w i l l  be  l a r g e r  t h a n  t h e  ILLR f o r  T r i a l  2 i n  Sequence 1 B .  To t e s t  t h a t  

p r e d i c t i o n  t h e  d i f f e r e n c e  (D) between t h e  two ILLRs was c a l c u l a t e d .  

S i n c e  t h e  response  b i a s  h y p o t h e s i s  p r e d i c t s  n o t  on ly  a  d i f f e r e n c e  b u t  

a l s o  t h e  s i g n  of t h e  d i f f e r e n c e ,  t h e  D s c o r e  a n a l y s i s  was s e t  up s o  t h a t  

t h e  r e s p o n s e  b i a s  h y p o t h e s i s  always p r e d i c t e d  p o s i t i v e  d i f f e r e n c e s .  There  

were 33 D s c o r e s  f o r  each  2, and t h e  average  D s c o r e  a c r o s s  5s was .16716. 
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The 95% c o n f i d e n c e  i n t e r v a l  around t h i s  average  D s c o r e  i s  ,10636- 

.22796 which does  n o t  i n c l u d e  a d i f f e r e n c e  of z e r o .  The a n t i l o g  of 

t h i s  average  D s c o r e  i n d i c a t e s  t h a t  t h e  ILLRs f o r  t h e  sequences  w i t h  

h i g h  p r i o r  odds must be  m u l t i p l i e d  by 1 .47 t o  e q u a l  t h o s e  f o r  t h e  low 

p r i o r  odds sequences .  

The response  b i a s  p r e d i c t i o n  f o r  sequence 3 ,  t h e  primacy sequence,  

was a l s o  borne o u t .  The p r e d i c t i o n  was t h a t  t h e  average  e s t i m a t e  would 

be  a t  1:1, and t h e  95% conf idence  i n t e r v a l  around t h e  mean e s t i m a t e  does  

i n c l u d e  t h i s  v a l u e .  The mean e s t i m a t e  i t s e l f  was 1 . 9 : 1  i n  f a v o r  of t h e  

h y p o t h e s i s  f o r  which t h e  odds had reached 1 0 0 : l .  

F i g u r e  2 d i s p l a y s  t h e  median l o g  e s t i m a t e d  odds f o r  t h e  favored  

h y p o t h e s i s  a s  a f u n c t i o n  of t h e  l o g  Bayesian odds f o r  t h e  favored  hypo- 

t h e s i s  i n  p a r t  t h r e e  of t h e  exper iment .  The diamond shaped f i g u r e s  

r e p r e s e n t  estimates o b t a i n e d  a t  p r i o r  odds of 2 :1 ,  s q u a r e s  r e p r e s e n t  

e s t i m a t e s  a t  5 :1 ,  t r i a n g l e s  1 0 : l  and c i r c l e s  1 0 0 : l .  Open f i g u r e s  a r e  

f o r  T r i a l  1 and c l o s e d  f i g u r e s  T r i a l  2-4. The c i rcumscr ibed  f i g u r e s  

i n d i c a t e  two d a t a  p o i n t s  a t  t h e  same c o o r d i n a t e s .  Again t h e  45' l i n e  

r e p r e s e n t s  o p t i m a l  performance.  What t h e  g raph  shows i s  t h a t  t h e  

range  over  which 5s r e v i s i o n s  a r e  o p t i m a l  changes a s  a f u n c t i o n  of t h e  

E-set p r i o r  odds.  Th is  range  e f f e c t  i s  e s p e c i a l l y  c l e a r  i n  t h e  c a s e  - 

of p r i o r  odds 1 0 0 : l  ( c i r c l e s )  and 1 0 : l  ( t r i a n g l e s ) .  When 2s start  

w i t h  p r i o r  odds of 10:1 ,  t h e y  r e v i s e  n e a r l y  o p t i m a l l y  up t o  about  

100:1,  s t a r t i n g  from 1 0 0 : l  t h e y  r e v i s e  w e l l  up till n e a r l y  1 0 0 0 : l .  The 

op t imal  range  h o l d s  f o r  b o t h  s i n g l e  datum and aggrega ted  t r i a l s  a s  i t  

does  when p r i o r  odds a r e  s e t  a t  1:l. I f  2s a r e  misaggrega t ing ,  a l l  t h e  

s i n g l e  datum t r i a l s  shou ld  be c o n s e r v a t i v e .  Another way t o  look  a t  t h e s e  
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d a t a  i s  t o  d i s r e g a r d  t h e  z s ' s t a r t i n g  p o i n t  and s imply look  a t  t h e  cumu- 

l a t i v e  i n f e r r e d  l o g  l i k e l i h o o d  r a t i o  (CILLR) f u n c t i o n .  F i g u r e  3 p l o t s  

t h e  median CILLR a g a i n s t  t h e  cumula t ive  Bayesian l o g  l i k e l i h o o d  r a t i o .  

The d a t a  p o i n t s  f o r  a l l  p r i o r  odds c o n d i t i o n s  appear  t o  f a l l  on t h e  

same f u n c t i o n .  Th is  f u n c t i o n  l o o k s  nonconserva t ive  o u t  t o  a CLLR of  

0.8 and t h e n  becomes c o n s e r v a t i v e .  

Discuss ion  

How much importance shou ld  b e  a t t a c h e d  t o  t h e  m u l t i p l i c a t i v e  

d i f f e r e n c e  of 1 .47 between l i k e l i h o o d  r a t i o s  i n f e r r e d  f o r  r e v i s i o n s  

a t  extreme v e r s u s  low p r i o r  odds? Although t h i s  f i n d i n g  i s  s t a t i s t i c a l l y  

s i g n i f i c a n t ,  i t  may seem t r i v i a l .  The f o l l o w i n g  example w i l l  show t h a t  

i t  is  n o t .  Assume t h a t  we have two p e o p l e  who o p e r a t e  on t h e  median 

response  f u n c t i o n  d e p i c t e d  i n  F i g .  1. We w i l l  l e t  one person  e s t i m a t e  

p o s t e r i o r  odds and t h e  o t h e r  l i k e l i h o o d  r a t i o s  which w i l l  b e  machine 

aggrega ted .  F u r t h e r ,  suppose t h a t  enough d a t a  have been p rocessed  s o  

t h a t  t h e  odds e s t i m a t o r  h a s  j u s t  reached t h a t  p a r t  of h i s  r e s p o n s e  

f u n c t i o n  where i t  f l a t t e n s  o u t ,  i . e . ,  abou t  1 0 : l .  On t h e  a v e r a g e ,  a f t e r  

two more d a t a  f a v o r i n g  t h e  same h y p o t h e s i s ,  t h e  machine aggrega ted  odds 

of t h e  l i k e l i h o o d  r a t i o  e s t i m a t o r  w i l l  b e  about t w i c e  a s  g r e a t  as t h o s e  

2  
of t h e  odds e s t i m a t o r  (1.47 ) ,  a f t e r  f o u r  d a t a  t h e y  w i l l  be  f i v e  t i m e s  

4  6 
as g r e a t  (1.47 ) ,  and a f t e r  s i x  d a t a  t e n  t i m e s  a s  g r e a t  (1.47 ) .  

C l e a r l y  t h e  d i f f e r e n c e s  a r e  n o t  t r i v i a l .  

There  a r e  s e v e r a l  ways of i n t e r p r e t i n g  t h e  b i a s e d  f u n c t i o n s  

shown i n  F i g s .  1, 2, and 3 .  The s i m p l e s t  e x p l a n a t i o n  i s  t h a t  5s a r e  

d i s p l a y i n g  a  cumulat ive  l o g  l i k e l i h o o d  r a t i o  (CLLR) b i a s .  Th i s  c a n  b e  
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seen  most c l e a r l y  i n  F i g s .  1 and 3 .  Since  t h e  p r i o r  odds were always 

1:l f o r  t h e  d a t a  p o i n t s  p l o t t e d  i n  F ig .  1, t h e  cumula t ive  l o g  odds 

and CLLR p l o t s  a r e  i d e n t i c a l .  Both F ig .  1 and F i g .  3 show a  b i a s  

appear ing  i n  t h e  CLLR f u n c t i o n  when CLLR r e a c h e s  about  0 .8 .  Re- 

g a r d l e s s  of where g sets t h e  p r i o r  odds 5s can  c o r r e c t l y  i n t e r p r e t  

and a g g r e g a t e  o n l y  a  c e r t a i n  amount of i n f o r m a t i o n .  Once t h a t  l i m i t  has  

been exceeded, whether by one datum o r  by many, t h e  impact of l a t e r  d a t a  

i s  l e s s  t h a n  i t  should be .  Th is  k ind of a  b i a s  i s  n e i t h e r  misaggrega t ion ,  

m i s p e r c e p t i o n ,  nor  a s imple  response  b i a s .  

A s l i g h t l y  more complicated e x p l a n a t i o n  is  t h a t  2s do indeed d i s -  

p l a y  an  odds ,  o r  number, b i a s ,  b u t  n o t  a f i x e d  one.  The b i a s  i s  one 

a g a i n s t  moving t o o  f a r  from t h e  E-set  p r i o r  odds whatever  t h e y  a r e .  

The - Ss s h i f t  t h e i r  b i a s e d  r e s p o n s e  f u n c t i o n  s o  t h a t  i t  i s  always c e n t e r e d  

on t h e  E-set  p r i o r  odds.  Thus i f  E s a y s  t h e  p r i o r  odds a r e  1:l t h e n  1 0 : l  

i s  a n  extreme e s t i m a t e ;  i f  h e  s a y s  t h e y  a r e  1 0 0 : l  t h e n  1000: l  i s  extreme. 

It i s  a s  though t h e  g-set p r i o r  odds p r o v i d e  a s t a b l e  p o i n t  from which 3s 

w i l l  w i l l i n g l y  r e v i s e  t h e i r  odds. They a r e  more r e l u c t a n t  t o  move toward 

extremeness  from p r i o r  odds r e s u l t i n g  from t h e i r  own, perhaps  f a l l a c i o u s ,  

a g g r e g a t i o n .  

The m i s a g g r e g a t i o n  h y p o t h e s i s  can a l s o  be  t w i s t e d  t o  f i t  t h e  

d a t a  by t a c k i n g  on t h e  assumption t h a t  sometimes 5s a g g r e g a t e  c o r r e c t l y  

and sometimes t h e y  d o n ' t .  The 'sometimes t h e y  d o n ' t '  c a n  b e  d e f i n e d  a s  

anytime t h e  CLLR exceeds  0 . 8  o r  anyt ime t h e  cumulat ive  odds exceed t h e  

E-set p r i o r s  by a f a c t o r  of about  1 0 .  Regard less  of which way i t  i s  - 

s t a t e d ,  t h e  m i s a g g r e g a t i o n  h y p o t h e s i s  i s  c l e a r l y  less adequa te  t h a n  i t  

once appeared.  It i s  n o t  t h e  number o f  d a t a  t o  be aggrega ted  t h a t  causes  



t h e  problem bu t  t h e  amount of r e v i s i o n  n e c e s s i t a t e d  by t h e  d a t a .  As 

f o r  t h e  o t h e r  two i n t e r p r e t a t i o n s ,  a c e r t a i n  i n t u i t i v e  a p p e a l  and some 

p o s t  exper iment  q u e s t i o n i n g  of t h e  2s l e a d  t o  t h e  t e n t a t i v e  c o n c l u s i o n  

t h a t  t h e  odds b i a s  e x p l a n a t i o n  i s  t h e  c o r r e c t  one.  

Regard less  of how t h e  b i a s e d  f u n c t i o n  i s  t o  b e  i n t e r p r e t e d ,  t h e  

impor tan t  f a c t  i s  t h a t  i t  i s  t h e r e .  Something which can b e  i n t e r p r e t e d  

as a  response  b i a s  e x i s t s ,  b u t  how g e n e r a l  i s  i t ?  For i n s t a n c e ,  w i l l  

t h e  same response  f u n c t i o n  be  o b t a i n e d  i f  d i f f e r e n t  d a t a  g e n e r a t o r s  

are used?  I n  p a r t i c u l a r ,  does  t h e  form of t h e  b i a s  depend i n  any way 

on t h e  f a m i l i a r i t y  most peop le  undoubtedly  have w i t h  h e i g h t  d i s t r i b u t i o n s ?  

An e q u a l l y  impor tan t  q u e s t i o n  concerns  t h e  e f f e c t  of expected d i a g n o s t i c i t y  

on t h e  r e s p o n s e  f u n c t i o n .  A r e  2s' r e s p o n s e  b i a s e s  a f f e c t e d  by t h e  s i z e  

of t h e  numbers t h e y  expec t  t o  e s t i m a t e ?  Experiment I1 sought  t o  answer 

t h e s e  q u e s t i o n s .  

EXPERIMENT I1 

I n  t h e  p r e v i o u s  exper iment  t h e  expected l o g  l i k e l i h o o d  r a t i o  

(ELLR) of a  random o b s e r v a t i o n  was .86923. T h i s  cor responds  t o  a  

l i k e l i h o o d  r a t i o  of 7.411 which i s  a l s o  t h e  l i k e l i h o o d  r a t i o  of a n  

o b s e r v a t i o n  a t  t h e  mean of e i t h e r  d i s t r i b u t i o n .  The ELLR and t h e  l i k e -  

l i h o o d  r a t i o  of a n  o b s e r v a t i o n  a t  t h e  mean w i l l  b e  t h e  same whenever 

two normal d i s t r i b u t i o n s  w i t h  e q u a l  v a r i a n c e s  a r e  used as d a t a  g e n e r a t o r s .  

The ELLR of a  random o b s e r v a t i o n  depends on t h e  d i s t a n c e  between t h e  means 

of t h e  d i s t r i b u t i o n s  and on t h e i r  v a r i a n c e s .  Th i s  i s  e x a c t l y  t h e  r e l a t i o n -  

' s h i p  expressed  by d ' ( d '  = '1 - 2 ) s o  i t  can  be  used as a conven ien t  
0 

measure of expected d i a g n o s t i c i t y .  For t h e  p r e v i o u s  exper iment  d '  w a s  
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equal  t o  2.0. I f  5s' response func t ions  r ep re sen t  a number b i a s  then  i t  

is  p o s s i b l e  t h a t  t h e  b i a s  may change a s  a func t ion  of t h e  numbers they  

expect t o  es t imate .  This  hypothesis  was t e s t e d  by vary ing  d '  i n  Exp. 11. 

Three va lues  of d '  were used--1.0, 2.0, and 2 . 7 7 .  

There were two o the r  goa l s  f o r  Exp. 11. One of them was t o  s e e  

i f  - Ss would perce ive  two d a t a  genera tors  wi th  l a r g e  mean sepa ra t ion  and 

l a r g e  va r i ances  a s  more d i agnos t i c  then  two wi th  smal l  mean sepa ra t ion  

and smal l  var iances .  It can be argued t h a t  t h e  mean of a d i s t r i b u t i o n  is  

a much more r e a d i l y  i n f e r r e d  quan t i t y  than  t h e  va r i ance .  For t h a t  reason 

Ss might perce ive  mean sepa ra t ion  a s  a more powerful determinant of - 

d i a g n o s t i c i t y .  To t h e  ex t en t  t h a t  they do so  d '  w i l l  no t  be an  adequate 

measure of d i a g n o s t i c i t y .  Accordingly two condi t ions  were run i n  which d '  

was s e t  at 2.0; i n  one cond i t i on  t h e  mean sepa ra t ion  and var iances  were 

the  same a s  i n  Experiment I (except t h a t  t h e  measurements were i n  cen- 

t i m e t e r s ) ,  i n  t h e  o the r  condi t ion  t h e  means were c l o s e r  t oge the r  and t h e  

va r i ances  were correspondingly smal le r .  

The f i n a l  goa l  was t o  examine the  e f f e c t  of unfami l ia r  d a t a  

genera tors  on t h e  response func t ion .  The normal d i s t r i b u t i o n s  used 

a s  d a t a  genera tors  i n  t h i s  experiment were not  he igh t s  of men and women 

but  l eng ths  (measured i n  cent imeters )  of f i c t i t i o u s  spec i e s  of f i s h .  

Since t h e  spec i e s  were f i c t i t i o u s  t he  d a t a  genera tors  were c l e a r l y  un- 

f a m i l i a r  t o  t h e  2s. The purposes of t he  experiment then  were t o  look 

a t  t he  e f f e c t s  of d a t a  generator  u n f a m i l i a r i t y  and d i a g n o s t i c i t y  on 

the  response func t ion ,  and t o  s e e  i f  two d i f f e r e n t  ways a r r i v i n g  a t  t h e  

same d '  va lue  would appear equiva len t  t o  2s. 



Method 

S t i m u l i .  Four d i f f e r e n t  p a i r s  of normal d i s t r i b u t i o n s  were used 

as d a t a  g e n e r a t o r s .  Each p a i r  r e p r e s e n t e d  one of t h e  d '  c o n d i t i o n s .  The 

d i s t r i b u t i o n s  were of t h e  l e n g t h s  of f i c t i t i o u s  s p e c i e s  of f i s h ;  e a c h  

s p e c i e s  was i d e n t i f i e d  o n l y  by a n  a r b i t r a r y  l e t t e r  of t h e  a l p h a b e t .  

Table  2 l is ts  t h e  r e l e v a n t  c h a r a c t e r i s t i c s  of each p a i r  of d i s t r i b u t i o n s .  

Sequences of from 1-5 d a t a  were  g e n e r a t e d  f o r  each p a i r  of s p e c i e s .  There 

were more long sequences  i n  t h e  d '  = 1 .0  c o n d i t i o n  and more s h o r t  o n e s  i n  

TABLE 2 

D i s t r i b u t i o n  C h a r a c t e r i s t i c s  

D i s t r i b u t i o n  Mean S tandard  d  ' L of a n  o b s e r v a t i o n  

i n  cm. d e v i a t i o n  a t  t h e  mean 
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t h e  d '  = 2 .76  c o n d i t i o n ,  b u t  f o r  each c o n d i t i o n  2s saw 50 d a t a .  Re levan t  

a s p e c t s  of t h e  sampling d i s t r i b u t i o n  a c r o s s  sequences  were c o n t r o l l e d  

h e r e  a s  t h e y  were i n  Exp. I. 

S u b j e c t s .  Twenty-nine p a i d  U n i v e r s i t y  of Michigan male under- 

g r a d u a t e s  s e r v e d  as Ss i n  groups  of t h r e e ,  f o u r ,  o r  f i v e .  There  were 

seven groups .  

Apparatus .  The same board and magnet ic  p o i n t e r s  were used as 

i n  Exp. I, b u t  t h e  s c a l e  on t h e  board was i n  c e n t i m e t e r s .  Four re- 

movable g raphs  d i s p l a y e d  h i s tograms  o r  f requency  d i s t r i b u t i o n s  of t h e  

d e f i n i n g  samples f o r  each  s p e c i e s  p a i r .  The Ss used t h e  same response  

l e v e r s  a s  i n  Exp. I. 

Procedure .  The f o u r  d '  c o n d i t i o n s  were p r e s e n t e d  i n  f o u r  d i f f e r e n t  

o r d e r s  w i t h  Group 1 r e c e i v i n g  one o r d e r ,  and t h e  o t h e r  t h r e e  o r d e r s  each 

being g i v e n  t o  two groups .  A t  t h e  beginning of each  d ' c o n d i t i o n  2s 

saw two d e f i n i n g  samples of 50 f i s h  l e n g t h s ,  one sample f o r  each s p e c i e s .  

They made two e s t i m a t e s  of t h e  mean f o r  each sample,  halfway through and 

a g a i n  a t  t h e  end. The a v e r a g e  e s t i m a t e  was v e r y  a c c u r a t e .  A f t e r  t h e  

d e f i n i n g  sample f o r  e a c h  of t h e  two s p e c i e s  under c o n s i d e r a t i o n  had been 

g iven ,  a  h i s togram o r  f requency  d i s t r i b u t i o n  g raph  c o n t a i n i n g  100 samples 

f o r  each s p e c i e s  was d i s p l a y e d  on t h e  board .  ( S i n c e  2s were f a m i l i a r  

w i t h  t h e  under ly ing  d i s t r i b u t i o n s  i n  Exp. I no such  d i s p l a y  was used t h e r e . )  

The - S s  were t o l d  t h e  g r a p h s  con ta ined  t h e  100 samples t h e y  had s e e n  p l u s  

a n  a d d i t i o n a l  100 randomly drawn samples.  They were t o l d  t h a t  a l though  

t h e  u n d e r l y i n g  p o p u l a t i o n  of l e n g t h s  undoubtedly  looked something l i k e  

t h e  f requency  d i s t r i b u t i o n ,  t h e  two w e r e  by no means t h e  same. A s  a n  
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example, i t  was p o i n t e d  o u t  t o  t h e  t h a t  i f  no f i s h  of one p a r t i c u l a r  

l e n g t h  tu rned  up i n  t h e  random sample of 100, i t  d i d  n o t  f o l l o w  t h a t  

t h e r e  were no f i s h  t h a t  l e n g t h  i n  t h e  p o p u l a t i o n .  

The 2s were nex t  informed t h a t  one of t h e  two s p e c i e s  of f i s h  

under c o n s i d e r a t i o n  had been chosen by t o s s i n g  a f a i r  c o i n .  They r e -  

v i s e d  t h e i r  odds about  which s p e c i e s  had been chosen on t h e  b a s i s  of 

randomly sampled f i s h  l e n g t h s  from t h a t  p o p u l a t i o n .  A f t e r  t h e y  had 

s e e n  a l l  t h e  sequences  f o r  one s p e c i e s  p a i r ,  t h e  f requency d i s t r i b u t i o n  

g raphs  were removed and t h e  e n t i r e  procedure  w a s  r e p e a t e d  f o r  t h e  n e x t  

p a i r .  

R e s u l t s  and Discuss ion  

F i g u r e s  4 ,  5, 6 and 7 d i s p l a y  t h e  r e s u l t s  of t h e  exper iment  i n  

i n c r e a s i n g  o r d e r  of d ' .  The f i g u r e s  p l o t  t h e  median l o g  e s t i m a t e d  odds 

a g a i n s t  t h e  l o g  Bayesian odds.  As i n  F ig .  1 t h e  c r o s s e s  r e p r e s e n t  

T r i a l  1 e s t i m a t e s  and t h e  d o t s  l a t e r  t r i a l s .  I n  two impor tan t  r e s p e c t s  

t h e s e  response  f u n c t i o n s  a r e  v e r y  s i m i l a r  t o  t h e  one p l o t t e d  i n  F i g .  1. 

F i r s t ,  s i n g l e  datum t r ia l s  ( t h e  c r o s s e s )  f a l l  on t h e  same f u n c t i o n  as 

aggrega ted  t r i a l s ,  and second,  t h e  Ss estimates appear  t o  b e  Bayesian 

over  t h e  + 1 . 0  range  of l o g  odds.  Unfamil iar  d a t a  g e n e r a t o r s  seem t o  

y i e l d  t h e  s a m e  response  f u n c t i o n s  a s  f a m i l i a r  ones.  

Table  3 p r e s e n t s  t h e  average  product-moment c o r r e l a t i o n  and 

r e g r e s s i o n  l i n e  s l o p e  between t h e  l o g  of each 5 ' s  e s t i m a t e d  odds and 

t h e  median e s t i m a t e d  l o g  odds.  The c o r r e l a t i o n  f i g u r e s  r e v e a l  t h a t  

a g a i n  t h e  median f u n c t i o n s  a r e  r e p r e s e n t a t i v e  of i n d i v i d u a l  Ss. 
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TABLE 3 

Product-Moment C o r r e l a t i o n s  ( r )  and 

Regress ion  S lopes  (b)  Between t h e  

Log of Each 2's Odds and 

t h e  Median Log Odds 

V i s u a l  i n s p e c t i o n  of F i g s .  5 and 6 i n d i c a t e s  t h a t  2s perce ived  

t h e  two c o n d i t i o n s  i n  which d '  was 2.0 as e q u a l l y  d i a g n o s t i c .  The f a c t  

t h a t  t h e  two median r e s p o n s e  f u n c t i o n s  appear  s i m i l a r  means t h a t  d '  

i s  a u s e f u l  index  of d i a g n o s t i c i t y  i n  t h e s e  t a s k s .  I n  f a c t  t h e  r e s p o n s e  

f u n c t i o n s  i n  a l l  f o u r  f i g u r e s  l o o k  v e r y  s i m i l a r .  To f a c i l i t a t e  a  

comparison of t h e s e  r e s p o n s e  f u n c t i o n s ,  runn ing  averages  of t h e  es- 

t i m a t e s  f o r  a l l  f o u r  d '  c o n d i t i o n s  are p l o t t e d  i n  F i g .  8. (Except f o r  

being n o i s i e r ,  and t h e r e f o r e  even more d i f f i c u l t  t o  u n t a n g l e ,  a p l o t  

of s imple  a v e r a g e s  l o o k s  v e r y  much t h e  same.) Running a v e r a g e s  were 

c a l c u l a t e d  by a s s i g n i n g  each median l o g  odds estimate a  v a l u e  of one 

h a l f  i t s e l f  p l u s  one h a l f  a l i n e a r  i n t e r p o l a t i o n  between t h e  two es- 

-- 
d  ' 

Condi t ion  r b  

1 . 0  (EF) 

2.0 (GH) 

2.0 (A31 

2.77 (CD) 

.82 

.88 

.91 

.92 

1 .02 

1 . 0 0  

1 .04 

.98 
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t i m a t e s  on e i t h e r  s i d e  of i t  ( t h e  extreme ends of t h e  d '  = 2.77 f u n c t i o n  

do no t  appear  on t h e  f i g u r e ) .  C l e a r l y  t h e s e  f u n c t i o n s  a r e  s i m i l a r ;  

they  a r e  s t a b l e  over  extreme changes i n  expected d i a g n o s t i c  impact .  

DISCUSSION 

The n o t i o n  t h a t  2s' p r o b a b i l i s t i c  r e v i s i o n s  might be  d i s t o r t e d  

is n o t  a new one ( P e t e r s o n ,  1968; Sanders ,  1968; Schum, G o l d s t e i n ,  

Howell & Southard,  1967) ,  b u t  p r e v i o u s l y  t h e r e  were no d a t a  b e a r i n g  

d i r e c t l y  on t h e  h y p o t h e s i s .  The combined impact of t h e  p r e s e n t  exper iments  

a r g u e s  q u i t e  s t r o n g l y  f o r  t h e  p resence  of response  b i a s e s  i n  human odds 

e s t i m a t i o n .  Ne i the r  m i s p e r c e p t i o n  nor  m i s a g g r e g a t i o n  can  e a s i l y  encompass 

b o t h  t h e  d a t a  reviewed e a r l i e r  and t h e  p r e s e n t  d a t a .  

Not a l l  q u e s t i o n s  have been r e s o l v e d ,  of c o u r s e .  Exper imental  

ev idence  on t h e  i s s u e  of CLLR b i a s e s  v s .  number b i a s e s  would be  most 

u s e f u l .  F u r t h e r  g e n e r a l i z a t i o n s  of t h e  p r e s e n t  approach w i t h  q u a l i t a -  

t i v e l y  d i f f e r e n t  d a t a  g e n e r a t o r s ,  e . g . ,  b inomia l  o r  mul t inomia l ,  and 

w i t h  d i f f e r e n t  s c a l e s ,  e . g . ,  p r o b a b i l i t i e s ,  would a l s o  b e  i n t e r e s t i n g .  

Another l i n e  of e x t e n s i o n  would b e  t o  s e e  i f  g e n e r a l  t r a i n i n g  on t h e  

p r o p e r t i e s  of number sys tems ,  odds o r  p r o b a b i l i t i e s ,  r e s u l t s  i n  improved 

r e v i s i o n  performance.  I f  t h e  e r r o r s  Ss p r e s e n t l y  make a r e  due s o l e l y  

t o  l a c k  of knowledge about  t h e s e  number sys tems,  one would s p e c u l a t e  t h a t  

such t r a i n i n g  would be  h e l p f u l .  

More g e n e r a l l y ,  i f  2s do have r e s p o n s e  b i a s e s ,  what can be  s a i d  

about f u t u r e  r e s e a r c h  i n  t h e  p r o b a b i l i t y  r e v i s i o n  a r e a ?  The obvious  moral 

f o r  exper imente r s  i n  t h e  a r e a  i s  t h a t  r e s p o n s e  b i a s e s  may have a  confounding 

e f f e c t  on t h e  v a r i a b l e s  they  a r e  i n t e r e s t e d  i n  manipu la t ing .  It i s  n e c e s s a r y  
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t o  know how 2s u s e  a  p a r t i c u l a r  r esponse  s c a l e  b e f o r e  any i n f e r e n c e s  

about t h e  e f f e c t s  of o t h e r  v a r i a b l e s  can be  made. T h i s  s u g g e s t s  

t h a t  exper imente r s  shou ld  g a t h e r  i n f o r m a t i o n  on Ss' response  f u n c t i o n s  

as a b a s i c  p a r t  of any p r o b a b i l i t y  r e v i s i o n  exper iment .  

P robab ly  t h e  main r e a s o n  t h e  b i a s e d  n a t u r e  of 2s' r e s p o n s e  func-  

t i o n s  i s  s o  a p p a r e n t  i n  t h e  p r e s e n t  exper iments  i s  t h a t  t h e  numbers t h e y  

were c a l l e d  on t o  e s t i m a t e  a r e  q u i t e  l a r g e .  When d '  i s  2.0,  f o r  i n s t a n c e ,  

t h e  expected odds a f t e r  a  sample of s i x  d a t a  are a b o u t  22 ,000 : l  i n  f a v o r  

of t h e  most l i k e l y  h y p o t h e s i s .  Such h i g h  numbers are probably  beyond 

most p e o p l e ' s  e x p e r i e n c e  w i t h  t h e  number system. For a p p l i e d  work, t h e  

p r e s e n t  r e s u l t s  s u g g e s t  t h a t  men should n o t  be  p u t  i n  s i t u a t i o n s  where 

t h e y  have t o  e s t i m a t e  h i g h  numbers i n  o r d e r  t o  b e  a c c u r a t e .  

Edwards h a s  sugges ted  and t e s t e d  a  system where men e s t i m a t e  l i k e -  

l i h o o d  r a t i o s  and a  computer combines them accord ing  t o  ~ a ~ e s ' s  

theorem (Edwards, P h i l l i p s ,  Hays & Goodman, 1968) .  The r a t i o n a l e  f o r  

t h e  system was t h a t  peop le  could  n o t  a c c u r a t e l y  p r o c e s s  a  number of d a t a ,  

t h e y  could  n o t  a g g r e g a t e ,  and t h e r e f o r e  i t  was b e s t  t o  have a  machine do 

t h e  job f o r  them. The p r e s e n t  r e s u l t s  show t h a t  p e o p l e  can a g g r e g a t e  

a c c u r a t e l y  over  a l i m i t e d  range of ev idence  impact s o  t h e  o r i g i n a l  r a t i o n a l e  

is weakened. The s t r a t e g y  i s  s t i l l  u s e f u l ,  however, because  i t  a v o i d s  t h e  

problem of b i a s e s  i n  most c a s e s .  The e x c e p t i o n  o c c u r s  when v e r y  d i a g n o s t i c  

d a t a  must b e  p rocessed .  Such d a t a  would r e q u i r e  l a r g e  l i k e l i h o o d  r a t i o  

e s t i m a t e s ,  and t h u s  a l l o w  t h e  p o s s i b i l i t y  of b i a s i n g .  But s i n c e  v e r y  

d i a g n o s t i c  d a t a  a r e  p r e c i s e l y  t h e  k i n d  which r a r e l y  o r  never  occur  i n  r e a l  

world d i a g n o s t i c  sys tems,  Edwards1 s t r a t e g y  remains a v i a b l e  one.  



APPENDIX 

Data P o i n t s  For F i g u r e s  

F i g u r e  1 

T r i a l  
number 

Median l o g  
e s t i m a t e d  odds 

Log Bayesian 
odds 



T r i a l  
number 

2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
1 
2 
3 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
1 
1 
1 
1 
1 
1 
1 
1 
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Median l o g  
e s t i m a t e d  odds 

0.8741 
1.1276 
1.5880 
0.5396 
0.7782 
1.0603 
1.5000 
0.5396 

-0.3010 
-0.6021 
-0.5396 
-0.9515 
-0.6990 

0.6990 
-0.0510 

0.6990 
1.1505 
1.5880 
1.6505 
1.6505 
0.6021 

-0.6276 
-0.9515 
-1.3010 
-1.6990 
-2.0106 
-2.3010 

0.6990 
-0.0207 

0.8010 
1.2386 
1.3495 
1 .5441 

-0.7386 
-0.9515 
-1.3495 
-1.7559 
-2.0000 
-2.5396 

0.8741 
1.0000 
1 .1901 
1.5106 
1 .7720 

-1.0880 
0.3010 
0.3010 
0.4698 

-1.0000 
1 .6021 

-0.8116 
0.3010 

Log Bayesian 
odds 

1.3049 
3.3020 
4.8105 
0.2853 
1.3049 
2.8166 
4.8105 
0.6927 

-0.4897 
-1.0194 
-0.5297 
-1.7121 
-1.0194 

1.1824 
-0.1631 

0.9372 
3.4248 
5.1783 
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Figure 8 The running averages  were found geome t r i ca l l y  r a t h e r  than  
a r i t h m e t i c a l l y .  For each f i g u r e  4-7 a running average was p l o t t e d  
geome t r i ca l l y  on a n  over lay .  The fou r  running average p l o t s  were 
then  t r a n s f e r r e d  t o  F ig .  8 .  
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