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c h a p t e r  1 .  R e s u l t s  from c o n j o i n t  measurement  t h e o r y  a r e  

su rv e y e d  i n  c h a p t e r  2 and t h e i r  a p p l i c a t i o n  t o  a q u a l i t a t i v e  

f u n c t i o n a l  a n a l y s i s  (QFA) o f  t h e  i n f o r m a t i o n  i n t e g r a t i o n  models  

i s  d i s c u s s e d .  An i m p o r t a n t  i s s u e  i s  how t o  d e a l  w i th  f a l l i b l e  

d a t a .  I n  c h a p t e r  3 f u n c t i o n a l  measurement f o r  b i n a r y  c h o ic e  d a ta  

by t h e  method of minimum n o rm i t  c h i  s q u a r e  i s  c o n s i d e r e d  w i th  a 

v iew  t o  exam in in g  i n f o r m a t i o n  i n t e g r a t i o n  m odels  q u a n t i t a t i v e l y . 

I n  t h e  l a s t  o f  t h e  4 t h e o r e t i c a l  c h a p t e r s  a s e l e c b i v e  r e v i e w  of  

e x p e r i m e n t a l  work r e l a t e d  t o  some m a jo r  i s s u e s  i n  d e c i s i o n  

t h e o r y  i s  . p r e s e n t e e .

S ix  -pair  c o m p a r is o n  e x p e r i m e n t s  a r e  r e p o r t e d  i n  

c h a p t e r s  5 t o  7 ,  i n  f i v e  of them c h o i c e s  were o b se rv ed  and i n  

t h e  o t h e r  ( e x p e r i m e n t  2) s t a t e m e n t s  o f  p r e f e r e n c e  were 

e l i c i t e d .  The s u b j e c t s  were randomly s e l e c t e d  u n i v e r s i t y  

s t u d e n t s  whose r e s u l t s  were a n a l y s e d  i n d i v i d u a l l y .  The 

a l t e r n a t i v e s  a v a i l a b l e  t o  s u b j e c t s  were gam bles  f o r  sm a l l  

amounts  o f  money, which t h e y  a c t u a l l y  p la y e d  i n  r e a l  p l a y  

s i t u a t i o n s .  E x p e r im e n t s  1 - 3  were s e t  i n  s t a t i c  d e c i s i o n ­

making s i t u a t i o n s ,  4 and 3 i n  s e q u e n t i a l  ones and e x p e r im e n t  6 

was s e t  i n  a dynamic s i t u a t i o n .  I n  e x p e r im e n t  2 t n c  r o l e  of  

i n d i f f e r e n c e  i n  d e c i s i o n  making was i n v e s t i g a t e d  by QFA and 

found to  be m in o r .  I n  e x p e r i m e n t s  1, 3 and 5 i n i o r m a r i o n  

i n t e g r a t i o n  m odels  were  i n v e s t i g a t e d  oy ViFA and f u n c b i o n a l  

m easu rem en t .  Suppor t  f o r  3EU m odels  and n o t  a d d i t i v e  ones  was 

fo u n d .  i n  e x p e r im e a b s  4 and p cue s i l v e r s  on c h o i c e s  Oi currmub

c a p i t a l  and p r e v i o u s  oucoome wer^ found, go be n e g x i , . , i o i s .
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model i n  a s im p le ,  two s t a g e ,  dynamic Ide t t i n g  game. A 

f u n c t i o n a l  measurement a n a l y s i s  l e d  to  i t s  r e j e c t i o n .

I n  t h e  f i n a l  c h a p t e r  th e  r e s u l t s  a r e  d i s c u s s e d  in  

r e l a t i o n  t o  p r e v i o u s  worA. M e t h o d o l o g i c a l  d i f f i c u l t i e s  which 

a r o s e  f rom  t h e  use  o f  t h e  a n a l y t i c  methods a r e  c o n s i d e r e d  and 

p a r t l y  r e s o l v e d .  I t  i s  c o n c lu d ed  t h a t  t h e y  a r e  s u i t a b l e  

t e c h n i q u e s  f o r  t h e  p r e s e n t  a p p l i c a t i o n .  The f u t u r e  o f  t h e  

i n f o r m a t i o n  i n t e g r a t i o n  models  i s  a l s o  d i s c u s s e d .  I t  i s  

c o n c lu d ed  t h a t  a s  d e s c r i p t i v e  m odels  o f  b e h a v i o u r  i n  s t a t i c ,  

s e q u e n t i a l  and dynamic s i t u a t i o n s  t h e y  s t i l l  have  a v e ry  

u s e f u l  r o l e  t o  p l a y .  :
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CHAPTER 1.

I n t r o d u c t i o n

Much human a c t i v i t y  i n v o l v e s  t h e  c o n s c i o u s  p u r s u i t  o f  

d e s i r a b l e  o b j e c t i v e s .  An i n d i v i d u a l  engaged i n  such  a c t i v i t y  may 

p e r c e i v e  t h a t  c e r t a i n  a l t e r n a t i v e  means c o u ld  l e a d  t o  t h e  

d e s i r e d  end .  P r i o r  t o  c h o o s in g  a n  a c t i o n  he w i l l  p r o b a b l y  w ish  

t o  o b t a i n  a s  much i n f o r m a t i o n  a s  p o s s i b l e  a b o u t  each  a l t e r n a t i v e  

b e f o r e  him. I n f o r m a t i o n  s e e k i n g  i n  such  s i t u a t i o n s  h a s  r i g h t l y  

r e c e i v e d  much s t u d y .  Our i n t e r e s t  h e r e ,  t h o u g h ,  i s  i n  what 

h a p p e n s  a f t e r  t h e  i n f o r m a t i o n  h a s  b een  g a t h e r e d .

The i n d i v i d u a l  w i l l  i n v a r i a b l y  be f a c e d  w i th  a  

f u n d a m e n ta l  d i lemma: h i s  p o s s i b l e  c o u r s e s  o f  a c t i o n  w i l l  n o t

a lw a y s  l e a d  t o  t h e  outcome i n t e n d e d  an d ,  f u r t h e r m o r e ,  any 

outcome w i l l  have  b o th  d e s i r a b l e  and u n d e s i r a b l e  a s p e c t s .  Man 

d o e s  n o t  have  t h e  power t o  make p e r f e c t  p r e d i c t i o n s  a b o u t  h i s  

f u t u r e  e n v i ro n m e n t  and even i f  he d id  have  i t  would n o t  be  to  h i s  

l i k i n g  i n  a l l  r e s p e c t s .

The b e h a v i o u r  o f  f u l l y  in fo rm ed  i n d i v i d u a l s ,  making 

d e c i s i o n s  among d i s c r e t e  c o u r s e s  o f  a c t i o n  i n  o r d e r  t o  o b t a i n  

d e s i r e d  g o a l s ,  i s  t h e  s u b j e c t  o f  t h i s  t h e s i s .

I t  i s  a v e ry  b r o a d  s u b j e c t  and i t  i s  no t  i n t e n d e d  to  

a t t e m p t  a  panoram ic  s tu d y  o f  i t s  whole b r e a d t h .  A s p e c i f i c  c l a s s  

of  m ode ls  o f  d e c i s i o n  making b e h a v i o u r  a r e  p ro po sed  and examined 

e m p i r i c a l l y .  T h i s  c l a s s  o f  models  w i l l  be c a l l e d  i n f o r m a t i o n  

i n t e g r a t i o n  m odels  th o u g h  t h i s  name i s  u sed  by o t h e r s  t o  d e s c r i b e  

a more g e n e r a l  c l a s s .  The u sa g e  of  t h e  t e rm  h e r e  i s  v e ry  s i m i l a r  

t o  A n de rso n  and S h a n t e a u ' s  (1970)  u s a g e .  I n f o r m a t i o n  i n t e g r a t i o n  

m odels  a r e  t n o s e  which assume tuuu p e o p le  e v a l u a t e  i n f o r m a t i o n

1 .



a b o u t  a l l  t h e  a t t r i b u t e s  of  an  a v a i l a b l e  a l t e r n a t i v e  and 

i n t e g r a t e  t h e s e  e v a l u a t i o n s  t o  form some o v e r a l l  a s s e s s m e n t  o f  i t s  

s u b j e c t i v e  v a l u e .  D e c i s i o n s  a r e  t h e n  made by com par ing  t h e  

s u b j e c t i v e  v a l u e s  o f  a l l  t h e  a v a i l a b l e  a l t e r n a t i v e s .  The models  

w i l l  be d i s c u s s e d  a g a i n  l a t e r  i n  t h e  c h a p t e r .

C o n s i d e r a b l e  a t t e n t i o n  h a s  been  g i v e n  t o  i n f o r m a t i o n  

i n t e g r a t i o n  m odels  o v e r  t h e  p a s t  20 y e a r s  i n  a v a r i e t y  of  

e v a l u a t i v e  s i t u a t i o n s .  R e c e n t l y ,  t e c h n i q u e s  have  become a v a i l a b l e  

which a r e  p a r t i c u l a r l y  u s e f u l  f o r  exam in ing  them i n  d e c i s i o n  

m aking c o n t e x t s .  Two q u i t e  d i f f e r e n t ,  t h o u g h  s i m i l a r l y  p o w e r f u l  

t e c h n i q u e s  w i l l  be a p p l i e d  i n  th e  p r e s e n t  s t u d y .  An i m p o r t a n t  

p o i n t  t o  n o t e  i s  t h a t  t h e  e x t e n t  t o  which any g e n e r a l i z a t i o n  

from t h e  a p p l i c a t i o n  o f  t h e s e  a n a l y t i c  m ethods  i s  v a l i d  d ep en d s  

c r i t i c a l l y  on t h e  d e g re e  t o  which t h e  s i t u a t i o n s  t h a t  b e h a v i o u r  

i s  examined u n d e r  r e s e m b le  r e a l  l i f e  s i t u a t i o n s .  Any p s y c h o l o g i c a l  

s tu d y  n e c e s s a r i l y  i n v o l v e s  t h e  s tu d y  o f  i n t e r r e l a t i o n s  b e tw ee n  t h e  

i n d i v i d u a l  and h i s  e n v i r o n m e n t .  The f i r s t  t a s k ,  t h e n  i s  t o  d i s c u s s  

r e a l  l i f e  d e c i s i o n  making e n v i r o n m e n t s  and b u i l d  m odels  of  them. 

M ode ls ,  by d e f i n i t i o n  do not  m i r r o r  r e a l i t y  b u t  s i m p l i f y  i t  and 

draw o u t  s a l i e n t  f e a t u r e s  of  i t .  The m odels  o f  d e c i s i o n  making 

s i t u a t i o n s  t o  be p ro p o se d  shou ld  be v iewed i n  t h i s  l i g h t .  They a r e  

c a r i c a t u r e s ,  a b s t r a c t i o n s  o f  r e a l  l i f e  s i t u a t i o n s  which 

h o p e f u l l y  r e t a i n  some of t h e i r  e s s e n c e .  The s i m p l e s t  model  of 

d e c i s i o n  s i t u a t i o n s  d i s c u s s e d  i s  one i n  which t h e  t e m p o r a l  f e a t u r e s  

a r e  minimum. G e n e r a l i z a t i o n s  of t h i s  which b r i n g  i n  some of  t h e  

more i m p o r t a n t  t e m p o r a l  f e a t u r e s  a r e  a l s o  c o n s i d e r e d .  The main 

aim of t h e  s tu d y  a s  a whole i s  t o  examine i n f o r m a t i o n  i n t e g r a t i o n

m ode ls  i n  such  s i t u a t i o n s .

The s t r u c t u r e  o f  t h e  s tu d y  t o  be r e p o r t e d  i s  a s  f o l l o w s .



Most o f  t h e  r e m a in d e r  o f  t h i s  c h a p t e r  i s  d e v o te d  t o  t h e  m odels  of 

d e c i s i o n  making s i t u a t i o n s  which g i v e  t h e  f ramework o f  t h e  s t u d y .  

Then i n f o r m a t i o n  i n t e g r a t i o n  m odels  a r e  d e s c r i b e d  f u r t h e r .  I n  

c h a p t e r s  2 and 3 t h e  t e c h n i q u e s  which a r e  used  t o  examine t h e  

m od e ls  o f  b e h a v i o u r  a r e  s e t  ou t  and i n  c h a p t e r  4 p r e v i o u s  e m p i r i c a l  

r e s e a r c h  r e l e v a n t  t o  t h e  'p re se n t  s tu d y  i s  r e v ie w e d .  The e x p e r i m e n t s  

c a r r i e d  ou t  i n  t h e  p r e s e n t  s tu d y  a r e  d e s c r i b e d  i n  c h a p t e r s  5 

t h r o u g h  to  7 .  C o n c l u s i o n s  a r e  drawn i n  t h e  f i n a l  c h a p t e r  ( c h a p t e r  

8 ) .  S u b s t a n t i v e  c o n c l u s i o n s  a r e  d i s c u s s e d  i n  r e l a t i o n  t o  p r e v i o u s  

r e s e a r c h  and t h e  a n a l y t i c a l  m ethods  a r e  d i s c u s s e d  i n  t h e  l i g h t  o f  

e x p e r i e n c e  w i t h  t h e i r  a p p l i c a t i o n .

Some S im ple  Models  o f  D e c i s i o n  Making S i t u a t i o n s .

T h ree  b a s i c  m odels  have  m a in ly  b een  used  t o  s tu d y  

d e c i s i o n  making.  They a r e  o f t e n  c a l l e d  dynamic,  s e q u e n t i a l  and 

s t a t i c  i n  o r d e r  o f  d e c r e a s i n g  c o m p l e x i t y ,  though  t h e r e  i s  some 

c o n f u s i o n  i n  t h i s  t e r m i n o l o g y .  Examples o f  each  ty p e  w i l l  be 

g i v e n  and t h e  way t h e  above t e r m s  a r e  t o  be u sed  c l a r i f i e d .  The 
f i r s t  two a r e  g e n e r a l i z a t i o n s  of  t h e  s t a t i c  m odel .

A c o u r s e  o f  a c t i o n  i n  p u r s u i t  o f  a g o a l  u s u a l l y  r e q u i r e s  

making a seq u en ce  of  d e c i s i o n s .  A f t e r  t h e  i n i t i a l  one,  e v e n t s  

beyond t h e  c o n t r o l  of  t h e  d e c i s i o n  maker t a k e  ove r  t o  some e x t e n t .  

As a r e s u l t  o f  th e  i n i t i a l  a c t i o n  and t h e  su b s e q u e n t  e v e n t s  a new- 

s t a t e  o f  a f f a i r s  i s  r e a d i e d  wiiich r e q u i r e s  t h e  s e l e c t i o n  o f  a new 

a c t i o n .  The u l t i m a t e  g o a l  i s  no t  reached a s  t h e  d i r e c t  r e s u l t  of a 
s i n g l e  a c t i o n .  R a t h e r  i t  i s  a t t a i n e d  through r e a c h i n g  to w a rd s  a 

s e r i e s  o f  su b—g o a l s .  F i s h b u r n  (1984)  g i v e s  a n  i n t e r e s t i n g  example 

o f  this i n  considering a career choice problem. Tne .l o l i o ’wing is

'IJ •



a more s im p le  c a r e e r  c h o ic e  p ro b lem .

A p e r s o n  h a s  j u s t  l e f t  s c h o o l  and h a s  b e e n  a c c e p t e d  by 

a  u n i v e r s i t y  where he must choose  which s u b j e c t  t o  s t u d y .  Once a 

c o u r s e  o f  s t u d y  i s  begun  t h e  sy s te m  i s  so i n f l e x i b l e  t h a t  t h e  

p o s s i b i l i t y  o f  c h an g in g  c o u r s e s  can  be r u l e d  o u t .  At s c h o o l  h i s  

f a v o u r i t e  s u b j e c t  was c h e m i s t r y ,  and h i s  b e s t  s u b j e c t  e n g l i s h  

l i t e r a t u r e .  He w i s h e s  t o  c o n t i n u e  t o  s tu d y  one o f  t h e s e .  H is  

u l t i m a t e  g o a l  can  be c o n s i d e r e d  t o  be a s a t i s f y i n g  and f i n a n c i a l l y  

r e w a r d i n g  c a r e e r .

I f  he d e c i d e s  t o  t a k e  e n g l i s h  l i t e r a t u r e ,  he knows he 

w i l l  f i n d  t h e  c o u r s e  b o r i n g ,  th o u g h  r e a s o n a b l y  e a s y ,  and he w i l l  

h ave  a  l o t  o f  t ime t o  e n jo y  t h e  n on-academ ic  a s p e c t s  o f  u n i v e r s i t y  

l i f e .  I f  he t a k e s  c h e m i s t r y  he w i l l  have t o  work q u i t e  h a rd  b u t  

f i n d  i t  i n t e r e s t i n g .  H i s  f r e e  t im e  w i l l  be more l i m i t e d .  He 

s t a n d s  t h e  b e s t  chance  o f  g e t t i n g  a good d e g re e  i f  he t a k e s  

e n g l i s h  l i t e r a t u r e .  I f  he t a k e s  c h e m is t r y  he w i l l  p o s s i b l y  g e t  a 

good d e g r e e  b u t  more p r o b a b l y  i t  w i l l  o n ly  be f a i r .

When he f i n i s h e s  a t  u n i v e r s i t y  he w i l l  be i n  a 

s i t u a t i o n  which r e q u i r e s  f u r t h e r  a c t i o n .  I f  he h a s  a good d e g re e  

i n  e i t h e r  s u b j e c t  he w i l l  have t h e  o p p o r t u n i t y  ( p e r h a p s )  to  

b e g i n  a  c a r e e r  i n  some k in d  o f  j o u r n a l i s m  ( t e c h n i c a l  o r  o t h e r w i s e )  

o r  some k in d  o f  i n d u s t r i a l  management.  I f  he has  on ly  a  f a i r  

d e g r e e  he may have t o  choose  b e tw een  t e a c h i n g  and becoming an  

o f f i c e r '  i n  t h e  army. Suppose he weighs  up t h e s e  f o u r  k i n d s  of 

c a r e e r  i n  t e r m s  o f  jo b  s a t i s f a c t i o n  and s a l a r y  and a r r i v e s  a t

t h e  f o l l o w i n g  c o n c l u s i o n s :

i )  management i s  l i k e l y  t o  g iv e  a n  e x c e l l e n t  s a l a r y  bu t  
o n ly  f a i r  jo b  s a t i s f a c t i o n

i i ) j o u r n a l i s m  i s  l i k e l y  t o  g iv e  a f a i r  s a l a r y  and e x c e l l e n t
job s a t i s f a c t i o n
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i i i )  t h e  o t h e r  two a r e  o n ly  f a i r  i n  b o t h  d i m e n s i o n s .

I t  i s  c l e a r  t h a t  t h e r e  i s  much f o r  him t o  p o n d e r  i n

making h i s  i n i t i a l  d e c i s i o n .  As w e l l  a s  h i s  p o t e n t i a l  u l t i m a t e

c a r e e r ,  he must c o n s i d e r  what h i s  c h a n c e s  a r e  o f  a  good d e g r e e  

f o r  e ach  s u b j e c t  c h o i c e ,  and what imm edia te  p a y - o f f s  each  i n i t i a l  

a c t i o n  c o u ld  b r i n g .  The s i t u a t i o n  can be summarized by a 

d e c i s i o n  t r e e ,  a s  shown i n  f i g u r e  1 . 1 .  The d e c i s i o n  t r e e  

r e p r e s e n t a t i o n  a ssum es  t h a t  t h e  d e c i s i o n  making s i t u a t i o n  can  be 

v iew ed  a s  a  b r a n c h i n g  p r o c e s s .  Some b r a n c h e s  (marked a t  t h e  

node w i t h  a D) r e p r e s e n t  p o s s i b l e  a c t i o n s  w h i le  o t h e r s  r e p r e s e n t  

t h e  p o s s i b l e  e v e n t s  t h a t  a r e  beyond t h e  c o n t r o l  o f  t h e  d e c i s i o n  

m ak e r .  G e n e r a l l y ,  a l l  b r a n c h e s  a r e  p o r t r a y e d  i n  c h r o n o l o g i c a l  

o r d e r .  I t  i s  a model of  t h e  a c t u a l  d e c i s i o n  making s i t u a t i o n

and i t  w i l l  be a good one i f  i t  i n c l u d e s  a l l  t h e  p o s s i b l e  a c t i o n s

and e v e n t s  t h a t  a r e  of c o n ce rn  t o  t h e  i n d i v i d u a l  making t h e  

d e c i s i o n s .

The above i s  a n  example o f  a t w o - s t a g e ,  dynamic 

d e c i s i o n  s i t u a t i o n .  The te rm  dynamic w i l l  be u sed  h e r e  t o  r e f e r  

t o  s i t u a t i o n s  i n  which a sequence  of  d e c i s i o n s  a r e  made such 

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

d e p e n d e n t  on e a r l i e r  d e c i s i o n s  a n d / o r  e v e n t s .  I n  t h e  l i t e r a t u r e ,  

t h e  t e r m  s e q u e n t i a l  i s  o f t e n  used  f o r  t h i s  c ase  b u t  h e r e  t h e  t e rm  

s e q u e n t i a l  w i l l  be used  to d e s c r i b e  s i t u a t i o n s  i n v o l v i n g  a 

se q u en ce  of d e c i s i o n s  whose a v a i l a b i l i t y  i s  i n d e p e n d e n t  of  e a r l i e r  

e v e n t s  and a c t i o n s .  I n  s e q u e n t i a l  d e c i s i o n - m a k i n g  s i t u a u i o n s ,  

t h e  i n d i v i d u a l s '  f o r t u n e s  w i l l  f l u c t u a t e  b u t  no t  t h e  a v a i l a b i l i t y

o f  f u t u r e  a c t i o n s .

As an  example of  a s e q u e n t i a l  d e c i s i o n  s i t u a t i o n ,



c o n s i d e r  a  t a x i - d r i v e r  who, a f t e r  each  f a r e ,  must  d e c i d e  which 

o f  t h r e e  r a n k s  t o  go t o  f o r  h i s  n e x t  f a r e .  He knows r o u g h ly  t h e  

c h a n c e s  a t  e a c h  t h a t  he w i l l  have a  lo n g  w a i t  and t h a t  he w i l l  g e t  

a  p r o f i t a b l e  f a r e .  lie must  weigh t h e s e  f a c t o r s  up i n  d e c i d i n g ,  

w h i l e  a l s o  b e a r i n g  i n  mind t h a t  t h e y  may change  t h r o u g h o u t  t h e  

day and from  one day to  a n o t h e r .  F o r  i n s t a n c e ,  one r a n k  may be 

n e a r  t h e  r a i l w a y  t e r m i n u s .  Here  b u s i n e s s  may be b r i s k  a f t e r  t h e  

a r r i v a l  o f  c e r t a i n  t r a i n s  b u t  on ly  f a i r  a t  o t h e r  t i m e s .  At 

o t h e r  r a n k s  h i s  e x p e c te d  w a i t i n g  t im e  and h i s  chance  of  a 

p r o f i t a b l e  f a r e  may a l s o  be a f f e c t e d  by e v e n t s  which f o l io ? ;  some 

c y c l i c  o r  s e a s o n a l  p a t t e r n .  I f  no a c t i o n  a f f e c t s  t h e  f u t u r e  

a v a i l a b i l i t y  o f  h i s  a l t e r n a t i v e  r a n k s  t h e n  t h i s  would a p p e a r  t o  be 

a n  example  o f  a  s e q u e n t i a l  d e c i s i o n  s i t u a t i o n .  T h i s  d i s t i n c t i o n  

be tw ee n  dynamic and s e q u e n t i a l  e n v i r o n m e n t s ,  a l t h o u g h  s u b t l e ,  i s  

r a t h e r  i m p o r t a n t .  By making i t  one can  s tu d y  t h e  e f f e c t  of 

s e q u e n t i a l  f a c t o r s  i n  t h e  a b s e n c e  o f  c e r t a i n  dynamic o nes ,  

e n a b l i n g  a t r u e r  p i c t u r e  o f  d e c i s i o n  making b e h a v i o u r  t o  emerge.

When o b s e r v i n g  r e a l  l i f e  b e h a v i o u r ,  and i n  some e x p e r i m e n t s  t o o ,  

t h e  s e q u e n t i a l  and dynamic f a c t o r s  a r e  confounded  e n a b l i n g  many 

c o n f l i c t i n g  h y p o t h e s e s  t o  s u r v i v e  s i d e  by s i d e .

A s i n g l e  d e c i s i o n ,  one which b e a r s  no r e l a t i o n  t o  

e a r l i e r  e v e n t s  and which  h a s  b e a r i n g  on ly  on the.  im m edia te  f u t u r e  

i s  g e n e r a l l y  r e f e r r e d  t o  a s  a s t a t i c  c h o ic e  sine© t h e  t e m p o r a l  

a s p e c t s  o f  i t  a r e  m in im a l .  ( A n o th e r  way o f  l o o k i n g  a t  a 

s e q u e n t i a l  s i t u a t i o n  i s  a s  a sequence  o f  i n d e p e n d e n t  s t a t i c  

o n e s ).

I t  may be a rg u e d  t h a t  no s i t u a t i o n  i s  s t a t i c  and t h e y  

a r e  t h u s  t o o  u n r e a l i s t i c  t o  be w o r th  s t u d y i n g ,  xlowever, t h e r e  

a r e  s i t u a t i o n s  i n  which t h e  te -u p o ra l  f a c t o r s  a r e  ox. l i t t l e  importance  

F o r  i n s t a n c e ,  suppose  you had d e c id e d  t o  bake a h o l i d a y  a b ro a d
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f o r  t h e  f i r s t  t im e  and you had f i x e d  y o u r  b u d g e t .  You may f e e l  

t h a t  y o u r  p a s t  h o l i d a y  e x p e r i e n c e  i s  i r r e l e v a n t  t o  t h i s  new 

v e n t u r e ,  and th o u g h  you r e c o g n i z e  t h e  p o s s i b i l i t i e s  of  c a t a s t r o p h e  

you a r e  p r e p a r e d  t o  i g n o r e  them i n  w eigh ing  up t h e  a l t e r n a t i v e s .  

Such a  s i t u a t i o n  m igh t  o c c u r  when you have s h o r t - l i s t e d  c e r t a i n  

"package  t o u r "  t y p e  h o l i d a y s .  Your c h o ic e  among t h e s e  m ight  be i n  

e s s e n c e  a c h o ic e  f rom a s e t  o f  d e s c r i p t i o n s  i n  t h e  t o u r  

o p e r a t o r s '  b r o c h u r e s .  Then y o u r  c h o ic e  among p o s s i b l e  h o l i d a y s  

can  be r e g a r d e d  a s  a s t a t i c  c h o i c e .  These t h r e e  exam ples  a r e  

i n t e n d e d  t o  i l l u s t r a t e  t h e  e s s e n t i a l  d i f f e r e n c e s  among t h e  

t h r e e  b a s i c  k i n d s  of  s i t u a t i o n  t h a t  have f e a t u r e d  i n  d e c i s i o n  

making s t u d i e s .

From t h e  g e n e r a l  d i s c u s s i o n  so f a r ,  i t  i s  c l e a r  t h a t  

what c o n s i t u t e s  a d e c i s i o n  s i t u a t i o n ,  and what t y p e  i t  i s ,  i s  

v e r y  much i n  t h e  eye of  t h e  d e c i d e r .  An i n d i v i d u a l  f a c e s  a 

d e c i s i o n  s i t u a t i o n  i f  he p e r c i e v e s  i t  a s  su ch .  I t  w i l l  be a 

s t a t i c ,  s e q u e n t i a l  o r  dynamic d e c i s i o n  d e p e n d in g  on what he s e e s  

a s  i m p o r t a n t .  However, i n  an  ex p e r im e n t  t h e  s i t u a t i o n  can  be 

s t r u c t u r e d  so t h a t  t h e  way i t  i s  p e r c e i v e d  by t h e  s u b j e c t  i s  

l i k e l y  t o  be t h e  same a s  t h e  way t h e  e x p e r i m e n t e r  p e r c e i v e s  i t .  

S in c e  t h i s  h a s  been  done i n  t h e  e x p e r i m e n t s  which f o l l o w ,  

d e c i s i o n  s i t u a t i o n s  w i l l  be d i s c u s s e d  a s  i f  che.y a r e  o b j e c t i v e  

r e a l i t y .  Formal m odels  o f  t h e i r  s t r u c t u r e  w i l l  be g i v e n ,  

b e g i n n i n g  w i t h  a model of t h e  s t a t i c  d e c i s i o n  s i t u a t i o n .  T h i s  w i l l  

h e l p  t o  make t h e  a s s u m p t io n s  u n d e r l y i n g  t h e  e x p e r i m e n t s  e x p l i c i t .

The S t a t i c Hec i s i o n  S i t u a t i o n

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



seq u en c e  o f  e v e n t s :  t h e  d e c i s i o n  maker (DM)

i )  e n t e r s  d e c i s i o n  s t a t e

i i )  o b t a i n s  i n f o r m a t i o n  a b o u t  t h e  a v a i l a b l e  a l t e r n a t i v e s  

i i i )  makes c h o ic e

i v )  outcome o c c u r s  

v )  l e a v e s  d e c i s i o n  s t a t e .

The " d e c i s i o n  s t a t e "  s im ply  means t h a t  i n t e r v a l  b e tw een  t h e  

g e r m i n a t i o n  o f  t h e  i d e a  t h a t  a c t i o n  must be t a k e n  and t h e  

r e a c h i n g  o f  t h e  g o a l .

Suppose ,  a t  a p a r t i c u l a r  i n s t a n t  i n  t i m e ,  DM e n t e r s  

any one o f  a s e t ,  S, o f  p o s s i b l e  d e c i s i o n  s t a t e s .  L e t  t h e  

s t a t e  DM f i n d s  h i m s e l f  i n  be den o te d  Sj (where  j = 1, . . . n ) .

I n  e x p a n d in g  t h e  d i s c u s s i o n  of t h e  s t r u c t u r e  o f  Sj i t  i s  

n e c e s s a r y  to  d e f i n e  an  outcome of  a  d e c i s i o n .  T h i s  i s  done i n  

t e r m s  o f  a  MOTIVATING- VARIABLE, which i s  i n  g e n e r a l  m u l t i v a r i a t  

and can  be  d e n o te d  by a v e c t o r  x = (x-^, . . . x  ) .  Each 

d im e n s io n  of  x r e p r e s e n t s  a n  a s p e c t  of  DM's s t a t u s  t h a t  he can 

a l t e r  by h i s  d e c i s i o n s  ( t o  a g r e a t e r  o r  l e s s e r  e x t e n t )  and t h a t  

a l s o  have some v a l u e  to  him. Thus, i t  i s  assumed t h a t  t h e s e  

a s p e c t s  can  be mapped on to  e i t h e r  a d i s c r e t e  o r  c o n t i n u o u s  

v a r i a b l e .

I n  g e n e r a l  x r e p r e s e n t s  a c o l l e c t i o n  o f  v a r i a b l e s  

b e c a u s e  o b v i o u s l y  a c h o ic e  can  a l t e r  more t h a n  one a s p e c t  of 

DM's s t a t u s .  L e t  t h e  s t a t u s  quo v a lu e  o f  x be x Q, t h a t  v a lu e  

which  a p p l i e s  when he e n t e r s  th e  s t a t e .  The OUTCOME i s  d e f i n e d  

a s  t h e  change  i n  t h e  m o t i v a t i n g  v a r i a b l e  t h a t  o c c u r s  a f t e r  a 

d e c i s i o n  h a s  been  made. I t -  can be d en o ted  by x^  = x 2 i ’ **

The v a l u e  of  x when DM l e a v e s  t h e  s t a t e  i s  + x^  i f  outcome



A DECISION ALTERNATIVE can  "be d e f i n e d  from t h e

outcome.  L e t  t h e  s e t  of  a l t e r n a t i v e  d e c i s i o n s  a v a i l a b l e  i n

s t a t e  Sj be d e n o te d  by D j ,  where d.  . £  D. ( i  = 1,  . . .  k . ) ,  and
•*- J  d  2

t h e  number o f  a l t e r n a t i v e s  a v a i l a b l e  i n  S . i s  k . .  A d e c i s i o n
J 0

a l t e r n a t i v e  d . . i s  a random v a r i a b l e  o v e r  t h e  s e t  o f  p o s s i b l e
J

outcom es X . . w i t h  e l e m e n t s  x .  . £  X . . .  The d e c i s i o n  a l t e r n a t i v e
J  J  J- J

may be e i t h e r  a d i s c r e t e  o r  a  c o n t i n u o u s  random v a r i a b l e .

The m a r g i n a l  d i s t r i b u t i o n s  of  e ach  d im e n s io n  o f  x can  be 

c o n s i d e r e d .  L e t  x . .6 X . . where X . . i s  t h e  s e t  of  p o s s i b l e
O - L J  C -L J  C l J

outcom es f o r  d im e n s io n  c and d e c i s i o n  The m a r g i n a l

d i s t r i b u t i o n s  i n  t h e  d i s c r e t e  and c o n t i n u o u s  c a se  r e s p e c t i v e l y  a r e

d e n o te d  by | ^j<cio : x k c i j  ) an<̂  ^ ^x c i j ^ # ^  e a s i e r

d i s c u s s  t h e  c a s e  where t h e  m a r g i n a l s  a d e q u a t e l y  d e s c r i b e  a l l  

d e c i s i o n s ,  d . . t h o u g h  i t  i s  n o t  n e c e s s a r y  to  do t h i s .
X. J

T h i s  b a s i c  model  o f  s t a t i c  c h o ic e  s i t u a t i o n s ,  where 

e ach  a l t e r n a t i v e  i s  r e p r e s e n t e d  by a s e t  of  m a r g i n a l  p r o b a b i l i t y  

d i s t r i b u t i o n s  h a s  b e e n  w id e ly  u sed  and seems q u i t e  a d e q u a t e .  

However, i t  would not  g e n e r a l l y  g i v e  an a d e q u a te  d e s c r i p t i o n  o f  

how t h i n g s  a r e  p r e s e n t e d  t o  DM even  th o u g h  i t  may d e s c r i b e  t h e  

' t r u e '  n a t u r e  of  t h e  a l t e r n a t i v e s  f a c i n g  him. As s u g g e s t e d  

e a r l i e r ,  he i s  p r o b a b l y  v e ry  i l l - i n f o r m e d  a b o u t  th e  p o s s i b l e  

ou tcom es o f  h i s  a c t i o n s  when he f i r s t  p e r c e i v e s  t h a t  a n  a c t i o n  i s  

r e q u i r e d ,  and he w i l l  f i r s t  engage i n  some k in d  of  i n f o r m a t i o n  

s e e k in g  a c t i v i t y .  We have  r e s t r i c t e d  o u r  i n t e r e s t  t o  how he makes 

h i s  c h o ic e  when he i s  f u l l y  i n f o r m e d .  T h i s  i s  t a k e n  t o  mean when 

he h a s  i n f o r m a t i o n  i n  a form e q u i v a l e n t  to  t h e  s e t  o f  m a r g i n a l s .  

Two r e f l e c t i o n s  a b o u t  r e a l - l i f e  d e c i s i o n  making shou ld  be 

n o te d  i )  p e o p le  r a r e l y  have a c c u r a t e  i n f o r m a t i o n  when t h e y  make
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t h e i r  c h o i c e s  i i )  t h e r e  i s  a  l i m i t  t o  t h e  d e g r e e  o f  

c o m p l e x i t y  o f  i n f o r m a t i o n  t h e y  c an  ( o r  would w ish  t o )  h a n d l e .

A c h o i c e  must  he made b e tw een  s t u d y i n g  b e h a v i o u r  e i t h e r  i n  

s i t u a t i o n s  c h a r a c t e r i z e d  by i n f o r m a t i o n  o v e r l o a d  and i n a c c u r a c y  

o r  i n  s i t u a t i o n s  which  a r e  r e l a t i v e l y  s i m p le ,  where v a r i a b l e s  

a r e  more e a s i l y  c o n t r o l l e d .  I n  t h i s  s tu d y  t h e  l a t t e r  a p p ro a c h  

h a s  b e e n  s e l e c t e d  on t h e  g r o u n d s  t h a t  many i n t e r e s t i n g  p ro b lem s  

can  be c o n s i d e r e d  i n  s im p le  s i t u a t i o n s  and i t  i s  n o t  c l e a r  a s  y e t  

which  m odels  d e s c r i b e  b e h a v i o u r  i n  them b e s t .  A n o th e r  r e a s o n  i s  

so t h a t  t h e  t e m p o r a l  f a c t o r s  o f  dynamic and s e q u e n t i a l  s i t u a t i o n s  

can  be exam ined .

As f a r  a s  s t a t i c  s i t u a t i o n s  a r e  c o n c e rn e d ,  t h i s  

a p p ro a c h  r e q u i r e s  t h a t  t h e  a l t e r n a t i v e s  a v a i l a b l e  t o  DM sh o u ld  

be a d e q u a t e l y  d e s c r i b e d  by m a r g i n a l  d i s t r i b u t i o n s  which have  c e r t a i n  

p r o p e r t i e s  i )  s i m p l i c i t y ,  such  t h a t  an  “a v e r a g e "  DM w i l l  

u n d e r s t a n d  them and i i )  t h e  way t h e  i n f o r m a t i o n  i s  p r e s e n t e d  

sho u ld  be t y p i c a l  of  t h e  way i t  i s  p r e s e n t e d  i n  t h e  r e a l  w o r ld .

I t  i s  f e l t  t h a t  t h e s e  c o n d i t i o n s  a r e  met by d i s c r e t e  m a r g i n a l  

d i s t r i b u t i o n s  a s  l o n g  a s  t h e r e  a r e  n o t ' t o o  many p o s s i b l e  ou tcom es .  

Such a n  a l t e r n a t i v e  i s  d e s c r i b e d  by a s e t  o f  v a l u e s  a lo n g  t h e  

d im e n s io n  i n  q u e s t i o n  and an a s s o c i a t e d  s e t  of p r o b a b i l i t i e s .  

A l t e r n a t i v e s  a r e  o f t e n  d i s c u s s e d  i n  t h e s e  t e r m s ,  and so d e c i s i o n  

making among d i s c r e t e  a l t e r n a t i v e s  w i l l  m a in ly  be d e a l t  w i t h .

I t  i s  w or th  n o t i n g  t h a t  c o n t i n u o u s  a l t e r n a t i v e s  can  

u s u a l l y  be a d e q u a t e l y  r e p r e s e n t e d  i n  s im p le  v a l u e  and 

p r o b a b i l i t y  t e r m s .  A s t e p  f u n c t i o n  co u ld  be f i t t e d  t o  most 

c o n t i n u o u s  d i s t r i b u t i o n s  a p p r o a c h i n g  h i g h e r  c r i t e r i a  o f  adequacy  

a s  t h e  number of  s t e p s  i s  i n c r e a s e d .  Then, t h e  bounds o f  each  

s t e p  and t h e  p r o b a b i l i t y  o f  an  outcome w i t h i n  th e  bounds  c o u ld

1 1 .



be g i v e n ,  d e f i n i n g  t h e  s t e p  f u n c t i o n  c o m p l e t e l y .  Thus, m odels  

which a p p l y  t o  t h e  d i s c r e t e  c a s e  a r e  n o t  s p e c i f i c  t o  them a s  

i n f o r m a t i o n  a b o u t  c o n t i n u o u s  a l t e r n a t i v e s  can  be conveyed i n  

t h e  same t e r m s .  T here  i s  i n e v i t a b l y  some l o s s  o f  a c c u r a c y  w i th  

th e  s t e p  f u n c t i o n  r e p r e s e n t a t i o n  b u t  i n  many c a s e s  i t  would n o t  

be s i g n i f i c a n t .

The o n ly  s t a t i c  s i t u a t i o n s  which have  be en  c o n s i d e r e d  

i n  t h e  p r e s e n t  s t u d y  a r e  t h o s e  where a  s e t  o f  d i s c r e t e ,  

m a r g i n a l  p r o b a b i l i t y  d i s t r i b u t i o n s  d e f i n e  e a c h  a l t e r n a t i v e  

e x a c t l y .  I n  such  c a s e s  t h e r e  i s  c o m p le x i ty  enough t o  make 

t h e  s tu d y  o f  DM's b e h a v i o u r  d i f f i c u l t .  Suppose he cou ld  choose  

among t h r e e  a l t e r n a t i v e s  and h i s  c h o ic e  would a f f e c t  two a s p e c t s  

o f  h i s  s t a t u s .  I f ,  f o r  each  a s p e c t ,  t h r e e  outcomes p e r  

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

c o m p a r is o n  of  t h i r t y - s i x  i t e m s  of  i n f o r m a t i o n .  The o b j e c t  of 

t h e  s tu d y  i s  t o  d e s c r i b e  and p r e d i c t  how p e o p le  make such  

c o m p a r i s o n s .  I t  i s  p o s s i b l e  t o  do t h i s  i n  a n  i d e a l i z e d  s t a t i c  

s i t u a t i o n  so i t  w i l l  be u s e d .  When d e c i s i o n - m a k i n g  b e h a v i o u r  i n  

n o n - s t a t i c  s i t u a t i o n s  i s  c o n s i d e r e d  t h e  em phas is  w i l l  a l s o  be on 

s i t u a t i o n s  i n v o l v i n g  c o m p le t e ,  e x a c t  i n f o r m a t i o n .

Some of t h e  k i n d s  o f  a l t e r n a t i v e s  which  have b e e n  u sed  

i n  s t u d y i n g  d e c i s i o n  making u n d e r  u n c e r t a i n t y  i n  s t a t i c  

s i t u a t i o n s  w i l l  now be d e s c r i b e d .  Gambling s i t u a t i o n s  have  

g e n e r a l l y  b e en  used  t o  examine s t a t i c  d e c i s i o n  making u n d e r  

u n c e r t a i n t y .  S u b j e c t s  have been  ask ed  t o  choose  among s im p le  

two p a r a m e t e r  gam bles  of t h e  f o l l o w i n g  t y p e  ( e . g .  T versky  

( 1 9 6 7 b ) ) ,  i n v o l v i n g  a wheel  of f o r t u n e  and a s p i n n e r .  To p l a y ,  

t h e  s p i n n e r  i s  spun,  and i f  i t  f a l l s  i n  t h e  u p p e r  s e c t o r  o f
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t h e  w hee l  ( s e e  d ia g ra m )  t h e  g a m b le r  wins  o r  l o s e s  a n  amount x

and o t h e r w i s e  wi/s/
x

ypf WlH

he w in s  z e r o .  I n  t h e  d ia g ra m ,  p,  t h e  p r o p o r t i o n  of t h e  u p p e r  

s e c t o r  r e p r e s e n t s  t h e  chance  o f  a win.  T h i s  s im p le  gamble 

i s  t h u s  d e s c r i b e d  by."the c o u p le  ( x , p ) .

C h o ic e s  among d u p le x  g am b le s ,  which have  two w h e e l s  o f  

f o r t u n e ,  have  a l s o  b een  s t u d i e s .  P o r  one p l a y ,  t h e  two s p i n n e r s  

a r e  u se d  s i m u l t a n e o u s l y .  The l e f t  hand one d e t e r m i n e s  t h e  

w in n in g s  and t h e  r i g h t  hand one d e t e r m i n e s  t h e  l o s s e s .  Each 

w heel  i s  l i k e  a s im p le  gam ble ,  SW b e in g  amounts  won and SL b e in g  

amounts  l o s t .  The e v e n t s  complem entary  t o  SW and SL a r e  z e r o .  

Each gamble  i s  summarized by t h e  f o u r  p a r a m e t e r s  SW, SL, PW 

and PL. (See  d iag ram  b e lo w ) .
w i n  lose

s w  S L

Ntrr wiis/ nor Lose

A lth o u g h  t h e s e  a l t e r n a t i v e s  i n v o l v e  on ly  a  one 

d i m e n s i o n a l  m o t i v a t i n g  v a r i a b l e ,  t h e  i n f o r m a t i o n  t h a t  DM h a s  i s  

m u l t i - d i m e n s i o n a l .  Thus s im p le  a l t e r n a t i v e s  which i n v o l v e  r i s k  

can  be q u i t e  complex even i f  t h e  a l t e r n a t i v e s  o n ly  a f f e c t  DM's 

s t a t u s  i n  one r e s p e c t .

S e q u e n t i a l  and Dynamic D e c i s i o n  S i t u a t i o n s

I n  o r d e r  t o  f i n d  ou t  i f ,  and how p e o p l e ' s  b e h a v i o u r
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in  s ta t io  s itu a t io n s  d i f f e r s  from th e ir  behaviour in  non—s t a t i c

s i t u a t i o n s  i t  i s  n e c e s s a r y  t o  be c l e a r  a b o u t  c e r t a i n  i m p o r t a n t  

n o n - s t a t i c  s i t u a t i o n a l  f a c t o r s .  Formal  d e f i n i t i o n s  o f  

s e q u e n t i a l  and dynamic d e c i s i o n  s i t u a t i o n s  c an  a i d  t h i s .

The m ode ls  t o  be s u g g e s t e d  a r e  d i s c r e t e  t im e  m ode ls  which 

assume t h a t  DM p a s s e s  t h r o u g h  a seq uence  o f  d e c i s i o n  s t a t e s ,  

t h e  s e q u e n c in g  b e in g  c o n t r o l l e d  by some s t o c h a s t i c  p r o c e s s .

T h i s  k in d  o f  model  h a s  b e e n  used  by R a p o p o r t  (196150 a s  a  

f ram ework  f o r  s t u d y i n g  d e c i s i o n  m aking ,  and i s  commonly used  

i n  econ o m ics  and o p e r a t i o n s  r e s e a r c h .

L e t  t h e r e  be a  s e t  of t im e  s t a g e s ,  t-, v..t  andj- n
a s s o c i a t e d  w i t h  each  a  s e t  o f  s t a t i c  d e c i s i o n  s t a t e s  S - ^ , . . . S n . 

The s e q u e n t i a l  d e c i s i o n  s i t u a t i o n  can  be c h a r a c t e r i z e d  by a  

seq uen ce  o f  random v a r i a b l e s  | X^ j where e ac h  random v a r i a b l e  

i s  o v e r  t h e  s e t  S^. I f  s t a t e  s ^  £  o c c u r s  a t  t im e  t ^  t h i s  

i s  d e n o te d  by X. = s . . .  The s e t  of c o n d i t i o n a l  p r o b a b i l i t i e s
•L J  -L

p (Xi  = = s . ( i _l ) t  . .  Xx = S ; j l ) a r e  s u f f i c i e n t  t o

d e f i n e  any s e q u e n t i a l  s i t u a t i o n ,  b u t  n o t  an:/ dynamic one .

C o n s i d e r  a  DM a t  t h e  s t a r t  o f  t im e  s t a g e  t ^ .  He 

h a s  e x p e r i e n c e  of  t h e  outcomes o f  p r e v i o u s  c h o i c e s  he h a s  made 

and t h e  m o t i v a t i n g  v a r i a b l e  h a s  gone th o u g h  a s e r i e s  o f  

fluctuations. Two i m p o r t a n t  e m p i r i c a l  q u e s t i o n s  must  b e :  do

p a s t  e x p e r i e n c e s  o f  outcomes o r  c u r r e n t  v a l u e  of t h e  m o t i v a t i n g  

v a r i a b l e  s e r i o u s l y  a f f e c t  h i s  d e c i s i o n s ?  T h i s  s tu d y  w i l l  be  

d i r e c t e d  a t  w h e th e r  e f f e c t s  due t o  t h e s e  f a c t o r s  c a n  be 

r e l i a b l y  r e p r o d u c e d  u n d e r  c o n t r o l l e d  c o n d i t i o n s .  I n  s e q u e n t i a l  

s i t u a t i o n s ,  i n  t h e  p r e s e n t  s t u d y ,  DMs w i l l  o n ly  be  c o m p l e t e l y  

in fo rm e d  o f  t h e i r  a l t e r n a t i v e s  a t  t h e  b e g i n n i n g  o f  e a c h  s t a g e .

14 .



A l s o ,  o n ly  a  p a r t i c u l a r  ty p e  of s e q u e n t i a l  s i t u a t i o n  w i l l  "be

s t u d i e d ,  t h e  i n d e p e n d e n t  one ,  where p(X. = s . . )  = p(X. =i  j x x

s j i l  Xi  -  1 = s j ( i  -  1 ), • ••  x i  = s j i )»  f or  a11 i  = 1 . • ••  n
and a l l  T h i s  i s  to  r e d u c e  t h e  number of  v a r i a b l e s  which

must  be t a k e n  i n t o  a c c o u n t  by s u b j e c t  and e x p e r i m e n t e r .

Dynamic d e c i s i o n  s i t u a t i o n s  c an  a l s o  be c h a r a c t e r i z e d  

u s i n g  a  seq u ence  of random v a r i a b l e s  |  j o v e r  s t a t i c  

d e c i s i o n  s t a t e s .  T h i s  t im e ,  i t s  c h a r a c t e r i z a t i o n  i s  c o m ple ted  

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

p(Xi  = s j i l  X( i  -  1 ) = s j ( i  -  1 ), dk j ( i  -  1 ) ; ................. :

X1 = s j l »

where ^ k j ( i  _ i s  t h e  k t h  d e c i s i o n s  a v a i l a b l e  i n  s t a t e  

Sj ( i  -  1 ) .

I t  can  be s e e n  t h a t  a t  t ime s t a g e  t h e

d e c i s i o n  made w i l l  a f f e c t  th e  p r o b a b i l i t y  of b e in g  i n  c e r t a i n  

s t a t e s  a t  s t a g e  t ^ .  I f  DM i s  aware o f  t h i s  how d oes  i t  a f f e c t  

h i s  p r e s e n t  d e c i s i o n s ?  Q u e s t i o n s  a lo n g  t h e s e  l i n e s  w i l l  be 

exam ined ,  t h o u g h  o n ly  f o r  r e l a t i v e l y  s im p le  dynamic s i t u a t i o n s .  

O b v io u s ly  i t  d o es  n o t  t a k e  to o  l a r g e  o r  complex a  s i t u a t i o n  o f  

t h i s  t y p e  b e f o r e  a f u l l y  in fo rm ed  i n d i v i d u a l  w i l l  be o v e r lo a d e d  

w i t h  i n f o r m a t i o n .  B e h a v io u r  i n  s i t u a t i o n s  where i n d i v i d u a l s  

a r e  o v e r l o a d e d  n e ed s  t o  be s t u d i e d ,  b u t  t h i s  i n t e r e s t i n g  

p ro b lem ,  l i k e  so many o t h e r s  must be o u t s i d e  t h e  scope o f  

t h i s  s t u d y .

The s i t u a t i o n a l  f a c t o r s  of s e q u e n t i a l  d e c i s i o n  

s i t u a t i o n s  a r e  s h a r e d  by dynamic o n e s .  They c o u ld ,  and have

been  s t u d i e d  i n  dynamic e nv ironm en t  s .  When t h e y  have b een
(
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s t u d i e d  i n  t h i s  way, th o u g h  t h e y  have g e n e r a l l y  b e en  

con founded  w i th  o t h e r  dynamic f a c t o r s .  The r e s u l t  h a s  b een  

t h a t  e x p l a n a t i o n s  of  p e o p l e ' s  d e c i s i o n  making have been  ambiguous .  

I t  h a s  b e en  d i f f i c u l t  t o  d e t e r m i n e  which f a c t o r s  and 

c o m b i n a t i o n s  of  f a c t o r s  have i n f l u e n c e d  p e o p l e .  I n  a  f i e l d  

s tu d y  o b s e r v i n g  b e t t i n g  b e h a v i o u r  a t  a  r a c e  c o u r s e ,  f o r  

i n s t a n c e ,  one m ight  o b se rv e  t h a t  t h e  s i z e  o f  r e c e n t  g a i n s  

and l o s s e s  h a s  a g r e a t  i n f l u e n c e  on how much i s  b e t  on t h e  

n e x t  r a c e .  I n  t h i s  dynamic s i t u a t i o n  one c a n n o t  t e l l  w h e th e r  

t h i s  i s  due t o  t h e  g a i n s  and l o s s e s  t h e m s e lv e s  o r  t o  t h e  e f f e c t s  

t h e y  have on t h e  o p p o r t u n i t i e s  f o r  f u t u r e  b e t s ,  o r  b o t h .  T h i s  

w i l l  be d i s c u s s e d  w i t h  r e s p e c t  to  o t h e r  s t u d i e s  i n  c h a p t e r  4.

The i n t e n t i o n  i n  t h e  p r e s e n t  s tu d y  i s  t o  t r y  and u t i l i z e  t h e  

f u l l  power o f  t h e  e x p e r i m e n t a l  method t o  " u n c o n fo u n d ” such  

s i t u a t i o n a l  f a c t o r s .  The r e s u l t  w i l l  n e c e s s a r i l y  be a  r a t h e r  

p a i n s t a k i n g l y  s low d e v e lo p m e n t .

The f o r m a l i z a t i o n  o f  s e q u e n t i a l  and dynamic d e c i s i o n  

s i t u a t i o n s  h a s  o b v i o u s l y  no t  been  th o r o u g h .  I t  h a s  been  

s e l e c t i v e l y  d i r e c t e d  to w a rd s  th e  v a r i a b l e s  which w i l l  be 

s t u d i e d  e x p e r i m e n t a l l y . A com prehens ive  t h e o r e t i c a l  ana lys is  

of  n o n s t a t i c  d e c i s i o n  s i t u a t i o n s  does  no t  seem n e c e s s a r y  a t  

t h i s  3 t a g e  s i n c e  i t  would no t  be p o s s i b l e  t o  f o l l o w  i t  up w i th  

a c o m p re h en s iv e  e x p e r i m e n t a l  a n a l y s i s .  I t  i s  hoped t h a t  t h e  

d i s c u s s i o n  o f  t h e  t h r e e  t y p e s  of d e c i s i o n  s i t u a t i o n  h a s  

d e l i n e a t e d  t h e  f ramework w i t h i n  which t h e  p r e s e n t  s t u d y  o f  

i n f o r m a t i o n  i n t e g r a t i o n  models  o f  b e h a v i o u r  i s  s e t .  The 

p ro b le m s  which a r e  t o  be i n v e s t i g a t e d  w i l l  be summarized a f t e r  

t h e  m ode ls  o f  b e h a v i o u r  have b e en  d i s c u s s e d .
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I n f o r m a t i o n  I n t e g r a t i o n  Models

I n f o r m a t i o n  i n t e g r a t i o n  models  were d e f i n e d  e a r l i e r  

a s  m ode ls  which s t a t e  t h a t  peo p le  i n t e g r a t e  a l l  t h e  i n f o r m a t i o n  

t h e y  have  a b o u t  an  a v a i l a b l e  a l t e r n a t i v e  t o  form an  o v e r a l l  

a s s e s s m e n t  o f  i t s  s u b j e c t i v e  v a l u e .  I n  d e c i s i o n  making 

c o n t e x t s  i t  i s  t h e n  assumed t h a t  t h e y  compare t h e  s u b j e c t i v e  

v a l u e s  o f  a l l  t h e  a l t e r n a t i v e s  and choose  t h a t  w i th  t h e  h i g h e s t  

s u b j e c t i v e  v a l u e .  T h i s  b r i e f  d e f i n i t i o n  w i l l  now be expanded .  

F u r t h e r  a s s u m p t i o n s  a r e  made to  o b t a i n  e x p l i c i t  models  o f  

b e h a v i o u r .

I f  p e o p le  a s s e s s  t h e  s u b j e c t i v e  v a l u e s  o f  whole 

a l t e r n a t i v e s  one must  assume t h e y  b e g i n  w i t h  a s s e s s m e n t s  o f  t h e  

s u b j e c t i v e  v a l u e s  o f  t h e  c o n s t i t u a n t  a t t r i b u t e s  o f  t h e  

a l t e r n a t i v e s .  Suppose i t e m s  o f  i n f o r m a t i o n  on t h e  d i f f e r e n t  

d i m e n s io n s  c an  t a k e  on c o n t i n u o u s  v a l u e s .  The a s s u m p t io n  i s  

made t h a t  i n d i v i d u a l s '  e v a l u a t i o n s  of  t h e s e  i t e m s  a r e  

homomorphic t o  some c o n t i n u o u s  n u m e r i c a l  s c a l e  e i t h e r  s u b o r d i n a l ,  

o r d i n a l  o r  a t  some h i g h e r - l e v e l .  The c o u n t e r p a r t  t o  t h i s  i s  

t h e  a s s u m p t i o n  t h a t  t h e  s u b j e c t i v e  v a l u e s  o f  th e  a l t e r n a t i v e s  

t h e m s e l v e s  a r e  a l s o  homomorphic t o  a t  l e a s t  a p a r t i a l l y  o r d e r e d  

n u m e r i c a l  s c a l e .

The a s s u m p t io n s  t h a t  e v a l u a t i o n s  a r e  s c a l e a b l e  a r e  

n o t  s u f f i c i e n t  t o  g iv e  e x p l i c i t  models  i n  c a s e s  where 

a l t e r n a t i v e s  a r e  m u l t i d i m e n s i o n a l .  P e o p le  a l s o  p e r fo rm  

" i n t e g r a t i v e 11 o p e r a t i o n s  on t h e  sub—e v a l u a t i o n s ,  which must  be 

i n c o r p o r a t e d  i n t o  t h e  model .  I n  a p a r t i c u l a r  s i t u a t i o n  

p e o p le  a r e  assumed t o  a d o p t  an i n f o r m a t i o n  p r o c e s s i n g  s t r a t e g y  

( t h e  s e t  of  i n t e g r a t i v e  o p e r a t i o n s  on t n e  c o n s t iu u a n o
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s u b j e c t i v e  v a l u e s )  on t h e i r  e v a l u a t i o n s .  T h i s  i s  assumed t o  

be homomorphic w i th  a s e t  of m a t h e m a t i c a l  f u n c t i o n a l  o p e r a t i o n s  

on t h e  c o r r e s p o n d i n g  n u m e r i c a l  s c a l e  v a l u e s .  T ha t  i s ,  s p e c i f i c  

f u n c t i o n a l  r e l a t i o n s h i p s  a r e  assumed t o  e x i s t  among n u m e r i c a l  

s c a l e s  homomorphic t o  s u b j e c t i v e  v a lu e  s c a l e s  o f  t h e  

i n f o r m a t i o n  d im e n s io n s  and t h e  whole a l t e r n a t i v e s .  The 

e x p l i c i t  m ode ls  o f  trie c o g n i t i v e  p r o c e s s e s  u n d e r l y i n g  d e c i s i o n  

making t h a t  a r e  p ro p o se d  a r e  a l l  of  t h i s  f u n c t i o n a l  r e l a t i o n s h i p  

t y p e .  The g r e a t  a d v a n ta g e  o f  making v e r b a l  e x p l a n a t i o n s  e x p l i c i t  

i n  t h i s  way i s  t h a t  t h e i r  co n seq u e n ce s  can be d e te rm in e d  

a n a l y t i c a l l y  and t e s t e d  e m p i r i c a l l y .

I f  c o n c l u s i o n s  f rom s t u d y i n g  such  m odels  a r e  t o  have  

any g e n e r a l  v a l i d i t y  t h e  d im e n s io n s  o f  i n f o r m a t i o n  t h a t  

s u b j e c t s  a r e  c o n f r o n t e d  w i t h  i n  t h e  e x p e r i m e n t s  must  have  

p r o p e r t i e s  a d v o c a te d  e a r l i e r .  They must  be i n  a form t h a t  DM 

can  u n d e r s t a n d  and i n  t h e  k i n d s  of  t e rm s  t h a t  he i s  i n  t h e  

h a b i t  o f  u s i n g .  S l o v i c  and L i c h e n s t e i n  (1968 a ) )  ' 

s u g g e s t e d  t h a t  p e o p le  t y p i c a l l y  t h i n k  of p o s s i b l e  c o u r s e s  o f  

a c t i o n  i n  t e r m s  o f  f o u r  r i s k  d im e n s io n s :  p o s s i b l e  g a i n s ,

p o s s i b l e  l o s s e s ,  t h e  chance  of  a g a i n ,  and t h e  chance  of a l o s s .  

T h i s  s u g g e s t i o n  i s  i n  t h e  c o n t e x t  o f  s t a t i c  s i t u a t i o n s .  F o r  

dynamic s i t u a t i o n s  one co u ld  s u g g e s t  a d d i t i o n a l  d im e n s io n s  such  

a s  f a v o u r a b l e  and u n f a v o u r a b l e  f u t u r e  d e c i s i o n  s t a t e s  and t h e  

c h a n c e s  a s s o c i a t e d  w i th  them. S l o v i c ! s du p lex  gambles  were 

s t u d i e d  by him, b e c a u s e  t h e i r  f o u r  p a r a m e t e r s  c o r r e s p o n d  t o  t h e  

f o u r  r i s k  d im e n s io n s  and each  p a r a m e t e r  can be m a n ip u la t e d  

i n d e p e n d e n t l y  of !»he o t h e r s -  I t  seems a r e a s o n a o l e  working  

a s s u m p t io n  t h a t  p e o p le  u se  t h e s e  r i s k  d im e n s io n s  so f o l l o w i n g  

S l o v i c ,  c h o i c e s  among d u p le x  gambles  w i l l  oe s t u d i e d .
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I n  s t a t i c  s i t u a t i o n s  o f  c h o ic e  among d u p le x  gam bles  

two s im p le  i n f o r m a t i o n  i n t e g r a t i o n  m odels  w i l l  be s t u d i e d  

f o r  t h e  most  p a r t  -  t h e  a d d i t i v e ,  and t h e  s u b j e c t i v e l y  e x p e c te d  

u t i l i t y  (SEU) m o de ls .  Let  G- r e p r e s e n t  a d u p le x  gamble and SW, 

PW, SL, and PL i t s  p a r a m e t e r s .  Then t h e  ADDITIVE model  s t a t e s  

t h a t

S(G-) = S-  ̂ ( SW) + S2  (PW) + S^ (SL) + S^ (PL) and t h e

SEU model  s t a t e s  t h a t

S(G) = S1 (PW).S2 (SW) -  S3 ( P L ) .S 4 (SL)

where t h e  S ^ ' s  a r e  s u b j e c t i v e  v a lu e  s c a l e s  on t h e  i n f o r m a t i o n  

p a r a m e t e r s  and S i s  t h e  s u b j e c t i v e  v a lu e  s c a l e  of t h e  d u p le x  

g a m b le s .  These f u n c t i o n a l  r e l a t i o n s h i p  m odels  have  r e c e i v e d  

much s t u d y .

I t  was s u g g e s t e d  b e f o r e  t h a t  i f  t h e  f u n c t i o n a l  

r e l a t i o n s h i p s  d e s c r i b e  t h e  way p e o p le  i n t e g r a t e  t h e  s u b j e c t i v e  

v a l u e s  o f  i t e m s  of  i n f o r m a t i o n  t h e n  t h e  m a t h e m a t i c a l  o p e r a t i o n s  

of  t h e  m ode ls  must c o r r e s p o n d  to  a c t u a l  i n f o r m a t i o n  p r o c e s s i n g  

o p e r a t i o n s .  T h i s  i s  p l a u s i b l e  f o r  t h e  a d d i t i o n  and 

m u l t i p l i c a t i o n  o p e r a t i o n s  of  t h e  above m o d e ls .  B ro ad ly  

s p e a k i n g ,  a d d i t i o n  c o u ld  c o r r e s p o n d  to  some a v e r a g i n g  o r  

a g g r e g a t i n g  o p e r a t i o n  and m u l t i p l i c a t i o n  t o  a s o r t  o f  w e i g h t i n g  

o p e r a t i o n .  T h i s  must be so i f  t h e  models  a r e  t o  e x p l a i n  

b e h a v i o u r  r a t h e r  t h a n  m ere ly  d e s c r i b e  i t ,  which i s  t h e  main 

c r i t e r i o n  of  s u c c e s s  of t h e  m odels .

The p rob lem s  which the  p r e s e n t  stud.y s e t s  out  t o  

i n v e s t i g a t e  can  now be summarized. I n  s b a s ic  s i t u a t i o n s  

p e o p le  a r e  to  be c o n f r o n t e d  w i th  a l t e r n a t i v e s  which can  be 

d e s c r i b e d  i n  t e r m s  of  c e r t a i n  r i s k  d im e n s io n s  — a p o s s i b l e  g a i n ,
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a p o s s i b l e  l o s s  and t h e  c h a n c e s  a s s o c i a t e d  w i t h  them. Models  

which p u r p o r t  t o  e x p l a i n  d e c i s i o n  making b e h a v i o u r  i n  t h e s e  

s i t u a t i o n s  a r e  t e s t e d .  I n  s e q u e n t i a l  s i t u a t i o n s  th e  e f f e c t  

o f  2 i m p o r t a n t  v a r i a b l e s  -  p r e v i o u s  outcomes and c u r r e n t  

" w e a l t h "  on d e c i s i o n  making w i l l  be examined.  Also, t e s t s  t o  

d e t e r m i n e  w h e th e r  t h e  m odels  c o n s i d e r e d  i n  s t a t i c  s i t u a t i o n s  

e x p l a i n  b e h a v i o u r  i n  s e q u e n t i a l  s i t u a t i o n s  a r e  c a r r i e d  o u t .

I n  dynamic d e c i s i o n  s i t u a t i o n s  a l t e r n a t i v e s  c a n n o t  be 

d e s c r i b e d  o n ly  i n  t e r m s  o f  t h e  above r i s k  d im e n s io n s .  They 

must  a l s o  be d e s c r i b e d  i n  berms of  such f a c t o r s  a s  " c h a n c e s  of  

b e i n g  i n  f a v o u r a b l e  d e c i s i o n  s t a t e s  i n  t h e  f u t u r e . "  Some 

s im p le  a l t e r n a t i v e s  a r e  p r e s e n t e d  to  d e c i s i o n  m akers  i n  a 

dynamic s i t u a t i o n  and m odels  e x p l a i n i n g  t h e i r  c h o i c e s  a r e  

exam ined .

I n  t h e  n e x t  2 c h a p t e r s  d e t a i l e d  a c c o u n t s  w i l l  be 

g i v e n  o f  two a p p r o a c h e s  t o  t h e  s tu d y  of  s im p le  f u n c t i o n a l  

r e l a t i o n s h i p  models  l i k e  t h e  a d d i t i v e  and SEIJ on e s .  The 

d i s c u s s i o n  w i l l  f o c u s  on t h e s e  two m ode ls .  They a r e  t h e  ones  

which w i l l  be examined i n  s t a t i c  and s e q u e n t i a l  s i t u a t i o n s .  

I n f o r m a t i o n  i n t e g r a t i o n  models  more a p p r o p r i a t e  t o  dynamic 

s i t u a t i o n s  w i l l  be i n t r o d u c e d  p r i o r  t o  t h e  e x p e r im e n t  which 

c o n s i d e r s  d e c i s i o n  making i n  t h e s e  s i t u a t i o n s .  The methods 

a p p r o p r i a t e  f o r  t h e i r  ex am in a t ion ^  however a r e  t h o s e  s e t  o u t  

i n  t h e  n e x t  two c h a p t e r s .



CHAPTER 2.

•j^®. Q u a l i t a t i v e  P u n c t i o n a l  A n a l y s i s  (QPA) o f  D e c i s i o n  Ma k i n g • 

Q u a l i t a t i v e  f u n c t i o n a l  a n a l y s i s  (QPA) i s  a 

r e l a t i v e l y  new method of  s t u d y i n g  f u n c t i o n a l  r e l a t i o n s h i p s .

I t  d o e s  n o t  r e q u i r e  any measurement heyond a nom ina l  s c a l e .

Y e t  i t  i s  a p o w e r f u l  t o o l  which e n a b l e s  one to  examine t h e  

l a w f u l n e s s  o f  phenomena and s e a r c h  f o r  p r i n c i p l e s  which t h e  

phenomena obey.  I n  t h i s  c h a p t e r  t h e  deve lopm ent  of  QPA . i s  

t r a c e d .  I t  i s  a p p l i e d  t o  d e c i s i o n  making i n  s t a t i c  s i t u a t i o n s  

and p r i n c i p l e s  of b e h a v i o u r  a r e  s u g g e s t e d  f o r  e x a m in a t io n .

The a p p r o a c h  r e q u i r e s  t h a t  phenomena can be i n t e r p r e t e d  a s  

r e l a t i o n a l  s y s t e m s .  Prom h e r e  f a m i l i a r i t y  w i t h  t h e  i d e a s  o f  

r e l a t i o n a l  sy s tem s  i s  assumed,  see  f o r  i n s t a n c e  Suppes and 

Z in n e s  ( 1 9 6 3 ) .

D e c i s i o n  making i n  a s t a t i c  en v iro nm en t  can  be 

i n t e r p r e t e d  i n  t h e  r e q u i r e d  manner a s  f o l l o w s .  Suppose t h e  

a l t e r n a t i v e s  a v a i l a b l e  to  DM a r e  f rom some s e t  A, and t h e  

m o t i v a t i n g  v a r i a b l e ,  x i s  m u l t i - v a r i a t e  w i th  k d im e n s io n s .  

Suppose ,  a l s o  t h a t  a l t e r n a t i v e  d e c i s i o n s  can  be a d e q u a t e l y  

r e p r e s e n t e d  by d i s c r e t e  random v a r i a b l e s  and DM h a s  com ple te  

i n f o r m a t i o n  a bou t  t h e  m a r g in a l  d i s t r i b u t i o n s  o f  e a c h .  Let  

p^ and x^  be t h e  p r o b a b i l i t i e s  and v a l u e s  a s s o c i a t e d  w i t h  t h e  

i^*1 d im e n s io n  of some a l t e r n a t i v e ,  a£A. T h i s  a l t e r n a t i v e  can

be r e p r e s e n t e d  by t h e  v e c t o r  (p^_» x q> ............... P^p ^ ^ )  ^

P x X x . .P, x Xn a s  w e l l  a s  s im ply  by an e lem en t  from
1 1  k k

A. Such a v e c t o r  r e p r e s e n t a t i o n  c o u ld  a l s o  be used  i n  t h e  c a se  

where d e c i s i o n  a l t e r n a t i v e s  a r e  r e p r e s e n t e d  a s  c o n t i n u o u s  random 

v a r i a b l e s .  Thus,  e i t h e r  t h e  s e t ,  A or  th e  p r o d u c t  s e t ,
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Ai x X i  x  . . .  x  x  Xk i s  t h e  domain o f  t h e  r e l e v a n t

r e l a t i o n a l  sy s te m .  The r e l a t i o n s  of  t h e  sy s te m s  must he 

r e l a t e d  t o  t h e  c h o i c e s  DM makes.  The b a s i c  a s s u m p t io n  made 

i s  t h a t  DM's c h o i c e s  a r e  d e p e n d e n t  on h i s  p r e f e r e n c e  f o r  o r  

i n d i f f e r e n c e  be tw een  a l t e r n a t i v e s .  The p r e c i s e  o p e r a t i o n a l  

meaning o f  t h e s e  t e r m s  w i l l  be d i s c u s s e d  l a t e r ,  b u t  r o u g h ly  

sp e a k in g  i f  he p r e f e r s  a t o  b ( d e n o te d  b<a)  t h e n  he t e n d s  to

choose  a w h i l e  i f  he i s  i n d i f f e r e n t  b e tw een  them ( d e n o te d  a~b)

t h e n  he c h o o s e s  one a t  random. The r e l a t i o n s  <( and ^  a r e  

known a s  b i n a r y  s t r i c t  p r e f e r e n c e  r e l a t i o n s  and b i n a r y  

i n d i f f e r e n c e  r e l a t i o n s  r e s p e c t i v e l y .  The weak p r e f e r e n c e  

r e l a t i o n ,  a^b  d e n o t e s  t h a t  b i s  p r e f e r r e d  o r  i s  i n d i f f e r e n t  t o  

a .  T ha t  i s ,  a i b  i f  hnd o n ly  i f  a<b or a~b .  The s e t u e n c e

y\ = ^ A ,  4 y  and 5̂  2k =<v ? l  x X1 x ^k  x Xk ^ ) a r e  

r e l a t i o n a l  sy s te m s  c a l l e d  o rd e re d  s t r u c t u r e s  and c o n j o i n t

s t r u c t u r e s  r e s p e c t i v e l y .  An i n d i v i d u a l ’ s d e c i s i o n - m a k i n g

among a l t e r n a t i v e s  can  be i n t e r p r e t e d  a s  e i t h e r  of  t h e  above

k i n d s  o f  r e l a t i o n a l  sy s te m .

Q u a l i t a t i v e  f u n c t i o n a l  a n a l y s i s  p o s t u l a t e s  t h e  

e x i s t e n c e  of  n u m e r i c a l  s c a l e s  ( i n t e r p r e t e d  h e r e  a s  s u b j e c t i v e  

v a l u e  s c a l e s )  on t h e  s y s t e m ' s  domain and s u b s e t s  of  t h e  domain 

which a r e  r e l a t e d  t o  t h e  r e l a t i o n  i n  a c e r t a i n  way. These 

e x i s t e n c e ,  or  r e p r e s e n t a t i o n  h y p o t h e s e s  a r e  exam ined ,  and 

c o n s e q u e n c e s  of them a r e  s t a t e d .  The r e p r e s e n t a t i o n  h y p o t h e s e s  

a r e  p ro p o se d  f u n c t i o n a l  r e l a t i o n s h i p s  among t h e  s u b j e c t i v e  

v a l u e  s c a l e s .  S e t s  of p r o p e r t i e s ,  c o n se q u e n c e s  of  t h e  p ro p o se d  

r e l a t i o n s h i p s  which must be t r u e  i f  t h e  r e l a t i o n s h i p s  among 

t h e  s u b j e c t i v e  v a lu e  s c a l e s  h o ld  a r e  so u g h t .  An a p p l i c a t i o n  of
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QPA r e q u i r e s  a n  e m p i r i c a l  i n v e s t i g a t i o n  of  t h e  c o n se q u e n c e s  o f  

t h e  r e p r e s e n t a t i o n  h y p o t h e s i s .

The SEU model can  "be s t a t e s  a s  a r e p r e s e n t a t i o n

h y p o t h e s i s  on ^ 2 k  ~ ^ P 1 x X1  Pk x Xtf^ i n  a  form

s u i t a b l e  f o r  e x a m in a t io n  by QPA a s  f o l l o w s :

P e f n .  The SUBJECTIVELY aXPBCTED UTILITY model (SEP) f o r  J) 2-

s t a t e s  t h a t  t h e r e  e x i s t s  a s u b j e c t i v e  p r o b a b i l i t y

f u n c t i o n  S. on e ac h  P. and a u t i l i t y  f u n c t i o n  U. on1
e ach  X^, i  = 1, 2, . .  k such  t h a t  

a )  f o r  each  ( p l f  x-L, . . .  p k , x k ), ( q ^ ,  y l ;  . . .  q.k , y fc)

£ P-  ̂ x « . . .  x x X̂ .

(P]_> ^ i ?  • • • ^ k ^ ^  ^^l* ^ l*  * * * ^ k ’ ^k^

r  = 1 r  = 1

and b)  S(O) = 0 ,  S ( l )  = 1,  U (0 )  = 0 and p i <  <li < ^ S ( p . ) <  S ( q i ) .

The o r i g i n s  o f  QPA a r e  i n  fo r m a l  measurement  t h e o r y .

I n  f a c t ,  i t  i s  an a p p l i c a t i o n  of t h e  r e s u l t s  o f  f o r m a l  

m easurement  t h e o r y ,  which  h a s  b e e n  c o m p re h e n s iv e ly  rev iew ed  by 

P f a n z a g l  (1 96 8 )  and ,  more r e c e n t l y ,  by K r a n t z ,  Luce ,  Suppes 

and T v ersky  (1 9 7 1 ) .  The t e r m  QPA a p t l y  d e s c r i b e s  t h i s  

a p p l i c a t i o n ?  th ou g h  i t  i s  n o t  i n  g e n e r a l  u s e .  Because  many 

d e v e lo p m e n t s  i n  measurement t h e o r y  a r e  v e ry  r e c e n t  t h e r e  i s  no 

u n i f o r m l y  a c c e p t e d  way of  u s i n g  i t  to  t e s t  f u n c t i o n a l  r e l a t i o n s h i p  

e m p i r i c a l l y .  The f i r s t  p a r t  of  t h i s  c h a p t e r  r e v i e w s  some o f  

t h e s e  r e c e n t  d e v e lo p m e n t s ,  and a rg u m e n ts  a b o u t  how b e s t  to  use  

them t o  t e s t  f u n c t i o n a l  r e l a t i o n s h i p s  a r e  p r e s e n t e d .  A l though  

t h i s  a rgum ent  i s  somewhat g e n e r a l  t h e  s p e c i f i c  a p p l i c a t i o n
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t o  ex am in in g  t h e  SEU model i s  t o  he k e p t  i n  mind.  Muoh o f  t h e  

d i s c u s s i o n  i s  m o t i v a t e d  hy t h e  need to  d e v e lo p  an e r r o r  t h e o r y  

f o r  QFA, t o  e n a b le  one t o  d e t e r m i n e  b e tw e e n  " o b s e r v e d ” and 

" t r u e "  r e l a t i o n s h i p s .  I n  th e  l a t e r  s e c t i o n s  of  t h e  c h a p t e r  

t h e  a c t u a l  a p p l i c a t i o n  of  QFA t o  d e c i s i o n - m a k i n g  a b o u t  th e  

c o n c r e t e  a l t e r n a t i v e s  i n t r o d u c e d  e a r l i e r  a r e  e x p lo r e d  i n  more 

d e t a i l .

T h i s  whole t h e o r y  w i l l  a l l o w  a r a t h e r  t h o r o u g h  

e x a m i n a t i o n  of  SEU, some a l t e r n a t i v e  i n f o r m a t i o n  i n t e g r a t i o n  

m odels  and some s p e c i f i c  p r i n c i p l e s  o f  b e h a v i o u r .  S i g n i f i c a n c e  

t e s t s  f o r  them a r e  p ro p o se d  i n  t h e  f i n a l  s e c t i o n s  o f  t h e  

c h a p t e r .  I t  i s  hoped t h a t  t h e s e  p r o v i d e  s a t i s f a c t o r y  t e s t s  o f  

h y p o t h e s e s  r e l a t e d  t o  q u a l i t a t i v e  a s p e c t s  o f  i n f o r m a t i o n  

i n t e g r a t i o n  m o de ls .

O r d i n a l  Measurement  Models

The SEU model  a s  d e f i n e d  above i s  an  example  o f  a 

r e p r e s e n t a t i o n  h y p o t h e s i s  on D ^ ^ 9  ^  p o s t u l a t e s  a r e l a t i o n

be tw een  t h e  s tru c tu r e d  2 ^ an& some n u m e r i c a l  s c a l e .  Some 

s im p le  r e p r e s e n t a t i o n  h y p o t h e s e s  on which p o s t u l a t e

some r e l a t i o n  be tw ee n "d  and a n u m e r i c a l  s c a l e  w i l l  be 

r e v i e w e d .  O r d i n a l  measurement  m o d e ls ,  s e t s  of  c o n d i t i o n s  on 

w i l l  be d e f i n e d  and f o r  each  p a i r  -  r e p r e s e n t a t i o n  

h y p o t h e s i s ,  measurement  model  -  a th eo re m  w i l l  be s t a t e d .  The 

p r o o f s  o f  t h e s e  r e p r e s e n t a t i o n  th e o re m s  a r e  o m i t t e d  b u t  can  be 

f o u n d - i n  t h e  r e f e r e n c e s .

HI.  The INTERVAL ORDER r e p r e s e n t a t i o n  h y p o t h e s i s ,  IQBH s t a t e s  

t h a t  t h e r e  e x i s t  r e a l - v a l u e d  f u n c t i o n s ,  u andp on A of d  such
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t h a t  f o r  a l l  a ,  b £  A,

1 ) a  b< = o u(a )  + p ( a ) < ^ u ( b ) .

i i )  a^b <:=> n o t  u ( a )  + p ( a ) < ^ u ( b )  and n o t  u ( b )  + p ( b ) < ^ u ( a )

i i i )  a*b  <=> u ( a )  = u ( b )

whe r e  a<zb <. = > £ a  ~ o <=> b~c f o r  a l l  c ^ A ^ j

Ml. The o r d e r e d  s t r u c t u r e d  i s  an  INTERVAL QEDER <=> f o r  a l l  

a ,  b ,  c 6  A.

i )  n o t  a ^  a ,  

i i )  a ^ b  and b<( c a<^o,

i i i ) a  b and c ^  d ̂ a  ^  d o r  c ^  b .

C o n s i d e r  t h e  e q u i v a l e n c e  r e l a t i o n , ^  d e f i n e d  a b o v e .  L e t  k /&  

be t h e  s e t  o f  e q u i v a l e n c e  c l a s s e s  t h a t  p a r t i t i o n  A. F i s h b u r n

( 1 9 7 0 ) p rov ed  t h e  f o l l o w i n g  r e p r e s e n t a t i o n  there in :

ET1. 1 . 0 .  <=> I  OE H when k / &  i s  c o u n t a b l e  ( i . e .  e i t h e r  

d en um e rab le  o r  f i n i t e . )

H2. The SEMI QBLEH r e p r e s e n t a t i o n  h y p o t h e s i s ,  SOEH s t a t e s  t h a t  

t h e r e  e x i s t s  a r e a l - v a l u e d  f u n c t i o n ,  u on A of"]} such  t h a t ,  

f o r  a l l  a ,  b ,  o £  A

i )  a<^b<=£> u ( a )  + l < ^ u ( b )  

i i )  a ~ b < = >  n o t  u ( a )  + l< C u (b )  and

n o t  u ( b ) + 1 <C u ( a )

i i i )  a ^ b < = >  u ( a ) = u ( b )

M2. The o r d e r e d  s t r u c t u r e d  i s  a SEMI-OKDEB <= > 

f o r  a l l  a ,  b ,  c £ A i )  i t  i s  an  i n t e r v a l  o r d e r

i i ) a <( b and b <( c <*£> a <( d o r  d ^  c .

The c o n d i t i o n  i i )  o f  M2 i s  c a l l e d  t h e  s e m i - o r d e r  c o n d i t i o n

and i i i )  o f  Ml t h e  i n t e r v a l  o r d e r  c o n d i t i o n .
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S c o t t  and Suppes  (1958)  p roved  t h e  f o l l o w i n g  r e p r e s e n t a t i o n

th eo re m :  RT2. SO <=> SORH when A/&  i s  c o u n t a b l e .

H3. The WEAK ORDER r e p r e s e n t a t i o n  h y p o t h e s i s ,  WORE s t a t e s  

t h a t  t h e r e  e x i s t s  a r e a l  v a lu e d  f u n c t i o n ,  u on A ° f T \  such  

t h a t ,  f o r  a l l  a ,  b, c £A%

i )  a<^b<^=> u ( a )  u ( b )  

i i )  a/^b<£=> u ( a )  = u ( b )

M3. An o r d e r e d  s t r u c t u r e . ^  i s  a  WEAK ORDER <==> 

f o r  a l l  a ,  b, c 6  A i )  n o t  a<^a

i i )  e i t h e r  a ^ b ,  b - ^ a  o r  a ^ b .

i i i )  a^b  and b^c => a-^ c

i v ) / v  on A i s  an  e q u i v a l a n c e  r e l a t i o n  i . e .  

a~a.; a^b  <p=> b~a;  a~b and b~c a~c .  

Suppes and Z in n e s  (1963)  g i v e  t h e  p r o o f  f o r  t h e  r e p r e s e n t a t i o n  

t h e o re m :  RT3, WO <=> WORH w h e th e r  A/fe be f i n i t e  o r  i n f i n i t e .  

They do n o t  c i t e  t h e  o r i g i n a l  s o u r c e s  of  t h e  p r o o f ,  however .

The maps u(A) and p(A) of  HI and u(A) of  H2 and H3 

a r e  n u m e r i c a l  s c a l e s .  The r e p r e s e n t a t i o n  th e o re m s  p ro ve  t h a t  

t h e  s e t  o f  ax ioms o f  t h e  measurement model a r e  n e c e s s a r y  and 

s u f f i c i e n t  f o r  t h e  e x i s t e n c e  of  t h e  a p p r o p r i a t e  s c a l e .  I t  i s  

c l e a r  t h a t  t o  show t h a t  t h e  r e p r e s e n t a t i o n  i s  t r u e  f o r  t h e  s e t  

A and t h e r e f o r e  t h a t  t h e  s c a l e  e x i s t s  one must show t h a t  t h e  

ax iom s of  t h e  model h o l d .

The f u n c t i o n ,  u i n  a l l  c a s e s  i s  t h e  b a s i c  s c a l e .  The 

f u n c t i o n ,  p of  HI i s  i n t e r p r e t e d  a s  a s c r i b i n g  a r e g i o n  o f  

i n d i f f e r e n c e  a round  each  p o i n t  on th e  s c a l e .  and H3 a r e

more r e s t r i c t e d  v e r s i o n s  of  HI. I n  H2 t h e  i n d i f f e r e n c e  r e g i o n s



a b o u t  any p o i n t  a r e  t h e  same l e n g t h  w h i l e  i n  H3 t h e  

i n d i f f e r e n c e  r e g i o n s  a r e  o f  z e ro  l e n g t h .  I n  t h i s  s e n se  H3  

c an  be s e e n  t o  be s t r o n g e r  t h a n  H2 which i s  s t r o n g e r  t h a n  HI.  

F u r t h e r m o r e ,  W0=> S0=> 10 and WO EH =5> SORH => IOEH. I f  a  

s c a l e  i n c l u d e s  an i n d i f f e r e n c e  r e g i o n  i t  i s  c a l l e d  an  i n e x a c t  

s c a l e  and o t h e r w i s e  an  e x a c t  s c a l e .  C o n s i d e r  t h e  way t o  u se  

t h e s e  r e s u l t s  f o r  Q u a l i t a t i v e  f u n c t i o n a l  a n a l y s i s  when A i s  a  

s e t  o f  a l t e r n a t i v e s  a n d ^  i s  EM's weak p r e f e r e n c e  r e l a t i o n .

One h a s  a  h y p o t h e s i s  t h a t  a c e r t a i n  t y p e  o f  s u b j e c t i v e  v a l u e  

s c a l e  e x i s t s  f o r  EM w i th  r e s p e c t  t o  t h e  s e t  o f  a l t e r n a t i v e s ,  A. 

One d e t e r m i n s s t h e  ^  r e l a t i o n  over  t h e  s e t  A e m p i r i c a l l y , . a n d  

d i s c o v e r s  w h e th e r  t h e  q u a l i t a t i v e  c o n d i t i o n s  (ax io m s)  of t h e  

a p p r o p r i a t e  measurement model a r e  s a t i s f i e d .  Each axiom i s  a 

p r i n c i p l e  o f  b e h a v i o u r . I f  t h e y  a l l  a r e  found  t o  h o ld  t h e n  t h e  

s u b j e c t i v e  v a l u e ,  o r  u t i l i t y  s c a l e  a s s o c i a t e d  h a s  b e en  shown 

t o  e x i s t ,  s i n c e  c o l l e c t i v e l y  t h e  axioms a r e  n e c e s s a r y  and 

s u f f i c i e n t  c o n d i t i o n s  f o r  t h e  e x i s t e n c e  of  t h e  s c a l e .

L e t  u s  c o n s i d e r  the  e x a c t  model a l i t t l e  f u r t h e r .

The r e p r e s e n t a t i o n  th eo re m ,  TR3 s t a t e s  t h a t  i f  t h e  e x a c t  

r e p r e s e n t a t i o n  h o l d s  b o t h  a n d ^ a r e  t r a n s i t i v e .  The v i o l a t i o n  

o f  t r a n s i t i v i t y  o f  i s  n o t  f a t a l  a s  TE1 and TR2 show t h a t  

a l t e r n a t i v e ,  i n e x a c t  r e p r e s e n t a t i o n s  may h o l d .  The v i o l a t i o n  

o f  t r a n s i t i v i t y  ° f <  > however  l e a v e s  u s  w i t h  no r e p r e s e n t a t i o n  

a t  a l l .  I t  h a s  been  a rg u e d ,  ( s e e  Adams, 1965)  t h a t  t h e  

o b s e r v a t i o n  of i n d i f f e r e n c e  be tw een  two d i f f e r e n t  e l e m e n t s  

s im p ly  means t h a t  t h e  o b s e r v a t i o n  p r o c e d u r e  i s  i n s e n s i t i v e  to  

t h e  d i f f e r e n c e  which r e a l l y  e x i s t s .  I n  t h i s  c a s e  co u ld  n o t  

be t r a n s i t i v e  and t h e  e x a c t  model co u ld  on ly  h o ld  t o  a  g i v e n  

a p p r o x i m a t i o n .  I t s  r e j e c t i o n  on t h e  g ro u n d s  o f  i n t r a n s i t i v e
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would t h e r e f o r e  be somewhat a r b i t r a r y  i n  g e n e r a l .  N e v e r t h e l e s s ,  

f o r  a g i v e n  s e t  o f  a l t e r n a t i v e s ,  A and a c e r t a i n  o b s e r v a t i o n  

p r o c e d u r e  one c o u ld  d e te r m in e  whether/rv '  was t r a n s i t i v e .  I f  

n o t ,  t h e  e x a o t  model cou ld  be r e j e c t e d  a s  a s u i t a b l e  model  

o f  p r e f e r e n c e  f o r  t h e  s e t  A and th e  i n e x a c t  m odels  c o u ld  be 

c o n s i d e r e d .

U n f o r t u n a t e l y ,  t h e  r e s u l t s  o f  measurement  t h e o r y  

do n o t  p r o v i d e  such  a c l e a r  q u a l i t a t i v e  a n a l y s i s  i n  more 

complex c a s e s  such a s  t h e  f o l l o w i n g  c o n j o i n t  r e p r e s e n t a t i o n  

h y p o t h e s e s .

C o n j o i n t  Measurement  Models

S in c e  t h e  r e p r e s e n t a t i o n s  a r e  b e in g  c o n s i d e r e d  

t h e o r e t i c a l l y  f o r  t h e  moment, l e t  u s  d e n o te  t h e  n - d i m e n s i o n a l  

c o n j o i n t  s t r u c t u r e  by $ n = <CA1 X- • *An > O  • The b a s i c  c o n j o i n t  

r e p r e s e n t a t i o n  h y p o t h e s e s  a r e  t h o s e  f o r  = ^ A 1  x  Ag,

Only one r e p r e s e n t a t i o n  h y p o t h e s i s  f o r  n >> 2 w i l l  be 

c o n s i d e r e d  f o r  t h e  moment. As i n  t h e  p r e v i o u s  s e c t i o n ,  

r e p r e s e n t a t i o n  h y p o t h e s e s  and measurement m odels  w i l l  be s t a t e d ,  

t o g e t h e r  w i t h  t h e o re m s  which l i n k  them.

H4. The ADDITIVE CONJOINT r e p r e s e n t a t i o n  h y p o t h e s i s  f o r  T) 2 ,

ACRH s t a t e s  t h a t  t h e r e  e x i s t  r e a l - v a l u e d  f u n c t i o n s  u-  ̂ on A^ 

and U2  on A2  bo t h  O f j }  2  such  t h a t ,  f o r  a l l  a-^, b^ £  A^ and 

a 0 , b 0 £  A

i )  ( a 1? ‘b2 ) <=> U 1  ^ l 5 + U 2 ( a 2 ^ u l  ^ 1  ̂ + u 2  ^ 2 ^

i i )  (a-^, a 2 ) U 1  ^a l ^  + u 2  ^a 2  ̂ = U 1  ^ 1  ̂ + u 2  ^ 2 ^

A measurement  model  r e l a t e d  to  H4 s t a t e s  f o u r  axioms 

on *5) 2 > t h e  l a s t  o f  which r e q u i r e s  t h e  f o l l o w i n g  c o n c e p t .
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D e f i n i t i o n . ,  A DUAL STANDARD SEQUENCET DSS f o r  2  i s  a  p a i r  

o f  d o u b ly  i n f i n i t e  s e q u e n c e s  a - ^ ,  a 2 i , i  = 0 , ± 1 , 2 , . . .

f rom  A^ and A2  r e s p e c t i v e l y  such t h a t  i f  i  + j  = p + q t h e n

^a l i >  ^a lp» a 2 q^* ^ tie i s  t r i v i a l  i f  ( a - ^ ,  a 2 i ^
f o r  a l l  i  a r e  e q u a l .

M4. A c o n j o i n t  s t r u c t u r e  D  2  i s  a n  AJIIITIVii; CONJOINT MEASUREMENT 

m o d e l%

A G *  <f=> f o r  a l l  ( a x , a 2 ), ( b ]_, b 2 ) £  x A2 :

i )  ^  i s  a  weak o r d e r  on A^ x A2

i i )  I f  ( a 1? a 2 ) b 2 ) and (b-^, c 2 ) a 2  ̂ t ^ e .̂

( a l> c 2 ) ^  (c-^j b 2 )

i i i )  t h e r e  e x i s t  d-L & A1  and d 2  A2  such t h a t  ( a 1 , a 2 ) ^

(b ^ ,  d 2 ) and ( a ^  a 2 W  (d 1> b 2 )

i v )  f o r  any n o n - t r i v i a l  DSS ( a ^ ,  a 2 i ) i  = 0 ,  ± 1 ,  . . . .  t h e r e

(al ’ a2 ^  
âlm, a2jf

Luce and Tukey (1964)  p roved  t h e  r e p r e s e n t a t i o n  

th e o re m :  T4. ACMM ACRE when A^ x k ^ J ^  i s  n o t  c o u n t a b l e .  

S c o t t  (1964)  p ro p o se d  a th eo re m  and model f o r  t h e  c a se  A^ x A2  f a  

c o u n t a b l e .  H i s  model  c o n s i s t s  o f  an i n f i n i t e  b u n d le  o f  ax ioms 

which  a r e  n e c e s s a r y  and s u f f i c i e n t  f o r  ACEH. Note t h a t  Luce 

and Tukey show only  t h a t  ACMVI i s  s u f f i c i e n t  f o r  ACEH, n o t  t h a t  

i t  i s  n e c e s s a r y .

The o t h e r  b a s i c  h y p o t h e s i s  i s  a s  f o l l o w s .

H5. The MULTIPLICATIVE CONJOINT r e p r e s e n t a t i o n  h y p o t h e s i s y 

MCEH s t a t e s  t h a t  t h e r e  e x i s t  r-o.al v a lu e d  f u n c t i o n s  u ]L on k ± and 

u 2  on A2  o f  J) 2 suck t h a t ,  f o r  a l l  (a-^, a 2 ), (b-^, b 2 )£A-^ x A2 :

29.
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x)  ( a 1 , a 2 ) (T3l t  b 2 )<S> n ± (&1 ) x  u 2  ( a g X ^  ( b p  x u 2  ( b 2 ) 

1 1 ) ( a x , a 2 ) ^ ( b 1 , b 2 )<?=> U;L ( a x ) x u 2  ( a 2 ) = ux (b x ) x  u 2  (b g )

A model r e l a t e d  t o  H5 r e q u i r e s  t h e  f o l l o w i n g  c o n c e p t .

D e f i n i t i o n .

Ihe zero subset of A ,̂ 0̂ -̂  = ^ 0]_la0p £ and (a0p> a2 

( a Q]_> ^ 2 ) f o ^  a l l  a 2 , b 2 (L ^

The ZERO s u b s e t  o f  A2 i s

°A2 = £ *0 2  I a02 ^  k 2 and ^a l> a 0 2 ^ ^ ^ 1 ’ a 02^ f o r  a 1 1  a l ’

h 6 A i 3

The ZERO s u b s e t  o f  A^ x A2  i s

°A1 x A2 = 0  = ( ° a i  x  A2 ) 0 (Ax x 0A2)

R. R o s k i e s  (1965)  p r o p o s e s  a model  o f  s i x  ax iom s which i s

s u f f i c i e n t  f o r  MCRH when 0 i s  n o t  empty. A s l i g h t  amendment 

can  d e a l  w i t h  t h e  c a se  0 empty. A. G-ioia (1967)  shows t h a t  

R o s k i e s '  axiom f o u r  f o l l o w s  from t h e  o t h e r s .  Only t h e  c a s e  when 

0  i s  n o t  empty w i l l  be c o n s i d e r e d  h e r e ,  and t o  a i d  u n d e r s t a n d i n g  

axiom f o u r  i s  i n c l u d e d .  The f o l l o w i n g  r e l a t i o n s  a r e  r e q u i r e d  

f o r  t h e  c a s e  0  n o t  empty.

D e f i n i t i o n .  The r e l a t i o n s  s and - s  h o ld  a s  f o l l o w s :

( a 1 , a 2 ) s ( b 1 , b 2 ) i f  [ ( a x , a 2 ) <  0  and (b-^  b 2 ) 0  j

o r  |  0  ( a 1? a 2 ) and 0  (b-^, b 2 ) j

( a x , a 2 ) -  S (b-p b 2 ) i f  U p ,  a 2 ) K. 0  and 0  {  ( b ]_, b 2 )

or. 0  ^  ( a 1? a 2 ) and ( b 1 , b2 )<^ 0

M5. A c o n j o i n t  s t r u c t u r e 2  a MULTIPLICATIVE CONJOINT 
MEASUREMENT MODEL, MOMM <=> f o r  a l l  (a -^  a 2 ), ( b ^  b 2 ) ( c -^  c 2 )

£  x A2
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i )  ^  on x A2  i s  a weak o r d e r

i i )  I f  d - ^  A1  t h e r e  e x i s t s  d 2 £ A 2 such  t h a t  (a -^  a 2 W ( d 15  d 2 )

I f  d 4 0
2T A2 t h e r e  e x i s t s  ^ 1 ^ A ]_ such t h a t  ( a ^  a 2 ) ^ ( d 1 , d2 )

i i i )  I f  b ^  0A 1  o r  b 2 $0 A2 and i f  ( a i> c 2^ and ^ l ’ a 2^

/^ ( c ]_, b 2 ) t h e n  ( a ± , a 2 ) ^ ( C;L, c 2 )

i v )  L e t  a ^ ,  ^  ( a i> a 2  ̂ S ^ l »  a 2  ̂ ^ o r  some a 2 ^ ^ 2

t h e n  (a-^, ^ 2 ) ^ ^ 1 ’ ^2^ ^ o r  a ^  ^ 2 ^ ^ 2 *  S i m i l a r l y  f o r  a 2 ,

^ 2 ^ ^ A 2 *  ^  ^a i> a 2  ̂ ^ a 2  ̂ ^'hen we say t h a t  a-  ̂ S b-^.

S i m i l a r l y  f o r  a 2 3 b 2> A l l  of  i v )  a l s o  h o l d s  f o r  t h e  

r e l a t i o n  -  S.

v )  Suppose a-^, b^ ,  < K l -  and a 2 , ^)2 ^ '^ A 2 * ^ en

i f  a 2  S b 2 and ( a ^ ,  a 2 ) ^ ( b ^ ,  a 2 ) t h e n  ( a 1 , b 2 ) ^ ( b 1 , b 2 ) 

i f  a-2  — 3  b 2 and (a-^, a 2 ) ^  (b-^, a 2 ) th e n  (b ^ ,  b 2 ) ^ ( a . ^ ,  b 2 ) 

i f  a 1  S b 1  and ( a 1 , a 2 ) ^  ( a p> t ^ )  t l i en  C1̂ ,  a 2 ^ ^ i >  b 2^

and i f  a 1 -  Sb1  and ( a - ^ a ^  ^  ( a ^  b 2 ) t h e n  ( b^ ,  ^ 2 ^ 4  a 2 ^

v i )  t h e  a rc h e m e d ia n  axiom, i v )  of  M4 h o l d s  o v e r  A^ x A2 + where

( a 1 , a 2 ) 6 A1  x A2+ i f  O ^ C a -^  a 2 ).

R o s k i e s  p ro ved  t h e  f o l l o w i n g  r e p r e s e n t a t i o n  theo rem :

T5. MCMM ■■=> MGRH when A^ x k ^ j ^  i s  no t  countable. As w i t h  

T4, R o s k i e s  s i x  axioms a r e  s u f f i c i e n t  f o r  H5 th o ug h  n o t  a l l  a r e  

n e c e s s a r y .  R o s k ie s  model i s  a g e n e r a l i z a t i o n  of Luce and T u k e y 1s 

m odel ,  M4. A second g e n e r a l i z a t i o n  of M4 i s  th e  model p ro po sed  

by Luce ( 1 9 6 6 ) which i s  s u f f i c i e n t  f o r  t h e  f o l l o w i n g  

r e p r e s e n t a t i o n  h y p o t h e s i s .

HA. The K^DMgIlgIONAL_ ALJITIVR G OR J OINT r e p r e s e n t a t i o n  h y p o t h e s i s

KACRH s t a t e s  t h a t  t h e r e  e x i s t  r e a l  v a lu e d  f u n c t i o n s  ux on k ± ,  u 2  

on A2 , . . .  u^  on A^ o f  7 )  ^ such t h a t  f o r  a l l  ( a ^ ,  . . .  a ^ ) ,



& A-]X . . ; xAk J

( a l> a 2 ' - - - ak ^  ( bi» •• \ ) < S >  u1 ( a 1 ) + . . . + u k ( a k ) ^ ' u 1 ( b 1 )+

• • • u k^bk )

The m easu rem en t  model r e l a t e d  t o  t h i s  makes u se  o f  t h e

f o l l o w i n g  g e n e r a l i z a t i o n  o f  a dou b le  s t a n d a r d  sequence  and t h e  

c o n c e p t  o f  a s t a n d a r d  se q u en c e .

A d o u b le  i n f i n i t e  sequence  of  p a i r s ^ u 1’, a ^ ŝ , i  = o ,±  1 , ± 2 ,

(where  f o r  each  i ,  a . r <£ A and a . s <£A ) i s  ai  r  i s
DUAL STANDARD SEQUENCE, DSS i f  f o r  each  i  = 0 ,  ± 1,  . . .

i )  ( a i  , a i + 1  ) /n / (a i + 1  , a i s ) i i )  ( a i + 1 r » a i _]_S)<̂ / ( a i r , a j_S )>

t h e  e l e m e n t s  no t  made e x p l i c i t  b e in g  c o n s t a n t .

D e f n . A sequence  ±r }  1 = 0 >±;L> • • •  i s  a STANDARD SEQUENCE,

SS o f  A i f  i t  i s  a member of some DSS. I t  i s  i n c r e a s i n g  

i f  s u r ^  a j_+]_r  i ° r  a 1 1  i*

MA. The c o n j o i n t  s t r u c t u r e ^ ,  i s  a K-DIMSN5I0NAL ADDITIVE 
CONJOINT measurement  m odels KACMM i f  and on ly  i f ,  f o r  a l l  
e l e m e n t s  o f  A-^x . .  .xA^:

i )  ^  on A-^x . . . .  xA^. i s  a weak o r d e r .

i i )  Dor a ny i n t e g e r  j , 1  ^  j ^  k and any a 1^  A^, 1 ^  i  ^  k and

any b 1 ^  A^, i - f  j t h e r e  e x i s t s  an x d£ Aj such t h a t

( a 1 , . ,  a*3" 1 , a*3, a*3* 1 , . .  a k ) ^ ( b 1 , . . .  b*3""1 , x  ** , b^+1 , . . b kX

i i i )  C o n s i d e r  any two i n e q u a l i t i e s

( a . 1 , . .  a ±k ) ^  ( b . 1 , b ±2 , . .  b.t k ) i  = 1 , 2  w i th  t h e

p r o p e r t y  t h a t  f o r  each  j = 1 , 2 , . . .  k t h e r e  e x i s t s  a

c o r r e s p o n d i n g  p e r m u t a t i o n  J  o f  1 and d such t h a t  a ^*3 =

e x c e p t  f o r  a t  most one i ,  which i f  i t  e x i s t s  i s  d e n o te d  by i *

Then,  (a1 , a 2 , . .  ak ) ^  ( b 1 , . . .  bk ) where i f  i *  e x i s t s  a J* =

a   ̂ and b *3 = b j / . ^ N  and i f  i *  does  no t  e x i s t  t h e n  a *3 = b J = 
i *  J ( i * )

.



any e le m e n t  o f  A j .

i v )  F o r  any  n o n - t r i v i a l ,  i n c r e a s i n g  3S r  <£ k, such

Ghat any p a i r  iorm. a DSb, and any h i n  t h e r e  e x i s t

i n t e g e r s  m and n such  t h a t  a  r <̂  b < a  r .m ^  ^ n
I n  t h e  c a s e  o f  K= 2 t h e  f o u r  axioms of  MA re d u c e  t o  t h o s e  o f  M4. 

The weak o r d e r ,  s o l u t i o n  of  e q u a t i o n s  and Archem edian  axioms 

( i ) ,  i i )  and i v ))  a r e  r e a d i l y  seen  to  he g e n e r a l i z a t i o n s  o f  t h e  

c o r r e s p o n d i n g  axioms o f  M4* The g e n e r a l i z e d  do u b le  c a n c e l l a t i o n  

c o n d i t i o n ,  axiom iii) i s  n o t  so o b v io u s ly  r e l a t e d  to  t h e  

c o r r e s p o n d i n g  axiom of M4. I t  i s  a c o n c i s e  s t a t e m e n t  o f  t h e  

co m p le te  s e t  o f  doub le  c a n c e l l a t i o n  c o n d i t i o n s  i . e .  t h o s e  

c a n c e l l a t i o n  c o n d i t i o n s  i n  which a p a i r  o f  i n e q u a l i t i e s  imply 

a t h i r d .  T h i s  s e t  i s  f i n i t e  th o u gh  r a t h e r  l a r g e  a s  k i n c r e a s e s .  

F o r t u n a t e l y  many of t h e  c o n d i t i o n s  a r e  t r i v i a l .  F o r  i n s t a n c e  

when k = 2  t h e  axiom i n c l u d e s  f o u r  c o n d i t i o n s  o f  which o n ly  one 

i s  n o n - t r i v i a l .  The case  when k = 3 w i l l  be c o n s i d e r e d  l a t e r .

The s e t  o f  n o n - t r i v i a l  c a n c e l l a t i o n  c o n d i t i o n s  f o r  t h i s  c a se  h a s  

s i x  members. The s i x  m odels  p r e s e n t e d  i n  t h i s  and th e  

p r e c e d i n g  s e c t i o n s  a r e  t h e  only  ones from measurement  t h e o r y  

t h a t  w i l l  be used  i n  t h i s  s t u d y ,  th ou g h  o t h e r  r e p r e s e n t a t i o n  

h y p o t h e s e s  w i l l  be examined f o r  which measurement  models  l i k e  

Ml -  MA a r e  a v a i l a b l e .  Now, H4-HA can be i n t e r p r e t e d  a s  s p e c i a l  

c a s e s  o f  SEU i n  c e r t a i n  s im ple  s i t u a t i o n s .  They p ro p o se  t h a t  

s u b j e c t i v e  v a l u e  s c a l e s  e x i s t  on A^, i  = 1 , . . . .  k and a l s o  on 

A-^x . . .  xA^ and t h a t  t h e y  r e l a t e  a c c o r d i n g  t o  a p a r t i c u l a r  r u l e .  

An i d e a l  q u a l i t a t i v e  f u n c t i o n a l  a n a l y s i s  o f  t h e s e  r e p r e s e n t a t i o n  

h y p o t h e s e s  would i n v o lv e  e x h a u s t i v e  e x a m in a t io n  of s e t s  o f  axioms 

o f  m easurem ent  models  which were n e c e s s a r y  and s u f f i c i e n t  f o r  

them. U n f o r t u n a t e l y ,  M4 — MA a r e  no t  su iG a b le  f o r  t h i s  ± o r  two
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r e a s o n s .

F i r s t l y ,  t h e y  a r e  m e re ly  s u f f i c i e n t  f o r  H4 -  HA and 

n e g a t i o n  o f  them d o es  n o t  imply  n e g a t i o n  o f  t h e  r e p r e s e n t a t i o n  

( t h i s  d o es  no t  a p p ly  t o  S c o t t s  m od e l ) .

S e c o n d ly ,  i t  i s  n o t  c l e a r  how t o  c a r r y  ou t  an 

e x h a u s t i v e  e m p i r i c a l  e x a m in a t io n  o f  a l l  t h e  ax iom s.  ( T h i s  does  

a p p ly  t o  S c o t t ' s  m o d e l ) .  I n  t h e  n e x t  s e c t i o n  some l i g h t  i s  shed 

on t h e  l a t t e r  p ro b lem  by t h e  e x a m in a t io n  of  t h e  e m p i r i c a l  s t a t u s  

o f  ax io m s .

The E m p i r i c a l  S t a t u s  o f  Axioms

T hree  d i s c u s s i o n s  o f  t h i s  t o p i c  have  a p p e a re d  i n  

r e c e n t  y e a r s :  Adams, Fago t  and R ob inson  ( 1 9 6 5 ) ,  1 9 7 0 ) ,  P f a n z a g l

( 1 9 6 8 ) .  They make t h e  same b a s i c  p o i n t s ,  which  a r e  c l e a r l y  

s t a t e d  i n  P f a n z a g l  p p . 106 -1 0 9 .  What f o l l o w s  i s  d e r i v e d  f rom  t h i s .  

Suppose one wished t o  c a r r y  ou t  a q u a l i t a t i v e  f u n c t i o n a l  a n a l y s i s  

o f  some r e p r e s e n t a t i o n  h y p o t h e s i s  v i a  an a s s o c i a t e d  s u f f i c i e n t  

measurement  m odel .  I t  would be c o n v e n i e n t  t o  a c c e p t  t h e  

h y p o t h e s i s  t h a t  t h e  axioms a r e  s a t i s f i e d  a s  lo n g  a s  t h e r e  was no 

e m p i r i c a l  e v id e n c e  t o  t h e  c o n t r a r y .  The e m p i r i c a l  e v i d e n c e ,  

however ,  i s  o f t e n  no t  c o m p le te ,  s i n c e  on ly  a f i n i t e  s e t  of  d a t a  

can be  c o l l e c t e d .  Some axioms c o n s i s t  o f  i n f i n i t e  b u n d l e s  o f  

c o n d i t i o n s  e . g .  S c o t t  ( 1 9 6 4 ) .  I t  i s  o b v i o u s l y  i m p o s s i b l e  t o  

f a l s i f y  such  ax iom s  s i n c e  to  do so would r e q u i r e  an  i n f i n i t e  s e t  

o f  t e s t s  t o  be c a r r i e d  o u t .  O t h e r  ax ioms a r e  e x i s t e n t i a l .  They 

p o s t u l a t e  t h e  e x i s t e n c e  of c e r t a i n  e l e m e n t s  which a r e  i n  a 

c e r t a i n  r e l a t i o n  t o  o t h e r  g iv e n  e l e m e n t s .  Such axioms a l s o  

c an n o t  be shown to  be f a l s e  s i n c e  f a i l u r e  t o  e s t a b l i s h  t h e  

e x i s t e n c e  o f  t h e  e l e m e n t s  does  n o t  p rove  t h e y  d o n ' t  e x i s t .  Adams, 

F a g o t  and R ob inson  (1 96 5 )  c a l l e d  b o th  k i n d s  of  ax ioms o b j e c t i o n a b l e
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o b j e c t i o n a b l e  and axioms which  a r e  n o t  o b j e c t i o n a b l e  t h e y  c a l l e d  

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

measurement  model i t  i s  on ly  n e c e s s a r y  t o  t e s t  t h e  t e s t a b l e  

a x iom s.  However, t h o u g h  t h e  o b j e c t i o n a b l e  ax ioms need n o t  be 

t e s t e d  t h e y  c a n n o t  be ig n o r e d  a s  n e s t a b l e  c o n se q u e n c e s  may f o l l o w  

from  a sy s te m  of  ax ioms a s  a whole wnich do no t  f o l l o w  from t h e  

t e s t a b l e  ax iom s a l o n e .  The s i t u a t i o n  can  be c l a r i f i e d  'somewhat 

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

w i th  k ^ -  a r y  r e l a t i o n s  R^ and f i n i t e  I .  A s u b s e t  Aq £  A c an  be 

t a k e n  t o  t e s t  e m p i r i c a l l y  w h e th e r  c e r t a i n  s e n t e n c e s  of- t h e  form

a r e  t r u e  f o r  some a ^ ,  a 2 , . . . ,  ^  A , i £ l ,

where R^ ( a i> • • •  a k i^  c h a r a c t e r i s t i c  f u n c t i o n  o f  t h e

r e l a t i o n  R . . L e t  a f i n i t e  s e t  o f  such  s e n t e n c e s  be d e n o te d  by 

X. New s e n t e n c e s  can  be c o n s t r u c t e d  f rom t h e  e l e m e n t s ,  say

X1 , X2 £ X:

i )  Xx U X2 (U = OR)

i i )  Xx C\ X2  (A = AND)

i i i )  X1  O  X2 ( D =  IMPLIES)

i v )  X1  ( n o t  X^)

The s e t  of  s e n t e n c e s  g e n e r a t e d  from X by t h e  above o p e r a t i o n s  

d e f i n e s  a b o o l e a n  a l g e b r a .  T h i s  s e t  can be d e n o te d  by t h e  forms

p o s s i b l e  c o m b i n a t i o n s  of t h e  o p e r a t i o n s  i )  t o  i v ) i n  t h i s  form

L et ) - )  = \ A ,  ^ i ^ i 6 i /  an  e m p i r i c a l  r e l a t i o n a l  sys ten

( i ) Y = (Xi ; l  U X 1 2  U X ^  ) f \  (X2 1  u

where X . . £  X or  X . .£■ X1 J J

E x p r e s s i n g  t h e  s e t  o f  s e n t e n c e s  g e n e r a t e d  by a l l  t h e



r e d u c e s  t h e  s e t  t o  one v e r y  l a r g e  s e n t e n c e .

An i n s t a n c e  o f  t h e  s e n t e n c e  Y can  be d e n o te d  by Y ( a ^  . . .  a  ) 

where a r e  t h e  e l e m e n t s  A which a p p e a r  i n  t h e  s e n t e n c e .

C e r t a i n  i m p o r t a n t  t e r m s  can  now be  d e f i n e d .

D efn .  A TESTABLE s e n t e n c e  of t h e  K . 3 . ,  i s  a s e n t e n c e  o f  t h e  

t y p e :

"Y ( a 1 , . .  a r ) h o l d s  f o r  a l l  a ^  . . .  a  " where Y i s  a

s e n t e n c e  of  t h e  t y p e  ( l )  above .

Such s e n t e n c e s  have  a l s o  been  c a l l e d  u n i v e r s a l  s e n t e n c e s

O b v io u s ly ,  an  axiom of  t h e  above  form i s  c a l l e d  a t e s t a b l e  axiom.

An o b j e c t i o n a b l e  axiom i s  f o r m a l l y  d e f i n e d  by n e g a t i o n .

D e fn .  The t e s t a b l e  s e n t e n c e  MY ( a - , . .  a  ) h o l d s  f o r  a l l  a n , . .  a  ”   l  r  1  r
i s  a TESTABLE CONSEQUENCE o f  a sy s tem  o f  ax ioms on a n  E .S .  

B  =^A -  ) (B^)  i  £  1 ^  <=> t h e  t e s t a b l e  s e n t e n c e  i s

s a t i s f i e d  f o r  e a c h  RS ^ o f  t h e  same t y p e  a s  which 

a l s o  s a t i s f i e s  t h e  ax iom s.

D e f n . Let(j3-^, S ^ b e  sy s te m s  of  ax io m s .  i s  PURELY TECHNICAL 

i n  C s i> n !  i f  and on ly  i f  e ac h  t e s t a b l e  co nsequence  of  

{ s v  s 2l  i s  a co n sequ en ce  o f  a l o n e .

I t  can be shown t h a t  t h e  axioms o f  a sys tem  S can be 

p a r t i t i o n e d  i n t o  t h r e e  s u b s e t s :  Sg,, t h e  s e t  o f  t e s t a b l e  ax iom s,

S-^  t h e  s e t  of p u r e l y  t e c h n i c a l  ax ioms and Sq t h e  s e t  o f  ax ioms 

which  a r e  o b j e c t i o n a b l e  bu t  no t  p u r e l y  t e c h n i c a l .  Adams, Fago t  

and R ob in son  ( 1 9 6 5 ) ,  (1970)  c o n c e r n  t h e m s e lv e s  w i th  t h e  p ro b lem  

of  p a r t i t i o n i n g  c e r t a i n  measurement m odels  i n  t h i s  f a s h i o n .  They 

p rove  which axioms a r e  p u r e l y  t e c h n i c a l  f o r  c e r t a i n  s y s t e m s .

The meaning of  such  r e s u l t s  f o r  t h e  axiom sys tem s  

p r e v i o u s l y  p r e s e n t e d  sho u ld  be d i s c u s s e d .  The p a r t i t i o n i n g  o f



t h e  ax iom s of  Ml -  M3 i s  a s im p le  m a t t e r ;  t h e y  a r e  a l l  t e s t a b l e .  

Adams, F a g o t  and R ob inson  show t h a t  of t h e  ax iom s o f  M4, t h e  

l i r s t  bwo a r e  t e s t a b l e ,  t h e  t h i r d  o b j e c t i o n a b l e  and t h e  f o u r t h  

p u r e l y  t e c h n i c a l .  One m igh t  s p e c u l a t e  on t h e  e m p i r i c a l  s t a t u s  

o f  t h e  ax iom s of M5 by a n a lo g y  w i th  t h e  r e s u l t s  f o r  M4s axioms

i ) ,  i i i ) ,  i v ) and v)  a r e  t e s t a b l e ,  i i )  i s  o b j e c t i o n a b l e  and v i )  

i s  p u r e l y  t e c h n i c a l .  A consequence  o f  M4 i s  c a l l e d  t h e  

in d e p e n d e n c e  c o n d i t i o n  f o r  B  2  = x A2 , ^  : f o r  a l l

b-  ̂ £  ^ 1 * a 2 » ^ 2  ^  ^ 2 ’

i )  ( a 1 , a 2 ) ^  (Td1 , a 2 ) <=> ( a 1 , b 2 ) ^  ( b 1 , b 2 )

and

i i )  ( a ^ ,  a 2 ) <  ( a 1( b 2 ) (b-^, a 2 ) ^  ^ 2  ̂ *

T h i s  t e s t a b l e  consequence  f o l l o w s  f ro m  ax iom s one ,  two 

and t h r e e  o f  M4, n o t  from one and two a l o n e .  I f  t h e  o b j e c t i o n a b l e  

axiom t h r e e  had been  i g n o r e d  t h e n  t h i s  r a t h e r  b a s i c  consequence  

o f  t h e  model  would have been  m is s e d .  However, from t h e  e m p i r i c a l  

p o i n t  o f  v iew ,  n o t h in g  i s  l o s t  i f  t h e  f o u r t h  axiom of  M4 i s  

i g n o r e d .  T h i s  i l l u s t r a t e s  t h e  v a l u e  of b e in g  a b l e  t o  s e p a r a t e  

ax iom s o f  measurement  m odels  a c c o r d i n g  t o  t h e  t e s t a b l e ,  

o b j e c t i o n a b l e ,  p u r e l y  t e c h n i c a l  t r i c h o t o m y .

I f  one i s  exam in ing  a r e p r e s e n t a t i o n  h y p o t h e s i s  v i a  

a  measurement  model one w i l l  be a b l e  t o  say which s u b s e t  o f  t h e

ax iom s of  t h e  model have e m p i r i c a l  c o n s e q u e n c e s .

I t  would be p a r t i c u l a r l y  u s e f u l  i f  one found t h a t  t h e  

s e t  o f  o b j e c t i o n a b l e  ax ioms was empty. U n f o r t u n a t e l y ,  many o f  

t h e  m ode ls  d i s c u s s e d  i n  measurement t h e o r y  have o b j e c t i o n a b l e  

ax io m s .

The p rob lem  rem a in s  t h a t  f o r  a f i n i t e  s e t  A i t  may n o t
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be p o s s i b l e  t o  t e s t  t h e  o b j e c t i o n a b l e  ax iom s f u l l y  b e c a u s e  

t h e r e  a r e  t o o  many t e s t a b l e  c o n se q u e n c e s  of them o r  some may be 

unknown. The i m p l i c a t i o n s  o f  t h i s  f o r  q u a l i t a t i v e -  f u n c t i o n a l  

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

Q u a l i t a t i v e  F u n c t i o n  A n a l y s i s  of t h e  A d d i t i v e  and M u l t i p l i c a t i v e  
R e p r e s e n t a t i o n s  f o r Tfc.

The measurement  m odels  o f  t h e  p r e v i o u s  s e c t i o n s  a r o s e  

f rom  a t t e m p t s  t o  f i n d  s e t s  o f  c o n d i t i o n s  which a r e  n e c e s s a r y  and 

s u f f i c i e n t  f o r  t h e  r e p r e s e n t a t i o n  h y p o t h e s e s .  The models  f o r  

which t h i s  aim i s  r e a l i z e d ,  Ml -  M3 a r e  v e ry  u s e f u l  f o r  t e s t i n g  

HI -  H3 e m p i r i c a l l y .  But  how u s e f u l  a r e  M4 and M5 f o r  t e s t i n g  

H4 and H5 i n  t h e  l i g h t  o f  t h e  f a c t  t h a t  t h e s e  axiom sys te m s  

a r e  m e re ly  s u f f i c i e n t  f o r  t h e  r e p r e s e n t a t i o n s ?  To examine such 

axiom sy s te m s  may be r a t h e r  i n e f f i c i e n t  when t h e  r e a l  o b j e c t  

of  s tu d y  i s  t h e  r e p r e s e n t a t i o n .  I n  t h e  c a s e  of H4, S c o t t ' s  

model ( r a t h e r  t h a n  Luce and T u key 1 s )  a f f o r d s ,  a t  f i r s t  s i g h t  an  

e f f i c i e n t  i n t e r m e d i a r y .  However, a s  a l r e a d y  p o i n t e d  o u t ,  s i n c e  

t h e  model c o n s i s t s  o f  an  i n f i n i t e  bu nd le  o f  c o n d i t i o n s  i t  c an no t  

be f u l l y  t e s t e d  e m p i r i c a l l y .  F u r t h e r m o r e ,  S c o t t  showed t h a t  no 

f i n i t e  s e t  o f  c o n d i t i o n s  e x i s t  which a r e  n e c e s s a r y  and s u f f i c i e n t  

f o r  H4 even when t h e  domain i s  f i n i t e .  I t  seems l i k e l y  t h a t  t h e  

same i s  t r u e  of  H5 and o f  c e r t a i n  s i m i l a r  r e p r e s e n t a t i o n  

h y p o t h e s e s  f o r  P 2 which w i l l  be p r e s e n t e d  s h o r t l y .  I n  v iew  o f  

t h i s  i t  would seem t h a t  e m p i r i c a l  s t u d i e s  o f  H4 and H5 s h o u ld ,  

l i k e  t h a t  of  Adams and Fag o t  (1959)  have more r e a l i s t i c  a im s .

Adams and Fago t  sough t  a s e t  of  in d e p e n d e n t  n e c e s s a r y  

c o n d i t i o n s  which c o n ta in e d  much of  t h e  e m p i r i c a l  c o n t e n t  o f  H4.

T h is  seems t o  be t h e  b e s t  t h a t  can  be done e m p i r i c a l l y .  A s e t  o f
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c o n d i t i o n s  c o n t a i n  much o f  t h e  e m p i r i c a l  c o n t e n t  o f  a  

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

bo v i o l a t e  t h e  h y p o t h e s i s .  C o n d i t i o n s  a r e  i n d e p e n d e n t  i f  none 

f o l l o w s  f rom  t h e  r e m a in in g  ones i n  t h e  s e t .  Adams and F a g o t  

a r r i v e d  a t  t h e  f o l l o w i n g  t h r e e  c o n d i t i o n s ,  known a s  weak o r d e r ,  

c a n c e l l a t i o n  and ind ep e n d en c e  r e s p e c t i v e l y :

H4-C1 The r e l a t i o n  ^  o v e r  A^ x A2  i s  a weak o r d e r .

H4C2 F o r  a l l  a 1 , ^  <£ A± and a 2 , b g , c 2 , 6  A2 ,

i f  ( a 1 , a 2 ) ^  (b ^ ,  h 2 ) and ( b ]L, c 2 ) ^  ( c 1 , a g )

t h e n  ( a -^  c 2 ) ^  ( c 1 , b 2 ).

H4C3 F o r  a l l  a ]_, b]_, £  A± and a 2 , b 2 <6 A2 ,

3>2) ( ^ i , ^ 2  ̂ ^  ("^i» b 2 )

i i ) ( a ^ ,  a 2 ) ^  ^^1 * ^  b 2 )

An a d d i t i o n a l  consequence  of H4 i s  t h a t  t h e  s e t  o f  

z e r o s  i s  i n  g e n e r a l  empty. T h i s  i s  e x p re s s e d  a s  f o l l o w s :

H4C4- I f  a  ^  b f o r  some a ,  b & x  A2  t h e n  t h e  z e ro  s e t ,

0 &A^ x A2 -  A^ x A2 i s  empty.

As an  i n t e r i m  s o l u t i o n ,  i t  i s  p ro po sed  t h a t  t h e s e  f o u r  

c o n d i t i o n s  c o n t a i n  a good d e a l  o f  t h e  e m p i r i c a l  c o n t e n t  o f  H4» 

and a t e s t  of  them would p r o v id e  a th o r o u g h  t e s t  o f  H4.

I t  i s  c l e a r  t h a t  t h e  model  M4 h a s  n o t  b e en  abandoned 

c o m p l e t e l y  i n  t h i s  d i r e c t  a p p ro a c h ,  s i n c e  t h e  f i r s t  two o f  t h e  

above c o n d i t i o n s  a r e  t h e  n e c e s s a r y  axioms o f  M4. Examining a 

s e t  o f  c o n d i t i o n s  such  a s  th e  above w i l l  be what i s  meant by t h e  

q u a l i t a t i v e  f u n c t i o n a l  a n a l y s i s  o f  a r e p r e s e n t a t i o n  i n  c a s e s  

where t h e  s e t  o f  n e c e s s a r y  and s u f f i c i e n t  q u a l i t a t i v e  c o n d i t i o n s  

i s  i n f i n i t e .  A s u i t a b l e  s e t  o f  c o n d i t i o n s  f o r  t h e  QFA of  H5
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m ig h t  he h a sed  on t h e  axioms of  M5# C o n s i d e r ,  i n  t h e  c a s e  0 ,-,
xi  JL

and °A2 no 'b t h e  c o n d i t i o n s :

H5C1 ( S i g n )  L e t  a ^ ,  h^ £  0 ^ .  I f  ( a ^ ,  a 2 ) S (b ^ ,  a 2 ) f o r  some

a 2 ^  ^2  't ^Leri ( a i> ^ 2  ̂ ^ ^ 1 »  f o r  a l ‘L ^2 ^  ^2*
S i m i l a r l y  f o r  a ^ ,  h 2  ^  ^A2. A l l  t h e  above a l s o  h o l d s

f o r  t h e  r e l a t i o n  - S .  •

H5C2 (Weak O rd e r )  The r e l a t i o n  o v e r  A^ x A2  i s  a weak 

o r d e r

H5C3 ( C a n c e l l a t i o n )  F o r  a l l  a -^  h 1 , c1  6r A1 and a 2 , h 2 ,.

° 2  ^  ^ 2  ^  
I f  b-  ̂ £  0 ^  o r  a 2  ^  ^A2  and

( a 1 , a 2 ) (b ^ ,  b 2 ) and ( b 1? c 2 ) (c-^, a 2 )

t h e n  ( a ^ , c 2 ) ( c 1 , b 2 )

H5C4 ( S ig n  d ep en d e n ce )  f o r  a l l  a-^, b^ ,  #  °A1, a 2 , b 2 <#

°A2 :

i )  I f  &2 S t >2  t h e n  ( a ^ ,  ag )  ^  ( b-^, a 2 )  ̂a q » ^ 2   ̂^   ̂ 1 ^2

i i )  I f  a 2  -  Sb2  t h e n  (a -^  a 2 ) ^ ( b 1 , a 2 )<^>(b1 , b 2 ) ^ ( a 1 , b 2 )

i i i )  I f  a^  Sb^ t h e n  ( a ^ ,  a 2 ) ^  ( a ^ ,  b 2 ) « ^ ( b 1 , a 2 ) ^  (b -^  b 2 )

i v )  I f  a 1  -  Sb^, t h e n  ( a 1 , a 2 ) ^ r (a-L, b 2 )<?=?(b1 , b 2 ) ^  (b-L, a 2 )

Note t h a t  i n  t h e  m u l t i p l i c a t i v e  c a s e  t h e r e  a r e  no 

r e s t r i c t i o n s  p l a c e d  on t h e  z e ro  e le m e n t s  which may e x i s t .  Thus,  

i f  any a r e  found one shou ld  b e g in  t o  f a v o u r  H5 r a t h e r  t h a n  H4.

The d i s c r e p a n c y  of  z e ro  e le m e n t s  i s  a u s e f u l  g u id e  when one i s  

c o n s i d e r i n g  which f u n c t i o n a l  r e l a t i o n s h i p s  seem p l a u s i b l e  

i n i t i a l l y .  I f  t h e y  e x i s t  t h e y  a r e  o f t e n  q u i t e  e a s i l y  i d e n t i f i e d .  

The r e s u l t s  on z e r o s  a r e  no t  t e s t a b l e  s e n t e n c e s  a s  d e f i n e d  i n  

t h e  l a s t  s e c t i o n ,  t h e y  a r e  e x i s t e n t i a l .  N o n e t h e l e s s  t h e y  a r e  

i n c l u d e d  i n  t h e  p r e s e n t  e x p o s i t i o n  b e c a u se  01  t h e i r  u s e f u l n e s s
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i n  t h e  e a r l y  s t a g e s  o f  any i n v e s t i g a t i o n .  They w i l l  he 

d i s c u s s e d  f u r t h e r  i n  t h e  a p p l i c a t i o n  of QPA when p l a u s i b l e  

f u n c t i o n a l  r e l a t i o n s h i p s  a r e  s c r u t i n i z e d .

A p a r t  from t h e  c o n se q u e n c e s  a b o u t  z e r o s ,  t h e  

c o a s e q u e n c e s  of H4 and 115 shou ld  i d e a l l y  have  c e r t a i n  p r o p e r t i e s  

i f  t h e y  a r e  to  be u s e f u l  i n  e m p i r i c a l  i n v e s t i g a t i o n s .  They 

sh o u ld  be i )  t e s t a b l e  i i )  i n d e p e n d e n t  and i i i )  com prehens ive  

i n  t h e  s e n se  o f  c o n t a i n i n g  most o f  t h e  e m p i r i c a l  c o n t e n t  o f  t h e  

r e p r e s e n t a t i o n .  T h e i r  form shows t h a t  t h e y  a r e  t e s t a b l e .

T h e i r  a p p a r e n t  in d epe n d en c e  and c o m p re h e n s iv e n e s s  w i l l  n o t  be 

t a k e n  i s s u e  w i t h  i n  t h e  p r e s e n t  s t u d y .  C l e a r l y  t h e y  a r e  q u i t e

b a s i c  c o n s e q u e n c e s  o f  t h e  r e p r e s e n t a t i o n s .  The i d e a  a t

p r e s e n t  i s  t o  p u r su e  QPA th r o u g h  t o  i t s  a p p l i c a t i o n .  P r o v i d i n g  

p r o o f s  o f  t h e  c o n se q u e n c e s  in d ep e n d en c e  and c o m p re h e n s iv e n e s s  

i s  r e g a r d e d  a s  an  u n n e c e s s a r y  r e f i n e m e n t  a t  p r e s e n t .

The QPA o f  S imple  P o ly n o m ia l  R e p r e s e n t a t i o n s  f o r ~ P  y

The d i s c u s s i o n  i s  now ex tended  to  s im p le  p o ly n o m ia l  

r e p r e s e n t a t i o n s  for*}-} ^ which a r e  d e f i n e d  be low.

D efn .  R e p r e s e n t a t i o n  h y p o t h e s e s  f o r  T L  ̂  t h a t  a r e  SIMPLE 

POLYNOMINALS s t a t e  t h a t  t h e r e  e x i s t  r e a l - v a l u e d  f u n c t i o n s  u 1

on A-p U2  on A^, on A^ and u on A^ x  A2 x A^ such t h a t  f o r

a l l  e l e m e n t s  (a-^, a 2 * a 3 *̂ ^ 2 * b^) ^  A-̂  x A2  x A^ •

(a-^, a 2 , a ^ )  ^  ( b ^  b 2 » u ( a x> a 2 > a 3 ^  u ^ l >  ^ 2 ’ ^ 3 ^

The s im p le  p o ly n o m ia l  h y p o t h e s i s  i s :

H6 . ADDITIVE i f  u  = u^ + U2 +

H7. MULTIPLICATIVE i f  u = u x x u 2 x u 3 

H8 . DISTRIBUTIVE i f  u = + u 2 )
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H9. DUAL-DISTRIBUTIVE i f  u  = u x x u g + u .

The b a s i c  r e q u i r e m e n t  f o r  a h y p o t h e s i s  t o  be a s im ple  

p o ly n o m ia l  i s  t h a t  i n  u = f ( u p  U2 , u ^ )  each  u^ a p p e a r s  a t  

most  o n c e ,  e . g .  i f  u = o r  u= (u^  + u^ t h e

h y p o t h e s i s  i s  n o t  a s im p le  p o ly n o m ia l .  H4 and H5 a r e  s im ple  

p o l y n o m i a l s  on ^

I t  i s  c l e a r  t h a t  H6 i s  a s p e c i a l  c a se  of  HA when 

k = 3. T h e r e f o r e ,  when k = 3, MA i s  s u f f i c i e n t  f o r  H6 . 

Measurement m odels  which a r e  s u f f i c i e n t  f o r  H7-H9 have r e c e n t l y  

b e en  p r e s e n t e d  by K r a n tz ,  Luce ,  Suppes and T versky  ( 1 9 7 1 ) .  

P a r a l l e l  t o  t h e  d i s c u s s i o n  of  H4 and H5, s e t s  of  c o n seq u e n ce s  of 

H6-TI9 sh o u ld  be sought  which do n o t  depend on e a c h  o t h e r  and 

which c o n t a i n  much o f  t h e i r  e m p i r i c a l  c o n t e n t .  T ha t  i s ,  

t e s t a b l e  c o n d i t i o n s  s u i t a b l e  f o r  QPA o f  t h e  h y p o t h e s e s  a r e  

r e q u i r e d .  As i n  t h e  l a s t  s e c t i o n , ,  w h e th e r  t h e y  i n  f a c t  a r e  

i n d e p e n d e n t  and com prehens ive  w i l l  s im ply  be assumed.

N e c e s s a r y  c o n se q u e n c e s  of s im p le  p o ly n o m ia l  

r e p r e s e n t a t i o n s  were f i r s t  d i s c u s s e d  by K r a n tz  (1967)  and l a t e r  

i n  Coombs and Huang (197.0) and K ra n tz  and T versk y  ( 1 9 7 1 ) .  The 

f i r s t  s u g g e s t e d  th e  k i n d s  o f  c o n d i t i o n s  n e c e s s a r y  and t h e  o t h e r  

two d e v e lo p e d  f rom i t .  K r a n tz  and Tversky  c a l l e d  b h e i r  a n a l y s i s  

of  H6-H9 o r d i n a l  a n a l y s i s  b eca u se  t h e y  assumed t h a t  t h e i r  d a t a  

s a t i s f i e d  t h e  weak o r d e r  c o n d i t i o n .  Now, i t  was s u g g e s t e d  

e a r l i e r  t h a t  t h e  weak o r d e r  c o n d i t i o n  i n  a p r e f e r e n c e  c o n t e x t  

i s  q u i t e  a demanding p r i n c i p l e  o f  b e h a v i o u r  and i t  i s  d e s i r a b l e  

t o  i s o l a t e  i t  f rom  o t h e r  q u a l i t a t i v e  p r i n c i p l e s  which f o l l o w  

from t h e  m o d e ls .  P o r  t h i s  r e a s o n  i t  was f e l t  t h a t  K ra n tz  and



i v e r s k y *s r e s u l t s  cou ld  be improved i f  t h e  n e c e s s i t y  f o r  t h e  

o i d e i i n g  a s s u m p t io n  could  be e l i m i n a t e d .  T h i s  c a n  be done by a 

c a r e f u l  g e n e r a l i z a t i o n  o f  t h e  QPA r e s u l t s  a v a i l a b l e  f o r  t h e  

s im p le  p o l y n o m i a l s  on $  2 * T h i s  was done i n  an  e a r l i e r  d r a f t  

of  t h i s  c h a p t e r  which was r e a d  t o  t h e  M a th e m a t i c a l  and 

s t a t i s t i c a l  S e c t i o n  of t h e  B r i t i s h  P s y c h o l o g i c a l  S o c i e t y ,  June 

1971.  S in c e  t h e n ,  t h i s  g e n e r a l i z a t i o n  h a s  a l s o  been  c a r r i e d

ou t  i n d i r e c t l y  i n  K r a n t z ,  Luce ,  Suppes and T versky  ( 1 9 7 1 ) .  The

n e c e s s a r y  ax iom s of  t h e i r  models  s u f f i c i e n t  f o r  H7-H9 a r e  v e r y  

s i m i l a r  t o  t h e  c o n d i t i o n s  d e r i v e d  d u r i n g  t h e  c o u r s e  o f  work on 

t h i s  t h e s i s .  The c o n d i t i o n s  f o r  QPA of  H6-H9 to  be p r e s e n t e d  

were n o t  b a sed  on K r a n tz ,  Luce ,  Suppes and T v ersk y  (1971)  b u t  

on e a r l i e r  p u b l i c a t i o n s .  The QPA of  H6  i s  b a s e d  on L u c e ' s  

n - d i m e n s i o n a l  c o n j o i n t  measurement  model.

The QPA o f  H7 t o  H9 i s  b a s e d  on K r a n tz  and Tversky

( 1 9 7 1 ) and r e q u i r e s  t h e  f o l l o w i n g  d e f i n i t i o n s .

D e fn .  An e le m e n t  a ^ £  ^A-  ̂ | A2  i s  an  EFFECTIVE ZERO i n  A^ w i t h  

r e s p e c t  t o  A2  i f ,  f o r  a l l  a 2 , b 2  £  A2  and a^ £  A^

( a ^  a 2 ,  ̂ ^a l* ^ 2 ’ a 3 *̂

An e le m e n t  (a-^, a 2 ) £=■ ^A-  ̂ x A2 i s  an  EFFECTIVE ZERO i n

A^ x  A2  i f ,  f o r  a l l  a ^ ,  b^ 6  A^ ( a ^ ,  a 2 , a ^ ) / ^ ( a ^ ,  a 2 , ^ 3 )*

Defn .  The s e t  Ax i s  INDEPENDENT o f  A2 x  A^, f o r  a l l  a-[ , b j  £  Ax

and ( a 2 , a 3 »̂ ^ 3 ^ ^  ^ 2  x ^ 3  ^

(a^, a2 , a^)^(b-^, a2 , a^-^Ca-^, b2 , h^) ^ (b- ,̂ b2 ,

The s e t  A± x A2 i s  INDEPENDENT OP A3 i f ,  f o r  a l l  ( a -^  a2 ),

(b-^  b 2 ) ^  Ax x A2 and a ^ ,  & A y

( a 1 , a 2 , a-j) ^  ( b 1 , b 2 , a ^ ) ^  (a -^  a 2 , b ^ )  ^  (b-^, b 2 , b^ )

The s e t  A± i s  INDEPENDENT of Ag i f ,  f o r  a l l  a x , b1  £  A]_,

a 2 , b 2 ' C A 2 and £  A y
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!* » 2 t * 3 ' -*  vo1 , a 2 , a 3 ) <?=> ( a ^  b 2 , a 3 ) ^  (*bl f  b 2 , a 3 )

A f u r t h e r  s e t  of d e f i n i t i o n s  r e q u i r e  t h e  g e n e r a l i z a t i o n  o f  t h e  

S and -S  r e l a t i o n s  o f  M5. I f  a ^ ,  b^,  £  A^ l e t  a^  S b^ i n d i c a t e  

t h a t  t h e  f u n c t i o n  v a l u e s  o f  a^  and b^ have t h e  same s i g n  and 

l e t  -  S i n d i c a t e  t h a t  t h e y  have o p p o s i t e  s i g n  ( i  = 1,  2, 3 ) ,  

when some s im p le  p o ly n o m ia l  r e p r e s e n t a t i o n  i s  assumed.  Under 

a r e p r e s e n t a t i o n  which s t a t e s  t h a t  A. and A. a r e  a d d i t i y e  l e t  

( a . ,  a . )  8  ( b . , b . )  i n d i c a t e  t h a t  u . ( a . ) + u . ( a . )  and u . ( b . )  +
- L J  X  J  1  1  J  J  1 1

u .  ( b . )  have  t h e  same s i g n  and l e t  ( a . ,  a . )  -S  (b.  , b . )  i n d i c a t e  
J  J  1  J  1  J

t h e y  have  o p p o s i t e  s i g n .  I f  a r e p r e s e n t a t i o n  s t a t e s  t h a t  A^ 

and A. a r e  m u l t i p l i c a t i v e  l e t  ( a . ,  a . )  S ( b . , b . )  i n d i c a t e  t h a t
ti ti <J

u. ( a .  ) x u .  ( a . )  have  t h e  same s i g n  w h i le  -S  i n d i c a t e s  t h e y  have
J- J- J  J

o p p o s i t e  s i g n s .  L a t e r  i t  w i l l  be shown t h a t  i t  i s  n o t  n e c e s s a r y

f o r  o u r  p u r p o s e s  t o  know how t o  d e te r m in e  e m p i r i c a l l y  w h e th e r  

- 3  o r  3 h o l d s  f o r  p a r t i c u l a r  e l e m e n t s .

D e f i n i t i o n s  The s e t  A-  ̂ i s  SIGN DEPENDENT on A2 x A3 i f ,  f o r  each  

Bp, b ^ 6rA-  ̂ and ( a 2 , a 3 ),  ( b 2 , b 3 ) (z? A2 x A3

i )  I i  ( a 2 , ^ (bg ,  b 3 ),

( a-^, a 2 » a 3 ) ^  (b ^ ,  a 3  ̂ ( ^ i?  b 2 , b 3 ) ^  (b-^, b 2 , b 3 )

i i )  I f  ( a 2 , a 3 ) -  S ( b 2 , b 3 ),

( a q> a 2 , a 3 ) ^  (b-^, a 2 , a 3 ) (bq ,  b 2 , b 3 ) ^  ( a q> bp, b 3 )

The s e t  Aq x A2 i s  SIGN DEPENDENT on A3 i f  f o r  each  ( a 1 , a 2 ),

( b 1 , b 2 ) £  A^ x A2 and a 3 , b 3 £  A^

i )  I f  a 3 S b 3 t h e n  ( a ^ ,  a 2 , a ^ ) ^  (bq ,  b 2 , a 3 ) <=> ( a ^ ,  a 2 , b 3 )

^  ( b-^, b g , b 3 )

i i )  I f  a 3 -  Sb3 t h e n  ( a ^ ,  a 2 , .a3 ) ^ ( b q ,  b 2 , a 3 ) <=> (bq ,  b 2 , b 3 ) 

( a q, a 2 , b 3 )

The s e t  Aq i s  SIGN DEPENDENT on Ap i f ,  f o r  each a-^  bq 6  Aq, a 2 ,



b 2  £  A2  and £  A^s

1 ) I f  a 2  S b 2  t h e n  ( a ^  a 2 , a ^ )  4  ( b ^  a 2 , a ^ )  <=> ( a x , b 2 , a ^ )

 ̂̂ 1  * t»2 » a ^

i i )  I f  a 2  -  S t >2  t h e n  (a.^, a 2 , a ^ )  ^  ( h 1 , a 2 , a ^ )  <=> ( h 1 , h2 , a ^ )  

< 4  ( a ^ , h 2 , a ^ )

The s u g g e s t e d  s e t  o f  QFA c o n d i t i o n s  f o r  H6 i s  t h e  f o l l o w i n g s  

H6C1. ( Z e r o s )  I f  H6 h o l d s  t h e n  no e f f e c t i v e  z e ro  s e t s  e x i s t  i n  

A1  x  A2  x  A^.

H6G2. (Weak o r d d r )  The r e l a t i o n  4  over  Ax x A2  x ■ A^ i s  a weak 

o r d e r .

H6 G3. ( C a n c e l l a t i o n ) '  F o r  a l l  a ^ f tK ,  c ± , & Ai  where i  = 1, 2 , 3 :

i )  ( a 2 * a 2 * ) 4  (h-^j ^ 2 * ^ 3  ̂ •̂̂ ■d (c-^y b 2> ^ 3  ̂ ^  ( *̂2 * a 2 * *^ )̂

imply  ( c 1 , c 2 , a ^ )  4  ( b ^  c 2 , c 3 )

1 1 ) (a*^y a 2 , ^"^l* "̂ 2 * ^ 3 ) and (b-^y ^2 y 4  ( ^ 2 * ^"29 *̂3 ^

imply  ( a-  ̂y c 2 y ^  ( ^ 2 * i*2 > *̂ 3 ^

l i i )  ( a-^y a 2 , a ^ )  4  ̂(b-^y b 2 y b^)  and (b-^y b 2 y ^ 3 ^"^ ^^l* ®2 * *̂3 ^

im ply  (c-^y a 2 , ^ 3 ^ ^  ^^1 * ^ 2 * "̂ 3 ^

i v )  ( a 1 , a 2 , a ^ ) 4  (b-L, b 2 , b^ )  and (b ^ ,  b 2 , c^ )  4  (c -^  c 2 , a ^ )

imply  ( a 1? a 2 , c^ )  4  ( ° i>  c 2 > ^

v )  ( a ^ ,  a 2 , a ^ )  ^  ( ^ 2 * ^ 2 * ^ 3  ̂ ( ^ 2 * ^ 2 9 ^ 3 ^ ^  ( ^ 2 * a 2 * ^ 3  ̂ •

im ply  ( a ^ ,  c 2 , a ^ )  4  ( ° i »  ^ 2 9 ° 3 ^

v i ) a 2 » 4̂  ("^1 * ^ 2 ’ ^ 3  ̂ ^ l *  1° 2 9 ^ 3  ̂ 4  ( a 2 * ° 2 9 c 3^

imply  ( c 1? a 2 , a ^ )  ^  ( b 1? c 2 , c^)

H604. ( I n d e p e n d e n c e )  The s e t s  A± x A^ a r e  i n d e p e n d e n t  o f  Ak f o r

i ,  j ,  k = 1 , 2 , 3 , i  * d t  k *

The second and t h i r d  c o n d i t i o n s  a r e  t h e  weak o r d e r  

and c a n c e l l a t i o n  axioms of  MA when k = 3* The in dep en d en ce  1

c o n d i t i o n  i s  a n a lo g o u s  t o  the  c o n d i t i o n  H40 3> and t h e  s e t  o f  ;

s i x  d o u b le  c a n c e l l a t i o n  c o n d i t i o n s  a r e  t h e  only  n o n - t r i v i a l  ones
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when t h e  c a n c e l l a t i o n  axiom o f  MA i s  r e s t r i c t e d  to  k = 3. The 

l a s t  t h r e e  o f  t h e s e  a r e  d o u b le  c a n c e l l a t i o n  c o n d i t i o n s  in,  t h e  

k = 2  s e n se  when t h e  two p r o d u c t  s e t s  a r e  A^ x A2  and A^ x A^

and A2 , and A2  x A^ and A^. A s i m i l a r  c o n d i t i o n  t o  t h e  

t r i v i a l  H601 co u ld  be g i v e n  f o r  H4-, so t h e  two s e t s  o f  c o n d i t i o n s  

p a r a l l e l  one a n o t h e r .

C o n d i t i o n s  s u g g e s t e d  f o r  H7 a r e :

H7C1. ( Z e r o s )  A l l  z e ro  s e t s  may e x i s t  and ^Ai x Aj =

( 0 A i / Aj x ) U  (Ai  x ° A j | A i  ) and ^A i jA j  -  °Ai)Ak

f o r  a l l  i ,  j ,  k = 1 , 2 , 3 and 3 +  k.

H7C2. (Weak o r d e r )  The r e l a t i o n  ^  o v e r  A-̂  x A2  x A^ i s  a  weak

o r d e r .

H7C3* ( C a n c e l l a t i o n )  F o r  a l l  a ^ ,  b^ ,  c ^ £  A^ which a r e  no t  

e f f e c t i v e  z e r o s ,  where i  = 1 , 2 , 3 s

i )  ( ,  a 2 > a -̂ ) .***✓■ ( b-^, b 2 , b 3 ) and  ̂^p * ̂ 2  * ^ 3  ̂  ^ p * a ^ * ^ 3 ^

imply  ( c 1 , c 2 » a ^ ) ^  ( b 1 , c 2 > 0 3 )

i i )  (a-^, a 2 , ^ 3  ̂"̂ p * ^ 2  * 3  ̂ and ( b-^, c 2  > 3 ^ ( ^ p > a 2 , ^ 3  ̂

imply  ( a 1 ,‘ c 2 , ( c 1 , b 2 , C3 )

i i i ) (a-L, a 2 » a ^ ) ^  (b-L, b 2 > b ^ )  and ( b ^ , b 2 > c 2 » a ^ )

imply  ( c 1 , a 2 v c 3 ) ^  (°p> c 2 ’ 10̂

i v ) (a-^, a 2 » a 3 )'•>'' (b-^, b 2 » ^ 3  ̂ and (b-^, b 2 » 0 3 ) '^^ (c-^, c 2 > a ^ )  

imply ( a ^ ,  a 2 » ^c p» ° 2 9 ^ 3 ^

v) (^p? &'2 9 ^3^ ^ 1 *  ^ 2 J ^3  ̂ and (^p> ° 2 ’ 13 3 ) ^ p *  ^ 2 f ^3^

imply  ( a 1? c 2 » a ^ )  (c -^  b 2 , C3 )

v i ) (a*^, a2> a^)^>-^ (b^, b2> ^3^ and ^ l *  29 ^>3 ^ /̂ x,x* (^p? ^2* ^3^

imply (c^ ,  ag» a ^ ) ^  (b-^, C2> C3)

H7C4. ( S ig n - d e p e n d e n c e )  t h e  s e t s  A± x A .  a r e  s i g n  d e p en d e n t  on 

Ak f o r  a l l  i ,  3 , k = 1 , 2 , 3 and ± 4  j = t k .

T h i s  s e t  i s  s i m i l a r  t o  ( i n  f a c t  b a sed  on) t h e  s e t  g i v e n
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f o r  H5. The s e t s  o f  cond i t jbns  n e c e s s a r y  f o r  H8  and H9 a r e  

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

i s  a z e r o ,  weak o r d e r ,  c a n c e l l a t i o n  and i n d e p e n d e n c e / s i g n  

dependence  c o n d i t i o n .  The weak o r d e r  c o n d i t i o n  i s  t h e  on ly  one 

n e c e s s a r y  f o r  a l l  h y p o t h e s e s  H6 -  H9.

The s u g g e s t e d  QFA c o n d i t i o n s  f o r  H8  a r e  a s  f o l l o w s :

H8C1 ( Z e r o s )  The s e t s  O^-jX ^ 2 and- ^ 3  = ^A^jA^ = ̂ A^lAg a l l

may e x i s t  h u t  no o t h e r s .

H8C2. (Weak O r d e r )  The r e l a t i o n ^  o v e r  A^ x A2 x A^ i s  a weak 

o r d e r .

H5G3. ( G a n c e l l a t i o n ) . f o r  a l l  d^ , a-^, h-j_, c-^, ^  A^, a 2 > d 2 » 

h 2 > C2 > £  A2 and d^ ,  a ^ ,  h ^ ,  c^ ,  & k y

i )  i f  ( a-^, ^ 2 * a 3 ) ^^l* "̂ 2 J ^ 3  ̂ and (c-j^, ^ 2 * a 3 ^ ^  ^^1 * ^ 2 * ^ 3 ^

and (d-^, ~b2 , h ^ ) ^  ( c ^ ,  a 2 > a ^ )  t h e n  ( a ^ ,  C2 » a ^ ) ^  (h-^, d 2 > h-

i i ) ( a*^, a 2 > ^ 3  ̂ ^  "̂̂ 1 * ^ 2 * a^). a 'a^ a ^ ) -^  (a*^, *̂2 * "̂3 ^

imply  ( a ^ ,  c 2  > ^ 3  ̂^   ̂^ 1  * 2  * a  ̂ ) •

H3C4. ( I n d e p e n d e n c e / s ig n - d e p e n d e n c e  ) .  The s e t s  A-  ̂ and A2 a r e

i n d e p e n d e n t  o f  e a c h  o t h e r  and A^ x A2 and A^ a r e  s i g n  d e p e n d e n t  

o f  e a c h  o t h e r .

The f o l l o w i n g  c o n d i t i o n s  a r e  n e c e s s a r y  f o r  H9:

H9C1 ( Z e r o s )  The z e ro  s e t s  ^A-jAg, and may e x i s t  hu t

no o t h e r s .

H9C2 (Weak O r d e r )  The r e l a t i o n ^  o v e r  A1  x A2  x A^ i s  g^eak  o r d e r .

H9C3 ( C a n c e l l a t i o n )  F o r  a l l  a-L, h-L, c ^  a 2 , h 2 , o2 & k 2 and a ^ ,

^ 3  ’ ° 3 ’ ^  A3
i f  (a-^> a 2 > a 3 ) ^  (h ^ ,  ^ 3  ̂ and (h-^, ^ 3 ^^  ^c l > ^ 2 ’ ^ 3 ^

t h e n  ( a ^ ,  a 2 » ^ 3 ^^. ^ 2 * ^ 3 ^

H9G4 ( I n d e p e n d e n c e / s i g n  d e p en dence )  The s e t s  A^ and k 2 a r e  s i g n

47.



d e p e n d e n t  on e a c h  o t h e r  and t h e  s e t s  A^ x and A3 a r e

i n d e p e n d e n t  o f  each  o t h e r .

K r a n tz  and T versky  s u g g e s t  o t h e r  c a n c e l l a t i o n  c o n d i t i o n s  

f o r  H7 — H9 which r e q u i r e  t h e  n o t i o n  o f  homogenous s u b s e t s .

L e t  A^ he t h e  s e t  o f  e l e m e n t s  i n  A^ t h a t  have p o s i t i v e  f u n c t i o n  

v a l u e s  and A^ t h a t  s e t  which have  n e g a t i v e  f u n c t i o n  v a l u e s ,  

i  = 1, 2, 3. A homogenous s u b s e t  o f  x  A2  x A3 , o r  A-̂  x A2  

i n  t h e  c a s e  o f  "ft 2  i s  a s u b s e t  which r e s t r i c t s  some of t h e  

s u b - e l e m e n t s  to  one s i g n  on ly  e . g .  A-^+ x x A . ” . With t h i s

r a t h e r  l o o s e  d e f i n i t i o n ,  a d d i t i o n a l  c a n c e l l a t i o n  c o n d i t i o n s  

c o u ld  be g i v e n  f o r  H5 and H7-H9. However, a s  o n ly  t h o s e  f o r  H5 

and H9 w i l l  be used  i n  t h i s  s tu d y  on ly  t h o s e  w i l l  be g i v e n  h e r e .  

H5C31 W i th in  t h e  homogeneous s u b - s e t s  A-^+ x A2 + , A^+ x A^

Ai x A2 + and A^~ x A2 ” i f  ( a ^ ,  ^ 2) ^  ^ 2  ̂ anc  ̂ ^ P *  c 2 ^

^  ^ p > a 2 ) t h e n  (a-^, C2 ) ^ ( ^ p j  b 2 )
+ + +  —H9G31 W i th in  t h e  homogeneous s u b s e t s  A-̂  x x A3 , A-̂  x A 2

x A3 , A-̂ "“ x A^ x *^3 a n ^ x ^ 2  x ^ 3  ^a l ’ a 2 ’ a 3  ̂ ^

( b ^ ,  b 2 > &-)) and (b-^, c 2 > a 3 ^^  ^^1 * a 2 * ^ 3 ) t h e n  (a-^, C2 > a ^ )  

^p> i>2 > ^ 3 )

S i m i l a r  c o n d i t i o n s  f o r  H7 and H8  co m p le te  t h e  s e t s  of  

u s e f u l  c o n se q u e n c e s  of t h e s e  r e p r e s e n t a t i o n  h y p o t h e s e s .  A l tho u gh  

a l l  t h e  c a n c e l l a t i o n  c o n d i t i o n s  f o r  H7 -  H9 a r e  im p l i e d  by H6C3 

no two s e t s  o f  c o n d i t i o n s  can  b o th  be s a t i s f i e d  by t h e  same 

( n o n - t r i v i a l ) d a t a .

Now, t h e  c o n d i t i o n s  a p a r t  f rom t h e  z e r o  ones  a r e  a l l  

t e s t a b l e  s e n t e n c e s ,  i i e fo re  th e  s i g n —dependence  c o n d i t i o n s  can 

P 0 t e s t e d ,  however  an e m p i r i c a l  method of d e t e r m i n i n g  when t h e  

r e l a t i o n s  3  o r  —S h o l d s  be tw een  t h e  sub—e le m e n t s  o f  A-̂  x  A2  x A3 

i s  r e q u i r e d .  T h i s  i s  done by t a k i n g  a sub—seu of  o b s e r v a t i o n s .



Suppose one r e q u i r e d  t o  t e s t  th e  s i g n  dependence  of  A^ on A2 .

A p a r t i c u l a r  p a i r ,  a ^ ,  b-  ̂ from A-̂  a r e  s e l e c t e d  such  t h a t

( a l» a 2 ’ a 2 » a 2  ̂ -̂ o r  some a 2 > a 3 * A l s o ,  a p a r t i c u l a r

^  frpip. i s  ch o sen .  Then, f o r  a l l  b 2 ^ A 2  one d e t e r m i n e s  i f

i )  ( a q* 1° 2 f ^ 3 ^

i i )  (&p> ^ 2 J ^ 3 ^

i i i ) (b-^, b 2 > b ^ ^ C & p ,  b 2 > ^ 3 ^

Then f o r  a l l  b ^ ,  c 2 £ A 2 f o r  which i )  h o l d s  b 2  S c 2 . Because  

o f  t h e  c o n d i t i o n s  u n d e r  which a ^  b ]L were c h o s e n ,  a l l  b 2  f o r  

which i i )  h o l d s  must be e f f e c t i v e  z e r o s .  I f  i )  h o l d s  f o r  b 2  

and i i i )  f o r  c 2  t h e n  b 2 -  S c 2  and i f  i i i )  h o l d s  f o r  b 2  and c 2

t h e n  b 2 S C2 « Thus, f o r  a l l  none z e ro  p a i r s  o f  e l e m e n t s  i n  A2

one h a s  d e te r m in e d  e m p i r i c a l l y  w h e th e r  S o r  - 3  h o l d s .  The 

s i g n  dependence  of A-  ̂ o r  A2  can t h e n  be t e s t e d .  A s i m i l a r  

p r o c e d u r e  can  be used  t o  t e s t  t h e  s i g n  dependence  of any s e t ,  

o r  p r o d u c t  s e t  on any o t h e r .

S e t s  of c o n se q u e n c e s  of t h e  s im p le  p o ly n o m ia l s  oto^ )
3*

s u i t a b l e  f o r  QFA have been  p r e s e n t e d .  These complement t h o s e  

o f  t h e  p r e v i o u s  s e c t i o n s  so t h a t  r e s u l t s  t o  t e s t  a wide ran g e  

o f  r e p r e s e n t a t i o n s  have b een  amassed .  B e f o re  c o n s i d e r i n g  how t o  

a p p ly  such  r e s u l t s  s e t s  f o r  2  more r e p r e s e n t a t i o n s  can be s e t  o u t .

I n e x a c t  F u n c t i o n a l  R e l a t i o n s .

The r e p r e s e n t a t i o n  h y p o t h e s e s  H4 -  H9 embody e x a c t  

s u b j e c t i v e  s c a l e s  and p o s t u l a t e  th e  e x i s t e n c e  of e x a c t  

f u n c t i o n a l  r e l a t i o n s h i p s .  I t  may be th o u g h ,  t h a t  d a t a  s a t i s f y  

most o f  t h e  p r i n c i p l e s  im p l i e d  by t n e  e x a c t  m odels  b u t  n o t  a l l .

I n  such  a c a se  i t  may be p o s s i b l e  t o  d e s c r i b e  p e o p l e s '  b e h a v i o u r  

by a s e t  o f  p r i n c i p l e s  which f o l l o w  from an i n e x a c t  r e p r e s e n t a t i o n  

h y p o t h e s i s .  I f  such hypo t h e s e s  can be s t a t e d  e c o n o m ic a l ly  t h e y
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may be  u s e f u l .  I n  t h i s  s e c t i o n  i n e x a c t  v e r s i o n s  of  H4 and H5 

a r e  s t a t e d  and r e s u l t s  f o r  t h e i r  QFA p r o p o s e d .  They c o u ld  be 

c a l l e d  r e p r e s e n t a t i o n s  i n  s e m i - o r d e r s  s i n c e  t h e y  r e q u i r e  t h e  

s e m i - o r d e r  c o n d i t i o n  to  h o l d .  However, t o  a v o id  cumbersome 

t e r m i n o l o g y  th e y  w i l l  be c a l l e d  t h e  " i n e x a c t ” r e p r e s e n t a t i o n s ,  

even  th o u g h  o t h e r  i n e x a c t  r e p r e s e n t a t i o n s  e x i s t .

I t  i s  d e s i r a b l e  t o  e n s u r e  t h a t  t h e  z e ro  c o n d i t i o n ,  •

H5 C1  and t h e  s ig n - d e p e n d e n c e  c o n d i t i o n ,  II5C5 a r e  c o n se q u e n c e s  

of t h e  i n e x a c t  m u l t i p l i c a t i v e  r e p r e s e n t a t i o n .  T h i s  i s  b e c a u se  

i n  c e r t a i n  c a s e s  t h e y  a r e  r a t h e r  t r i v i a l  ' p r i n c i p l e s '  o f  

b e h a v i o u r  which  c an  be assumed t o  h o l d .  To e n s u r e  H5C5 h o l d s  

i t  i s  n e c e s s a r y  t o  d e f i n e  s ig n e d  c l a s s e s ,  A^x k ^  and A-̂  x A^ 

f rom  t h e  z e r o  c l a s s ,  ^A^ x A2  a s  f o l l o w s :

( a , b ) £ A ^  x A^” <^>(a ,  b)<T 0

and. ( a , b ) 6  A^ x A2+ <=> 0  ( a , b ) ,  where 0  & ^A-  ̂ x A2 *

The f o l l o w i n g  i n e x a c t  a d d i t i v e  and m u l t i p l i c a t i v e  

h y p o t h e s e s  a r e  p ro p o se d .

H4 ‘ . The INAXACT ADDITIVE c o n j o i n t  r e p r e s e n t a t i o n  h y p o t h e s i s  

f o r  T) 2 9 s t a t e s  t h a t  t h e r e  e x i s t  r e a l - v a l u e d

f u n c t i o n s ,  u-  ̂ on A-  ̂ and U2  on A2  such  t h a t ,  f o r  a l l

a l ,  b-^^-A^ and a 2 , b 2 £  A2

i )  ( a x , a 2 ) <" ( b 1 , b 2 ) <=> u1 ( a 1 ) + u 2 ( a 2 ) + | <  u g ^ )  + 

u 2 ( b 2 )

i i )  (a l ;  a 2 ) ^ ( b 1 , t>2 ) <?=> Cu-gag + u2 (a2 ) ) . -  ( u g b g  + 

u 2 ( b 2 ) ) ^  I

H5: The INEXACT MULlIPLlOATIV1 co n j o i n t  r e p r e s e n t a t i o n  h y p o t h e s i s , 

IMCEH s t a t e s  t h a t  t h e r e  e x i s t  r e a l - v a l u e d  f u n c t i o n s ,  u-  ̂ on 

A-̂  and U2  on A2  such t h a t  f o r  a l l  a-^, b-^£ A-  ̂ and a 2 > b 2  £ ^ 2 *
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a )  I f  ( a x , a g  & A^ x A2 and (b ^ ,  b 2 ) d o es  n o t ,  o r  

i f  ( a 1( a 2 ) x  . and (b 1 , b 2 ) £  Ax x A p  

t h e n  ( a x , a 2 ) <  ( b 1 , b g

b )  I f  ( a ^ ,  a 2 ),  ( b ^ ,  b 2 ) £  Ax x A2 t h e n

i )  ( a x , a 2 ) < ( b 1 , b g  <£> u 1 ( a 1 ). u g a g .  i S - ^ u g b g .  u 2 ( b 2 )

i i )  ( a ^ ,  a 2 ) /v'‘ b p ) ^ ^

u-,(a-] ) u p ( a p )

E ^  - ¥ ? ■ , A  < I / Eu-^( b-  ̂JU2 V b 2 )

c )  I f  (&-]_> 3-2 ),  (b ^ ,  b 2 ) £  A-̂  x A2 + t h e n

i )  (a-^, a 2 ) ^ ( b ^ ,  b2)  <=> u - ^ a ^ J . ^ C a g J ^ E . - .  u-^(b^). 1*2 ^ 2 )

i i )  ^a 2g a 2 ) /v,^^2P ^ 2 ^

u1 ( a 1 ) . u 2 ( a 2 ) ^  ■ ■
J ^  — ;— :------:— :  ^  I / *

u-, ( b n ] . u Q( b Q)l v 1  * 2  ̂ 2  

where 0  ^ A  I

I t  i s  s u g g e s t e d  t h a t  t h e  f o l l o w i n g  s e t  of 

c o n s e q u e n c e s  o f  H4f a r e  s u i t a b l e  f o r  i t s  QFA.

H4'C1. The r e l a t i o n ,  ^  i s  a s e m i - o r d e r  ove r  A^x A2

H 4’G2. I f  (a-^, a.2 ) ^  ^ 2  ̂ anc  ̂ c 2 ) <  ( o l t  a 2 )

t h e n  ( a ^ ,  c 2 ) (c^»

H 4 '0 3 .  The in d ep e n d en c e  c o n d i t i o n  H4C3 h o l d s .

H4 ' 04 .  The z e r o  c o n d i t i o n  H4G4 h o l d s .

The c a n c e l l a t i o n  c o n d i t i o n , .  H4fC2 i s  a weak v e r s i o n  ” 

o f  H4C2 which  a p p l i e s  on ly  t o  t h e  s t r i c t  p r e f e r e n c e  r e l a t i o n , <( .

F o r  t h e  QFA o f  H51 t h e  f o l l o w i n g  c o n d i t i o n s  may be 

s u i t a b l e ’f o r  QFA:

H 5 'C i .  The s i g n  c o n d i t i o n ,  H5G1 h o l d s .

H5102 .  The r e l a t i o n ,  ^  i s  a s e m i - o r d e r  over  Ax x A2 , w i t h i n
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s i g n e d  c l a s s e s .

H5'03* I f  ( a ^ ,  a ( b ^ ,  h ^ )  and (b-^, a 2^

t h e n  ( a ^ ,  C2 ) ^  ( c^ ,  b 2 ) f o r  e le m e n t s  w i t h i n  t h e  same., 

s i g n e d  c l a s s .

I-15 1G4 . The s i g n  dependence  c o n d i t i o n ,  H5C4 h o l d s .

The p r o o f  t h a t  t h e s e  c o n d i t i o n s  a r e  n e c e s s a r y  f o r  t h e

i n e x a c t  r e p r e s e n t a t i o n s  i s  t r i v i a l .  The u s e f u l n e s s  o f  t h e

i n e x a c t  m od e ls  i s  t h a t  t r a n s i t i v i t y  o f  i n d i f f e r e n c e . a n d

c a n c e l l a t i o n  o f  i n d i f f e r e n c e ,  two o f  th e  most  s t r i n g e n t

r e q u i r e m e n t s  o f  t h e  e x a c t  models  a r e  no t  n e c e s s a r y .  C o r r e s p o n d in g

i n e x a c t  r e p r e s e n t a t i o n s  f o r  J) y  ex cep t  f o r  t h e  a d d i t i v e  c a s e

a r e  n o t  e c o n o m ic a l l y  s t a t e d  and a r e  no t  e x p e c te d  t o  he

p a r t i c u l a r l y  u s e f u l .

The Q u a l i t a t i v e  F u n c t i o n a l  A n a l y s i s  o f  E x p e r im e n t s  i n  D e c i s i o n  

Making

The g e n e r a l  QFA r e s u l t s  of  t h e  p r e v i o u s  s e c t i o n s  can  

he a p p l i e d  t o  any  e m p i r i c a l  s i t u a t i o n  t h a t  can he r e p r e s e n t e d  

a s  a  r e l a t i o n a l  sys tem  l i k e  o r  T ) n = P  Ai x . . .  x An ,

a s  l o n g  a s  i t  i s  m e a n in g fu l  t o  p ropose  some f u n c t i o n a l  

r e l a t i o n s h i p .  I t  h a s  a l r e a d y  heen  i n d i c a t e d  t h a t  t h e  i n f o r m a t i o n  

i n t e g r a t i o n  m odels  o f  t h e  i n t r o d u c t i o n  a r e ,  i n  s im ple  s i t u a t i o n s ,  

s p e c i a l  c a s e s  o f  r e p r e s e n t a t i o n  h y p o t h e s e s ,  and t h a t  some k i n d s  

o f  d a t a  on d e c i s i o n  making can he c o n s id e r e d  a s  r e l a t i o n a l  

s y s te m s .  Thus i t  seems t h a t  a p p l i c a t i o n s  o f  QFA to  i n f o r m a t i o n  

. i n t e g r a t i o n  m odels  o f  d e c i s i o n  making can he a t t e m p t e d .  L e t  u s  

examine t h e  p ro b lem s  o f  such an a p p l i c a t i o n  of  Qi*A w i th  s p e c i a l

r e g a r d  t o  t h e  3LU model .

M a n l i e r ,  t h e  g e n e r a l  SiiU model was d e f i n e d  a s  a
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g e n e r a l  r e p r e s e n t a t i o n  h y p o t h e s i s  f o r  t h e  c a s e  where 

a l t e r n a t i v e s  were p r e s e n t e d  i n  s im p le  p r o b a b i l i t y  and p a y o f f  

berms.  The s i m p l e s t  c ase  i s  t h e  r i s k l e s s  one where a l t e r n a t i v e s  

a r e  u n i v a r i a t e .  The SHU model f o r  t h i s  c ase  c o r r e s p o n d s  t o  t h e  

weak o r d e r  r e p r e s e n t a b i o n  h y p o t h e s i s ,  113 which i s  renamed th e  

o r d i n a l  u t i l i t y  h y p o t h e s i s .  Prom the  s e c t i o n  on o r d i n a l  

h y p o t h e s e s  i t  i s  c l e a r  t h a t  t o  t e s t  t h e  o r d i n a l  u t i l i t y  

h y p o t h e s i s  f o r  some s e t  A i t  i s  on ly  n e c e s s a r y  t o  t e s t  t h e  axioms 

o f  M3« O b v io u s ly ,  i f  t h e  axioms a r e  n o t  met SfU i s  no t  a 

s u i t a b l e  model  and some a l t e r n a t i v e  must be c o n s i d e r e d .  The 

r e p r e s e n t a t i o n s  HI and H2 may s u f f i c e  a s  i n e x a c t  o r d i n a l  u t i l i t y  

m o d e ls ,  and c o u ld  be t e s t e d  by e x a m in a t io n  of  t h e  axioms o f  Ml 

and M2. I n  some r i s k l e s s  c h o ic e  s i t u a t i o n s  such models  may be 

more r e a l i s t i c .

Suppose ,  i n  a r i s k l e s s  c h o ic e  s i t u a t i o n  t h e  

a l t e r n a t i v e s  can  be c h a r a c t e r i z e d  by e le m e n ts  o f  th e  p r o d u c t  s e t ,  

A1  x . . .  e . g .  f o r  a m u l t i - v a r i a t e  m o t i v a t i n g  v a r i a b l e  where 

an  a l t e r n a t i v e  h a s  v a l u e s  on k d im ens ion .  An a d d i t i v e  u t i l i t y  

model  c o u ld  be c o n s i d e r e d  l i k e  HA and t h i s  cou ld  be t e s t e d  v i a  

some s e t  of q u a l i t a t i v e  p r o p e r t i e s .  I f  k = 2 o r  k = 3> s u i t a b l e  

s e t s  a r e  known from e a r l i e r  s e c t i o n s  t h a t  a r e  n e c e s s a r y  f o r  H4 

and H6 . I n  f a c t ,  t h e  s e t  f o r  H4 were i n t r o d u c e d  by Adams and 

f a g o t  t o  t e s t  t h e  a d d i t i v e  u t i l i t y  model when K = 2. I f  t h e  

a d d i t i v e  u t i l i t y  model f a i l e d ,  an i n e x a c t  a d d i t i v e  model cou ld

'p e r h a p s  be exam ined .

The r e m a in in g  s i t u a t i o n s  bo be c o n s id e r e d  in v o lv e

c h o i c e s  among c e r t a i n  gam bles ,  n o t a b l y  s im ple  and d up lex  gambles  

a s  p r e v i o u s l y  d e f i n e d .  The SJJ  model f o r  c h o ic e s  among s im p le  and 

d u p le x  gam b les  was s t a l e d  i n  t h e  i n t r o d u c t i o n .  That  f o r  s im ple



g am bles  can  be r e g a r d e d  a s  a s p e c i a l  c a se  of  H5 and f o r  QFA one 

would examine t h e  r e l e v a n t  s e t  of c o n seq uences  of H5. Tversky  

( l 9 6 rjb) showed t h a t  when s im ple  gambles i n v o l v i n g  amounts  t o  win 

o n ly  a r e  c o n s i d e r e d  SEU i s  a s p e c i a l  c ase  o f  H4. He t e s t e d  i t  

by e x am in in g  t h e  q u a l i t a t i v e  c o n d i t i o n s ,  a s s o c i a t e d  w i th  H4« By 

e i t h e r  method the  a l t e r n a t i v e  i n e x a c t  r e p r e s e n t a t i o n s  cou ld  be 

examined i f  t h e  p r e d i c t i o n s  abou t  i n d i f f e r e n c e  were v i o l a t e d .

T u rn in g  to  du p lex  gam bles ,  suppose  a n y  one o f  t h e  

p a r a m e t e r s  SW, SL, PW o r  PL i s  h e ld  c o n s t a n t .  The SEU model  

would t h e n  be a s p e c i a l  c a se  of  H9 and could  be examined v i a  

QFA u s i n g  t h e  c o n d i t i o n s  su g g e s te d  e a r l i e r .  T h is  p r o v i d e s  a 

way o f  ex am in in g  c h o i c e s  among th e  f o u r  p a r a m e te r  d up lex  gambles  -  

e a c h  p a r a m e t e r  i s  h e ld  c o n s t a n t  i n  t u r n .  Fo r  t h i s  c a se  no 

e c o n o m ic a l l y  s t a t e d  i n e x a c t  model i s  known.

Two o t h e r  t y p e s  of  gambles to  which SEU can be a p p l i e d  

a r e  i )  s im p le  gam bles  where t h e  outcome i s  from a tw o - p r o d u c t  

s e t  and i i )  s i n g l e  wheel  gambles  where th e  outcome when th e  

p o i n t e r  l a n d s  i n  t h e  lo w e r  s e c t o r  i s  no t  n e c e s s a r i l y  z e r o .

K r a n tz  and T ve rsk y  p o i n t e d  out  t h a t  f o r  i )  SEU i s  a s p e c i a l  c a s e  

o f  H8 . F o r  i i ) ,  i f  p = 0 . 5  b u t  th e  outcomes a r e  a l low ed  to  v a r y ,

SEU i s  a s p e c i a l  c a s e  of H4»

Thus i t  i s  p o s s i b l e  to  examine d e c i s i o n  making by 

QFA i n  s i t u a t i o n s  where t h e  SEU o r  o t h e r  e x a c t  i n f o r m a t i o n  integratixx 

m ode ls  a r e  s p e c i a l  c a s e s  of  one of  th e  hypooheses  H3 -  H9* I n  

a d d i t i o n ,  QFA r e s u l t s  f o r  i n e x a c t  r e p r e s e n t a t i o n s  c o r r e s p o n d i n g  

t o  some o f  113 -  H9 a r e  known. The only h y p o t h e s i s  n o t  m ent ioned  

above i s  t h e  m u l t i p l i c a b i v e  h y p o t n e s i s ,  H7. Tf a s e t  of garnoles 

was c o n s t r u c t e d  f o r  which SeU was a s p e c i a l  case  of  H7 t h e  

p r o b a b i l i t y  p a r t  would be r a t h e r  a r t i f i c i a l l y  compounded, so



such  c a s e s  w i l l  he i g n o r e d .  Not a l l  t h e  above h y p o t h e s e s  w i l l  be 

examined e x p e r i m e n t a l l y  h e r e ,  t h e y  were p r e s e n t e d  to  i n d i c a t e  

t h e  ra n g e  of  s i t u a t i o n s  which can be i n c l u d e d .

The o b v io u s  way to  t e s t  an  i n f o r m a t i o n  i n t e g r a t i o n  model 

by QFA i s  t o  t a k e  p a i r s  o f  e le m e n t s  from some s e t  o f  a l t e r n a t i v e s ,  

say a ,  b £  x X-  ̂ x . . . x X^, o b t a i n  e v id e n c e  a s  t o  w h e the r  

a  <C b ,  a ^  b o r  b ^  a and a p p ly  QFA to  t h e  p r e f e r e n c e  

r e l a t i o n s h i p s  f a v o u r e d .  Two main  ways of  o b t a i n i n g  such e v id e n c e  

w i l l  be c o n s i d e r e d :  d i r e c t  o b s e r v a t i o n  of  c h o i c e s  and s t a t e m e n t s

of  p r e f e r e n c e  o r  i n d i f f e r e n c e ,  b o th  o b t a in e d  when DMs a r e  

c o n f r o n t e d  w i t h  p a i r s  of a l t e r n a t i v e s .  The l a t t e r  i s  t h e  more 

' n a t u r a l 1 k in d  o f  d a t a  f o r  îFA a s  i t  g ives  d i r e c t  e v id e n ce  a b o u t  

w h e th e r  a b ,  a / v b  o r  b ^  a .  T h is  i s  not  t r u e  of c h o ic e  d a t a .  

Suppose a  i s  ch o sen  from  ( a , b )  i n  an a c t u a l  c h o ic e  s i t u a t i o n .

I f  i t  i s  a f o r c e d  c h o ic e  and even i f  t h e  p o s s i b i l i t y  o f  e r r o r s  

i s  e x c lu d e d  t h e  o b s e r v a t i o n  i s  no t  u n e q u iv o c a l .  E i t h e r  EM 

c h o o s e s  i t  b e c a u s e  he p r e f e r s  i t  o r  he c h o oses  i t  a t  random 

when he i s  i n d i f f e r e n t  be tw een  t h e  a l t e r n a t i v e s .  Thus,  c h o ic e  

d a t a  h a s  t h e  d i s a d v a n t a g e  t h a t  p a i r s  of  a l t e r n a t i v e s  must be 

p r e s e n t e d  t o  p e o p le  a number of  t im e s  so t h a t  p r e f e r e n c e  and 

i n d i f f e r e n c e  can  be d i f f e r e n t i a t e d .  I t  h a s  t h e  a d v a n ta g e ,  th o u g h ,  

t h a t  r e a l  c o n s e q u e n c e s  can  be made t o  f o l l o w  a EM's c h o i c e s .

T h i s  i s  n o t  p o s s i b l e  i n  any ob v ious  way f o r  s t a t e m e n t s  d a t a .

B oth  k i n d s  of  d a t a  t h e n  have a d v a n ta g e s  a s  w e l l  a s  d i s a d v a n t a g e s .  

The more r e a l i s t i c  c h o ic e  d a t a  i s  r e g a rd e d  a s  th e  more v a l i d ,  

b u t  s t a t e m e n t s  d a t a  w i l l  have good u s e s  i n  p r e l i m i n a r y  s t u d i e s  

b e c a u s e  o f  i t s  d i r e c t n e s s .



S t a t e m e n t s  o f  P r e f e r e n c e

I t  i s  w o r th w h i le  t o  c o n s i d e r  s t a t e m e n t s  of p r e f e r e n c e  

i n  more d e b a i l .  The f i r s t  t h i n g  t o  n o te  i s  t h a t  i f  a s e t  of 

b i n a r y  p r e f e r e n c e  s t a t e m e n t s "  a r e  o b t a i n e d ,  some of them may be 

made i n  e r r o r .  The " t r u e "  p r e f e r e n c e  may be d i f f e r e n t  from t h e  

o b s e rv e d  p r e f e r e n c e .  T h e r e f o r e ,  i f  a sm a l l  number o f  v i o l a t i o n s  

o f  q u a l i t a t i v e  c o n seq u e n ce s  of  an  i n f o r m a t i o n  i n t e g r a t i o n  model  

a r e  o b s e r v e d  t h i s  does  no t  mean t h a t  th e  model must be r e j e c t e d .  

As K r a n t z  and Tversky  (1971)  n o t e ,  a way of  d e a l i n g  w i t h  f a l l i b l e  

d a t a  i n  QFA must  be found .  One way to  do t h i s  i s  t o  super im pose  

an  " e r r o r  model"  ( f o r  a c e r t a i n  k ind  of  d a t a )  on a n  i n f o r m a t i o n  

i n t e g r a t i o n  m odel .  A v e r y  s im ple  e r r o r  model f o r  s t a t e m e n t s  of  

p r e f e r e n c e  i s  a s  f o l l o w s :

D e fn .  The SIMPLE ERROR model f o r  b i n a r y  p r e f e r e n c e  s t a t e m e n t s  

s t a t e s  t h a t  when a p a i r  o f  a l t e r n a t i v e s  a r e  p r e s e n t e d . t o  DM 

t h e  p r o b a b i l i t y  t h a t  he makes a s t a te m e n t  of  p r e f e r e n c e  which 

c o r r e s p o n d s  t o  h i s  t r u e  p r e f e r e n c e  i s  1  -oC, where 1 *

The p a r a m e t e r ,  i s  s p e c i f i c  to  the  DM bu t  c o n s t a n t  f o r  a l l  

p a i r s  o f  a l t e r n a t i v e s .

O b v io u s ly  more complex e r r o r  models could  be c o n s i d e r e d .  

F o r  i n s t a n c e  i t  may be  t h a t  the  p r o b a b i l i t y  of an  e r r o r  wnen t h e  

t r u e  s t a t e  i s  s t r i c t  p r e f e r e n c e  i s  l e s s  t h a n  th e  p r o b a b i l i t y  o f  

an e r r o r  when t h e  t r u e  s t a t e  i s  i n d i f f e r e n c e .  The l e a s t  

r e s t r i c t i v e  e r r o r  model would be t h a t  f o r  which tne  p r o o a b i l i u y  

of a n  e r r o r  f o r  any p r e f e r e n c e  s t a t e m e n t ,  i  was®^-, and 0 ^ ^ ^  

f o r  a l l  o b s e r v a t i o n s .

T e s t s  o f  H y p o th e s e s  f o r  S t a t e m e n t s  Da ta .

Suppose  a s e t  o f  n p r e f e r e n c e  s t a t e m e n t s  a r e  o b t a i n e d



f o r  p a i r s  o f  a l t e r n a t i v e s ,  one s t a t e m e n t  p e r  p a i r .  F i r s t  one 

would t e s t  t h e  o b se rv e d  s t a t e m e n t s  t o  see  i f  t h e  c o n se q u e n c e s  

of  some i n f o r m a t i o n  i n t e g r a t i o n  model o f  i n t e r e s t  were v i o l a t e d .  

I f  v i o l a t i o n s  a r e  found one sh o u ld  s e a r c h  f o r  a s e t  of b i n a r y  

p r e f e r e n c e s  which do n o t  v i o l a t e  t h e  c o n d i t i o n s  b u t  a r e  s i m i l a r  

t o  t h e  o b se rv ed  s e t .  L e t  t h e  number of o b s e r v a t i o n s  which a r e  

d i f f e r e n t  from t h e  o b se rv e d  s e t  be k .  I f  a good s e a r c h  

p r o c e d u r e  i s  a v a i l a b l e  one shou ld  be a b l e  t o  f i n d  a n o n - v i o l a t i n g  

s e t  with".minimum k v a l u e .  The h y p o t h e s i s  t h a t  DM's t r u e  

p r e f e r e n c e s  a r e  t h o s e  of t h e  n o n - v i o l a t i n g  s e t  and he made 

e r r o r s  a c c o r d i n g  t o  t h e  s im ple  e r r o r  model (H ) can  be t e s t e d  

a g a i n s t  t h e  h y p o t h e s i s  t h a t  h i s  t r u e  p r e f e r e n c e s  a r e  t h o s e  of  

t h e  n o n - v i o l a t i n g  s e t  b u t  he made e r r o r s  a c c o r d i n g  t o  t h e  g e n e r a l  

e r r o r  model  (Ho) which s a y s  t h a t  any p r o b a b i l i t y  o f  an  e r r o r  l i e s  

be tw een  0 and 1. The h y p o t h e s i s  H^, t h a t  = n

i s  a s p e c i a l  c a se  of  Ho, and can  be t e s t e d  a g a i n s t  i t  by t h e  

l i k e l i h o o d  r a t i o  (LR) t e s t .  The p o i n t  of making t h e  t e s t  be tw een  

t h e  m odels  i s  o b v io u s .  I f  t h e  t e s t  l e a d s  one t o  r e j e c t  Ho i n  

f a v o u r  o f  H-  ̂ t h e n  one can  say t h a t  t h e  i n f o r m a t i o n  i n t e g r a t i o n  

model  h o l d s  and t h a t  e r r o r s  can  be d e s c r i b e d  by a model  w i th  one 

p a r a m e t e r .  I f  H-̂  i s  r e j e c t e d  t h e n  one c an  t r y  m odels  t h a t  a r e  

l e s s  r e s t r i c t i n g  t h a n  th e  s im p le  e r r o r  model  b u t  l e s s  g e n e r a l  

khan t h e  g e n e r a l  e r r o r  model ,  such  a s  t h a t  s u g g e s t e d  e a r l i e r .

I f  a l l  " r e a s o n a b l e ” m odels  a r e  r e j e c t e d  one must a c c e p t  Ho. T h i s  

s a y s  t h a t  t h e  i n f o r m a t i o n  i n t e g r a t i o n  model  h o l d s  b u t  e r r o r s  a r e  

d e s c r i b e d  by a model w i th  n p a r a m e t e r s .  S ince  such a model  i s  

u s e l e s s  i t  i s  b e t t e r  t o  c o nc lud e  t h a t  t h e  i n f o r m a t i o n  i n t e g r a t i o n

h y p o t h e s i s  can  be r e j e c t e d .

The maximum l i k e l i h o o d  (ML) e s t i m a t o r s  of < ± u n d e r  Ho



a r e  ^ = 0  when th e  o b se rv ed  p r e f e r e n c e  and c o r r e s p o n d i n g  " t r u e "  

p r e f e r e n c e  a r e  th e  same andcK  ^ = 1  when t h e y  a r e  d i f f e r e n t .

Thus t h e  l i k e l i h o o d  f u n c t i o n  (LF) of  Ho, L(Ho) = 1.  The ML 

e s t i m a t o r  o f  u n d e r  H-̂  i s  = k / n  where k of t h e  n o b s e r v a t i o n s  

a r e  d i f f e r e n t  from t h e  t r u e  o nes .  The maximum LF of  ^  i s

ML ( H , )  = n !  ( S / )  k (1  -  k / n )  n ~ k . By
k I ( n - k )!

t h e  l i k e l i h o o d  r a t i o  t e s t ,  t h e  f u n c t i o n  -  2 l o g  ML (H-^) i s

d i s t r i b u t e d  a s y m p t o t i c a l l y  a s  c h i  sq u a re  w i th  n -  1  d e g r e e s  o f

f reedo m  ( s i n c e  ML (Ho) = l ) .

The o t h e r  e r r o r  model m e n t io n e d ,  where t h e  p r o b a b i l i t y  

o f  e r r o r  i s  d i f f e r e n t  f o r  i n d i f f e r e n c e  i s  t e s t e d  a g a i n s t  Ho i n  

t h e  same way. T h is  t im e  t h e  c h i - s q u a r e  s t a t i s t i c  would be 

d i s t r i b u t e d  w i t h  n -  2 d e g r e e s  of  f reedom .

U s in g  such e r r o r  m odels  i t  i s  p o s s i b l e  to  e v a l u a t e  when

an i n f o r m a t i o n  i n t e g r a t i o n  model h a s  r e a s o n a b l e  p r e d i c t i v e  power 

and when i t  sh o u ld  be d i s c a r d e d .

The above p r o c e d u r e  on ly  g i v e s  a t e s t  of a c l a s s  o f  

t r u e  p r e f e r e n c e  s t a t e m e n t s  i f  ML(H^) i s  maximised o v e r  t h e  whole 

s e t .  A s e a r c h  p r o c e d u r e  t o  f i n d  t h e  maximum of  ML(H^) i s  

p r e s e n t e d  i n  a p p e n d ix  2. I t  i s  a l s o  r e l e v a n t  t o  b i n a r y  c h o ic e  

d a t a  and i t  w i l l  be d i s c u s s e d  f u r t h e r  i n  t h i s  c o n n e c t i o n .

B i n a r y  Choice  D a t a .

As i n d i c a t e d  e a r l i e r  i t  i s  n e c e s s a r y  t o  o b t a i n  a number 

of  c h o i c e s  f o r  e ac h  p a i r  of a l t e r n a t i v e s  p r e s e n t e d  t o  DMs i n  

o r d e r  to  d i s t i n g u i s h  be tw een  p r e f e r e n c e  f o r  an a l t e r n a t i v e  and 

t h e  random c h o o s in g  of  i t .  The d e s i g n  of  such  an e x p e r im e n t ,  

u s i n g  a n  i n d i v i d u a l  DM shou ld  be d e s c r i b e d  so t h a t  t h e  a s s u m p t io n s
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made i n  t e s t i n g  by QFA can  be c l a r i f i e d .  I t  i s  t h e  n - r e p l i c a t e ,  

co m p le te  p a i r  c om par iso n  d e s i g n .

Let  t h e r e  be m e le m e n t s  i n  t h e  s e t  o f  a l t e r n a t i v e s ,  A,

where e l e m e n t s  a r e  den o te d  a ,  b ,  c 6. A. The DM makes a sequence

o f  c h o i c e s  f rom  p a i r s  i n  A. On any t r i a l  he must choose  one or 

t h e  o t h e r ,  no i n d i f f e r e n c e  b e in g  a l l o w e d .  A l l  m (m -  l ) / 2  

p a i r s  a r e  p r e s e n t e d  n t i m e s .  B o th  a l t e r n a t i v e s  a r e  p r e s e n t e d  

s i m u l t a n e o u s l y  and t h e  p r o b a b i l i t y  t h a t  e i t h e r  i s  on t h e  r i g h t  i s  

p = 0 . 5 .  Thus i t  i s  an n - r e p l i c a t e  d e s i g n  which i s  b a la n c e d  f o r  

s p e c i a l  and t e m p o r a l  e f f e c t s .  The b a s i c  a s s u m p t io n s  made i n  t h e  

s t a t i s t i c a l  t e s t s  t o  be d i s c u s s e d  a r e  t h a t  a l l  t h e  o b s e r v a t i o n s  

a r e  i n d e p e n d e n t  and t h e  n o b s e r v a t i o n s  on any p a i r  a r e  i d e n t i c a l l y  

d i s t r i b u t e d  b e r n o u l l i  t r i a l s .  T h i s  h y p o t h e s i s  w i l l  be c a l l e d  t h e  

b e r n o u l l i  model .  The n m ( m - l ) /2  t r i a l s  a r e  p r e s e n t e d  i n  random 

o r d e r  t o  t h e  s u b j e c t s  e x c e p t  t h a t  no p a i r  i s  p r e s e n t e d  i f  i t

a p p e a re d  on t h e  p r e v i o u s  ^  t r i a l s .  T h is  i-s so t h a t  memory

f a c t o r s  a r e  m in im iz ed .  Assuming t h e  b e r n o u l l i  model may be 

r e a s o n a b l e  w h e n £  i s  l a r g e .  The b in o m ia l  p a r a m e t e r  p ( a , b )  f o r  

t h e  p a i r  a , b ,  6  A i s  t h e  b i n a r y  p r e f e r e n c e  p r o b a b i l i t y .  I t  

d e n o te s  t h e  p r o b a b i l i t y  t h a t  DM w i l l  chose a any t im e  t h a t  ( a , b )

a r e  p r e s e n t e d .

Now, t h e  p r e f e r e n c e  and i n d i f f e r e n c e  r e l a t i o n s  o f  

t h e  r e p r e s e n t a t i o n  h y p o t h e s e s  which a r e  to be examined must be 

r e l a t e d  i n  some way t o  t h e  b i n a r y  p r e f e r e n c e  p r o b a b i l i t i e s .

P r e f e r e n c e  and i n d i f f e r e n c e  can  be d e f i n e d  i n  t e r m s  of  

b i n a r y  p r e f e r e n c e  p r o b a b i l i t i e s  i n  a v a r i e t y  of  ways.  I t  seems 

r i d i c u l o u s  t o  d e f i n e  i n d i f f e r e n c e  i n  any way ooher  t h a n  t h e

f o l l o w i n g :

a b <=> p ( a , b )  = 0 . 5
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I f  DM i s  in d iffe r e n t  between a and b be c h o o s e s  a t  

random and i f  he c h o o se s  a t  random p ( a , b )  = 0 . 5 ,  I f  he shows a 

t en d e n cy  t o  choose  one o v e r  t h e  o t h e r ,  i . e .  p ( a , b ) 4 = 0 . 5  t h e n  he 

i s  n o t  i n d i f f e r e n t  be tw een  them. I f  t h i s  i s  a c c e p t e d  t h e  

d i f f e r e n t  ways of  r e l a t i n g  t r u e  p r e f e r e n c e  t o  p r e f e r e n c e  

p r o b a b i l i t i e s ,  d i f f e r  on ly  i n  t h e  way s t r i c t  p r e f e r e n c e  r e l a t e s .

I n  t h e  l i t e r a t u r e ,  i n d i f f e r e n c e  h a s  been  c o n s i d e r e d  a s  a d e q u a t e l y  

r e p r e s e n t e d  by a p r o b a b i l i t y  r an g e  ( e . g .  Luce 1 9 5 9 ) .  But h e r e

such  m odels  w i l l  n o t  be d i s c u s s e d .

An e r r o r l e s s  p r e f e r e n c e  model o f  b i n a r y  c h o ic e  h a s  

commonly been  c a l l e d  t h e  a l g e b r a i c  model . The a l g e b r a i c  

p r e f e r e n c e  model  s t a t e s  t h a t  a ^ b  <=> p ( a , b )  = 0  (and of  c o u r s e ,  

b a  <=> p ( a , b )  = l ) .  However, any model which p r e d i c t s  t h a t  

no e r r o n e o u s  c h o i c e s  w i l l  o c c u r  w i l l  n o t  s u r v i v e ,  and a s  w i th  

s t a t e m e n t s  d a t a  a way t o  i n c o r p o r a t e  e r r o r s  must be fo u n d .

Two s im ple  p r o b a b i l i s t i c  m odels  a r e  s u g g e s t e d .

Defn. PROBABILISTIC MODEL I of  PREFERENCE POP BINARY CHOICE LATA 

s t a t e s  t h a t  b a <=> p ( a , b ) ^  *C were 0 . 5  1  i s  a

p a r a m e t e r  of t h e  DM c o n s t a n t  ove r  a l l  p a i r s  o f  a l t e r n a t i v e s

( o b v i o u s l y  a b <=> p ( a , b )  ^  1  -  oC ) .

D efn .  PROBABILISTIC PREFERENCE MODEL 2 of  PREFERENCE FOR BINARY 

CHOICE DATA s t a t e s  t h a t  b a C=> p ( a , b )  = ^  where 0 . 5 O <  1

. '• I n  t h e  l a t t e r  c ase  th e  p r o b a b i l i t y  of  a n  e r r o r  i s  

c o n s t a n t .  I n  b o t h  c a s e s  i t  would be b e t t e r  t o  e s t i m a t e  cK. f rom  

th e  d a t a ,  b u t  w i th  p r o b a b i l i s t i c  model I  t h i s  g e n e r a l l y  l e a d s  t o  

a c c e p t i n g  = 0 . 5 .  Tversky  (1969)  h a s  a d o p te d  t h i s  model w i th  

= 0 . 5  i n  o r d e r  to  t e s t  (among o t h e r  t h i n g s )  th e  t r a n s i t i v i t y  

p a r t  o f  t h e  weak o r d e r  c o n d i t i o n .  Now, t h e  i n t e r p r e t a t i o n  o f
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p o s t u l a t e s  t h a t  t h e  t h r e e  s t a t e s  a b ,  a b ,  b a 

a r e  q u a l i t a t i v e l y  d i f f e r e n t .  I f  one u s e s  = 0»5 though^ one

n a s  t h e  s i t u a t i o n  p ( a , b )  = 0 . 5 1  <"=> b <  a ,  p ( a , b )  = 0*50

<=> a ^  b and p ( a , b )  = 0 .4 9  a <( b .  T h i s  i s  n o t  i n

t h e  s p i r i t  o f  t h e  models  a t  a l l  s i n c e  t h e  t h r e e  s i t u a t i o n s  would 

n o t  be d i s c e r n a b l e  i n  JM 's  b e h a v i o u r .  A l so ,  two s i t u a t i o n s  which

one c o u ld  d i s t i n g u i s h  b e tw een ,  say p ( a , b )  = 1  and p ( a , b )  = 0 . 6

would, by t h e  model ,  be r e g a r d e d  a s  e q u i v a l e n t .  I f  one p e r m i t s  

t h e  b i n a r y  p r e f e r e n c e  p r o b a b i l i t i e s  t o  be u n r e s t r i c t e d  i n  t h e  

r an g e  0  p ( a , b ) ^  1  one would be f a r  b e t t e r  o f f  u s i n g  m odels

which make p o i n t  p r e d i c t i o n s  o f them . Such models  a r e  c o n s i d e r e d  

i n  t h e  n e x t  c h a p t e r .  I f  t h e  i d e a  of  q u a l i t a t i v e l y  d i f f e r e n t  s t r i c t  

p r e f e r e n c e  and i n d i f f e r e n c e  s t a t e s  e x i s t i n g  i s  t o  be of  u se  a 

model w ithc<  v a lu e  n e a r  t o  1  so t h a t  a b <=> p ( a , b )  i s  

n ig h  and b ^  a <= >p(a ,b )  i s  low would make more s e n s e .  P o r  

t h i s  r e a s o n  an v a lu e  f o r  model I  h a s  been  c h osen  a  p r i o r i  by 

what i s  hoped i s  a r e a s o n a b l e  c r i t e r i o n .  The c r i t e r i o n ,  and t h e  

v a l u e s  c hosen  by i t  a r e  g iv e n  i n  a p p en d ix  I .  I t  i s  based  on 

sucn  c o n s i d e r a t i o n s  a s  l )  i t  would be u n s a t i s f a c t o r y  i f  t n e  

maximum a l l o w a b l e  p r o b a b i l i t y  o f  e r r o r ,  ( 1  -  ) was h ig h

l l ) ( l  - c * )  shou ld  be low enough so t h a t  t h e  model  i s  a r e a s o n a b l e  

i n i t i a l  h y p o t h e s i s .  P r o b a b i l i s t i c  model .2 i s  more r e s t r i c t i v e  

t h a n  model I  and no p rob lem s ensue from e s t i m a t i n g  <?C. from t h e  

d a t a  i n  c e r t a i n  c i r c u m s t a n c e s ;  U n f o r t u n a t e l y  t h e r e  a r e  o t h e r  c a s e s  

where i i  i s  much more d i f f i c u l t  t o  t e s t  t h a n  model I .  P o r  t h i s  

r e a s o n  i t  w i l l  n o t  be c o n s i d e r e d  m r t n e r .  The i d e a  o f  t h r e e  

d i s t i n c t  s t a t e s  c o r r e s p o n d i n g  t o  t h r e e  p o i n t  p r e f e r e n c e
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p r o b a b i l i t i e s  seems more i n  k e ep in g  w i th  t h e  s p i r i t  o f  t h e  

r e p r e s e n t a t i o n  h y p o t h e s e s ,  however .

Model I  i s  a r e l a t i v e l y  weak model ,  I t  a l l o w s  th e  

p r o b a b i l i t y  o f  an  e r r o r  t o  be d i f f e r e n t  f o r  d i f f e r e n t  p a i r s  o f  

a l t e r n a t i v e s .  P r e f e r e n c e  p r o b a b i l i t i e s  a r e  m ere ly  r e s t r i c t e d  

t o  a c e r t a i n  r a n g e .  S t a t i s t i c a l  t e s t s  based  on t h i s  model w i l l  

now be d e s c r i b e d .

T e s t s  of  H y p o th e s e s  f o r  B in a r y  Choice D a ta ,  Assuming P r o b a b i l i s t i c  
Mode l  I . ' ~ “

I f  p r e f e r e n c e  i s  c l e a r l y  d e f i n e d  i n  t e rm s  o f  b i n a r y  

p r e f e r e n c e  p r o b a b i l i t i e s  i t  i s  p o s s i b l e  t o  t e s t ,  by l i k e l i h o o d  

r a t i o  t e s t s  w h e th e r  t h e  d a t a  f rom an  n - r e p l i c a t e  p a i r  com par ison  

e x p e r im e n t  i s  c o n s i s t e n t  w i th  q u a l i t a t i v e  c o n seq u e n ce s  of in fo rm at ic  

i n t e g r a t i o n  m odels ,  a ssum ing  p r o b a b i l i s t i c  model  I .  T versky  (1959)  

a p p l i e d  such  t e s t s  i n  exam in ing  t r a n s i t i v i t y  o f  p r e f e r e n c e .

He assumed p r o b a b i l i s t i c  model I  and an ©c of  0 . 5 .  7/hen ©<.=#= 0 . 5  

and t h e  s e t  of p a i r s  p r e s e n t e d  i s  l a r g e  th e  t e s t s  a r e  more 

d i f f i c u l t  t o  a p p l y .  A s o l u t i o n  w i l l  now be p r e s e n t e d  f o r  t h e

g e n e r a l  c a s e .

A l l  models  have co n seq u e n ce s  which r e s t r i c t  t h e  

p r e f e r e n c e  p r o b a b i l i t i e s  i n  some way. They a r e  t e s t e d  a g a i n s t  t h e  

u n r e s t r i c t e d ,  maximum l i k e l i h o o d  b e r n o u l l i  model .  The maximum 

l i k e l i h o o d  e s t i m a t e  of  t h e  b i n o m i a l  p a r a m e t e r ,  p ( a , b )  i s  x ( a , b ) / n  

where k ( a , b )  i s  t h e  number o f  t im e s  a was chosen  by the s u b j e c c .

The u n r e s t r i c t e d  maximum l i k e l i h o o d  ox t h e  daoa ,  UML i s ,  t h e r e f o r e .



Now, what i s  u n d e r  t e s t  i s  w h e th e r  t h e  d a t a  v i o l a t e  a  s e t  o f  

c o n d i t i o n s  p r e d i c t e d  by some i n f o r m a t i o n  i n t e g r a t i o n  model  

a ssu m in g  p r o b a b i l i s t i c  model I  h o l d s .  Nor t h e  l i k e l i h o o d  r a t i o  

test;  t h e  maximum l i k e l i h o o d  o f  t h e  d a t a  g i v e n  t h e s e  r e s t r i c t i o n s  

( t h e  .ML) i s  r e q u i r e d .

The s e a r c h  p r o c e d u r e  f o r  t h i s  maximum i s  r a t h e r  

i n v o l v e d ,  and h a s  been  r e l e g a t e d  t o  a p p en d ix  2. Suppose,  anyway 

t h a t  t h e  s e t  o f  p r e f e r e n c e s  and i n d i f f e r e n c e s  g i v e n  th e  

r e s t r i c t e d  maximum l i k e l i h o o d  can  be fo u n d .  The b e s t  r e s t r i c t e d  

e s t i m a t e s  o f  t h e  p ( a , b ) ' s  would be a s  f o l l o w s :

I f  b K a t h e n  b e s t  e s t i m a t e  o f  p ( a , b )  i s  i f  k ( a , b ) / n ^ X
C  K  o t h e r w i s e

I f  a ^ b  t h e n  b e s t  e s t i m a t e  of  p ( a , b )  i s  0 . 5

I f  a <C b t h e n  b e s t  e s t i m a t e  o f  p ( a , b )  i s  ( k ( a > ^ ) / n i f  k ( a , b ) / n ^ l - 3 4
1  -  o t h e r w i s e .

Thus ,  t h e  BML only  r e s t r i c t s  some of  t h e  e s t i m a t e s  o f  

t h e  p r e f e r e n c e  p r o b a b i l i t i e s .  When t h e  l i k e l i h o o d  r a t i o  t e s t  

i s  a p p l i e d  t h e  a s y m p to t i c  d i s t r i b u t i o n  o f  t h e  f u n c t i o n  -  2  l o g  

( IML/UML) i s  d i s t r i b u t e d  a s  a c h i - s q u a r e  v a r i a t e  b u t  u n l i k e  th e  

s t a t e m e n t s  c a s e  t h e  a p p r o p r i a t e  number of d e g r e e s  of f reedom  i s  

t h e  a c t u a l  number of  r e s t r i c t i o n s  on t h e  p ( a , b ) ' s .  The 

r e s t r i c t e d  h y p o t h e s i s  i s  r e j e c t e d  i n  f a v o u r  o f  the  more g e n e r a l  

one i f  t h e  above s t a t i s t i c  i s  s i g n i f i c a n t .  The t e s t  i s  

c o n d i t i o n a l  on wnat d a t a  i s  o b s e r v e d .  U n f o r o u n a o e l y , che e i f e c t s  

o f  t h i s  c o n d i t i o n a l i t y  on t h e  d i s t r i b u t i o n  oj. t h e  s t a t i s t i c  

u n d e r  t h e  n u l l  h y p o t h e s i s  a r e  unknown. They can no t  be assumed t o  

be n e g l i g i b l e .  An even more b a s i c  p rob lem  t h a n  t h i s  must be 

t a c k l e d ,  however :  t h e  f u n c t i o n  itML must be maximized ove r  t h e
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s e t  o f  'p r e f e r e n c e  p a t t e r n s  which s a t i s f y  t h e  c o n se q u e n c e s  o f  

the i n f o r m a t i o n  i n t e g r a t i o n  model u n d e r  i n v e s t i g a t i o n .  A 

s o l u t i o n  t o  t h i s  p rob lem  when p r o b a b i l i s t i c  model I  i s  assumed 

i s  s e t  out  i n  a p p e n d ix  2 . U n f o r t u n a t e l y  i t  does  n o t  a p p ly  t o  

p r o b a b i l i s t i c  model 2 . The p ro c e d u re  i n v o l v e s  r e f o r m u l a t i n g  t h e  

m a x im iz a t io n  p rob lem  a s  a l i n e a r  programming one.  Such a 

s o l u t i o n  t o  a r e l a t e d  p rob lem  was su g g e s t e d  by D e ca n i  (1969)*

Tne l i n e a r  programming p rob lem s cann o t  be s o lv e d  by s t a n d a r d  

p r o c e d u r e s  a s  t h e  v a r i a b l e s  a r e  b i v a l e n t .  Such p rob lem s  a r e  

c a l l e d  p se u d o b o o le a n  l i n e a r  programming p ro b lem s  by Hammer and 

l iudeanu (1968)  and can  be so lv e d  by t h e i r  m ethods .  A u s e f u l  

f e a t u r e  of  t h e  s o l u t i o n s  i s  t h a t  t h e y  a p p ly  e q u a l l y  w e l l  t o  

i n c o m p l e t e  p a i r  com p ar ison  d a t a .  U n f o r t u n a t e l y  th e  a l g o r i t h m s ,  

th o u g h  known t o  e x i s t  have y e t  t o  be c o n v e r t e d  t o  s u i t a b l e  

co m p u te r  programmes.

At t h e  moment, t h e r e f o r e  t h e  m a x im iz a t io n  must be 

c a r r i e d  ou t  by r a t h e r  ad hoc m ethods ,  n o t  t h e  f u l l  s o l u t i o n  

a b o v e .  C o n s e q u e n t ly  t h e  f u l l  p r o p e r t i e s  o f  t h e  t e s t  s t a t i s t i c  

a r e  unknown b e c a u se  bhe e f f e c t  of  i t s  c o n d i t i o n a l i t y  on t h e  d a t a  

c an n o t  be i n v e s t i g a t e d .  D e s p i t e  t h e s e  drawbacks t h e  t e s t  w i l l  

be a p p l i e d  i n  t h e  e x p e r i m e n t a l  s e c t i o n  a s  no b e t t e r  a l t e r n a t i v e  

i s  known.

An a c t u a l  a p p l i c a t i o n  of CPA to  b i n a r y  c h o ic e  d a t a  i s

c a r r i e d  ou t  a s  f o l l o w s :

i )  a s e t  o f  q u a l i t a t i v e  p r o p e r t i e s ,  c o n seq u e n ce s  of  th e  

i n f o r m a t i o n  i n t e g r a t i o n  model u n d e r  i n v e s t i g a t i o n  a r e

n u m e r a t e d .

i i )  DML i s  maximized o v e r  t n e  s e t  of  p r e f e r e n c e  p a t t e r n s  which 

s a t i s f y  t h e  c o n d i t i o n s  assum ing p r o b a b i l i s t i c  model I .

i i i )  UIVIL i s  m a x i m i z e d ,  

i v ) t h e  c o n d i t i o n s  assum ing  p r o b a b i l i s t i c  model I  a r e



t e s t e d  a g a i n s t  t h e  u n r e s t r i c t e d  b e r n o u l l i  model by t h e  

l i k e l i h o o d  r a t i o  t e s t .

The a c t u a l  p r o c e d u r e s  used  t o  c a r r y  o u t  i i )  w i l l  be 

p r e s e n t e d  i n  t h e  r e s u l t s  s e c t i o n s  where t h i s  i s  n e c e s s a r y .  T h i s  

c o m p l e t e s  t h e  su rv e y  o f  QFA and t h e  d i s c u s s i o n  o f  how i t  w i l l  be 

a p p l i e d  i n  t h e  p r e s e n t  s t u d y .  I t s  m e r i t s  and drawbacks w i l l  be 

c o n s i d e r e d  f u r t h e r  a f t e r  i t  h a s  b e e n  a p p l i e d .



C h a p te r  3

The Fu n c t i o n a l  Measurement A n a l y s i s  o f  Dec i s i o n M aking .

F u n c t i o n a l  measurement i s  used  t o  e x p l o r e  f u n c t i o n a l  

r e l a t i o n s h i p s  q u a n t i t a t i v e l y .  R e c e n t l y ,  Anderson  ( 1 9 7 0 ) h a s  

e l u c i d a t e d  t h e  u s e f u l n e s s  of  one a p p ro a c h  i n  t h e  s tu d y  of  

p s y c h o p h y s i c a l  judgm ents  and Anderson  and S h a n te a u  ( 1 9 7 0 ) have 

a p p l i e d  i t  t o  r i s k y  d e c i s i o n  making.  O th e r  q u a n t i t a t i v e  methods 

nave b e e n  used  t o  e x p lo r e  f u n c t i o n a l  r e l a t i o n s h i p s  i n  d e c i s i o n  

making,  i n c l u d i n g  some u s in g  a r e l a t i o n a l  sys tem  f o r m u l a t i o n  ( s e e  

Edwards ( 1 9 5 4 c ) ,  1 9 6 1 ) ,  Luce and Suppes ( 1 9 6 5 ) ) .  F o r  t h e s e ,

QFA won.ld p r o v i d e  "goodness  of  f i t "  t e s t s  o f  t h e  b a s i c  

f u n c t i o n a l  r e l a t i o n s h i p  model. Q u a n t i t a t i v e  i n f o r m a t i o n  would 

t h e n  be o b t a i n e d  by a measurement p ro c e d u re  w i t h i n  t h e  same 

framework i f  t h e  model a p p ea re d  t o  f i t .

However,  f o r  t h e  p r e s e n t  s tu d y  i t  was d e c id e d  t o  

c o n s i d e r  q u a n t i t a t i v e  models  based  on a d i f f e r e n t  s e t  o f  

a s s u m p t i o n s ,  u t i l i z i n g  t h e  ap p ro a ch  o f  Bock and J o n e s  (1 9 6 7 ) .

Bock and J o n e s  (1967)  nave deve lo p ed  methods f o r  e s t i m a t i n g  

i n t e r v a l  s c a l e s  o f  o b j e c t s  from p r e f e r e n c e  f r e q u e n c i e s  o b t a i n e d  

i n  n - r e p l i c a t e  p a i r  com par iso n  e x p e r im e n t s .  The model u n d e r l y i n g  

t h i s  i s  f h u r s t o n e ' s  c a se  V model f o r  a f f e c t i v e  v a l u e s .  They 

s u g g e s t  r e l a t e d  e s t i m a t i o n  and g oodness  of  f i t  t e s t s  f o r  g e n e r a l  

m u l t i - f a c t o r  m o d e ls .  These can  De used t o  e x p lo r e  f u n c t i o n a l  

r e l a t i o n s h i p s  i n  an  a n a l a g o u s  way to  A n d e rso n 1s p r o c e d u r e s  o f  

f u n c t i o n a l  m easurem ent .  A n d e r s o n ' s  ap p ro a ch  canno t  oe used  

d i r e c t l y  w i t h  c h o ic e  d a t a  a s  i t  r e q u i r e s  r e s p o n s e s  measured on 

a c o n t i n u o u s  s c a l e .  I n  t h e  e x p e r im e n t s  bo be r e p o r t e d ,  t h e
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r a t i o n a l e  f o r  examining  f u n c t i o n a l  r e l a t i o n s h i p s  q u a n t i t a t i v e l y  

i s  b a se d  on A n d e r s o n ' s  a p p ro a c h  b u t  t h e  a c t u a l  e s t i m a t i o n  and 

g oodness  o f  f i b  methods used a r e  t h o s e  o f  Bock and J o n e s .  The 

s y n t h e s i s  of  t h e s e  two a p p ro a c h e s  i n  t h e  p r e s e n t  a p p l i c a t i o n  to  

s t a t i c  d e c i s i o n  making w i l l  now be d e s c r i b e d .

The b a s i c  o b j e c t i v e  i s  to  e x p lo r e  t h e  f u n c t i o n a l  

r e l a t i o n  b e tw een  t h e  p s y c h o l o g i c a l  f a c t o r s  " a t t r a c t i v e n e s s "  o r  

"w or th "  o f  a l t e r n a t i v e s  f a c i n g  DM and th e  s u b j e c t i v e  v a lu e  o f  

the  v a r i o u s  i n f o r m a t i o n  d im e n s io n s  of  t h e s e  a l t e r n a t i v e s .  As 

w i th  t h e  QFA a p p ro a c h ,  l e t  t h e  a l t e r n a t i v e s  be s u i t a b l y  d e s c r i b e d

a s  e l e m e n t s  (P]_>x p> ...........-^k^k^ a Pr0(^UG^ s e ^ ^ 1  x  x • • ,x

^k  x ^k* "'3as -̂c a s s u m p t io n  of  any f u n c t i o n a l  measurement i s

t h a t  t h e  s u b j e c t i v e  and o b j e c t i v e  f a c t o r s  i n v o lv e d  i n  t h e  

f u n c t i o n a l  r e l a t i o n  can be measured on a t  l e a s t  an  i n t e r v a l  

s c a l e .  The p r e s e n t  a p p l i c a t i o n  would be i n a p p r o p r i a t e  i f  t h i s  

a s s u m p t io n  was n o t  w a r r a n t e d .

L e t  us  suppose  t h e n ,  t h a t  an  e x p e r im e n t  i n v o l v i n g

c h o i c e s  b e tw e e n  s im ple  gam bles ,  t h a t  i s ,  a l t e r n a t i v e s  from P-  ̂ x X-̂

i s  c a r r i e d  o u t ,  u s i n g  t h r e e  f a c t o r  l e v e l s  p Q, p1? p 2 £  P-j_ and

x , x-,,  x 0 £  X, . Anderson  would o b t a i n  a r e s p o n s e ,  r .  . f o r  o 7 1 7 2 1  J-J
each  f a c t o r i a l  c o m b in a t io n  (p ^ ,  x ^ ) ; ( i ,  j = 0 ,  1, 2 ) .  In  a 

r e s u l t s  t a b l e  where t h e  P ^ ' s  a r e  t h e  rows and t h e  x j ’ s 

co lum ns ,  t h e  row means r ^ .  and t h e  column means, r...^ a r e  used  

a s  t h e  b a s i s  f o r  t h e  s c a l i n g  of t h e  s u b j e c t i v e  v a lu e  o f  t h e  

p . ' s  and x . ' s .  The a c t u a l  s c a l i n g  p r o c e d u r e  depends  on t h e  

f u n c t i o n a l  r e l a t i o n s h i p  b e in g  examined. One may be c o n s i d e r i n g  

any o f  t h e  f o l l o w i n g  i n f o r m a t i o n  i n t e g r a t i o n  m ode ls .

i )  r . . = s ( p . )  + u ( x . )  ( a d d i t i v e )
13  1  J
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1 1 ) r ± . = s ( p i ) u ( x . )  (SEU)

i i i )  r^.. = s ( P i ) + u ( x . )  + su (p ^ ,  x . )  ( g e n e r a l  l i n e a r )

I h e  s c a l e s  a r e  i n a p p r o p r i a t e  i f  t h e  i n f o r m a t i o n  i n t e g r a t i o n  

model  i s  so t h e  f i t  o f  t h e  model must be t e s t e d .  A nderson  d oes  

t n i s  by a p p l y i n g  a n a l y s i s  o f  v a r i a n c e  t o  t h e  r . . ' s  to  t e s t  t h e  

s i g n i f i c a n c e  of  t h e  main e f f e c t s  and i n t e r a c t i o n s .  Model i )  

p r e d i c t s  t h a t  t h e  row x column i n t e r a c t i o n  i s  n o t  s i g n i f i c a n t  and 

model i i )  p r e d i c t s  t h a t  t h e  on ly  s i g n i f i c a n t  component of t h e  

i n t e r a c t i o n  i s  t h e  l i n e a r  x l i n e a r .  Model i i i )  i s  t h e  g e n e r a l  

c a s e  i n  which a l l  t h e  i n t e r a c t i o n s  a r e  p e r m i t t e d .  I n  t h i s  l a s t  

c a s e ,  s c a l i n g  t h e  s u b j e c t i v e  v a l u e s  i s  on ly  m e a n in g f u l  i n  a 

r e s t r i c t e d  s e n s e .  The t e s t s  of t h e s e  m ode ls ,  t h e n  c o n s i s t  o f  

t e s t i n g  t h e  s i g n i f i c a n c e  o f  t h e  a p p r o p r i a t e  components of t h e  

i n t e r a c t i o n s  by a n a l y s i s  o f  v a r i a n c e .

The g e n e r a l  l i n e a r  model i s  n o t  r e a l l y  t e s t e d ,  b u t  i t s  

p a r a m e t e r s  a r e  e s t i m a t e d  and i t  i s  a c c e p te d  by d e f a u l t  i f  t h e  

o t h e r  m odels  a r e  r e j e c t e d .

T h i s  s im p le  a p p ro a c h  could  be r e a d i l y  ex tend ed  to  

i n f o r m a t i o n  i n t e g r a t i o n  models where t h e  a l t e r n a t i v e s  a r e  from 

l a r g e r  p r o d u c t  s e t s .  F o r  i n s t a n c e ,  where t h e y  a r e  dup lex  gambles  

f rom ? 1  x  x  ? 2  x X2  o r  Px x x X2  (where p2  i s  h e l d

c o n s t a n t ) .  The f u n c t i o n a l  r e l a t i o n s h i p s  of i n t e r e s t  would a g a i n  

be t h e  a d d i t i v e ,  SEU o r  g e n e r a l  l i n e a r  m ode ls .  And-erson and 

S h a n te a u  ( 1 9 7 0 ) i n  f a c t  a p p l i e d  th e  method to  r a t i n g  d a t a  f o r

s im p le  and d u p le x  gam bles .

To a p p ly  th e  method t o  model  t e s t i n g  from c h o ic e  d a t a ,  

however  r e q u i r e s  f u r t h e r  t e c h n i q u e s  s in c e  c o n t in u o u s  m easu re s  

of  t h e  s u b j e c t i v e  v a l u e s  o f  t h e  a l t e r n a t i v e s  a r e  no t  d i r e c t l y  

o b s e r v e d .  Bock and J o n e s  (1957) have deve loped  s u i t a o l e  t e c n n i q u e s ,
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"by which t h e  s u b j e c t i v e  v a l u e s  of t h e  a l t e r n a t i v e s  can  be 

s c a l e d  u n d e r  s p e c i f i c  a s s u m p t io n s  a b o u t  t h e  o b s e r v a t i o n  e r r o r .  

D i f f e r e n t  ’̂ s p e c i f i c  a s s u m p t i o n s ” can be made, one such s e t  

c o r r e s p o n d i n g  t o  T h u r s t o n e ' s  c ase  V model f o r  a f f e c t i v e  v a l u e s  

( T h u r s t o n e  ( 1 9 5 9 ) ) .

G e n e r a l l y , though  th e  b a s i c  a s su m p t io n  i s  t h a t  a t  t h e  

oime o f  c h o i c e  bhe s u b j e c t i v e  v a lu e ,  v^ of  t h e  a l t e r n a t i v e  a^ 

i s  decom posab le  i n t o  a c o n s t a n t  p a r t ,  u. and a v a r i a b l e  p a r t ,  e . .-b l
For  t h e  moment, l e t  u s  d en o te  a l t e r n a t i v e s  from x X-  ̂ above

by a i?  x X ^  Two i n t e r p r e t a t i o n s  a r e  p o s s i b l e :  e i t h e r

th e  c o n s t a n t  p a r t  r e p r e s e n t s  th e  ' t r u e '  s u b j e c t i v e  v a lu e  and t h e
%

v a r i a b l e  p a r t  measurement  e r r o r ,  o r  s u b j e c t i v e  v a lu e  i s  som eth ing

which f l u c t u a t e s  by amounts  e^ a round  th e  mean v a lu e  u^.  At any

r a t e ,  v .  = u .  + e .  where e. i s  a random v a r i a b l e  w i th
7 1  1  1  i

d i s t r i b u t i o n  f ( e ^ )  and E( e ^ )  = 0,  Var  ( e^ )  = A l t e r n a t i v e

models  can  be c o n s i d e r e d  where t h e  e^ a r e  i d e n t i c a l l y

d i s t r i b u t e d  w i th  common v a r i a n c e  S  ̂  ( a l l  a ^ £  P^ x X^) .  I n

t h e s e  m o d e l s ,  a  d i f f e r e n c e  p r o c e s s  can be c o n s i d e r e d ,  such

t h a t  t h e  random v a r i a b l e  v ^  = v^ -  v̂ . = (u^ -  u^.) + (e^  -  e^)  =

u. . + e .  . where e . . i s  d i s t r i b u t e d  a s  f  ( e .  .)  w i th  E( e .  . )  = 0  
1 3  ID o p

and Var  ( e .  ..) = = ■ .  (T h is  i s  no t  n e c e s s a r i l y  t r u e  f o r
**-

a l l  f  b u t  i t  i s  f o r '  t h e  ones we c o n s i d e r ) .  ■ This  d i f f e r e n c e  

p r o c e s s  i s  assumed bo o p e r a t e  when DM i s  f a c e d  w i th  a b i n a r y  

c h o ic e  s i t u a t i o n .  That  i s ,  where he must choose from a p a i r  o f  

a l t e r n a t i v e s  ( a ^ ,  a -j)* O b v io u s ly ,  t h e  u^^ ' s a r e  ohe d i f f e r e n c e s  

i n  mean s u b j e c t i v e  v a lu e  of p a i r s  ( a^ ,  a j )* F l u c t u a t i o n s  i n  

v. . ' s  w i l l  be . r e f e r r e d  t o  from now on a s  random sampling e r r o r .

A l l  random sa m p l in g  e r r o r  i n  th e  d i f f e r e n c e  p r o c e s s e s  c o n s id e r e d

have common v a r i a n c e .



The above model  i s  t h e  b a s i s  o f  t h e  p r o c e d u r e  f o r

e s t i m a t i n g  t h e  s u b j e c t i v e  v a l u e s  o f  t h e  a l t e r n a t i v e s .  The

e s t i m a t i o n  u s e s  t h e  b i n a r y  p r e f e r e n c e  f r e q u e n c i e s  f rom  an

n - r e p l i c a t e  p a i r  com par ison  e x p e r im e n t .

Now, i f  t h e  p a i r  ( a . ,  a . )  i s  p r e s e n t e d  t o  DM t h e n  t h e
i  J

b i n a r y  p r e f e r e n c e  p r o b a b i l i t y  i . e .  t h e  p r o b a b i l i t y  t h a t  he w i l l  

choose  a^  i s  Z 100

PiD = P ( v id  >  °) = j  f  (2 ) dx = H [ -  u i j  j

Thus t h e  p r e f e r e n c e  p r o b a b i l i t i e s  p \ ^  a r e  f u n c t i o n s  o f  t h e  

unknown p a r a m e t e r s  of th e  model i . e .  t h e  u . j ' s and .
-L J

E s t i m a t e s  o f  t h e  u. . ' s  g iv e  a s c a l e  of s u b j e c t i v e  v a lu e  of t h e
1 J

a l t e r n a t i v e s .  T h i s  s c a l e  i s  u n ique  up t o  an  a r b i t a r y  o r i g i n  and 

u n i t .  The u n i t  can  be s e t  by l e t t i n g  car = 1  and t h e  o r i g i n  by 

l e t t i n g  one of  t h e  a l t e r n a t i v e s  have v a lu e  0 , o r  by l e t t i n g  t h e  

s u b j e c t i v e  v a l u e s  sum t o  z e r o .  Some models  f o r  which Bock and 

J o n e s  g e n e r a l  e s t i m a t i o n  p r o c e d u r e s  can  be a p p l i e d  a r e

1  f  2i )  n o r m a l ly  d i s t r i b u t e d  e r r o r  when H( u.  . )  = I exp (J- x ) &

- *  <“ ia>

i i )  l o g  -  n o r m a l ly  d i s t r i b u t e d  e r r o r  when

exp ( |  x 2 ) dx
"10 '

2 f t
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T ab le  3 .1

Com parison  o f  P r o b a b i l i t y  of S u c c e s s  a s  Given  
by Four  S t im u lu s  Respons'e C urves .

0

0 . 5

1

■1.5

2

2 .5

3

3 .5

4

4 .5

5

L o g i s t i c

0 .5 0 0

0 .6 2 2

0 .7 3 1

0.818

0.881

0 .9 2 4

0 .9 3 5

0 .9 7 1

0.982

0 .9 8 9

0 .9 9 3

Normal

0 .5 0 0

0 .6 1 9

0.728

0.818

0 .8 8 7

0 .9 3 5

0 .9 6 5

0 .9 8 3

0 .9 9 2

0 .9 9 7

0 .9 99

A n g u la r

0 .5 0 0

0 .6 1 5

0 .7 2 4

0 .8 2 1

0 .9 0 0

0 .95 8

0 .9 9 2

1 . 0 0 0

1 . 0 0 0

1 . 0 0 0

1 . 0 0 0

L i n e a r

0 .5 0 0

0.608

0 .7 1 6

0 .8 2 5

0 .8 3 3

1 . 0 0 0

1 . 0 0 0

1 . 0 0 0

1 . 0 0 0

1 . 0 0 0

1 . 0 0 0

From Cox (1970 )
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i i i )  l o g i s t i c a l l y  d i s t r i b u t e d

r
H^u i j ^  “  ^  I sech  2 ( * )  dx = L ( u ^ )

e r r o r  when

ID

i v ) a n g u l a r  d i s t r i b u t e d  e r r o r  when

H ûi  j  ̂ =  ̂ j  sin (“x + ^  ) <*x,
—u. .

ID

1 0

I n  t h e s e  c a s e s  i t  i s  c l e a r  t h a t  u . . i s  a monotone
D

t r a n s f o r m  o f  . a n d . v i c e  v e r s a .  The i n v e r s e  t r a n s f o r m s  a r e
J. J

d e n o te d  by :  u .^  = Ii” 1  ( Pj_-j)* Cox ( 1 9 7 0 ) h a s  compared t h e

m a t h e m a t i c a l  form o f  t h e  i n v e r s e s  0  "’’L, L” '3* and <fT̂ ~ w i th  t h e

i n v e r s e  l i n e a r  t r a n b f c a r n a t i o n  of  P. . .  One can see  f rom  t a b l e  3 .1
-t D

t h a t  t h e y  a r e  a l l  a b ou t  t h e  same o v e r  t h e  r an g e  0 . 1  ^ P -  . ^ 0 . 9
-t D

( rem em ber ing  t h e y  a r e  sy m m etr ica l  a b o u t  u .  . = 0 ) .  O u t s id e  t h i s
-t D

ran ge  t h e y  a p p ro a c h  th e  l i m i t  a t  v a r y i n g  r a t e s .  The main 

d i f f e r e n c e  b e tw een  them i s  t h a t  t h e  i n v e r s e  l i n e a r  and a n g u l a r  

f u n c t i o n s  r e a c h  th e  l i m i t  a t  f i n i t e  p o i n t s  w h i le  t h e  o t h e r s  do 

so a t  i n f i n i t y .  The i n v e r s e  l o g i s t i c  and norm al  c u rv e s  r e q u i r e  

a r e l a t i v e l y  complex v a r i a t i o n  of th e  b a s i c  e s t i m a t i o n  

p r o c e d u r e s  b u t  t h e i r  c o n t i n u i t y  over  an  i n f i n i t e  r an g e  f a r  

o u tw e ig h s  t h i s  p rob lem . E i t h e r  might  form a s u i t a b l e  b a s i s  f o r  

f u n c t i o n a l  measurement  and s i n c e  t h e y  a g r e e  so c l o s e l y  o v e r  t h e  

whole r a n g e  i t  does  no t  seem n e c e s s a r y  t o  choose  be tw een  them. 

A r b i t a r i l y  t h e n ,  s o l u t i o n s  (due to  Bock and J o n e s )  f o r  t h e  

no rm al  model w i l l  be d e s c r i b e d .  P a r a l l e l  s o l u t i o n s  i o r  t h e  

l o g i s t i c  model e x i s t  and a p p e a r  i n  the  r e f e r e n c e s .
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The r e s u l t s ,  and t h e i r  u n d e r l y i n g  a s s u m p t io n s  a r e  

s t a t e d  i n  o r d e r  to  avo id  c o n t i n u a l  c r o s s  r e f e r e n c e s  t o  t h e i r  

s o u r c e .  I n  c h a p t e r s  5 - 7  th e y  a r e  used e x t e n s i v e l y .  P r o o f s  

a r e  n o t  g i v e n  a s  t h e s e  have been  s e t  out  i n  d e t a i l  i n  th e  

p r im a r y  s o u r c e s ,  p a r t i c u l a r l y  Bock and J o n e s  (1 9 6 7 ) .

L e t  u s  r e v e r t  t o  t h e  fo rm e r  n o t a t i o n  f o r  d e n o t i n g  

e l e m e n t s  ( P ^ , X . . ) £ P ^ x  and c o n s i d e r  t h e  p a r t i c u l a r  c a se  where 

? 1  x X i  i s  a 3 x 3 p r o d u c t  s e t .

F o r  t h i s  c a se  an n - r e p l i c a t e  c o m p le t e ly  b a la n c e d  p a i r  

c o m p a r i s o n  e x p e r im e n t  can be c a r r i e d  o u t . .  The c o m p le te ,  n -  

r e p l i c a t e  p a i r  com par ison  e x p e r im e n t  w i th  m a l t e r n a t i v e s  was 

d e s c r i b e d  i n  c h a p t e r  2. The p r e f e r e n c e  f r e q u e n c i e s  can be

d e n o te d  5. . , n/ n .  That  i s ,  S. n i s  t h e  number o f  t i m e s  (P, ,X .)J-3 k l  7 l j k l  j
was c h o sen  o v e r  (P^  X-^). As w i th  c h a p t e r  2 i t  can be assumed

t h a t  each  c h o ic e  f o r  a g i v e n  p a i r  i s  an  in d e p e n d e n t l y  and 

i d e n t i c a l l y  d i s t r i b u t e d  b e r n o u l l i  v a r i a t e .  Thus t h e  o b se rved  

p r o p o r t i o n s ,  - = ^ i j k l ' n a r e  s ^a ^ l s ^ i c s  d i s t r i b u t e d  a c c o r d i n g

to  t h e  b i n o m i c a l  d i s t r i b u t i o n ,  w i th  mean sa ^ an(  ̂ v a r i a n c e ,

= p i j k l  ( i  - ? i j k l ) A .

Wow, i t  i s  assumed t h a t  s u b j e c t i v e  v a l u e s  a r e  r e l a t e d  

to  t h e  o b se rv ed  p r o p o r t i o n s  v i a  th e  i n v e r s e  normal  f u n c t i o n  and 

t h e  d i f f e r e n c e  p r o c e s s :

P d k i  = r 1 (pi d k i } ' 
where Yi j k l  = -  <*k l ) + e  i j k l -

Bock and J o n e s  s u g g e s t  u s in g  t h e  minimum n o rm i t  c h i - s q u a r e d  

p r o c e d u r e  t o  e s t i m a t e  t h e  s u b j e c t i v e  v a l u e s , . T n is  

p r o c e d u r e ,  based  on Urban (1908) u s e s  Ra o ' s  lemma which s a y s  

t h a t  i f  f ( t ) i s  any c o n t in u o u s  x u n c t i o n  w i th  c o n t i n u o u s  l i r s t
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c r d 2
i n  t h e  l i m i t .  T h is  r e s u l t  i s  a p p l i c a b l e

d e r i v a t i v e s  o f  a s t a t i s t i c ,  t  o f  a sample o f  n o b s e r v a t i o n s

w i t h  mean z e r o  and v a r i a n c e  ^ " ^ /n  such t h a t  t  t e n d s  t o  n o r m a l i t y  

i n  t h e  l i m i t ,  t h e n

U = j n ( f ( t ) -  f(oy 
i s  d i s t r i b u t e d  n o rm a l ly  w i th  z e ro  mean and v a r i a n c e

H -

U  ^  o

t o  t h e  p r e s e n t  c a s e ,  where t h e  - ^ p ^ p ' 3 a r e  b i n o m i a l l y

d i s t r i b u t e d  and t h e r e f o r e  ten d  to  n o r m a l i t y  a s  n ->&o. 
a

The s t a t i s t i c s  -^pj^ l  c o r r e sp o n d  t o  t  and
A

tne  i n v e r s e  normal  t r a n s f o r m s  of  them d en o ted  Y. ., c o r r e s n o n d
1 J i£±

to  t h e  f u n c t i o n ,  f ( t ) .  I t  i s  known from a p p l y i n g  R a o ' s  lemma 

a s  i n d i c a t e d  t h a c  th e  v a r i a b l e  known a s  t h e  n o rm i t  c h i - s q u a r e d  

f u n c t i o n ,

= n Wi j k l  f Yi j k l  “ ( ^ i . i  "
a l l  p a i r s  
( i , j ) , ( k , l )

' i s  d i s t r i b u t e d  a s  c h i - s q u a r e d  i n  t h e  l i m i t  w i th  m (m - l ) / 2  

d e g r e e s  of  f reedom .

•The w e i g h t s ,  W. . k l  = k 2  ) A i ; ] k l ( 1 -  ? i j k l ) and

k ^ ( x ) i s  t h e  squ a red  normal  o r d i n a t e  a t  x .  The minimum n o rm i t  

c h i - s q u a r e d  e s t i m a t o r s  of t h e c ^ T s  a r e  t h o s e  v a l u e s  which 

m in im ize  Q.

These  e s t i m a t o r s  a r e  n o rm a l ly  d i s t r i b u t e d  i n  th e  l i m i t  

and a r e  e f f i c i e n t .  The ^ p ^ p ' 3 a re  unkuown but x o r o u n a t e l y  

good a p p r o x i m a t i o n s  can be found which cause  only  a minor  

d e t e r i o r a t i o n  i n  th e  e s t i m a t i o n .  One such i s  go l e t  n ^p-j^p -  I
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and m in im ize  Q. T h i s  g i v e s  p r o v i s i o n a l  v a l u e s  o f  t h e  o£. . ' s

which can  he used  to  c a l c u l a t e  a p p ro x im a te  o b t a i n

a f i n a l  s o l u t i o n  of  c o u r s e ,  Q i s  a g a i n  m in im ized  u s i n g  t h e

a p p ro x im a te  ^ p j ^ p ' s *  The m i n i m iz a t i o n  u s e s  s t a n d a r d  m a t r ix

a l g e b r a ,  and can be c a r r i e d  out  by s e t t i n g  one •> say = 0
J do

T h i s  i s  p e r m i s s i b l e  s i n c e  t h e  s c a l e  o f  t h e  oC 1 s h a s  a r b i t a r y

o r i g i n .  Now t h i s  g i v e s  t h e  s u b j e c t i v e  s c a l e  v a l u e s  of t h e

a l t e r n a t i v e s  ( p . ,  x . ) ,  l e t  them be o ( . . ,  and t h e  n e x t  p rob lem  i sJ 1  j
t o  t e s t  t h e  model .  To do t h i s  t h e  c h i - s q u a r e  i s  p a r t i t i o n e d  

a s  f o l l o w s .  The t o t a l  c h i - s q u a r e

3ST = 2 —.nY p ^ p *  ^ i j h l   ̂ t:̂ le summa"i:^ on "being o v e r  a l l

o b s e r v a t i o n s ) .  The component due t o  th e  p a r a m e t e r s ,

n W. Y . ( and
13  k l  1 3 k!

h,  1  

( a l l  p a i r s )

The component due t o  t h e  e r r o r  i s  t h e r e f o r e  t h e  d i f f e r e n c e  SSE =

SST -  SSE. Under t h e  h y p o t h e s i s  t h a t  t h e  d a t a  f i t  t h e  model ,

SSE i s  d i s t r i b u t e d  a s  c h i - s q u a r e  w i th  (m -  l )  (m -  2) / 2  d e g r e e s

of  f r e e d o m .  Under t h e  h y p o t h e s i s  t h a t  °^j_j " ^ ^ or  Pa ^r s

( i , J ) SSE i s  d i s t r i b u t e d  a s  c h i - s q u a r e  w i th  n -  1 d e g r e e s  of

f reed o m .  A s i g n i f i c a n t  v a lu e  of e i t h e r  i n d i c a t e s  t h a t  t h e

a p p r o p r i a t e  h y p o t h e s i s  can be r e j e c t e d .

I f  t h e  b a s i c  model f i t s  t h e n  i t  i s  w or thw h i le

o r o c e e d i n g  to  th e  p rob lem  ox s c a l i n g  t h e  s u b j e c t i v e  v a l u e s  of

X and "o • €  E-i and v e s t i n g  i u n c o i o n a l  r e l a b i o n o h i j j s  
i  1  ’ " D 1

b e tw een  t h e s e  d im ens ions  and o v e r a l l  s u o j e c t i v c  Vcalue. As w i th  

A n d e r s o n ' s  method b o th  of  t h e s e  t h i n g s  a r e  c l o s e l y  l i n k e d .  The
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s c a l i n g  r e q u i r e s  t h a t  one assumes a model and t e s t i n g  t h e  model 

r e q u i r e s  t h a t  t h e  s c a l i n g  i s  done.

O o n s id e r  how t h e  SmU model would he t e s t e d .  The model 

s a y s  t h a t  t h e  s u b j e c t i v e  v a lu e  of  an  a l t e r n a t i v e  i s  composed o f  

hie  sum o f  c e r t a i n  p a r a m e t e r s ,  which depend on t h e  l e v e l s  o f  th e  

o o j e c  t i v e  v a lu e s ^  and a random e r r o r ,  f rom t h e  e s t i m a t e s  of 

the  s u b j e c t i v e  v a l u e s  o f  th e  a l t e r n a t i v e s  found by minimum n o rm i t  

c h i - s q u a r e ,  t h e  p a r a m e t e r s  of  th e  8 EU model can  be s i m i l a r l y  

e s t i m a t e d .  The f i t  of t h i s  f u n c t i o n a l  r e l a t i o n s h i p  i s  t e s t e d  by 

p a r t i t i o n i n g  th e  o r i g i n a l  e s t i m a t i o n  c h i - s q u a r e  SSR i n t o  a 

component  due to  th e  f u n c t i o n a l  r e l a t i o n s h i p  model , SSM and one 

due t o  d e p a r t u r e  from i t ,  SSE. I f  SSE i s  s i g n i f i c a n t  th e  

p ro p o se d  f u n c t i o n a l  r e l a t i o n s h i p  can be r e j e c t e d .

To t e s t  th e  a d d i t i v e  model,  t h e  o r i g i n a l  e s t i m a t i o n  

c h i - s q u a r e  i s  p a r t i t i o n e d  s i m i l a r l y .  To compare th e  two m ode ls ,  

SSR i s  s p l i t  up d i f f e r e n t l y  a g a i n .  The "main e f f e c t s "  p a r a m e t e r s  

of  t h e  SmU model  a r e  a l l  the  p a r a m e t e r s  of the  a d d i t i v e  model . 

Thus,  t h e  l a t t e r  i s  a s p e c i a l  c ase  of  th e  f o rm e r .  In  a l l  such  

c a s e s  t h e  SSR c h i - s q u a r e  i s  p a r t i t i o n e d  i n t o  a component due 

to  t h e  p a r a m e t e r s  common to  b o th  m odels ,  a component clue t o  t h e  

p a r a m e t e r s  s p e c i f i c  to  th e  more g e n e r a l  model and a r e m a in d e r .

I f  t h e  component due to  t h e  p a r a m e te r s  s p e c i f i c  to  t h e  g e n e r a l  

model i s  s i g n i f i c a n t  t h e n  t h i s  model i s  s i g n i f i c a n t l y  b e l t e r  uhan 

t h e  r e s t r i c t e d  one.  O the rw ise  t a e  l a t t e r  i s  p r e f e r r e d .  The 

p r o c e d u r e  i s  d e s c r i b e d  i n  d e t a i l  i n  Bock and J o n e s .  A g r e a t  

a d v a n t a g e  of  t h i s  ap p ro ach  i s  t h a t  a t e s t  o f  t h e  e r r o r  

d i s t r i b u t i o n  b e in g  assumed can be made which i s  s e p a r a t e  i rom  

t h e  t e s t  o f  t h e  f u n c t i o n a l  r e l a t i o n s n i p .



A f u r t h e r  a d v an tag e  i s  t h a t  a s  w e l l  a s  l o o k in g  a t  

f u n c t i o n a l  r e l a t i o n s h i p s  among s u b j e c t i v e  d im e n s io n s  one can  

examine r e l a t i o n s h i p s  be tw een  th e  s u b j e c t i v e  v a l u e s  o f  t h e  

a l t e r n a t i v e s  and th e  o b j e c t i v e  v a l u e s  of t h e  i n f o r m a t i o n  

d i m e n s i o n s .  As w i th  the  p u r e ly  s u b j e c t i v e  v a lu e  c a s e s ,  

e s t i m a t i o n  p r o c e d u r e s  a r e  only known f o r  r e l a t i o n s h i p s  l i n e a r  i n  

she  p a r a m e t e r s .  However, some q u i t e  complex r e l a t i o n s h i p s  can  

be e x p r e s s e d  i n  t h i s  way. Some s im ple  p s y c h o p h y s i c a l  m odels ,  

s p e c i a l  c a s e s  of the  g e n e r a l  a d d i t i v e  and SAU models where t h e  

s u b j e c t i v e  v a lu e :  s c a l e s  a r e  l i n e a r  f u n c t i o n s  of  t h e  o b j e c t i v e

ones  w i l l  be examined by Bock and J o n e s ’ methods i n  c h a p t e r s  

5 - 7 .  The r a t i o n a l e  i s  a n a lg o u s  go t h a t  f o r  t h e  g e n e r a l  

a d d i t i v e  and SiJU c a s e s  which w i l l  a l s o  be t e s t e d .

The main d i f f e r e n c e  be tween  th e  c a s e s  d i s c u s s e d  above 

and t h e  a p p l i c a t i o n s  to  be d e s c r i b e d  i s  t h a t  i n c o m p le te  p a i r  

c o m p a r i s o n  d e s i g n s  a r e  used  i n  the  l a t t e r .

The n e c e s s a r y  and s u f f i c i e n t  c o n d i t i o n  t h a t  t h e  

e s t i m a t i o n  p r o c e d u r e  can be a p p l i e d  t o  i n c o m p le t e ,  n -  r e p l i c a t e  

p a i r  c o m p a r is o n  d e s i g n s  i s ;  i f  t h e  number of  a l t e r n a t i v e s  i n  th e  

s e t  i s  m t h e n  m -  1  p a i r s  a r e  p r e s e n t e d  n t im es  each  sucn t h a t  

each  a l t e r n a t i v e  i s  con n ec ted  to  every  o t h e r  one v i a  a sequence  

of  p a i r s .  I t  i s  n e c e s s a r y  however so have more t h a n  m -  1 p a i r s  

so t h a t  t h e  go o d n e ss  of f i t  can be t e s t e d .  The d i f f e r e n c e s  i n  

t h e  p r o c e d u r e  f o r  t h e  in co m p le te  c a s e s  a r e  s imply  tn ao  l )  n i s  

r e p l a c e d  by z e r o  i n  t h e  fo rm ulae  f o r  p a i r s  no t  p r e s e n t  and 2 ) p, 

she number of  p a i r s  p r e s e n t  r e p l a c e s  ( n - l ) n A '  a s  t h e  d e g r e e s  of

f reedom  of  3ST.
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L arg e Sample P r o c e d u r e s  When_ n_is__Sma 1 1 .

The p r e c e d i n g  r e s u l t s  a r e  a s y m p to t i c  ones  which h o ld  

i n  t h e  l i m i t  a s  n t e n d s  to  i n f i n i t y .  However, i n  no a p p l i c a t i o n  

does  n a p p ro a c h  i n f i n i t y . s o  i n  p r a c t i c e  they  can on ly  ho ld  t o  some 

d e g r e e  of  a p p r o x i m a t i o n .  In  p a r t i c u l a r ,  f o r  f i n i t e  n t h e r e  i s  

some b i a s  i n  t h e  e s t i m a t e s  of s u b j e c t i v e  v a l u e ,  which may be 

l a r g e  p a r t i c u l a r l y  i f  some of  t h e  observed  p r e f e r e n c e  f requencies  

a r e  z e r o  o r  one.  Bock and Jo n e s  examined th e  s i m p l e s t  c ase  

where m = 2 , i . e .  where t h e r e  i s  . just one p a i r  of a l t e r n a t i v e s .  

Suppose T n u r s t o n e ' s  case  V model h o l d s  f o r  th e  p a i r  ( a . , a . ) .l  j
Assuming i s  u n i t y ,  t h e  d i f f e r e n c e  i n  s u b j e c t i v e  v a l u e s ,

-1

d e g e n e r a t e s  i n t o

Y . . = 0  (p .  • ) .  The e s t i m a t i o n  p r o c e d u r e  f o r  m = 2
.L J  X J

/V

i .  . = 0  ( s .  . / n )  where S . / n  i s  t h e  p r e f e r e n c e
1 0 iD i t

f r e q u e n c y .  Now, S. . / n  i s  t h e  minimum v a r i a n c e ,  u n b ia s e d
y\

e s t i m a t e  o f  ? .  b u t  Y. . i s  not  an u n b ia sed  e s t i m a t e  of  Y . . a s
1 3  I D  1 D

t h e  l a t t e r  i s  a n o n - l i n e a r  t r a n s f o r m a t i o n  of  P . . A n o t h e r  

s o u r c e  of b i a s  o c c u r s  when S . . = 0 o r  n. To a v o id  t h e  p r e d i c t i o n
A 1
Y. . = — t h e  r u l e  of t r a n s f o r m i n g  S. . to  |  or  n -  t  i s  a d o p te d ,  

I D  ! D

a t  t h e  expense  of  i n t r o d u c i n g  some b i a s .  Bock and Jo n e s
.A

i n v e s t i g a t e d  th e  e x t e n t  of t h e  b i a s  i n  th e  e s b i m a to r  f o r

v a r i o u s  v a l u e s  of n .  They concluded t h a t  i n  t h i s  s i m p l e s t  c a se  

i f  n o 1 t h e  b i a s  would n o t  be s e r i o u s .  However, i n  t h e
* i j

c a s e  o f  m )  2 i t  i s  n o t  c l e a r  w he ther  t h i s  i s  s t i l l  t r u e .

Suppose m = 4, and n i s  qu ibe  sm a l l ,  say abou t  10. Ix ib  i s

s u s p e c t e d  t h a t  n 1  f o r  some p a i r  o f  a l t e r n a t i v e s ,  should
-1- I D

i t  be c o n c lu d e d  t h a t  t h e  minimum norm it  p ro c e d u re  g i v e s  e s t i m a t e s



which a r e  a l s o  b i a s e d ?  U n f o r t u n a t e l y ,  f o r  m ^  2  t h i s  can 

p r o b a b l y  n o t  be answered  s im p ly .  No s im ple  r u l e  o f  thumb 

c o r r e s p o n d i n g  t o  t h a t  f o r  m = 2 i s  known. T h e r e f o r e ,  i t  seems 

w o r th w h i le  to  examine t h e  b i a s  i n  e s t i m a t e s  i n  t h e  c a se  where 

m >  2.

Bock and J o n e s  m e n t io n  t h e  f a c t  t h a t  t h e  SSB and 3SB

s t a t i s t i c s  a r e  d i s t r i b u t e d  a s  c h i - s q u a r e  u n d e r  t h e  n u l l

h y p o t h e s e s  o n ly  a s y m p t o t i c a l l y .  They a d v i s e  c a u t i o n  i n  r e j e c t i n g

h .y p o theses  when th e  o bse rved  v a l u e s  b o r d e r  on s i g n i f i c a n c e

b e c a u s e  o f  t h i s .  However, t h e  d e g re e  of  a p p r o x i m a t i o n  t o  c h i

s q u a re  f o r  d i f f e r e n t  v a l u e s  of  n i s  no t  known. P r o b a b l y ,  a s

lo n g  a s  n p . . ^> 1 f o r  most p a i r s  i t  w i l l  be a d e q u a t e .  I n  v iew 
ID '

o f  t h e  e x t e n s i v e  use  of  Bock and J o n e s  methods i n  t h e  

e x p e r i m e n t s  i t  was f e l t  t h a t  e v id e n ce  sh ou ld  be o b t a i n e d  a b o u t  

t h e  d i s t r i b u t i o n  o f  SSB and t h e  b i a s  i n  e s t i m a t i o n .  A 

sam p l in g  e x p e r im e n t  was c a r r i e d  ou t  t o  t h i s  end,  which  w i l l  

now be d e s c r i b e d .



A Monte C a r lo  Study o f  Bock and J o n e s 1 P r o o e d u r e s .

M eth o d .

The s e t t i n g  f o r  t h e  s i m u l a t i o n  was t h e  n - r e p l i c a t e ,  

c o m p le te  p a i r  com par ison  e x p e r im e n t  f u l l y  d e s c r i b e d  i n  c h a p t e r  2 . 

The number o f  o b j e c t s  i n  t h e  p r e s e n t a t i o n  s e t ,  m = 4 . U s in g  t h e  

e a r l i e r  n o t a t i o n  l e t  t h e s e  o b j e c t s  be d en o te d  a-^, a 2 » a^ and a ^ .  

Many s e t s  o f  d a t a  i n  t h i s  s e t t i n g  were s i m u la t e d  w i t h  n = 7>

15 and 60.

I n  a s i n g l e  ru n  of t h e  e x p e r im e n t  n r e s p o n s e s  were

s i m u l a t e d  f o r  e ac h  p a i r  of  o b j e c t s  ( a . ,  a . ) .  Le t  t he  k ^
J

The d a t a  o f  main i n t e r e s t  were t h e  ob se rv ed  r e s p o n s e  f r e q u e n c i e s

T h u r s t o n e  c a se  V a s s u m p t io n s  g iv e n  th e  f o l l o w i n g  s u b j e c t i v e  v a lu e  

o f  t h e  o b j e c t s :  = 1*0, c?̂ 2 ~ ° ^ 3  -  0 . 0 ; e<^ = - 0 . 5  where

d e n o t e s  t h e  s u b j e c t i v e  v a l u e s  of  a ^ .  The only  o t h e r  p a r a m e t e r  i t  

was n e c e s s a r y  bo s p e c i f y  was t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  random 

sa m p l in g  e r r o r , c r .  V a lues  <r = 0 . 3  t o  c  = 1 .7  i n  iteps o f  0 . 1  were 

u s e d .  F o r  each  c o m b in a t io n  of  n = 7, 15 and 60 and cr'= 0.3> . . . .  

1 .7^ 1 00 0  r u n s  were s i m u l a t e d .  I t  was hoped t h a t  t h i s  s i z e  o f  

e x p e r im e n t  would e n a b le  a th o ro u g h  e x a m i n a t i o n ' o f  b i a s  i n  t h e  

e s t i m a t e s  g i v e n  by Bock and J o n e s '  p ro c e d u re  and a l s o  of t h e  

c l o s e n e s s  o f  t h e  d i s t r i b u t i o n  of  t h e  e r r o r  c h i —sq u a re  s t a t i s t i c ,  

SSL to  t h e  t h e o r e t i c a l  d i s t r i b u t i o n .

sampled u n i t  normal d e v i a t e , st and on t h e  d i f i e r e n c e  p r o c e s s

r e s p o n s e  t o  t h e  p a i r  ( a . , a . )  be s.  =i  0 13  k
1  i f  a^  i s  c hosen  
0  i f  a .  i s  cho senJ

d e n o te d The r e s p o n s e s  were g e n e r a t e d  u n d e r  t h e

O b s e r v a t i o n s , depended 011 t h e  va lue  oz a randomly



assumed t o  u n d e r l y  t h e  c h o i c e s .  The d i f f e r e n c e  i n  s u b j e c t i v e  

v a lu e  bebween t h e  o b j e c t s  ( a ^ a ^ )  a t  t h e  t im e of  c h o ic e  i s  assumed 

bo be 3^..^ = -  dj. +&~. The o b se rv ed  c n o i c e ,

j i  . >
~Iq l f  d i j k  p i j  = 0  o r  1  t h e  c o n v e n t io n  o f  assum ing

pi j  = 0 ,5 / /n  o r  ( n ” • 5 ) / n  was a d o p te d .

The minimum n o rm i t  c h i - s q u a r e  p r o c e d u r e  was a p p l i e d  to  

bhe seb o f  .. 1 s t h u s  o b t a i n e d .  I n  t h i s  a p p l i c a t i o n  w e ig h t s  of 

l / n  were used  to  o b t a i n  i n i t i a l  e s t i m a t e s  of  t h e  d i f f e r e n c e s  

(°^ j ) • Approximate  w e ig h ts  were c a l c u l a t e d  assum ing  t h e s e

d i f f e r e n c e s  t o  be t r u e .  The a p p ro x im a te  w e ig h t s  were t h e n  used  

i n  a second  i t e r a t i o n  of  th e  p ro c e d u re  to  g iv e  f i n a l  e s t i m a t e s  o f

( i  ~ 1 *2 , 3 .  Of c o u r s e ,  t h e  e s t i m a t e s  were made

assu m ing  °"'= 1 , so t h e y  were a l l  r e s c a l e d  by t h e  t r u e  c r  v a l u e .

The e r r o r  c h i - s q u a r e ,  SSE was a l s o  c a l c u l a t e d  i n  each s i m u l a t i o n .

f o r  each  s e t  o f  1 0 0 0  r u n s  t h e  mean and mean sq u a re  

e r r o r  o f  e ac h  e s t i m a t e  was c a l c u l a t e d .  The SSE s t a t i s t i c s  were 

r e c o r d e d  i n  a h i s t o g r a m  w i th  low er  bound z e r o ^ c l a s s  i n t e r v a l  

one and u p p e r  bound 1 0 0 .

C o m p u t a t i o n s .

The com puter  programme t o  c a r r y  ou t  t h i s  s i m u l a t i o n  was 

w r i t t e n  i n  t h e  A lg o l  l ang u ag e  f o r  t h e  E l l i o t t  1900 of  t h e  

U n i v e r s i t y  o f  H u l l .  Some d e t a i l s  of t h e  n u m e r i c a l  methods used  

sho u ld  be  e x p l a i n e d .  A s t a n d a r d  l i b r a r y  p r o c e d u r e  i s s u e d  by 

E l l i o t t s  was used  to g e n e r a t e  p a i r s  of  u n i fo rm  random- d e v i a t e s  i n

t h e  r a n v e  0   1. T h is  p ro c e d u re  a p p l i e d  ohe a d d i t i v e  v^ongruen t ia l

method and had been  f u l l y  t e s t e d  by i t s  w r i t e r .  No f u r t h e r  

e x a m i n a t i o n  o f  i t  was c o n s i d e r e a  n e c e s s a r y ,  i iie  p a i r s  of  d e v i a t e s
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were t r a n s f o r m e d  t o  u n i t  normal ones  by a t r a n s f o r m a t i o n  due to  

Box and M u l l e r ,  recommended by Tocher  (1963)  pp 33-34 .  The 

m a c r ix  a l g e b r a  used i n  the  e s t i m a t i o n  a l s o  used s t a n d a r d  l i b r a r y  

.p rocedures  i s s u e d  by E l l i o t t s .  The on ly  way t h e s e  were t e s t e d  

was by a p p l y i n g  t h e  e s t i m a t i o n  method to  one of Bock and J o n e s ’ 

worked exam p les ,  p p . 129-132 and comparing t h e  r e s u l t s ,  which were 

a lm o s t  i d e n t i c a l .  The on ly  o t h e r  n u m e r i c a l  a p p r o x i m a t i o n s  used  

i n  t h e  e s t i m a t i o n  were t h o s e  of  t h e  c u m u la t iv e  normal d i s t r i b u t i o n  

f u n c t i o n  and i t s  i n v e r s e .  The a p p r o x i m a t i o n s  used  were t h o s e  

s u g g e s t e d  by Bock and J o n e s  ( a p p e n d ic e s  B and C) which a r e  known 

to be a c c u r a t e  t o  a t  l e a s t  3 d ec im a l  p o i n t s .  The e x p e r im e n t  was 

i n  f a c t  c a r r i e d  out  on t h e  f a s t e r  computer  b e l o n g i n g  t o  t h e  

U n i v e r s i t y  o f  L ee d s .  I t  to o k  abou t  25 m in u te s  on t h i s  m ach ine .

Re s u i t s .

F i r s t  l e t  us  c o n s i d e r  t h e  e x t e n t  o f  b i a s  found .  Bock 

and J o n e s '  s t u d y  of  b i a s  i n  th e  c a se  of m = 2 found t h a t  b i a s  

was s m a l l  compared to  t h e  MSE a s  lo n g  a s  n P . . ^  1.  A l so ,  t h e
J- J

MSE a p p ro x im a te d  t h e  t h e o r e t i c a l  v a r i a n c e  a s  lo n g  a s  n P ^  2.

Row, the p r e s e n t  r e s u l t s  a r e  b e s t  r e p o r t e d  by c o n s i d e r i n g  t h e  mean 

e s t i m a t e s  and MSEs a s  f u n c t i o n s  of n and o r  . To e n a b le  a 

c o m parab le  d i s c u s s i o n  to t h a t  of  Bock and J o n e s  t o  oe c a r r i e d  out  

t h e  r e l a t i o n s h i p  be tween th e  v a l u e s  of  t h e  P ^ ' s  f o r  d i f f e r e n t  

v a l u e s  o f  shou ld  be known. These v a l u e s  a r e  shown i n  t a b l e  3 . 2 .  

O b v io u s ly ,  a s  cr* i n c r e a s e s  so do the  t h e  r a u e  o f  i n c r e a s e

b e i n g  s m a l l e r  f o r  l a r g e * 5"'.

F i r  a r e s  3 . 1 , 3 * 2  and 3 *3 , show g r a p h s  of t h e  mean

e s t i m a t e d  (o< ± -  d  where i  = 1 , 2 , 3  f o r  n = 7,  15 and 60. On 

each  of  t h e  g r a p h s  t h e  g e n e r a l  t r e n d  i s  f o r  th e  d i f f e r e n c e  be tw een



t r u e  and e s t i m a t e d  v a l u e s  ( t h e  h i a s )  t o  d e c r e a s e  a s  ^  i n c r e a s e s .  

The "bias i s  a lw ay s  s m a l l e r  f o r  l a r g e r  n ,  when i s  h e ld  c o n s t a n t ,  

l h e s e  f e a t u r e s  of t h e  c u rv e s  i n d i c a t e  t h a t  i t  may "be p o s s i b l e  t o  

d e s c r i b e  e x t e n t  o f  b i a s  i n  t e r m s  of  t h e  v a l u e s  o f  nP
id

B e i o r e  do in g  so l e t  us c o n s i d e r  t h e  r e l a t i o n  b e tw ee n  th e  

t h e o r e t i c a l  v a r i a n c e  and obse rved  mean sq u a re  e r r o r  of  t h e  

e s t i m a t o r s ,  s i n c e  b i a s  i n  e s t i m a t i o n  must be c o n s i d e r e d  i n  

r e l a t i o n  t o  t h e s e .  From Bock and J o n e s  th e  a s y m p t o t i c  v a r i a n c e  

o f  t h e  e s t i m a t o r s  a r e  known. These v a l u e s ,  f o r  d i f f e r e n t  n can 

be compared to  t h e  MSB's o f  t h e  e s t i m a t o r s  a s  f u n c t i o n s  o f  <r’ . 

G raphs  of  t h e s e  f u n c t i o n s  a r e  shown f o r  n = 7 and n = 15 i n  

f i g u r e s  3*4, 3*5 and 3 .6  and f o r  n = 60 i n  f i g u r e  3*7. I t  can 

be seen  t h a t  i n  each  c a se  th e  t h e o r e t i c a l  v a r i a n c e  d e c r e a s e s  a s  

(and  t h e r e f o r e  each  P . .) i n c r e a s e s ,  though  t h i s  i s  n o t  so f o r
J- J

MSE. The MSE i s  a lw ays  v e ry  sm a l l  whenO"is s m a l l ,  which must be 

m a in ly  due to  t h e  h i g h  p r o b a b i l i t y  o f  o b s e r v in g  z e ro  or  one 

p r e f e r e n c e  f r e q u e n c i e s  i n  t h i s  c a s e .  I n  t h e  c ase  o f  n = 7 t h e  

c u rv e  f o r  t h e  MSE o f  (®4^ -  a l Q10s t  t h e  m i r r o r  image of

t h a t  o f  t h e  t h e o r e t i c a l  v a r i a n c e .  T h is  e f f e c t  i s  not  so 

p ronounced  f o r  t h e  d i f f e r e n c e s  ( °^  “ ^ 4 ) an(  ̂ ^ 2  "“ ^ 4  ̂ ŵ en n = 7 

b u t  h e r e  a l s o  MSE and t h e o r e t i c a l  v a r i a n c e  b e a r  l i t t l e  r e l a t i o n  

t o  e a c h  o t h e r .  When n = 15 t h e  2 c u rv e s  a r e  on ly  s i m i l a r  f o r  

(oC _ c< ). MSE and t h e o r e t i c a l  v a r i a n c e  a r e  g e n e r a l l y  q u i t e
2 4

c l o s e  when n = 60 b u t  t h e r e  i s  some d iv e r g e n c e  when<s“ i s sm a l l  o r  

l a r g e .  Thus ,  a g e n e r a l  r u l e  s p e c i f y i n g  wnen Mc>E and b h e o re G ic a l  

v a r i a n c e  a r e  c l o s e  cannot  be s t a g e d  i n  te rm s  of t n e  n v a l u e s ,  

a s  i t  was i n  Bock and J o n e s '  e x p e r im e n t .

S in ce  MSE and t h e o r e t i c a l  v a r i a n c e  a r e  n o t  g e n e r a l l y  

c l o s e  b i a s  shou ld  be c o n s id e r e d  r e l a t i v e  go t h e  a c t u a l  sam p l in g



v a r i a b i l i t y  ( t h e  MSE) r a t h e r  t h a n  to  t h e  t h e o r e t i c a l  v a r i a b i l i t y .  

I n s p e c t i o n  of f i g u r e s  3 .1  -  3*7, i n  c o n j u n c t i o n  w i t h  t a b l e  3 . 2  

l e d  to  t h e  f o l l o w i n g  c o n c l u s i o n ;  b i a s  i s  sm a l l  compared t o  MSE 

a s  lo n g  a s  ^  1  f o r  5 o f  t h e  6 o b se rved  p r e f e r e n c e  f r e q u e n c i e s .

U n f o r t u n a t e l y  bh is  neal* summary of  t h e  e x t e n t  of  b i a s  canno t  

be assumed t o  no ld  i n  o t h e r  c a s e s .  Iiowever i t  i s  r e a s o n a b l e  t o  

abuempt some g e n e r a l i z a t i o n  b ased  on our  r e s u l t s .  A r u l e  a b o u t  

t h e  l i k e l y  e x t e n t  of  b i a s  g iv e n  the  p r o p o r t i o n  of  z e ro  o r  one 

p r e f e r e n c e  f r e q u e n c i e s  obse rved  would be p a r t i c u l a r l y  u s e f u l .

From d a t a  o b t a i n e d  one cou ld  t h e n  d e c id e  how much f a i t h  to  p l a c e  

i n  t h e  s c a l e  e s t i m a t e d .  With t h i s  end i n  v iew  one could  t a k e  an 

o b se rv e d  p r e f e r e n c e  f r e q u e n c y  o f  ze ro  o r  one a s  r e a s o n a b l e  e v id e n c e  

t h a t  P . . <C l / n .  I n  the  p r e s e n t  c a s e ,  one would s u s p e c t  t h a t  i f
•L J

more t h a n  one p r e f e r e n c e  f r e q u e n c y  was z e ro  o r  one, l a r g e  b i a s  

r e l a t i v e  to  t h e  sam pling  v a r i a b i l i t y  would be l i k e l y .  H o p e f u l l y ,

th o u gh  b i a s  would no t  be to o  g r e a t  a s  long  a s  bhere  were no more

t h a n  2 ob se rv ed  z e ro  o r  one p r e f e r e n c e  f r e q u e n c i e s .  I n  g e n e r a l ,  

one c o u ld  assume th e  s c a l e  e s t im a t e d  was r e a s o n a b l y  unbiased a s  

l o n g  a s  15°/o of obse rved  p r e f e r e n c e  f r e q u e n c i e s  were n o t  z e ro

o r  one .  I t  i s  f e l t  t h a t  t h i s  r u l e  could  be a d o p te d  i n  t h e  g e n e r a l

c a se  u n t i l  f u r t h e r  e v id e n ce  on t h i s  m a t t e r  i s  a v a i l a b l e .

The sam pling  d i s t r i b u t i o n  of th e  goodness  o f  f i t  

s t a t i s t i c ,  SSE was a l s o  u n d e r  i n v e s t i g a t i o n  i n  t h i s  e x p e r im e n t .

The t h e o r e t i c a l  sam pling  d i s t r i b u t i o n  i s  ohe c h i - s q u a r e  w i t h  3 

d e g r e e s  of f reedom .  The observed  sampling  d i s t r i b u t i o n  from 1000 

r u n s  f o r  v a r i o u s  n and werecompared u0 c h i s  i n  3 ways. The 

Kolmogero.v-Smirnov goodness  of f i t  s t a o i s o i c ,  D was t o o t e d  f o r  e ach  

d i s t r i b u t i o n  and t h e i r  means and 9 5 t h  p e r c e n b i l e s  were p l o t t e d  a s
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f u n c t i o n s  of n and , The v a l u e s  o f  D, which i s  t h e  maximum 

d i s c r e p a n c y  be tw een  obse rved  and e x p e c te d  c u m u la t iv e  r e l a t i v e  

f r e q u e n c i e s  a r e  shown i n  t a b l e  3 . 3 . D i s  s i g n i f i c a n t  i n  most c a s e s  

where n = 7 and n = 15 i n d i c a t i n g  d e p a r t u r e  f rom  t h e  t h e o r e t i c a l  

d i s t r i b u t i o n ,  t h e r e  i s  a l s o  s i g n i f i c a n t  d e p a r t u r e  when n = 60 and 

many of  t h e  a r e  s m a l l .  The g r a p h s  of mean SSE a g a i n s t  <s~

f o r  d i f f e r e n t  n a r e  shown i n  f i g u r e  3 * 8  and th e  t h e o r e t i c a l  v a l u e  

i s  a l s o  p l o t t e d .  The s i g n i f i c a n t  D v a l u e s  and d i s c r e p a n c y  

be tw een  o b se rv e d  and t h e o r e t i c a l  mean v a l u e s  i n  many c a s e s  show 

t h a t  w i t h  sm a l l  n t h e  t h e o r e t i c a l  d i s t r i b u t i o n  i s  a poor  

a p p r o x i m a t i o n  of t h e  a c t u a l  one, p a r t i c u l a r l y  when th e  sam pl ing  

s t a n d a r d  d e v i a t i o n ,  i s  sm a l l .

With s m a l l  n,  t h e  a s y m p to t i c  sam pling  d i s t r i b u t i o n  of  

SSE sh o u ld  on ly  be used  a s  a rough g u id e  i n  a s s e s s i n g  g o o d ness  

o f  f i t .  C o n v e n t i o n a l l y ,  a  5$ s i g n i f i c a n c e  l e v e l  would be a d o p te d .  

The v a l u e s  of  c h i - s q u a r e  f o r  t h i s  s i g n i f i c a n c e  l e v e l  obse rv ed  i n  

t h e  e x p e r im e n t  a r e  p l o t t e d  i n  f i g u r e  3 . 9  and compared to  t h e  

t h e o r e t i c a l  v a l u e .  I t  can be seen  t h a t  u s i n g  th e  t h e o r e t i c a l  

v a l u e  t h e  model  would be a c c e p te d  more o f t e n  when i t  was wrong 

t h a n  would be t h e  c a s e  u s i n g  th e  a c t u a l  v a l u e s .  However, f o r  

n = 1 5  and n = 60 th e  obse rved  and t h e o r e t i c a l  v a l u e s  a r e  q u i t e  

c l o s e  e x c e p t  f o r  v e ry  sm a l l  . F o r  t h e s e  v a l u e s  of  n t h e  r e s u l t s  

o f  t h e  e x p e r im e n t  s u g g e s t  t h a t  th e  t h e o r e t i c a l  51° s i g n i f i c a n c e  

l e v e l  w i l l  g i v e  a f a i r l y  r e a l i s t i c ,  though  somewhat c o n s e r v a t i v e  

g o o d n e s s  o f  f i t  t e s t  of  th e  b a s i c  T h u rs to n e  s c a l i n g  model .  For  

n = 7  u s i n g  th e  t h e o r e t i c a l  %  l e v e l  w i l l  g e n e r a l l y  p r o v id e  an 

u n r e a l i s t i c  and v e ry  c o n se rv a u iv e  t e s t .  Tne g r a p h s  a l s o  show 

t h a t  i n  a l l  c a s e s  where b i a s  i s  l a r g e  compared t o  MSE th e



t h e  t h e o r e t i c a l  goodness  o f  f i t  t e s t  w i l l  he p o o r .

I t  i s  unknown how f a r  th e  c o n c l u s i o n s  f rom t h i s  

e x p e r im e n t  can  he g e n e r a l i z e d .  T h is  i s  a p rob lem  of a l l  

e x p e r i m e n t s .  S ince  no o t h e r  p e r t i n e n t  r e s u l t s  a r e  known, our  

o p i n i o n s  a b o u t  t h e  r e l i a b i l i t y  of  Bock and J o n e s ’ p r o c e d u r e s  

when n i s  sm a l l  w i l l  be based  on the  p r e s e n t  r e s u l t s .



T ab le  3 .2 .

S i e T h e o r e t i c a l  b in o m ia l  P a r a m e te r s  o f  t h e  6  P a i r s  o f  O b j e c t s  

f o r  V a lu e s  of  t h e  Random Sa m p l ing S ta n d a rd  D e v i a t i o n ,  **** .

T h e o r e t i c a l  B in o m ia l  P a r a m e te r s

C3~ i—
1

P-i

f 13> p 24 ? 1 2 > p 2 3 ’ P 34

0 . 3 . 2 8 x l 0 -6 . 4 3 x lO - 3 .0475

0 . 4 . 8 8 x l 0 “ 4 .0062 .1056

0 . 5 .0014 . 0 2 2 8 .1587

0 . 6 .0062 .0475 .2033

0 . 7 .0162 .0764 .2389

0 . 8 .0307 . 1 0 5 6 .2643

0 . 9 .0485 .1357 . 2 9 1 2

1 . 0 .0668 .1587 .3085

i—
1 •i—
1 .0869 .1814 .3264

1 . 2 .1056 .2033 .3372

1 . 3 .1251 .2206 .3520

1 . 4 .1423 .2389 . 3632

1 .5 .1587 .2514 .3707

1 . 5 .1735 .2643 .3783

1 .7 .1894 .2776 .3483



T a b le  3 . 3 .

g o j^ o ^ e ^ o v -S in i rnov D S t a t i s t i c s  t o  t e s t  t h e f i t  o f  t h e  Observed 

S i of  SSE to  t h e  T ta e o r e t i c a l  Chi - s q u a r e  D i s t r i b u t i o n  

f o r  Each Se t  o f  1000 Runs.

n 7 15 60
<S“
*•3

00'd-rO•1 - . 6 2 2 - . 6 9 0

.4 .156 - .2 1 9 - . 1 8 5

.5 . 2 1 2 .113 ..099

. 6 .256 . 1 7 8 .071

.7 .268 .123 .087

. 8 .224 .124 .037b

.9 . 184 . 0 8 8 . 0 1 0 b

1 . 0 . 1 8 0 .070 b
. 0 1 0

1 . 1 .133 .024 - . 0 1 2 b

1 . 2 .123 ■ - . 0 2 5 • 013b

1 . 3 .059 - . 0 3 8 , 0 2 2 b

1 . 4 .068 - . 0 6 0 .029b

1 .5 .O50a - .0 6 6 .013b

1 . 6 .049® - . 0 5 4 —

1 . 7
b1 .0 3 7 - .0 6 8

A l l  v a l u e s  i n  t h e  t a b l e  a r e  s i g n i f i c a n t  a t  t h e  1 l e v e l ,  

e x c e p t  t h e  f o l l o w i n g ;  t h o s e  w i th  t h e  s u f f i x  a a r e  s i g n i f i c a n t

o n ly  a t  t h e  5$ l e v e l  and t h o s e  w i th  s u f f i x  b a r e  n o t  s i g n i f i c a n t

a t  t h e  5°/<> l e v e l .

8 8 .
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n=7
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0-6
1.40-4 0-6 0.8 1-0 1.2
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f'rue vodoe.

n=7

0 -6 "
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Sarv̂ plincj sinaû dcurdL deoicxKo^i £ .

Fl0rQg.E.5-_5___
•Q rtk ftV v B  < o f  m e c m  p ^ V iw v o jC e ^  C °C ?>  ~ p ^ u V  q a q J a a s V  t V p .  v x x M d o v ^  s q j . v i e I m / t

s ioM d a/^ d eA lia iio  4 , cT  fe r  d i f f e r  Pm V- V l t̂

0,64

0 -4 -
mea>/]
e-shro-
.a-toi

0 *2“

->?—

n=7

o.a
0 -2 0-4 0-6 0-8 1-0 1-2 1-4

SojmpUâ  staynda/vd_ de^,'-od-ioot
1.6
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RfRjg.f3-Lj-

Grrayhs o f  RfttinSitynrp  FirorfasE^) ajr>d-'TV\eorehcal Voncwce. oP fri ~p6^

flQjaW- tu& sampjim qkwrtayd. rifrHoJiov̂  6  fa- Y\ = 7 oM. n. - 15.

1.2 -
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Q u a l i t a t i v e  Vs. Q u a n t i t a t i v e  A n a l y s i s .

A cco u n ts  o f  two a p p ro a c h e s  t o  t h e  s tu d y  o f  f u n c t i o n a l  

r e l a t i o n s h i p s  and ways of  a p p ly i n g  tnem t o  c h o i c e s  i n  s t a t i c  

s i t u a t i o n s  have  been g i v e n ,  bach  a n a l y s i s  assum es  a d i f f e r e n t  

s p e c i x i c  m odel .  The b a s i c  a s s u m p t io n ,  common t o  b o t h  i s  t h a t  a 

b i n a r y  c h o i c e  i s  a b e r n o u l l i  v a r i a t e  and c h o i c e s  from th e  same 

p a i r  have t h e  same b in o m ia l  pa ram eter*  S u c c e s s iv e  c h o i c e s  a r e  

assumed to  be in d e p e n d e n t  of  one a n o t h e r .  T h i s  i s  e q u i v a l e n t  t o  

s a y in g  t h a t  t h e  models  d e r i v e  from a p a i r  com p ar ison  sys tem ,  a s  

d e f i n e d  by Suppes & Z in n es  (1963) a s  f o l l o w s .

The sys tem  ^ A ,  g>y i s  a p a i r  com par ison  sys tem  i f  

t h e r e  e x i s t s  a p r o b a b i l i t y  measure p on A x A ( t h e  s e t  o f  p a i r s  

f rom  A) such  t h a t  f o r  a l l  a ,  b G A p ( a , b )  = 1 -  p ( b , a ) ,  0 ^  

p( a , b ) ^ 1.

A l l  t h e  i n f o r m a t i o n  i n t e g r a t i o n  models  d i s c u s s e d ,  when 

s p e c i f i e d  a c c o r d i n g  t o  one of  t h e  f u n c t i o n a l  a n a l y s e s  make 

r e s t r i c t i o n s  on p and a r e  t h e r e f o r e  n o n - t r i v i a l  p a i r  c o m p ar iso n  

s y s te m s .  Tne e x c e p t i o n  to  t h i s  i s  t h e  q u a n t i t a t i v e l y  d e f i n e d  

g e n e r a l  l i n e a r  model .  The d i f f e r e n c e s  i n  t h e  m odels  a r e  i n  t h e  

d e g r e e  and k in d  of  r e s t r i c t i o n s  p l a c e d  on p so t h e y  shou ld  be 

d i r e c t l y  com parab le  w i th  r e s p e c t  t ;  t h e i r  r e s t r i c t i v e n e s s .  By 

e n u m e r a t in g  t h e  p e r m i s s i b l e  p f u n c t i o n s  f o r  c e r t a i n  models  one 

c o u ld  d e r i v e  c r i t i c a l  t e s t s  to  d i s t i n g u i s h  among them. I f  t h e  

e n u m e r a t i o n  i s  n o t  p o s s i b l e  a n a l y t i c a l  methods may be a v a i l a b l e .  

Burke  and Z in n e s  ( I 9 c 5 )  made such a com par ison  ox t h e  T h u r s to n e  

and t h e  B r a d l e y - T e r r y -djuce model.  Pucn r e s u l t s ,  th ou g h  e v e n t u a l l y  

of  g r e a t  v a lu e  a r e  only  of l i m i t e d  i n t e r e s t  a t  p r e s e n t  a s  t h e  

d i f f e r e n t  k i n d s  of model a r e  no t  seen  a s  co m pe t ing .  I t  i s  t h e
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d i f f e r e n t  f u n c t i o n a l  r e l a t i o n s h i p s  which a r e  com pe t ing  and 

t h e  q u a n t i t a t i v e  and q u a l i t a t i v e  a n a l y s i s  of  a s i n g l e

f u n c t i o n a l  r e l a t i o n  shou ld  complement one a n o t h e r .

I f  d e c i s i o n - m a k i n g  b e h a v i o u r  i n  a s i t u a t i o n  i s  found  

uo be c o n s i s t e n t  w i th  a q u a n t i t a t i v e l y  or  q u a l i t a t i v e l y  d e f i n e d  

i n f o r m a t i o n  i n t e g r a t i o n  model v e ry  s t r o n g  p r e d i c t i o n s  can  be 

made. The p r e d i c t i o n s  a r e  d i f f e r e n t  i n  k i n d .  From f u n c t i o n a l  

m easu rem en t ,  e s t i m a t e s  o f  t h e  s u b j e c t i v e  v a l u e  of any 

a l t e r n a t i v e  v a r y i n g  a lo n g  th e  a p p r o p r i a t e  d im e n s io n s  can  be made, 

e i t h e r  f rom r e l a t i o n s  among p s y c h o p h y s i c a l  o r  p u r e l y  p s y c h o l o g i c a l  

s c a l e s .  Then,  f o r  a p a i r  of  a l t e r n a t i v e s  t h e  p r e f e r e n c e  

p r o b a b i l i t i e s  can  be p r e d i c t e d .  From QFA, p r e d i c t i o n s  a b o u t  

q u a l i t a t i v e  law s  of b e h a v io u r  can be made, which i n  many c a s e s  

m igh t  be more u s e f u l  f o r  t h e  t h e o r y  of d e c i s i o n - m a k i n g .  From 

QFA, t h e  o n ly  p r e d i c t i o n s  a b o u t  e le m e n t s  n o t  i n  t h e  o r i g i n a l  

e x p e r i m e n t a l  s e t  would be g e n e r a l  ones abou t  how t h e y  f i t  i n  

w i th  t h e  o t h e r  p o t e n t i a l  a l t e r n a t i v e s .

T here  a r e  s p e c i f i c  a s s u m p t io n s  f o r  each  k ind  o f  model 

and e ach  s e t  may be r e a s o n a b l e  i n  d i f f e r e n t  c i r c u m s t a n c e s .  I n  

p a r t i c u l a r ,  t h e  f o l l o w i n g  d i f f e r e n c e s  e x i s t .  The models  u n d e r l y i n g  

QFA p r e d i c t  t h a t  p r e f e r e n c e  i s  e i t h e r  q u i t e  d e f i n i t e  o r  t h e r e  

i s  no p r e f e r e n c e .  The T h u rs to n e  ty p e  models  p r e d i c t  t h a t  s l i g h t  

p r e f e r e n c e s  can be found b u t  t h a t  p r e f e r e n c e  p r o b a b i l i t i e s  c an n o t  

be one o r  z e r o .  I n  t h i s  r e s p e c t  t h e y  a r e  c o n l l i c t i n g  m od e ls .

T h i s  d i f f e r e n c e  i s  r a t h e r  x unci ament a 1 and i s  a s t r o n g  r e a s o n  f o r  

c o n s i d e r i n g  c r i t i c a l  t e s t s  a lo n g  t h e  l i n e s  of uhat s u g g e s t e d  by 

Burke and Z in n e s .  r e s u l t s  of such t e s t s ,  however ,  can be
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a n t i c i p a t e d .  Some s i t u a t i o n s  where s l i g h t  p r e f e r e n c e s  can  be 

r e l i a b l y  d e t e c t e d  and o t h e r s  where p r e f e r e n c e s  p r o b a b i l i t i e s  a r e  

z e r o  would p r o b a b l y  be fo u nd ,  n e g a t i n g  b o th  m o d e ls .  But m odels  

can  on ly  be r e j e c t e d  when b e t t e r  ones a r e  a v a i l a b l e  t o  r e p l a c e  

them. T e s t s  e x p l o r i n g  th e  domain of a model a r e  o f  c o u rs e  

i m p o r t a n t  b u t  i f  a model can  be shown t o  have a wide ,  tho u gh  n o t  

a l l - e m b r a c i n g  range  t h e n  i t  i s  a good one. Both  k i n d s  o f  models  

nave had c o n s i d e r a b l e  s u c c e s s  i n  a c c o u n t i n g  f o r  d a t a .  The 

e x p e r i m e n t s  to  be r e p o r t e d  a r e  a t t e m p t s  t o  e x p lo r e  t h e i r  u s e f u l n e s s  

i n  s i t u a t i o n s  where t h e y  have n o t  been  t r i e d .  I n  t h i s  way, 

r a t h e r  t h a n  by c r i t i c a l  t e s t s ,  i t  i s  hoped t h a t  o u r  knowledge of  

how p e o p le  i n t e g r a t e  t h e  i n f o r m a t i o n  a v a i l a b l e  i n  making t h e i r  

d e c i s i o n s  w i l l  be b u i l t  up.
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C h a p te r  4 .

S.QYigw._PJ_Tiffiilic,^_^ s e a r c h  on I n d i v i d u a l  D e c i s i o n - m a k i n g .

Some E m p i r i c a l  I s s u e s .

A b a s i c  e x p e r i m e n t a l  p roblem t h a t  must be d i s c u s s e d  i s  

how t o  o b u a in  i n f o r m a t i o n  a bou t  a I)M's p r e f e r e n c e s  among t h e  

e l e m e n t s  o f  some s e t  of  m u l t i - a t t r i b u t e  a l t e r n a t i v e s  t h a t  a r e  

a v a i l a b l e  to him. I n  p r e v i o u s  c h a p t e r s  i t  h a s  been  s u g g e s t e d  

t h a t  a c t u a l  c h o i c e s  shou ld  be obse rved  a s  i t  i s  a c t u a l  d e c i s i o n  

making t h a t  i s  ou r  c o n c e rn .  But o t h e r  dependen t  v a r i a b l e s  can  

be u s e d .  I n  exam in ing  many models i t  would a p p e a r  to  be more 

e i f i c i e n t  t o  a s k  p e o p le  t o  g iv e  a r a t i n g  of  each a l t e r n a t i v e  

w i t h  r e s p e c t  t o  s u b j e c t i v e  v a l u e .

An o b j e c t i o n  t o  t h i s  might  be t h a t  peo p le  w i l l  p r o c e s s  

the  i n f o r m a t i o n  d i f f e r e n t l y  when r a t i n g  from t h e  way t h e y  p r o c e s s  

i t  when a c t u a l l y  c ho o s ing  among a l t e r n a t i v e s .  G e n e r a l l y  i n  r a t i n g  

e x p e r i m e n t s  a l t e r n a t i v e s  a r e  p r e s e n t e d  s i n g l y .  P r o c e s s i n g  d u r i n g  

e v a l u a t i o n  of  s i n g l e  a l t e r n a t i v e s  q u i t e  p l a u s i b l y  w i l l  be 

d i f f e r e n t  f rom  t h a t  when a g roup  of a l t e r n a t i v e s  a r e  compared.  

However, t h i s  d i f f i c u l t y  cou ld  be overcome i f  a c o m p a ra t iv e  r a t i n g  

of DM*s d e g r e e  of  p r e f e r e n c e ,  say ,  was e l i c i t e d .  Such r a t i n g s  

where p a i r s  of  a l t e r n a t i v e s  a r e  p r e s e n t e d  and s u b j e c t s  r a t e  t h e i r  

d e g re e  o f  p r e f e r e n c e  f o r  one over  th e  o t h e r  have been  used  i n  a 

few s t u d i e s  e . g .  Sh an teau  and Anderson (1 96 9 ) .

Only one s tudy  i s  known t h a t  compares t h e  way p e o p le  

p r o c e s s  i n f o r m a t i o n  wnen r a t i n g  and when c h o o s in g .  Anderson  and 

A le x a n d e r  ( 1 9 7 1 ) c a r r i e d  out a p e r s o n a l i t y  i m p r e s s i o n  f o r m a t i o n  

s tu d y  making a com par ison  of i n f o r m a t i o n  p r o c e s s i n g  i n  a  c h o ic e  

and a r a t i n g  e x p e r im e n t .  C o n c lu s io n s  from b o th  were b r o a d l y  i n
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a c c o r d a n c e  w i t h  t h e  same a v e r a g i n g  model though  t h e r e  was one 

c o n t r a d i c t i o n .  O b v ious ly  t h i s  r e s u l t  a lo n e  i s  r a t h e r  i n c o n c l u s i v e  

a s  f a r  a s  t h e  g e n e r a l  q u e s t i o n  i s  c o n ce rn e d .

Most s t u d i e s  u s in g  r a t i n g s  a r e  co nd u c ted  i n  im a g in a ry  

s i t u a t i o n s .  An o b j e c t i o n  t o  t h e  v a l i d i t y  of t h e s e  s t u d i e s  m igh t  

be t h a t  r a t i n g s  would be d i f f e r e n t  when o b t a i n e d  u n d e r  r e a l  

c o n d i t i o n s .  There  i s  l i t t l e  ev idence  abou t  t h i s  bu t  t h e r e  i s  

e v id e n c e  t n a t  r e a l  and im ag ina ry  c h o ic e s  a r e  d i f f e r e n t .  S l o v i c  

(1959a-))  had two g ro u p s  make p a i r  com par ison  c h o i c e s  from d u p lex  

g a m b le s .  I n  one group  th e  gambles chosen  were p lay e d  t o  d e te r m in e  

the  s u b j e c t ' s  s a l a r y  w h i le  i n  t h e  o t h e r  c h o i c e s  were h y p o t h e t i c a l .  

I n  t h e  h y p o t h e t i c a l  g roup  DM's tended  t o  d i s c o u n t  t h e  p o s s i b i l i t y  

o f  l o s s  i n  making t h e i r  c h o i c e s  bu t  the  group  who knew t h e y  would 

have t o  p l a y  some of t h e  gambles were more c a u t i o u s .

I n  v iew  of  t h i s  i t  would seem p r e f e r a b l e ,  w h a te v e r  

r e s p o n s e  i s  e l i c i t e d  t h a t  s u b j e c t s  shou ld  be aware t h a t  

c o n s e q u e n c e s  which a r e  dependent  on t h e i r  r e s p o n s e s  w i l l  o c c u r .  

Only i n  a few s t u d i e s  have co n sequences  been  made d e p en d e n t  on 

r a t i n g s .  S j o b e r g  (1968)  and S lo v ic  (19 6 9b ) )  had s u b j e c t s  r a t e  

many gam bles  s i n g l y .  They were informed p r i o r  t o  t h i s  t h a t  p a i r s  

of  t h e  g a m bles  would be chosen  by th e  e x p e r i m e n t e r  ( i n d e p e n d e n t l y  

of  how t h e  s u b j e c t s  r e s p o n d )  and th e  s u b j e c t  would be r e q u i r e d  to  

p l a y  t h a t  a l t e r n a t i v e  which he had r a t e d  h i g h e r .  Thus,  when he 

made any r a t i n g  he knew t h a t  i t  would a f f e c t  which gambles  ne 

would be r e q u i r e d  to p l a y • -A s i m i l a r  p loy  cou ld  be used  w i t h  

r a t i n g s  o f  d e g r e e s  of p r e f e r e n c e .  Average r a u i n g s  f o r  each  

a l t e r n a t i v e  c o u ld  be computed from r a t i n g s  o f  d e g r e e s  o f  

p r e f e r e n c e  and t h i s  s e t  of  m easures  could  be used uo make 

c o n s e q u e n c e s  dep en d en t  on r a t i n g s .  Tnere i s  no e v id e n c e  a b o u t
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'sew h e t h e r  r a t i n g s  would l e a d  t o  d i f f e r e n t  c o n c l u s i o n s  f rom tho,  

drawn f rom c h o ic e  d a t a  in  s i t u a t i o n s  which a r e  r e a l  i n  t h e  

above s e n s e .

-evidence on a r e l a t e d  q u e s t i o n  i s  a v a i l a b l e ,  however .  

T h i s  e v id e n c e  compares c h o i c e s  to  a d i f f e r e n t  k ind  of  r a t i n g  on 

which  c o n s e q u e n c e s  can oe made d e p e n d e n t .  T h i s  r e s p o n s e  i s  

e l i c i t e d  by a t e c h n i q u e ,  i n t r o d u c e d  by B e ck e r ,  B eg roo t  and 

m a rs c h a k  (19 6 4 )  which i n v o l v e s  making e i t h e r  b i d s  t o  buy o r  b i d s  

to s e l l  a n  a l t e r n a t i v e .  With t h e  b i d s  co buy method BM1 s do n o t  

have  t h e  o p p o r t u n i t y  t o  t a k e  th e  a l t e r n a t i v e  and th e y  must name 

the  maximum amount of  money they  a r e  w i l l i n g  t o  pay i n  o r d e r  to  

o b t a i n  t h i s  o p p o r t u n i t y .  I n  t h e  b i d s  t o  s e l l  method BM a l r e a d y  

n as  the  o p p o r t u n i t y  and he must name th e  minimum amount o f  money 

he would tak e  i n  r e t u r n  f o r  f o r f e i t i n g  i t .  Bor b o t h  m ethods ,  

B e c k e r  e t  a l ,  (1964)  have shown t h a t  the  optimum s t r a t e g y  i s  

to name a n  amount o f  money e x a c t l y  e q u i v a l e n t  i n  s u b j e c t i v e  

v a l u e  to  t h e  a l t e r n a t i v e .  The buy ing  o r  s e l l i n g  p r i c e s  can  be 

i n t e r p r e t e d  a s  r a t i n g s  of  a t t r a c t i v e n e s s  of t h e  a l t e r n a t i v e s .

They a r e  made t o  have a consequence  by l e t t i n g  t h e  buy ing  and 

s e l l i n g  a c t u a l l y  t a k e  p l a c e .  The q u e s t i o n  i s ,  t h e n ,  do b i d s  and 

c h o i c e s  l e a d  t o  e q u i v a l e n t  c o n c l u s i o n s  a b o u t  d e c i s i o n  making 

when c o n s e q u e n c e s  f o l l o w  them?

L i e h e n s t e i n  and S lo v ic  (1 9 7 1 ) ,  and Lindman (1971)  have 

examined t h i s  u s i n g  a s e t  of  dup lex  gambles .  Lindman p o i n t s  out  

t h a t  t h e  im p o r t a n c e  of t h i s  i s s u e  i s  t h a t  most s t u d i e s  u s i n g  b i d s  

nave assumed them e q u i v a l e n t  go c h o ic e s  and c o m par iso ns  be tw een  

the c o n c l u s i o n s  o f  b i d s  and c h o ic e s  e x p e r im e n t s  have b een  maae 

c c o r d i n g l y . L i e h e n s t e i n  1 b l o v i c  conducuea t h r e e  e x p e r i m e n t s ,  

two com p ar in g  s e l l i n g  b i d s  w i th  c h o ic e s  and t h e  o t n e r  comparing

a



b u y in g  b i d s  w i t h  c h o i c e s .  The second of  t h e  s e l l i n g  b id  

e x p e r i m e n t s  was t h e  on ly  one where b i d s  and c h o i c e s  were r e a l .  

They found  s y s t e m a t i c  d i f f e r e n c e s  be tw een  gambles  c hosen  and b i d s  

made f o i  t h e  same gam bles .  Ones w i th  f a v o u r a b l e  p r o b a b i l i t i e s  

were c h o se n  w h i le  t h o s e  w i th  f a v o u r a b l e  p a y o f f s  r e c e i v e d  g r e a t e r  

b i d s .  Lindman co nd u c ted  f i v e  e x p e r im e n t s  which s u p p o r t e d  t h i s .  

A l th o u g h  s u b j e c t s  r e s p o n s e s  were im ag in a ry  t h e  e x p e r im e n t s  r u l e d  

ou t  c o n t e x t u a l  f a c t o r s  t h a t  might  p roduce  LM's i n c o n s i s t e n c y  

b e tw een  b i d s  and c h o i c e s .  The seven  h y p o t h e t i c a l  r e s p o n s e  

e x p e r i m e n t s  a r e  a l l  s u p p o r t i v e  of L i e h e n s t e i n  and S l o v i c 1 s r e a l  

c o n s e q u e n c e s  e x p e r im e n t .

T h ere  i s  a l s o  e v id e n ce  t h a t  b i d s  and r a t i n g s  l e a d  t o  

d i f f e r e n t  c o n c l u s i o n s .  S lo v i c  and L i e h e n s t e i n  ( 1 9 6 8 a ) )  and 

A n d r i e n n s e n  (1 9 71 )  have c a r r i e d  out  e x p e r im e n t s  where s u b j e c t s  

r a t e d  and b id  f o r  d u p lex  gam bles .  B oth  s t u d i e s  con c lu d e  t h a t  

s u b j e c t s  gave  more im p o r tan c e  to t h e  p a y o f f  d im e n s io n s  when 

b i d d i n g  t h a n  when r a t i n g .  T h is  i s  a s i m i l a r  r e s u l t  t o  t h a t  

o b t a i n e d  when comparing b i d d i n g  and c h o i c e s .

The g e n e r a l  c o n c l u s i o n  of a l l  t h i s  i s  t h a t  peo p le  

a p p e a r  t o  p r o c e s s  the i n f o r m a t i o n  a v a i l a b l e  d i f f e r e n t l y  when 

t h e y  a r e  r e q u i r e d  t o  b id  f o r  th e  a l t e r n a t i v e s  from when t h e y  a r e  

r e q u i r e d  t o  r a t e  them or  choose among teem. T here  i s  s l i g h t  

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

t h i n g s  d i f f e r e n t l y  when c h oo s in g  from when r a t i n g .  However, i t  

would n o t  be s u r p r i s i n g  i f  r e s u l t s  from c h o ic e  and r a c i n g  

e x p e r i m e n t s  b r o a d l y  c o in c id e d  e s p e c i a l l y  i f  deg re e  of p r e f e r e n c e  

r a t h e r  t h a n  . r e f e r e n c e  r a t i n g s  were u se d .  A d e c i s i o n  to  p l a y  

s a f e "  and use  a c t u a l  c h o i c e s  h as  been  taioen i n  most o f  t h e
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e x p e r i m e n t s  to  be r e p o r t e d .

T h i s  i s  p a r t l y  m o t i v a t e d  by t h e  l a c k  o f  e v id e n c e  from 

c h o ic e  e x p e r i m e n t s  r e l a t i n g  to  i n f o r m a t i o n  i n t e g r a t i o n  m ode ls  of 

d e c i s i o n  making,  p a r t i c u l a r l y  q u a n t i t a t i v e  o n e s .  I t  i s  

u n f o r t u n a t e  t h a t  i n  p u r s u i n g  such e v id e n c e  a p e n a l t y  of 

i n e f f i c i e n c y  i s  i n c u r r e d .

To o b t a i n  s u f f i c i e n t  i n f o r m a t i o n  a b o u t  p r e f e r e n c e s  among 

a s e t  o f  a l t e r n a t i v e s  from c h o ic e  d a t a  i t  i s  n e c e s s a r y  t o  l o o k  

a t  a v e r a g e  c h o i c e s  o v e r  s u b j e c t s  o r  t r i a l s .  B u t ,  s u b j e c t i v e  

v a l u e s  may s h i f t  f rom p e r s o n  t o  p e r s o n  o r  t im e  t o  t i m e .  The 

p r a c t i c e  o f  a v e r a g i n g  o v e r  s u b j e c t s  i s  no t  t o  be recommended f o r  

phenomena l i k e  d e c i s i o n - m a k i n g  f o r  which l a r g e  d i f f e r e n c e s  among 

i n d i v i d u a l s  a r e  l i k e l y  t o  be fo u n d .  Thus ,  one must a v e r a g e  o v e r  

t r i a l s  f o r  i n d i v i d u a l  s u b j e c t s .  I f  s u b j e c t i v e  v a l u e s  change 

s y s t e m a t i c a l l y  o v e r  t r i a l s  t h e n  a v e r a g e  c h o i c e s ,  m easured  by 

b i n a r y  p r e f e r e n c e  f r e q u e n c i e s ,  a r e  'm e a n in g le s s .  A l l  t h e  m odels  of  

b e h a v i o u r  d i s c u s s e d  r e q u i r e  t h a t  t h e  p r e f e r e n c e  s t r u c t u r e  t h a t  

u n d e r l i e s  c h o ic e  b e h a v i o u r  i s  s t a t i o n a r y  o v e r  t i m e .  P r e d i c t i o n s  

a b o u t  d e c i s i o n - m a k i n g  a r e  based  on t h i s  a s s u m p t io n .  O b v io u s ly ,  

i t  must be found t o  ho ld  d u r in g  t h e  t im e  t h a t  c h o i c e s  a r e  b e i n g  

made i n  an  e x p e r i m e n t .  Lindman, u s i n g  a c h i - s q u a r e  t e s t ,  found 

t h a t  c h o i c e s  d id  n o t  change d u r i n g  h i s  e x p e r im e n t  w h i l e  b i d s  d i d .  

T h i s  was f o r  d a t a  a v e ra g e d  o v e r  the  g ro u p ,  b u t  i t  d oes  s u g g e s t  

t h a t  c h o i c e s  a r e  more s t a b l e  t h a n  b i d s .  Luce and Suppes (1965)  

v o i c e  t h e  f e a r  t h a t  i n  s i t u a t i o n s  where t h e  p r e s e n t a t i o n  s e t  of 

a l t e r n a t i v e s  i s  changed from t r i a l  t o  t r i a l  a s y m p t o t i c  c h o ic e  

b e h a v i o u r  w i l l  n o t  be o b s e r v e d .  T h i s  i s  b e c a u s e ,  t h e y  b e l i e v e  

s u b s t a n t i a l  s e q u e n t i a l  d e p e n d e n c i e s  w i l l  e x i s t  be tw een  t h e  

r e s p o n s e s ,  however ,  t h e  o p i n io n  o f f e r e d  h e r e  i s  t h a t  i n  a
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p r o p e r l y  random ized  e x p e r im e n t  t h e s e  e f f e c t s ’ w i l l  no t  he s y s t e m a t i c  

I h e y  can  he assumed t o  p roduce  random e r r o r  i n  t h e  o bse rv ed  b i n a r y  

p r e f e r e n c e  f r e q u e n c i e s .

.Even so ,  i t  i s  s t i l l  n e c e s s a r y  to  t r y  and t e s t  w h e th e r  

any s y s t e m a t i c  r e s p o n s e  d e p e n d e n c ie s  o r  t r e n d s  a r e  p r e s e n t .  Most 

c h o i c e  s t u d i e s  do n o t  do t h i s ,  o f t e n  b eca u se  i n s u f f i c i e n t  d a t a  

i s  a v a i i a b l e . I n  t h e  e x p e r im e n t s  t o  be r e p o r t e d  h e r e ,  however ,  

c e r t a i n  t e s t s  a g a i n s t  ob v ious  memory e f f e c t s  and g e n e r a l  t r e n d s  

nave b e en  u s e d .  The e x p e r i m e n t a l  pa rad igm  g e n e r a l l y  used was 

d e s c r i b e d  i n  c h a p t e r  2. A s e t  of  m p a i r s  of a l t e r n a t i v e s  a r e  

p r e s e n t e d  to  t h e  s u b j e c t  n t im e s  each .  The mn t r i a l s  o c cu r  i n  a 

p r e d e t e r m i n e d  se q u en ce ,  random e x c e p t  t h a t  i f  a p a i r  i s  p r e s e n t e d  

a t  t r i a l  k i t  h a s  no t  a p p e a re d  on t h e  p r e v i o u s  1 t r i a l s .  The 

hope i s  t h a t  due to  t h e  s i m i l a r i t y  o f  t h e  c h o ic e  t a s k s  t h a t  a r e  

i n t e r s p a c e d  be tw een  s u c c e s s i v e  p r e s e n t a t i o n s  of a p a i r ,  and a l s o  

b e c a u s e  o f  t h e  t im e  d u r a t i o n  be tween  such p r e s e n t a t i o n s  t h e  s u b j e c t  

f o r g e t s  what he p r e v i o u s l y  c h o se .  Also i t  i s  hoped t h a t  i f  1 i s  

a b o u t  m/ 2  o r  m/ 3  t h e  c o n s t r a i n t  does  n o t  b i a s  t h e  r a n d o m i z a t i o n  

t o o  much. B e f o re  t h e  p ro c e d u re  can be s u c c e s s f u l ,  t h e n  m must 

be f a i r l y  l a r g e .  B e fo re  g e n e r a l  t e s t s  of dependency or  t r e n d  can  

be used  n a l s o  must be l a r g e .  On t h e  o t h e r  hand m x n must n o t  be 

to o  l a r g e  o r  t h e  s u b j e c t  w i l l  g e t  to o  b o r e d .  A s u c c e s s f u l  

e x p e r im e n t  t h e r e f o r e ,  w i l l  r e q u i r e  a c a r e f u l  c h o ic e  o f  m, n and 1 . 

I t  i s  hoped t n a t  Luce and Suppes* o b j e c t i o n s  qo n o t  a p p ly  t o  t h i s  

p a ra d ig m ,  b u t  i f  t h e y  do i t  can  be r e v e a l e d '  by t h e  p r e c a u t i o n a r y

t c S t S .

F i n a l l y ,  i n  t h i s  d i s c u s s i o n  of e m p i r i c a l  i s s u e s  

Edwards (1969)  and Edwards,  S lo v ic  & L i c n e n s t e m s ’ (1965)  

comments on g e n e r a l  e x p e r i m e n t a l  p r o c e d u r e s  shou ld  be n o t e d .
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The e a r l i e r  p a p e r  r e p o r t s  e x p e r im e n t s  i n v e s t i g a t i n g  c h o i c e s  

among gam bles  u n d e r  d i f f e r e n t  c o n d i t i o n s .  Some c o n c l u s i o n s  were:  

s h o r t e r  e x p e r i m e n t a l  s e s s i o n s ,  i n d i v i d u a l  a d m i n i s t r a t i o n  and r e a l  

g a m b l ing  a i d  i n  m o t i v a t i n g  s u b j e c t s  and t h u s  h e l p  t o  p rev e n t  

boredom in du ced  d i s t o r t i o n s  i n  p r e f e r e n c e s . "  U n f o r t u n a t e l y ,  no 

a t t e m p t  was made t o  d e te rm in e  which of  t h e s e  f a c t o r s  was most 

i m p o r t a n t .  N e v e r t h e l e s s  t h e  recommendat ions  seems i n t u i t i v e l y  

r e a s o n a b l e  so t h e y  w i l l  be a d o p ted  a s  f a r  a s  p o s s i b l e .  I n  t h e  

l a t e r  p a p e r ,  a r ev ie w  Edwards (1969) makes th e  p o i n t  t h a t  

“gam b l in g  e x p e r im e n t s  i n  u n i v e r s i t y  s e t t i n g s  a r e  open to  a number 

of  o b j e c t i o n s :  t h e  s t a k e s  a r e  t r i v i a l ,  t h e  s u b j e c t  p o p u l a t i o n  

i s  r a t h e r  s p e c i a l ,  and th e  e x p e r i m e n t a l  c o n d i t i o n s  must 

n e c e s s a r i l y  be somewhat u n r e a l i s t i c . "  U n f o r t u n a t e l y ,  h i s  

s o l u t i o n :  " s e t t i n g  up a r e s e a r c h  l a b o r a t o r y  i n  t h e  Four  Queens 

C a s in o  i n  downtown Las Vegas" i s  n o t  a lw ays  a v a i l a b l e .  Of 

Edwards t h r e e  p o i n t s  th e  f i r s t  two a r e  e m p i r i c a l .  I t  i s  t o  be 

hoped t h a t  w id e r  domains w i l l  be e x p lo r e d  f u l l y  i n  t im e .  The 

t h i r d  p o i n t  i s  a problem t h a t  f a c e s  a l l  e x p e r i m e n t s .  R ea l ism  i s  

what i s  s a c r i f i c e d  i n  o r d e r  t o  a t t a i n  g r e a t e r  c o n t r o l  of v a r i a b l e s .  

However, i n  t h e  c h o ic e  e x p e r im e n t s  to  be r e p o r t e d ,  t h e  s i t u a t i o n s  

a r e  r e a l  i n  t h a t  r e a l  conseq uences  f o l lo w  d e c i s i o n s  maae. B e f o re  

r e p o r t i n g  t h e s e  e x p e r im e n t s  some relevant* s u b s t a n t i v e  i s s u e s  

w i l l  be d i s c u s s e d .

O th e r  R e v ie w s .

Th ere  a r e  many rev ie w s  01  e m p i r i c a l  work on human

i n d i v i d u a l  d e c i s i o n  making b e h a v io u r  from a l l  p o i n t s  o f  v iew .  

(Edwards ( 1 9 5 4 c ) ,  (1 9 61 ) ,  Luce & Suppes (1 9 6 5 ) ,  B eck e r  & McLintock 

(1967)  e t c . )  The purpose  of t h e  r em a in d e r  of t h i s  c h a p t e r  i s  no t  

t o  a d d  a n o t h e r  s u c h  comprehens ive  r e v i e w .  R e c e n t  t r e n d s  w i l l  be
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d i s c u s s e d  and work which g i v e s  d i r e c t  e v id e n c e  f o r  and a g a i n s t  

some f u n c t i o n a l  r e l a t i o n s h i p s  among s u b j e c t i v e  v a l u e s  w i l l  be 

c o n s i d e r e d .  I n  p a r t i c u l a r ,  work u s i n g  methods s i m i l a r  t o  t h o s e  

d e s c r i b e d  e a r l i e r  w i l l  be c o n s id e r e d  i n  d e t a i l .

S t u d i e s  R e l a t e d  to  th e  QFA Apgro a c h .

A few s t u d i e s  have employed QFA ( a s  u n d e r s to o d  h e r e )  

bo e x p l o r e  f u n c t i o n a l  r e l a t i o n s h i p s  among s u b j e c t i v e  v a l u e s .

The f i r s t  was t h a t  of  Fago t  (1956) r e p o r t e d  i n  Adams & F a g o t  

(1959)  which h a s  a l r e a d y  been d i s c u s s e d .  In  t h e  a n a l y s i s  a 

r a t n e r  u s e f u l  p ro c e d u re  was a d o p ted  to  g iv e  a f u l l  t e s t  of  t h e  

a d d i t i v e  h y p o t h e s i s ,  H4. The h y p o t h e s i s  s t a t e s  t h a t  ( a , b ) ^

( c , d )  <=> u ( a )  + u ( b )  ^  u ( c )  + u ( d ) .  A com ple te  s e t  o f  b i n a r y  

c h o i c e s  f rom a two p ro d u c t  s e t  and t h e  above r e l a t i o n  

d e f i n e  a s e t  o f  n u m e r i c a l  l i n e a r  i n e q u a l i t i e s .  As th e y  p o i n t  

o u t ,  f o r  such  a sys tem  o f  i n e q u a l i t i e s  th eo re m s  a r e  known which 

e n a b l e  one t o  e s t a b l i s h  i f  a s o l u t i o n  e x i s t s ,  and i f  so t o  f i n d  

i t  ( o r  t h e m ) . U n f o r t u n a t e l y  t h i s  i s  only  t r u e  f o r  t h e  a d d i t i v e  

r e p r e s e n t a t i o n .  Where th e  a d d i t i v e  model can be shown to  h o ld  by 

t h i s  method QFA i s  r e d u n d a n t .  However, where i t  does  not  h o ld  

QfA can  be used  to  examine t h e  n a t u r e  o f  th e  m o d e l ' s  f a i l u r e .

F a g o t  d id  t h i s ,  f o r  s u b j e c t ' s  daba which v i o l a t e d  H4- p ay in g  p a r t i c u l a r  

a t t e n t i o n  to  t h e  o r d i n a l  model H3 ( bhat which s a y s  uhe weak 

o r d e r  c o n d i t i o n  i s  s a t i s f i e d ) .  I f  QFA r e v e a l s  t h a o  v i o l a t i o n s  

a r e  no t  s y s t e m a t i c  t h e n  a s e a r c h  f o r  t h e  l a r g e s  0 s u b s e t  o f  

o b s e r v a t i o n s  which do no t  v i o l a t e  H4, t h e  a d d i u i v e  model can  he 

made. I f  t h e  number l e f t  out  of t h i s  s e t  i s  sm a l l  t h e n  t h e s e  

o b s e r v a t i o n s  can be pu t  down to  " e r r o r s "  of  judgem ent .  F a g o t ' s
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e x p e r im e n t  e l i c i t e d  s u b j e c t s  c h o ic e s  f o r  jo b  a p p l i c a n t s  and 

snowed c o n s i d e r a b l e  s u p p o r t  f o r  t h e  a d d i t i v e  u t i l i t y  model .

B e fo re  d i s c u s s i n g  th e  n e x t  ex p e r im e n t  which used  QFA, 

c o n s i d e r  bne f o l l o w i n g  gambles (x»J- ,y)  o f  t h e  wheel  of  f o r t u n e  

bype,  where x i s  won o r  l o s t  w i th  p r o b a b i l i t y  o t h e r w i s e  y i s  

won o r  l o s t ,  and l e t  x , y e  X. QFA of th e  SLU model c an  be c a r r i e d  

o u t  by c o n s i d e r i n g  th e  s p e c i a l  case  of  H4» p o s t u l a t i n g  t h e  

e x i s t e n c e  of  a s i n g l e  u t i l i t y  s c a l e ,  u such t h a t  ( x , J , y )  ^

( z , p , w )  u ( x )  + u ( y ) ^  u ( z )  + u(w) .  Now, s i n c e  t h e  e l e m e n t s  

a l l  b e lo n g  t o  t h e  same s e t  i t  seems a r e a s o n a b l e  a s s u m p t io n  t h a t  

t h e  above r e l a t i o n s h i p  be tw een  th e  u t i l i t y  sums i s  e q u i v a l e n t  

bo t h e  f o l l o w i n g  one be tw een  u t i l i t y  d i f f e r e n c e s :  u ( x )  -  u ( z )

^  u(w) -  u ( y ) .  A c h o ic e  between gambles ( x , J - , y ) ,  (z ,J - ,w )  i s  

assumed to  g iv e  e v id e n c e  a bou t  u t i l i t y  d i f f e r e n c e  a c c o r d i n g  t o  

b n i s  e q u i v a l e n c e .  That  i s ,  t h e  r e l a t i o n  ( x , i , y ) ^  ( z , J , w ) can 

be assumed e q u i v a l e n t  to  a u t i l i t y  d i f f e r e n c e  r e l a t i o n  ( x , z )  

Q (w ,y ) .  An a l t e r n a t i v e  QFA can  t h e n  be c a r r i e d  ou t  t o  t e s t  t h e  

cBU model u s i n g  t h e  f o l l o w in g  h y p o t h e s i s .  Le t  us  c a l l  t h e  U t i l i t y  

D i f f e r e n c e  R e p r e s e n t a t i o n  H y p o th e s i s  onft6= ^  x A, t n a t

h y p o t h e s i s  which s t a t e s  t h a t  t h e r e  e x i s t s  a r e a l  v a lu e d  f u n c t i o n ,  

u  on A x A such  t h a t  f o r  a l l  a , b , c 5d , £ A ,  ( a , b )  w (c ,d )  <f=,> 

u ( a )  -  u ( b )  ^  u ( c )  -  u( d ). The ad v an tag e  of  u s i n g  t h i s  t o  

examine ULU r a t h e r  t h a n  H4 i s  t n a t  i t  maxes f u l l  use  of t h e  

f a c t s  t h a t  a l l  e le m e n t s  which occu r  b e lo n g  t o  t h e  same s e t  and 

bhat any p a i r  can be compared to  any o t h e r  p a i r .  Fago t  (1959)  

h a s  c a r r i e d  ou t  a QFA f o r  t n e  s t r i c t  u b i l i t y  d i f f e r e n c e  

r e p r e s e n t a t i o n  h y p o t h e s i s ,  t h e  same a s  t h e  above e x c e p t  t h a t  i t  

d oes  n o t  a l l o w  - u t i l i t y  d i f f e r e n c e s  t o  be e q u a l .  Suppes & Wmet 

(1955)  have p r o p o s e d  an axiom system s u f i i c i e n b  x o r  Hit f u l l
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r e p r e s e n t a t i o n  h y p o t h e s i s .  Adams, Fagot  & R ob inso n  (1971)  nave 

s u g g e s t e d  a s u b s e t  of t h i s  axiom sys tem  which c o n t a i n s  much of 

the  e m p i r i c a l  c o n te n t  of t h e  h y p o t h e s i s  and would t h e r e f o r e  be 

s u i t a b l e  f o r  QFA. Thus, t h e  r e s u l t s  to  c a r r y  ou t  QFA of t h e  

u t i l i t y  d i f f e r e n c e  r e p r e s e n t a t i o n  o f  t h e  SEU f o r  t h e  above gambles  

a r e  known. Only one exp er im en t  u s i n g  t h e s e  r e s u l t s  i s  known, t h a t  

o f  F a g o t  ( 1 9 5 9 ) .

H is  o m is s io n  of t h e  p o s s i b i l i t y  of e q u a l i t y  of  u t i l i t y  

d i f f e r e n c e s  g r e a t l y  s i m p l i f i e d  h i s  a n a l y s i s .  A g roup  of  10 

u n d e r g r a d u a t e s  had t o  g iv e  s t a t e m e n t s  a s  to  t h e  d i f f e r e n c e s  i n  

u t i l i t y  o f  p a i r s  from a s e t  of  c l a s s  g r a d e s ,  A,B,C,D and E.

I t  was assumed t h a t  t h e  a l p h a b e t i c  o r d e r  was t h e i r  p r e f e r e n c e  

o r d e r  f o r  t h e  g r a d e s .  I f  a t  most one of t h e i r  s t a t e m e n t s  was 

r e v e r s e d ,  7 of  t h e  10 S ' s  would have s a t i s f i e d  a l l  t h e  

q u a l i t a t i v e  c o n seq uences  of  t h e  u t i l i t y  d i f f e r e n c e  model t h a t  

F a g o t  c o n s i d e r e d .  The rem a in in g  3 would have s a t i s f i e d  a s t r o n g  

su b -m o d e l .  T h is  i s  s t r o n g  ev iden ce  f o r  F a g o t s  s t r i c t  u t i l i t y  

d i f f e r e n c e  h y p o t h e s i s .  No o t h e r  s t u d i e s  have t r i e d  to  examine 

uhe u t i l i t y  ' d i f f e r e n c e  h y p o t h e s i s  by QFA. Most s t u d i e s  exam ining  

t h e  h y p o t h e s i s  have been concerned w i th  o b t a i n i n g  an  i n t e r v a l  

s c a l e  o f  t h e  e l e m e n t s .  T e s t s  of t h e  models have b e en  made by 

u s i n g  t h e  s c a l e  o b t a in e d  t o  make p r e d i c t i o n s  a o o u t  f u r t n e r  

c h o i c e s .  T h i s  ap p ro a ch  i s  u s e f u l  because  i t  shows t n a t  m odels  

u s i n g  t h e  r e l a t i o n a l  sys tem f o r m u l a t i o n  can y i e l d  q u a n t i t a t i v e  

d a t a .  What i t  does  not  r e v e a l ,  though  i s  t h e  so u rc e  o f  

erron an s p r e d i c L i o n s ,  a s  a thorough QFAwouia do. These s c a l i n g  

s t u d i e s  ( e . g .  H u r s t  & S e i g e l  (1956) ,  S e i g e l  (1956)  Coombs & 

E o m o r i t a  (1958)  D av idson ,  Suppes & S e ig e l  (1959) have b e en  

e x t e n s i v e l y  d i s c u s s e d  by Luce & cuppes (1 9 o 5 ) .
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Two s t u d i e s  examining  c h o ic e s  among r i s k y  a l t e r n a t i v e s  

b.v QFA a r e  t h o s e  of Tversky ( 1 9 6 7 a ) ,  and Coombs, B e z im b in d e r  

& u-oode ( 1 9 6 7 ) .  Tversky o b ta in e d  d a t a  by t h e  Ivlarschak b i d d i n g  

t e c h n i q u e  and i n  th e  l a t t e r  s tu d y  p a i r  com par ison  c h o i c e s  were 

o b s e rv e d  i n  a d d i t i o n  to  b i d s .  T v e r s k y 1s e x p e r im e n t  w i l l  be 

d i s c u s s e d  i n  more d e t a i l  when q u a l i t a t i v e  s t u d i e s  a r e  c o n s i d e r e d  

s i n c e  most o f  tn e  a n a l y s i s  i s  based on f u n c t i o n a l  m easurem ent .

E le v e n  p r i s o n e r  S ' s  were a sked  to  g iv e  s e l l i n g  p r i c e s  

l o r  c e r t a i n  s e t s  of a l t e r n a t i v e s :  i )  r i s k y  on es ,  where t h e y  cou ld  

win a number o f  c i g a r e t t e s ,  bags  of  candy o r  b o t h  w i th  a g i v e n  

p r o b a b i l i t y  ( t h e  complementary e v en t  b e in g  z e r o )  i i )  r i s k l e s s  

o n e s ,  com odi ty  b u n d le s  o f  x c i g a r e t t e s  and y b ag s  of  candy.

There  were t h r e e  s e t s  of  r i s k y  and one s e t  o f  r i s k l e s s  

a l t e r n a t i v e s .  The 3EU h y p o t h e s i s  was t e s t e d  f o r  3 of t h e  s e t s ,  

t h e  f o u r t h  b e in g  r e s e r v e d  to  t e s t  p r e d i c t i o n s  u s i n g  a v a r i a n t  

o f  t h e  l i n e a r  programming method used  by Fago t  ( 1 9 5 6 ) .  The 

o b s e r v a t i o n s  a r e  on a t  l e a s t  an  o r d i n a l  s c a l e  and t h e  

a p p l i c a t i o n  of  t h i s  p ro c e d u re  i s  a f u l l  o r d i n a l  f u n c t i o n a l  

a n a l y s i s  of  t h e  a d d i t i v e  or  m u l t i p l i c a t i v e  h y p o t h e s i s .  S o l u t i o n s  

of  t h e  a p p r o p r i a t e  l i n e a r  programmes were found f o r  t h e  l a r g e s t  

s u b s e t  o f  e a c h  set .  of d a t a .  The K e n d a l l  rank  c o r r e l a t i o n  

c o e f f i c i e n t ,  t  be tw een  each s o l u t i o n  and i t s  d a t a  m a t r i x  was 

computed a s  a measure  of  th e  degree  of a d d i t i v i t y  f o r  t n a t  s e t .  

Twenty s i x  o f  t h e  33 d a ta  s e t s  examined were p e r f e c t l y  a d d i t i v e  

and t h e  w o rs t  had t  = 0 .9 5 0 .  T h is  d a t a ,  t h e n  g i v e s  s t r o n g  

s u p p o r t  f o r  a d d i t i v i t y  and i t  was no t  n e c e s s a r y  to a p p ly  any

f u r t h e r  a n a l y s i s ,  such a s  cFA.

The Coombs, Bez im binder  and Goode s tu d y  a c t u a l l y  

p r e c e d e s  t h a t  of  T versky .  • Two e x p e r im e n ts  were c a r r i e d  ou t  t o
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t e s t  q u a l i t a t i v e  p r e d i c t i o n s  of ex p ec te d  v a l u e  (EV), 

s u b j e c t i v e l y  e x p e c te d  v a lu e  (SEV), ex p ec te d  u t i l i t y  (EU) and SEU 

m o d e l s .  S u b j e c t s  c h o ic e s  be tween p a i r s  of s im p le  gam bles  and 

b i d s  t o r  them were o b se rv e d .  The SEU model t e s t e d  was a c t u a l l y  a 

s t r i c t  bmU model such t n a t  no i n d i f f e r e n c e  was p e r m i t t e d .  As 

o b s e r v e d  i n  c o n n e c t i o n  w i th  Fagot  (1959) t h i s  g r e a t l y  s i m p l i f i e s  

t h e  a n a l y s i s .  The p r o b a b i l i s t i c  p r e f e r e n c e  model:  p ( a , b )  = / f<£> 

a«^b  was assumed.  E s s e n t i a l l y ,  t h e  t e s t  of the  f o u r  models  was 

a s  f o l l o w s .  An u n r e s t r i c t e d  e s t i m a t e  of -ft and a l s o  an  e s t i m a t e  

u n d e r  t n e  r e s t r i c t i o n  of some i m p l i c a t i o n  of  an  e x p e c t a t i o n  model 

was made. I f  t h e  l a t t e r  e s t i m a t e  was s i g n i f i c a n t l y  low er  t h a n  

the  f o r m e r  t h e n  th e  model was r e j e c t e d .  T h is  i s  b e c a u se  t h e  

e x p e c t a t i o n  model g i v i n g  th e  r e s u l t  can only  e x p l a i n  th e  d a t a  by 

a ssu m in g  g r e a t e r  i n c o n s i s t e n c y  th a n  t h e  u n r e s t r i c t e d  model which 

a ssu m es  o n ly  c o n s t a n t  f t  .

The s t r i c t  ( i . e .  no i n d i f f e r e n c e )  -3EU model was t e s t e d  

by e s t i m a t i n g / f  s u b j e c t  to  the  f o l l o w in g  consequence  of  i t .  F o r  

s im p le  g am bles  ( p , s ) 6  P X 3:

I t  ( o , b ) ( p j s ) and ( r , s ) ( q , t ) and ( p , u )  <£ ( o , v )

t h e n  ( r , u )  ( q , v ) ,  f o r  a l l  o , p , q , v  £  P and s , t , u , v - £  S.

I t  was T v e r s k y ' s  p a p e r  which p o in te d  out  t n a t  t h e  above c o n d i t i o n ,  

c a l l e d  t h e  t r i p l e  c a n c e l l a t i o n  c o n d i t i o n  i s  e q u i v a l e n t  t o  

0 oombs e t  a l ' s  theorem  5. Both  t h e  e x p e r im e n t s  r e p o r t e d  by 

Goombs e t  a l  were d e s ig n ed  to  make t h i s  bes t  of SmU a s  w e l l  a s  

s i m i l a r  t e s t s  of EY, 3EY and EU. The e x p e r im e n t s ,  u s i n g  w id e ly  

d i f f e r i n g  sam p les  of  s u b j e c t s  gave ve ry  s t r o n g  e v id e n c e  t n a t  

t h e  above c o n d i t i o n  was no t  v i o l a t e d .  I t  should  be n o t e d ,  th o u g h  

t h a t  even  i f  i t  nad been v i o l a t e d  the  f i n d i n g  cou ld  be e x p l a i n e d  

by p r o p o s i n g  t n a t  s u b j e c t s  had been i n d i f f e r e n t  be tw een  some o f

111.



t h e  g am b les .

'There have been  a number o f  s t u d i e s  which have t e s t e d  

ohe t r a n s i t i v i t y  c o n d i t i o n .  T r a n s i t i v i t y ,  t h a t  i s  o f  th e  weak 

p r e f e r e n c e  r e l a t i o n .  I t s  s t r i c t  p r e f e r e n c e  and i n d i f f e r e n c e  

com ponen ts  nave no t  b een  c o n s id e r e d  s e p a r a t e l y .  V a r io u s  k i n d s  

of  s t o c h a s t i c  t r a n s i t i v i t y ,  conseq u en ces  o f  d i f f e r e n t  c h o ic e  

m odels  cased  on p r e f e r e n c e  p r o b a b i l i t i e s  nave been  d e f i n e d .

That  most  d i r e c t l y  r e l a t e d  to  " a l g e b r a i c ” t r a n s i t i v i t y  i s  

g e n e r a l l y  c a l l e d  weak s t o c h a s t i c  t r a n s i t i v i t y ,  which h o l d s  f o r  

a l l  a , b , c , £  A:

p ( a , b )  ^  i  and p ( b , c )  ^  |  =£> p ( a , c )  ^  i .

T h is  i s  e q u i v a l e n t  to  t r a n s i t i v i t y  a s  d e f i n e d  e a r l i e r ,  w i th  

p r e f e r e n c e  d e f i n e d  a c c o r d i n g  to  p r o b a b i l i s t i c  model one and 

<  = 0 . 5 .

The e x p e r i m e n t a l  ev id en ce  r e l a t i n g  t o  t h i s  c o n d i t i o n

i s  r e v ie w e d  by Luce and Suppes (1 96 5 ) .  I t  g e n e r a l l y  s u p p o r t s

t r a n s i t i v i t y .  Most o f  t h e  e v id en ce  a g a i n s t  i t  i s  d i s c u s s e d  by

D a v i s  ( 1 9 5 8 ) .  He s u g g e s t s  t h a t  most i n d i c a t i o n s  o f  i n t r a n s i t i v e
c a n  be

c n o i c e s  t h a t  have been  f o u n d / a s c r i b e d  to S ’ s b e in g  i n d i f f e r e n t  

among c e r t a i n  o f  t h e  a l t e r n a t i v e s  p r e s e n t e d  t o  them. He 

c o n c e n t r a t e s  h i s  argument  on d a ta  abou t  the  p r o p o r t i o n  o f  c i r c u l a r  

t r i a d s  found  i n  e x p e r im e n t s  by Edwards (1953? 1 9 5 4 a )b ) )  and May 

( 1 9 5 4 ) .  D a v i s  s a y s  of Edwards1 i n t e r p r e u a t i o n  of h i s  f i n d i n g .  

" C i r c u l a r  t r i a d s  were found i n  Edwards* f i r s t  e x p e r im e n t  (1953)

i n  a b o u t  20c/o o f  t h e  t o t a l  number of t im e s  t h e y  could  o c c u r ............

(He) s a y s  t h a t  a l t h o u g h  c i r c u l a r  t r i a d s  might  be e x p e c te d  to  

o c c u r  i f  th e  s u b j e c t s  were i n d i f f e r e n t  she r e s u l t s  o f  t h e  v o t e  

c ou n t  showed t h a t  t h e y  d id  not  choose a t  random. T h is  a rgum ent
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of  Edwards i s  l o g i c a l l y  f a l l a c i o u s   i t  does  n o t  f o l l o w  from

th e  p r e m i s e s  t h a t  i f  t n e r e  i s  s i g n i f i c a n t  ag reem ent  b e tw een  

s u b j e c t  c h o i c e s  and t h a t  t h e r e  a r e  c i r c u l a r  t r i a d s  i n  20*fo o f  t h e  

p o s s i b l e  t r i a d s  o f  th ese  c h o i c e s ,  t n a t  t h e r e  i s  ag reem ent  on th e  

c i r c u l a r  t r i a d s  among s u b j e c t s . "

D a v i s  performed two e x p e r im e n t s ,  one u s in g  s i m i l a r  

a l t e r n a t i v e s  t o  t h o s e  used by May and th e  o t h e r  u s i n g  ones  s i m i l a r  

t o  E dw ards .  He t e s t e d  to see w h e th e r  s t a b l e  i n t r a n s i t i v i t i e s  

c o u ld  be found by c a r r y i n g  out  complete  p a i r  com par iso n  

e x p e r i m e n t s  and t h e n  r e p l i c a t i n g  them u s i n g  the  same S ' s .  I f  

tr ie p r o p o r t i o n  o f  t r i a d s  t h a t  were c i r c u l a r  on b o th  r e p l i c a t i o n s  

was g r e a t e r  than  t h a t  exp ec ted  by chance he would con c lu d e  t h a t  

s t a b l e  i n t r a n s i t i v i t i e s  had been  found .  In  n e i t h e r  e x p e r im e n t  

was he a b l e  to  draw t h i s  c o n c l u s i o n .

A s tu d y  by Tversky (1969) i s  the  on ly  one t o  r e l i a b l y  

p ro d u ce  i n t r a n s i t i v i t y ,  of c h o ic e s .  Again i n d i f f e r e n c e  i s  no t  

t r e a t e d  s e p a r a t e l y  from s t r i c t  p r e f e r e n c e ,  b u t  i n s p e c t i o n  of  t h e  

d a t a  i n d i c a t e s  t h a t  t h e  i n t r a n s i t i v i t y  found cann o t  be e x p la in e d  

by S ' s  i n d i f f e r e n c e  among some a l t e r n a t i v e s .  Two n - r e p l i c a t e  

p a i r  c o m p a r i s o n  e x p e r im e n t s  were c a r r i e d  o u t ,  t h e  f i r s t  u s i n g  

s im p le  gam bles  and t h e  second u s in g  job a p p l ic a n t ,  p r o f i l e s .  T h is  

s tu d y  d i f f e r e d  ( a s  f a r  a s  one can a s c e r t a i n )  f rom eve ry  p r e v i o u s  

i n v e s t i g a t i o n  of t r a n s i t i v i t y  i n  one im p o r t a n t  r e s p e c t ,  l h e  

d i f f e r e n c e  be tw een  the  v a lu e s  of  t h e  a l t e r n a t i v e s  on one o f  t h e  

d im e n s io n s  was e i t h e r  n e a r  to  be ing  i n d i s c r i m i n a o l e  o r  such t h a t  

i t  d i d  n o t  r e l i a b l y  r e f l e c t  a r e a l  d i f f e r e n c e .  Tversky  s u g g e s t s  

t h a t  u n d e r  t h e s e  c o n d i t i o n s  people  may choose  a c c o r d i n g  uo a 

d e c i s i o n  r u l e  b ased  on a l e x i c o g r a p h i c  s e m i - o r d e r :  " C o n s id e r ,
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f o r  example  a s i t u a t i o n  i n  which t h r e e  a l t e r n a t i v e s ,  x , y  and z 

v a ry  a lo n g  two d im e n s io n s ,  I  and I I  and where t h e  v a l u e s  o f  

-ihiese d im e n s io n s  a r e  g iv e n  by t h e  f o l l o w i n g  p a y o f f  m a t r i x .

Dimensions 

I  I I
X 2E 6 £

a l t e r n a t i v e s y 4£

z 4£ 2&

.................  Suppose tn e  s u b j e c t  ( s )  u s e s  t h e  f o l l o w i n g

d e c i s i o n  r u l e  i n  ch o o s in g  between each p a i r  o f  a l t e r n a t i v e s :  

i f  t n e  d i f f e r e n c e  between th e  a l t e r n a t i v e s  on d im e n s io n  one i s  

( s t r i c t l y , 1 g r e a t e r  t h a n  £  , choose th e  a l t e r n a t i v e  t h a t  h a s  t h e  

h i g h e r  v a l u e  on d im en s ion  I .  I f  t h e  d i f f e r e n c e  be tw een  t h e  

a l t e r n a t i v e s  i s  l e s s  t h a n  o r  e q u a l  t o  £ choose t h e  a l t e r n a t i v e  

i n a t  h a s  fhe h i g h e r  v a lu e  on d im ens ion  I I .  I t  i s  easy  t o  see  

t h a t  3 : i i s  s e em in g ly  r e a s o n a b l e  d e c i s i o n  r u l e  y i e l d s  i n t r a n s i t i v e  

^ • r e f e r e n c e s  when a p p l i e d  g o  the  above m a t r i x . "

T h i s  d e c i s i o n  r u l e ,  f i r s t  c o n s id e r e d  by D av id so n ,  

h c K in se y  & Suppes  (1955)  i s  c a l l e d  by Tversky a L e x i c o g r a p h ic  

S e m i - o r d e r ,  J S ) .  I t  i s  a s p e c i a l  c ase  of an a d d i t i v e  d i f f e r e n c e  

m odel ,  where DMs c o n s i d e r  t h e  u t i l i t y  d i f f e r e n c e  of two 

a l t e r n a t i v e s  a lo n g  each  d im ension  and form _che o v e r a l l  u t i l i o y  

d i f f e r e n c e  of t h e  a l t e r n a t i v e s  a d d i t i v e l y  a c r o s s  th e  d im e n s io n s .  

As ’w e l l  a s  h i s  d i s c u s s i o n  oi tn e  s p e c i a l  case  one of  t h e  m a jo r  

contributions of  T v e r s k y ! s s tu d y  i s  h i s  d i s c u s s i o n  of  a d d i t i v e

difference models of preference.
The f i r s t  expe r im en t  employee f i v e  s im ple  gambles  e ac h

r e p r e s e n t e d  by a v.-heel of f o r t u n e .  The p a y o f f  i n f o r m a t i o n  was
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g i v e n  b u t  t h e  p r o b a b i l i t y  o f  a win was no t  e x p l i c i t ^  g i v e n .

S ' s  had oo d e te r m in e  d i f f e r e n c e s  i n  p r o b a b i l i t y  by compar ing  t h e  

win a r e a s  o f  th e  w h ee ls .  An n - r e p l i c a t e  p a i r  com par ison  o f  t h e  

f i v e  a l t e r n a t i v e s  was c a r r i e d  out and t h e  t r a n s i t i v i t y  c o n d i t i o n  

was t e s t e d  by a l i k e l i h o o d  r a t i o  t e s t  s i m i l a r  t o  t h a t  s u g g e s t e d  

e a r l i e r  f o r  QFA w i th  p r o b a b i l i s t i c  p r e f e r e n c e  model I .  I n  f a c t ,  

the  t e s t s  s u g g e s t e d  e a r l i e r  a r e  e x t e n s i o n s  of  T v e r s k y ' s  t e s t  i n  

t h i s  e x p e r i m e n t .

Of 8 s u b j e c t s  t e s t e d ,  7 were found to  v i o l a t e  weak 

s t o c h a s t i c  t r a n s i t i v i t y . Again by the  LR t e s t ,  on ly  one s u b j e c t  

a p p e a r e d  t o  v i o l a t e  the  LS model.  I t  should  be remarked t h a t  t h e s e  

s u b j e c t s  were " s c r e e n e d "  i n  a p r e - s e s s i o n  and s e l e c t e d  a s  b e in g  

l i k e l y  t o  show i n t r a n s i t i v e  c h o ic e s .  I t  was s a i d  t h a t  t h i s  was 

i n  o r d e r  t o  f i n d  3 ' s  who would a p p ly  t h e  LS d e c i s i o n  r u l e  b u t  

e q u a l l y ,  S ' s  who were poor  a t  d i s c r i m i n a t i n g  d i f f e r e n c e s  among t h e  

a r e a s  r e p r e s e n t i n g  th e  p r o b a b i l i t i e s  could  have been  

i n a d v e r t e n t l y  s e l e c t e d .  . Luce & Suppes (1955) and I r w in  (1958)  

have  d i s c u s s e d  t n e  r e l a t i o n  be tween d i s c r i m i n a t i o n  and p r e f e r e n c e ,  j 

They’ p o i n t  ou t  t h a t  peop le  can only p r e f e r  one t h i n g  o ve r  

a n o t h e r  i f  t h e y  can d i s c r i m i n a t e  between them. Thus,  one cou ld  

pu t  t h e  i n t r a n s i t i v i t i e s  i n  t h i s  exper im ent  down to  poor  

d i s c r i m i n a b i l i t y  of th e  p r o b a b i l i t y  d im ens ion .  I n  which c a se  

t h e  e x p e r i m e n t  does  no t  r e v e a l  a n y th in g  b a s i c  a b ou t  t h e  s t r u c t u r e

of  p r e f e r e n c e .

The second of  T v e r se k y ’ s e x p e r im e n ts  i s  no t  s u b j e c t  t o

th e  above c r i t i c i s m .  Tne a l t e r n a t i v e s  used were t h r e e -  

a im e n s io n a l  jo b  a p p l i c a n t  p r o f i l e s  s i m i l a r  t o  t h o s e  c o n s i d e r e d  by 

Adams & f a g o t  ( 1 9 5 9 ) .  An a p p l i c a n t ' s  p r o f i l e  was r e p r e s e n t e d  a s
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a b a r  d i a g r a m ,  t h e  h e i g h t s  of t h e  t h r e e  b a r s  r e p r e s e n t i n g  h i s  

l e v e l  on each  of t h e  t h r e e  f a c t o r s  i n t e l l e c t u a l  a b i l i t y ,  e m o t i o n a l  

s t a b i l i t y  and s o c i a l  f a c i l i t y .  Again ,  S ' s  were sc re e n e d  i n  a 

r r e - t e s t  t o  f i n d  t h o s e  l i k e l y  to  use  the  LS r u l e .  T h i s  t im e ,  

i n  a d d i o i o n ,  s t i m u l i  were s e l e c t e d  f o r  each S which were 

e x p e c te d  to y i e l d  i n t r a n s i t i v e  c h o i c e s .  A 3—r e p l i c a t e  p a i r  

c o m p a r i s o n  o f  .10 a l t e r n a t i v e s  was c a r r i e d  o u t .  Com parisons  o f  

the  o b s e r v e d  w i th  th e  e x p ec ted  number o f  c i r c u l a r  t r i a d s  g iv e n  

t h a t  S ' s  were s t o c h a s t i c a l l y  t r a n s i t i v e  and g iv e n  t h a t  t h e y  used  

tr ie  LS r u l e  were made. The observed  v a lu e  of t h i s  s t a t i s t i c  was 

c l o s e  to t h a t  e x p e c te d  under  th e  LS r u l e  f o r  11 of  t h e  

15 S ' s  t e s t e d .  The observed  p r o p o r t i o n  o f  c i r c u l a r  t r i a d s  f o r  

t h e  g ro u p  was s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  e x p e c te d  u n d e r  

s t o c h a s t i c  t r a n s i t i v i t y  b u t  not  from t h a t  e x p e c te d  u n d e r  LS. 

I n s p e c t i o n  of  t h e  a l t e r n a t i v e s  used does  n o t  s u g g e s t  t h a t  S ’ s 

would be u n a b le  t o  d i s c r i m i n a t e  be tween d i f f e r e n t  v a l u e s  on any 

d im e n s io n .  A b e t t e r  i n t e r p r e t a t i o n  i s  t h a t  S ' s  supposed sm a l l  

( b u t  d i s c r i m i n a b l e ) d i f f e r e n c e s  i n  i n t e l l e c t u a l  c a p a c i t y  s c o r e s  

d id  n o t  r e l i a b l y  r e f l e c t  a t r u e  d i f f e r e n c e .  A c o n c l u s i o n  from 

l-hese r e s u l t s  can  be su g g e s te d .  Where th e  i n f o r m a t i o n  i s  

p e r c e i v e d  a s  a p p ro x im a te ,  a s  no t  b e in g  an a c c u r a t e  r e p r e s e n t a t i o n  

of  t h e  r e a l  world  t h e n  the  LS d e c i s i o n  r u l e  i s  o f t e n  f o l l o w e d .  

V i o l a t i o n  of  t r a n s i t i v i t y  has not  been  d e m o n s t r a te d  i n  s i t u a t i o n s  

where DM's i n f o r m a t i o n  i s  a c c u r a t e  and com p le te .

Some s t u d i e s  have been  c a r r i e d  out which can  be i n t e r p r e t s !  

a s  b e i n g  f a v o r a b l e  to th e  i n e x a c t  35U model h u t  u n f a v o r a b l e  t o  t h e  

e x a c t  UO  m odel .  The f i r s t  of t h e s e  was i n  the  e x t e n s i v e  s tu d y  based 

on t h e  u t i l i t y  d i f f e r e n c e  r e p r e s e n t a t i o n  h y p o t h e s i s  by D a v id son ,



Suppes & S e i g e l  ( 1 9 5 7 ) .  I n  t h i s  t h e i r  main c o n c e rn  was 

measurement  o f  t h e  u t i l i t y  of money and t h e  s u b j e c t i v e  

p r o b a b i l i t y  o f  c e r t a i n  chance e v e n t s .  They d i d ,  however ,  

conduct, an  e x p e r im e n t  t o  o b t a i n  c h o i c e s  be tw een  gambles  o f  t h e  

(x j i? .y )  t y p e  d i s c u s s e d  e a r l i e r  where th e  a l t e r n a t i v e s  were 

gramaphone r e c o r d s .  They used  t h e  l i n e a r  programming method t o  

t e s t  t h e  a d d i t i v e  d i f f e r e n c e  h y p o t h e s i s  by c o n v e r t i n g  t h e  c h o i c e s  

a p p r o p r i a t e l y  t o  l i n e a r  i n e q u a l i t i e s .  The e x a c t  m o d e l - f a i l e d , bu t  

i n s t e a d  o f  p r o c e e d in g  a s  Adams & F ag o t  d id  and p u t t i n g  v i o l a t i o n s  

down t o  e r r o r  t h e y  i n t r o d u c e d  a p o s i t i v e  c o n s t a n t  i n t o  t h e  

i n e q u a l i t i e s  on t h e  ’’g re a te r '*  s i d e  and so lved  t h e  new l i n e a r  

programme m in im iz in g  t h e  p o s i t i v e  c o n s t a n t .  A s o l u t i o n  t o  t h i s  

a lw a y s  e x i s t s  and th e y  t e s t e d  i t s  s u i t a b i l i t y  by t h e  number o f  

c o r r e c t  p r e d i c t i o n s  i t  made. T h e i r  c o n c l u s i o n s  were f a v o r a b l e  t o  

t h e i r  l i n e a r  programming model ,  which,  a s  i n d i c a t e d ,  i s  t h e  

i n e x a c t  SEU model i n  a n o t h e r  g u i s e .

W a l l e s t e n  (1971)  t e s t e d  t h e  i n e x a c t  SEU model  u s i n g

s im p le  gam bles  by p r e s e n t i n g  p a i r s  o f  gambles  ( p , x ) ,  ( ^ , y )

PxX. He l e t  one of  t h e  f o u r  p a r a m e t e r s  be a d j u s t a b l e  and l e t

t h e  s u b j e c t  a d j u s t  i t  so he was i n d i f f e r e n t  be tween  t h e  g am bles .

L e t t i n g  t h e  u t i l i t y  o f  z e ro  be ze ro  and a ssum ing  SEU g i v e s  th e

e q u a l i t y  s ( p ) u ( x )  = s ( q ) u ( y ) .  Not s u r p r i s i n g l y ,  when a s e t  of

such e q u a t i o n s  were o b ta in e d  w i th  o v e r l a p p in g  p ’ s and x ’ s no

s o l u t i o n  cou ld  be fo u nd .  C o n s id e r  though  t h a t  t h e  i n e x a c t  SEU

model  p r e d i c t s  t h a t  s (p )n (x , )7  £ when two gam bles
/ s (  q ) u ( y )

( p , x ) and ( q , y ) a r e  judged i n d i f f e r e n t .  I f  l o g s  a r e  t a k e n  t h i s  

g i v e s  l i n e a r  i n e q u a l i t i e s  wnich can be so lv e d  m in im iz in g  ^  •

e s s e n t i a l l y ,  t h i s  was W a l l e s t e n ' s  p r o c e d u r e .  He d e te rm in e d  s ( p )
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and U ( x ) s c a l e s  and c o n s i d e r e d  w h e th e r  s c a l e  v a l u e s  were 

c o n s i s t e n t  w i th  c e r t a i n  in d e p e n d e n t  a d j u s t m e n t s  o f  i n d i f f e r e n c e ,  

i ' h i s  was n o t  a s  good a t e s t  o f  th e  i n e x a c t  SEU model  a s  QFA 

would g i v e ,  h u t  th e  e v id e n ce  was f a v o r a b l e  t o  t h e  model .  B o th  o f  

the  above s t u d i e s  a t t e m p te d  t o  f i t  e x a c t  SEU s c a l e s ,  f a i l e d  and 

p u t  t h i s  f a i l u r e  down t o  the  n a t u r e  of i n d i f f e r e n c e .

L e t  u s  now see w. a t  l i n e  of e n q u i r y  w i th  QPA i s  

s u g g e s t e d  by p r e v i o u s  r e s e a r c h  r e l a t e d  t o  i t .  Most of t h e  s t u d i e s  

■which t e s t e d  r p e r e s e n t a t i o n  h y p o th e s e s  d id  so w i t h  some l i n e a r  

programming method, n o t  by QFA. Such methods c an n o t  be used  t o  

p i n p o i n t  f a i l u r e s  a s  QFA can ,  and th e y  a r e  l i m i t e d  i n  t h a t  r e s u l t s  

t o r  a d d i t i v e  r e p r e s e n t a t i o n s  only  a r e  known. O th e r  s t u d i e s  

u sed  t e c h n i q u e s  t o  e s t i m a t e  s u b j e c t i v e  s c a l e s  and t h e n  t e s t e d  

t h e i r  p r e d i c t i o n s .  I t  i s  f e l t  t h a t  QFA s t a n d s  i n  th e  r e l a t i o n  of  

a "g o od n ess  o f  f i t "  t e s t  to  t h e s e  s c a l i n g  m ethods .  QFA can  g i v e  

a d e q u a te  g ro u n d s  f o r  r e j e c t i n g  t h e  r e p r e s e n t a t i o n  which t h e  

s c a l i n g  p r o c e d u r e s  assume. R e j e c t i n g  r e p r e s e n t a t i o n s ,  on t h e  

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

Some s t u d i e s  have employed QFA and ob se rv ed  the  

f r e q u e n c y  o f  v i o l a t i o n s  of  some consequence  of a r e p r e s e n t a t i o n .  

These  can be d i f f e r e n t i a t e d  by t h e i r  a t t i t u d e  t o  t h e  p r e d i c t i o n s  

made a b o u t  i n d i f f e r e n c e  by e x a c t  r e p r e s e n t a t i o n s .  Many s t u d i e s  

"lumped them i n "  w i th  s t r i c t  p r e f e r e n c e  and o t h e r w i s e  i g n o r e d  them. 

One s tu d y  e x p l i c i t l y  exc luded  i n d i f f e r e n c e  (coombs e t  a l  ( 1 9 o7 ) 

and B a v i s  (1988)  a c t i v e l y  d i s c u s s e d  i t  i n  h i s  d i s c u s s i o n  o f

t r a n s i t i v i t y  o f  c h o ic e s .

S t u d i e s  a p p ly in g  l i n e a r  programming t e c h n i q u e s  have

a l s o  had d i f f e r e n t  a s s u m p t io n s  about  i n d i f f e r e n c e  which a f f e c t e d  

t h e i r  t r e a t m e n t  o f  v i o l a t i o n s  o f  m odels .  Some lumped i n d i f f e r e n c e
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and p r e f e r e n c e  t o g e t h e r  and c a l l e d  v i o l a t i o n s  " e r r o r s "  w h i le  

o t h e r s  e x p l i c i t l y  s e p a r a t e d  i n d i f f e r e n c e  from p r e f e r e n c e  

and assumed v i o l a t i o n s  of  c o n d i t i o n s  o c c u r r e d  when p a i r s  of  

a l t e r n a t i v e s  were i n  th e  same i n d i f f e r e n c e  r e g i o n .  These 

c o n t r a d i c t o r y  v iews of  i n d i f f e r e n c e  s u g g e s t  t h a t  e m p i r i c a l  

e v id e n c e  a b o u t  i t s  t r u e  n a t u r e  shou ld  be s o u g h t .  T h i s  i s  

a t t e m p t e d  i n  c h a p t e r  5.

The r e s u l t s  of c h a p t e r  2 a r e  p a r t i c u l a r l y  a p p l i c a b l e  

t o  s im p le  and d u p lex  gamble a l t e r n a t i v e s .  Two p r e v i o u s  s t u d i e s ,  

Coombs e t  a l  (1 96 ?)  and Tversky (1969)  a p p l i e d  QFA to  s im ple  

gam bles  and found c o n f l i c t i n g  r e s u l t s  w i th  r e s p e c t  t o  t h e  SEU 

m odel .  No p r e v i o u s  s t u d i e s  nave a p p l i e d  QFA t o  d u p lex  gam bles .  

These  seem two good r e a s o n s  f o r  a t t e m p t i n g  to g a t h e r  f u r t h e r  

e v id e n c e  from an  a p p l i c a t i o n  of QFA to  t h e s e  c a s e s .

F u n c t i o n a l  Measurement S t u d i e s .

T here  h as  been- much d i s c u s s i o n  of  t h e  random u t i l i t y  

m o d e ls ,  o f  which th e  models of t h e  l a s t  c h a p t e r  a r e  s p e c i a l  c a s e s ,  

and t h e i r  r e l a t i o n  to  b i n a r y  (and more t h a n  b i n a r y )  p r e f e r e n c e  

p r o b a b i l i t i e s  (B ecker ,  Degroot  & Marschak (1 9 5 3 ) ,  M o r r i s o n  ( 1 9 6 3 ) ,  

Burke & Z in n e s  (1 9 6 5 ) ,  Luce & Suppes (1 95 5 ) ,  B ecke r  & McLintock 

(1 9 5 7 ) .  I t  h a s  g e n e r a l l y  been  h e ld  t h a t  t h e  a v a i l a b l e  s t a t i s t i c a l  

t e c h n i q u e s  t o  e s t i m a t e  t h e  p a r a m e te r s  of  even s p e c i a l  c a s e s  of 

t h e s e  models  a r e  u n s u i t a b l e  f o r  c h o ic e  daca  o b t a i n e d  from 

i n d i v i d u a l s .  O bvious ly  r e s u l t s  from t h e i r  u se  on l a r g e  sample 

g ro up  d a t a  (Bock & Jo n e s  (196 7 ) ,  Banders  (1951-)) a r e  

i n a d m i s s i b l e  a s  e v id en ce  a b o u t  th e  way i n d i v i d u a l s  make d e c i s i o n s .  

The r e s u l t s  bhat  t h o s e  of the  l a s t  c h a p t e r  a r e  based  on, by 

B e rk so n  ( 1 9 5 5 ) ,  Cox (1958) ,  B ra d le y  & T e r ry  (1952)  e t c .  a r e
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d i s c u s s e d ,  bu t  t h e  p o i n t  ha s  been  made t h a t  "  t h e  known

p i o p e r u i e s  of  t h e i r  e s t i m a t e s  a r e  l a r g e  sample  p r o p e r t i e s . . . . ” 

( B i c k e r ,  B eg roo t  & Marschak ( 1 9 6 3 a ) ) .  T h is  s t a t i s t i c a l  f a c t  

n a s  bden se en  a s  an i n s u p e r a b l e  b a r r i e r  t o  th e  use  of  t h e  

e s t i m a t i o n  and goodness  of f i t  p r o c e d u r e s  p r e v i o u s l y  d i s c u s s e d ,  

e m p i r i c a l  work has  t h e r e f o r e  been d e f l e c t e d  i n t o  t e s t i n g  c e r t a i n  

r e l a t i o n s h i p s  among th e  p r e f e r e n c e  p r o b a b i l i t i e s  p r e d i c t e d  by t h e  

g e n e r a l  random u t i l i t y  and o t h e r  m odels ,  e . g .  B e c k e r ,  D eg ro o t  

&; M arschak  ( l 9 6 3 b , c ) .  Many of t h e s e  have b een  i n  s i t u a t i o n s  

where c h o i c e s  from more t h a n  a p a i r  o f  a l t e r n a t i v e s  have been  

o b s e r v e d .  However, t h i s  d e f l e c t i o n  h a s  n o t  l e d  to  a g r e a t  d e a l

of e m p i r i c a l  work f o r ,  a s  Luce 1 Suppes (1965)  p o i n t  out  " ..........

n a s t y  s t a t i s t i c a l  p rob lem s t h a t  have h a r d l y  begun  t o  be f o r m u l a t e d ,  

l e t  a l o n e  s o lv e d "  a p p e a r .  They c o n c lu de  t h a t  "Because t h e  

r e s u l t s  o f  t e s t s  o f  o b s e r v a b le  p r o p e r t i e s  o f  p r e f e r e n c e  

p r o b a b i l i t i e s  a r e  a lm os t  n e v e r  c l e a r  c u t ,  one i s  l e f t  w i t h  a 

d i s t i n c t  f e e l i n g  of  i n c o n c l u s i v e n e s s . "  P r o b a b ly  b ecause  o f  such 

p ro b le m s  w i th  t h i s  ap p ro ach  and b eca u se  p a r a m e t e r  e s t i m a t i o n  

a p p e a re d  h a z a r d o u s  u s in g  i n d i v i d u a l  b i n a r y  c h o ic e  d a t a ,  o t h e r  

r e s p o n s e  modes have ga in e d  i n  p o p u l a r i t y . A l l  th e  e v id e n c e  

a b o u t  p e o p l e s '  s u b j e c t i v e  v a l u e s  to  be r e p o r t e d  u s e s  some k in d  o f  

r a t i n g  r e s p o n s e ,  e i t h e r  a c t u a l  n u m e r ic a l  or g r a p h i c a l  r a t i n g s  o r  

b i d s  to  buy o r  s e l l  a l t e r n a t i v e s .  Tne e v id e n c e  a g a i n s t  t h e  

a s s u m p t i o n  t h a t  c h o i c e s ,  b i d s  and r a b i n g s  can  be used 

i n t e r c h a n g e a b l y  h as  a l r e a d y  been  c i t e d .  I n  e v a l u a t i n g  s u b s t a n t i v e  

•oVidenee to be d i s c u s s e d  i c  swould oe remembered t h a t  ohe 

i o l l o w i n  : h y p o t h e s i s :  'when a p e r s o n  r a t e s  one a l t e r n a t i v e  h i g h e r  

t h a n  t h e  o t h e r  he may c o n s i s t e n t l y  make t h e  c o n t r a r y  c h o i c e ,  h a s
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n o t  "been d i s p r o v e d .

I t  would "be r a t h e r  odd i f  t h e  p r e s e n t  t r e n d  of  u s i n g  

raoxng  type  r e s p o n s e  modes c o n t in u e d  and w e ig h ty  e v id e n c e  "buil t  

up a b o u t  how peo'ple make d e c i s i o n s ,  none of  which i n c l u d e d  

o b s e r v a t i o n s  of a c t u a l  d e c i s i o n s .  The need t o  c a r i y  out  e x p e r i m e n t s  

u s i n g  a c t u a l  c h o ic e  d a t a  i s  one of th e  main r e a s o n s  f o r  

a t t e m p t i n g  a q u a n t i t a t i v e  s tu d y  u s in g  c h o i c e s .

R ecen t  r e s u l t s  from e x p e r im e n t s  which c o l l e c t e d  r a t i n g  

and b i d d i n g  d a t a  t o  see  which q u a n t i t a t i v e  i n f o r m a t i o n  i n t e g r a t i o n  

m odels  a r e  f a v o u r e d  a r e  c o n f l i c t i n g .  Two s tu d i e s ,  by Tver  sky 

(1967 a ) , b ) ) ,  t h e  f i r s t  o f  which has  a l r e a d y  b e en  d i s c u s s e d ,  

b r o a d l y  s u p p o r t e d  th e  c l a s s i c a l  SEU model . I n  t h e  f i r s t ,  b i d s  

f o r  s im p le  g a m b les ; c i g a r e t t e s  o r  p acks  of sw ee ts  were won w i th  

some p r o b a b i l i t y  and b i d s  f o r  ’’commodity b u n d l e s ” o f  c i g a r e t t e s  

and s w e e t s  were o b ta in e d  from p r i s o n e r  s u b j e c t s .  I n  t h e  se co n d ,  

b i d s  f o r  simjde gambles  where money was won o r  l o s t  were o b s e r v e d .

I n  b o t h  s t u d i e s  a n a l y s i s  o f  v a r i a n c e  of  th e  b i d s  ( l o g s  of t h e  

b i d s  i n  the c ase  of  gam bles )  showed good s u p p o r t  f o r  t h e  g e n e r a l  

SEU i n f o r m a t i o n  i n t e g r a t i o n  model.  I n  t h e  second s t u d y ,  t h e  

c l a s s i c a l  SEU model,  w i th  u t i l i t y  of money assumed a s  a power 

f u n c t i o n  of  money, u (o )  = 0 and u ( l )  = 1 gave e x c e l l e n t  p r e d i c t i o n  

of  t h e  b i d s .  The s tu d y  shows t h a t  t h e  u t i l i t y  s c a l e  o f  t h e  b i d s  

was a b o u t  the  same a s  th e  u t i l i t y  s c a l e  of ohe v a lu e  p a r t  ox t h e  

g a m b le s ,  ( so  t h a t  s u b j e c t s  showed no u t i l i t y  f o r  g a m b l in g ) ,  and 

a l s o  t h a t  t h e  s u b j e c t i v e  p r o b a b i l i t y  of  complementary  e v e n t s  

summed to  u n i t y  i . e .  t h a t  ( s ( p )  + s ( p )  = 1. In  t h e  f i r s t  s t u d y ,  

however ,  a c c e p t a n c e  of t h e  h y p o t h e s i s  of no u t i l i t y  f o r  gam bl ing  

l e d  t o  r e j e c t i o n  o f  t h e  h y p o t h e s i s  t h a t ^ p )  + s ( p )  = 1 and v i c e
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v e r s a .  Thus t h e  g e n e r a l  SEU model ,  h u t  no t  t h e  c l a s s i c a l  one was 

a c c e p t e d .

S l o v i c  and L i c h e n s t e i n  (1 9 6 8 a ) )  and A n d r ie n n s e n  (1971)  

conducbed s t u d i e s  exam in ing  "bids and r a t i n g s  f o r  d u p lex  g am bles .  

■They c o n s i d e r e d  an a d d i t i v e  model,

R .9 - Cq + ClPW + C2 SW + c^PL + c 4 SL where t h e  c U s 

a r e  i n d i v i d u a l  p a r a m e t e r s ,  PW, SW, PL and SL a r e  t h e  g a m b le s ’ 

p a r a m e t e r s  and R r e p r e s e n t s  th e  b id d in g  or  r a t i n g  r e s p o n s e .

R e s u l t s  o f  b o t h  s t u d i e s  i n d i c a t e d  a good f i t  o f  t h i s  model, b u t  

u n f o r t u n a t e l y ,  i t  was compared m ain ly  to th e  HV model,  ( i t  was 

c o n s i d e r a b l y  s u p e r i o r  t o  t h i s ) ,  no t  to . more p l a u s i b l e  

a l t e r n a t i v e s .  Ev idence  of w he ther  models i n c l u d i n g  i n t e r a c t i o n  

te rm s  were s i g n i f i c a n t l y  b e t t e r  t h a n  t h e  above model was 

d i s c u s s e d  by S lo v ic  & L i c h e n s t e i n .  They c a r r i e d  out a p i l o t  s t u d y ,  

w hich ,  t h e y  s a i d ,  showed t h a t  more complex models d id  n o t  f i t  

b e t t e r  t h a n  t h e  above.  No d e t a i l s  a r e  g i v e n ,  however and i t  i s  

n o t  c l e a r  w h e th e r  t h i s  t e s t  was of  group o r  i n d i v i d u a l  d a t a .  They 

c o n c lu d e  t h a t  most v a r i a n c e  no t  due t o  th e  model can be a s c r i b e d  

t o  e r r o r ,  though  th e y  do not  say how th e y  a r r i v e  a t  t h i s .  

A n d r i e n n s e n ' s s tu d y  i n v e s t i g a t e s  w h e th e r  tn e  above model can  be 

e x te n d e d  t o  o t h e r  s i t u a t i o n s ,  i n  p a r t i c u l a r  to  a ’’s k i l l ” 

s i t u a t i o n .  He c o n c lu d e s ,  among o t h e r  t h i n g s  t h a t  i n  many c a s e s  

t h e  model  i s  no b e t t e r  t h a n  ±1 and t h a t  r e s p o n s e s  a r e  l a r g e l y  

d e te r m in e d  by s i t u a t i o n a l  f a c t o r s  n o t  r e l a t e d  go ohe gamble s

p a r a m e t e r s .

I n  a s tudy  of r a t i n g s  f o r  " o f f e r s  t o  gam ble" ,  m a in ly  

of  l o t t e r i e s  which c o s t  a f i x e d  amount, S jo b e rg  (19o8)  s t u d i e d  

t h e  g e n e r a l  S.nU model u s i n g  a t e c h n iq u e  based  on f a c t o r  a n a l y s i s  

t h a t  he d e v e lo p e d  i n  an e a r l i e r  p a p e r ,  S jo b e rg  ( 1 9 6 6 ) .  He found
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bhab f o r  most peop le  th e  model a c c o u n te d  w e l l  f o r  t h e  d a t a .  For

some s u b j e c t s  a s i m p le r  a d d i t i v e  model s i m i l a r  t o  S lo v i c  & 

L i c h e n s t e i n 1s f i t t e d  the  r e s p o n s e s  b u t  f o r  most o f  them t h e  

g e n e r a l  modeljSEU was n e c e s s a r y .  The s tu d y  by A nderson  &

S h a n te a u  (1970)  d i s c u s s e d  e a r l i e r  a l s o  found e v id e n c e  t h a t  

p r o b a b i l i t i e s  and p a y o f f s  were i n t e g r a t e d  m u l t i p l i c a t i v e l y . They 

o b se rv e d  r a t i n g s  f o r  dup lex  gambles  and found t h a t  no k ind  of  

s t r a i g h t  a d d i t i v e  model was s a t i s f a c t o r y  though  t h e  SEU 

i n f o r m a t i o n  i n t e g r a t i o n  model was b r o a d l y  s u c c e s s f u l .  There  were 

s i g n i f i c a n t  i n t e r a c t i o n s ,  however,  which fo l lo w e d  no p a r t i c u l a r  

p a t t e r n .  These could  not  be a c c o u n te d  f o r  by t h e  model .

These  s t u d i e s  i n d i c a t e  t h a t  i n  many c a s e s  a s im ple  

a d d i t i v e  model can acco u n t  q u i t e  w e l l  f o r  t h e  way p eop le  make 

r a t i n g s  and b i d s  f o r  gam bles .  Where i t  h a s  been  compared to  t h e  

g e n e r a l  SEU model,  however, t h e  l a t t e r  has  g e n e r a l l y  b een  

s u p e r i o r .  In  s im ple  r i s k l e s s  s i t u a t i o n s ,  where t h e  number of 

d im e n s io n s  of  t h e  a l t e r n a t i v e s  i s  no t  to o  l a r g e  t h e  a d d i t i v e  

model h a s  been found a d e q u a te ,  and o t h e r  models  have no t  l e d  t o  

s i g n i f i c a n t l y  b e t t e r  f i t s  (Tversky i 9 6 7 a ) ,  S h a n tea u  and Anderson  

(1 9 6 9 ) .

I t  c a n .b e  n o ted  a t  t h i s  s t a g e  t h a t  t h e  f i n d i n g  t h a t  

p e o p le  r e v e r s e  t h e i r  p r e f e r e n c e s  i n  o id d in g  and ch o o s in g  among 

g a m b le s ,  L i c h e n s t e i n  & S lo v ic  (1 9 7 1 )^Lindman (1971)  can n o t  be 

a c c o u n te d  f o r  by any u t i l i t y  model of th e  k ind  u n d e r  c o n o id e r a t io n <  

They can  a c c o u n t  f o r  b e h a v io u r  w i t h i n  t h e  b i d d in g  and w i t h i n  t h e  

c h o o s in g  s i t u a t i o n s  b u t  th e  models which a p p ly  i n  ohe two 

s i t u a t i o n s  a r e  d i f f e r e n t .  T h is  o b v io u s ly  d e l i n e a t e s  an o u t e r  

bound of t h e  m o d e l ' s  domain. However, th e  onxy e x p l a n a t i o n  

o f f e r e d  by e i t h e r  a u t h o r s  i s  an " i n f o r m a t i o n  p r o c e s s i n g '  one which



i s  j u s t  a s  p i e o e - m e a l  a s  t h e  above s u g g e s t i o n  t h a t  d i f f e r e n t  

m ode ls  a p p ly  i n  d i f f e r e n t  c a s e s .

Some c l o s e l y  r e l a t e d  work on t h e  s tu d y  o f  c l i n i c a l  

ju d g e m e n ts  shou ld  be n o t e d .  A c l i n i c a l  judgement  i s  n o t  a 

d e c i s i o n  a s  h a s  been  u n d e rs to o d  i n  th e  f o r e g o i n g .  That i s ,  i t  

i s  nob a s e l e c b i o n  from a s e t  o f  m u l t i - a t t r i b u t e  a l t e r n a t i v e s  

u n d e r  bhe d i r e c t i o n  of  p r e v a i l i n g  m o t i v a t i o n .  However, a s s e s s m e n t s  

ab o u t  m u l t i - a t t r i b u t e  a l t e r n a t i v e s  a r e  made i n  c l i n i c a l  

j u d g e m e n ts  and where t h e s e  can  be i n t e r p r e t e d  a s  judgem en ts  of  

p r e f e r e n c e  t h e  two f i e l d s  o v e r l a p .  I t  i s  n o t  s u r p r i s i n g ,  t h e r e f o r e  

t h a t  i n f o r m a t i o n  i n t e g r a t i o n  models based  on th e  g e n e r a l  l i n e a r  

model have been  c o n s id e r e d  e x t e n s i v e l y  i n  c l i n i c a l  judgement 

s t u d i e s .  C e r t a i n  f e a t u r e s  of  t h e  k i n d s  of s i t u a t i o n s  g e n e r a l l y  

c o n s i d e r e d  i n  c l i n i c a l  judgement s t u d i e s  t h a t  a r e  no t  sha red  

by t h o s e  which a r e  our  c u r r e n t  co n ce rn  a r e :

i )  no i n f o r m a t i o n  a bou t  the  c o s t s  i n v o lv e d  i n  g i v i n g  d i f f e r e n t  

ju d g em en ts  i s  e x p l i c i t l y  g iv e n ,  

i i ) t h e  u n c e r t a i n t i e s  in v o lv e d  a r e  n o t  d i s c u s s e d ,  

i i i )  t h e  u n r e l i a b i l i t y  of t h e  i n f o r m a t i o n  so u rc e  i s  no t  d i s c u s s e d ,  

i v )  t h e  number of d im ens ions  t h a t  each a l t e r n a t i v e  h a s  i s  l a r g e .

Because  of  t h e s e  d i s s i m i l a r i t i e s  be tween the  two k i n d s  

of  s i t u a t i o n s  c l i n i c a l  judgement s t u d i e s  w i l l  n o t  be c o n s i d e r e d  

i n  d e t a i l .  The re v ie w  by Goldberg (1968) c o v e r s  th e  f i e l d  and 

shows how i n f o r m a t i o n  i n t e g r a t i o n  models oased on t h e  g e n e r a l  

l i n e a r  model  can  a c c o u n t  f o r  judgem ents  a bo u t  complex s t i m u l i  

made by e x p e r t s  and n a iv e  s u b j e c t s  i n  a v a r i e t y  of o i t u a t i o n s .

B e fo re  l e a v i n g  f u n c t i o n a l  measurement s t u d i e s  work on 

a c l a s s  o f  m odels  s i m i l a r  to  th e  i n f o r m a t i o n  i n t e g r a t i o n  ones  

shou ld  he d i s c u s s e d .  In  e a r l y  y e a r s  t h e  main c o m p e t i t o r s  t o  t h e
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S.sU and a d d i t i v e  models were t h o s e  based  on t h e  s u g g e s t i o n  t h a t  

p e o p le  a r e  p r i m a r i l y  i n f l u e n c e d  by th e  a l t e r n a t i v e s '  e x p e c te d  

v a l u e  and s e c o n d a r i l y  by th e  h i g h e r  moments, v a r i a n c e  and skewness  

e . g .  Goombs and P r u i t  ( i 9 6 0 ) .  R e la t e d  t o  t h i s  i s  t h e  i d e a  t h a t  

p e o p le  have s p e c i f i c  p r o b a b i l i t y  p r e f e r e n c e s .  Much e x p e r i m e n t a l  

e v id e n c e  h a s  b een  ad judged  to  su p p o r t  t h e s e  i d e a s  (Bdwards 

(19 6 3 ,  1 9 5 4 a ) b ) d ) ) ,  Coombs and P r u i t  ( i 9 6 0 ) ,  Van d e r  Meer (1 9 6 3 ) ,  

b u t  S l o v i c  and L i c h e n s t e i n  (1968a)  p o i n t  out  t h a t  p r o b a b i l i t i e s ,  

p a y o i f s  and moments have a l l  been confounded w i th  one a n o t h e r  so 

t h a t  c o n s i d e r a b l e  a m b ig u i ty  has  r e s u l t e d .  S l o v i c ,  L i c h e n s t e i n  

and t h e i r  a s s o c i a t e s  have c a r r i e d  out  a s e r i e s  of s t u d i e s  

o b s e r v i n g  c h o i c e s  and b i d s  f o r  gambles (m ain ly  d u p lex  gam bles )  

where t h i s  co n found ing  of  v a r i a b l e s  was a v o id e d .  They have shown, 

r a t h e r  c o n v i n c i n g l y  t h a t  peop le  base  t h e i r  c h o i c e s  and p r e f e r e n c e s  

on the s p e c i f i c  i n f o r m a t i o n  g iv e n  abou t  c h an c es  and amounts  o f  

wins and l o s s e s  ( L i c h e n s t e i n  (19 5 5 ) ,  S lo v i c  and L i c h e n s t e i n  

( 1 9 o 8 a ) , b ) ) ,  S lo v ic  (1969b) ) ,  L i c h e n s t e i n ,  S lo v i c  and Zinc (1 9 6 9 ) ,  

Payne and B r a u n s t e i n  (1 9 7 1 ) )  and not  on s u b t l e  c o m b in a t io n s  o f  

them such a s  th e  moments. Also th ey  were u n a b le  t o  f i n d  any DM 

whose s u b j e c t i v e  a s se s s m e n t  of any p r o b a b i l i t y  d im ens io n  a p p e a re d  

t o  be non—m onoton ic  w i th  o b j e c t i v e  v a l u e .  Tney c o n c lu d ed  t h e n ,  

t h a t  p r o b a b i l i t y  p r e f e r e n c e s ,  i f  th ey  e x i s t  a r e  no t  v e ry  p o w e r fu l

d e t e r m i n e r s  of c h o ic e .

The d e m o l i t i o n  of th e  "moments" and " p r o b a b i l i t y  

p r e f e r e n c e "  t h e o r i e s  i s  th e  most c o n c l u s i v e  r e s u l t  to  d a te  o f  

t h e  s t u d y  of  i n f o r m a t i o n  i n t e g r a t i o n  models .  R e s u l t s  a b ou t  which 

s p e c i f i c  model a c c o u n t s  f o r  th e  d a ta  b e s t  i s  c o n f l i c t i n g .  A 

c r i t i c i s m  of  some of t h e  s t u d i e s  c i t e d  i s  t h a t  t h e  model t e s t e d  

f o r  g o o d n e s s  of  f i t  was no t  compared to  o t h e r  m odels .  Tne b a s i c

I 'd . 5 .



c r i t i c i s m ,  of r e c e n t  q u a n t i t a t i v e  s t u d i e s  of i n f o r m a t i o n  

i n t e g r a t i o n  m ode ls ,  however i s  t h a t  t h e y  p r o v id e  e v id e n c e  a b o u t  

d e c i s i o n  making .yet d e c i s i o n s  a r e  n o t  a c t u a l l y  o b s e r v e d .  The 

need  bo b ack  up bh is  e v id e n ce  w i th  e x p e r im e n t s  where a c t u a l  

d e c i s i o n  making t a k e s  p l a c e  i s  one of t h e  main r e a s o n s  f o r  t h e  

e x p e r i m e n t s  t o  be d e s c r i b e d .

S e q u e n t i a l  D e c i s i o n  'Making S t u d i e s .

There  have been  f o u r  s t u d i e s  of  d e c i s i o n  making i n  

s e q u e n t i a l  and dynamic en v iro n m en ts  where DMs have had f u l l  

i n f o r m a t i o n .  Edwards (1 9 6 2 a ) )  rev iewed t h e  main a r e a s  of  r e s e a r c h  

i n  s e q u e n t i a l  and dynamic s i t u a t i o n s  and on ly  one of  t h e s e  g e n e r a l l y  

i n c l u d e d  f u l l  i n f o r m a t i o n .  Tnat  which he c a l l e d  " s t a t i c  

s e q u e n t i a l "  which seems t o  i n c l u d e  such s i t u a t i o n s  a s  when a 

s e qu en ce  of  c h o i c e s  be tw een  b e t s  a r e  made which a r e  t h e n  p la y e d  

a f t e r  e v e r y  c h o i c e .  T h is  c o r r e s p o n d s  t o  what h a s  been  d e f i n e d  

e a r l i e r  a s  t h e  " in d ep e n d en t  s e q u e n t i a l  s i t u a t i o n " .  Now, e a r l i e r  

i t  was s u g g e s t e d  t h a t  t h i s  s i t u a t i o n  was s u i t a b l e  f o r  th e  s tu d y  

of  t h e  e f f e c t s :  p r e v i o u s  outcomes of c h o ic e s  and c u r r e n t  s t a t u s  

( i n  t h e  c a s e  o f  gamble c h o ic e s ,  c u r r e n t  c a p i t a l ) .  I n  tn e  

i n d e p e n d e n t  s e q u e n t i a l  s i t u a t i o n  t h e  above f a c t o r s  a r e  no t  

co n founded  w i th  dynamic ones .  Itynamic s b u u i e s  w i l l  be c o n s i d e r e d  

l a t e r  b u t  f i r s t  l e t  u s  d i s c u s s  t h e  s e q u e n t i a l  ones .

Edwards (1962b))  has  rev iewed  h i s  own work i n  such 

s i t u a t i o n s .  He found i n  h i s  p r o b a b i l i t y . p r e f e r e n c e  e x p e r im e n t s  

( p a r t i c u l a r l y  1954d))  bhat "S»s can be made to  win e x c e e d i n g ly  

l a r g e  amounts  of money, o r  be made t o  l o s e  s u b s t a n t i a l ,  b u t  

s m a l l e r  amounts  of money, w i thou t  s i g n i f i c a n t l y  c n an g m g  t h e i r  

c h o i c e s , "  ( 1 9 6 2 b ) ) .  L i c h e n s t e i n  (1965) examined th e  e f f e c t s
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on b i d s  f o r  gambles  of  th e  amount of money p r e v i o u s l y  won or 

l o s t  i n  g a m o l in g .  She found no e f f e c t .  G-reenberg and Weiner 

( 19o 6 ) , s u r p r i s e d  a t  bnese f i n d i n g s  w h ic h ,1 t h e y  s u g g e s t ,  a r e  

c o u n t e r i n t u i t i v e  i n v e s t i g a t e d  tn e  f a c t o r s  r e i n f o r c e m e n t  h i s t o r y  

and amount o f  money p o s s e s se d  i n  a 3 x 3 f a c t o r i a l  e x p e r im e n t ,  

i n e r e  were a b o u t  14 S ' s  a s s i g n e d  to  g ro u p s  r e p r e s e n t i n g  e ach  

f a c t o r i a l  c o m b in a t io n .  They were g iv e n  an  i n i t i a l  s t a k e  ( a t  one 

of  3 l e v e l s )  and a twenty  number b ingo  card c o n t a i n i n g  n ine  

w in n in g ,  n in e  l o s i n g  and two n e u t r a l  numbers . An acc o m p l ice  

p i c k e d  numbered d i s c s ,  supposed ly  a t  random from a bag 9 t i m e s .

The numbers  chosen  were r i g g e d  bo g iv e  t h r e e  l e v e l s  o f  

r e i n f o r c e m e n t :  8 wins and 1 l o s s  o r ,  4 w ins ,  4 l o s s e s  and a 

n e u t r a l ,  o r  1 win and 8 l o s s e s .  I t  was found t h a t  r e i n f o r c e m e n t  

h i s t o r y ,  b u t  n o t  amount of  i n i t i a l  c a p i t a l  a f f e c t e d  a su b s e q u e n t  

c h o ic e  from 100 o f f e r s  to  gamble.

An e a r l i e r  s tu d y ,  b a l e  (1962) found t h a t  s e q u e n t i a l  

i n f o r m a t i o n  a f f e c t e d  p e o p le s  c h o i c e s .  Peo p le  chose  r e p e a t e d l y  

one o f  t h r e e  a l t e r n a t i v e  b e t s  i n  an im ag inary  s e t t i n g  u n d e r  t h e  

i n s t r u c t i o n s  bo do a s  w e l l  a s  p o s s i b l e  i n  th e  lo ng  ru n .  Tney 

were s t a n d a r d  ( x , p , y )  b e t s  w i th  ex pec ted  v a l u e s  - 1 ,  0 and +1 

■points. H a l f  of th e  s u b j e c t s  were shown, i n  a d d i t i o n  ro t h e  b a s i c  

i n f o r m a t i o n  a b o u t  t h e  b e t s ,  t h e  p o i n t s  g a in ed  from p l a y i n g  t h e  

b e t s  f o r t y  bimes i n  an  e a r l i e r  s e s s i o n .  f t  was c l e a r  bhat wnen 

p e o p le  were g iv e n  t h e  a d d i t i o n a l  s e q u e n t i a l  i n f o r m a t i o n  uhey ^hose  

t h a t  gamble w i t h  th e  h i g h e s t  e x p e c t a t i o n  s i g n i f i c a n t l y  more o f t e n .  

I t  i s  nob c l e a r  w he ther  bhe a c t u a l  sequence of outcomes e x p e r i e n c e d

e f f e c t e d  t h e i r  c h o i c e s .

S i g u e i  (u n p u b l i s h e d  d o c t o r a l  a i s s e r o a t i o n ,  19o9) had



p e o p le  choose  be tw een  p a i r s  of  s t a n d a r d  gambles  u n d e r  two 

c o n d i t i o n s  d i f f e r i n g  i n  i n f o r m a t i o n  g iv e n ,  each  s u b j e c t  c h o o s in g  

u n d e r  each  c o n d i t i o n .  In  one c o n d i t i o n  s u b j e c t s  were reminded 

p r i o r  to  each  c h o ic e ,  of t h e i r  p r e v i o u s  c h o ic e  and i t s  outcome 

and i n  t h e  o t h e r  they  were a l s o  t o l d  t h e i r  c u m u la t iv e  w in n in g s  

01  l o s s e s .  F o r  a l l  I s  s u b j e c t s ,  who made o v e r  2000 c h o i c e s  each  

i n  a l l ,  v e r y  marked ch o ice  and c h o ic e - o u t  come s e q u e n t i a l  e f f e c t s  

were o b se rv e d  u n d e r  b o t h  i n f o r m a t i o n  c o n d i t i o n s .  Two f e a t u r e s  

of t h e  d e s i g n  may nave c o n t r i b u t e d  t o  t h i s  i )  r e s p o n s e  b i a s  was 

n o t  c o n t r o l l e d  f o r  and i i )  t h e  i n f o r m a t i o n  g i v e n  t o  S ' s  p r i o r  to  

e ac h  c h o ic e  ( t h e i r  l a s t  ch o ice  and i t s  outcome) may have induced  

them t o  r e p e a t  t h e i r  lcust c h o ic e  ( o r  a l t e r n a t i v e l y  t o  change i t !  )

Now, t h e  ev id e n ce  from a l l  t h e s e  s t u d i e s  r e g a r d i n g  t h e  

e f f e c t s  of r e i n f o r c e m e n t  h i s t o r y  and c u r r e n t  c a p i t a l  i s  not  

unan im ous .  F u r th e rm o re ,  most of them can  be c r i t i c i s e d  on 

m e t h o d o l o g i c a l  o r  s t a t i s t i c a l  g rou n ds .  D a l e ' s  r e s u l t  i s  n o t  i n  

d i s p u t e .  I t  shows c l e a r l y  t h a t  peo p le  were a f f e c t e d  by i n f o r m a t i o n  

a b o u t  p r e v i o u s  outcomes.  But,  t h i s  i s  not  t h e  same a s  b e in g  

a f f e c t e d  by the  a c t u a l  e x p e r i e n c e  of t h e s e  outcomes.

Edwards ( l 9 5 4 d ) )  and Greenberg  and Hlfciner (1966) used  

games which  were r i g g e d .  Tnat i s ,  t h e  p r o b a b i l i c i e s  oi e v e n t s  

were n o t  what t h e y  were t o l d .  T h e i r  r e s u l t s  only  a p p ly ,  t h e n  t o  

s i t u a t i o n s  where DM's i n f o r m a t i o n  i s  i n a c c u r a t e .  S ince  io  was 

i n a c c u r a t e ,  i t  i s  r e a s o n a b l e  t o  suppose DM's migho become aware 

of  t h i s  even  though  th ey  were not  t o l d .  I n  t h e  o t h e r  s t u d i e s .  

Edwards ( 1954a)  b) d ) ) ,  L i c h e n s t e i n  (1965) and S i g u e l  (19o9)  

t h e  i n f o r m a b i o n  g iv en  was r e p r e s e n t a t i v e  oi t h e  urue p r o b a b i l i t i e s  

and p a y o f f s .  The major  c r i t i c i s m  of t h e s e  s t u d i e s ,  though i s

“i o  Ol ^ o  .
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t h a t  t h e  s e q u e n t i a l  f a c t o r s  p r e v io u s  outcomes and c u r r e n t  

c a p i t a l  were confounded .  T h is  i s  n o t  so im p o r t a n t  t o  L i c h e n s t e i n '  

r e s u l t  a s  h e r  f i n d i n g  was n e g a t i v e .  Edwards and S i g u e l ' s  r e s u l t s  

a r e  u i f f i c u l t  t o  i n t e r p r e t .  Was i t  t h e  c a p i t a l ,  t h e  

r e i n t o r c e m e n t  h i s t o r y  o r  b o th  which a f f e c t e d  c h o i c e s ?  O th e r  

c r i t i c i s m s  a r e :  i )  a s  i n d i c a t e d  e a r l i e r ,  S i g u e l ' s  r e s u l t  may be 

an a r t e f a c t  i i )  a l l  t h e  s t u d i e s  used r a t h e r  i n s e n s i t i v e  t e s t s  

oi  e f f e c t s  due t o  s e q u e n t i a l  f a c t o r s .  C l e a r l y  t h e n ,  f u r t h e r  

e x p e r i m e n t a t i o n  i s  n e c e s s a r y .  E xp er im en ts  a r e  r e q u i r e d  i n  which

i )  t h e  p r i n c i p l e  f a c t o r s  a r e  no t  confounded i i )  s e n s i t i v e  t e s t s  

o f  c h a n g e s  i n  c h o i c e s  a r e  employed i i i )  a c c u r a t e  i n f o r m a t i o n  i s  

g i v e n  t o  DM's i v )  th e  e f f e c t  of  r e s p o n s e  b i a s  i s  c o n t r o l l e d .

Dynamic D e c i s i o n  Making S t u d i e s .

S e q u e n t i a l  f a c t o r s  have been examined i n  dynamic 

s i t u a t i o n s  i n  f o u r  s t u d i e s .  Cohen e t  a l  (1969)  gave s u b j e c t s  an  

i n i t i a l  s t a k e  and obse rved  th e  amount t h e y  b e t  on e i t h e r  a r e d  

or  a b l a c k  number of a r o u l e t t e  wheel ( t h e y  could  choose t h e  

c o l o u r ) .  They found t h a t  t h e  p r e v i o u s  c h o ic e  and t h e  p r e v i o u s  

outcome a f f e c t e d  b o th  t h e i r  cho ice  of  c o l o u r  and t h e i r  c h o ic e  of  

amount to  b e t .  I t  i s  to  tie expec ted  t n a t  ohe e.Lfcsci> on c h o ic e  

of  c o l o u r  would d im in i s h  i n  t h e  f a c e  of  more b a s i c  d i f f e r e n c e s  

be tw een  t h e  a l t e r n a t i v e s .  The same k in d s  of  e f f e c t s  on amount 

b e t  were found by Hachauer  (1970) i n  a f i e l d  s tudy  of  r o u l e t o e  

p l a y i n g  b e h a v i o u r .  I n  b o th  s t u d i e s  i t  i s  n o t  p o s s i b l e  t o  say 

w h e th e r  p r e v i o u s  outcome or  c u r r e n t  c a p i t a l  were t h e  m ajo r  

d e t e r m i n a n t  o f  amount b e t  because  t h e s e  t h i n g s  were con founded .  

B ap o p o r t  and J o n e s  (1970) and Bapoport  e t  a l  (1970)  examined an  

op tim a l model f o r  a s i m i l a r  dynamic s i t u a t i o n  t o  t h e  r o u l e t t e



j j l a y in g  one.  I n  t h e  f i r s t  s tudy  s u b j e c t s  b e t  p l a y  p o i n t s  on one 

o f  two a l t e r n a t i v e s  a f i x e d  b u t  unknown number o f  t i m e s .  He 

c o u ld  b e t  a s  much of  h i s  s t a k e  on any t r i a l  a s  he wished and he 

won o r  l o s t  t h i s  amount. In  t h e  second s tu d y  a sequence  of b e t s  

wci e made where f o u r  p o s s i b l e  outcomes might o c c u r .  At any t r i a l  

n i s  ^ a p i c a l  had go be d i v id e d  among a l l  f o u r  a l t e r n a t i v e s  and lie 

won i o u r  cimes what he had p lac ed  on th e  outcome which o c c u r r e d .

I n  oot 'n of  t h e s e  s t u d i e s ,  u n l i k e  th e  p r e v i o u s  two, t h e  e f f e c t s  

oi  c u r r e n t  c a p i t a l  and p r e v i o u s  outcome were examined s e p a r a t e l y ,  

.uoth were found  to  have a p o s i t i v e  e f f e c t  on p r o p o r t i o n  of  c a p i t a l  

wagered on t h e  most l i k e l y  outcome. Ib i s  f e l t  bhat  p r e v i o u s  

outcome had a marked e f f e c t  because  th e  p r o b a b i l i t i e s  i n v o lv e d  

were n o t  e x p l i c i t l y  g iv e n  ( though  they  were w e l l  l e a r n e d ) .  I f  

t h e  p r o b a b i l i t i e s  had been  known e x a c t l y  i t  i s  s u s p e c t e d  t h a t  

s u b j e c t s  would no t  have a l low ed  th e m se lv e s  t o  be i n f l u e n c e d  much 

by p r e v i o u s  outcomes.  The more s t r i k i n g  e f f e c t ,  though  was t h a t  

due t o  amount o f  c a p i t a l  p o s s e s se d  a t  th e  t im e  of  c h o i c e .  

P r o p o r t i o n  wagered Dn th e  most l i k e l y  outcome was a u -sh a p ed  

f u n c t i o n  of  t h i s .

I n  t h e s e  f o u r  s t u d i e s  i n  dynamic s i t u a t i o n s  p o s i t i v e  

e f f e c t s  on amount,  o r  p r o p o r t i o n  wagered were found due t o  

e i t h e r ,  o r  b o t h  of t h e  s e q u e n t i a l  f a c u o r s ,  p r e v i o u s  outcome and 

c u r r e n t  c a p i t a l .  T h is  i s  r a t h e r  s u r p r i s i n g  i n  view o f  t h e  

l a c k  of  e f f e c t  t h e y  have been  found oo have i n  p u r e l y  s e q u e n t i a l  

s i t u a t i o n s ,  f o r  t h e  moment, l e t  us choose the i n t e r p r e t a t i o n  

t  ha b most o f  t h e  e f f e c t s  of s e q u e n t i a l  f a c t o r s  were due to  

c u r r e n t  c a p i t a l .  T h is  c e r t a i n l y  had Ghe more marxed ex-iect  i n  

B apo p or t  and J o n e s  (1971) and Bapoport  e t  a l  (1971)  and s i n c e  t h e  

s e q u e n t i a l  f a c t o r s  were confounded i n  the  o t h e r  s t u d i e s  t h e y  do 

no t  p r o v i d e  e v id e n c e  a g a i n s t  t h e  cuosen  i n t e r p r e t a t i o n .  Tne
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p ro b lem  i s ,  t h e n  t h a t  t h e  e f f e c t  of c u r r e n t  c a p i t a l  on d e c i s i o n s

made i n  dynamic s i t u a t i o n s  i s  not  t h e  same a s  i t s  e f f e c t  i n

s e q u e n t i a l  on es .  T h is  s o l u t i o n  to  t h i s  p rob lem  may l i e  i n  t h e  

f o l l o w i n g  f a c t .

I n  a l l  of  th e  above s t u d i e s  when c u r r e n t  c a p i t a l  chan ges  

so d o es  t h e  cnance of a r r i v i n g  a t  c e r t a i n  f u t u r e  d e c i s i o n  s t a t e s ,  

j. e o p le  v e r 1/ l i k e l y  modify t h e  amount th e y  b e t  a s  a f u n c t i o n  of 

biie p r o b a b l e  f u t u r e  d e c i s i o n s  a v a i l a b l e  r a t h e r  t h a n  a s  a f u n c t i o n  

oi c u r r e n t  c a p i t a l  i t s e l f .  The a m b ig u i ty  o f  i n t e r p r e t a t i o n s  

e p i t o m i s e s  p r e v i o u s  s t u d i e s  of dynamic d e c i s i o n  making.  The 

in d e p e n d e n t  v a r i a b l e s  a r e  no t  w e l l  c o n t r o l l e d  and anj7, number of  

models  can  " e x p l a i n "  what i s  go ing  on. B e fo re  t h e  f o r e g o i n g  

s t u d i e s  c o u ld  be u s e f u l  c o n s i d e r a b l e  c l a r i f i c a t i o n  of  th e  meaning 

of  t n e i r  f i n d i n g s  i s  r e q u i r e d .

The on ly  e x t e n s i v e  programme of r e s e a r c h  i n  dynamic 

d e c i s i o n  making under  r e l a t i v e l y  comple te  i n f o r m a t i o n  h a s  been  

c a r r i e d  ou t  by R ap op o r t .  H is  a p p ro ach  i s  t o  c o n s i d e r  q u i t e  

complex dynamic d e c i s i o n  s i t u a t i o n s  t h a t  have b een  s t u d i e d  a s  

b u s i n e s s  o r  economic problems and d eve lop  o r  borrow th e  optimum 

d e c i s i o n  t h e o r y  f o r  them. These a r e  proposed  a s  i n i t i a l  n y p o t h e s e s  

o f  a c t u a l  b e h a v i o u r  which a r e  then  t e s t e d .  Tne two s t u d i e s  

m en t io n ed  above p e rh a p s  p ro v ide  th e  most s u c c e s s f u l  o f  t h e  o p t im a l  

m odels  t h a t  nave been  c o n s id e re d  by R a p op o r t .  u e s p i t e  t h e  e f f e c t s  

of  th e  s e q u e n t i a l  f a c t o r s  (which o p t im a l  models would n o t  p r e d i c t )  

th e  s t r a t e g y  p e o p l e .a dop ted  was s u r p r i s i n g l y  c l o s e  t o  o p t im a l .

O t h e r  s t u d i e s  by Rapoport  have u n f o r t u n a t e l y  s u f f e r e d  r a t h e r  

b a d ly  f rom t h e  confounding  of independen t  v a r i a b l e s ,  m  a scudv 

of  a M arkov ian  d e c i s i o n  ta sk  in v o lv in g  t r a n s i t i o n s  among t h r e e
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d e c i s i o n  s t a t e s  (R a p o po r t ,  1963) th e  o p t im a l  model a p p e a re d  t o  

he q u i  oe s u c c e s s f u l .  However, b e h a v io u r  cou ld  a l s o  he 

e x p l a i n e d  hy th e  r a t h e r  s im p le ,  f a r  from o p t im a l  s t r a t e g y  o f  

makinp d e c i s i o n s  bo i n c r e a s e  th e  l i k e l i h o o d  of  a t r a n s i t i o n  t o  

o.ie most f a v o u r a b l e  d e c i s i o n  s t a t e .  Three e a r l i e r  s t u d i e s  

c o n s i d e r e d  a s i t u a t i o n  known a s  t h e  r e a d e r s '  c o n t r o l  p rob lem  

(R a p o p o r t  1 9 6 6 a ) ,  19-jbb), 19670. The r e a d e r s '  c o n t r o l  p rob lem  

i s  a m u l t i s t a g e  dynamic d e c i s i o n  problem where DM i s  r e q u i r e d  

t o  make a s e r i e s  of d e c i s i o n s  t o  minimize a c o s t  f u n c t i o n  which 

a e p e n d s  on the  s t a t e  of a f f a i r s  p r i o r  t o  a d e c i s i o n ,  t h e  d e c i s i o n  

made and a chance  e v e n t .  The e x p ec te d  c o s t  i s  t o  be minimized 

o v e r  a l l  s t a p e s  and th e  optimum s t r a t e g y  i s  known from dynamic 

programming t h e o r y .

I n  a l l  t h r e e  e x p e r im e n t s  t h e  g roup  mean d e c i s i o n s  

f o l l o w e d  t h e  optimum ones c l o s e l y  but  an  e x a m in a t io n  o f  

i n d i v i d u a l  d e c i s i o n s  r e v e a l e d  e r r o r s  which cou ld  no t  be e x p l a i n e d  

i n  t e r m s  of  t h e  o p t im a l  model or  v a r i a t i o n s  of i t .

I t  i s  f e l t  t h a t  r a t h e r  l i t t l e  p r o g r e s s  h a s  been  made 

i n  bhe s tu d y  of  dynamic d e c i s i o n  making b ecause  t h e  s i t u a t i o n s  

s t u d i e d  nave b een  complex. Tne power o f  th e  e x p e r i m e n t a l  method, 

bo c o n t r o l  s i t u a t i o n a l  f a c t o r s  and t n e r e b y  s t r i p  away a s  much 

a m b i g u i ty  a s  p o s s i b l e ,  h a s  no t  been d u l l y  u t i l i z e d .  I t  was 

i n d i c a t e d  i n  bhe i n t r o d u c t i o n  t h a t  p r o g r e s s  i n  t h e  s tu d y  o f  

d e c i s i o n  making u n d e r  u n c e r t a i n t y  would be p a i n s c a k i n g l y  s low. 

Unambiguous e x p e r im e n t s  i n  s im ple  s i t u a t i o n s  a r e  h e re  p r e f e r r e d .



C h a p te r  5 .

S t a t i c  E x p e r i m e n t s . '

Q u a l i t a t i v e  and q u a n t i t a t i v e  t e c h n i q u e s  f o r  examining  

i n f o r m a t i o n  i n t e g r a t i o n  models  i n  s t a t i c  s i t u a t i o n s  have b een  

d e s c r i b e d .  The models  can be examined q u a l i t a t i v e l y  u s in g  

s t a t e m e n t s  o f  p r e f e r e n c e  and b i n a r y  c h o i c e s  and q u a n t i t a t i v e l y  

u s i n g  t h e  l a t t e r .  The t e c h n i q u e s  w i l l  be used t o  compare 

d i f f e r e n t  models  i n  s t a t i c  s i t u a t i o n s  where Dili's a r e  p r e s e n t e d  

w i th  p a i r s  of  s im ple  o r  du p lex  gam bles .  The s u b - g o a l s  w i t h i n  

b h is  b ro a d  o b j e c t i v e  w i l l  now be i n t r o d u c e d ,  f i r s t  w i t h  r e g a r d  

to  QFA and t h e n  f u n c t i o n a l  measurement.

The a l t e r n a t i v e s  p r e s e n t e d  i n  bhe e x p e r im e n t s  w i l l  be 

s im p le  gam bles  and dup lex  gambles where t h e  p a ra m e te r  PL r e m a in s  

f i x e d  a t  PL = 0 . 5 .  The i n f o r m a t i o n  i n t e g r a t i o n  model of  main 

i n t e r e s t  a s  f a r  a-s*QFA i s  conce rned  i s  the  SEU model .  T h is  i s  a 

s p e c i a l  c a se  of t h e  m u l t i p l i c a t i v e  r e p r e s e n t a t i o n  h y p o t h e s i s ,

H5 when t h e  a l t e r n a t i v e s  a r e  s im ple  gambles and i t  i s  a s p e c i a l  

c a se  o f  t h e  d u a l - d i s t r i b u t i v e  r e p r e s e n t a t i o n  h y p o t h e s i s ,  H9 when 

t n e  a l t e r n a t i v e s  a r e  du p lex  gam bles .  To t e s t  Sp U, t h e r e f o r e  one 

c o u ld  examine th e  com ple te  s e t  of  a p p r o p r i a t e  c o n d i t i o n s  i . e .

H5C1 -  H5C5 f o r  t h e  s im p le  gam bles  and II9C1 -  H9C4 f o r  t h e  d u p le x .

F i r s t  tho u gh ,  t h e s e  should  be examined l o g i c a l l y .  The 

z e r o  c o n d i t i o n s  a r e  r a t h e r  t r i v i a l .  Ib can  be assumed i o r  

e v e ry  s u b j e c t  t h a t  t h e  s c a l e  v a l u e s  a s s o c i a t e d  w i th  p r o b a b i l i t i e s  

and p a y o f f s  o f  z e ro  a r e  ghem selves  z e r o .  Fo r  bhese e le m e n t s  t h e  

c o n d i t i o n s  on z e r o s  can e a s i l y  be shown bo oe s a t i s j - i e d .  I t  i s  

nob e x p e c te d  bhat  o t h e r  z e r o s  would e x i s t  so u n t i l  ohe c o n t r a r y
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i s  d e m o n s t r a t e d  t h e  ze ro  c o n d i t i o n s  can be d i s r e g a r d e d .  Two 

o t h e r  r a t h e r  t r i v i a l  a s s u m p t io n s  a b o u t  p e o p le s  c h o i c e s  can be 

made. The f i r s t  i s  r e a s o n a b l e  when th e  m o t i v a t i n g  v a r i a b l e  i s  

money w h i l e  bhe second i s  more g e n e r a l  and i s  h y p o t h e s i z e d  i n  

t h e  CHU model ( s e e  c h a p t e r  2 ) .  They a r e  a s  f o l l o w s :

i )  I n  t h e  g e n e r a l  d e f i n i t i o n  of SEU, i f  e ach  x^,, ^  i s

a m one ta ry  q u a n t i t y  u i ( x i ) ,<T ui ( y i ) <=> x ± ^  y ± f o r  i  =

1,  . . . . . .  k .

i i )  i 'o r  e ach  e  P i , s._ ( P i ) g  ( q.i ) <=> p± ^  f o r

i  = 1, 2 , . . . .k

I t  can  e a s i l y  be shown f o r  s im ple  and du p lex  gambles  

t h a t  t h e  s i g n  d e p e n d e n c e / in d e p e n d e n c e  c o n d i t i o n s  p r e d i c t e d  by 

SEU f o l l o w  f rom  t h e s e  two a s s u m p t io n s ,  which amount t o  what h a s  

been  c a l l e d  t h e  " su re  t h i n g  p r i n c i p l e " .  Thus,  i f  one i s  p r e p a r e d  

to a c c e p t  t h e  su re  t h i n g  p r i n c i p l e  ( s e e  Edwards, 1 9 5 4c ))  i t  i s  

o n ly  n e c e s s a r y  to  t e s t  e x p e r i m e n t a l l y  th e  weak o r d e r  and 

c a n c e l l a t i o n  c o n d i t i o n s .  S i m i l a r l y  i f  one was i n t e r e s t e d  i n  

t h e  i n e x a c t  SEU model f o r  s imple  gambles the  e m p i r i c a l  t a s k  

would be t o  t e s t  t h e  s e m i - o r d e r  and c a n c e l l a t i o n  of  s t r i c t  

p r e f e r e n c e s  c o n d i t i o n s .  A c ce p t in g  th e  su re  t h i n g  p r i n c i p l e  h a s  

a f u r t h e r  c o n sequ en ce :  f o r  s im ple  and d up lex  gambles  a l l  s im p le  

p o ly n o m ia l  f u n c t i o n a l  r e l a t i o n s h i p s  o t n e r  t h a n  t h e  SEU model can 

be r e j e c t e d .  T h is  i s  b ecau se  th e  su re  t h in g  p r i n c i p l e  v i o l a t e s  

the  z e r o ,  ind ependence  and s i g n  dependence c o n seq u e n ce s  of a l l

non-SEU m od e ls .

A l th o u g h  t h e s e  c o n c l u s i o n s  seem r e a s o n a b l e ,  a word o f  

c a u t i o n  sho u ld  be e x p re s s e d  a b o u t  r e j e c t i n g  h y p o t h e s e s  b e c a u se  

t r i v i a l  p r e d i c t i o n s  a r e  v i o l a t e d .  T h is  can be i l l u s t r a t e d  w i th  an 

e m p i r i c a l  s tu d y  made by Coombs and Huang (197Q).  They c a r r i e d
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out  an o r d i n a l  a n a l y s i s  o f  'peop les '  p e r c e i v e d  r i s k  of c e r t a i n  

g a m b les .  The gambles were of  t h e  wheel  of f o r t u n e  ty p e  of  t h e  

lo rm  (x ,  p = |f, y )  where an  amount x was won w i th  p r o b a b i l i t y  §- 

and o t h e r w i s e  an  amount y was l o s t  w i th  p r o b a b i l i t y  g-. Such gamble 

a r e  c o m p l e t e l y  c h a r a c t e r i z e d  by t h e i r  e x p ec te d  v a l u e ,  E = (x + y)

/ eL t h e i r  r a n g e ,  R = x -  y and th e  p r o b a b i l i t y  of  a win, P = J-.

A f u r t h e r  f a c t o r ,  t h e  number o f  p l a y s  of a gamble ,  C can be 

i n c l u d e d .  Gambles from th e  s e t  ii! x R x C can be examined w i th  

r e s p e c t  to  t h e i r  r i s k i n e s s .  Coombs and Huang (1970)  c o n s i d e r e d  

th e  d i s t r i b u t i v e  s im ple  po lynom ia l  model i . e .  bhe model which 

s a y s  t h a t  t h e  p e rc i e v e d  r i s k  of tn e  whole gamble ,  PR i s  a 

d i s t r i b u t i v e  f u n c t i o n  of  the  p e r c i e v e d  r i s k  of t h e  components ,

1, C and R: PR = (b^ ( l )  + bgCR)) b-^(C). The o r d i n a l  a n a l y s i s  

t h e y  p e r fo rm ed  s u p p o r t s  t h i s  model.  K ra n tz  and T v e rsk y ,  (1971)  

i n  d i s c u s s i n g  th e  model s t a t e  t h a t  s u p p o r t  a l s o  can  be found 

f rom t h e  e f f e c t i v e  ze ro  c l a s s e s  which e x i s t .  However, i t  i s  e a s i l y  

d e m o n s t r a t e d  t h a t  t h i s  i s  n o t  so .  Any gamble w i th  a r a n g e  of 

z e r o  must  have a p e r c i e v e d  r i s k  o f  z e r o ,  r e g a r d l e s s  of i t s  

e x p e c te d  v a l u e  o r  th e  number of  t im e s  i t  i s  p l a y e d .  T h i s ,  a s  

can  be s e e n  from th e  r e s u l t s  on z e r o s  r e p o r t e d  e a r l i e r ,  must be 

i n c o m p a t i b l e  w i t h  t h e  above d i s t r i b u t i v e  model .  The wisdom of  

r e j e c t i n g  t h e  model on t h e  b a s i s  of t h i s  sh o u ld  be q u e s t i o n e d ,  

th o u g h ,  a s  'g a m b le s '  w i th  a z e r o - r a n g e  a r e  c l e a r l y  t r i v i a l .  I f  

t h e  model  i s  shown to  be s a t i s f a c t o r y  i n  th e  comain of non­

t r i v i a l  gam bles  much s t r o n g e r  r e a s o n s  f o r  r e j e c t i n g  i t  a r e  

n e c e s s a r y .  To.is may a l s o  be t r u e  xn c o n s id e r x n ^  p e o p le s  

p r e f e r e n c e s  f o r  gam bles .  V i o l a t i o n s  of r e s u l t s  a b o u t  z e r o s  

o r e d i c t e d  by some model would n o t  be s u f f i c i e n t  g ro un d s  f o r  

r e j e c t i n g  i t .  While th e  d i a g n o s t i c  v a lu e  of  z e ro  r e s u l t s  i s  no t
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i n  d i s p u t e  i t  should  be r e c o g n i z e d  t h a t  r e a l  t e s t s  of a model 

m ust  be ba sed  on i t s  pe rfo rm ance  i n  n o n - t r i v i a l  c a s e s .

The su re  t h i n g  p r i n c i p l e  u n l i k e  t h e  z e ro  c o n d i t i o n s  

a p p l i e s  to q u i t e  a wide range  of c h o ic e  s i t u a t i o n s .  I t  i s  ho t  

co n ce ru e d  w i t h  on ly  a few t r i v i a l  a l t e r n a t i v e s .  Any models which 

d e m o n s t r a b ly  v i o l a t e  i t ,  t h e r e f o r e ,  need no t  be c o n s i d e r e d  f u r t h e r .  

I n  th e  e x p e r i m e n t s  of  t h i s  c h a p t e r  t h e n ,  QEA w i l l  be used t o  examine 

the  o r d e r i n g  and c a n c e l l a t i o n  consequences  of t h e  e x a c t  SEU model 

o n ly .  Two p r e v i o u s  e x p e r im e n t s  i n v o l v i n g  s imple  gam bles ,

Coombs, B ezem binder  & Goode (1957) and Tversky  (1969) nave 

a d d r e s s e d  t h e m s e lv e s  t o  t h e  t r i p l e  C a n c e l l a t i o n  and t r a n s i t i v i t y  

of s t r i c t  p r e f e r e n c e  c o n d i t i o n s  r ® p e c t i v e l y .  No p r e v i o u s  s tu d y ,  

however ,  h a s  f o c u s s e d  on c a n c e l l a t i o n  and t r a n s i t i v i t y  o f  

i n d i f f e r e n c e .  T h i s  i s  c o n s id e r e d  an  o m iss io n  which shou ld  be 

r e c t i f i e d  s i n c e  t h e  e x a c t  SEU model makes v e ry  s t r o n g  p r e d i c t i o n s  

a b o u t  i n d i f f e r e n c e .  I f  v i o l a t i o n s  a r e  found which c an n o t  be p u t  

down t o  e r r o r  t h e n  th e  i n e x a c t  SEU model must be a c c e p t e d  a s  t h e  

more p l a u s i b l e  a l t e r n a t i v e .  I n  t h i s  c h a p t e r ,  t h i s  com par ison  

b e tw een  e x a c t  and i n e x a c t  SEU models i s  made when s im ple  gambles  

a r e  c o n s i d e r e d  bu t  no p a r t i c u l a r  co n sequences  of SEU a r e  

em phas ized  i n  t h e  case  of duplex  gam bles .  Here a g e n e r a l  QEA i s  

a t t e m p t e d  s i n c e  no o t h e r  s tudy  u s in g  such a l t e r n a t i v e s  i s  xnown.

I f  t h e  g e n e r a l  QEA shows t h a t  t h e  SEU model i s  s a t i s f i e d  more 

r i g o r o u s  t e s t s  of p a r t i c u l a r  c o n d i t i o n s  should f o l l o w .

As w e l l  a s  t h e s e  s u b s t a n t i v e  pro clems some 

m e t h o d o l o g i c a l  q u e s t i o n s  w i l l  be r a i s e d .  In  c h a p t e r  2 i t  was 

n o t e d  t h a t  t h e  s t a t i s t i c a l  t e s t s  a s s o c i a t e d  -with QiA have n o t  

been  f u l l y  worked out-. T h e re fo re  i t  was n e c e s s a r y  to a t t e m p t  

c e r t a i n  ad hoc s o l u t i o n ; , ,  whose s u c c e s s  i s  a l s o  u n d e r  i n v e s t i g a t i o n .
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P r e v i o u s  s t u d i e s  i n v e s t i g a t i n g  f u n c t i o n a l  r e l a t i o n s h i p s  

q u a n t i t a t i v e l y  have c o n s id e r e d  a d d i t i v e  and SEU m odels .  Eor  

b o t h  s im p le  and d u p lex  gambles t h i s  w i l l  be done i n  th e  

e x p e r i m e n t s  of t h i s  c h a p t e r .  As w e l l  a s  t h i s  i t  w i l l  be n e c e s s a r y  

t o  examine t h e  e x t e n t  of b i a s  i n  e s t i m a t e s  of  s u b j e c t i v e  v a lu e  

f o r  t h e  p a r t i c u l a r  d e s i g n s  u se d .

I n  expe r im en t  1 a l l  t h e  p r o c e d u r e s  p r e v i o u s l y  d i s c u s s e d  

w i l l  be used  to  examine t h e  s t a t e m e n t s  of p r e f e r e n c e  and b i n a r y  

c h o i c e s  o f  a s i n g l e  DM who i s  c o n f r o n te d  w i th  s im ple  gam bles .  

B ecause  d a t a  f rom only  one i n d i v i d u a l  has  b e en  c o l l e c t e d  t h i s  i s  

t o  be r e g a r d e d  p r i m a r i l y  a s  a f e a s i b i l i t y  s tudy  of  t h e  

t e c h n i q u e s .

I n  e x p e r im e n t s  2 and 3 more s u b s t a n t i a l  amounts  of 

d a t a  a r e  c o l l e c t e d :  s t a t e m e n t s  of p r e f e r e n c e  f o r  s im ple

gam bles  i n  ex p e r im e n t  2 and b i n a r y  c h o ic e s  f o r  d up lex  gambles  

i n  e x p e r im e n t  3* QPA i s  a p p l i e d  i n  e x p e r im e n t  2 and b o t h  QEA 

and f u n c t i o n a l  measurement a r e  c a r r i e d  ou t  i n  ex pe r im e n t  3.

137.



-fix pe riffle n t  _1.

®xajnina t a nfl f u n c t i o n a l  measu r e ment o f  a s i n g l e  

EiLki§EL!i.S-fciQQ-ry c h o ic e s  and s t a t e m e n ts__of p r e f e r e n c e  f o r  

s im p le  g a m b l e s .

.The a ims of t h i s  e x p er im en t  were, f o r  t h e  s i n g l e

s u b j e c t :

i )  t o  t e s t  t h e  SEU model and p r o b a b i l i s t i c  model 1 f o r  b i n a r y  

c h o ic e  d a t a  by QFA,

i i )  to  t e s t  t h e  SEU model and th e  s im ple  e r r o r  model f o r  

s t a t e m e n t s  o f  p r e f e r e n c e  by QFA,

i i i )  to  compare a d d i t i v e  and SEU models by Bock and Jones*

method o f  f u n c t i o n a l  measurement u s in g  t h e  b i n a r y  c h o ic e  

d a t a .

I n  any e m p i r i c a l  t e s t  of the  co n sequences  of  a r e p r e s e n t a t i o n  

h y p o t h e s i s  t h e  p a i r s  o f  a l t e r n a t i v e s  used i s  c r u c i a l .  I n  t h i s  

e x p e r im e n t  i t  was d e c id ed  t o  c o n s i d e r  a 4 x 3 f a c t o r i a l  s e t  o f  

amount to  win ix p r o b a b i l i t y  gambles and a s i m i l a r  s e t  o f  l o s e  

o n e s .  I n  o r d e r  t o  emphasize the  co nsequences  of t h e  SEU model 

f o r  i n d i f f e r e n c e ,  sm a l l  d i f f e r e n c e s  i n  p r o b a b i l i t y  and p a y o f f s  

were s e l e c t e d .  I f  i )  and i i )  snow bhat t h e  oEU model i s  

s u c c e s s f u l  t h i s  i s  d e s p i t e  th e  f a c t  t h a t  t h e  gamble s e t s  were 

such  t h a t  t r a n s i t i v i t y  and double  c a n c e l l a t i o n  of  i n d i f f e r e n c e  

c o u ld  be  t e s t e d .  T h is  s e l e c t i o n  of gambles c l o s e  i n  s u b j e c t i v e  

v a l u e  a l s o  g i v e n  an  a d v an tag e  w i th  r e s p e c t  to  i i i )  above,  i n  

t h a t  i t  i s  l i k e l y  to  reduce  the  chance of o b s e r v in g  ze ro  o r  one 

p r e f e r e n c e  f r e q u e n c i e s .  A l i m i t a t i o n  of  the; e x p e r im e n t ,  though 

i s  t h a t  s u b j e c t i v e -  s c a l e s  of only a s m a l l - r a n g e  of  s im ple  

g am bles  can  be o b t a i n e d .



ii
I

E x p er im ent a l  D e s i g n .

A win s e t  and a l o s e  s e t  o f  s im ple  gambles  were 

c o n s t r u c t e d .  L e t  t h e  win s e t  be P x 3W and th e  l o s e  s e t  P x SL, 

wnere P = ^ 0 . 4 0 ,  0 . 4 5 ,  0 . 5 5 ,  0 . 6 0 ^ ,  SW = + 75p, + 80p, + 85p|

and SL = ^ - 8 5 p ,  -8 0p ,  -75p^j- . A gamble from t h e  win s e t  i s  

one where sw^ £  SW i s  won w i th  p r o b a b i l i t y  p . £  P and 

n o t h i n g  i s  won w i th  p r o b a b i l i t y  ( l - p , ) .  S i m i l a r l y ,  i n  a
J

gamble from t h e  l o s e  s e t ,  s l ^  ^  SL i s  l o s t  w i th  p r o b a b i l i t y  p .  £

P. A l l  p a i r s  from th e  win s e t  and a l l  p a i r s  f rom t h e  l o s e  s e t

such  t h a t  n e i t h e r  dom ina tes  th e  o t h e r  a r e  p r e s e n t e d  to  t h e

s u b j e c t  ( S ) .  T h i s  g i v e s  18 win p a i r s  and 13 l o s e  p a i r s .

I n  t h e  f i r s t  p a r t  o*f th e  exper im en t  b i n a r y  c h o ic e  

d a t a  was c o l l e c t e d .  Each of t h e  38 p a i r s  were p r e s e n t e d  to  t h e  

s u b j e c t  7 t i m e s .  The j u x t a p o s i t i o n  of  gambles i n  a p a i r ,  w i th  

r e s p e c t  t o  l e f t - r i g h t  was random. The o r d e r  of t h e  252 t r i a l s  

was a l s o  random e x ce p t  t h a t  i f  t h e  p a i r  had app ea re d  d u r in g  th e  

p r e v i o u s  10 t r i a l s  i t  would not  a p p e a r  a t  th e  p r e s e n t  t r i a l .

The r e s p o n s e s  a v a i l a b l e  t o  t h e  s u b j e c t  were e i t h e r  ' c h o s e  gamble 

one '  o r  ' c h o s e  gamble t w o ' ,  ho i n d i f f e r e n c e  judgement  was 

a l l o w e d .

I n  t h e  second p a r t  of th e  ex per im en t  s t a t e m e n t s  o f  

p r e f e r e n c e  were o b t a i n e d .  The 38 gamble p a i r s  were p r e s e n t e d  

i n  random o r d e r  and on each  t r i a l  3 s t a t e d  which he p r e f e r r e d  or  

w h e th e r  he had no p r e f e r e n c e .  The o r d e r  of p r e s e n u a t i o n  of t h e  

p a i r s  and t h e  j u x t a p o s i t i o n  of gambles i n  a p a i r  were b o th  

random.

Subj e c t

The S u b j e c t  was a male r e s e a r c h  a s s i s t a n t  i n  t h e  

D ep a r tm en t  o f  P sy ch o lo g y ,  U n i v e r s i t y  o f  S t i r l i n g  aged 24.
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P ro c e d u re

For  ohe b i n a r y  c h o ic e  p a r t ,  a s t i m u l u s  t a p e  was 

p r e p a r e d  f o r  a s t a n d a r d  ICL t e l e p r i n t e r .  A f t e r  th e  

i n s t r u c t i o n s  were g iv e n  S ran  t h e  t a p e  t h r o u g h  t h e  r e a d e r  u n t i l  

t h e  f i r s t  p a i r  were p r i n t e d  i n  t h e  f o l lo w in g  foims

Choice One Choice  two.

Amount t o
l o s e  * 7 5 p 8 0 p

Chance .60 . 5 5

Choice .....................

* Win a p p e a r s  h e re  on win p a i r s .

A f t e r  t h e  word ’ c h o i c e '  t h e r e  was some ru n o u t  on t h e  

i n p u t  t a p e  and 3 s topped  th e  r e a d e r .  He t h e n  punched e i t h e r  

' I*  o r  ’ 2 ) d e p en d in g  on h i s  cho ice  and r e s t a r t e d  the- r e a d e r ,  u n t i l  

t h e  n e x t  p a i r  had been typed  on th e  t e l e p r i n t e r  p r i n t o u t .  The 

o p e r a t i o n  was r e p e a t e d  2 5 2  t im e s  u n t i l  t h e  exper im en t  was 

c o m p le te d .  D ur ing  th e  ex p e r im e n t ,  t h e  t e l e p r i n t e r  punch was 

sw i t c h e d  on g i v i n g  a p a p e r  t a p e  r e c o rd  of t h e  s t i m u l i  and 

r e s p o n s e s .  T h is  t o o l  a bou t  2 h r s .  15 rnins.

The s u b j e c t , b e f o r e  he began,  was t o l d  s h a t  a t  t h e  end 

o f  t h e  e x p e r i m e n t ,  one t r i a l  would be p ick e d  a t  random and he 

would be r e q u i r e d  to  p lay  th e  gamble cnosen on t h a t  t r i a l .  He 

was t o  be g i v e n  a s t a k e  of t7 5 p b e fo r e  t h i s ,  so lie s to o d  t o  l o s e  

o n ly  a few pence  and to  g a i n  up t o  160 p over  a l l .  T h i s  was 

i n t e n d e d  t o  g iv e  some r e a l i s m  t o  h i s  c n o ic e s  and p ro v id e  

m o t i v a t i o n  f o r  t n e  t e d io u s  t a s k  of waGchin*, the  o e l e p r i n t e r

p r i n t .  He a c t u a l l y  won 130p*

A p p ro x im ate ly  two weeks l a t e r ,  uhe 3 6  gamble p a i r s ,



random ized  f o r  l e f t - r i g h t  p o s i t i o n  were p r e s e n t e d  t o  th e

sub jec t ;  xn b o o k l e t  form, The b o o k l e t  was made up from

t e l e p r i n t e r  p r i n t o u t  w i th  t h e  gamble p a i r s  w r i t t e n  i n  t h e  same

torm  a s  f o r  t h e  f i r s t  p a r t  of t h e  e x p e r im e n t .  T h is  t im e ,  S was

a sk ed  s im p ly  t o  i n d i c a t e ,  w i th  an im ag ina ry  c h o ic e  s i t u a t i o n  i n

view ,  which he p r e f e r r e d  or  i f  he had no p r e f e r e n c e .  He w ro te

one ,  two o r  a dash  a c c o r d i n g l y  and went th r o u g h  t h e  b o o k l e t

■page by page i n  a b o u t  f i f t e e n  m in u te s .

s u i t s  and D i s c u s s i o n

The raw d a t a  f o r  th e  b i n a r y  c h o ic e  s i t u a t i o n  i s  shown

i n  t h e  f i n a l  columns o f  t a b l e s  5 .1  and 5 .2 .  These columns g iv e

t h e  number o f  t i m e s  the  s u b j e c t  chose gamble two of e ach  p a i r .  '

The raw d a t a  f o r  th e  s t a t e m e n t s  of p r e f e r e n c e  can be d e r i v e d  from

t h e  " s t a t e d  p r e f e r e n c e "  columns o f . t h e  t a b l e s .

F i r s t ,  a r e s u l t  was o b ta in e d  p o i n t i n g  to  th e  v a l i d i t y

of t h e  proposed  a n a l y s i s  o f  th e  b i n a r y  c h o ic e  d a t a  i n  te rm s  of  t h e
f o l lo w in g

b i n a r y  p r e f e r e n c e s  p r o b a b i l i t i e s .  The/two f a c t o r s  may make t h e  

a n a l y s i s  i n v a l i d :

i )  s u b j e c t s  remember t h e i r  p r e v io u s  c h o ic e  on a p a r t i c u l a r

•pair and ten d  t o  r e p e a t  i t .

i i ) t h e y  change t h e i r  minds about  some p r e f e r e n c e s  h a l f  way

t h r o u g h  th e  e x p e r im e n t .  Suppose che raw d a t a  i s  pu t  i n  t h e  

form  of 36 b i n a r y  sshucncGS of I s  and i s ,  one f o r  each  p a i r
ij li.

p r e s e n t e d .  A 1 o r  2 a t  the j t h  posi t ion of  t h e  i  sequence  

i n d i c a t e s  t h a t  t h e  s u b j e c t  made t h i s  c h o ic e  a t  th e  j t h  

p r e s e n t a t i o n  o f  th e  i t h  p a i r .  I f  e i t h e r  of t h e  i n v a l i d a t i n g  

f a c t o r s  d o es  nave an e f f e c t  th e n  th e  number of r u n s  i n  t h i s  d a t a  

s i l l  d i f f e r  markedly from t h e  number ex p ec te d  u n d e r  t h em a t r i x  w
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n u l l  h y p o t h e s i s  o f  no e f f e c t .  F o r  the  d a t a  o b t a i n e d ,  th e  

e x p e c te d  number o f  r u n s ,  E(R) = 7 6 , t h e  s t a n d a r d  d e v i a t i o n ,  

oD(ri) = 3 .5  and t h e  observed  number of r u n s ,  R = 7 5 . These 

f i g u r e s  were o b t a i n e d  by c a l c u l a t i n g  R, E(R) and Var.  (R) = 

J^S I) (R )^  f o r  each sequence and summing over  a l l  s e q u e n c e s .

Ib  can  be  c o n c lud ed  from th e  above f i g u r e s  t h a t  t h e  two f a c t o r s  

a r e  non l i k e l y  to  have a f f e c t e d  c h o ic e s .  The b a s i c  B e r n o u l l i  

model ,  wnich s a y s  ohat c h o ic e s  between any p a i r  a r e  d e te rm in e d  

by a c o n s t a n t  p r e f e r e n c e  p r o b a b i l i t y  i s  not  d i s c o n f i r m e d . F u r t h e r  

a n a l y s e s  b ased  on tn e  b i n a r y  p r e f e r e n c e  f r e q u e n c i e s  shown i n  

f i g u r e s  5 .1  and 5 .2  can t h e r e f o r e  be c a r r i e d  o u t .

Q u a l i t a t i ve F u n c t i o n a l  A na lys i s

F o r  t h e  c h o ic e  d a ta  t h e  u n r e s t r i c t e d  maximum l i k e l i h o o d  

p r e f e r e n c e  p a t t e r n  under  p r o b a b i l i s t i c  model I  can be fo u nd .

T h i s  a t u e m , a n d  a l s o  th e  p a t t e r n  of  observed  s t a t e m e n t s  of  

. - r e fe ren c e  can  be augmented by th e  assumed p r e f e r e n c e s  among 

p a i r s  i n  which one gamble dominates  the  o t h e r .  T h is  d e f i n e s ,  f o r  

each  k in d  o f  d a t a ,  a s t r i c t  p r e f e r e n c e  r e l a t i o n  ove r  t h e  s e t  of  

s im p le  g a m b l e s ,w i th  an  i n d i f f e r e n c e  r e l a t i o n  a s  i t s  symmetric  

co m p lem en t . .One can t e s t  b o th  r e l a t i o n s  go see  i f  t h e  q u a l i t a t i v e  

p r o p e r t i e s  p r e d i c t e d  by t h e  SEU model a r e  v i o l a t e d .  From c h a p t e r  

2 i t  i s  known t h a t  t o  do t h i s  i t  i s  s u f f i c i e n t  t o  bes t  c o n d i t i o n s  

-1502 and H5C3',  t h e  weak o r d e r  and c a n c e l l a t i o n  c o n d i t i o n s  

r e s p e c t i v e l y .  T h is  t e s t  showed thao  a sm a l l  number of v i o l a u i o n s  

o f  t h e  c o n d i t i o n s  o c c u r r e d .  The q u e s t i o n  was posed a s  t o  what 

i s  t h e  minimum number of p r e f e r e n c e s  t n a t  must be changed i n  o r d e r  

t o  e l i m i n a t e  t h e s e  v i o l a t i o n s .  I f  t h e  p a t t e r n  of p r e f e r e n c e s  

most c o n s i s t e n t  wish she d a t a  does no t  s a t i s f y  SEU, p e rh a p s  one 

v e ry  s i m i l a r  to  i t  d o es .  1 s t  the  k v a lue  of a p r e f e r e n c e  p a t t e r n
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be t h e  number o f  p r e f e r e n c e s  d i f f e r e n t  f rom th e  p a t t e r n  t h a t  b e s t  

f i t s  t h e  d a t a .  The f o l l o w i n g  a l g o r i t h m  was used to  t r y  t o  f i n d  

some p a t t e r n  c o n s i s t e n t  w i th  SEU h a v in g  th e  minimum k v a l u e .  I t  

was a p p l i e d  t o  b o t h  k i n d s  of  d a t a .

i )  Take t h e  p a t t e r n  of p r e f e r e n c e  most c o n s i s t e n t  w i th  t h e  d a t a

i i )  F ind  t h e  r e l a t i o n  t h a t  t a k e s  p a r t  i n  most v i o l a t i o n s  o f  SEU

i i i )  change i t  t o  t h e  v a lu e  which r e d u c e s  t h e  t o t a l  number of

v i o l a t i o n s  most 

i v ) r e p e a t  t h e  l a s t  two o p e r a t i o n s  u n t i l  no v i o l a t i o n s  o f  

SEU o c c u r .

T h i s  a l g o r i t h m  worked t o  g iv e  a v a lu e  of  k = 3 f o r  t h e  

s t a t e m e n t s  and k = 1 f o r  c h o i c e s .  The p r e f e r e n c e  p a t t e r n s  

o b t a i n e d  a r e  shown i n  t a b l e s  5 .1  and 5 . 2 .  They can on ly  be

r e g a r d e d  a s  e s t i m a t e s  of  t h e  min k p a t t e r n s  a s  n o th in g  i s

known a b o u t  t h e  a l g o r i t h m  which s e l e c t e d  them. I t  p r o b a b ly  

worked b e ca u se  th e  v i o l a t i o n s  of  t h e  i n i t i a l  p a t t e r n  were 

few. The r e s u l t s  of t h e  a l g o r i t h m  can  be r e g a r d e d  a s  

e s t i m a t e s  of t h e  maximum l i k e l i h o o d  p a t t e r n s  c o n s i s t e n t  w i th  

SEU assum ing  th e  r e l e v a n t  p r o b a b i l i s t i c  model .  Assuming 

t h e s e  a r e  r e a s o n a b l e  e s t i m a t e s ,  t n e  SEU model can be 

t e s t e d  by th e  l i k e l i h o o d  r a t i o  t e s t  a g a i n s t  th e  g e n e r a l  

" p o i n t  p r o b a b i l i t y "  m odels .  The c h i - s q u a r e  s t a t i s t i c s  

used i n  t h e s e  t e s t s ,  w i th  t h e i r  d e g r e e s  o f  f reedom  a r e

shown i n  t a b l e  5 . 3 .

A lso  i n  t a b l e  5*3 th e  SEU model i s  compared t o  

two o t h e r  i n f o r m a t i o n  i n t e g r a t i o n  m odels :  t h e  e x p e c te d  

v a lu e  (EV) h y p o t h e s i s  and a ' l e v e l  of a d v a n ta g e s "  

h y p o t h e s i s .  The l e v e l  h y p o t h e s i s  i s  a s  f o l l o w s :
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i )  l a b e l  the  most a d v a n ta g e o u s  p r o b a b i l i t y  3> t h e  n e x t  2 and 

t h e  l e a s t  a d v a n ta g e o u s  1.

i i )  s i m i l a r l y  l a b e l  t h e  v a l u e s  componants  i n  r a n k  o r d e r

i i i )  d e f i n e  t h e  l e v e l  of  a d v a n ta g e o u s n e s s  o f  a gamble a s  t h e  sum 

of  i t s  p r o b a b i l i t y  and v a lu e  r a n k s ,

i v ) d e f i n e  t h e  l e v e l  h y p o t h e s i s  a s  t h a t  which p r e d i c t s  S i s

i n d i f f e r e n t  be tw een  gambles of  t h e  same l e v e l  and o t h e r w i s e  

p r e d i c t s  t h a t  he p r e f e r s  t h e  gamble w i th  t h e  h i g h e r  l e v e l .

I t  can  be seen  from t a b l e  5 .3  t h a t  by t h e  LR t e s t  o f  c h o ic e  

d a t a ,  l e v e l  and EV can be r e j e c t e d  a t  t h e  .001 l e v e l  b u t  

SEU c an n o t  be r e j e c t e d  even a t  th e  0 .0 5  l e v e l .  'The 

c o m p a r iso n  of  th e  t h r e e  models w i th  r e s p e c t  to  t h e  

s t a t e m e n t s  d a t a  can be made by com par ison  of  min k v a l u e s  

a s  w e l l  a s  t h e  t h r e e  LR t e s t s .  Both co m p a r iso n s  show 

t h a t  SEU i s  s u p e r i o r  to  t h e  s im ple  i n f o r m a t i o n  i n t e g r a t i o n  

m o d e ls ,  though  E¥ and l e v e l  canno t  be r e j e c t e d  a t  t h e  

.05., l e v e l .  These f i n d i n g s  a r e  no t  s u r p r i s i n g  a s  SEU 

d e f i n e s  a c l a s s  of  m odels ,  and t h e  one t e s t e d  was ch osen  f o r  

i t s  g o o d n e ss  o f  f i t  w h i le  th e  o t h e r  two a r e  p a r t i c u l a r  

m od e ls ,  each  d e f i n i n g  a s i n g l e  p r e f e r e n c e  p a t t e r n .

However it does show that the analysis nas led to an 
improvement of goodness of fit over two quite plausible 
simple models. The evidence so far points to the conclusion 
that the SEU model can account for the subjects’ choices 
and it can also account quite well for the subjects' 
statements of preference when errors are defined as above. 
Neither choices nor statements contradicted the 
consequences of SEU concerning indifference, because 
indifference did not play a promineno role in the subjects

144.



r e s p o n d i n g .  U n f o r t u n a t e l y ,  few t e s t s  o f  t h e  c o n d i t i o n s  

c o u ld  be made so few v i o l a t i o n s  cou ld  be o b s e rv e d .

Thus,  QFA was no t  a p p l i e d  to  t h e  i n e x a c t  SEU model.  

F u n c t i o n a l  Measurement A n a l y s i s .

S t r i c t l y  s p e a k in g ,  Bock and J o n e s f a n a l y s i s  r e q u i r e s  

n o n - z e r o  e s t i m a t e s  of b i n a r y  p r e f e r e n c e  p r o b a b i l i t i e s  and a l a r g e  

n i n  an  n - r e p l i c a t e  p a i r  compar ison  e x p e r im e n t .  However, n was 

q u i t e  s m a l l  ( 7 )  and i t  can be seen  from t a b l e s  5 .1  and 5 .2  t h a t  

many (21 ou t  of  36) p r e f e r e n c e  f r e q u e n c i e s  were z e ro  o r  one.

The a n a l y s i s  w i l l  be c a r r i e d  ou t  u n d e r  t h e  a s s u m p t io n  t h a t  

d e s p i t e  t h e s e  f a c t s ,  t h e  a sy m p to t i c  r e s u l t s  h o ld  t o  a r e a s o n a b l e  

a p p r o x i m a t i o n .  The i m p l i c a t i o n s  of t h i s  w i l l  be c o n s i d e r e d  

l a t e r .

The a n a l y s i s  was c a r r i e d  o u t ,  u s i n g  only  t h e  

o b s e r v a t i o n s  a c t u a l l y  made, w i t h i n  each gamble s e t .  Thus, 

g o o d n e ss  o f  f i t  s t a t i s t i c s  were c a l c u l a t e d  and p a r a m e t e r s  

e s t i m a t e d  from two in c o m p le t e ,  1 -  r e p l i c a t e  p a i r  com par ison  

e x p e r i m e n t s .  The o b s e r v a t i o n s  n o t  made cou ld  have been  assumed 

and t h e  a n a l y s i s  cou ld  have been  based  on com ple te  p a i r  

c o m p a r i s o n  r e s u l t s .  However t h i s  would have l e d  t o  a com ple te  

d o m in a t io n  of z e ro  and one p r e f e r e n c e  f r e q u e n c i e s ,  which was no t  

n e c e s s a r y  b e c a u s e  th e  a c t u a l  o b s e r v a t i o n s  were s u f f i c i e n t  f o r  

the  a n a l y s i s .  A consequence  of u s in g  th e  i n c o m p le te  d e s i g n  was 

t h a t  th e  ex t rem e  f a v o r a b l e  and u n f a v o r a b l e  gambles  of each s e t  

were n o t  i n c l u d e d .  Thus an  i n t e r v a l  s c a l e  o f  only- t e n  of t h e  

g am bles  i n  e ach  s e t  was ' e s t i m a te d .  F u r t h e r  oo t h i s ,  minimum 

n o rm i t  c h i  sq u a re  e s t i m a t i o n  of tne p a ra m e te r s  of  c e r t a i n  sub­

m ode ls  and t e s t s  of  t h e i r  goodness  of  f i t  were c a l c u l a t e d .

145.



T ab le  5 .4  g i v e s  c h i —square  s t a t i s t i c s  (some o b t a i n e d  

from d i f f e r e n c e s  o f  c h i —s q u a r e s ) of goodness  o f  f i t  f o r  t h e  

b a s i c  T h u r s to n e  model and two a d d i t i v e  m u l t i - f a c t o r  su b -m o d e ls .  

The s i g n i f i c a n t  s u b j e c t i v e  v a l u e s  c h i - s q u a r e s  l e a d  us  t o  r e j e c t  

bhe h y p o t h e s i s  t h a t  t h e  s u b j e c t i v e  v a l u e s  of  t h e  gambles  a r e  a l l  

e q u a l  ( w i t h i n  each  s e t ) .  I f  any " d e p a r t u r e 11 s t a t i s t i c  i s  

s i g n i i i c a n t  one can conc lude  t h a t  t h e  d a t a  d e v i a t e s  from t h e  

model  u n d e r  t e s t  more t h a n  would be e x p ec te d  by chan ce .  Prom t h e  

bab le  i t  can be seen  t h a t  t h e  b a s i c  T h u r s t o n i a n  model can  be 

a c c e p t e d  and one can c o n s i d e r  th e  v a r i o u s  i n f o r m a t i o n  i n t e g r a t i o n  

su b -m o d e ls .  The t a b l e  shows th e  c h i - s q u a r e  f o r  d e p a r t u r e  from 

t h e  g e n e r a l  . a d d i t i v e  model and th e  a d d i t i v e  model d i s c u s s e d  by 

S l o v i c .  T h i s  l a t t e r  i s  where a g a m b le ' s  s u b j e c t i v e  w or th  i s  a 

w e ig h te d  sum of i t s  p r o b a b i l i t y  and v a lu e  components .  Thus ,  t h e  

two p a r a m e t e r s  of t h e  model a r e  t h e  two w e i g h t s .  The d a t a  f rom 

bobh t h e  win ahd th e  l o s e  s e t  does no t  d e p a r t  s i g n i f i c a n t l y  from 

e i t h e r  o f  t h e  a d d i t i v e  m odels .  The d i f f e r e n c e  be tween th e  

" d e p a r t u r e "  c h i - s q u a r e  s t a t i s t i c s  i s  no t  to o  g r e a t ,  c o n s i d e r i n g  

t h e  d i f f e r e n c e  i n  t h e i r  d e g r e e s  of  f reedom  ( p a r t i c u l a r l y  f o r  t h e  

win s e t ) .  T h e r e f o r e  i t  i s  r e a s o n a b l e  t o  a c c e p t  S l o v i c 1s more 

s im p le  m odel .  P a r t i c u l a r l y  a s  t h i s  on ly  h as  two p a r a m e t e r s  and 

p r e d i c t i o n s  can be made based  on t h e  o b j e c t i v e  v a l u e s  o f  t h e  

g a m b les .  I n  f i g u r e  5 .1  and 5 .2  th e  s u b j e c t i v e  v a l u e s  p r e d i c t e d  

by t h i s  model a r e  compared t o  t h o s e  e s t i m a t e d  d i r e c b l y  from  t h e  

d a t a .  These c o n f i r m  t h a t  t h e  model f i t s  q u i t e  w e l l .  Tne 

p a r a m e t e r  e s t i m a t i o n  f o r  th e  model i s  shown i n  t a b l e  5 .5 .

S l o v i c ' s model can be c o n s id e r e d  a s p e c i a l  ca^e of  

t h e  l i n e a r  SEU model. In  th e  l i n e a r  31U model t n e  s u b j e c t i v e
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v a l u e s  a r e  l i n e a r  f u n c t i o n s  of  t h e  o b j e c t i v e  v a l u e s ,  and a r e  

assumed t o  i n t e g r a t e  m u l t i p l i c a t i v e l y . Thus,

u ( g )  = (a  + b * p ) ( c  + d fx )  = ac + bcp + ad x + bdpx 

where u(&) i s  t h e  u t i l i t y  of t h e  gamble ,  a , b , c , d  a r e  p a r a m e t e r s  

o f  t h e  model and p and x a r e  t h e  o b j e c t i v e  p r o b a b i l i t y  and v a l u e  

components  o f  t h e  gamble. I n  a p a i r  com par ison  s i t u a t i o n  t h e  

c o n s t a n t ,  ac c a n c e l s  so t h e r e  a r e  e f f e c t i v e l y  on ly  t h r e e  

p a r a m e t e r s ,  be ,  ad and bd. S l o v i c ’ s model i s  t h e  s p e c i a l  c a se  

where bd = 0 .  Bock and J o n e s '  methods can be used  t o  t e s t  t h e  

f i b  o f  t h e  l i n e a r  SBU model and a l s o  th e  s p e c i f i c  h y p o t h e s i s  

t h a t  bd = 0 .  Bor b o t h  s e t s  o f  gambles t h e  h y p o t h e s i s  bd = 0 

c o u ld  n o t  be r e j e c t e d  a t  t h e  5$ l e v e l  of s i g n i f i c a n c e .

D i s c u s s i o n .

The c o n c l u s i o n s  from th e  q u a l i t a t i v e  and q u a n t i t a t i v e  

a n a l y s e s  o f  t h e  c h o ic e  d a t a  a r e  c o n s i s t e n t  w i th  one a n o t h e r .  

W i th in  the  win and t h e  l o s e  s e t  of gambles t h e  QPA of t h e  SBU and 

a d d i t i v e  h y p o t h e s e s  i s  the  same. Thus,  a c c e p t a n c e  of  one 

i m p l i e s  a c c e p t a n c e  of  t h e  o t h e r .  Because s i g n  dependence w i th  

r e s p e c t  t o  t h e  s i g n  of th e  outcomes m a n i f e s t l y  h e l d ,  though  i t  

i s  r e a s o n a b l e  t o  c a l l  t h e  QBA a t e s t  of SDH. I t  shou ld  be n o te d  

t h a t  t h e  QBA a n a l y s e s  of the  c h o ic e s  and s t a t e m e n t s  a r e  n o t  

r e a l l y  co m p a rab le ,  even though  th ey  were o b t a i n e d  from t h e  same 

DM. S ix  of t h e  e i g h t e e n  "min-k" p r e f e r e n c e s '  were d i f f e r e n t  i n  

each  s e t .  D i f f e r e n c e s  a r e  to  be e x p ec te d  b e ca u se  i )  t h e  

s t a t e m e n t s  were h y p e r t h e t i c a l  and the c h o i c e s  were n o t  i i )  t h e  

d i f f e r e n t  d a t a  were c o l l e c t e d  two weeks a p a r t .  The QFA does 

n o t  r e a l l y  d i s c r i m i n a t e  between che g e n e r a l  SBU model and one 

which p r o p o s e s  t h e  two components a r e  a u d i t i v e  w i t h i n  each s e t .
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To do b h i s  f u n c t i o n a l  measurement i s  n e c e s s a r y ,  s i n c e  i f  

e i t h e r  bhe a d d i t i v e  or  t h e  m u l t i p l i c a t i v e  i n t e g r a t i o n  r u l e  

h o l d s  w i t h i n  s e t s  t h e  QFA w i l l  no t  be c o n t r a d i c t e d .

The ex p ec te d  t e s t  by QFA of t h e  c o n seq u e n ce s  r e f e r r i n g  

bo i n d i f f e r e n c e  d id  no t  m a t e r i a l i z e .  One can n o t  con c lu d e  t h a t  a 

th o ro u g h  b e s t  of i n d i f f e r e n c e  has  been  c a r r i e d  o u t ,  d e s p i t e  t h e  

gam bles  b e i n g  chosen  t o  do so .  For  t h i s  r e a s o n  s t a t e m e n t s  of  

p r e f e r e n c e  f o r  t h e  gambles used i n  t h i s  e x p e r im e n t  w i l l  be 

c o l l e c t e d  from a g roup  of  s u b j e c t s  i n  e x p e r im en t  2. C h o ices  

w i l l  n o t  be c o l l e c t e d  b ecause  t h e  a l g o r i t h m  a v a i l a b l e  f o r  

a p p l y i n g  t h e  QFA i s  u n r e l i a b l e .

The f u n c t i o n a l  measurement s u p p o r te d  S l o v i c ' s  

a d d i t i v e  model .  I t  may be i n v a l i d ,  however,  beca u se  of th e  

f a c t o r s  d i s c u s s e d  i n  c h a p t e r  2. A d d i t i o n a l  b i a s  i n  p a r a m e t e r  

e s t i m a t e s  may be caused  by th e  a r b i t a r y  n a t u r e  o f  th e  in c o m p le te  

d e s i g n .  The s c a l e  depends  on th e  s p e c i f i c  p a i r s  used  and 

random f l u c t u a t i o n s  i n  a few o b s e r v a t i o n s  may. a f f e c t  t h e  

s c a l e  c o n s i d e r a b l y .  Sampling e x p e r im e n t s  should  be c a r r i e d  

ouo t o  t e s t  t h i s  source  of b i a s .  As a c o n s i d e r a b l e  amount o f  

e f f o r t  would be i n v o lv e d ,  t n i s  h a s  been  l e l t  c i l l  one r e s u l t s  

o f  l a t e r  e x p e r i m e n t s  a r e  d i s c u s s e d .

The o v e r a l l  c o n c l u s i o n  of  t h e  e x p e r im en t  i s  i n  f a v o u r  

o f  t h e  h y p o t h e s i s  t h a t  S l o v i c ' s  a d d i t i v e  model n o l d s  w iu h in  win 

and l o s e  s e t s .  I t  r em a ins  t o  be seen  w h e th e r  t h e  same a p p l i e s  

i n  o t h e r  e x p e r i m e n t s ,  where more daba i s  c o l l e c t e d .
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TABLE 5 . 1 .

Gamble P a i r s  and Minimum— K P r e f e r e n c e s
f

P a i r  Gamble One Gamble Two Minimum-K P r e f e r e n c e s  Raw"̂ " \
No. Amount Chance Amount Chance St a t  ed 

P r e f e r e n c e  
D a ta

B in a ry
Choice

D a ta

Chcsi
Da

1 85 .55 80 . 60 2** 0 3
2 85 .55 75 . 60 1 1 2

3 85 .45 80 . 60 2 2 7

4 85 .45 80 .55 2 2 7

5 85 .45 75 .60 2 2 6

6 85 .45 75 .55 2 2 5

7 85 .40 80 .60 2 2 7
oO 35 .40 80 . 55 2 2 7

9 85 .40 80 .45 0 2 5

10 85 .40 75 .60 2 2 6

11 85 .40 75 : .55 2 2 5

12 85 .40 75 .45 1 ( 2 ) * 1 0

13 80 .55 75 .60 2 0 4

14 80 .45 75 .60 2 2 7

15 80 .45 75 .55 2 2 7

16 80 .40 75 . 60 2 2 7

17 80 .40 75 .55 1 2 7

18 80 .40 75 .45 2 0 4

* The numbers  i n  b r a c k e t s  .show th e  p r e f e r e n c e s  used a s  i n i t i a l  
v a l u e s  f o r  t h e  mih k a lg o r i th m *  where "there i s  no numbers i n  
b r a c k e t s  t h e  f i n a l  and i n i t i a l  v a l u e s  were t h e  same.

+ T h i s  g i v e s  Che number o f  t im e s  ( o u t  o f  7 )  gamble two was c h o sen .

** 1 and 2 shows 'whether gamble 1 o r  2 was p r e f e r r e d ,  0 i n d i c a t e s  
i n d i f f e r e n c e .
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TABLE 5 . 2 .

jk.Q.QQ Gamble P a i r s  and Minimum K P r e f e r e n c e s . *

P a i r Gamble One Gamble Two Minimum-K P r e f e r e n c e s Eaw
No. Amount Chance Amount Chance S t a te d

P r e f e r e n c e
B a ta

B in a ry
Choice
B a ta

Choic
Bat*

19 75 .45 80 .40 0 1 0

20 75 .45 85 .40 2 ( 1 ) 1 0

21 75 .55 80 .40 2 2 7

22 75 . .55 80 .45 2 2 7

23 75 .55' 85 .40 0 2 6

24 75 .55 85 .45 0 1 ( 0 ) 4

25 75 .60 80 .40 2 2 7

26 75 .60 80 .45 2 2 7

27 75. • 60 80 .55 0 1 2

28 75 .60 85, .40 2 2 7

29 75 .60 85 .45 2 2 6

30 75 .60 85 .55 1 1 0

31 80 .45 85 .40 0 1 1

32 80 .55 ■“85 .40 2 2 7

33 80 .55 85 .45 2 (0 ) 2 7

34 80 .60 85 .40 2 2 7

35 80 .60 85 .45 2 2 7

36 80 .60 85 .45 0 0 3

M i l  t h e  n o t a t i o n  i n  t h i s  t a b l e  i s  t h e  same a s  i n  t a b l e  5 .1



TABLE 5 . 3 .

L i k e l i h ood B a t io  T e s t s  of Hypotheses 1 l e v e l ' t IV and SEU 

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

H y p o t h e s i s  
u n d e r  t e s t

S t a t e d  
P r e f e r e n c e  
Da o a

B inary  
Choice  Data

Iv v a lu e  Chi^ d . f . Chi^ d . f .

EV 11 44 .0  35 2 9 0 . 4 *** 2 6

LEVEL 12 45.8  35 236.1*** 29

SEU* 3 19 .9  35 1 3 .1  16

* t h e  v a l u e s  g iv e n  a r e  t h o s e  f o r  t h e  m in -k ,  SEU c o n s i s t e n t  
p r e f e r e n c e s  of T a b le s  5 .1  and 5 . 2 .

*** t h e s e  v a l u e s  a r e  s i g n i f i c a n t  a t  t h e  .V$> l e v e l .

TABLE 5 . 4 .

Goodness o f  F i t  T e s t s  f o r  t h e  F u n c t i o n a l  M easurement .

Lose Se t  
C h i - s q u a r e  d . f .

36 .67**  9

1 . 3 4  9

38.01  18

3 .55  4

1 0 .4 5  7

** S i g n i f i c a n t  a t  t h e  Lfi l e v e r .

Source  o f  Win Se t
V a r i a t i o n  C h i - s q u a r e  d . f .

S u b j e c t i v e
V a lu e s  24 .68** 9

D e p a r t u r e  f rom 3 .32  9
T h u r s t o n s  model

T o t a l

D e p a r t u r e  f rom 
S l o v i c 1s 
a d d i t i v e

28 .00  18

D e p a r t u r e  from
G e n e r a l  2 .57
A d d i t i v e

3 .37 7
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TABLE 5 . 5 .

The P a r a m e te r  E s t i m a t i o n  f o r  S l o v i c 18 M ode l .

P a r a m e te r

Win Bet 

E s t im a te  S ta n d a rd  E r r o r

Lose Se t  

E s t i m a t e  S ta n d a rd  E r r o r

P r o b a b i l i t y
Yv e i g h t

Value
YYeight

0 .1 5 1  0 .0338  

0 .1 4 2  0 .0 43 3

- 0 .1 9 1  0 .0 3 7 2  

0 .2 3 0  0 .0 50 3
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Figure £.1,
feraph of subjective values estimated directly from the data 

against those predicted by Slovic*s model*
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Figure g . 2 .

Graph of subjective values estimated directly from the data 
against those predicted by Slovic*s modelp
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E xper im en t  2.

Qf t h e  Exact  and I n e x a c t  SEU m odels  “by QEA A p p l i e d 

i£„. A ba tem ents  of P r e f e r e n c e  f o r  Simple Gam bles .

The e x a c t  SEU model r e c e i v e d  s u p p o r t  f rom  "both t h e  

b i n a r y  c h o ic e  and s t a t e m e n t s  o f  p r e f e r e n c e  d a t a  i n  e x p e r im e n t  1. 

Not t h e  a l g e b r a i c ,  e x a c t  SEU model, t h a t  i s ,  bu t  one which 

p o s t u l a t e s  t h a t  e r r o r s  i n  s t a t e m e n t s  of p r e f e r e n c e  o c c u r .  Fo r  

che s u b j e c t  o b se rv e d ,  " i n d i f f e r e n c e "  p lay e d  on ly  a m inor  r o l e  i n  

b o t h  s t a t e m e n t s  and c h d ce s .  There  was i n s u f f i c i e n t  d a t a  to 

examine w h e th e r  i n d i f f e r e n c e s  had th e  s t r u c t u r e  p r e d i c t e d  by the 

s u b s t a n t i v e  p a r t  o f  t h e  e x a c t  SEU model .  The model say s  t h a t  

i f  a p e r s o n  i s  t r u l y  i n d i f f e r e n t  be tween c e r t a i n  a l t e r n a t i v e s  t h e n  

t h e s e  i n d i f f e r e n c e s  shou ld  be i n  a c c o rd a n c e  w i th  t h e  doub le  

c a n c e l l a t i o n  c o n d i t i o n  and be t r a n s i t i v e .  The l i k e l i h o o d  of t h i s  

was q u e s t i o n e d  i n  c h a p t e r  2 and th e  i n e x a c t  a d d i t i v e  and 

m u l t i p l i c a t i v e  r e p r e s e n t a t i o n  h y p o th e s e s  were p roposed  a s  

a l t e r n a t i v e s  t o  th£  e x a c t  m odels .  These a l g e b r a i c  i n e x a c t  

m odels  p r e d i c t  t h a t  s t r i c t  p r e f e r e n c e s  nave a w e l l  d e f i n e d  

s t r u c t u r e  b u t  t h a t  i n d i f f e r e n c e s  do no t  conform t o  any law s  such 

a s  t h e  ab o ve .  Under' t h e  e x ac t  models ,  p e o p le  have a v e ry  c l e a r  

i d e a  of  when a l t e r n a t i v e s  nave tn e  same v a lu e  and when t n e y  a r e  

d i f f e r e n t .  Under t h e  i n e x a c t  model, a l t e r n a t i v e s  must be f u r t h e r  

a o a r t  i n  s u b j e c t i v e  v a lu e  th an 'so m e  c r i t i c a l  v a l u e  b e f o r e  p e o p le

a r e  p r e p a r e d  to  e x p r e s s  a p r e f e r e n c e .

The m o t i v a t i o n  f o r  t h e  p r e s e n t  e x p e r im e n t  was t o  

compare t h e  e x a c t  and i n e x a c t  b.nU models u s i n g  cue QiA r e s u l t s  

p r e s e n t e d  i n  c h a p t e r  2. The s im ple  gamoles  oi experiment, I  a r e  

i d e a l  f o r  t h i s  b ecau se  t h e r e  a r e  only sm a l l  so eps  a lo n g  each
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d im e n s io n  so t h a t  d i f f e r e n c e s  i n  s u b j e c t i v e  v a l u e s  a r e  l i k e l y  

oO be s m a l l .  I t  was d ec id ed  to  t a k e  a d i r e c t  a p p ro a c h  and o b t a i n  

a c o m p le te  s e t  o f  s t a t e m e n t s  of p r e f e r e n c e  from a g ro up  of  s u b j e c t s  

and s im p ly  c o u n t  th e  number of  t e s t s  and v i o l a t i o n s  of  th e  

c o n d i t i o n s  f o r  QFA p r e v i o u s l y  p r e s e n t e d .

I t  was no ted  i n  c n a p t e r  4 t h a t  t h e  i m p l i c a t i o n s  f o r  

i n d i f f e r e n c e  of e x a c t  r e p r e s e n t a t i o n  h y p o t h e s e s  have r a r e l y  

b e e n  r e c o g n i z e d .  L i t t l e  i s  known a bou t  t h e  r o l e  of  i n d i f f e r e n c e  

i n  d e c i s i o n - m a k i n g .  The a na logy  be tw een  p r e f e r e n c e  s c a l e s  a n d ,  

s a y ,  l o u d n e s s  s c a l e s  may l e a d  one to  e x p e c t  to  f i n d  a ’’j u s t  

n o t i c e a b l e  d i f f e r e n c e ” f o r  p r e f e r e n c e .  However, when t h e  

a l t e r n a t i v e s  a r e  c l e a r l y  d i s c r i m i n a b l e  p r o c e s s e s  u n d e r l y i n g  

d i s c r i m i n a t i o n  and p r e f e r e n c e  w i l l  be e n t i r e l y  d i f f e r e n t .

T n e r e f o r s ,  i n  v iew of th e  l a c k  of  d i r e c t  e x p e r i m e n t a l  e v id e n c e  

t h e r e  i s  no a p r i o r i  r e a s o n  to  e x p ec t  one r e s u l t  r a t h e r  t h a n  t h e  

o t h e r .

The b a s i c  q u e s t i o n  t h i s  e x p e r im en t  s e t s  out  to  answ e r ,  

t h e n ,  i s  w h e th e r  t h e  e x a c t  a l g e b r a i c  SEU model has  s i m i l a r  

s u b s t a n t i v e  r e l e v a n c e  f o r  s t a t e m e n t s  of  i n d i f f e r e n c e  a s  i t  d o e s  

f o r  s t a t e m e n t s  of  s t r i c t  p r e f e r e n c e ,  i f  i t  d oes ,  w e l l  and good, 

b u t  i f  n o t ,  two e x p l a n a t i o n s  could  a c c o u n t  f o r  the l a c k  of 

s t r u c t u r e  o f  i n d i f f e r e n c e !  i )  s t a t e m e n t s  o f  i n d i f f e r e n c e  m ain ly  

o c c u r  a t  random and do n o t  r e f l e c t  ’’t r u e  i n d i f f e r e n c e  i i )  t h e  

s u b j e c t i v e  d i f f e r e n c e  i n  worth  be tween two gambles  must be 

g r e a t e r  t h a n  some t h r e s h o l d  b e f o r e  one i s  c o n s i d e r e d  p r e f e r a b l e .

I t  would be d i f f i c u l t  t o  d i s c e r n  which e x p l a n a t i o n  i s  c o r r e c t  i f  

the  d a t a  i s  f a l l i b l e .  T n is  w i l l  be d i s c u s s e d  x u r u n e r  i n  ohe
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r e s u l t s  s e c t i o n .  '■

D e s ig n  and P r o c e d u r e .

The e x p e r im en t  was a  r e p l i c a t i o n  o f  t h e  s t a t e m e n t s  of 

p r e f e r e n c e  p a r t  of exper im en t  I  excep t  t h a t  a g roup  o f  t e n  s u b j e c t s  

Gook p a r t .  Each was g iv en  a b o o k le t  c o n t a i n i n g  th e  p a i r s  o f  

g a m b le s ,  t n e  p r e s e n t a t i o n  o r d e r  and j u x t a p o s i t i o n  of  gambles  i n  

a p a i r  b e in g  random ised  d i f f e r e n t l y  f o r  each  s u b j e c t .

The f o l l o w i n g  i n s t r u c t i o n s  were g i v e n  to  t h e  g ro u p ,  a i l  

f i r s t  y e a r  u n d e r g r a d u a t e s  a t  H u l l  U n i v e r s i t y  who had v o l u n t e e r e d  

bo t a k e  p a r t .

"T h is  i s  an e x p e r im e n t ,  a b o u t  p e o p l e s '  p r e f e r e n c e s  f o r  

s im p le  gam bles  i n v o l v i n g  sm a l l  amounts of money. The gambles  

can  be  r e p r e s e n t e d  by a wheel o f  f o r t u n e  (which was drawn) w i th  

a s p i n n e r .  To p l a y ,  th e  s p i n n e r  i s  spun and i f  i t  l a n d s  i n  t h e

u p p e r  s e c t o r  an amount x i s  won, i f  i t  l a n d s  i n  t h e  lo w e r  s e c t o r

n o t h i n g  i s  won. The s i z e  of t h e  u p p e r  s e c t o r  i n d i c a t e s  t h e  chance  

o f  w in n in g .

You w i l l  be shown p a i r s  of  t h e s e  gambles  and s im ply  

a sk ed  which  one you would 'p r e f e r  t o  p lay  i f  you has  bo p l a y  one 

of  them. I f  you have no p r e f e r e n c e  t h e n  you shou ld  say so .  Here 

i s  a  t y p i c a l  p a i r  (show).  The wheels  of f o r t u n e  a r e  n o t  a c t u a l l y  

drawn,  b u t  t h e  chance  of ’winning i s  i n d i c a t e d  by a d e c i m a l .  Next

t o  t h e  word ' c h o i c e '  you should w r i t e  '1  o r  2 a c c o r d i n g  t o

which you p r e f e r ,  and i f  you have no p r e f e r e n c e  w r i t e  a d a s h .

As w e l l  a s  t h e s e  'w in '  gambles t h e r e  a r e  p a i r s  o f  

' l o s e '  g a m b le s .  Ho re i s  such a pair. The q u e s t i o n  w i th  t n e s e  

i s :  which would you d i s l i k e  p l a y i n g  l e a s t ,  i f  you haa t o  p l a y
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one o f  them? A gain ,  w r i t e  11* o r  *2* o r  ' f o r  no 

p r e f e r e n c e .  I  w i l l  show each of you 36 p a i r s ,  h a l f  o f  them win 

p a i r s ,  h a l f  of them l o s e  p a i r s .  T h e y ' r e  a l l  mixed i n  t o g e t h e r  

so when you come t o  t h e  ne x t  p a i r ,  f i r s t  check  to  see  which 

ty p e  i t  i s .  J u s t  work th r o u g h  them i n  y o u r  own t im e ,  do n o t  go

b ack  t o  any you d id  e a r l i e r  a t  any s t a g e . "

The s u b j e c t s  fo l lo w e d  th e  i n s t r u c t i o n s  t h r o u g h  and 

i n d i c a t e d  t h e i r  p r e f e r e n c e s  i n ,  on a v e r a g e ,  f i f t e e n  m in u te s .

R e s u l t s  and D i s c u s s i o n .

The raw d a t a  f o r  th e  group  showed t h a t  t h e r e  were q u i t e

wide i n d i v i d u a l  d i f f e r e n c e s  i n  t h e  ten d e n c y  to  u se  t h e

i n d i f f e r e n c e  c a t e g o r y .  Three s u b j e c t s  used i t  n o t  a t  a l l  and 

one s u b j e c t  used  i t  f i f t e e n  t im e s  out of  t h i r t y  s i x .  The 

m edian  number of t im e s  i t  was used was f o u r .

The b a s i c  a n a l y s i s  was s imply  t o  coun t  the number o f  

t e s t s  and t h e  number of v i o l a t i o n s  of  t h e  o r d e r i n g  and 

c a n c e l l a t i o n  c o n d i t i o n s  p r e d i c t e d  by th e  e x a c t  and i n e x a c t  SEU

m odels  w i t h i n  th e  win and th e  l o s e  s e t s .  The g roup  r e s u l t s ,  

o n ly  a r e  r e p o r t e d  ( s e e  t a b l e  5 . 6 )  s i n c e  th e  p r o p o r t i o n s  of  

v i o l a t i o n s  o f  any c o n d i t i o n  were s i m i l a r  f o r  a l l  s u b j e c t s .  I t

can  be s e e n  t h a t  t h e  d a t a  d id  no t  a l l o w  many t e s t s  o f  t h e  

c o n d i t i o n s  i n v o l v i n g  i n d i f f e r e n c e  and such  t e s t s  a s  t h e r e  were 

came from on ly  f o u r  o f  t n e  s u b j e c t s .  T h is  i s _ u n f o r t u n a t e  s i n c e  

t h e s e  a r e  t h e  on ly  c o n d i t i o n s  p r e d i c t e d  by t h e  e x a c t  SEU model 

which a r e  no t  'p r e d ic t e d  by t h e  i n e x a c t  model . A l l  t h o s e  

c o n d i t i o n s  common to b o th  models cou ld  oe t e s t e  a many i»imes

from each  s u b j e c t s '  r e s u l t s ,  however.

Tak ing  t h e  g roup  a s  a w'hole, i t  can oe seen  uhat t h e

c o n d i t i o n s  i n v o l v i n g  s t r i c t  p r e f e r e n c e  were v i o l a  oea a sm a l l



p e r c e n t a g e  o f  t im e s  w h i le  t h o s e  r e l a t i n g  t o  i n d i f f e r e n c e  were 

v i o l a t e d  on n e a r l y  a l l  t h e  o c c a s i o n s  on which t h e y  c o u ld  he 

t e s t e d .  Oi t h o s e  c o n d i t i o n s  i n v o l v i n g  th e  s t r i c t  p r e f e r e n c e s  

the  d o u b le  c a n c e l l a t i o n  had t h e  g r e a t e s t  p e r c e n t a g e  of  v i o l a t i o n s ,  

t h e n  t r a n s i t i v i t y ,  t h e n  th e  s e m i - o r d e r  c o n d i t i o n  and f i n a l l y  th e  

i n t e r v a l  o r d e r  c o n d i t i o n .  T h is  o r d e r ,  p e r h a p s ,  conform s t o  

e x p e c t a t i o n s .  Double c a n c e l l a t i o n  i m p l i e s  t h a t  p e o p le  can 

p a r t i a l l y  o r d e r  d i f f e r e n c e s ,  or  r a t i o s  of e le m e n t s  a lo n g  t h e  

d im e n s io n s  w h i l e  t r a n s i t i v i t y  i m p l i e s  t h a t  t h e y  can  p a r t i a l l y  

o r d e r  t h e  a l t e r n a t i v e s  t h e m s e lv e s .  One would no t  e x p e c t  t h a t  

t h e y  co u ld  do t h e  fo rm er  b e t t e r  t h a n  t h e  l a t t e r .  The i n t e r v a l  

o r d e r  and s e m i - o r d e r  c o n d i t i o n s  can only  be v i o l a t e d  i f  t h e  

i n d i f f e r e n c e  c a t e g o r y  i s  u se d ,  and so t h e  l a r g e  number of t e s t s  

o o g e th e r  w i th  t h e  sm a l l  number of  t im e s  th e  i n d i f f e r e n c e  

c a t e g o r y  was u sed  a c c o u n t s  f o r  t h e  o v e r a l l  low p e r c e n t a g e  

v i o l a t i o n s  of  t h e s e  c o n d i t i o n s .

One can co nc lude  from t h e s e  f o u r  c o n d i t i o n s  t h a t  t h e  

i n e x a c t  SEU model was b r o a d l y  s a t i s f i e d .  To draw t h e  same 

c o n c l u s i o n  f o r  t h e  e x a c t  SEU model i t  would be n e c e s s a r y  t o  

o b s e r v e  low p e r c e n t a g e  v i o l a t i o n s  of a l l  s i x  c o n d i t i o n s  

t e s t e d .  S in c e  t h i s  i s  no t  t h e  c a se  i t  can be s a i d  t h a t  t h e  

e x a c t  SEU model h a s  no s u b s t a n t i v e  r e l e v a n c e  f o r  s t a t e m e n t s  o f  

i n d i f f e r e n c e .

I t  was i n d i c a t e d  e a r l i e r  t h a t  one way to  f o l l o w  t h i s  

up w i t h  a more p o s i t i v e  c o n c l u s i o n  would be t o  c o n s i d e r  two 

e x p l a n a t i o n s  f o r  the s t r u c t u r e l e s s  n a t u r e  of i n d i f f e r e n c e :

i )  i n d i f f e r e n c e  p l a y s  a minor  r o l e  i n  t h e  i n f o r m a t i o n  i n t e g r a t i o n  

and s t a t e m e n t s  o f  i n d i f f e r e n c e  o ccu r  a t  random and i i )  i n d i f f e r e n c e s



o c c u r  when t h e  a l t e r n a t i v e s  a r e  c l o s e r  t o g e t h e r  i n  s u b j e c t i v e  

v a l u e  th an  some c r i t i c a l  i n t e r v a l .  To d i s c r i m i n a t e  be tw een  

the  two ib  would be n e c e s s a r y  t o  c o n s t r u c t  a ( p r e f e r a b l y  

i n t e r v a l )  s c a l e  o f  t h e  a l t e r n a t i v e s  and ob se rve  i f  t h e  

i n d i f f e r e n c e s  were random, r e g a r d l e s s  of s c a l e  p r o x i m i t y .  The 

e x p e r im e n t  was n o t  d e s ig n e d  to  do t h i s .  A p a r t i a l  s c a l e  cou ld  

be c o n s t r u c t e d  i n  some c a s e s ,  b u t  b e ca u se  o f  t h e  f a l l i b l e  d a t a  

t h e  " b e s t "  s c a l e  would g e n e r a l l y  n o t  be u n iq u e .

Whether  th e  e x a c t  SEU model,  t o g e t h e r  w i th  th e  s im ple  

e r r o r  model co u ld  a c c o u n t  f o r  t h e  p e r c e n t a g e  v i o l a t i o n s  found 

i n  t h e  g rou p  was examined i n  a sm a l l  sam pling  e x p e r im e n t .

Monte C a r lo  d a t a  was g e n e r a t e d  from " s t a t i s t i c a l  DM's" who 

behaved  e x a c t l y  a c c o r d i n g  t o  th e  model, w i th  d i f f e r e n t  v a l u e s  of 

t h e  s i n g l e  p a r a m e t e r ,  , . The p a r a m e t e r ,  oC was th e  

p r o b a b i l i t y  of  an e r r o n e o u s  s t a t e m e n t .  The " t r u e "  p r e f e r e n c e s  and 

i n d i f f e r e n c e s  were s e t  up from random s u b j e c t i v e  v a lu e  s c a l e s  o f  

p r o b a b i l i t y  and v a l u e ,  b o t h  monotone i n c r e a s i n g .  A d a t a  m a t r i x  

o f  p a i r w i s e  s t a t e m e n t s  of p r e f e r e n c e  and i n d i f f e r e n c e  was s e t  

up a s  f o l l o w s :  i )  i f  t h e  su re  th in g  p r i n c i p l e  made a p r e d i c t i o n

the s t a t e m e n t  was baleen t o  be i n  the  p r e d i c t e d  d i r e c t i o n

i i )  o t h e r w i s e ,  a random number, id, was s e l e c t e d  be tw een  z e ro  

and one a )  i f  R. ^  the s t a t e m e n t  p r e o ic u e d  i r o i  line 

s u b j e c t i v e  v a lu e  s c a l e s  and a m u l t i p l i c a t i v e  in x o rm ao ion  

i n t e g r a t i o n  r u l e  was assumed b) i f  R 'n ^  one of iR® iwo 

s t a t e m e n t s  n o t  p r e d i c t e d  a s  i n  a )  was, p ick e d  ab random. I n  

any r u n ,  t h e  p e r c e n t a g e  v i o l a t i o n s  and number of  b e s t s  o f  t h e  

t r a n s i t i v i t y  and doub le  c a n c e l l a t i o n  o f  i n d i x f e r e n c e  and s t i i c t  

p r e f e r e n c e  were c a l c u l a t e d .  S in c e ,  w i th  t h i s  method of
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g e n e r a t i o n ,  t h e  number o f  " t r u e "  i n d i f f e r e n c e s  i s  sm a l l  ( z e r o  

i n  t h e o r y ) i t  i s  m a n i f e s t l y  c l e a r  t h a t  th e  i n d i f f e r e n c e s  p l a y  a

m in o r  r o l e  and o ccu r  m ain ly  a t  random, a s  h y p o t h e s i z e d .  F o r t y

s im u la t i -o n s  f o r  each  v a lu e  of  s t a r t i n g  a t  0 .1 5  i n  s t e p s  of  

.05  t o  0 .4 0  were c a r r i e d  o u t .  The r e s u l t s  a r e  summarized i n  

t a b l e  5 . 7 .  T h i s  g i v e s  th e  mean and v a r i a n c e  of t h e  p e r c e n t a g e  

v i o l a t i o n s  of  each  of  t h e  f o u r  c o n d i t i o n s .  I t  a l s o  shows i n  

how many s i m u l a t i o n s  i t  was p o s s i b l e  t o  t e s t  bhe c o n d i t i o n s ,  

and o f  t h e s e  what t h e  mean number o f  t e s t s  was. A v a lu e  o f  o< 

b e tw een  0 .2 5  and 0 .3 0  would a p p e a r  to  a p p ro x im a te  the  g roup  

r e s u l t s  s a t i s f a c t o r i l y .  T h e r e f o r e ,  i t  i s  con f i rm ed  t h a t  t h e  

e x a c t  SaU model w i th  s im ple  e r r o r  could  a c c o u n t  f o r  th e

r e s u l t s  summarized i n  t a b l e  5 . 6 .  One would e x p e c t  t h e  same t o  be

t r u e  f o r  t h e  i n e x a c t  SAU model w i th  s im ple  e r r o r ,  p r o b a b ly  w i th  

a l o w e r ’f i t t e d  X  .

It has not been possible to reject either of the 
possible explanations of the results, even though the predictions 
about indifference were not remotely born out. The notion of 
fallible data had to be introduced to explain the violations 
of the strict preference conditions. If one accepts that the 
data is fallible it makes very little difference whether the 
exact or inexact model is accepted because of the minor role 
of indifference. Since indifference cioes no c seem to be too 
important it will not be investigated further, ihe experiment 
has drawn attention to the rather strong predictions about 
indifference made by the exact SEU model and shown that they do 
not hold. 'Tne sampling experiment puts che finding in 
perspective. Indifference is a relatively rare phenomenon
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i n  t h e  c o n t e x t  o f  s im ple  gambles  and i t  does  no t  seem t h a t  

t h e  e x a c t  SEU m o de ls '  l a c k  of  p r e d i c t i v e  u s e f u l n e s s  w i th  

r e s p e c t  t o  i n d i f f e r e n c e  damages i t s  g e n e r a l  u s e f u l n e s s  to  any 

g r e a t  e x t e n t .
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TABLE 5 . 6 .

V i o l a t i o n s  o f  t h e  T e s t a b l e  C o n d i t i o n s  Considered ,  i n

P ro  p e r t y
P e r c e n t a g e  Number Number Number

of of o f  of
V i o l a t i o n s  V i o l a t i o n s  T e s t s  S u b j e c t s

T r a n s i t i v i t y  o f  
I n d i f f e r e n c e

Double  C a n c e l l a t i o n  
of  I n d i f f e r e n c e  •

T r a n s i t i v i t y  of 
S t r i c t  P r e f e r e n c e

Double  C a n c e l l a t i o n  
o f  S t r i c t  P r e f e r e n c e

S e m i - o r d e r  C o n d i t i o n

I n t e r v a l - o r d e r
C o n d i t i o n

1 00 .0/

91.5/o

4 . 5 /

10.2/  

1 . 4 /

0 . 9 /

28

32

153

157

429

220

28

35

3350

1544

30459

23662

4

4

10

10

10

10



T able  537.

Sam p l in g  E x p e r i m e n t .  Summary of  R e s u l t s  from 40 S i m u l a t i o n s

a t  b a c h Value of A lp h a .

Alpha T r a n s i t i v i t y C o n d i t i o n

I n d i f f e r e n c e  R e l a t i o n S t r i c t  P r e f e r e n c e  R e l a t i o n

P e r c e n t V i o l a t i o n s N o .o f  Te s t  s P e r c e n t V i o l a t  i o n s No. of T e s t s

Mean 3t a n d a r d  
Rev.

Fie an N* Mean S ta n d a rd
Rev.

Mean N*

0 .1 5 100 - , 2 . 1 1 9 4 .07 3.77 424.6 40

0 .2 0 100. - 1 .7 3 15 5 .62 3.77 423 .1 40

0 .2 5 100 - 2.19 26 ‘ 7 .19 4 .22 4 08 .1 40

o • o 9 3 .6 2 23.67 ■ 2 .12 26 6 .99 3 .87 409 .2 40

0 .3 5 95 .00 21.89 2 .50 20 7 .45 4 .28 410.6 40

0 .4 0 100 - 2 .78 32 10 .61 4 .50 404.9 40

A lpha Rouble'  C a n c e l l a t i o n  C o n d i t i o n

I n d i f f e r e n c e  R e l a t i o n S t r i c t  P r e f e r e n c e R e l a t i o n

P e r c e n t V i o l a t i o n s *■' -> m i 'No .o i  T e s t s P e r c e n t V i o l a t i o n s N o . of T e s t s

Mean S ta n d a rd
Rev.

Mean R* Mean S ta n d a rd
Rev.

Mean N*

0 .1 5 100 - 1 .88 9 5 .52 3.65 359.6 40

0 .2 0 100 , - 1 . 9 2 13 7 .4 4 3 .91 359.8 40

0 .2 5 100 • - 2 .06 16 7 .77 3.26 354.5 40

o•o 9 6 .8 2 11 .22 2 .96 27 9 .39 4 .1 4 342.3 40

0 .3 5 100 - 2.09 23 9 .2 1 3.81 351.7 40

0 .4 0  
...... —

100 - 3.90 30 10 .29 4 .08 336.5 40

*N i s  t h e  number of s i m u l a t i o n s  i n  which a t  l e a s t  one t e s t  of 

t h e  c o n d i t i o n  was p o s s i b l e .  The mean number of t e s t s  g iv e n

i s  f o r  bh is  N o n ly .
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E xper im ent  3»

Dec i s i o n s  f o r  Duplex Gambles w i th  One P a r a m e te r  F i x e d :

QFA a nd f u n c t i o n a l  rue a su re  me n t  o f  i n f o r m a t i o n  i n t e g r a t i o n  models

The aim o f  t h i s  e xp er im en t  was to  e x te n d  th e  f i n d i n g s  

of e x p e r im e n t  I  to  DM's c h o ic e s  f o r  more complex g am bles ,  t h u s  

a p p l y i n g  th e  t e c h n i q u e s  f o r  i n v e s t i g a t i n g  f u n c t i o n a l  

r e l a t i o n s h i p s  t o  s i t u a t i o n s  wnere t h e y  had not  heen  p r e v i o u s l y  

a p p l i e d .  Duplex gambles have more p a r a m e t e r s  t h a n  s im ple  ones .  

I t  i s  t h e r e f o r e  n e c e s s a r y  t o  c o n s i d e r  a l a r g e r  s e t  o f  gambles 

i f  t h e  i n v e s t i g a t i o n  i s  to  be r e p r e s e n t a t i v e .  But t h e  number 

of  p a i r s  t h a t  can be used  i n  a p a i r  com par ison  e x pe r im en t  i s  

f i n i t e ,  so t h e  p r o p o r t i o n  of p a i r s  t h a t  can be t a k e n  . f o r  a 

r e p r e s e n t a t i v e  s e t  o f  gambles must be sm a l l .  T h i s  l i m i t a t i o n  

on ly  a l l o w s  a g e n e r a l ,  "goodness  of  f i t "  type  of i n v e s t i g a t i o n  

by QFA and f u n c t i o n a l  measurement a t  t h i s  s t a g e .  I f  such a 

s tu d y  of  a wide rang e  of  gambles i s  s u c c e s s f u l  r i g o r o u s  t e s t s  

o f  a more s p e c i f i c  n a t u r e  may be worth  a t t e m p t i n g .  For  t h e  

moment a more g e n e r a l ,  h o p e f u l l y  more r e p r e s e n t a t i v e  s tu dy  

of d e c i s i o n s  f o r  dup lex  gambles w i th  one p a r a m e te r  f i x e d  i s  

p r o p o s e d .

Expe r i m e n t a l  D e s ig n .

The s t i m u l i  were p a i r s  of d u p lex  gambles  from a s e t

of  such g am bles .  l a r a m e t e r  PB was 0 .5  f o r  each  of  t h e  gambles  

i n  t h e  s e t  which c o n s i s t e d  of every  combinauion  of  parameoer 

v a lu e  s : SYv, SL = £  4 / -  > 2 / - ,  l / -  and PW = ^ 0 .2 ,  0 . 4 ,  0 . 8 * ^ .  

The b a s i c  d e s i g n  i s  an  n - r e p l i c a t e , p a i r  com par ison  one. A 

com ple te  d e s i g n  would r e q u i r e  tn e  com par ison  of 27 >( 2 o f d. -  351 

p a i r s .  As u s u a l ,  i t  can be assumes uhat p e o p le  choose a c c o r d i n g
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t o  t h e  s u r e - t h i n g  p r i n c i p l e  when a p a i r  i s  p r e s e n t e d  i n  

wnich one gamble d om ina tes  the  o t h e r .  T h is  r e d u c e s  th e  number 

oi p a i r s  which should  be i n c lu d e d  by n e a r l y  a h a l f .  T h is  i s  

s t i l l  f a r  to o  many f o r  an exp er im en t  i n  which n i s  any 

r e a s o n a b l e  s i z e .  I t  was d ec id ed  t h a t  n = 7 would be l a r g e  enough 

f o r  t h e  p u r p o s e s  of th e  e x p e r im e n t .  With n = 7 t h e r e  i s  a 

r e a s o n a b l e  chance t h a t  f o r  many p a i r s  ( a . , b . )  from t h e  s e t ,

)  1 so t h a t  t h e  minimum n o rm it  c h i - s q u a r e  p r o c e d u r e  w i l l  

be v a l i d .

The c h o ic e  of p a i r s  t o  be obse rved  i s  c r i t i c a l  t o  t h e  

e x p e r i m e n t .  C e r t a i n  c r i t e r i a  f o r  s e l e c t i n g  a s u b - s e t  of the  

p o s s i b l e  p a i r s  d e r i v e  from t n e  aims of  t h e  e x p e r im e n t ,  f i r s t  

of  a l l ,  they  should  be r e p r e s e n t a t i v e  of  t h e  whole se t ' .  The 

s m a l l e s t  r e p r e s e n t a t i v e  s e t  would be one which formed a c y c l i c  

d e s i g n  ( s e e  D av id ,  1963) .  In  a p i l o t  ex pe r im en t  when a s e t  

whicn s a t i s f i e d  th e  c y c l i c  c o n d i t i o n  was chosen  a t  random i t  

was found t h a t  t h e  d a t a  was no t  s u i t a b l e  f o r  minimum no rm i t  

c h i - s q u a r e d  a n a l y s i s .  Zero and one p r e f e r e n c e  f r e q u e n c i e s  

o c c u r r e d  to o  o f t e n .  To red uce  th e  chance of o b t a i n i n g  such 

■preference f r e q u e n c i e s  t h e  f o l l o w in g  d e v ic e  was u sed ,  

f a m i l i a r  f rom  exp er im en t  I .  Let  t h e  e le m e n t s  of t h e  p a r a m e t e r s  

of  t h e  gam bles  be numbered 3? 2, 1 i n  o r d e r  from most oo l e a s t  

f a v o r a b l e .  D e f in e  th e  l e v e l  of each  gamble a s  The sum or i t s  

param eter*  s numbers .  T h is  p a r t i t i o n s  t n e  s e t  i n t o  s i x  s u b s e t s ,  

the  number of  gambles  i n  each b e in g  shown below.

Number of  G-ambles 1 3 6 7 6 3 1

L e v e l  9 8 7 6 5 4 3

C e r t a i n  p r o p e r t i e s  of t h i s  g ro u p in g  w i th  r e s p e c t  t o  dominance
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can  be l i s t e d :  ms

i )  No gamble dom ina tes  a n o t h e r  of t h e  same l e v e l

i i )  Gambles only dominate  o t h e r s  o f  a l o w e r  l e v e l

i i i ) s i n g l e  gamble a t  l e v e l  9 dom in a te s  t h e  r e s t  and a l l  

gam bles  dominate  t h a t  a t  l e v e l  3 .

i v ) The gambles  a t  l e v e l  9 dominate  t h o s e  a t  l e v e l  4*

W ith  r e s p e c t  to  dominance,  t h e n  t h e  l e v e l  s t r u c t u r e  

i s  h i e r a r c h i c a l .  I t  i s  t o  be ex p ec te d  a l s o  t h a t  th e  s u b j e c t i v e  

d i f f e r e n c e  be tween  gambles w i l l  t end  to  i n c r e a s e  a s  t h e  d i f f e r e n c e  

be tw een  t h e i r  l e v e l s  i n c r e a s e s .  Thus,  t o  t r y  t o  s e l e c t  gambles 

c l o s e  i n  s u b j e c t i v e  v a lu e  i t  might be r e a s o n a b l e  t o  choose  p a i r s  

o f  gam bles  of th e  same l e v e l .  L e v e l s  9 and 3 were o m i t t e d .  A 

’’c y c l e "  of  p a i r s  w i t h i n  each l e v e l  was p ick ed  a t  random f o r  

each  re m a in in g  l e v e l ,  g iv ing .  25 p a i r s .  These a r e  n o t  s u f f i c i e n t  

go e s t i m a t e  th e  s c a l e  v a l u e s  of th e  25 "m idd le"  gambles  by 

minimum n o rm i t  c h i - s q u a r e .  To remedy t h i s ,  4 p a i r s  of  gam bles ,  

each  of  which c o n s i s t e d  of gambles from a d j a c e n t  l e v e l s  were 

s e l e c t e d .  The 2 9  p a i r s  were s u f f i c i e n t  to  e n a b le  g oodness  of 

f i t  of  th e  b a s i c  T h u r s to n e  model t o  be t e s t e d .

T h is  " c y c l i c - c h a i n "  s e t  o f  p a i r s  i s  i l l u s t r a t e d  in  

f i g u r e  5 . 3 .  f rom t h e  f o r e g o i n g  i t  i s  c l e a r  t h a t  t n e  p a i r s  were 

s e l e c t e d  w i t h  t h e  q u a n t i t a t i v e  r a t h e r  t h a n  t h e  q u a l i t a t i v e  

a n a l y s i s ,  i n  mind. Coombs, Bezembinder  & Goode (1967) n o te  

t h a t  i t  i s  d i f f i c u l t  to  s e l e c t  a s u b s e t  o f  p a i r s  t o  t e s t  

c a n c e l l a t i o n  a s ,  depending,  on DM's a c t u a l  p r e f e r e n c e s ,  any 

sm a l l  s u b s e t  can l e a d  t o  few, i f  any ,  t e s t s .

By s e l e c t i n g  t r i a d s  of a l t e r n a t i v e s  and p r e s e n t i n g  

a l l  p a i r s  i n  t h e  t r i a d ,  t r a n s i t i v i t y  can a lw ay s  be t e s t e d ,
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how ever .  With t h e  p a i r s  s e l e c t e d  t r a n s i t i v i t y  w i l l  

d e f i n i t e l y . b e  t e s t e d  f o r  th e  gambles a t  l e v e l s  8 and 4» 

r e g a r d l e s s  o f  DM's c h o ic e s ,  b u t  any o t h e r  t e s t s  of c a n c e l l a t i o n  

and t r a n s i t i v i t y  w i l l  depend on what DM c h o o s e s .  T h is  i s  se en  

a s  t h e  m a jo r  problem f o r  QfA. f o r  m odera te  n and m odera te  

number of p a i r s  a comple te  p a i r - c o m p a r i s o n  i s  out  of  t h e  q u e s t i o n  

An i n c o m p le t e  d e s i g n  l e a d i n g  to  a p a r t i a l  QfA i s  a l l  t h a t  can 

be c a r r i e d  o u t .

Once the p a i r s  t o  be used have b e en  d e c id ed  upon t h e  

d e s i g n  of  t h e  exper im en t  i s  s t r a i g h t  fo rw a rd .  The 29 p a i r s  

'were each  p r e s e n t e d  t o  DM seven t im e s  on c a r d s  a s  shown i n  

f i g u r e  5 . 4 .  The 7 x 29 = 203 t r i a l s  were c a r r i e d  out  i n  

random o r d e r  s u b j e c t  to  the  c o n s t r a i n t  t h a t  no p a i r  a p p ea red  

t h a t  had a p p e a re d  d u r in g  t h e  p r e v i o u s  10 t r i a l s .  'The gambles  

on t h e  c a r d s  were a s s i g n e d  th e  l e f t  and r i g h t  p o s i t i o n  

random ly ,  and th e  r e s p o n s e  o b t a in e d  on each  t r i a l  was DM's 

d e c i s i o n  a s  t o  which gamble of th e  p a i r  he would r a t h e r  p l a y  

shou ld  t h e  o c c a s i o n  a r i s e .
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F ig u r e  5 . 3 .

C y c l i c - c h a i n  D es ign  ' fo r  Exper im ent  3 •

Key.

P a r a m e te r  V a lu e s
G-anible

21 '

22

LEVEL 6

12

LEVEL 5

10

1

Code SW PW . SL
26 4 .8 2
25 4 .8 4
24 4 .4 1

23 4 .4 2
22 4 .4 4
21 4 .2 1
20 '4 n-..a 2

19 4 r\ . ^ 4
18 2 .8 1

17 2 .8 2
16 2 .8 4
15 2 .4 1

14 2 .4 2

13 2 .4 4
12 2 .2 1
11 2 .2 2
10 . 2 .2 4

9 1 .8 1
8 1 .8 2

7. 1 .3 4
6 1 -4 1

5 1 .4 2

4 1 .4 4
3 1 .2 1
2 1 ^2 2

A line "between two ganibles indicates 
that this pair were p r e s e n t e d .
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F igure 5 . 4 .

A T y p ic a l  Gamble P a i r  a s  shown t o  t h e  S u b j e c t s .

CHOICE I ICHOICE I

LOSEWINWIN

4 / lQ3/10
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F igure 5*5.

t o T e s t  t he SEU Model by QFA.

1 Begin
z

Se t  t h e  p r e f e r e n c e s  
f o r  t h e  observed  
p a i r s  to  th e  ML ones

4

Set  t h e  p r e f e r e n c e s  
p r e d i c t e d  by the  
su re  t h i n g  p r i n c i p l e

Apply t h e  
LR t e s t  t o  
bhe c u r r e n t  
p r e f e r e n c e  
p a t t e r n

o n d i t  i o n s

Do th e  
su re  t h i n g  
p r i n c i p l e  or 
CfA c o n d i t i o n s  

make
p r e d i c t i o n s ,

Y

-LI n
Augment th e  
p r e f e r e n c e  
p a t t e r n  
a c c o r d i n g l y

\<
12

Count t h e  number 
of  t im e s  each 
obse rved  p r e f e r e n c e  
i s  in v o lv e d  i n  a 
v i o l a t i o n .

R ese t  t h e  p refe rence  
f o r  observed  p a i r s  
"in'Guit  i v e l y . M______

A

C ance l  a l l  'p r e f e r e n c e s  
10 p r e v i o u s l y  s e t  e x c e p t  

f o r  observed  p a i r s .
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Tne s u b j e c t s  were 10 u n d e r g r a d u a t e  s t u d e n t s  a t  t h e  

U n i v e r s i t y  o± o b i r  1 i n g , b male and 4 f e m a l e , b e tw ee n  th e  a / a s  

o f  17 and 21. They were a l l  v o l u n t e e r s  who had been  t o l d  t h e r e  

was tiie  p o s s i b i l i t y  o f  f i n a n c i a l  g a i n .

Pro o r d u r e  .

Da oh s u b j e c t , ( ‘DM) c a r r i e d  out  t h e  e x p e r im e n t  

i n d i v i d u a l l y  i n  a q u ie b  room. The e x p e r i m e n t e r  t o l d  DM t h a t  

bhe e x p e r im e n t  i n v o lv e d  making c h o i c e s  be tw een  gambles  where 

s m a l l  sums of  money c o u ld  be won o r  l o s t .  The d u p lex  gamble 

was t h e n  i n t r o d u c e d , w i th  a p i e c e  o f  a p p a r a t u s  c o n s i s t i n g  of 

two d u p le x  gam bles  p a i n t e d  on a c a r d ,  some p o k e r  c h i p s  and two 

s m a l l  r o u l e t t e  w h e e l s ,  s p e c i a l l y  c o n v e r t e d  t o  w hee ls  o f  f o r t u n e .  

The DM was g i v e n  some p o k e r  c h i p s ,  e ach  r e p r e s e n t i n g  one s h i l l i n g .  

He chose  one of  t h e  g a m b le s ,  which he t h e n  p l a y e d ,  and won o r  

l o s t  c h i p s  a c c o r d i n g  t o  t h e  ou tcom es .  A f t e r  making a few c h o i c e s  

he was g i v e n  a b o o k l e t  of c a r d s  c o n t a i n i n g  p a i r s  o f  gambles  

a s  i n  f i g u r e  5 . 4 .  He was a sk ed  to  go t h r o u g h  t h e  b o o k l e t ,  

k i c k i n g  t h e  gamble  f rom  t h e  p a i r  t h a t  he would r a t h e r  p l a y .

These  g a m b les  were such  t h a t  one dom inated ,  t h e  o t h e r .  I f  any 

DM c h o se  t h e  n o n -do m inan t  gamble i t  was assumed t h a t  he had 

n o t  u n d e r s t o o d  t h e  n a t u r e  of d u p le x  gamble which was e x p la in e d  

a g a i n .  At t h e  and ,  t h e  e x p e r i m e n t e r  p ic k e d  one o f  t h e  pag es  of  

t h e  b o o k l e t  a t  random by th ro w in g  a d i c e .  DM was g i v e n  some 

c h i p s  r e p r e s e n t i n g  s h i l l i n g s  wibh which  t o  p l a y . t n e  gamble ne 

chose  on t n e  page p i c k e d  a t  random. T h i s  he d i d  u s i n g  th e  

w h e e ls  o f  f o r t u n e .
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I t  wag t h e n  e x p la in e d  t h a t  what had p rec ed e d  ( f rom  

th e  t im e  t h e  "booklet was produced)  was a " m i n i a t u r e "  v e r s i o n  o f  

th e  e x p e r i m e n t . The a c t u a l  exper im en t  would d i f f e r  from i t  i n  

c e r t a i n  ways! i )  i t  would no t  be so easy  to  d e c i d e  "between th e  

g am bles  ( t h i s  i n f o r m a t i o n  was s u p p l i e d  to  p r e p a r e  s u b j e c t s  f o r  

gamble  p a i r s  where n e i t h e r  was d o m in an t ) .

i i )  a d i f f e r e n t ,  and l a r g e r  s e t  of p a i r s  would be used  ( t h e  

s t a c k  of gamble c a r d s  was produced a t  t h i s  s t a g e )  

i i i )  when t h e y  had made a l l  t h e i r  c h o i c e s  t h e y  would be g i v e n  

a 1 0 / -  s t a k e ,  and th ey  would p la y  t h r e e  of t h e  gambles  

t h e y  had chosen  f o r  r e a l  money. They would t a k e  away w i t h  

them t h e  t o t a l  amount of  money th e y  ended up w i th  ( g r e a t e r  

o r  l e s s  t h a n  1 0 / -  depending  on t h e i r  l u c k ) .  T h e r e f o r e ,  

t h r e e  pages  from th e  e x p e r i m e n t a l  gambles  would be 

s e l e c t e d  by th e  e x p e r im e n te r  a t  random. The gambles  DM 

had t i c k e d  on t h e s e  pages  would be t h e  ones he p l a y e d .

A d i f f e r e n t  r a n d o m iz a t io n  o f  o r d e r  and " l e f t - r i g h t "  

was used  f o r  e ach  s u b j e c t .  While DM was making h i s  c h o i c e s  

t h e  e x p e r i m e n t e r  l e f t  th e  room. dM 's were a shed  t o  go ohrough 

t h e  s t a c k  o f  gamble p a i r s  page by page w i th o u t  go ing  back  t o  

p r e v i o u s  ones .

He s u i t  s and D i s c u s s i o n .

The problem t h a t  s u b j e c t s  may r e c a l l  t h e i r  e a r l i e r

c h o ic e  on some p a i r  and r e p e a t  i t  was d i s c u s s e d  i n  e x p e r im e n t  I .  

I n  t h i s  e x p e r im e n t ,  s u b j e c t s . w e r e  asked  w he ther  ohey n o t i c e d  

any r e p e t i t i o n  i n  th e  p a i r s  p r e s e n t e d .  A l l  b u t  one s a id  t h e y  

d id  n o t ,  and f o r  bhe s u b j e c t  who d i d ,  h i s  g ro u n d s  were h i s  

b e l i e f  t h a t  on ly  a sm a l l  number of c o m b in a t io n s  of  gambles  were
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p o s s i b l e .  They a l l  s a id  t h a t  each page lo ok ed  s i m i l a r ,  b u t  most 

of  them co u ld  no t  say w he th e r  th e y  had p r e v i o u s l y  s e en  t h e  p a i r  

b e f o r e  them.

The " ru n s  t e s t "  used i n  ex p er im en t  I  was a l s o  c a r r i e d  

out  h e r e .  The r e s u l t s  of t h e  t e s t  a r e  shown i n  t a b l e  5 . 8 .  I t  

can be se en  t h a t  th e  ob se rved  number of r u n s  was l e s s  t h a n  two 

s t a n d a r d  d e v i a t i o n s  away from t h e  e x p ec te d  number f o r  a l l  b u t  

two o f  t h e  s u b j e c t s .  Under th e  a s s u m p t io n  t h a t  t h e  sam pling  

d i s t r i b u t i o n  of th e  s t a t i s t i c  i s  no t  to o  p e c u l i a r  i t  can be 

assumed t h a t  th e  " b e r n o u l l i  v a r i a t e "  h y p o t h e s i s  i s  r e a s o n a b l e  

f o r  t h e s e  DM*s. The number of r u n s  f o r  35 was more t h a n  f o u r  

s t a n d a r d  d e v i a t i o n s  away from th e  ex p ec te d  number,  and f o r  39 

i t  was m o r e . t h a n  two away, b o th  obse rved  v a l u e s  b e in g  l e s s  t h a n  

t h o s e  e x p e c t e d .  I n i s  can  be i n t e r p r e t e d  a s  e v id e n c e  t h a t  t h e  

DM's p r o b a b l y  remembered what t h e y  responded  l a s t  t im e  and te n d e d  

to  re sp o n d  t h e  same. O v e r a l l ,  though  th e  r u n s  t e s t  f a v o u r s  t h e  

" B e r n o u l l i "  h y p o t h e s i s .

A more c a r e f u l  check was c a r r i e d  out  on w h e th e r  t h e r e  

was any t r e n d  i n  t h e  r e s p o n s e  s e q u en c es .

As w i th  th e  r u n s  t e s t ,  c o n s i d e r  ( e a c h )  DM's r e s p o n s e s  

a s  a 7 x 2 9  m a t r i x  of  0 ' s  and l ' s ,  one row p e r  p a i r  of  gambles  

and the  columns r e p r e s e n t i n g  r e p l i c a t i o n s .  A ze ro  i n d i c a t e s  

one of t h e  gambles  was chosen and a one t h e  o t h e r .  I t  i s  n o t  

m e a n in g f u l  t o  l o o k  f o r  a g e n e r a l  i n c r e a s e  i n  t h e  l i k e l i h o o d  o f  a 

1 f rom  t h e  f i r s t  t o  t h e  l a s t  r e p l i c a t i o n ,  a s  th e  l a b e l l i n g  of  a 

r e s p o n s e  a s  , 1* i s  a r b i t a r y .  I t  i s  m e a n in g f u l ,  however ,  to  

t e s t  f o r  s i g n i f i c a n t  h e t e r o g e n e i t y  o f  t r e n d  i n  t r i _ s e t  of 

b i n a r y  se q u e n c e s  f o r  each  s u b j e c t .  That  i s ,  t o  t e s t  w he the r
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uhere  i s  more t r e n d  i n  t h e  r e s p o n s e s  se q u en c es ,  r e g a r d l e s s  of 

d i r e c t i o n ,  t h a n  one would e x p e c t  by chan ce .  J o n k h e e r e  and Bower 

(1967)  have d eve loped  a n o n - p a r a m e t r i c  t e s t  t o  i n v e s t i g a t e  t h i s  

p r o p e r t y  of  a s e t  of B in a ry  se q u e n c e s .  I t  t e s t s  t h e  h y p o t h e s i s  

t h a t  t h e  e x t e n t  of  h e te r o g e n e o u s  t r e n d  i s  g r e a t e r  t h a n  would he 

e x p e c te d  by chance u n d e r  a " B e r n o u l l i  v a r i a t e "  model . T h i s  t e s t  

seems to  be t h e  most s e n s i t i v e  t e s t  o f  t r e n d  a v a i l a b l e  and 

i t  i s  a l s o  s u i t a b l e  f o r  sm a l l  amounts of d a t a  a s  from t h i s  

e x p e r i m e n t .  I t s  o t h e r  a t t r i b u t e s  a r e  d i s c u s s e d  i n  t h e  p a p e r  

c i t e d .  The c o n d i t i o n s  u n d e r  which Jo n k h e e re  and Bower’ s ”W” 

s t a t i s t i c  f o r  h e t e r o g e n e i t y  o f  t r e n d  a p p ro x im a te s  t h e  c h i -  

s q u a re  d i s t r i b u t i o n  were n o t  met i n  t h e  p r e s e n t  b a s e .

T h e r e f o r e ,  t h e  t r a n s f o r m a t i o n  of ¥ t h e y  su g g e s t  was c a l c u l a t e d .  

T h i s  i s  shown f o r  each  s u b j e c t  i n  t a b l e  5 .9 .  I t  i s  d e n o te d Z  

a s  u n d e r  t h e  n u l l  h y p o t h e s i s  (no t r e n d )  i t  h a s  a p p r o x i m a t e ly  

a u n i t  normal  d i s t r i b u t i o n .  The n u l l  h y p o t h e s i s  canno t  be 

r e j e c t e d  a t  t h e  5$ l e v e l  (two t a i l e d )  f o r  any s u b j e c t .  Thus, i t  

c an  be conc lu d ed  tha t ,  no s u b j e c t  changed t h e i r  s t r a t e g y  t o  any 

n o t i c e a b l e  d e g r e e .  These two t e s t s  b o th  s u p p o r t  t h e  

a s s u m p t io n s  r e g a r d i n g  s t a b l e  r e s p o n s e  p r o b a b i l i t i e s  t h a t  u n d e r l y  

t h e  s u b s t a n t i v e  a n a l y s e s  which f o l l o w .  I t  i s  worth  n o t i n g  t h a t  

such t e s t s  a r e  r e a l l y  n e c e s s a r y  and should  be c a r r i e d  out a s  a 

m a t t e r  o f  c o u r s e .  I t  may hve been  t h a t  t r e n d s  o r  memory f a c t o r s  

were p rom in an t  which would nave made th e  a n a l y s i s  i n v a l i d .  The 

c o n c l u s i o n  t h a t  th e  e x p e r i m e n t a l  d e s i g n  was n o t  s u i t a b l e  would 

nave r e s u l t e d  from f i n d i n g  w id esp read  t rend  o r  memory f a c t o r s .

The b i n a r y  p r e f e r e n c e  f r e q u e n c i e s  a r e  r e c o rd e d  i n  

t a b l e  5 .1 0 .  QBA and f u n c t i o n a l  measurement w i l l  be based  on
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The QFA i s  based  on t h e  p r o b a b i l i s t i c  d e f i n i t i o n  of  

p r e f e r e n c e  d i s c u s s e d  i n  c h a p t e r  2 and used i n  ex p e r im e n t  I .

F i r s t ,  t h r e e  s p e c i f i c  models  w i l l  be t e s t e d  a g a i n s t  t h e  maximum 

l i k e l i h o o d ,  b e r n o u l l i  model. They a r e  th e  EV and l e v e l  

h y p o t h e s e s  t e s t e d  i n  e x p e r im e n t  I ,  and t h e  i n d i f f e r e n c e  model .

The l a s t  named i s  t h a t  which p r e d i c t s  DM w i l l  be i n d i f f e r e n t  

be tw een  any two gam bles .  The EV model i s  a s p e c i a l  c ase  of  t h e

SmU model w h i le  t h e  l e v e l  model i s  a s p e c i a l  c a se  of th e

a d d i t i v e  model . The i n d i f f e r e n c e  model i s  a s p e c i a l  c ase  o f  

b o t h .  They can a l l  be t e s t e d  a g a i n s t  t h e  g e n e r a l  u n r e s t r i c t e d  

model by t h e  LB t e s t ,  th e  r e s u l t s  of which a r e  shown i n  t a b l e  

5 .1 1 .  Fo r  s u b j e c t  1 to  9 a l l  t h e  c h i - s q u a r e  s t a t i s t i c s  a r e  

s i g n i f i c a n t  a t  l e a s t  a t  t h e  ifo l e v e l ,  so t h a t  t h e s e  s im ple  models  

can a l l  be r e j e c t e d .  Fo r  s u b j e c t  10, however,  t h e  i n d i f f e r e n c e  

model c a n n o t  be r e j e c t e d  ( 0 . 1  <£ p ^  0 . 9 ) .  S ince  i t  i s  a

s p e c i a l  c a s e  of  t h e  a d d i t i v e  and SEU models no f u r t h e r  QFA of

t h e s e  models  i s  n e c e s s a r y  f o r  s u b j e c t  10. A ccep tance  of th e  

i n d i f f e r e n c e  model i m p l i e s  a c c e p ta n c e  of them b o t h .  The SEU 

model w i l l  be t e s t e d  by QFA f o r  t h e  o t h e r  9 s u b j e c t s .

The method of  t e s t i n g  th e  SEU model by QFA, assum ing 

th e  p r o b a b i l i s t i c  model>was d i s c u s s e d  i n  c h a p t e r  2 and a p p l i e d  

i n  e x p e r im e n t  I .  The only  conseq u en ces  of SEU r e l e v a n t  a r e  t h e  

t r a n s i t i v i t y  and c a n c e l l a t i o n  c o n d i t i o n s ,  H9C2, H9C3 and H9C31. 

The m ax im u m -l ik e l ih o od  s e t  of u n d e r l y i n g  p r e f e r e n c e s  c o n s i s t e n t  

w i th  t h e s e  c o n d i t i o n s  can be t e s t e d  a g a i n s t  t h e  u n r e s t r i c t e d  

o o in t  o s o b a b i l i t y  h y p o t h e s i s  by she LR u e s t .  The main p roo lem ,



a s  b e f o r e  i s  the  m a x im iz a t io n  of t h e  l i k e l i h o o d  o f  t h e  d a t a  

u n d e r  t h e  r e s t r i c t i o n s .  The a l g o r i t h m  which i s  known t o  do t h i s  

e f f i c i e n t l y  h a s  no t  been programmed. U n f o r t u n a t e l y ,  an a d a p t a t i o n  

of  t h e  l e s s  e f f i c i e n t  a l g o r i t h m  which worked i n  ex per im en t  I  

d id  no t  converge  to  a s o l u t i o n  i n  t h e  p r e s e n t  c a s e .

The ad hoc method which had t o  be used  t o  g iv e  a 

• s t a t i s t i c a l  t e s t  of  th e  q u a l i t a t i v e  co n seq u e n ce s  o f  SEU l i s t e d  

above w i l l  now be d e s c r i b e d .  I t  i s  f a r  from s a t i s f a c t o r y  b u t  

i t  worked.  A f low c h a r t  of  t h e  method i s  s e t  out  i n  f i g u r e  5 .5 .  

The f i r s t  s t e p  i s  to s e t  t h e  p r e f e r e n c e s  f o r  t h e  obse rved  iDairs 

to t n e  maximum l i k e l i h o o d  ones and a l s o  to  s e t  t h e  p r e f e r e n c e s  

p r e d i c t e d  by th e  su re  t h i n g  p r i n c i p l e .  Now, i n  e x p er im en t  I  t h e  

p r e f e r e n c e  p a t t e r n  so o b ta in e d  was t e s t e d  to  see  i f  i t  v i o l a t e d  

the c o n d i t i o n s .  An amendment to  t h i s  o p e r a t i o n ,  shown i n  

bo x es  4 5 and 6 of t h e  f low  c h a r t  was n e c e s s a r y  a s  th e  

p r e f e r e n c e  p a t t e r n  i n  t h e  p r e s e n t  c ase  was i n c o m p l e t e .  The 

i n c o m p le t e  p r e f e r e n c e  ' p a t t e r n  must be examined to  see  i f  

p r e d i c t i o n s  f o l l o w  from th e  su re  t h i n g  p r i n c i p l e  a n d / o r  t h e  

QFA c o n d i t i o n s .  The p r e d i c t i o n s  a r e  t h e n  s e t  to  augment t h e  

p r e f e r e n c e  p a t t e r n .  T e s t s  and a u g m e n ta t io n s  a r e  r e p e a t e d  u n t i l  

no new p r e d i c t i o n s  r e s u l t .  Only t h e n  i s  th e  t e s t  of  v i o l a t i o n s  

of  t h e  QFA c o n d i t i o n s  c a r r i e d  o u t .  I f  no v i o l a t i o n s  a r e  found 

th e  p a t t e r n  maximizes the l i k e l i h o o d  of t h e  d a t a .  O th e rw is e ,  

t h e  number o f  t im e s  each ML p r e f e r e n c e  was in v o lv e d  i n  a 

v i o l a t i o n  was coun ted  and t h i s  i n f o r m a t i o n  used  uo r e s e t  some 

of t h e  p r e f e r e n c e s  on th e  observed  p a i r s  ' ' i n t u i t i v e l y " .  By 

s im p le  i n s p e c t i o n  i t  was p o s s i b l e  t o  deouce wuich changes  would 

Pq u p  s l y  to  redu ce  th e  v i o l a t i o n s  mosu. Of c o u r s e ,  a c e i  ua in
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amount of t r i a l  and e r r o r  was n e c e s s a r y .  T h is  whole o p e r a t i o n  

was r e p e a t e d  u n t i l  a s e t  of  p r e f e r e n c e s  was found which r e s u l t e d  

i n  no v i o l a t i o n s  of t h e  co nseq u en ces  of SEU. T h i s  s e t  was used 

a s  an  e s t i m a t e  of  t h e  maximum l i k e l i h o o d  p a t t e r n  c o n s i s t e n t  w i th  

SEU. I t  was t h e n  t e s t e d ,  assuming th e  p r o b a b i l i s t i c  e r r o r  

model by t h e  l i k e l i h o o d  r a t i o  b e s t .  H o p e f u l ly ,  f i g u r e  5 .5  

makes i t  p o s s i b l e  to  u n d e r s t a n d  t h i s  " a l g o r i t h m " ,  I t  p ro b a b ly  

worked b e c a u se  bhe observed  p r e f e r e n c e s ,  t h e  su re  t h i n g  

p r i n c i p l e  and th e  conseq uences  of SEU l e f t  t h e  s t r i c t  

p r e f e r e n c e  and i n d i f f e r e n c e  r e l a t i o n s  c o n s i d e r a b l y  u n d e r  de termined^

The r e s u l t s  of th e  QFA of t h e  SEU model a r e  s e t  out  

i n  t a b l e  5 .1 2 .  F o r  each s u b j e c t  t h e  p a t t e r n  c l o s e s t  t o  t h e  ML 

p r e f e r e n c e  p a t t e r n  which s a t i s f i e s  SEU i s  shown. The numbers i n  

b r a c k e t s  i n d i c a t e  t h e  ML p r e f e r e n c e s  f o r  t h o s e  p a i r s  where 

t n e s e  a r e  d i f f e r e n t  f rom t h o s e  of t h e  p a t t e r n  s a t i s f y i n g  SEU.

I t  can  be se en  t h a t  f o r  every  s u b j e c t  i t  was n e c e s s a r y  to  

change on ly  a few p r e f e r e n c e s  b e f o r e  a p a t t e r n  which d id  no t  

v i o l a t e  SEU was fo un d .  For  s u b j e c t  5 th e  i n i t i a l ,  ML p a t t e r n  

was s a t i s f a c t o r y .  F o r  s u b j e c t  4 th e  most number of  c han g es ,  8 

were n e c e s s a r y .  The median number of changes  made b e f o r e  a 

s u i t a b l e  p a t t e r n  was found was 2. Changes f i r s t  a t t e m p t e d  i n  

t h e  " i n t u i t i v e "  box of tn e  a l g o r i t h m  were i n d i f f e r e n c e s  i n v o lv e d  

i n  a m odera te  number of  v i o l a t i o n s ,  which were changed to  t h e

most l i k e l y  s t r i c t  p r e f e r e n c e .

I n  t h e  p e n u l t i m a t e  row of t a b l e  5 .1 c  c h i - s q u a r e  

s t a t i s t i c s  f o r  th e  LR t e s t  of  th e  ML, SEU c o n s i s t e n t  p r e f e r e n c e  

p a t t e r n  a g a i n s t  tn e  u n r e s t r i c t e d  b e r n o u l l i  model a r e  snown.

These c h i —sq u a re  s t a t i s t i c s  sh o u ld ,  u n d e r  t h e  n u l l  h y p o t h e s i s
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be d i s t r i b u t e d  w i th  d e g r e e s  o f  f reedom  shown i n  t h e  b o t tom  row 

o.t t h e  t a b l e .  No c h i - s q u a r e  i s  s i g n i f i c a n t  a t  t h e  5i° l e v e l  

l o r  any s u b j e c t . T h e r e f o r e , t h e  b r o a d ,  Mg o o d n e ss  o f  f i t 11 

QFA t e s t  o f  th e  SbU model , assum ing  p r o b a b i l i s t i c  model 1 h a s  

l e a d  to i t s  a c c e p t a n c e  f o r  each  s u b j e c t .

F u n c t i o n a l  M easurem ent .

An im p o r t a n t  f a c t o r  i n  th e  f u n c t i o n a l  measurement i s  

t h e  p r o p o r t i o n  o f  z e ro  o r  one p r e f e r e n c e  f r e q u e n c i e s  t h a t  

o c c u r r e d .  I f  t h e y  d o m in a te ,  t h e  e s t i m a t e s  and go od n ess  o f  f i t  

s t a t i s t i c s  w i l l  be s e v e r e l y  d i s t o r t e d .  From t a b l e  5 .10  i t  can  be 

se en  t h a t  t h e  s e l e c t i o n  of  p a i r s  t o  make n o n -z e ro  o r  one 

f r e q u e n c i e s  more l i k e l y  was q u i t e  s u c c e s s f u l .  The most n o n - z e r o  

o r  one p r e f e r e n c e  f r e q u e n c i e s  obse rved  was 14, f o r  s u b j e c t  3 

and t h e  l e a s t  was 0 ,  f o r  s u b j e c t  10. The median number was 9.

The goodness  of f i t  of  t h e  b a s i c  T h u r s to n e  model i s  

shown i n  t a b l e  5.13* The s i g n i f i c a n t  c h i - s q u a r e s  of  e s t i m a t i o n  

f o r  s u b j e c t s  1 to  9 (1$ l e v e l )  mean t h a t  i n  each  c a se  th e  

h y p o t h e s i s  t h a t  a l l  t h e  a f f e c t i v e  v a l u e s  a r e  z e ro  can  be 

r e j e c t e d .  The only  e r r o r  c h i - s q u a r e  v a lu e  to r e a c h  th e  5# 

l e v e l  o f  s i g n i f i c a n c e  i s  t h a t  f o r  s u b j e c t  3. F o r  t h i s  s u b j e c t  

t h e  T h u r s to n e  model can  be r e j e c t e d ,  b u t  f o r  t h e  r e m a in in g  9 

i t  i s  a c c e p t e d .  S u b je c t  1 0 ' s n o n - s i g n i f i c a n t  e s t i m a t i o n  and 

e r r o r  c h i - s q u a r e s  l e a d  to  th e  c o n c l u s i o n  t h a t  he was 

i n d i f f e r e n t  be tw een  th e  gambles of a l l  p a i r s  and chose  a t  

random.

The above c o n c l u s i o n s  a l l  r e s t  on th e  a s s u m p t io n  

cna t  Bock and J o n e ' s  a s y m p to t i c  r e s u l t s  nold  i n  th e  present;  c a s e .  

T h i s  a s s u m p t io n  w i l l  be examined i n  a sm a l l  sam pling  e x p e r im e n t
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when tne  r e s t  of t h e  f u n c t i o n a l  measurement r e s u l t s  have b een  

p r e s e n t e d .  T h i s  a pp roach  — d i s c u s s i n g  th e  f i n d i n g s  i n  t e r m s  o f  

the  a s y m p t o t i c  r e s u l t s  and Q u e s t io n in g  t h e  a s s u m p t io n s  

s e p a r a t e l y  -  i s  t a k e n  beca u se  i n  g e n e r a l  r e s u l t s  would be 

d i s c u s s e d  i n  t e r m s  of  a sy m p to t i c  t h e o r y .  I t  i s  n o t  g e n e r a l l y  

p o s s i b l e  t o  d i s c u s s  e m p i r i c a l  r e s u l t s  i n  te rm s  of s i m u la t e d  

s t a t i s t i c a l  d i s t r i b u t i o n s .

S in c e  t h e  b a s i c  model seems s a t i s f a c t o r y  c e r t a i n  

m u l t i p l i c a t i v e  and a d d i t i v e  i n f o r m a t i o n  i n t e g r a t i o n  models  can 

be c o n s i d e r e d .  In  a l l  c a s e s  the  e s t i m a t i o n  c h i - s q u a r e  f o r  

s u b j e c t  10 was n o n - s i g n i f i c a n t  so th e  random b e h a v i o u r  h y p o t h e s i s  

a b o u t  t h i s  s u b j e c t  was no t  changed.  S u b je c t  10 w i l l  n o t  be 

d i s c u s s e d  f u r t h e r .  S ince  th e  e r r o r  c h i - s q u a r e  f o r  s u b j e c t  3 was 

• 'only j u s t "  s i g n i f i c a n t  h i s  r e s u l t s  w i l l  be i n c l u d e d  i n  f u r t h e r  

a n a l y s i s .  The two main h y p o th e s e s  t h a t  w i l l  be c o n s i d e r e d  a r e  

the s e v e r a l  a d d i t i v e  and SEU models t h a t  were d i s c u s s e d  i n  

c h a p t e r  3« I n  a n a l y s i s  of v a r i a n c e  t e r m s ,  t h e  a d d i t i v e  model 

i s  t h a t  which p r e d i c t s  no i n t e r a c t i o n s  a r e  s i g n i f i c a n t  and t h e  

SmU model  p r e d i c t s  t h a t  t h e  only  s i g n i f i c a n t  i n t e r a c t i o n  i s  t h e  

b i l i n e a r ,  SW x PW i n t e r a c t i o n .  Bock and J o n e s '  p r o c e d u r e s  

were a p p l i e d  t o  t h e  s u b j e c t i v e  v a l u e s  and v a r i a n c e —c o v a r i a n c e  

m a t r i x  o f  the  b a s i c  T h u r s to n e  model f o r  each  s u b j e c t .  T h is  

e n a b le d  e s t i m a t i o n  of  t h e  p a r a m e t e r s  o f  t n e  i n f o r m a t i o n  

i n t e g r a t i o n  models  to be c a r r i e d  out and a l s o  i t  was p o s s i b l e  

t o  p a r t i t i o n  t h e  T h u rs to n e  m o d e l ' s  e s t i m a t i o n  c n i —s q u a r e s  a s  i n  

t a b l e  5 . 1 4 .  The a d d i t i v e  model i s  t e s t e d  by th e  sum of  t h e  

c n i —sq.uar e s  due to  i n t e r a c t i o n  t e r m s ,  th e  omU model i s  t e s t e d  

by t h e  c h i - s q u a r e  cue t o  a l l  i n t e r a c t i o n s  e x c e p t  the b i l i n e a r
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3Yi x rW one .  I t  can be seen  t h a t  b o th  models  can  be r e j e c t e d  

f o r  s u b j e c t s  3 and 4, a t  t h e  5$ l e v e l  of s i g n i f i c a n c e .  F o r  

s u b j e c t  3 t h e s e  models a r e  r e j e c t e d  i n  a d d i t i o n  to  t h e  b a s i c  

i  h u r s t  one model ( s e e  t a b l e  5 . 1 3 ) .  The component of t h e  c h i -  

sq u a r e  due t o  t h e  b i l i n e a r  3W x PW i n t e r a c t i o n  h a s  a s i n g l e  

d e g r e e  o f  f reedom .  I t s  s i g n i f i c a n c e  l e a d s  one t o  a c c e p t  t h e  

3AU model  i n  f a v o u r  of t h e  a d d i t i v e .  T h is  was p o s s i b l e  f o r  

5 o f  t h e  7 s u b j e c t s  who rem ain  t o  be c o n s i d e r e d .  The r e s u l t s  

o f  t h e  f o r e g o i n g  com par ison  t h u s  l e a d  to  t h e  c o n c l u s i o n  t h a t  

one g e n e r a l  S1U model a c c o u n t s  f o r  most s u b j e c t s  c h o i c e s  b e t t e r  

t h a n  t h e  a d d i t i v e  model d o e s .

As i n  e x p e r im en t  1, however t h e r e  may be s im ple  

l i n e a r  models  w i th  only a few p a r a m e te r s  based  on t h e  

o b j e c t i v e  v a l u e s  of  t h e  gam bles ,  which a c c o u n t  a d e q u a t e l y  

f o r  p e o p l e s  c h o i c e s .  Two such models were examined, 

c o r r e s p o n d i n g - t o  t h o s e  c o n s i d e r e d  i n  e x p e r im e n t  I .  One i s  

S l o v i c ’ s a d d i t i v e  model and th e  o t h e r - i s  th e  SBU model 

where t h e  s u b j e c t i v e  v a lu e  s c a l e s  a r e  l i n e a r  f u n c t i o n s  of t h e  

o b j e c t i v e  v a l u e s .  As w i th  th e  g e n e r a l  models t h e y  a r e  

d i f f e r e n t i a t e d  by the  a d d i t i v e  model h av ing  “main e i f e e t s ” 

on ly  and the l i n e a r  S3U model hav ing  an e x t r a  d e g re e  of  

f ree d o m  c o r r e s p o n d i n g  t o  th e  p e r m i s s i b l e  oW x PW i n t e r a c t i o n .  

Tne p a r t i t i o n  of bhe b a s i c  T hurs tone  e s t i m a t i o n  c h i - s q u a r e  

f o r  t h e s e  models  i s  shown i n  t a b l e  5 .1 5 .  The t a b l e  i s  

a n a l a g o u s  t o  t h a t  f o r  t h e  g e n e r a l  models  and c o n c l u s i o n s  &re  

a r r i v e d  a t  s i m i l a r l y .  Both  models aim r e j e c t e d  a t  t h e  5?° 

l e v e l  f o r  s u b j e c t s  3 and 8. For  5 of t h e  r e m a in in g  7 s u b j e c t s ,  

t h e  l i n e a r  SmU model i s  a c c e p t e r  a n a  f o r  bhe other.-



s u b j e c t ; .  e lov icJs  a d d i t i v e  model i s  a c c e p t e d .  T h is  i s  

b a s e d  on a t  l e a s t  a -5$ s i g n i f i c a n c e  l e v e l .  The in ad e q u ac y  

o f  S l o v i c ’ s model f o r  most s u b j e c t s  i s  i l l u s t r a t e d  f u r t h e r  

i n  f i g u r e  5 . 6 .  Here th e  s u b j e c t i v e  v a l u e s  e s t i m a t e d  d i r e c t l y  

f rom t h e  d a t a  ( o b s e r v e d )  a r e  compared to  t h o s e  p r e d i c t e d  by 

S l o v i c ' s m odel .  I f  t h e  model f i t s  w e l l  most p o i n t s  should  

l i e  a l o n g  t h e  main d i a g o n a l .  T h is  i s  n o t  e v i d e n t  even f o r  

the s u b j e c t  f o r  whom th e  model i s  a c c e p t e d .



Ta b l e  5 . 8.

The O bserved  Number of  Runs, w i th  i t s  E x p e c t a t i o n  and S t a n d a r d  

D e v i a t i o n  u n d e r  t h e  N u l l  H y p o th e s i s  f o r  Each S u b j e c t .

S u b j e c t Observed  Runs,  R E(B) SD(R)

1 67 65.10 2 . 9 2

2 85 84 .4 3 4 .10

3 63 65.08 3 .01

4 92 9 8 .57 4 • 68

5 52 64 .43 2 .72

6 72 78 .14 3 .70

7 71 75.29 3 .4 2

8 70 76 .43 3 .60

9 82 78.78 3 .53

10 115 114.73 5 .48

T ab le  5 .9 .

J o n k l ie e re  and Bowe r 1 a H e t e r o g e n e i t y  of  ^ ^ s j j d ^ j t ^ t i s ^ c ^ j Z ^  

f o r  Da c ia Su b j e c t .

S u b j e c t  . Z

1 -1 .4 0 7

2 -0 .2 7 9

3 - 0 .8 5 2

4 0 .5 53

5 - 1.708

6 - 0 .6 0 7

7 - 0 .7 0 1

8 1 .085

9  - 1 *

10
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Table  3 .1 0.

Su b j e c t  Made Choice One f o r  Each

Gamble P a i r .

Gamble

P a i r 1 2 3

Su b je c t  

4 5 6 7 8 . 9

1 7 2 3 6 7 1 2 2 3
2 1 0 0 1 0 0 3 1 1
3 5 6 7 5 7 7 5 2 7
4 5 7 6 6 7 7 7 6 7
5 0 0 0 1 1 1 6 5 5
6 7 7 7 6 7 5 2 6 3
7 1 5 6 6 1 7 4 7 3
8 2 4 0 3 1 0 2 2 2
9 7 2 4 2 7 3 1 3 5

10 0 . 7 7 2 0 6 4 4; 1
11 0 6 7 3 6 7 7 1 6
12 0 3 7 4 ; 2 7 6 6 6

13 2 5 0 4 i 6 1 6 5 7
14 7 3 1 7 ; 2 3 0 1 1

15 0 3 7 3 1 7 6 5 1

16 3 3 0 3 6 2 6 2 6

17 6 2 3 5 2 1 0 0 2

18 1 1 0 0 5 2 5 7 1

19 5 7 7 7 7 5 7 7 7

20 2 1 2 2 0 2 1 0 1

. 21 1 5 6 2 6 6 6 7 6

22 7 6 0 5 7 1 2 2 1

23 6 r\£ 6 3 1 2 1 0 0

24 0 2 2 2 3 4 6 7 3

25 6 7 1 5 7 3 7 2 6

26 7 6 6 7 7 7 6 7 7

27 1 1 6 3 1 6 7 5 3

28 7 3 3 6 1 1 0 1 1

29 b 7 5 3 6 5 7 6 7
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T able  5 .1 1 .

Tne L i k e l i hood R a t i o s  and De c r e e s  of F r eedom f o r  t h e  DV, l e v e l  

and _i n d i f  f e r e  n ce mod e l  s__f or__ea oh sub j e c t  t e s t e d  a ga i n s  t  _ t  h e 

u n re _ s t r i c t e d  m o d e l .

oUD J c 01 I n d i f f e r e n c e  
O h i - s q u a r e  DP

Level  
O h i - s q u a r e DP

LV
O h i - s q u a r e DP

1 169 .98 29 170.98 28 217.73 21

2 116 .86 29 8 9 .5 2 25 66 .76 18

3 173 .70 29 144.78 25 166 .22 17

4 79 .7 9 29 50 .9 4 26 122 .80 22

5 17 3 .81 29 1 3 6 . 3 8 25 53.95 10

6 1 3 2 .8 7 29 102.72 26 93 .8 6 18

7 139 .32 29 106.25 25 71 .77 14

oo 138 .35 29 105.27 25 56.39 13

9 128 .10 29 95 .0 3 25 55.05 13

10 3 5 .7 6 a 29 - - -

a  p r o b a b i l i t y  o f  c h i - s q u a r e  v a l u e ,  p i s  i n  t h e  range

0 .1 0  <  p <  0 .9 0

A l l  o t h e r  c h i - s q u a r e  v a l u e s  a r e  s i g n i f i c a n t  a t  l e a s t  a t  t h e

1 <fo l e v e l .



Table  5 .1 2 .

—a,2ohl l is  _qT x r e f ^ r e n c e 0 consist en t  with, t h e  pr e d i c t i o n s  of  t h e  SbU
a s s o c i a t e d  w i th  i t  and i t s  d e g r e e s  o f  f r e e d o m .

Gamble P a i r s SI S2 S3 S4 S5 S6 S7 38 S9

24 18 1* 2 0 1 1 r\
d 2 2 1 (0 )

18 26 2 2 2 2 2 2 2 (0 ) 2 2
26 24 1 1 1 1 1 1 1 1 (0 ) 1
2  b 15 1 1 1 1 1 1 1 1 1
15 25 2 r-,

C.
n
£. 2 2 2 1 1 1

25 17 1 1 1 1 1 1 2 1 0
17 21 2 1 1 1 2 1 1 (0 ) 1 2 (0 )
21 23 2 - 0 2 2(0) 2 2 2 -1 2
23 9 1 • 2 1 (0 ) 1 (2 ) 1 2 (0 ) 2 2 (0 ) 1

9 15 2 1 1 2 2 1 0 0 2
9 14 2 1 1 1 (0 ) 1 1 1 1 1

14 20 2 2(0 ) 1 2(0) 2 1 1 1 1
20 22 2 1 2 0 1 2 1 1 1
2 2 8 1 2(0 ) 2 1 r>

d 2 (0 ) 2 2 2
8 12 2 2(0) 1 2 (0 ) 2 1 1 1 2

12 16 2 (0 ) 1 (0 ) 2 0 1 2 1 2 1

16 6 1 2 2(0 ) 1 2 2 2 r>a 2

6 14 2 2 2 2 1 2 1 1 . 2

6 7 . 1 1 1 1 1 1 1 1 1

7 5 2 2 2 2 • 2 2 2 r>.
d 2

5 19 2 1 1 2 1 1 1 1 1

19 13 1 1 r\
d 1 1 2 2 r\

d 2

13 3 1 2 1 1 (0 ) 2 2 2 2 2

3 11 2 2 2 2 0 0 1 1 0

11 7 1 1 2 1 1 0 1 r\ 1

1 1 4 1 1 1 . 1 1 1 1 1 1

4 10 2 2 1 2(0) 2 1 1 1 0

1 0 2 1 0 2(0) 1 2 2 2 2 2

2 4 1 1 1 2 (0 ) 1 1 1 1 1

c n i —sa u a r e 3 .  3 8 6 1 2 . 9 3 0 6 . 5 6 b  3 2 . 7 3 1 . 317 5 .102 5.655 13 .27 5  7.845

D e g re e s  o f  
-L r  o e u o iii 7 14 7 1 8 5  1 1 9 12 8

* I f  t
a n d
i a i  o

h e  p a i r  
2 i n d i e s
i a i ,  2 i . L

i s  ( a
t  e  s  a
p r o f  e

, b ) ,  1 i n d i e
T h e

w h e r e

s i t e s  a  ^  b ,  0  i n d i  
numbers i n  b r a c k e t s  

k n e s e  d i f f e r e d  f r o

c a t e s  a  b  
i n d i c a t e  t h e  

a t h e  f i n a l

o ne  s .



T ab le  5 .1 3.

' joodnesg  of  P i t  o f  t h e  B a s i c  T h u rs to n e

S u b j e c t  C h i -S q u a re s .

E s t i m a t i o n  E r r o r

1 72 .00**  2 .70

2 57 .86**  3.27

3 60 .42**  14 .34*

4 45 .74**  1 .3 2

5 84 .07**  2 .55

6 62 .46**  1 .6 5

7 73 .55**  1 .4 0

8 59 .09**  11 .01

9 65 .37**  1-12

10 24 .01  3 .32

D e g r e e s  o f
•n, i 24 5Freedom

M o de l .

T o t a l

74 .7 0  

61 .13  

74 .0 8  

47 .06  

8 6 .6 2  

64 .11  

74 .9 5  

70 .1 0  

66 .49  

27 .33

29

* i n d i c a t e s  s i g n i f i c a n c e  a t  5$ l e v e l ,  

** i n d i c a t e s  s i g n i f i c a n c e  a t  1$ l e v e l .



TABLE 5 .14 .

The Goodness  o f  F i t  o f  t h e  SEU and Genera l  A d d i t i v e  Models :  

P a r t i t i o n of  t h e  Es t i m a t i o n  C h i - S q u a r e .

S u b j e c t Components o f  t h e  E s t i m a t i o n  C h i - s q u a r e s

Main E f f e c t s

50 .17**

27 .64**

28 .87**

10.10
54.52**

3 6 . 66**  

56.81**  

34.91** 

41 .17**

B i l i n e a r  SWxPW 
I n t e r a c t i o n

0 . 20

4 . 00 *

0 .30

6 .33*

5 .83*

10 .56**

3.03

8 .06**

6 . 11*

Remainder  of 
I n t e r a c t i o n s  

( E r r o r )

21 .63

26 .22

31.25*

29 .30*

23 .72

1 5 .2 4

13 .7 6

16 .1 1

1 8 .2 1

D e g r e e s  of  
Freedom

1 17

* i n d i c a t e s  s i g n i f i c a n c e  a t  t h e  5^ l e v e l

** i n d i c a t e s  s i g n i f i c a n c e  a t  t h e  1$> l e v e l .



T ab le  J 5 .15 .L_

G-o o d n es s  o f  F i t  o f  S l o v i o f s A d d i t i v e  Model and t h e  L i n e a r  SEU 

Model s : P a r t i t  i o n  o f  Es t i m a t  i o n  C h i - S q u a r e .

S u b j e c t Components of t h e  E s t i m a t i o n  C h i - s q u a r e .

1

2

3

4

Main e f f e c t s

40 .49**
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1 6 . 08 * *
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2 5 . 61**
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Remainder  
I n t e r a c t i o n  

( E r r o r )

31 .46*

26 .08

37 .94*

28 .40

2 1 .6 2

18 .3 9

16 .29

35 .65*

23 .0 3

D e g r e e s  of 
Freedom

1 20

* i n d i c a t e s  s i g n i f i c a n c e  a t  t h e  5$ l e v e l .

** i n d i c a t e s  s i g n i f i c a n c e  a t  t h e  Vfo l e v e l .



Figure 5>«6»
Graph of subjective values estimated d i r e c t ly  from the data 

against  those predicted by Slovic^s model.
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_ t  he _Assumpt i o n s  Un d e r l y i ng th e

F u n c t i o n a l  Measuremen t  A n a l y s i s .

The p u rpo se  of t h i s  s i m u l a t i o n  i s  t o  examine th e  t e s t  

and s c a l i n g  a s s u m p t io n s  f o r  th e  p a r t i c u l a r  e x p e r i m e n t a l  d e s i g n  

used i n  e x p e r im e n t  3» The method used i s  t h e  same a s  f o r  t h e  

s a m p l in g  e x p e r im e n t  r e p o r t e d  i n  c h a p t e r  3* S e t s  o f  d a t a  were 

s i m u l a t e d  f rom a p r o c e s s  which g e n e r a t e d  d a t a  u n d e r  t h e  s t a n d a r d  

'Thurs tone  c a s e  V a s sum p t ion s '  w i th  sam pling  s t a n d a r d  e r r o r  e q u a l  

t o  one and known s u b j e c t i v e  v a l u e s .  The known s u b j e c t i v e  v a l u e s  

were t h o s e  t h a t  had been  e s t i m a t e d  i n  e x p e r im e n t  3 f o r  s u b j e c t  9.

250 s e t s  of d a t a  in  t h e  7 -  r e p l i c a t e ,  i n c o m p le te  p a i r  

c o m p a r i s o n  s i t u a t i o n  of  e x p er im en t  3 were s i m u la t e d  u n d e r  t h e  

aboV';. c o n d i t i o n s .  The minimum norm it  c h i - s q u a r e  method was t h e n  

u sed  t o  e s t i m a t e  t h e  s u b j e c t i v e  v a l u e s  and d e r i v e  t h e  g o o d n e ss  of 

f i t  s t a t i s t i c ,  SSS. From t h e  t h e o r y  s e t  out  i n  c h a p t e r  2 th e  

t h e o r e t i c a l  v a r i a n c e s  of t h e  e s t i m a t e s  and t h e  t h e o r e t i c a l  

sam p l in g  d i s t r i b u t i o n  o f  3SF un de r  t h e  n u l l  h y p o t h e s i s  a r e  known. 

The e x p e c te d  v a l u e s  of the  e s t i m a t e s  a r e ,  of c o u r s e  t h e  a c t u a l  

i n p u t  v a l u e s .  There  a r e  25 o b j e c t s  a b o u t  which s u b j e c t s  had to  

choose  i n  e x p e r im e n t  3> l a b e l l e d  a r b i t a r i l y  1 t o  25. The 

l o c a t i o n  o f  th e  e s t i m a t e d  s c a l e  i n  t h e  sam pling  e x p e r im e n t  was 

f i x e d  by l e t t i n g  o b j e c t  25 be z e r o .  Tne e s t i m a t e s  o b t a i n e d ,  

t h e r e f o r e  were of t h e  r em a in in g  24 o b j e c t s  r t ; l a u i v e  t o  tne  l a s t  

o n e .

The mean and sam pling  v a r i a n c e  of  t h e  250 e s t i m a t e s  o f  

each  s u b j e c t i v e  v a lu e  were computea and t h e  n50 SS^ v a l u e s  

o b t a i n e d  were r e c o r d e d  i n  a h i s t o g r a m  w i th  l o w e r  l i m i t  z e ro  and
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s t e p  s i z e  I .  I n  f i g u r e  5 .7  bhe mean o b se rv ed  s u b j e c t i v e  v a l u e s  

a r e  p l o t t e d  a g a i n s t  t n e  a c t u a l  s u b j e c t i v e  v a l u e s .  Of c o u r s e ,  

t h e  e x p e c t e d  p l o t  shou ld  be a lo n g  t h e  main d i a g o n a l .  I t  can  

be s e e n  t n a t  t h e  mean e s t i m a t e d  s c a l e  o f  s u b j e c t i v e  v a l u e s  i s  

somewhat c o m p ressed ,  r e l a t i v e  to  th e  a c t u a l  s c a l e .  I t  does  

a p p e a r ,  t h o u g h  t h a t  t h e  mean ob se rved  v a l u e s  a t  l e a s t  r e t a i n  t h e  

same o r d e r  a s  t h e  t r u e  v a l u e s  and a p a r t  f rom a s c a l i n g  f a c t o r  

t h e  i n t e r v a l  p r o p e r t i e s  a p p e a r  s i m i l a r  to  t h o s e  o f  t h e  t r u e  

s c a l e .  F i g u r e  5 .8  p l o t s  t h e  obse rved  sam pling  v a r i a n c e s  a g a i n s t  

t h e o r e t i c a l  ones  and r e v e a l s  th e  e s t i m a t i o n  p r o c e d u r e  t o  be 

somewhat e r r a t i c ,  bhe obse rved  v a r i a n c e s  b e in g  i n  many c a s e s  

f a r  h i g h e r  t h a n  e x p e c t e d .  I t  i s  p r o b a b le  t h a t  t h i s  i s  due t o  t h e

p a i r  c o m p a r i s o n  d e s i g n  b e in g  v e ry  in c o m p le t e ,  o b s e r v a t i o n s  f rom

on ly  2 9  ou t  o f  a b o u t  150 n o n -d o m in a t in g  p a i r s  b e in g  t a k e n ,  and

a l s o  t o  n b e i n g  only  7.

The t h e o r e t i c a l  sam pling  d i s t r i b u t i o n  o f  SSE i s  t h e  

c h i - s q u a r e  w i t h  5 d e g r e e s  of f reedom . I t  i s  p l o t t e d  i n  

f i g u r e  5 .9  a l o n g  w i th  t h e  h i s t o g r a m  of t h e  o b se rv ed  SSE v a l u e s  

f rom t h e  s i m u l a t i o n  e x p e r im e n t .  I t  i s  c l e a r  t h a t  t n e  a c t u a l  

s a m p l in g  d i s t r i b u t i o n  of  SSE does  n o t ,  i n  t h e  c a se  of t h e  

d e s i g n  of  e x p e r im e n t  3> c o r r e sp o n d  v e ry  c l o s e l y  bo t h e  t h e o r e t i c a l  

one .  However, bhe 9 5 th  p e r c e n t i l e  of t h e  o b se rv ed  d i s t r i b u t i o n  

was 19> f a r  h i g h e r  t h a n  t h a t  o f  t h e  t h e o r e b i c a l  d i s t r i b u t i o n .

Thus,  u s i n g  t h e  t h e o r e t i c a l  d i s t r i b u t i o n  and s i g n i f i c a n c e  

l e v e l  'x/o f o r  t h e  g o o d ness  of f i t  s t a t i s t i c  i s  l i k e l y  t o  be a 

c o n s e r v a t i v e  t e s t  of  t h e  model .  Thao i s ,  t h e r e  w i l l  be a 

t e n d e n c y  t o  r e j e c t  t h e  model when i t  i s  t r u e  r a t h e r  t h a n  a c c e p t

i t  when i t . i s  f a l s e .
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The r e s u l t s  of th e  s i m u l a t i o n  e x p e r im e n t  can  he 

summarized a s  f o l l o w s .  When t h e  d e s i g n  of e x p e r im e n t  3 i s  u sed  

t h e r e  w i l l  he some h i a s  i n  the  e s t i m a t i o n  of s u b j e c t i v e  v a l u e .  

T h i s  i s  swamped, however hy t h e  v a r i a b i l i t y  of t h e  e s t i m a t e s  

p ro d uced  by t h e  p r o c e d u r e ,  which makes i t  somewhat u n r e l i a b l e .  

The a c t u a l  sam p l in g  d i s t r i b u t i o n  o f  SSE d e v i a t e s  c o n s i d e r a b l y  

f rom t h a t  e x p e c t e d ,  b u t  a 5 s i g n i f i c a n c e  l e v e l  b a sed  on t h e  

t h e o r e t i c a l  d i s t r i b u t i o n  can s a f e l y  be used  to  g iv e  a r a t h e r  

c o n s e r v a t i v e  g o o d n e ss  of  f i t  t e s t .
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D i s c u s s i o n ,

As i n  exper im en t  I ,  r e s u l t s  from QFA and. f u n c t i o n a l  

measurement  a r e  more or  l e s s  c o m p a t ib le  w i th  one a n o t h e r .  I n  

p a r t i c u l a r ,  b o t h  a n a l y s e s  concluded  t h a t  one of t h e  s u b j e c t s ,  

s u b j e c t '10 chose  random ly .  QFA of the  g e n e r a l  3SU model l e d  t o  

i t s  a c c e p t a n c e  f o r  a l l  9 s u b j e c t s .  F u n c t i o n a l  measurement 

showed t h a t  a t  l e a s t  one of  t h e  a d d i t i v e  or  SEU models  was 

c o m p a t i b l e  w i t h  a l l  9 nnon random1' s u b j e c t s '  c h o i c e s  w i t h  t h e  

p o s s i b l e  e x c e p t i o n  of s u b j e c t  3 f o r  whom t h e  b a s i c  T h u rs to n e  

model  a p p e a r e d  d o u b t f u l .  U n f o r t u n a t e l y  t h e  b road  c o n s i s t e n c y  

b e tw ee n  the  two a p p ro a c h e s  i s  n o t  s u r p r i s i n g  b e ca u se  o f  t h e  

l a c k  o f  power o f  bhe QFA t e s t .  T h is  w i l l  be d i s c u s s e d  f u r t h e r  

i n  t h e  f i n a l  c h a p t e r .

The f u n c t i o n a l  measurement showed t h a t  a d d i t i v e  m odels  

can  a d e q u a t e l y  a c c o u n t  f o r  t h e  d e c i s i o n  making of  some 

s u b j e c t s .  F o r  most of  them, however m u l t i p l i c a t i v e  models  were 

s i g n i f i c a n t l y  b e t t e r .  The g e n e r a l  SEU model a c c o u n te d  ’w e l l  f o r  

5 s u b j e c t s  c h o i c e s  and th e  l i n e a r  SEU model,  d e s p i t e  t h e  f a c t  

That i t  on ly  h a s  4 p a r a m e t e r s  acc o u n te d  a d e q u a t e l y  f o r  S o f  t h e  

9 "non-random" s u b j e c t s '  c h o i c e s .  That  t h i s  s im ple  model f i t t e d  

bhe d a t a  i s  r a t h e r  u s e f u l .  I t  means t h a t  p r e d i c t i o n s  o f  c h o ic e  

based  on bhe o b j e c t i v e  v a l u e s  o f  any gambles c o n s i d e r e d ,  and 

e s t i m a t e s  of on ly  4 p a r a m e t e r s  can be made w i th  r e a s o n a b l e  

c o n f i d e n c e .

The above c o n c l u s i o n s ,  which a r e  s a t i s f a c t o r y  from 

a t h e o r e t i c a l  p o i n t  o f  v iew ,  a re  c louded  by d o u b t s  a bou t  t h e  

a s s u m p t io n s  u n d e r l y i n g  th e  s t a t i s t i c a l  t e s t s  oi  uhe m ode ls .

The c h i - s q u a r e  v a l u e s  obse rved  i n  bhe LB t e s t s  of SEU by Q
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a r e  i n  most c a s e s  c o n s i d e r a b l y  low er  t h a n  t h o s e  e x p e c t e d .  ( T h is  

may be  due t o  t h e  a f f e c t s  of th e  LR t e s t  b e in g  a c o n d i t i o n a l  

one i n  t h i s  a p p l i c a t i o n ,  a p o i n t  d i s c u s s e d  i n  c h a p t e r  2. I t  

may be  q u i t e  wrong t o  assume t h a t  t h e  a p p r o p r i a t e  d e g r e e s  of 

f reedo m  f o r  t h e  t e s t  i s  t h e  number of a c t u a l l y  r e s t r i c t e d  

o b s e r v a t i o n s .  However, i t  i s  n o t  w or th  f o l l o w i n g  up t h e  

s u s p i c i o n  of f a u l t y  t e s t  a s s u m p t io n s  a s  t h e r e  was a s u b j e c t i v e  

e le m e n t  i n  t h e  p r o c e d u r e  used t o  e s t i m a t e  t h e  maximum l i k e l i h o o d ,  

S-hU c o n s i s t e n t  p r e f e r e n c e  p a t t e r n .  The c u r r e n t  m e t h o d o l o g ic a l  

i s s u e s  a s s o c i a t e d  w i th  QFA w i l l  be d i s c u s s e d  i n  t h e  f i n a l  

c h a p t e r .

The f u n c t i o n a l  measurement p roceeded  by t r u e  a l g o r i t h m s  

and i t  was p o s s i b l e  to  t e s t  t h e  a s s u m p t io n s  u n d e r l y i n g  i t  

e m p i r i c a l l y .  The t e s t  showed t h a t  t h e  e s t i m a t i o n  p r o c e d u r e  

was somewhat u n r e l i a b l e ,  i n  t h a t  two s e t s  of  d a t a  g e n e r a t e d  u n d e r  

t h e  same a s s u m p t io n s  could  g iv e  w id e ly  d i f f e r i n g  s u b j e c t i v e  v a lu e  

e s t i m a t e s .  S in c e  th e  t e s t s  of f u n c t i o n a l  r e l a t i o n s h i p s  were 

b ased  on such  e s t i m a t e s  t h e i r  u n r e l i a b i l i t y  i s  t h e  r e a s o n  m a t  

doub t  a b o u t  th e  c o n c l u s i o n s  r e g a r d i n g  th e  f u n c t i o n a l  r e l a t i o n s h i p s  

i s  w a r r a n t e d .  However, g e n e r a l  opt imism can be r e t a i n e d  a b o u t  

t h e  method o f  f u n c t i o n a l  measurement used .  I t s  f a u l t s  may be 

r e c t i f i e d  by a d i f f e r e n t  c h o ic e  of  in c o m p le te  d e s i g n  or  a l a r g e r  

n th an  7 .  I n  t h e  e x p e r im e n t s  t o  be r e p o r t e d  i n  s e q u e n t i a l  and 

dynamic s i t u a t i o n s ,  t h i s  ty p e  of  a n a l y s i s  r a t h e r  t h a n  til A w i l l  oe 

a p p l i e d  a s  i t  h a s  f a r  l e s s  p rob lem s a t  p r e s e n t  t h a n  t n a  l a t t e r

ty p e  of  a n a l y s i s .
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C h a p te r  6. 

S e q u e n t i a l  E x p e r i m e n t s .

o e q u e n t i a l  d e c i s i o n  making s i t u a t i o n s  were d i s c u s s e d  

i n  t h e  i n t r o d u c t i o n  and p r e v i o u s  r e s e a r c h  on t h e  e f f e c t  of  t h e  

s i t u a t i o n a l  f a c t o r s ,  c u r r e n t  c a p i t a l  ( c c )  and p r e v i o u s  outcome (o 

was re v ie w e d  i n  c h a p t e r  4. I n  t h e  p r e s e n t  c h a p t e r ,  2 e x p e r im e n t s  

a r e  t o  he r e p o r t e d .  In  t h e  f i r s t ,  e x p e r im en t  4, s u b j e c t s  

r e p e a t e d l y  make d e c i s i o n s  be tween t h e  same p a i r  of d up lex  gam bles  

I n  t h e  s e c o n d ,  e x p e r im en t  5 p a i r s  of gam bles ,  t h e  same p a i r s  a s  

were u se d  i n  ex per im en t  3 a r e  p r e s e n t e d  t o  s u b j e c t s  i n  an  n -  

r e p l i c a t e ,  in c o m p le te  p a i r  com par ison  e x p e r im e n t .  Each gamble 

c h o se n  i s  p l a y e d  b e f o r e  t h e  nex t  p a i r  i s  p r e s e n t e d .  In  

e x p e r im e n t  4 many c h o ic e s  a r e  o b ta in e d  on a s i n g l e  p a i r  and i n  

e x p e r im e n t  5 a few c h o ic e s  a r e  o b ta in e d  on many p a i r s ,  h o p e f u l l y  

e n a b l i n g  a com prehens ive  e x a m in a t io n  of t h e  e f f e c t s  of t h e  two 

s e q u e n t i a l  v a r i a b l e s  to  be c a r r i e d  o u t .

I f  s e q u e n t i a l  v a r i a b l e s  have no, o r  on ly  "second o r d e r "  

e f f e c t s  t h e ' s a m e  i n f o r m a t i o n  i n t e g r a t i o n  models  a s  a p p l i e d  i n  

s t a t i c  s i t u a t i o n s ,  i n c l u d i n g  a d d i t i v e  and SEU models  may a c c o u n t  

a d e q u a t e l y  f o r  d e c i s i o n  making i n  s e q u e n t i a l  s i t u a t i o n s .  To 

t h i s  end,  i n  e x p e r im e n t  5 a f u n c t i o n a l  measurement a n a l y s i s  o f  

i n f o r m a t i o n  i n t e g r a t i o n  models i s  c a r r i e d  o u t .  I t  was d e c id e d  t o  

use  f u n c t i o n a l  measurement,  r a t h e r  ohan QIA i n  v iew  o f  t h e  

d i f f i c u l t i e s  a l r e a d y  e n co u n te re d  w i th  t h e  l a u t e r .

I n  c h a p t e r  4 c e r t a i n  m e th o d o lo g ic a l  and s t a t i s t i c a l  

c r i t i c i s m s  of  p re v io u s  r e s e a r c n  on bus e x f e c  c o± s e q u e n t i a l  

f a c t o r s  were made. The f o l lo w in g  recommendat ions  f o r  f u t u r e  

e x p e r i m e n t s  were s u g g e s t e d :  i )  'the f a c t o r s  o and cc shou ld  no t
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be confounded  i i )  s e n s i t i v e ' t e n t s  o f  changes  i n  r e s p o n d in g  

s h o u ld  be used  i i i )  DM*s i n f o r m a t i o n  should  r e f l e c t  t h e  t r u e  

p r o b a b i l i t i e s  and p a y o f f s  a s s o c i a t e d  w i th  a l t e r n a t i v e s  and 

i v ) t h e  e f f e c t  of r e s p o n se  b i a s  shou ld  be- c o n t r o l l e d .  A l l  t h e s e  

t h i n g s  were p u t  i n t o  p r a c t i c e  i n  e x p e r im e n t s  4 and 5.

R a p p o p o r t  e t  a l ' s  (1971) s o l u t i o n  t o  i )  of  b l o c k i n g  t h e  sequence  

of c h o i c e s  and a s s i g n i n g  d i f f e r e n t  cc v a l u e s  a t  t h e  s t a r t  of  each  

b l o c k  w a s - a d o p te d .  The f a c t o r s  cc and o can n e v e r  be c o m p le t e ly  

unconfounded  b u t  t h e  b l o c k i n g  r e d u c e s  th e  .dependency a g r e a t  

d e a l .  J o n k h e e r e  and Bower (1967)  have deve loped  a s e n s i t i v e  

t e s t  of  t r e n d  which w i l l  be a p p l i e d  i n  t h e s e  e x p e r im e n t s  to  

examine c h an g e s  i n  r e s p o n d in g  a s  a f u n c t i o n  o f  t im e ,  cc and o.

The o t h e r  e x p e r i m e n t a l  or s t a t i s t i c a l  improvement which n e e d s  

t o  be e x p l a i n e d  i s  how to  d e a l  w i t h  re s p o n se  b i a s .  There  were 

2 p h y s i c a l  r e s p o n s e s  p o s s i b l e  on any t r i a l .  Which a l t e r n a t i v e  

c o r r e s p o n d e d  t o  which r e s p o n se  was randomized o v e r  t r i a l s .  I t  i s  

hoped t h a t  t h e s e  p r a c t i c e s  w i l l  make t h e  r e s u l t s  o b t a i n e d  much 

l e s s  s u s p e c t .
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Exper im en t  4.

An I n v e s t i g a t i o n  of  t h e  E f f e c t s  o f  P r e v i o u s  Outcome and C u r r e n t

C a p i t a l  on R epea ted  C h o ic e s  from a P a i r  of Duplex Gambles.

The b a s i c  model u n d e r l y i n g  t h i s  e x p e r im e n t  i s  a random 

u t i l i t y  model ,  s i m i l a r  t o  t h e  T h u r s t o n i a n  i n f o r m a t i o n  i n t e g r a t i o n  

m odels  p r e v i o u s l y  d i s c u s s e d .  Suppose t h e  d up lex  gambles  a r e  g-  ̂

and d e c i s i o n  maker makes a c h o ic e  be tw een  them and t h e

gamble c h o se n  i s  t h e n  p l a y e d .  Le t  t h i s  c o n t i n u e  th r o u g h  n s t a g e s ,  

t-j_, t£> • • •  t  and l e t  th e  u t i l i t y  of g^ a t  s t a g e  t .  be :

u(g.s , t  .)  = a .  . + e.
i 7 3  1 3  i f

where a .  . i s  a c o n s t a n t  and e .  . i s  a random v a r i a b l e  w i th

E ( e .  .) = 0 and e .  ., e . ,  u n c o r r e l a t e d ,  e . .  = e . ,  = e . , i  = 1, 2.
l j  1  J  I K .  ± J  J - K  -L

Though o t h e r  d i s t r i b u t i o n s  o f  t h e  e r r o r  t e rm  would s u f f i c e ,  i t  i s  

c o n v e n i e n t  t o  assume t h a t  i t  i s  d i s t r i b u t e d  l o g i s t i c a l l y .

The a im s o f  t h e  exp er im en t  a r e  to  t e s t  c e r t a i n  h y p o t h e s e s  

a b o u t  t h e  d i f f e r e n c e  i n  u t i l i t y  be tween  g-  ̂ and gE* which can  be 

e x p r e s s e d  a s

u ( g d , t . )  = u ( g i , t p  -  u ( g 2 , t p

= (aXJ -  a2p  + ( eXj -  e ^ )  = afl„ + ea

where t h e  d s u f f i x  d e n o te s  " d i f f e r e n c e " .  The a s s u m p t io n

t h a t  e i s  d i s t r i b u t e d  l o g i s t i c a l l y  1 0 H o w s from assum ing  t h e  
d

component e r r o r s  a r e .

The f i r s t  t e s t  i s  of  t h e  h y p o t h e s i s  t h a t  a ^  i s  no t  a

f u n c t i o n  o f  t  . i t s e l f .  That  i s ,  t h a t  t h e r e  i s  no change i n  The

c h o ic e  p r o b a b i l i t y  s im ply  hue to  t im e  p a s s i n g .  T’ne o t h e r  b a s i c

h y p o t h e s i s  i s  t h a t  a d i s  in d ep e n d en t  of  t h e  p r e v i o u s  c h o ic e

ma d e .
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I f  t h e  above h y p o th e s e s  a r e  r e j e c t e d  i t  w i l l  t h e n  he

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

ou tcom es ,  which  i s  th e  m ajo r  pu rpose  of  t h e  e x p e r im e n t .  T h i s  aim

can be p u t  i n  t e r m s  of  t h e  above b a s i c  model.  (H e fe re n ce  t o  t .
d

i n  t h e  u t i l i t y  d i f f e r e n c e  e q u a t io n  can  be o m i t t e d  i f  no t r e n d  i s  

f o u n d ) .  Suppose th e  p r e v io u s  outcome was a change i n  c a p i t a l  of 

o pence  and t h e  c u r r e n t  c a p i t a l  i s  c pence .  The h y p o t h e s i s  t h a t  

t h e s e  a f f e c t  t h e  u t i l i t y  d i f f e r e n c e  can  be pu t  i n  t e rm s  o f  t h e  

g e n e r a l  l i n e a r  model:

u ( 8 a } = a d + h  + mo + ( l m ) oc + e
where 1,  m and ( lm) a r e  t h e  main e f f e c t  and i n t e r a c t i o n  p a r a m e t e r s ,

and a^ becomes t h e  g e n e r a l  mean. S tan dard  t e s t s  of  w h e th e r  o 

and cc a f f e c t  t h e  u t i l i t y  d i f f e r e n c e ,  and i f  so w h e th e r  t h e i r  

e f f e c t s  a r e  i n d e p e n d e n t  can be c a r r i e d  o u t .  Many o t h e r  

h y p o t h e s e s  a b o u t  how p r e v i o u s  outcomes,  c h o i c e s  and c a p i t a l  a f f e c t  

c h o i c e s  can  be p rop o sed  and some of t h e s e  w i l l  be d i s c u s s e d  i n  

t h e  r e s u l t s  s e c t i o n .  That  th e  p r e v i o u s  ones have been  s e l e c t e d  a s  

t h e  “key" h y p o t h e s e s  i s  l a r g e l y  a r e s u l t  of f o l l o w i n g  p r e v i o u s  

work. U t i l i t y  d i f f e r e n c e s  have commonly been  h y p o t h e s i z e d  t o  

change  w i t h  c u r r e n t  c a p i t a l  and p r e v i o u s  outcomes so t h i s  i s  

what h a s  b e e n  examined.

Ex p e r i m e n t a l  S e t t i n g .

The d u p lex  gamble i s  i n t r o d u c e d  to  DM u s i n g  t h e  game 

f o r  t h i s  p u r p o s e  d e s c r i b e d  i n  e x p e r im e n t  3* l o  t h e  a c t u a l  

e x p e r i m e n t ,  th o u g h ,  w heels  oi f o r t u n e  a r e  not  u se d .  T h e . u s u a l  

d i a g r a m a t i c  form of  p r e s e n t i n g  th e  gamble a l t e r n a t i v e s  i s  u se d ,  

bu t  a c t u a l l y  p l a y i n g  a dup lex  gamble i s  m ech an ized .  The b a s i c  

i n f o r m a t i o n  a b o u t  t h e  e v e n t s  i n  th e  n - s t a g e  s e q u e n t i a l  gam bl ing
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game t h a t  DM i s  r e q u e s t e d  to  p la y  i s  g iv e n  t o  him on a c o n t r o l  

p a n e l  which i s  r e p r e s e n t e d  i n  f i g u r e  6 .1 .  At t h e  s t a r t  o f  t h e  

f i r s t  t r i a l  o f  t h e  game, DM i s  g iv e n  a s t a k e ,  i n  s h i l l i n g s .  The 

amount i s  shown on a m e te r  which i s  c o n t r o l l e d  m anua l ly  "by t h e  

e x p e r i m e n t e r .  At th e  s t a r t  o f  every  t r i a l ,  one of t h e  "blue l i g h t s

A or  J3 i s  on. T h is  i n d i c a t e s  which i n f o r m a t i o n  c a rd  (A o r  B).

sh o u ld  "be used  on t h i s  t r i a l .  These c a r d s  g iv e  t h e  p r o b a b i l i t y

and p a y o f f  i n f o r m a t i o n  a b o u t  t h e  gamble a l t e r n a t i v e s  and a r e  

shown i n  f i g u r e  6 . 2 .  I t  can be seen  t h a t  t h e  on ly  d i f f e r e n c e  

b e tw ee n  them i s  t h a t  c h o ic e  J  i s  on th e  l e f t  on c a rd  B and on t h e  

r i g h t  on c a rd  A.

The i n f o r m a t i o n  ca rd  to  be used i s  p o s i t i o n e d  below t h e  

c o n t r o l  p a n e l .  I f  DM w ish e s  to  p lay  th e  gamble on t h e  l e f t  of  

th e  c a r d  he p r e s s e s  t h e  b u t t o n  on t h e  l e f t  o f  t h e  c o n t r o l  p a n e l .  

S i m i l a r l y  f o r  t h e  gamble on t h e  r i g h t .  Y/hich b u t t o n  he p r e s s e s ,  

and wnich  l i g h t  was on (A or  B) a t ’ t h e  s t a r t  d e t e r m i n e s  which p a i r  

o f  outcome l i g h t s  a r e  r e l e v e n t  on t h i s  t r i a l .  T h i s  r e l a t i o n s h i p  

b e tw een  outcome l i g h t s ,  i n i t i a l  l i g h t s  and r e s p o n s e s  i s  shown 

i n  t a b l e  6 . 1 .  I n  t h i s  mechanized dup lex  gamble game, DM wins i f

bhe win outcome l i g h t  comes on and he l o s e s  i f  t h e  l o s e  l i g n t  comes 

on. The complem entary  e v e n t s  "no t  win" and "not  l o s e "  o c c u r  i f  

t h e  a p p r o p r i a t e  l i g h t  does  no t  come on. Thus a p l a y  i s  f o r m a l l y  

e q u i v a l e n t  t o  a p la y  of  a dup lex  gamble on w hee ls  of  f o r t u n e  i f  

t h e  p r o b a b i l i t i e s  of bhe v a r i o u s  e v e n t s  c o r r e s p o n d  t o  t h e  

p r o p o r t i o n s  g i v e n  on t h e  i n f o r m a t i o n  c a r d ,  and p a y o f f s  a l s o  

c o r r e s p o n d .  A f t e r  o b s e r v in g  th e  outcome l i g h t s ,  DM and t h e  

e x p e r i m e n t e r  c a l c u l a t e  the  n e t  g a in  o r  l o s s ,  whicn i s  r e c o r d e d  

on t h e  " c u r r e n t  c a p i t a l "  m e te r .  T h is  ends t h e  t r i a l .  The s t a r t  

of  t h e  n e x t  t r i a l  i s  p reced ed  by DM p r e s s i n g  t h e  "nex t  t r i a l "
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b u t t o n ,  a f t e r  which, l i g h t  A o r  3 comes on.

O b v io u s ly ,  t h e  p u rpose  of u s in g  t h e  a l t e r n a t i v e  

i n i o r m a t i o n  c a r d s  i s  to  e n a b le  r e s p o n se  b i a s e s  t o  be t a k e n  a c c o u n t  

o f .  T h i s  u s u a l l y  w i l l  be done by l e t t i n g  t h e  p r o b a b i l i t y  of  

l x g h t  A coming on be 0 . 5  (and l i g h t  B a l s o ) .  Thus,  t h e r e  a r e  

u s u a l l y  two s e t s  of p r o b a b i l i s t i c  e v e n t s  i n  t h e  game: t h e  o n s e t  

o f  l i g h t s  A and B and t h e  o n se t  of  t h e  outcome l i g h t s .

T h i s  m e c h a n ic a l  gambling game i s  sequenced  by a l p h a ­

num er ic  i n f o r m a t i o n  on a punched p a p e r  t a p e  which i s  r ea d  by a 

s t a n d a r d  t a p e  r e a d e r .  The i n f o r m a t i o n  i s  used i n  a l o g i c  c i r c u i t  

which d i r e c t s  t h e  e v e n t s  to  and from the c o n t r o l  box.  Thus,  t h e  

whole p l a y  o f  t h e  game i s  p r e d e t e r m in e d .  The u n c e r t a i n t i e s  o f  

t h e  game a r e  i n t r o d u c e d  i n  th e  c o n s t r u c t i o n  o f  t h e  p a p e r  t a p e .

An a l g o l  com pute r  programme was w r i t t e n  t o  make t h e  t a p e  and a 

r e l i a b l e  pseudo-random  number p ro c e d u re  g e n e r a t e d  t h e  symbols 

which s i g n i f i e d  t h e  u n c e r t a i n  e v e n t s  w i th  t h e  a p p r o p r i a t e  

p r o b a b i l i t i e s .  The sequence  of e v e n t s  d u r i n g  an  e x p e r i m e n t a l  

s e s s i o n ,  i n c l u d i n g  c h o ic e s  and outcomes was o u tp u t  on p a p e r

t a p e  by a t a p e  p u n c h .

The main a d v a n ta g e  o f  t h i s  m e c h a n iz a t io n  i s  o b v io u s ly  

s p e e d .  I t s  main d i s a d v a n t a g e  i s  t h a t  DM must t a k e  t h e  

e x p e r i m e n t e r 1 s word t h a t  th e  game i s  x a i r .  U n l ike  t h e  w hee ls  of  

f o r t u n e  form  o f  gamble,  i t  . i s  no t  seen  t o  be f a i r *

Su b j e c t s .

Ten u n d e r g r a d u a t e s  from th e  U n i v e r s i t y  of S t i r l i n g ,  o 

male and 4 fem a le  to o k  p a r t  i n  i n d i v i d u a l  e x p e r i m e n t a l  s e s s i o n s .

They d id  n o t  know when th e y  v o l u n t e e r e d  t h a t  t h e y  would be p a id

f o r  p a r t i c i p a t i n g .
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E x p e r i m e n t a l  D e s i g n .

The f i r s t  problem i n  t h e  d e s i g n  o f  t h i s  e x p e r im e n t  i s  

bo s e l e c t  a s u i t a b l e  p a i r  of gam bles .  The main c r i t e r i o n  i s  t h a t  

t h e r e  sho u ld  be no obv ious  c h o ic e .  The gambles  shou ld  be q u i t e  

c l o s e  t o  e ac h  o t h e r  i n  s u b j e c t i v e  v a l u e ,  so t h a t  b o th  a r e  c hosen  

a. r e a s o n a b l e  number of t im e s  i n  th e  s e s s i o n .  ( I f  one of t h e  

gam bles  i s  c hosen  a l l  t h e  t im e  t h i s  i s  no t  p a r t i c u l a r l y  

i n f o r m a t i v e ).

Minor c o n s i d e r a t i o n s  a r e  t h a t  b o th  gambles  should  be 

r e a s o n a b l y  f a v o r a b l e  and b o t h  should  g iv e  a r e a s o n a b l e  number of 

f a v o r a b l e  and u n f a v o r a b l e  outcomes d u r in g  a sequence  o f  p l a y s .  

H o p e f u l l y  t h i s  w i l l  keep morale  and m o t i v a t i o n  a t  a r e a s o n a b l e  

l e v e l .  B e a r i n g  such t h i n g s  i n  mind, the  p a i r  o f  gambles  shown 

i n  f i g u r e  6 . 2  were s e l e c t e d .  These a r e  two d up lex  gambles  w i th  

p o s i t i v e  e x p e c te d  v a l u e ,  one of  which g i v e s  a sm a l l  a d v a n ta g e  

w i th  r e s p e c t  t o  p a y o f f s  w h i le  t h e  o t h e r  g i v e s  a sm a l l  a d v a n ta g e  

w i th  r e s p e c t  to  p r o b a b i l i t i e s .

The s u b j e c t  i s  r e q u i r e d  to  p la y  a s e r i e s  o f  s e q u e n t i a l

games,  d e s c r i b e d  i n  the p r e v i o u s  s e c t i o n ,  w i th  rh e  s e l e c t e d  p a i r

of  g a m b le s .  Over t h e  whole s e r i e s ,  t h e  c u r r e n t  c a p i t a l  b e fo r e  

any c h o ic e  and t h e  outcomes o f  t h e  p r e v i o u s  one a r e  n o t  c o m p le t e ly  

c onfounded  a s  th e  s t a k e  g iv e n  a t  th e  b e g in n in g  of  a game c h ang es

from game to  game.

Some r e a l i s m  i s  i n j e c t e d  i n t o  t h e ■s i t u a t i o n  b^ t e l l i n g

DM t h a t  a f t e r  he h a s  p la y e d  a l l  t h e  games, one of  them w i l l  be 

c hosen  a t  random and he w i l l  be p a id  th e  amount he won on t h a t

game. Should  he be " r u in e d "  i n  any game, t h a t  i s ,  xf mis c a p i t a l

f a l l s  be low z e ro  t h e n  h i s  w inn ings  w i l l  be coun ted  a s  z e ro  and
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he w i l l  go on to  t h e  nex t  game.

The n e x t  d e s i g n  problem i s  to d e c id e  how many t r i a l s  

pe r  game and how many games to  have .  P r e l i m i n a r y  e x p e r i e n c e  l e d  

to the  d e c i s i o n  t o  use  abou t  200 t r i a l s  i n  t o t a l ,  a s  t h e s e  cou ld  

be c o m f o r t a b l y  p layed  i n  a b o u t  f- h o u r .  I f  t h e  number of  t r i a l s  

i n  a game i s  sm a l l  th e  s e q u e n t i a l  n a t u r e  o f  t h e  t a s k  i s  l e s s  

i m p o r t a n t ,  and i f  i t  i s  too  l a r g e  th e  main v a r i a b l e s  w i l l  be 

more c o n fo u n d e d .  I t  was dec id ed  to  p lay  abou t  30 games of  7 

t r i a l s  i n  any s e s s i o n ,  b e a r i n g  t h e s e  p o i n t s  i n  mind.

The f i n a l  d e c i s i o n s  to  be made a r e  conce rned  w i th  what 

s t a k e s  t o  u s e ,  and w h e th e r  t o  s e l e c t  s t a k e s  randomly o r  

a c c o r d i n g  t o  some b a la n c e d  p r o c e d u r e .  I t  was d e c id e d  t q ^ i v e  

DMs 3 / - ,  7 / -  o r  11./- s t a k e ,  and t o  a t t e m p t  t o  c o n t r o l  t h e  e f f e c t  

o f  t n e  o r d e r  i n  which th e  s t a k e s  a r e  g iv e n  by a p ro c e d u re  due t o  

H.Durap (1967)* Now, th e  c h o ic e  of s t a k e s  was p a r t l y  d e te rm in e d  

by a d e s i r e  t o  keep th e  p r o b a b i l i t y  of  ruin ( a s  p r e v i o u s l y  d e f i n e d )  

low. With 3 / - .  s t a k e  th e  p r o b a b i l i t y  o f  ruin i f  gamble 1 i s  p la y e d  

7 t i m e s  i s  0 .1 6 4  and i f  gamble -2 i s  p lay ed  7 t im e s  i t  i s  0 .1 4 0 .  

These  a r e ,  p e rh a p s  l a r g e  enough t o  a f f e c t  DM's a s s e s s m e n t  o f  

p r o b a b i l i t i e s  o f  e n t e r i n g  f u t u r e  s t a t e s  which a s  d i s c u s s e d  

b e f o r e ,  i s  u n d e s i r a b l e .  T h i s  p o i n t  w i l l  be d i s c u s s e d  more f u l l y  

■ la te r .  An a d v a n ta g e  of  u s in g  a s t a k e  a s  low ad 3/-»  th ou g h  i s  

cha t  t h e  s u b j e c t i v e  d i f f e r e n c e  be tw een  winning  a o o u t  3 / ” and 

w in n in g  a b o u t  l l / -  i s  l i k e l y  to be q u i t e  l a r g e .  Such 

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

s u b j e c t i v e  d i f f e r e n c e s .

Suppose each of th e  .3 s t a k e s  b e g in s  a game 9 t i m e s ,  and

e ach  t im e  i t  a p p e a r s ,  each  p o s s i b l e  co m b in a t io n  o f  s t a k e s  i n  t h e



p r e v i o u s  2 games a p p e a r s  only  once.  To meet t h i s  c o n d i t i o n  2 

"dummy11 games must "be added a t  t h e  s t a r t  o f  t h e  s e s s i o n .  Y / i th in  

b h is  c o n s t r a i n t  a random o r d e r  of s t a k e s  was u se d .  S u b j e c t s  

p l a y e d  29 games i n  a l l ,  t h e  f i r s t  two be ing  c o n s i d e r e d  a s  p r a c t i c e  

games t o  be d i s c a r d e d  i n  a n a l y s i s .  A s e t  o f  s t a k e s  s a t i s f y i n g  

bhe above  c o n d i t i o n  i s  shown below:

7 7 7 11 7 7 3 11 7 11 3 11 11 3 7 3 7 11
11 11 7 3 3 11 3 3 3 7 7

Random s e q u e n c e s  of t h i s  ty p e  were produced by a computer

programme of  t h e  a l g o r i t h m  due t o  l u r a p .  The main p u rp ose  of 

u s i n g  t h i s  t y p e  of sequence  was t o  a v o id  a p re p o n d e ra n c e  of  any 

p a r t i c u l a r  p a t t e r n s  of s t a k e s  which may o c c u r  i f  an  o r d i n a r y  

random se q uence  was used and which may produce  a r t e f a c t s .

P r o c e d u r e .

Most o f  th e  d e t a i l s  of the  p ro c e d u re  were g i v e n  i n  t h e  

l a s t  two s e c t i o n s .  I n  t h i s  s e c t i o n  i t  i s  summarized and d e t a i l s  

n o t  a l r e a d y  m ent ioned  a r e  added .

S u b j e c t s  were t o l d  t h a t  t h i s  was an ex p er im en t  where 

t h e y  would have t o  make c h o ic e s  be tween gambles  f o r  sm a l l  amounts  

of  money. They would win money, b u t  th e  amount depended t o  some 

e x te n d  on l u c k  and t o  some e x t e n t  on which gambles  th e y  chose  

to  p l a y .  T here  was a sm a l l  chance t h a t  t h e y  would win n o t h i n g ,  

b u t  t h e y  would n o t  l o s e .  ( I n  f a c t ,  f o r  tine 10 s u b j e c t s ,  t h e  

m edian  w in n i n g s  was l l / - ,  t h e  lo w e s t  l / ~  and bhe h i g h e s t  1 8 / —).

The du p lex  gamble was i n t r o d u c e d  t o  them w i th  t h e  

a p p a r a t u s  used  f o r  t h i s  purpose  i n  e x p e r im e n t  3« ih ey  p l a y e d  a 

s e q u e n t i a l  game of  5 s t a g e s ,  and ib  was e x p l a i n e d  bnao one 

r e s u l t  of t h e  game was what t h e y  f i n i s h e d  w i th ,  no t  t h e  d i f f e r e n c e
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"between i n i t i a l  and f i n a l  amounts .  They were t o l d  t h a t  t h e  

experiment c o n s i s t e d  of p l a y i n g  a s e r i e s  o f  such  games w i th  7 

p l a y s  p e r  game. T h e i r  s t a k e  would he 3/--*, 7/*~ o r  l l / —, v a r y i n g  

from game t o  game. I f  t h e y  f e l l  below zero  t h e  game would he 

ended and t h e y  would go on to  t h e  n ex t  game. The r e s u l t s  o f  a l l  

games would he r e c o r d e d  and a t  t h e  end, one r e s u l t  would he p ic k e d  

a t  random which would he t h e  s u b j e c t s '  wages f o r  p a r t i c i p a t i o n .

They were t h e n  t o l d  t h a t  to  save t im e ,  and t o  e n a b le  

bhe e x p e r i m e n t e r  t o  keep an a c c u r a t e  r e c o r d  of t h e  e x p e r im e n t ,  

t h e y  would p l a y  t h e  gambles w i th  a m achine .  One of  t h e  gamble 

i n f o r m a t i o n  c a r d s  was produced and th ey  were t o l d  t h a t  t h e s e  

were the a l t e r n a t i v e s  t h e y  would have to  choose  be tw een .  The 

way t h e  machine worked, and how t h e i r  c u r r e n t  c a p i t a l  was r e c o r d e d  

was e x p l a i n e d  bo them. 'They p lay ed  a t r i a l  game of 7 s t a g e s  

s t a r t i n g  w i t h  7 s h i l l i n g s .  P r o b a b i l i t i e s  of  e v e n t s  i n  t h i s  t r i a l  

b o re  no r e s e m b la n c e  to  a c t u a l  ones.  The t r i a l  was i n te n d e d  t o  

f a m i l i a r i z e  s u b j e c t s  w i th  th e  p r o c e d u r e .  A l l  c o m b in a t io n s  of 

w in /n o t  win and l o s e / n o t  l o s e  o c c u r r e d ,  s u b j e c t s  had to be t o l d  

the  s i g n i f i c a n c e  of  no l i g h t  coming on a f t e r  t h e y  responded  ( i t  

meant t h e y  had n e i t h e r  won nor  l o s t ) .  A s s u ra n c e s  were g iv e n  t h a t  

t h e  game was no t  r i g g e d .  . I t  was s t r e s s e d  m a t  p a y in g  w i th  t h e  

machine was " j u s t  t h e  same a s  i f  t h e  r o u l e t t e  w nee ls  were spun

on each  p l a y " .

As a f i n a l  check  on w he th e r  th e y  u n d e r s to o d  du p lex

g am b les ,  3 c a r d s  o f  p a i r s  were shown go them sucu t h a t  one gamble 

dom ina ted  bhe o t h e r .  A l l  s u b j e c t s  a t  t h i s  s t a g e  chose  t h e

dom ina t  in g  g a m b le .

D u r in g  th e  e x p e r i m e n t a l  s e s s i o n ,  bhe su b je c b  sau



f a c i n g  t h e  c o n t r o l  p a n e l  on t h e  desk  "before him. The 

i n f o r m a t i o n  c a r d s  were one on to p  of t h e  o t h e r  i n  f r o n t  o f  t h e  

p a n e l  and t h e  " c u r r e n t  c a p i t a l  m e te r"  was to  i t s  l e f t  i n  a 

p ro m in a n t  p o s i t i o n .  As th e  b lu e  l i g h t  changed from A to  3 ,  t h e  

s u b j e c t  p l a c e d  th e  a p p r o p r i a t e  i n f o r m a t i o n  ca rd  on th e  t o p .  

f n e  e x p e r i m e n t e r  s a t  o p p o s i t e  th e  s u b j e c t  d u r in g  t h e  s e s s i o n ,  

c h e c k in g  t h e  w ork ings  of t h e  a p p a r a t u s ,  s e t t i n g  th e  c u r r e n t  

c a p i t a l  b e f o r e  each  game, a l t e r i n g  th e  m e te r  a c c o r d i n g  t o  t h e  

ou tcom es and r e c o r d i n g  th e  r e s u l t s  o f  each game. U n a v o id a b ly ,  

t h e r e f o r e ,  he was an  i n t e g r a l  p a r t  of th e  e x p e r i m e n t a l  s i t u a t i o n .  

S u b j e c t s  i n v a r i a b l y  t a l k e d  abou t  how they  were d o in g ,  and 

som etim es  a t t e m p t e d  t o  sound out abou t  w he tner  t h e i r  c h o i c e s  

w e r e a p p r o v e d . The e x p e r i m e n t e r ’ s g e n e r a l  a t t i t u d e  was to  

i n d i c a t e  t h e y  were t o  d e c id e  a c c o r d i n g  t o  t h e i r  own w ish e s .

A p a r t  f rom  t h i s  a low p r o f i l e  was m a in t a in e d .  E x p e r im e n ta l  

s e s s i o n s  l a s t e d  a bou t  one h o u r ,  each  s u b j e c t  r e c e i v i n g  a 

d i f f e r e n t  seq uence  of  wins and l o s s e s .  S u b j e c t s  names were t a k e n  

a z t h e  end ,  and th e  amount th e y  won d e te rm in e d  ( i n  the  way 

p r e v i o u s l y  d e s c r i b e d ) .  T h e i r  w inn in gs  were fo rw arded  'go bhem a 

few d ays  a f t e r  t h e  whole ex per im en t  was f i n i s h e d .
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Figure 6 , 1 .

h.J-TtiEr f:se fit sit i o n  of  The C o n t r o l  P a n e l  f o r  t h e  {Sequentia l  

Gambling Game.

•

1.

A

2.

B
•

3. 4.

Vv IN LO SB WIN LOSE WIN LOSE WIN LOSE
o o O o o O o o

LEFT HAND NEXT RIGHT HAND
a TRIAL a

GAMBLE
□

GAMBLE

e RESPONSE BUTTONS

• BLUB LIGHTS ( i n f o r m a t i o n  ca rd  c u e s )  

o OUTCOME LIGHTS

The s i g n i f i c a n c e  of  t h e  v a r i o u s  l i g h t s  and b u t t o n s  i s  

e x p l a i n e d  i n  t h e  t e x t .

T ab le  6 .1 .

The c o n n e c t i o n  be tw een  the  i n f o r m a t i o n  c a rd  u se d ,  t h e  c h o ic e

made and t h e  r e l e v a n t  p a i r  o f  outcome l i g h ts*

I n f o r m a t i o n  Gard 

A'

A 

B 

B

2 l l .

Choice Outcome P a i r

gamble 2 1

gamble 1 2

gamble 2 4

gamble 1 3



F i g u re  6 . 2 L 

The Gamble I n f o r m a t i o n  Car d s .

YIN LOSE WIN LOSE

3/lj7/10 5/10 5/10

B

CHOICE I ICHOICE I

WINLOSE

2/ -

7 /105/10
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R e s u l t s  and D i s c u s s i o n .

I n  t h e  e x p e r i m e n t a l  s e s s i o n ,  t h e  games were l o g i c a l l y ,  

hu t  n o t  n e c e s s a r i l y  p s y c h o l o g i c a l l y  i n d e p e n d e n t  of  one a n o t n e r .

I t  i s  n e c e s s a r y ,  t h e r e f o r e  to  t e s t  w h e th e r  the DM's p r e f e r e n c e  

p r o b a b i l i t i e s  changed a s  a f u n c t i o n  of  th e  t r i a l  number i n  t h e  

waole s e s s i o n  a s  w e l l  a s  w he the r  t h e y  changed a s  a f u n c t i o n  of  

s t a g e  number w i t h i n  th e  games. In  o r d e r  to  make th e  f i r s t  t e s t  

each  s u b j e c t ' s  s e t  of  r e s p o n s e s  was c o n s i d e r e d  a s  a whole s e q u en c e .  

K e n d a l l ' s  H s t a t i s t i c  was c a l c u l a t e d  f o r  e ac h .  Under t h e  n u l l  

h y p o t h e s i s  t h a t  t h e  p r e f e r e n c e  p r o b a b i l i t y  o v e r  t h e  whole s e s s i o n  

i s  c o n s t a n t  i t  i s  known t h a t  S h a s  a s y m p t o t i c a l l y  t h e  normal  

d i s t r i b u t i o n  w i th  z e r o  mean and known v a r i a n c e .  The S - s t a t i s t i c s ,  

n o r m a l iz e d  t o  u n i t  v a r i a n c e  a r e  shown i n  t h e  " a c r o s s  games" 

column of t a b l e  5 .3 -  On t h e  b a s i s  of t h i s  t e s t  t h e  h u l l  

h y p o t h e s i s  can n o t  be r e j e c t e d  f o r  any s u b j e c t .  To t e s t  t h a t  

w i t h i n  e ac h  game, t h e r e  i s  no t r e n d  i n  r e s p o n s e  p r o b a b i l i t y  t h e  

d a t a  can  be c o n s i d e r e d  a s  a game x s t a g e s ,  2 9  x 7 m a t r i x .

J o n k h e e r e  and B o w e r 's  t r e n d  t e s t  can  be a p p l i e d  t o  t h i s .  T e s t s  

f o r  h e t e r o g e n e o u s  t r e n d  were not  made a s  a l l  2 9  p r o t o c o l s  

c o n s i s t  o f  r e s p o n s e s  by a s i n g l e  i n d i v i d u a l .  Jo n k h e e re  and 

B o w e r ' s  S - s t a t i s t i c  f o r  eacn  s u b j e c t  i s  shown i n  tn e  l a s t  

column of  t a b l e  5 .3 .  T n i s  d i f f e r e n t  s t a o i o n a r i t y  n u l l  h y p o t h e s i s  

can  be r e j e c t e d  a t  bhe 5u/° l e v e l  f o r  s u b j e c t  8 and a t  t h e  1fo 

l e v e l  f o r  s u b j e c t  5. S u b j e c t  8 made v e ry  few '2 ' ,  r e s p o n s e s ,  

n e a r l y  a l l  of  them e a r l y  on i n  t h e  games. S u b je c t  5 chose  b o th  

q u i t e  e v e n t l y ,  b u t  ten d ed  to  make c h o ic e  more a s  t h e  game 

p r o g r e  s s e d .

The n ex t  p r e l i m i n a r y  h y p o t h e s i s  t o  t e s t  i s  w h e th e r  DM's
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r e s p o n s e s  a r e  dependen t  on e a r l i e r  ones .  The whole sequence  can

"be c o n s i d e r e d  f o r  t h i s .  On t h e  b i n a r y  sequence  f o r  each  s u b j e c t ,

one can  t e s t  t h e  r e s t r i c t e d  h y p o t h e s i s  t h a t  t h e  sequence  i s  an

n - s t a g e  Markov c h a i n  a g a i n s t  t h e  more g e n e r a l  h y p o t h e s i s  t h a t  i t

i s  an  n + 1 s t a g e  Markov c h a i n .  Anderson & G-oodman (1957)  g iv e

a s y m p t o t i c  l i k e l i h o o d  r a t i o  t e s t s  f o r  such a l t e r n a t i v e  h y p o t h e s e s .

The l i k e l i h o o d  r a t i o  i s  t r a n s fo r m e d  t o  a s t a t i s t i c  which,  u n de r

t h e  n u l l  h y p o t h e s i s  t h a t  t h e  h i g h e r - o r d e r  M arkovian  model i s  no

b e t t e r  t h a n  t h e  lo w er  v a r i e s  a s y m p t o t i c a l l y  a s  c h i - s q u a r e  w i th

d e g r e e s  of  f reedom  e q u a l  to  t h e  d i f f e r e n c e  be tw een  t h e  number of

p a r a m e t e r s  i n  each  model. In  t a b l e  5 .4 ,  r e p r e s e n t s  t h e

second o r d e r ,  H-, th e  f i r s t  o r d e r  Markov model and H th e  i n d e p e n d e n t  ’ 1 o
b e r n o u l l i  model.  The l i k e l i h o o d  r a t i o  t e s t s  show t h a t  i s

a c c e p t e d  o v e r  H-̂  a t  t h e  1 cfi> l e v e l  f o r  s u b j e c t  4 and t h a t  i s

a c c e p t e d  o v e r  H a t  v a r i o u s  l e v e l s  f o r  s u b j e c t s  4, 5 and 8 .  F o ro
th e  r e m a in i n g  s u b j e c t s ,  t h e  s im ple  b e r n o u l l i  model Hq can be 

a c c e p t e d .  I n s p e c t i o n  o f  s u b j e c t  4 ! s r e s p o n s e s  r e v e a l s  t h a t  h i s  

s t r a t e g y  was t o  d e c id e  which gamble t o  choose a t  bhe b e g in n i n g  

o f  each game and s t i c k  to  i t  th ro u g h o u t  t h a t  game. Such a 

s t r a t e g y  o b v io u s ly  w i l l  l e a d  bo ve ry  marked r e s p o n s e  d e p e n d e n c i e s .

The p r e l i m i n a r y  a n a l y s i s  h a s  shown t h a t  th e  b a s i c  

b e r n o u l l i  model  can be a c c e p t e d  f o r  a l l  s u b j e c t s  e x c e p t  4, 5 and 

8, whose r e s p o n s e s  were s e q u e n t i a l l y  d e p e n d e n t .  ( S u b j e c t s  5 and 

8 ' s  r e s p o n s e s  were non—s t a t i o n a r y  a s  w e l l  a s  s e q u e n t i a l l y  

g g p g n d e n t )• The l a t t e r  group should  t h e r e f o r e  be ex c lu d ed  from 

th e  a n a l y s i s  of t h e  a f f e c t  of c u r r e n t  c a p i t a l  and p r e v i o u s  

outcomes which i s  b a sed  on th e  b e r n o u l l i  a s s u m p t io n s .

Each s u b j e c t s '  r e s p o n s e s  were pu t  i n t o  a f r e q u e n c y  

t a b l e  such a s  t h a t  shown i n  cab le  o .5  r o r  sub je cu  10. lhe
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c u r r e n t  J a p i t a l  x P r e v io u s  Outcome, GO x 0 d i v i s i o n  i s  t h e  

b a s i c  one. S e v e r a l  S ' s  p r o t o c o l s  were examined, and i t  was d e c id e d  

bo cbfine t h e  c l a s s e s  low, medium and h ig h  c u r r e n t  c a p i t a l  a s

5 / -  or  l e s s ,  be tween 7 / -  and 9 / -  i n c l u s i v e  and 1 0 / -  o r  more

r e s p e c t i v e l y .  P r e v io u s  outcomes were d i v id e d  a c c o r d i n g  t o  w h e the r  

o v e r a l l  PM nad won, n e i t h e r  won n o r  l o s t ,  or l o s t .  The n in e  

c e l l s  o f  unese t a b l e s  a l l  c o n ta in e d  a r e a s o n a b l e  number (more t h a n

10)  o f  o b s e r v a t i o n s .  Let  us  now deno te  t h e  l e v e l s  of t h e  f a c t o r s  

by t h e  s u f f i c e s  0,  1 and 2. I n  t a b l e  6 .6  t h e  t r a n s f o r m a t i o n s  o f  th(J

f r e q u e n c i e s  r e q u i r e d  to  make th e  a n a l y s i s  o u t l i n e d  i n  t h e  j

i n t r o d u c t i o n  a r e  shown f o r  s u b j e c t  10. 'The f i r s t  two rows a r e  

t h e  o b se rv ed  p r o p o r t i o n s  of  l ' s  and t o t a l  number of  o b s e r v a t i o n s  

i n  each  c e l l .  The t h i r d  and f o u r t h  rows a r e  t h e  e m p i r i c a l  

l o g i s t i c  t r a n s f o r m  of t h e  p r o p o r t i o n s  and e s t i m a t e s  o f  t h e i r

v a r i a n c e s .  I!
F o l lo w in g  Cox (1 9 7 0 ) ,  pp 30-40,. an unweighted  l e a s t  i

s q u a r e s  a n a l y s i s  o f  t h e  2  ' s was c a r r i e d  o u t .  The main e f f e c t s

and i n t e r a c t i o n s  were p a r t i t i o n e d  i n t o  components ,  each  w i th  a

s i n g l e  d e g re e  of f reedom, by th e  method of o r t h o g o n a l  p o ly n o m ia l s .

The main e f f e c t s  'were p a r t i t i o n e d  i n t o  l i n e a r  (Lcg and Lq ) and :

q u a d r a t i c  and 0^) components and the  r e m a in in g  e f f e c t s  ;

were p a r t i t i o n e d  i n t o  t h e i r  i n t e r a c t i o n s  ( L g g x  Lq , L ^ g  x  Qq , j

w x L 0 x Q ).  When t h e s e  a r e  n o r m a l iz e d ,  u n d e r  t h e  |cc 0 CC .0
h y p o t h e s i s  t h a t  a l l  e f f e c t s  a r e  z e r o ,  bhe 8 components  f o r  e ach  

s u b j e c t  sh o u ld  be random samples from uhe un ib  normal d i s t r i b u t i o n .  ;

Then a r e  shown i n  t a b l e  6.7•  One 'way t o  oes t  t n e  n u l l  

h y p o t h e s i s  i s  t o  examine t h e  extreme v a l u e s  o f  t h e  s e t  of



c o n t r a s t  f o r  s u b j e c t  10 i s  s i g n i f i c a n t  a t  t h e  3°/° l e v e l .  For 

t n i s  s u b j e c t ,  one can  c o n s i d e r  t h e  r e m a in in g  7 v a l u e s  and t e s t  

che e x t rem e  v a lu e  i n  th e  same way. I t  i s  n o t  s i g n i f i c a n t .

Cables  f o r  t h e  above t e s t s  a r e  g iv e n  i n  B i o m e t r ik a  T a b l e s  f o r  

s t a t i s t i c i o n s ,  V o l .  1, P e a r s o n  & H a r t l e y  ( 1 9 5 8 ) .  A lso  f o r  e ach  

s u b j e c t ,  t h e  a b s o l u t e  v a l u e s  of t h e  c o n t r a s t s  can  be o rd e re d  and 

p l o t t e d  a g a i n s t  t h e  e x p ec te d  v a l u e s  of t h e  o r d e r  s t a t i s t i c s .

Such g r a p h s  a r e  shown i n  f i g u r e  6 . 3 .  S u b j e c t s  4, 5 and 8 a r e  

i n c l u d e d  i n  t h i s .  L ike  most of  bhe o t h e r  s u b j e c t s ,  t h e  o b se rv ed  

c o n t r a s t s  f a l l  r a t h e r  c l o s e  to  th e  ex'pected v a l u e s  u n d e r  t h e  n u l l  

h y p o t h e s i s .  The L c o n t r a s t  f o r  s u b j e c t  10 i s  t h e  on ly  p o i n tO O
which d e v i a t e s  m arked ly  f rom th e  ex p ec te d  l i n e .

B ecause  of th e  above ra th -e r  n e g a t i v e  f i n d i n g  a l l  manner 

o f  ways t o  check  t h a t  0 and 00 d id  no t  m arked ly  a f f e c t  c h o i c e s  

were t r i e d .  I n  p a r t i c u l a r ,  c h o i c e s  were o r d e r e d  ove r  t h e  whole 

seq uen ce  a c c o r d i n g  t o  what c u r r e n t  c a p i t a l  DM had a t  t h e  t im e  of 

c h o i c e .  Then, K e n d a l l ' s  3 was c a l c u l a t e d  f o r  t h e  r e s u l t i n g  

s e q u e n c e s .  Some o t h e r  o p e r a t i o n s  made on t h e  d a t a  were a s  

f o l l o w s :  F req u ency  t a b l e s  o f  r e s p o n s e s  made f o r  d i f f e r e n t

c a t e g o r i e s  o f  a g g r e g a t e  outcomes over  t h e  p r e v i o u s  few t r i a l s  

were c o n s t r u c t e d .  F requency  t a b l e s  f o r  t h e  f i r s t  r e s p o n s e  i n  

e ach  game, c l a s s i f i e d  a c c o r d i n g  t o  s t a k e ,  and a l s o  f o r  t h e  l a s t  

r e s p o n s e  i n  each game, c l a s s i f i e d  a c c o r d i n g  t o  outcomes i n  t h e  

game were b o t h  c o n s t r u c t e d .  These m a n i p u l a t i o n s  of bhe daua 

a l l  f a i l e d  t o  r e v e a l  any f u r t h e r  p o s i t i v e  e f f e c t s  of c u r r e n t

c a p i t a l  o r  p r e v i o u s  oubcomes.

Thus i t  a p p e a r s  t h a t  t h e  b a s i c  b e r n o u l l i  model 

a d e q u a t e l y  a c c o u n t s  f o r  most s u b j e c t s ’ c h o i c e s .  Tue s i n g l e

ki 10 *



p a r a m e t e r  of  t h i s  model  i s  t h e  p r e f e r e n c e  p r o b a b i l i t y  f o r  c h o ic e  

one o v e r  c h o ic e  two. I n  t a b l e  6 .8  e s t i m a t e s  of  i t  a r e  shown f o r  

s u b j e c t s  e x c e p t  4, 5 and 8. A Z - t e s t ,  u s i n g  t h e  b i n o m ia l  

a p p r o x i m a t e i o n  t o  n o r m a l i t y ,  of w he th e r  t h e  v a l u e s  were 

s i g n i f i c a n t l y  d i f f e r e n t  from 0 .5  was c a r r i e d  o u t .  I t  can  be seen  

l'i:.at t h e  h y p o t h e s i s  cou ld  not  be r e j e c t e d  a t  t h e  5 /  l e v e l  f o r  

s u b j e c t s  1,  2 and 9. For  t h e s e  s u b j e c t s  i t  can be c o n c lu d ed  t h a t  

t h e y  were c h o o s in g  randomly.  S u b j e c t s  3, 6, T and 10 a l l  had a 

p r e f e r e n c e  f o r  c h o ic e  2, i n d i c a t i n g  t h a t  t h e y  w e ig h te d  

p r o b a b i l i t i e s  more t h a n  p a y o f f s .  The r e s u l t s  which s u p p o r t  t h e  

b e r n o u l l i  model a l s o  s u p p o r t  bhe i d e a  t h a t  s t a t i c  i n f o r m a t i o n  

i n t e g r a t i o n  m ode ls ,  such a s  t h e  a d d i t i v e  and SEU models  can  

a c c o u n t  f o r  c h o ic e  b e h a v i o u r  i n  s e q u e n t i a l  s i t u a t i o n s .  A l l  

such  models  r e q u i r e  t h a t  c h o ic e  p r o b a b i l i t i e s  a r e  c o n s t a n t ,  

d e s p i t e  c h a n g e s  i n  s e q u e n t i a l  v a r i a b l e s .

The r e s u l t s  f o r  t h e  10 s u b j e c t s  can be summarized a s

f o l l o w s :

i )  t h e  c h o i c e s  of  t h r e e  s u b j e c t s  (4 ,  5 and 8)  were d e p e n d e n t  

on t r i a l  number a n d / o r  t h e  p r e v i o u s  c h o ic e  made,

i i )  on ly  one of t h e  r e m a in in g  s u b j e c t s  (10)  was a f f e c t e d  by 

e i t h e r  cc o r  o, and he ap p ea re d  t o  be a f f e c t e d  by c c .  

i i i ) t h e  r e m a in in g  s u b j e c t s 1 c h o ic e s  cou ld  be e x p l a i n e d  by t h e  

b e r n o u l l i  model ,  t h r e e  of them ( l ,  2 and 9)  a p p e a re d  t o  

choose  randomly and t h e  o t h e r  uhree (3 ,  o and 7)  showed a 

p r e f e r e n c e  f o r  c h o ic e  2.
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Table 6 . 3.

T e s t s of  Besponse Trends Both Wi t h in  and Ac r o ss  Games.

S u b ject  A cross Games, W ithin Games
Z -sc o re s  Jon k h eere1s z - s t a t i s t i c

1 -0 .9 5 8  0 .2 0 6

2 0 . 83 8  - 0 . 4 98

3 -1 .3 1 8  - 0 .229

4 -0 .3 9 4  - 0 .1 7 9

5 0 .0 7 8  -2 .5 6 3 * *

6 -0 .1 9 3  - 0 .6 4 2

7 1 .2 1 4  0 .9 6 1

g 0 .0 8 4  - 2 .4 5 0 *

9 -0 .4 8 1  1 .149

10 - 0 .0 5 7  0 .4 4 6

♦ S i g n i f i c a n t  a t  th e  5 l e v e l ,

* * S ig n i f l e a n t  a t  th e  1$ l e v e l ,  2 t a i l e d .
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Table  5 . 4 .

L ik e lih o o d  Eafaio T e s ts  f o r  f f i r s t  and Second Order Response  

D ep en d en c ie s ,  A cross Games.

S u b ject  X2(H2 ,H1 ) X2 (Hl f H0 )

1 0 .3 1  3 .10

2 0 . 4-0 2.36

3 2.4-8 3 .65

4 1 3 .20* *  97-37***

5 0 .4 3  5 .1 3 *

6 5 .0 6  0 .0 6

7 2 .7 1  0 .0 3

8 0 .3 5  9 .6 7 * *

9 2 .0 6  0 .1 1

10 2 .7 1  1 -23

D egrees  of g 1
Freedom

** ) i n d i c a t e s  the  1$ l e v e l .

* ) 5 %
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T ab le  6 .5 .

Tae F requency  o f  S u b je c t  I Q ' s  Responses  C l a s s i f i e d  

A c c o rd in g  t o  Resp onse ,  C u r r e n t  C a p i t a l  and P r e v i o u s  Outcome.

Re C u r r e n t C a p i t a l
s

p on «
Low l Medium 

I
High

e P r e v io u s Outcome

L oss Zero Win Loss Zero Win L oss Zero Win

1 4 2 2 2 2 1 8 13 24

r~
d y 12 10 20 6 6 17 9 12 35
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T able  6 .7 .

R e s u l t s  o f  t h e  Unweighted L e a s t  S q u a res  A n a l y s i s .

C o n t r a s t .  S u b je c t

Lcc
1

0 . 1 0
2

0 .3 3
3

- 1 . 5 4
6

- 0 .4 0
7

- 0 . 2 3
9

0 .1 0
10

- 3 .2 9 *

^cc 0 . 6 8 - 0 .0 6 1 .65 0 .87 - 0 . 3 1 0 .4 5 1 .3 1

Lo - 0 . 6 0 0 .1 7 0 .0 1 0 .5 8 - 0 . 1 3 - 1 . 5 2 1 .9 6

% 0 . 4 4 0 .6 2 1 .80 2 .36 - 0 . 1 2 0 .6 4 - 0 . 9 2

L xcc Lo 0 .8 7 - 1 . 2 1 0 .4 2 1 .6 1 - 0 .6 9 0 .1 8 0 .8 3

L x cc % - 0 . 3 2 - 0 . 0 4 0 .7 4 Oi.88 0 .48 - 0 . 9 5 0 .2 0

xcc Lo 0 .2 9 0 .0 1 0 .2 4 - 0 . 1 3 0 .6 8 1 .4 4 - 0 . 7 1

Xcc 0 . 0 4 - 0 . 6 9 - 1 . 4 3 - 2 . 2 2 0 .0 6 - 0 . 7 5 0 .5 1

* S i g n i f i c a n t  a t  t h e  5$ l e v e l .

224.



T able  6 .8 .

B e r n o u l l i  Model P a r a m e te r s .

S u b j e c t  E s t im a te  of p ( l ,  2)

1 0 .441

2 0 .568

3 0 .351**

4 -  ■

5

6 0 .277***

7 0 . 360**

8 ~

9 0 .548

10 0 .314***

) I n d i c a t e s  t h a t  t h e  p a ra m e te r  i s  s i g n i f i c a n t l y

) d i f f e r e n t  from 0 . 5  a t  t h e  (.1$
( l e v e l .
(,l°/o



Figure 6»3»
Graphs of absolute standardized lo g is t ic  factor ia l contrasts 
against the expected semi-normal order s t a t i s t i c s 0
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Figure 6«3, cont.
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Ex p e r im e nt  3 .

,-9 j . . j io^- I n t e g r a t i o n  Models i n  a Seque n t i a l  

5  i_§i 9IL.M9: t h e  e f f e c t s  o f  p r e v i o  u s ou t  c ome s

and c u r r e n t  c a p i t a l .

I n  t h i s  exper im en t  we r e t u r n  t o  t h e  i n c o m p le t e ,  n— 

r e p l i c a t e  p a i r  com par ison  d e s ig n ,  in  o r d e r  to  s tu d y  i n f o r m a t i o n  

i n t e g r a t i o n  models  "by f u n c t i o n a l  measurement u n de r  nr e a l  p l a y n 

c o n d i t i o n s . The s i m p le s t  way to  do t h i s  would be t o  r e p e a t  

e x p e r im e n t  1 o r  3>. b u t  a l l o w  each gamble chosen  t o  be p la y e d  

b e f o r e  t h e  n e x t  c h o ic e  i s  made. The s u b j e c t  could  be g iv e n  a 

s t a k e  a t  the  b e g in n i n g  of t h e  exper im en t  and be a l low ed  t o  t a k e  

away w i t h  him what he ends up w i th  a f t e r  p l a y i n g  a l l  t h e  c hosen  

g a m b le s .  T h i s ,  e s s e n t i a l l y  i s  what w i l l  be done.  The gamble 

p a i r s  o f  e x p e r im e n t  3 w i l l  be p r e s e n t e d  to  th e  s u b j e c t  i n  r e a l  

p l a y  s i t u a t i o n .  But ,  t h e  change from th e  s t a t i c  t o  t h e  s e q u e n t i a l  

e n v i ro n m e n t  makes i t  p r e f e r a b l e  to  change o t h e r  f e a t u r e s  o f  t h e  

e x p e r i m e n t .  The s e q u e n t i a l  environment  i s  t h a t  much more 

i n t e r e s t i n g  f o r  th e  s u b j e c t ,  so i t  i s  r e a s o n a b l e  t o  e x p e c t  him 

bo make more c h o i c e s  b e f o r e  becoming b o red .  So, a l a r g e r  n i n  

t h e  n—r e p l i c a t e  p a i r  compar ison  exper im ent  can be u se d ,  making 

th e  p a r a m e t e r  e s t i m a t e s  more r e l i a b l e .  Also suppose  a s s u m p t io n s  

o f  t i i e  T h u r s t o n i a n  model do not  ho ld  i n  a s e q u e n t i a l  s i u u a u i o n .

In  p a r t i c u l a r  suppose  th e  r e s p o n se  p r o b a b i l i t i e s  cnange a s  a 

f u n c t i o n  o f  t r i a l  number, c u r r e n t  c a p i t a l ,  p r e v i o u s  ouocomes o r  

some f u n c t i o n  o f  a l l  t h r e e .  In  t h i s  case  i t  would be i n a p p r o p r i a t e  

to  a t t e m p t  f u n c t i o n a l  measurement,  o r  any a n a l y s i s  based  on an 

a s s u m p t io n  o f  s t a b l e  p r e f e r e n c e  p r o b a b i l i t i e s .  T e s t s  of w h e th e r  

s v s i '■■■ i'Pntir> t r e n d s  i n  p r e f e r e n c e  p r o b a b i l i t i e s  o c c u r ,  a s  c r x a l  

number, p r e v i o u s  ou t come  or eu r re n u  c a p i t a l  i n c r e a s e s  muse oe

- -> r>id o.



c a r r i e d  o u t .  Thus th e  argument which l e d  to  t h e  " b l o c k i n g "  of  

t r i a l s  i n  e x p e r im e n t  4 a p p l i e s .  A f t e r  b l o c k i n g ,  p r e v i o u s  

ou tcom es and c u r r e n t  c a p i t a l  w i l l  not  be so h i g h l y  c o r r e l a t e d .  

T e s t s  o f  t h e i r  e f f e c t  on c h o ic e  p r o b a b i l i t i e s  can  t h e r e f o r e  be 

made more o r  l e s s  i n d e p e n d e n t l y .

E xper im en t  3 gave encou rag ing  r e s u l t s  s u p p o r t i n g  

i n f o r m a t i o n  i n t e g r a t i o n  models  i n  a s t a t i c  s i t u a t i o n .  I n  

e x p e r im e n t  4 t h e r e  was l i t t l e  ev idence  t h a t  th e  u t i l i t y  d i f f e r e n c e  

b e tw e e n  a p a r t i c u l a r  p a i r  o f  gambles changed when p r e v i o u s  

ou tcom es o r  c u r r e n t  c a p i t a l  d id .  The f i r s t  aim of t h e  p r e s e n t  

e x p e r im e n t  i s  t o  see  i f  t h i s  f i n d i n g  of  exper im en t  4 can  be 

e x te n d e d  t o  a w id e r  s e t  of p a i r s  of gambles .  I f  i t  can ,  i t  

w i l l  t h e n  be p o s s i b l e  to  t e s t  th e  i n f o r m a t i o n  i n t e g r a t i o n  

m ode ls  i n  s e q u e n t i a l  s i t u a t i o n s .

E x p e r i m e n t a l  D e s i g n .

The d e s i g n  of  t h i s  exper im en t  can be n i c e l y  

summarized .  The d e s i g n  o f  th e  s e q u e n t i a l  d e c i s i o n  making 

s i t u a t i o n  o f  e x p e r im e n t  4 i s  used ,  th e  d i f f e r e n c e  b e in g  t h a t  t h e  

p a i r  o f  gam bles  a v a i l a b l e  t o  DM changes from t r i a l  to  t r i a l .  Tne 

p a i r s  used  f o l l o w  t h e  in co m p le te  n - r e p l i c a t e  p a i r  com par ison  

d e s i g n  of e x p e r im e n t  3. The p a i r s  a re  th e  29 from th e  same s e t  

of  d u p le x  gam bles  w i th  t h e  p r o b a b i l i t y  o f  l o s i n g  f i x e d  a t  0 . 5

cha t  were s t u d i e d  i n  t h a t  e x p e r im e n t .

The e x p e r i m e n t a l  s e t t i n g  i s  i d e n t i c a l  t o  t h a t  of  

e x p e r im e n t  4, i . e .  DM p l a y s  the  m echan ica l  v e r s i o n  of t h e  

s e q u e n t i a l  gam bl ing  game. DM p l a y s  58 s e q u e n t i a l  gambling  games 

of s e v en  s t a g e s  p e r  game. I n s t e a d  of j u s t  two a l t e r n a t i v e  

gamble i n f o r m a t i o n  c a r d s  b e in g  a v a i l a b l e ,  a s  m  e x pe r im en t  4,
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bhere  a r e  b o o k l e t s  of  gamble i n f o r m a t i o n  c a r d s .

The b o o k l e t s  of  gamble i n f o r m a t i o n  c a r d s  a r e  made up 

of t h e  s t i m u l u s  c a r d s  from exper im en t  3. I t  w i l l  be r e c a l l e d  

t n a t  i n  e x p e r im e n t  3 t h e r e  were seven c a r d s  f o r  each  of  t h e  2 9  

p a i r s ,  t n e  <t03 c a r d s  b e in g  i n  random o r d e r ,  exceprb t h a t  no p a i r  

a p p e a r e d  i f  i t  had done so i n  t h e  p r e v io u s  10 t r i a l s .  There  was 

a d i f f e r e n t  r a n d o m iz a t io n  f o r  each s u b j e c t ,  and f o r  any p a i r ,  

t h e  j u x t a p o s i t i o n  of  t h e  gambles was random. In  t h e  p r e s e n t  

e x p e r i m e n t ,  two o f  t h e s e  s -1 s of 203 s t i m u l u s  c a r d s  p r o v id e  t h e  

gamble i n f o r m a t i o n  c a r d s  f o r  each s u b j e c t .  Thus,  IM c h o o ses  

b e tw ee n  each  p a i r  14 t im e s .  The o rd e r  of th e  406 i n f o r m a t i o n  

c a r d s  i s  t h e  same a s  i n  exper im en t  3, one s e t  o f  203 f o l l o w i n g  

the o t h e r .  A s l i g h t  r e o r d e r i n g  was made around t h e  middle  of 

t h e  se q u e n c e  t o  make su re  t h a t  no p a i r  ap pea red  i f  i t  had done 

so i n  t h e  p r e v i o u s  10 t r i a l s .  With t h i s  o r d e r ,  t h e  c a r d s  were 

s p l i t  i n t o  s e t s  of seven ,  g i v i n g  th e  b a s i s  of  t h e  58 gamble 

i n f o r m a t i o n  b o o k l e t s .  To each b o o k le t  a page was added a t  t h e  

b e g i n n i n g  g i v i n g  th e  s t a k e  w i th  which DM would s t a r t  t h a t  game,

and t h e  number of t h e  game.

T h ree  s t a k e s  were u sed ,  8 / - ,  1 3 / -  and 1 8 / - .  The same 

a l g o r i t h m  was used  to g iv e  th e  o rd e r  of s t a k e s ,  b a l a n c i n g  f o r  

s e qu en ce  e f f e c t s ,  a s  was used i n  experiment; 4. Two o r d e r s ,  such 

t h a t  e a c h  s t a k e  was p receded  by every combinauion o f  s t a k e s  i n  

t h e  p r e v i o u s  two games were u sed .  Wnen the dummy p a i r  o f  

s t a k e s  a r e  i n c l u d e d  a t  th e  b e g in n in g  of each o r d e r  t h i s  ^ i v e s  

2 s e q u e n c e s  of  29 s t a k e s .  As t h i s  dev ice  was nob c r u c i a l  t o  t h e  

e x p e r im e n t  -  m ere ly  sp re a d in g  t h e  . ' l ak e s  a l i t t l e  b e t t e r  t h a n  

o m e le te  r a n d o m i z a t i o n  -  th e  games in c lu d e d  s imply to  make t h ec
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b a l a n c i n g  f o r  sequence  e f f e c t s  com ple te  were no t  ig n o re d  i n  t h e  

a n a l y s i s .  The p a r t i c u l a r  l e v e l s  o f  s t a k e  were s e l e c t e d  t o  g i v e  

a r e a s o n a b l e  sp re ad  of  c u r r e n t  c a p i t a l  and a sm a l l  p r o b a b i l i t y  

oi r u i n .  As b e f o r e ,  r u i n  i s  d e f i n e d  a s  o c c u r r i n g  when ones 

c a p i t a l  f a l l s  below z e r o .  Thus w i th  8 / -  s t a k e ,  one w i l l  a lw ay s  

p l a y  a t  l e a s t  3 of  t h e  7 gambles i n  a game. To p l a y  few er  t h a n  

l o u r  gam bles  i n  any game one would have t o  be q u i t e  u n lu c k y .  

H o p e f u l l y ,  t h e n ,  DM does  n o t  pay to o  much a t t e n t i o n  t o  t h e  

p o s s i b i l i t y  of  r u i n  and we s h a l l  no t  l o s e  much d a t a .

j e c t s .

F iv e  u n d e r g r a d u a t e s  a t  S t i r l i n g  U n i v e r s i t y ,  v o l u n t e e r s  

who were t o l d  t h e y  would be p a id  to o k  p a r t  i n  i n d i v i d u a l  

e x p e r i m e n t a l  s e s s i o n s .  There  were 3 fem a le  and 2 male s t u d e n t s ,  

b e tw een  18 and 22 y e a r s .

P r o c e d u r e .

S u b j e c t s  were i n t r o d u c e d  to  d up lex  gambles  i n  t h e  u s u a l  

way. Then,  a b o o k l e t  of 5 du p lex  gamble p a i r s ,  where one 

d om ina ted  t h e  o t h e r  was p rodu ced .  On th e  f i r s t  page was w r i t t e n  

" p r a c t i c e  game",  and " s t a k e  8 / - " .  PM p lay ed  t h e  s e q u e n t i a l  

game, w ork ing  th r o u g h  t h e  b o o k r e t  cho o s in g  t h e  d o m in a t in g  

gamble of each  p a i r ,  which was t h e n  p l a c e d  u s i n g  t h e  r o u l e t t e  

w h e e l s .  I f  t h e  n o n -d o m in a t in g  gamble was e v e r  chosen  more 

e x p l a n a t i o n  a b o u t  d up lex  gambles was g iv e n  and t h e  game was p lay e d  

a g a i n .  I t  was e x p la in e d  t h a t  t h e  r e s u l t  of  a game was what DM 

ended uo w i t h ,  no t  t h e  d i f f e r e n c e  be tw een  f i n a l  and i n i t i a l  c a s n .

Then DM was i n t r o d u c e d  t o  th e  m e c h a n ic a l  gam bl ing  

ap . . /a ra b u s . He p lay e d  t h e  p r a c t i c e  game on i t .  The e x p e r i m e n t e r  

s e t  t h e  c u r r e n t  c a p i t a l  m e te r  t o  8 / -  b e fo re  he s t a r t e d .  Tne b lu e



bu t  bon A was on a t  t h e  s t a r t  of t h e  game, and t h e  t a p e  which 

c o n t r o l l e d  t h e  a p p a r a t u s  was such  t h a t  l i g h t  A would a lw ay s  

come on when DM p r e s s e d  th e  "nex t  t r i a l "  b u t t o n .  I t s1 

s i g n i f i c a n c e  i n  t h i s  e x p e r im e n t ,  t h e n  i s  t o  i n fo rm  DM t h a t  he 

can  make t h e  n e x t  c h o ic e  whenever  he i s  r e a d y .  DM p u t  t h e  

b o o k l e t  on t h e  d esk  below th e  c o n t r o l  p a n e l ,  open a t  t h e  f i r s t  

gamble p a i r .  To choose  th e  gamble on t h e  l e f t ,  he p r e s s e d  t h e  

l e f t  hand b u t t o n ,  when t h e  p a i r  one outcome l i g h t s  a r e  r e l e v a n t .  

P r e s s i n g  t h e  r i g h t  hand b u t t o n  s i g n i f i e d  t h a t  he c h o o ses  t h e  

r i g h t  hand gamble and p a i r  two outcome l i g h t s  become r e l e v a n t .  

B lue  l i g h t  B and p a i r s  3 and 4 of outcome l i g h t s  a r e  r e d u n d a n t  

i n  t h i s  e x p e r i m e n t .  In  th e  p r a c t i c e  game, t h e  c o n t r o l l i n g  

bare  was w r i t t e n  such t h a t  DM would e x p e r i e n c e  a l l  k i n d s  of  

ou tcom es .  M i s u n d e r s t a n d in g s  a b o u t  t h e  s i t u a t i o n  were c l e a r e d  up 

and DM was read y  t o  s t a r t  t h e  e x p e r im e n t  p r o p e r  a f t e r  t h i s .

The e x p e r im e n t  p r o p e r  was c a r r i e d  out  i n  e x a c t l y  t h e  

same way a s  e x p e r im e n t  4? e x c e p t  t h a t  a t  t h e  s t a r t  of  e a c h  game, 

DM p l a c e d  a new b o o k l e t  below th e  c o n t r o l  p a n e l  and c a l l e d  out  

t h e  i n i t i a l  s t a k e  f o r  t h a t  game. The e x p e r i m e n t e r  s e t  t h e  

m e t e r ,  and an  a d d i t i o n a l  d u ty  was t o  check t h a t  t h e  n e x t  pag es  

o f  t h e  b o o k l e t  was t u r n e d  up p r i o r  t o  DM c h o o s in g .  . S ince  t h e  

o r d e r  o f  gamble p a i r s  was known i t  was r e l a t i v e l y  s t r a i g n t f o r w a r d  

t o  seq uence  th e  c o n t r o l  t a p e  f o r  the  a p p a r a t u s  so t h a t  t h e  

outcomes o c c u r r e d  w i th  the  p r o b a b i l i t i e s  g i v e n  on t h e  c a r d .

I n  t h i s  e x p e r im e n t ,  s e s s i o n s  l a s t e d  a b o u t  90 m in u t e s .  

S u b j e c t s ’ w in n in g s  were d e te rm in e d  i n  t h e  same way a s  i n  

e x p e r im e n t  4* They c o l l e c t e d  them a few days  a l t e r  t n e  

c o m p le t io n  o f  t h e  e x p e r im e n t .
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R e s u l t s  and D i s c u s s i o n .

b ach  s u b j e c t  chose  be tw een  each  o f  t h e  2 9  p a i r s  o f  

g am bles  12 t o  14 t i m e s .  S u b j e c t s  were r u i n e d  on ly  o c c a s i o n a l l y .

I n  a l l ,  on ly  9 o b s e r v a t i o n s  were l o s t  from t h e  5 1 4 - r e p l i c a t e  

p a i r  c o m p a r is o n  e x p e r i m e n t s .  The f i r s t  t a s k  was t o  make 3 d a t a  

m a t r i c e s  f o r  each  s u b j e c t .  H is  r e s p o n s e s  (w h e th e r  he made 

c h o ic e  one o r  two, a s  u n d e rs to o d  i n  ex p er im e n t  3) t o  each  p a i r  were 

o r d e r e d  i n  d i f f e r e n t  ways i n  each m at r ix :  w i th  r e s p e c t  t o  t r i a l  

number, m ag n i tu d e  o f  p r e v i o u s  outcome and c u r r e n t  c a p i t a l .

T h i s  gave 3, 29 x ( a p p r o x i m a t e l y )  14 d a t a  m a t r i c e s .  I f  t h e  29 

p a i r s  o f  gam bles  l a b e l  t h e  rows of t h e  m a t r i x  t h e  p rob lem  i s  t o  

d i s c o v e r  w h e th e r ,  a s  one moves a c r o s s  t h e  rows,  t h e r e  i s  a 

t e n d e n c y  f o r  t h e  p r o b a b i l i t i e s  of "one" r e s p o n s e s  t o  change .

Tha t  i s ,  t o  d i s c o v e r  w h e th e r  r e s p o n s e  p r o b a b i l i t i e s  change a s  

t r i a l  number, m agn i tude  of  p r e v io u s  outcome o r  c u r r e n t  c a p i t a l  

i n c r e a s e s .  Row, d i r e c t i o n  o f  change i s  of no i n t e r e s t  s i n c e  

t h e  l a b e l l i n g  o f  r e s p o n s e s  a s  "on e” o r  "two" i s  a r b i t a r y .  Thus,  

J o n k h e e r e  and B o w er 's  h e t e r o g e n e i t y  of t r e n d  s t a t i s t i c ,  W i s  

more a p p r o p r i a t e  than  t h e i r  t r e n d  s t a t i s t i c  Z. The a s s u m p t io n s  

u n d e r  which W a p p ro x im a te s  t h e  c h i - s q u a r e  d i s t r i b u t i o n  when t h e  

n u l l  h y p o t h e s i s  h o l d s  a r e  n o t  met. T h e r e f o r e ,  f o r  a l l  3 d a t a  

m a t r i c e s  f o r  each  s u b j e c t  t h e  t r a n s f o r m a t i o n  of W su g g e s te d  by 

J o n k h e e r e  and Bower was c a l c u l a t e d .  S in c e ,  u n d e r  t h e  n u l l  

h y p o t h e s i s  t h a t  r e s p o n s e  p r o b a b i l i t i e s  a r e  c o n s t a n t  w i t h i n  rows 

t h i s  i s  d i s t r i b u t e d  a s  t h e  u n i t  normal  i t  can  be d en o ted  by Z.

These Z -  s c o r e s  a r e  t a b u l a t e d  i n  t a b l e  6 . 9 .  None r e a c h  

s i g n i f i c a n c e  a t  t h e  jfo l e v e l  ( t w o - t a i l e d ) .  Bor c e r t a i n  S ' s  t h e  

p r o b a b i l i t y  t h a t  a v a lu e  a s  ex treme a s  t h e  S would o c cu r  u n d e r
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trie n u l l  h y p o t h e s i s  a r e  g iv e n .  I t  can "be seen  t h a t  t h e  most 

d o u b t f u l  S ' s  u n d e r  t h e  n u l l  h y p o t h e s i s  a r e  s u b j e c t  l ' s  v a lu e  

f o r  c u r r e n t  c a p i t a l  (p = .0758)  and s u b j e c t  2 ' s  v a lu e  f o r  

p r e v i o u s  outcome (p = 0 .0 6 4 4 ) .  A cco rd in g  t o  t h i s  t e s t ,  t h e n ,  

che above s u b j e c t s  may have been  i n f l u e n c e d  by t h e  s e q u e n t i a l  

f a c t o r s  i n d i c a t e d ,  though  t h e  e v id e n ce  i s  n o t  to o  c o n c l u s i v e .

T n ere  a r e  no g ro u n d s  f o r  su p p os ing  t h a t  r e s p o n s e  p r o b a b i l i t i e s  

changed w i t h  t im e ,  or t h a t  t h e  s e q u e n t i a l  f a c t o r s  a f f e c t e d  

any o t h e r  s u b j e c t s .

F o r  a l l  s u b j e c t s ,  t h e n ,  i t  i s  r e a s o n a b l e  to  p roce d e  

w i th  t h e  f u n c t i o n a l  measurement a n a l y s i s .  The goo d ness  o f  

f i t  o f  t h e  b a s i c  T h u r s to n e  model i s  shown i n  t a b l e  6 .1 0 .

S in c e  none o f  t h e  e r r o r  c h i - s q u a r e s  r e a c h  s i g n i f i c a n c e  i t  can be 

c o n c lu d ed  t h a t  th e  b a s i c  T h u r s t o n i a n  model a c c o u n t s  f o r  a l l  5 

s u b j e c t s  r e s p o n s e s .  Somewhat s u r p r i s i n g l y ,  t h e  e s t i m a t i o n  c h i -  

s q u a r e s  a l s o  f a i l  t o  r e a c h  s i g n i f i c a n c e  f o r  4 of t h e  5 s u b j e c t s .  

F o r  t h e s e  s u b j e c t s  th e  h y p o t h e s i s  t h a t  t h e y  a r e  c h o o s in g  

random ly  cann o t  be r e j e c t e d .  S u b je c t  5 was t h e  only  one who 

a p p e a re d  t o  show p r e f e r e n c e s  f o r  some gambles  o v e r  o t h e r s .

T h i s  i s  t h e  on ly  s u b j e c t  f o r  whom i t  i s  n e c e s s a r y  t o  c o n s i d e r  

which m u l t i f a c t o r  submodels  b e s t  a cc o u n t  f o r  h i s  p r e f e r e n c e s .

With h i s  d a t a ,  l e t  us c o n s i d e r  c e r t a i n  a d d i t i v e  and SEU i n f o r m a t i o i  

i n t e g r a t i o n  m odels .  T h is  p a r a l l e l s .t h e  a n a l y s i s  c a r r i e d  out  

i n  e x p e r im e n t  3* F o l lo w in g  t h i s ,  t h e  random b e r n o u l l i  model,  

which a c c o u n t s  a d e q u a t e l y  f o r  th e  rem a in in g  s u b j e c t s  i n d i f f e r e n c e s

w i l l  be d i s c u s s e d .

As b e f o r e ,  t h e  two main h y p o t h e s e s  to  be c o n s i d e r e d

a r e  t h e  g e n e r a l  a d d i t i v e  and SEU m odels .  The fo r m e r  p r e d i c t s
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That on ly  main e f f e c t s  a r e  s i g n i f i c a n t  and t h e  l a t t e r  p r e d i c t s  

t h a t  t h e  " b i l i n e a r ,  SW x PW i n t e r a c t i o n  i s  t h e  on ly  s i g n i f i c a n t  

i n t e r a c t i o n .  A f t e r  Bock and J o n e s '  p r o c e d u r e s  a r e  a p p l i e d  t o  t h e  

T h u r s t o n i a n  s u b j e c t i v e  v a lu e  e s t i m a t e s  and t h e i r  v a r i a n c e -  

c o v a r i a n c e  m a t r i x ,  t h e  T h u r s t o n i a n  e s t i m a t i o n  c h i - s q u a r e  can  

be p a r t i t i o n e d . The p a r t i t i o n  f o r  t h e  g e n e r a l  a d d i t i v e  and SBU

m odels  i s  shown i n  t a b l e  o . l l ,  f o r  s u b j e c t  5. The main e f f e c t s ,

b i l i n e a r  SW x PW i n t e r a c t i o n  and r e m a in d e r  i n t e r a c t i o n  ( e r r o r )  

c h i - s q u a r e s  a r e  a l l  s i g n i f i c a n t  a t  l e a s t  a t  t h e  Vfo l e v e l .  The 

s i g n i f i c a n c e  of  th e  sum of t h e  i n t e r a c t i o n s  shows t h a t  t h e  

a d d i o i v e  model can be r e j e c t e d  and th e  s i z e  of  t h e  b i l i n e a r

SW x PW i n t e r a c t i o n  shows t h a t  t h e  8BU model i s  s i g n i f i c a n t l y

b e t t e r  t h a n  i t .  U n f o r t u n a t e l y ,  th e  r e m a in d e r  o f  t h e  i n t e r a c t i o n  

i s  s i g n i f i c a n t  and the  ShU model ,  on t h i s  b a s i s  shou ld  a l s o  be 

r e j e c t e d .  B u t ,  i t  i s  c l e a r  t h a t  t h e  3BU model ,  w i th  only  sev en  

p a r a m e t e r s  a c c o u n t s  f o r  most of t h e  v a r i a t i o n  i n  t h e  e s t i m a t e d  

s u b j e c t i v e  v a l u e s .  With th e  two s t e p  p r o c e d u r e  ado p te d  t h e r e  

a r e  two c h i - s q u a r e  c o m p o nen ts . due to  e r r o r .  The f i r s t  was 

o b t a i n e d  d u r i n g  t h e  e s t i m a t i o n  of th e  s u b j e c t i v e  v a l u e s  and t h e  

second i s  what was c a l l e d  t h e  r e m a in d e r  i n t e r a c t i o n  above .  An 

P - t e s t  o f  w h e th e r  t h e s e  two c h i - s q u a r e s  cou ld  have come from 

t h e  same p o p u l a t i o n  can  be c a r r i e d  o u t .  The v a lu e  o b t a i n e d ,

P = 4 .5 8  i s  a b o u t  a t  t h e  5;S s i g n i f i c a n c e  l e v e l  ( d e g r e e s  of  

f reed o m  17 and 5) which i s  no t  c o n c l u s i v e  e v id e n c e  a g a i n s t  t h e  

h y p o t h e s i s .  Thus,  i f  t h e  b a s i c  T h u r s t o n i a n  s c a l i n g  model i s  

a c c e n t e d  t h e r e  i s  no c o n c l u s i v e  ev id e n ce  t h a t  th e  r e m a in d e r  

i n t e r a c t i o n  c h i - s q u a r e  d id  no t  occu r  a t  random. I t  i s  

r e a s o n a b l e ,  t h e n ,  to  a c c e p t  th e  SiiiU model,  e s p e c i a l l y  a s  no 

more n e n e r a l  i n f o r m a t i o n  i n t e g r a t i o n  models nave been  c o n s i d e r e d .



l u r  t a e r  s u p p o r t  f o r  t h e  model comes from f i g u r e  6 .4 -  Pie r e  

s u b j e c t i v e  v a l u e s  p r e d i c t e d  by the  SEU model a r e  compared t o  

tn o se  e s t i m a t e d  d i r e c t l y  from th e  d a t a .  I t  can  be seen  t h a t  t h e  

p o i n t s  l i e  a l o n g  t h e  exp ec te d  l i n e .

A lso  a s  i n  exper im en t  3> S l o v i c ' s  a d d i t i v e  model was 

compared t o  t h e  s im ple  l i n e a r  3eU model . The l a t t e r  h a s  an 

a d d i t i o n a l  p a r a m e t e r ,  which can be r e f e r r e d  t o  a s  th e  SW x PW 

i n t e r a c t i o n .  The p a r t i t i o n  of t h e  T h u r s t o n i a n  e s t i m a t i o n  

c h i - s q u a r e  w i t h  r e s p e c t  t o  t h e s e  two models  i s  shown f o r  s u b j e c t  

5 i n  t a b l e  6 . 1 2 .  i'he main p o i n t  of  i n t e r e s t  h e re  i s  t h a t  t h e  

l i n e a r  SEU model i s  s i g n i f i c a n t l y  b e t t e r  t h a n  S lov ic ' s  a d d i t i v e  

model ,  t h o u g h  n e i t h e r  can be a c c e p t e d .  The l a t t e r  p a r t  o f  

t h i s  c o n c l u s i o n  i s  made on th e  b a s i s  of  t h e  s i g n i f i c a n t  e r r o r  

c n i - s q u a r e s  f o r  b o th  models  and th e  fo rm er  p a r t  on t h e  b a s i s  

of  the  s i g n i f i c a n c e  of th e  SW x PW i n t e r a c t i o n  c h i - s q u a r e .

The l i n e a r  SEU model h a s  n e v e r  s e r i o u s l y  been  p roposed  so i t  i s  

n o t  n e c e s s a r y  to  de fend  o r  a t t a c k  i t .  The a n a l y s i s  o f  t h e  

two m odels  based  on th e  o b j e c t i v e  v a l u e s  can r e s t  h e r e ,  

t h e r e f o r e ,  w i t h  S l o v i c ' s . a d d i t i v e  model r e j e c t e d .

As w e l l  a s  t h e  p re c e d in g  f i n d i n g s  f o r  s u b j e c t  5 i t  

nas  been  shown t h a t  t h e  o t h e r  4 s u b j e c t s  a p p a r e n t l y  chose 

random ly .  T h i s  i s  not  t h e  f i r s t  t ime such a r e s u l t  h a s  b een  

fo u n d :  t h e  same was t r u e  f o r  1 s u b j e c t  i n  e x p e r im e n t  3 and 

3 s u b j e c t s  i n  ex p e r im e n t  4» ''Random11 r e s u l t s  i n  s e q u e n t i a l  

s i t u a t i o n s  have se rv ed  t o  emphasize th e  n e g a t i v e  f i n d i n g s  

r e g a r d i n g  s e q u e n t i a l  f a c t o r s .  I n  th e  p r e s e n t  e x p e r im e n t  t h e  

gamble i n f o r m a t i o n  shou ld  be the main d e t e r m i n e r  of c h o i c e .

Tne s i n g l e  s u b j e c t  who was i n f l u e n c e d  by i t  was n o t  i n f l u e n c e d
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by t h e  s e q u e n t i a l  f a c t o r s .  A l s o ,  t h e  f o u r  s u b j e c t s  who 

a p p e a re d  t o  be i n d i f f e r e n t  t o  changes i n  gamble in fo rm a tio n  

a l s o  a p p e a re d  t o  be i n f l u e n c e d  l i t t l e  ay p r e v i o u s  outcom es 

o r  c u r r e n t  c a p i t a l .  Thus, when th e  p r im a ry  f a c t o r s  u n d e r  

i n v e s t i g a t i o n  had l i t t l e  e f f e c t  i t  was n o t  b e c a u s e  o f  t h e  

e f f e c t  o f  t h e  se c o n d a ry ,  s e q u e n t i a l  f a c t o r s .  These  r e s u l t s  

a l l  s u p p o r t  th e  b e r n o u l l i  model and t h e r e b y  t h e  i d e a  t h a t  

s t a t i c  i n f o r m a t i o n  i n t e g r a t i o n  models can  a c c o u n t  f o r  c h o ic e  

b e h a v i o u r  i n  s e q u e n t i a l  s i t u a t i o n s .

B e fo re  l e a v i n g  ex p e r im e n t  5, t h e  e x t e n t  o f  b i a s  i n  

t h e  e s t i m a t e s  o f  t h e  s u b j e c t i v e  v a l u e s  of t h e  a l t e r n a t i v e s  

w i l l  be examined f o r  s u b j e c t  5 i n  a  sh ort Monte G arlo s t u d y .
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T able  6 .9 .

J o n k h e e r e  and B o w e r ' s  Het e r o g e n e i t y  of Trend S t a t i s t i c ,  Z

w i t h  r e s p e c t  t o  t r i a l  number, c u r r e n t  c a p i t a l  and p r e v i o u s  outcomes
"v

Subo e c t T r i a l  Number C u r r e n t  C a p i t a l P r e v i o u s  Outcome'

z p z p z p

1 0 .5 48 - 1 .8 4 4  .0758 -0 .3 8 8
r'.£ 0 .2 0 0 0 .05 4 1 .848  .0644

3 - 1 .2 6 0 1 .438  .1498 1 .159

4 1 .2 6 4  .2076 - 1 .2 5 7 0 .0 0 4

5 0 .5 8 8  ■ -0 .6 4 9  - 1 .536  0 .1 2 6

The p columns g i v e ,  f o r  s e l e c t e d  z ' s  t h e  p r o b a b i l i t y  t h a t  a  v a lu e

a s  e x t rem e a s  th e  z would o c c u r  u n d e r  t h e  n u l l  h y p o t h e s i s .

T ab le  6 .1 0 .

finnflnPAB n f  F i t  o f  t h e  B a s ic  T h u rs ton e  Model.

S u b j e c t C h i -S q u a re s

E s t i m a t e s E r r o r T o t a l

1 23.25 2.86 26 .11

2 18 .5 0 9 .41 27 .91

3 25 .87 2.28 28.15

4 32.59 7 .74 40 .33

5 122 .77*** 2.28 125 .05

D e g r e e s  o f  2 4  

■Freedom
5 29

*** i n d i c a t e s  s i g n i f i c a n c e  a t  t h e  .1 % l e v e l .



T ab le  6 ,1 1 .

Goodness  o f  F i t  of  t n e  G en e ra l  SEU and A d d i t i v e  Models f o r  

S u b j e c t  3 : P a r t i t i on of  t h e  E st i m a t io n  C h i - s q u a r e .

Comporient of 
C h i - s q u a r e

D e g re e s  o f  
Freedom

Main E f f e c t s

68 .86**

B i l i n e a r  SWxPW Remainder
i n t e r a c t i o n

18 . 40**

1

i n t e r a c t i o n  
( e r r o r )

35.56

17

**

** i n d i c a t e s  s i g n i f i c a n c e  a t  t h e  ifo l e v e l .

T ab le  6 .1 2 .

Goodnes s  of  F i t  of  th e  L i n e a r  SEU and S l o v i c ' s A d d i t i v e 

Mod e l : h a r t  i t  i o n  o f  T h u r s t  o n ian  E.st i m a t io n  C h i - s q u a r e .

Main E f f e c t s SWxPW
i n t e r a c t i o n

Remainder  
i n t e r a c t  i o n  

( e r r o r )

Component o f  
C h i - s q u a r e 5 2 . 10* * 25.19** 45.4^ t**

D e g r e e s  o f  
Freedom 20

** i n d i c a t e s  s i g n i f i c a n c e  a t  t h e  1f° l e v e l ,
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Figure 6.U
GrapH of sub.jective values estimated directly from the data 
against those predicted by the general SEU model for subject
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A— IfXpe r im ent  t o  Examine  th e  A ssumpt i o n s  Under l y i n g

th e  Ana l y s i s  of Exp e r im e n t  5.

The p u rp o se ,  and method of e x e c u t i o n  of  t h i s  sam p l in g  

e x p e r im e n t  were t h e  same a s  th o s e  of t h e  s i m u l a t i o n  of e x p e r im e n t  

3. I t  was hoped to  t e s t  w he ther  t h e  b i a s  i n  e s t i m a t e s  of s u b j e c t iv e  

v a l u e  was s m a l l  compared to  t h e  sampling  v a r i a n c e  and i f  t h e  

d i s t r i b u t i o n  of t h e  goodness  of f i t  s t a t i s t i c ,  SSE ap p ro x im a te d  

t h e  t h e o r e t i c a l  d i s t r i b u t i o n .  Data  i n  t h e  1 4 - r e p l i c a t e  p a i r  

c o m p a r iso n  s i t u a t i o n  of e x p e r im e n t  5 was g e n e r a t e d  u n d e r  

T h u r s to n e  c a se  V a s s u m p t io n s .  The assumed s u b j e c t i v e  v a l u e s  

o f  t h e  p r o c e s s e s  were t h o s e  e s t im a t e d  f o r  s u b j e c t  5 i n  t h e  

e x p e r i m e n t .  As w i th  t h e  p r e v i o u s  sam pling  e x p e r im en t  mean 

e s t i m a t e s  and v a r i a n c e s  of 250 s i m u l a t i o n s  were c a l c u l a t e d .

The 250 v a l u e s  of SSE were r e c o rd e d  i n  a h i s t o g r a m .

F i g u r e  6 .5  shows the  mean e s t i m a t e s  p l o t t e d  a g a i n s t  ■ 

t h e  a c t u a l  s u b j e c t i v e  v a l u e s  and f i g u r e  6 .6  shows t h e  sam p l ing  

v a r i a n c e s  p l o t t e d  a g a i n s t  th e  t h e o r e t i c a l  ones .  Compared t o  

th e  7 - r e p l i c a t e  s i t u a t i o n  of  exper im ent  3 t h e  e x t e n t  of b i a s  i n  

e s t i m a t e s  was much l e s s  and th e  e s t i m a t e s  t h e m s e lv e s  were more 

r e l i a b l e .  Somewhat s u r p r i s i n g l y ,  however th e  sam pling  

d i s t r i b u t i o n  of  t h e  goodness  of  f i t  s t a t i s t i c ,  EpE 

a p p ro x im a te d  the t h e o r e t i c a l  d i s t r i b u t i o n  worse t h a n  was uhe 

c a s e  i n  th e  e a r l i e r  s i m u l a t i o n .  Most observed  v a l u e s  were 

b e tw ee n  0 and 3 and t h e  d i s t r i b u t i o n  nad a l a r g e  t a i l  a r e a ,

10# o f  v a l u e s  b e in g  g r e a t e r  t h a n  18. The goodness  of f i t  

t e s t ,  cnen a p p e a r s  to  be an even more c o n s e r v e o iv e  t e s t  ohan

a s  t h e  c a s e  i n  exp er im en t  3*

A o a r t  from t h e  poor a p p ro x im a t io n  of the  sam pl ing

241.
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d i s t r i b u t i o n  of SSE t o  t h e  t h e o r e t i c a l  t h e  d e s i g n  w i th  n = 14 

seems t o  e n a b le  a f a r  more r e l i a b l e  f u n c t i o n a l  measurement  t o  

be c a r r i e d  o u t .  Where i t  i s  p o s s i b l e ,  t h e n  i t  would seem t o  

be d e s i r a b l e  to  use  an n of a t  l e a s t  14 i n  i n c o m p l e t e ,  p a i r  

c o m p a r i s o n  d e s i g n s  where Bock & J o n e s '  f u n c t i o n a l  measurement 

p r o c e d u r e s  a r e  t o  be a p p l i e d .

vX , ;K
, K
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/

/
/
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Chapter 7.

A Dynamic E x p e r i m e n t .

The d i s c u s s i o n  so f a r  h a s  c e n t r e d  a round  s im ple  

i n f o r m a t i o n  i n t e g r a t i o n  models  o f  d e c i s i o n  making i n  s t a t i c  

s i t u a t i o n s  and examining  them by QFA and f u n c t i o n a l  m easurem ent .  

When s e q u e n t i a l  d e c i s i o n  making s i t u a t i o n s  were s t u d i e d  t h e s e  

same i n f o r m a t i o n  i n t e g r a t i o n  models a p p l i e d ,  b e c a u se  th e  

a l t e r n a t i v e s  t h e m s e lv e s  cou ld  s t i l l  he d e s c r i b e d  by th e  same 

i n f o r m a t i o n  d im e n s io n s .  A "dynamic” a l t e r n a t i v e  n eed s  a d d i t i o n a l  

d im e n s io n s  t o  com ple te  i t s  d e s c r i p t i o n ,  however .  I n  f a c t ,  

f o r  an  n - s t a g e  dynamic d e c i s i o n  making s i t u a t i o n ,  t h e  number 

of  d im e n s io n s  r e q u i r e d  t o  d e s c r i b e  t h e  s i m p l e s t  a l t e r n a t i v e  i s  

r a t h e r  l a r g e .  I t  would be d i f f i c u l t  t o  g iv e  a com prehens ive  

e x a m in a t io n  o f  a d d i t i v e  o r  SEU i n f o r m a t i o n  i n t e g r a t i o n  models 

i n  the  dynamic c a s e .  The more r e a l i s t i c  a im of  t h e  exp e r im e n t  

to  be d e s c r i b e d  i s  t o  c o n s i d e r  a 2 - s t a g e  s i t u a t i o n  and to  

examine how some of  t h e  i n f o r m a t i o n  d im ens ions  a r e  i n t e g r a t e d  

w h i l e  o t h e r s  r em a in  f i x e d .

C o n s id e r  t h e  c a r e e r  c h o ic e  p rob lem  d i s c u s s e d  i n  t h e  

i n t r o d u c t i o n .  The in f o r m a b io n  t h a t  .jAI c o n s i d e r s  i n i t i a l l y  

i s  a b o u t  t h e  p a y o f f s  and p r o b a b i l i t e s  of t h e  f i r s t  and th e  

second s t a g e s  and a l s o  Che p r o b a b i l i t i e s  o f  oe ing  i n  t h e  

d i f f e r e n t  second s t a g e  s t a t e s .  A b e t t i n g  game, w i th  t h e  same 

b a s i c  c h a r a c t e r i s t i c s  cou ld  be c o n s t r u c t e d .  The time s c a l e  

would be mucn r e d u c e d , of c o u rs e ,  ana t a e  p a y o f f s  would oe on 

a s i n g l e  d im e n s io n .  N e v e r t h e l e s s ,  i n t e r e s t i n g  c o n f l i c t s  

b e tw ee n  immedia te  a d v a n t a g e s  and temporally ,  more d i s t a n t  ones



o r  b e tw e e n  immedia te  a d v a n ta g e s  and t h e  p r o b a b i l i t i e s  of g o in g  

bo f a v o r a b l e  d e c i s i o n  s t a t e s  cou ld  be c o n s t r u c t e d .  Such a game 

i s  r e p r e s e n t e d  i n  f i g u r e  7 . 1 .

T h i s  i s  a two s t a g e ,  d e c i s i o n  dependen t  b e t t i n g  game 

i n  Which DM h a s  complete  i n f o r m a t i o n  abou t  a l l  a s p e c t s .  He 

b e g i n s  t h e  game a t  A w i th  a c e r t a i n  s t a k e ,  i n  new pence .  He 

must  choose  be tween  th e  gambles A1 and A2. Both  a r e  b e t s  of t h e  

( x ,  l / 2 ,  y )  t y p e ,  where x pence i s  won w i th  a p r o b a b i l i t y  l / 2 ,  

o t h e r w i s e  y pence  i s  l o s t .  Wnen he c h o o ses  A1 o r  A2, he a l s o  

c h o o s e s  t h e  wheel of f o r t u n e  a s s o c i a t e d  which d e t e r m i n e s  w h e th e r  

he g o e s  t o  B o r  C i n  t h e  second s t a g e .  ; I n  B h i s  c h o ic e  i s  

be tw een  t h e  b e t s  B1 and B2, i n  G i t  i s  be tw een  G1 and 02.

T h ese ,  i n  g e n e r a l  a r e  b e t s  of t h e  ty p e  ( x , p , y )  where x i s  won 

w i t h  p r o b a b i l i t y  p, o th e r w i s e  y i s  l o s t  w i th  p r o b a b i l i t y  ( l  -  p ) .  

I n i t i a l  c o n f l i c t s  be tw een  p ro x im a l  a d v a n ta g e s  ( p a y o f f s )  and 

d i s t a l  a d v a n t a g e s  ( p r o b a b i l i t i e s  and p a y o f f s )  a r e  d e te rm in e d  

by t h e  p a r a m e t e r  v a l u e s  o f  th e  gambles  a t  b o t h  s t a g e s .  The 

d e g re e  of dependence  o f  l a t e r  c h o ic e s  on e a r l i e r  ones i s  

d e te r m in e d  by th e  p r o b a b i l i t y  o f  go ing  to  B (and c o n v e r s e l y  0 ) ,  

t h e  p a r a m e t e r s  o f  t h e  w hee ls  of f o r t u n e  a s s o c i a t e d  w i th  t n e

a l t e r n a t i v e s  i n  A.

I n  t h i s  game, a l t h o u g h  c h o ic e s  and e v e n t s  o c cu r  i n  

q u i c k  s u c c e s s i o n ,  t h e  b a s i c  c o n f l i c t s  common 1 0  a l l  aynamic 

d e c i s i o n  s i t u a t i o n s  a r e  p r e s e n t .  A .rough i n f o r m a t i o n  p r o c e s s i n g  

model  can  be p r o p o s e d ,  i t  seems l i k e l y  Ghat p eop le  w i l l  s t a i 0 

a t  che f i n a l  s t a g e s  and work backwards when c o n s i d e r i n g  t h e  

i n i t i a l  c h o i c e .  That  i s ,  t h e y  w i l l  f i r s t  a e c i d e  whicu second 

s t a g e  t h e y  p r e f e r  t o  be i n .  Then, t h e y  d e c id e  wnich n r s t  s t a g e
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a l t e r n a t i v e  they  p r e f e r .  T h is  d e c i s i o n  w i l l  i n v o lv e  t h e  f i r s t  

s t a g e  i n f o r m a t i o n ,  w i th  th e  p r o b a b i l i t y  of g o in g  to  t h e i r  

■preferred  second s t a g e  s t a t e  in c lu d e d  a s  a d im e n s io n  of t h e  

a l t e r n a t i v e s  t o  be weighed up. Models of d e c i s i o n  making f o r  

such  a l t e r n a t i v e s ,  s i m i l a r  t o  t h e  i n f o r m a t i o n  i n t e g r a t i o n  

m odels  f o r  s t a t i c  a l t e r n a t i v e s  can be c o n s i d e r e d .  I t  would be  

p o s s i b l e  t o  c o n s i d e r  them a s  r e p r e s e n t a t i o n  h y p o t h e s e s  and 

s t u d y  them by QPA, o r  a s  m u l t i f a c t o r  submodels  of b a s i c  

J n u r s t o n i a n  m ode ls ,  t o  be s t u d i e d  by f u n c t i o n a l  m easurement .

At t n e  p r e s e n t  t ime th e  l a t t e r  i s  more f e a s i b l e .

L e t  us  c o n s i d e r  a g a i n  th e  game d e p i c t e d  i n  f i g u r e  7*1. 

Suppose d i f f e r e n t  games a r e  c o n s t r u c t e d  i n  which th e  second 

s t a g e  s t a t e s  a l l  r em a in  f i x e d ,  and a s  shown i n  the f i g u r e .

Suppose a l s o  th e  p r o b a b i l i t y  o f  a win i s  0 . 5  i n  s t a g e  A f o r  b o th  

a l t e r n a t i v e s .  Now, s u b j e c t s  a r e  i n v i t e d  t o  pLay a s e r i e s  of 

■games i n  which tne  t h r e e  p a r a m e te r s  of  each  a l t e r n a t i v e  i n  A, 

amount won (SW), amount l o s t  (SL) and chance of g o in g  t o  A (PA) 

a l l  v a ry  from game t o  game. The SPU model , i n  t h i s  c a s e ,  

c o r r e s p o n d s  t o  an a d d i t i v e  one. I f  th e  s u b j e c t i v e  v a lu e  o f  a 

gamble a l t e r n a t i v e  i n  A' i s  deno ted  by 3(0-) ana s u b j e c t i v e  

s c a l e s  of  t h e  t h r e e  v a r i a b l e  p a r a m e te r s  by u^, i  = 1, 2 , 3  tnen  

t h e  g e n e r a l  SBU, o r  a d d i t i v e  model s t a t e s  c h a t ;  o(u-) = U-^(SW) + 

'J.-(cL) + U .(P A ) .  The s imple  l i n e a r  SnU model a l s o  c o r r e s p o n d s
2 j

to an  a d d i t i v e  model and s t a t e s  t h a t ;  3(0-) = w- *̂3,» + W^.oL + y/^.PA,

where t h e  W- f s a r e  p a r a m e t e r s  of t h e  model and oh, oL ana Pm. a r e  
l

t h e  o b j e c t i v e  v a l u e s  o x  t n e  g a m b l e  p a r a m e o ^ r s .  Tney ^an be 

p u t  i n  t h i s  s i m p l e  w a y ,  o f  c o u r s e ,  o n l y  b e c a u se  o t h e r  f e a t u r e s  

i r . f i x e d . T h e  a i m  of  t n e  exper im en t  t o  b e  r e p o r t e d  i s  t o  t e s t  

t h e  a b o v e  m o d e l s  b y  B o c k  a n d  J o n e s  m e G h o a  o f  f u n c t i o n a l



m e a su re m e n t .. I t  i s  i n t e n d e d  a s  a sm a l l  s t e p  to w a rd s  t h e  

d e s c r i p t i v e  ^tud.y of  dynamic d e c i s i o n  making.

Exper i m e n t a l  S e t t i n g .

I t  i s  c l e a r  t h a t  to  t e s t  t h e  models  d i s c u s s e d  i t  w i l l  

he n e c e s s a r y  t o  nave a n _ e f f i c i e n t  way of p l a y i n g  t h e  games, i f  

a r e a l  p l a y  s i t u a t i o n - i s  c o n te m p la te d .  Of c o u r s e ,  i t  would 

he p o s s i b l e  s imply  t o  d e s c r i b e  the game, and t h e n  show s u b j e c t s

i n f o r m a t i o n  s h e e t s  abou t  which to  make d e c i s i o n s ,  i n  t h e  manner

of e x p e r im e n t  3» I t  seems more l i k e l y  t h a t  s u b j e c t s  w i l l  

u n d e r s t a n d  t h e  a l t e r n a t i v e s  and w i l l  g iv e  h i g h l y  m o t iv a te d  

r e s p o n s e s  i f  t h e y  a r e  i n v o lv e d  i n  a r e a l  p la y  s i t u a t i o n ,  

however .  The most e f f i c i e n t  way a v a i l a b l e  f o r  t h i s  was t o  

a u to m a te  t h e  game u s in g  th e  E l l i o t t  903 com puter  of t h e  D epar tm en t  

o f  P s y c h o lo g y ,  U n i v e r s i t y  of H u l l .

To e x p l a i n  the au tom ated  game, t h e  f o l l o w i n g  i s  a 

d e s c r i p t i o n  of  th e  e v e n t s  i n  a p r a c t i c e  s e s s i o n  which was used

bo i n t r o d u c e  t h e  exp er im en t  t o  the  s u b j e c t s .  The s u b j e c t  s a t

b e f o r e  a t e l e t y p e  which was o n - l i n e  t o  t h e  com puter .  On a d esk  

to n i s  l e f t  were i n f o r m a t i o n  s h e e t s  f o r  5 gam es . Tney were 

i n  a s t a c k ,  numbered i n  the  to p  r i g h t  hand c o r n e r .  I c  was 

e x p l a i n e d  t o  t h e  s u b j e c t  t h a t  i n  the  e x p e r im e n t  he would be 

a sk ed  t o  p l a y  a s e r i e s  of b e t t i n g  games, r e f o r e  eacn  game he 

was t o  suppose  t h a t  he had a s t a k e  of 105p. The s i g n i f i c a n c e  

of  the  i n f o r m a t i o n  s h e e t  was e x p la in e d  go him, and tn e  

o m oute r  was programmed. A f lo w  d iagram  of one e v e n t s  i n  t h ec

Q , Y1 J_ j_ 4 IX X* 0  T  • "" 1?*̂ * ^ 0  U. 0 1  -L. o,^oULLS I S  S i

i l l u s t r a t e d  i n  f i g u r e  7.3* A fc e r  any game, a s  shown i n  che f low
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d ia g r a m ,  t h e  n e x t  game b e g i n s .  The s u b j e c t  removes t h e  p r e v i o u s  

i n f o r m a t i o n  s h e e t  to  r e v e a l  t h e  n e x t  r e l e v a n t  one.

Now, th e  computer  programme c o n t r o l l i n g  t h e  sequence  

of  e v e n t s  shown i n  f i g u r e  7 •'L was w r i t t e n  i n  a l g o l ,  and an 

i m p o r t a n t  f e a t u r e  of i t  i s  t h e  way t h e  computer  "p la .yed” t h e  

g a m b le s .  U n c e r t a i n  e v e n t s  were d e te rm in e d  a s  f o l l o w s :  t h e

p r o b a b i l i t i e s  and p a y o f f s  were fed  i n  a s  d a t a  v i a  t h e  t a p e  

r e a d e r  b e f o r e  ev e ry  game.- B e fo re  any u n c e r t a i n  e v en t  a random 

numoer i n  th e  range  of 0 -  1 was s e l e c t e d  and compared to  t h e  

p r o b a b i l i t y  o f  one o f  the  two p o s s i b l e  e v e n t s .  I f  trie number 

was l e s s  t h a n  t h i s  p r o b a b i l i t y  t h e n  t h a t  even t  o c c u r r e d ,  

o t h e r w i s e  t h e  complementary one o c c u r r e d .  The random number 

p r o c e d u r e  was a s t a n d a r d  E l l i o t  one, based  on t h e  Lehmer 

c o n g ru a n c e  method. Bya p a ra m e te r  read  i n  a t  the s t a r t  o f  t h e  

programme i t  was p o s s i b l e  t o  s e l e c t  one of  64 s t r i n g s  o f  

random numbers .  Thus,  s e s s i o n s  w i th  t h e  same o r d e r  of games 

co u ld  be made t o  have d i f f e r e n t  outcomes.  At t h e  end o f  t h e  

s e s s i o n ,  the  s u b j e c t s ’ f i r s t - s t a g e  r e s p o n s e s  a r e  o u tp u t  t o  the  

com pu te r  t a p e  punch.  The programme c o n t r o l l i n g  t h e  e x p e r im en t  

c a r r i e s  out  some r e - o r d e r i n g  of t h i s  d a ta  t o  e n a b le  th e  

e x p e r i m e n t e r  t o  q u i c k l y  a s s e s s  me d a t a .  A f t e r  t h e  d a t a  na s  

b e en  o u t p u t  i n  t h i s  way ”BINI3HM i s  p r i n t e d  on th e  t e l e t y p e .

Tne s u b j e c t  knows the s e s s i o n  has  endec a s  ( h o p e f u l l y )  he n as  

no more i n f o r m a t i o n  s h e e t s  b e f o r e  him. T h i s  uhen i s  th e  seo uing 

i n  which t h e  exp e r im e n t  t a k e s  p l a c e .  I p h a s  a g re a o  a d v a n ta g e  

o v e r  t h e  r e a l  c lay  c o n d i t i o n s  of  th e  l a s t  two e x p e r im e n t s  i n  

t h a t  i t  i s  f u l l y  au tom ated  and t n e  exp er im e n o e r  need no t  be 

p r e s e n t .  As w i th  t h e  e a r l i e r  r e a l  p lay  s e t c i n g s ,  however i t



i s  e s s e n t i a l  t h a t  s u b j e c t s  a c c e p t  t h e  v e r a c i t y  o f  bhe d a t a  on 

t h e  i n f o r m a t i o n  s h e e t s .

E x p e r i m e n t a l  D esig n .

The s t i m u l i  were ro u g h ly  d e s c r i b e d  e a r l i e r .  DM's 

p lay  t w o - s t a g e  games which in v o lv e  c h o ic e s  b e tw een  c e r t a i n  

gamole s .  The s e c o n d - s t a g e  gambles a r e  a lw ays  t h e  same, t h o s e  

shown i n  f i g u r e  7 . 1 ,  and th e  i n f o r m a t i o n  i n t e g r a t i o n  models  o f  

i n t e r e s t  a r e  r e l e v a n t  to  th e  i n d i v i d u a l ' s  i n i t i a l  d e c i s i o n s  i n  

t h e  games.  The Bock and J o n e s ’ ■a n a l y s i s  r e q u i r e s  a p a i r -  

co m p a r is o n  ex p e r im e n t  where p a i r s  of  a l t e r n a t i v e s  from some s e t  

a r e  r e p e a t e d l y  p r e s e n t e d .  Now, any a l t e r n a t i v e  i n  A can  be 

f u l l y  c h a r a c t e r i z e d  by t h e  v a l u e s  of the  p a r a m e t e r s  3W, SL and 

PA when o t h e r  f e a t u r e s  of t h e  game rem ain  f i x e d .  I f  was 

d e c id e d  t o  c o n s i d e r  t h e  s e t  of a l t e r n a t i v e s  which c o n s i s t e d  o f  

e v e ry  c o m b in a t io n  o f :  3W, SL = £ 65p ,40p ,  1 5 p ^  and PA =

( . 7 5, S O ,  ,2 5 \  . T h i s  e x p er im en t  r e s e m b le s  e x p e r im e n t s  3 

a n d * 5, t h e r e f o r e ,  i n  t h a t  a l t e r n a t i v e s  a r e  from a 3 x 3 x 3 

p r o d u c t  s e t .  The p rob lem  of choos ing  a s u b s e t  o f  p a i r s  i n  t h e  

i n c o m p l e t e  p a i r - c o m p a r i s o n  d e s i g n  i s  t h e r e f o r e  s i m i l a r .  The 

s o l u t i o n  d e c i d e d  on, f o r  r e a s o n s ,  d i s c u s s e d  i n  t h e  e a r l i e r  

e x p e r i m e n t s  was to  use  a c y c l i c  c n a in  d e s i g n .  Tnat  i s ,  wi 'chin 

each  l e v e l ,  a s  p r e v i o u s l y  u n d e r s t o o d ,  a c y c le  of  p a i r s  was 

s e l e c t e d ,  e ac h  c y c l e  l i n k e d  by a n o t h e r  p a i r .  In  the l i g h t  of 

e x o e r i e n c e  w i th  t h i s  d e s ig n  i t  was d e c id ed  bo i n c l u d e  an e x t r a  

p a i r  be tw ee n  each  c y c l e ,  t h u s  s t r e n g t h e n i n g  th e  l i n k s  be tw een  

them. H o p e f u l l y , t h i s  w i l l ,  make the s c a l e  e s t im a . t io n  more 

r e l i a b l e .  I t  a l s o  g i v e s  more d e g re e s  of f reedom  f o r  t e s t i n g
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t h e  b a s i c  T n u r s to n e  s c a l e .  The 33 p a i r s  t o  be used a r e  

i l l u s t r a t e d  i n  f i g u r e  7 . 4 .

Also  i n  t h e  hope of  improving  t h e  r e l i a b i l i t y  of  th e  

e s t i m a t i o n  from t h a t  of exper im ent  3, an n of  12 i n  t h e  n -  

r e p l i c a t e  e x p e r im e n t  was d e c id ed  upon. T h i s  means t h e  

e x p e r im e n t  i n v o l v e s  each DM i n  p l a y i n g  12 x 33 = 396 games. I t  

was f e l t  t h a t  t h e s e  could  be p lay ed  i n  3 s e s s i o n s  o f  132 games. 

An a d d i t i o n a l  m e t h o d o l o g ic a l  p o i n t  of i n t e r e s t ,  t h e r e f o r e  w i l l  

be to see  i f  t r e n d s  a p p e a r  over  th e  3 s e s s i o n s .

I n  each  s e s s i o n ,  th e  same o r d e r  of games was u s e d .

The s e t  o f  33 p a i r s  was p r e s e n t e d  f o u r  t im e s  i n  o r d e r ,  

i i a n d o m iz a t io n  f o r  o r d e r  was w i t h i n  each s e t  o f  33 p a i r s  o f  

a l t e r n a t i v e s ,  u n l i k e  e a r l i e r  e x p e r im e n t s .  Between r e p l i c a t i o n s ,  

c a r e  was t a k e n  t o  e n su re  t h a t  no game was p la y e d  on any t r i a l  

i f  i t  had been  p lay e d  i n  th e  p r e v i o u s  10 t r i a l s .  S u b j e c t s

were t o l d  t h a t  t h e y  had 105p s t a k e  w i th  which t o  p l a y  each

game ( n o t e  t h e y  were no t  a c t u a l l y  g iv e n  i t ) .  C u r r e n t  c a p i t a l  

was t h e r e f o r e  c o n t r o l l e d  by keep ing  i t  c o n s t a n t  f o r  each game. 

With t h i s  s t a k e  t h e r e  was no p o s s i b i l i t y  o f  r u i n .  Also  each  

game was l o g i c a l l y  i f  no t  p s y c h o l o g ic a l l y  i n d e p e n d e n t .

The p r o c e d u r e  used so t h a t  t h e r e  were r e a l  

c o n s e q u e n c e s  o f  t h e  d e c i s i o n s  was a s  f o l l o w s :  A f t e r  e ach  s e s s i o n

a game was p ic k e d  a t  random and t h e  r e s u l t  of  t h i s  game 

r e c o r d e d .  S u b j e c t s  were pa id  th e  a v e ra g e  of  t h e s e  t h r e e  

r e s u l t s .  Thus ,  p a y o f f s  could  v a ry  between 0 and 210p, b u t  

b e c a u s e  o f  t h e  a v e r a g i n g  were u n l i k e l y  t o  a p p ro a ch  t h e  

e x t r e m e s .  The computer  used a d i i f e r c n t  s o r i n g  of  random 

numbers  to  g e n e r a t e  e v e n t s  i n  each s e s s i o n  of t h e  e x p e r im e n t .  

Thus,  i n  each  s e s s i o n  outcomes would be d i f f e r e n t  even i f
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s u b j e c t s  made i d e n t i c a l  sequen ces  of c h o i c e s .

P r i o r  t o  each s u b j e c t ' s  f i r s t  s e s s i o n ,  a p r e l i m i n a r y  

s e t  o f  f i v e  games was p l a y e d .  T h is  was to  f a m i l i a r i z e  

s u b j e c t s  w i t h  t h e  games and th e  s t r u c t u r e  of a s e s s i o n .

S u b j e c t s

F iv e  p o s t  g r a d u a t e  s t u d e n t s ,  a l l  from H u l l  

U n i v e r s i t y  t o o k  p a r t .  They were a l l  v o l u n t e e r s  who were t o l d  

t h e  n a t u r e  of t h e  e x p e r im e n t ,  i t s  p r o b a b le  d u r a t i o n  and 

p a y o f f .  They were a l l  m ale ,  be tween 21 and 24 y e a r s .
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Figure  7 . 2 .

Flow c h a r t  o f  t h e  e v e n t s  i n  t h e t wn- s t a ^  h i t t i n g  c«.mp

S e s s i o n  b e g in s  .n ,  t h e  game number s e t  t o  0

n s e t  t o  n + 1, computer  p r i n t s :
Gr AML n .

S u b je c t  checks  i n f o r m a t i o n  s h e e t  
i s  f o r  game n.
Computer p r i n t s :  Choose A1 or  A2. A

P a y o f f s  and ^ ^ i f u b j e c t P a y o f f s  and
p r o b a b i l i t i e s _ A 1  <T munches A1 or  A2"7> A2 p r o b a b i l i t  i e  s
o f  A1 a r e ŝ*s>jQn o e i e  gy of  A2 a r e
r e l e v a n t r e l e v a n t

P r i n t s :  
win x

n n t
oi u r s t  

s o a v e

0 omput P r i n t s :
J n o o s e 
31 or 32

P r i n t s :  
Choose  
A1 o r  A2

GO..TOGO TO

S u b je c t  
juncn.es ch o ice

P r i n t s :P r i n t s : win xLose  y

P r i n t s :  end of  g a m e ,^ r e s u l t  w^. 
(where w i s  10t p  + wins -  l o s s e s )

A

y -
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P i g u r  e J l  ̂ _3.

T e le ty p e  P r i n t o u t  Re s u l t in g  from 3 Games.

GAME 1

STAICE 105

CHOOSE A1 OR A2

A1 WIN 40

CHOOSE B1 OR B2 
B1 ,
WIN 40 1

END OP GAME » ' ' -

RESULT 185

GAME 2 \ CO ;

STAKE 105 ' /

CHOOSE. A1 OR / A2

A1 LOSE 15

CHOOSE Cl OR 02 
C 2
LOSS 10

END OP GAME r

RESULT 80

GAME 3

STAKE 105

CHOOSE A1 OR A2

A1 WIN 40

CHOOSE Cl OR C2 
02
JjO O j-j 10
uKD O P  '■j-A.jE

Iuj dU LT 1 j 5 • ^



F i g u r e  7 . 4 . 

lj-ie O y c l i o - c h a i n  Design  f o r  Experimen t  6

5

17 3

21

12

10

Key

Gambles
Oode

P a r a m e te r Val

Number p- W L

26 .75 65 40
25 .75 65 65
24 .75 40 15
23 .75 40 40
22 .75 40 65
21 .75 15 15
20 .75 15 40
19 .50 15 65
18 .50 65 15
17 .50 65 40
16 .50 65 65
15 .50 40 15
14 .50 40 40

13 .50 40 65
12 .50 15 15
11 .50 15 40
10 .25 15 65

9 .25 65 15
qvj .25 65 40

7 .25 65 65
6 .25 40 15

5 .25 40 40

4 .25 40 65

3 .25 15 15
2 . .25 15 40

A  l i n e  b e t w e e n  t w o  gambles 
i n d i c a t e s  ohat  t h i s  p a i r  w e r e  
p r e s e n t e d .
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P r o c e d u r e

S u b j e c t s  s a t  i n  f r o n t  of  t h e  o n - l i n e  t e l e t y p e  which 

was i n  a cj.uiet room away from th e  a c t u a l  com puter .  The 

e x p e r im e n t  was i n t r o d u c e d  to  them a t  th e  s t a r t  o f  t h e  f i r s t  

s e s s i o n  w i t h  t h e  f o l l o w i n g .words, a f t e r  t h e  p r e l i m i n a r y  

s e s s i o n  i n f o r m a t i o n  s h e e t s  had been  i n d i c a t e d  to  them*

" T h is  ex p er im en t  i n v o lv e s  p l a y i n g  a s e r i e s  of b e t t i n g  

games,  which have 2 s t a g e s .

At t h e  s t a r t  of each game you a r e  g i v e n  a s t a k e  of  

105p w i t h  which t o  b e t .  In  th e  f i r s t  s t a g e  of t h e  game you 

a r e  i n  A, and  you must choose between the  b e t s  A1 and A2 

which a r e  r e p r e s e n t e d  h e r e .  ( s t a t e  A i s  i n d i c a t e d ) .

I t  i s  e a s i e s t  t o  t h in k  of th e  c i r c l e s  a s  wheels  of f o r t u n e ,  

which have  a p o i n t e r .  To p lay  a b e t ,  t h e  p o i n t e r  i s  spun,  and 

i f  i t  l a n d s  i n  t h e  to p  s e c t o r  you win, and i f  no t  you l o s e .

3o, t h e  s i z e  of t h e  t o p  s e c t o r  i n d i c a t e s  y o u r  chance  of 

w in n in g  and t h e  s i z e  o f  t h e  bot tom s e c t o r  y ou r  chance of  

l o s i n g .  I n  t h e s e  games, th e  b e t s  i n  A g iv e  an e q u a l  chance 

of  w in n in g  o r  l o s i n g .  When you a re  i n  A, you must t a k e  t h e  

second  wheel  a s s o c i a t e d  w i th  tn e  b e t  chosen .  The p o i n t e r  on 

t h i s  second  wheel  i s  spun,  and where i t  l a n d s  d e c i d e s  wnere 

vou go f o r  t h e  second s t a g e .  I f  i t  i s  t h e  t o p  s e c t o r  you go go 

B, and i f  i t  i s  t h e  bot tom one you go to  G.

At t h e  second s t a g e ,  you art;  e i t h e r  i n  B o r  o ,  and 

you s im p ly  choose  between th e  b e t s  a v a i l a b l e .  The r e s u l t  o± the  

game i s  y o u r  s t a k e ,  p lu s  or  minus y o u r  t o t a l  w in n in g s  o r

l o s s e s .

You p l a y  t h e  game w i th  the  computer. I t  g i v e s  you 

t h e  b a s ic  i n f o r m a t i o n  f o r  you t o  p l a y  t h e  game, xou type  in



y o u r  c h o i c e s  on th e  t e l e t y p e  and t h e  computer  t y p e s ‘back  how 

much you win. o r  l o s e  and which s t a t e  you go t o .  I t  p l a y s

i a i r l y , and when an  ev en t  o c c u r s  i t  does so w i t h  t h e  chance

i n d i c a t e d  t o  y o u . "

The 5 d e m o n s t r a t i o n  games were t h e n  p la y e d  by th e

s u b j e c t .  I t  was e x p la in e d  t h a t  th e  s t a t e  B was more

f a v o r a b l e  t n a n  0 and t h e s e  a lw ays  rem ained  th e  same. They 

were t o l d  t h a t  t h e  c h an ces  of  g o in g  t o  B and 0 ,  t h e  amount t h a t  

co u ld  be won or  l o s t  a l l  changed,  b u t  t h e  chance  of w inn ing  

o r  l o s i n g  i n  A d id  no t  change .  As t h e  s u b j e c t  p la y e d  t h e  

d e m o n s t r a t i o n  games,  any o t h e r  p o i n t s  were c l e a r e d  up .  A l s o ,  

h i s  c h o i c e s  were ob se rved  t o  make su re  he a lw ays  chose  t h e  

dominant  one, where one c h o ic e  i n  A was dom inan t .  The 

i n s t r u c t i o n s  ended a s  f o l l o w s .

"What you have j u s t  p lay e d  i s  a m i n i a t u r e  v e r s i o n  

of  an  e x p e r i m e n t a l  s e s s i o n .  I  want you t o  p lay  3 s e s s i o n s ,  

p l a y i n g  132 games i n  each .  Bach shou ld  l a s t  a b o u t  1 h o u r .

At t h e  end of e a c h  s e s s i o n ,  we w i l l  p i c k  out  one of t h e  games 

a t  random and r e c o r d  th e  r e s u l t .  i o u  w i l l  be p a id  t h e  

a v e r a g e  r e s u l t  of  t h e s e  t h r e e  games. T n is  i s  to  g iv e  y o u .a n  

i n c e n t i v e  to  c o n s i d e r  y o u r  c h o ic e s  c a r e f u l l y .  Rememoer, each

game b e g i n s  w i t h  a s t a k e  of  1 0 5 p . "

The s u b j e c t  t h e n  began  t h e  e x p e r i m e n t a l  s e s s i o n  and 

th e  e x p e r i m e n t e r  l e f t  t h e  room. At t h e  end of t h e  s e s s i o n  

he r e t u r n e d  and t h e  p ay o f f  game was s e l e c t e d  by a c o i n  t o s s i n g  

p r o c e d u r e .  Bor t h e  second and oh ird  s e s s i o n s ,  s u b j e c t s  were 

m ere ly  reminded of the  p a y o f f  c o n d i t i o n s  and the  g e n e r a l  

s t r u c t u r e  of th e  game. The t n r e e  s e s s i o n s  f o r  each  s u b j e c t



were p la y e d  a t  t h e  m utua l  conven ience  of t h e  s u b j e c t  and 

e x p e r i m e n t e r .  Most were c a r r i e d  out  on s u c c e s s i v e  days  and 

none were more t h a n  t h r e e  days  a p a r t .  A f t e r  t h e  f i n a l  s e s s i o n ,  

s u b j e c t s  were p a id  and q u e s t i o n e d  a b o u t  t h e i r  s t r a t e g i e s  and 

any o t h e r  p o i n t s  abou t  t h e  e x p e r im e n t .  I n  p a r t i c u l a r ,  w h e th e r  

th ey  t h o u g h t  t h e  computer  had p lay ed  " f a i r l y . 11

Re s u l t s  and P i s c u s s i o n .

I t  i s  more i m p o r t a n t  to  t e s t  f o r  t r e n d s  i n  

r e s p o n d i n g  i n  t h i s  e x p e r im en t  t h a n  i t  was i n  th e  p r e v i o u s  ones  

b e c a u s e  h e r e  t h e  d a t a  was c o l l e c t e d  ove r  t h r e e  s e s s i o n s .  

I n t u i t i v e l y  i t  seems more l i k e l y  t h a t  more changes  w i l l  o c c u r  

o v e r  a l o n g e r  t im e  s^an .  As i n  e x p e r im e n t s  3 and 5, t h e r e f o r e ,  

e ach  s u b j e c t ' s  d a t a  was a r r a n g e d  i n t o  a gamble p a i r  x 

r e p l i c a t i o n s  m a t r i x .  Jo n k h e e re  and B o w e r 's  h e t e r o g e n e i t y  of  

t r e n d  t e s t  was c a r r i e d  out  on each 33 x 12 d a t a  m a t r i x  so 

fo rm ed .  Jo n k h e e re  and Bowers '  t r a n s fo r m e d  W s t a t i s t i c  i s  

a p p r o x i m a t e l y  u n i t  normal  u n d e r  t h e  B e r n o u l l i  n u l l  h y p o t h e s i s .  

T h e i r  v a l u e s ,  d en o ted  by & a r e  shown f o r  each s u b j e c t  i n  t a b l e

7 . 1 .  I t  can  be seen  t h a t  t h e  n u l l  h y p o t h e s i s  can be r e j e c t e d  

a t  t h e  ifo l e v e l  f o r  s u b j e c t s  2 and 5 and th e  a l t e r n a t i v e  

h y p o t h e s i s  t h a t  changes  i n  r e s p o n s e  p r o b a b i l i t y  o c c u r  i s  

a c c e p t e d  f o r  t h e s e  s u b j e c t s ,  f o r  s u b j e c t  3 a l s o  th e  z v a lu e  

i s  u n l i k e l y  u n d e r  t h e  n u l l  h y p o t h e s i s  (p  = 0 .0 6 7 2 ,  two t a i l e d ) .

Now, th e  c o n c l u s i o n  from t h e  above i s  t h a t  f o r  3 

s u b j e c t s  any a n a l y s i s  based  on an a s su m p t io n  o f  c o n s t a n t  

p r e f e r e n c e  p r o b a b i l i t i e s  i s  d uo io u s  a s  u h is  a s s u m p t io n  i s  

d e m o n s t r a b ly  no t  met .  However, r a t h e r  uhan w as te  t h i s  d a t a  i t

2 50.



was d e c i d e d  bo p ro ce ed  w i th  f u r t h e r  a n a l y s i s  and c o n s i d e r  t h e  

r e s u l t s  t o  be undermined by t h e  l a c k  of  s t a b i l i t y  of  t h e  r e s p o n s e  

p r o b a b i l i t i e s .  T h i s  f u r t h e r  a n a l y s i s ,  a s  d e s c r i b e d  i n  t h e  

i n b r o d u c t i o n  i s  by f u n c t i o n a l  measurement t o  i n v e s t i g a t e  two 

a d d i t i v e  i n f o r m a t i o n  i n t e g r a t i o n  m odels .  The second column of  

t a b l e  7 . 1  shows th e  number of  gamble p a i r s  f o r  e ach  s u b j e c t  

whose p r e f e r e n c e  f r e q u e n c i e s  were n o t  ze ro  o r  one.  S ince  th e  

number of  p a i r s  i n  each  case  i s  33 i t  i s  c l e a r  t h a t  z e ro  and 

one p r e f e r e n c e  f r e q u e n c i e s  d id  no t  do m ina te .  Thus,  p a r a m e t e r  

e s t i m a t i o n  by Bock and J o n e s '  methods i s  n o t  l i k e l y  t o  be to o  

b i a s e d  and t h e  goodness  o f  f i t  s t a t i s t i c s  w i l l  p r o b a b ly
t

a p p ro x im a te  t h e  a s y m p to t i c  ones q u i t e  w e l l .

The r e s u l t s  of th e  Bock and J o n e s '  f u n c t i o n a l  

measurement  a n a l y s i s  a r e  p r e s e n t e d  i n  t h e  u s u a l  way. F i r s t  t h e  

g o o d n e ss  o f  f i t  o f  t h e  b a s i c  T h u rs to n e  model i s  shown i n  t a b l e

7 . 2 .  From t h e  e s t i m a t i o n  c h i - s q u a r e s  i t  i s  c l e a r  t h a t  t h e  n u l l  

h y p o t h e s i s  o f  a l l  e q u a l  s u b j e c t i v e  v a l u e s  can  be r e j e c t e d  a t  

bke . 1 $ . l e v e l  f o r  a l l  s u b j e c t s .  Tne e r r o r  c h i - s q u a r e s  a r e  a l l  

n o n - s i g n i f i c a n t  showing t h a t  t h e  f i t  of  model t o  d a t a  i s  good.

The same c an n o t  be s a i d  o f  the  a d d i t i v e  submodels  t h a t  were 

c o n s i d e r e d .  The goodness  o f . f i t  o f  t h e  g e n e r a l  a d d i t i v e  and 

l i n e a r  a d d i t i v e  models  d e f i n e d  i n  the  i n t r o d u c t i o n  i s  shown i n  

bable  7 . 3 .  A l l  e s t i m a t i o n  c h i - s q u a r e s  a r e  s i g n i f i c a n t ,  showing 

t h a t  b o t h  models  a c c o u n t  f o r  more v a r i a n c e  t h a n  e x p ec te d  by 

c h a n c e .  Most e r r o r  c h i - s q u a r e s  a r e  s i g n i f i c a n t  a l s o ,  however 

showing t h e  models  do no t  f i t  to o  w e l l .  I n  p a r t i c u l a r ,  t h e  

e r r o r  c h i —s q u a r e s  a s s o c i a t e d  w i th  t h e  l i n e a r  a d d i o i v e  model 

a r e  s i g n i f i c a n t  f o r  4- s u b j e c t s  and bhose a s s o c i a t e d  w i th  t h e  

g e n e r a l  a d d i t i v e  model a r e  s i g n i f i c a n t  f o r  s u b j e c t s .  The



more s u c c e s s f u l  model i s  t h e  g e n e r a l  a d d i t i v e  one, and i n  

f i g u r e  7 . 5  s u b j e c t i v e  v a l u e s  p r e d i c t e d  by i t  a r e  p l o t t e d  

a g a i n s t  t h o s e  o b t a in e d  d i r e c t l y  from th e  d a t a  f o r  each s u b j e c t .  

The g ra p h  f o r  s u b j e c t  3 i n d i c a t e s ,  t h a t  t h e r e  i s  a s i n g l e  p o i n t  

w e l l  away from t h e  observed  = p r e d i c t e d  l i n e .  P o s s i b l y  t h e  bad 

f i t  o f  t h e  model f o r  t h i s  s u b j e c t  can l a r g e l y  be a t t r i b u t e d  t o  

t h i s .

The g r a p h s  of  f i g u r e  7 .6  a r e  p l o t s  o f  e s t im a te d  

s u b j e c t i v e  v a l u e s  o f  a l t e r n a t i v e s  a g a i n s t  one or o t h e r  of t h e i r  

p a r a m e t e r  v a l u e s ,  f o r  s u b j e c t s  5 and 3. Por  s u b j e c t  5 i t  can 

be s e e n  t h a t  a l l  9 g ra p h s  a r e  ro u g h ly  p a r a l l e l .  Anderson (1970)  

d i s c u s s e s  g r a p h i c a l  t e s t s  o f  goodness  o f  f i t  f o r  a d d i t i v e  

f u n c t i o n a l  r e l a t i o n s h i p s .  The c o n d i t i o n  t h a t  must be met f o r  

such r e l a t i o n s h i p s  i s  p a r a l l e l i s m .  S u b je c t  5 ' s  g rap h s  

t h e r e f o r e  s u p p o r t  th e  o t h e r  r e s u l t s  f o r  t h e  g e n e r a l  a d d i t i v e  

m odel .  S u b j e c t  3 ' s  g r a p h s  a l s o  su pp o r t  th e  p r e v i o u s  r e s u l t s  

a s  p a r a l l e l i s m  c l e a r l y  does  no t  h o ld .  The d e p a r t u r e  from 

p a r a l l e l i s m  may h e l p  bo d e t e c t  th e  source  of f a i l u r e  of th e  

a d d i t i v e  model .  T h is  f a i l u r e  seems to  be due to  some 

a l t e r n a t i v e s  w i th  PA = .50  no t  be ing  v a lu e d  a s  much a s  e x p ec te d  

i n  c o m p a r is o n  w i th  th e  o t h e r  a l t e r n a t i v e s ,  e s p e c i a l l y  when 

77 = 65p o r  15 P» Tne a l t e r n a t i v e  w i th  '*V = b5.p, 1> = odp, and 

PA = .5 0  i s  p a r t i c u l a r l y  lo w er  t h a n  ex pec ted  and i s  th e  

n o t a b l y  d e v i a n t  one i n  f i g u r e  7 . 5 .  T h is  seems t o  be t h e  

so u rc e  of d e p a r t u r e  from a d d i t i v i t y  -  a W x PA i n t e r a c t i o n .

The rough  g r a p h i c a l  method to  d e t e c t  t h e  d e p a r t u r e  from 

a d d i t i v i t y  d id  no t  y i e l d  c l e a r  r e s u l r s  r o r  s u b j e c t  1 so iu  i s  

n o t  r e p o r t e d ,  more r e f i n e d  methods were not  w a r ra n te d  f o r



e i t h e r  s u b j e c t  a s  no a l t e r n a t i v e  i n f o r m a t i o n  i n t e g r a t i o n  model 

t o  s u b s t i t u t e  f o r  a d d i t i v e  ones h a s  emerged from t h e o r e t i c a l  

d i s c u s s i o n s .

I n  c o n c l u s i o n ,  t h e n  i t  can be s a id  t h a t  t h e  g e n e r a l  

a d d i t i v e  model p r e d i c t e d  th e  d e c i s i o n s  of 3 s u b j e c t s  q u i t e  

w e l l ,  b u t  s i g n i f i c a n t  i n t e r a c t i o n s  between t h e  a l t e r n a t i v e ' s  

p a r a m e t e r s  were found f o r  t h e  o t h e r  2 s u b j e c t s ,  f o r  one of  th e  

s u b j e c t s  t h e  so u rce  of i n t e r a c t i o n s  was r e v e a l e d  q u i t e  c l e a r l y  

by g r a p h i c a l  means b u t  f o r  th e  o t h e r  i t  was n o t .  Doubt a bou t  

t h e  p o s i t i v e  r e s u l t s  f o r  t h e  g e n e r a l  a d d i t i v e  model i s  

w a r r a n t e d  b e c a u se  t h e  r e s p o n s e  p r o b a b i l i t i e s  f o r  2 o f  th e  3 

s u b j e c t s  f o r  whom t h e  model f i t t e d  were u n s t a b l e .  T n is  a t t e m p t  

co e x te n d  t h e  domain of  s imple  i n f o r m a t i o n  i n t e g r a t i o n  models 

n a s  n o t ,  t h e r e f o r e  been  unanimously  s u c c e s s f u l .  The 

i m p l i c a t i o n s  o f  t h i s  a r e  d i s c u s s e d  i n  th e  f i n a l  c h a p t e r .



Table. 7 . 1 .

Jonkheere and Bovver's H ete ro g e n e ity  o f ■ Trend T e a t .

S u b ject  2 n ,*

1 -0 .8 4 4  32

2 2 .909** 15

3 1 .838  18

4 1 .5 1 7  31

5 3 .136** 30

*N i s  t h e  number of  no n -ze ro  or  one p r e f e r e n c e  f r e q u e n c i e s  

** i n d i c a t e s  s i g n i f i c a n c e  a t  t h e  ifo l e v e l .

Table  7 . 2 .

The G-oodness of  F i t  o f  t h e  b a s i c  T h u r s t o n ia n  Model.

S u b j e c t C h i - sq u a re s

E s t i m a t i o n E r r o r T o t a l

1 102.082*** 10.062 112.144

2 167.362*** 5.292 172 .654

3 177.216*** 6.977 184.193

4 95.613*** 7.234 102.847

5 98.518*** 6.492 105.010

D e g r e e s  o f  
Freedom 24 9 33

* * * i n d i c a t e s  s i g n i f i c a n c e  a t  th e . I afo l e v e l .

S i g n i f i c a n c e s  of t o t a l  c h i - s q u a r e s  a r e  n o t shown,

th o u gh  a l l a r e  s i g n i f i c a n t  a t t h e  .l/o  l e v e l .

254.



Table  7 . 3 . ,

G-oodness of F i t  o f  t h e  Genera l  and L in e a r  A d d i t i v e  Models.

S u b j e c t

1

2

3

4

5

: C h i - s q u a r e s

.Genera l  A d d i t i v e  

E s t im a t i o n '  E r r o r

55.37***

142.70***

133.62***

7 8 . 10* * *

75.15***

46.71*** 

2 4 . 6 6  

43.60*** 

17 .51  

23.37

L i n e a r  A d d i t iv e  

E s t i m a t i o n  E r r o r  

49 .81***

141.40***

122.54***

43.67***

6 0 . 76* * *

52.26***

25.96

54.66***

51.95***

37.76*

D e g r e e s  of 
Freedom 18 3 21

*** i n d i c a t e s  s i g n i f i c a n c e  a t  t h e  .1$  l e v e l  

* i n d i c a t e s  s i g n i f i c a n c e  a t  t h e  5$ l e v e l .
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Figure 7*5.
Graphs of subjective values estimated directly from the data 
against those predicted by the general additive model.
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Chapter 8 .

C o n c lu s io n s .

Q u a l i t a t i v e  Funct i o n a l  A n a l y s i s .

I n  t h i s  s e c t i o n  t h e  QFA r e s u l t s  of  c h a p t e r  5 ' s

r e s u l t s  d e s c r i b e d  i n  c h a p t e r  4» As w e l l  a s  t h i s  s u b s t a n t i v e  

d i s c u s s i o n  a n  a t t e m p t  w i l l  be made t o  e v a l u a t e  t h e  methodology 

d e v e lo p e d  i n  c h a p t e r  2 i n  t h e  l i g h t  of i t s  a p p l i c a t i o n  i n  

c h a p t e r  5. 'The s u b s t a n t i v e  and. m e th o d o lo g ic a l  d i s c u s s i o n s  w i l l  

be k e p t  s e p a r a t e .  Some of t h e  aims of  t h e  d i s c u s s i o n s  w i l l  be 

bo s u g g e s t  how and where QPA might be b e s t  employed i n  t h e  

f u t u r e  s tu d y  of i n d i v i d u a l  d e c i s i o n  making.

The main s u b s t a n t i v e  i s s u e s  r a i s e d  i n  e x p e r im e n t s  1 

and 3 were w h e th e r  p r e f e r e n c e s  f o r  s imple  gambles  cou ld  be 

d e s c r i b e d  b}/-' t h e  m u l t i p l i c a t i v e  r e p r e s e n t a t i o n  f o r   ̂ =<C'£xS,4 

and w h e th e r  t h o s e  f o r  3 - p a r a m e te r  duplex  gambles could  be 

d e s c r i b e d  by th e  d u a l - d i s t r i b u t i v e  r e p r e s e n t a t i o n  f o r

by v i r t u e  of  t h e i r  co n sequences  v i o l a t i n g  t h e  su re  t h i n g  

p r i n c i p l e .

F i r s t ,  l e t  u s  c o n s i d e r  th e  c h o i c e s  made f o r  s im ple

u s i n g  p a i r  co m p ar ison s  can only c o n s i d e r  a r e l a t i v e l y  sm a l l  

number o f  gamble p a i r s .  Thus, i n  th e  two p r e v i o u s  obu d ies

e x p e r i m e n t s  w i l l  be d i s c u s s e d  i n  r e l a t i o n  to  t h e  p r e v i o u s  QPA

O th e r  r e p r e s e n t a t i o n s  were r e j e c t e d

gam bles  by t h e  s i n g l e  s u b j e c t  i n  expe r im en t  1. Any e x p e r im e n t

o ^ a r t i c u l a r  c o n d i t i o n  in  mind 

t e s t  t r i p l e  c a n c e l l a t i o n  and



T v ersk y  (1969)  wanted t o  t e s t  t r a n s i t i v i t y  of p r e f e r e n c e .  The 

gam bles  used  i n  exper im en t  1 were chosen b e ca u se  i t  was hoped 

to t e s t  t h e  t r a n s i t i v i t y  and doub le  c a n c e l l a t i o n  of i n d i f f e r e n c e .  

: owever i n d i f f e r e n c e  d id  not  a p p e a r  to  p la y  a m ajor  r o l e  in  

the  s u b j e c t s '  c h o i c e s .  I n  f a c t  many of  t n e  observed  p r e f e r e n c e  

f r e q u e n c i e s  were c lo s e  t o  zero  or  one. I f  t h i s  s u b j e c t ' s  

c h o i c e s  be tween  s im ple  gambles were go ing  t o  be d e te rm in ed  by 

i n d i f f e r e n c e  to  any g r e a t  e x t e n t  i t  i s  r e a s o n a b l e  t o  suppose 

i t  would have  been a p p a r e n t  i n  t h i s  ex p e r im e n t ,  s i n c e  t h e  

gam bles  d i f f e r e d  l i t t l e  i n  p a y o f f s  and p r o b a b i l i t i e s .

Thus,  t h e  b road  c o n c lu s io n  t h a t  t h e  d a t a  s a t i s f i e d  

the 3EU model i s  t h e  only one t h a t  can be drawn, because  no 

p a r t i c u l a r  consequence  was s u b j e c t e d  to r i g o r o u s  t e s t .  T h i s  

a g r e e s  w i th  su p p o r t  f o r  t h e  3EU model found by Coombs e t  a l  

and w i th  c e r t a i n  s t u d i e s  a p p ly in g  QTA. to  s imple  gambles which d id  

n o t  use  c h o ic e  d a t a .  Among t h e s e  a r e  Tversky ( 1967a)b )  and 

W a l l e s t e n  (1 9 7 1 ) .  I t  i s  c l e a r  t h a t  c ho ic e  d a t a  from more 

s u b j e c t s  shou ld  be c o l l e c t e d  to  see i f  t h e r e  a r e  peop le  f o r  

whom a f a i r  number of  c h o ic e s  a r e  de te rm in ed  by i n d i f f e r e n c e .

Then t h e  r i g o r o u s  t e s t s  of  i n d i f f e r e n c e  could  be c a r r i e d  o u t .

When t h e  e x p e r i m e n t s  were b e in g  p lanned  however, p rob lem s 

e x i s t e d  which would have mao.e t h i s  d i n i c u l t .  buch d i f f i c u l t i e s  

d id  n o t  e x i s t  f o r  s t a t e m e n t s  or p r e f e r e n c e ,  i n u s  a f u r t h e r  

p robe  i n t o  t h e  n a t u r e  of i n d i f f e r e n c e  was c a r r i e d  out  by 

c o l l e c t i n g  s t a t e m e n t s  o f  p r e f e r e n c e  i n  ex p er im en t  2.

T h is  ex e r im en t  pu t  t h e  i n d i f f e r e n c e  problem i n  

p e r s p e c t i v e .  I t  showed s h a t  i n d i f f e r e n c e  d id  a p p e a r  t o  be

r u c t u r e l e s s ,  bu t  i t  d id  not  a p p ea r  to  p la y  an im p o r ta n t  p a r ts b



i n  t h e  way p e o p le  c o n s id e r e d  s imple  gambles .  A gain ,  g e n e r a l  

s u p p o r t  f o r  t h e  SAU model was found .  Exper iment  2 v i n d i c a t e s  

to some e x t e n t  e a r l i e r  s t u d i e s  ( e . g .  Coombs e t  a l  (1967) ,

Bagot  ( 1 9 5 9 ) )  which e x p l i c i t l y  excluded  i n d i f f e r e n c e  from t h e i r  

m od e ls .  P r o b a b ly ,  s t r i c t  p r e f e r e n c e  models w i th  e r r o r s  

d e f i n e d  s im ply  w i l l  be a d eq u a te  i n  f u t u r e ,  though  f u r t h e r  c h o ic e  

d a t a  t o  check  th e  minor r o l e  of i n d i f f e r e n c e  should  be sought  

when m e t h o d o l o g ic a l  problems p r e v e n t in g  t h i s  have been  

e l i m i n a t e d .  In  a d d i t i o n  T v e r s k y ' s  exper im en t  should  be 

r e p l i c a t e d  i n  such a way th a t '  b o th  p r o b a b i l i t y  and p a y o f f  

d im e n s io n s  a r e  p r e s e n t e d  e x p l i c i t l y .  The work s t i l l  t o  be 

done w i th  QPA of s im ple  gambles ,  t h e n  i s  to  g iv e  r i g o r o u s  

t e s t s  o f  each  of t h e  4 m a in .co n seq u e n ce s  of SEU u s i n g  gamble 

p a i r s  s e l e c t e d  s p e c i f i c a l l y  w i th  t h i s  i n  mind, and assuming 

a n  a p p r o p r i a t e  e r r o r  model .  B inary  c h o ic e s  should  be th e  main 

d a t a  b u t  i t  should  be su p p o r te d  w i th  s t a t e m e n t s  d a ta  from 

l a r g e r  nu/mbers of s u b j e c t s .

S i m i l a r  c o n c l u s i o n s  a r e  to  be drawn from exper im en t  3, 

i n  which th e  QEA of 3—p a ra m e te r  duplex  gambles was c a r r i e d  o u t .

I n  t h i s  e x p e r im en t  th e  gamble p a i r s  were no t  s e l e c t e d  w i th  any 

p a r t i c u l a r  consequence  of SAU i n  mind. B a t h e r ,  s i n c e  uhere 

a r e  no o t h e r  QEA s t u d i e s  of d e c i s i o n  making und e r  u n c e r t a i n t y  

u s i n g  3 d im e n s io n a l  a l t e r n a t i v e s  i t  was hopeo. to  e a r r y  ou t  a 

b ro ad  "goodness  of f i t "  type  t e s t  of r e p r e s e n t a t i v e  p a i r s  of  

d u p le x  gam bles .  U n f o r t u n a t e l y ,  th e  more r e p r e s e n t a t i v e  t h e  

b a s i c  s e t  o f  gambles t h e  l e s s  r i g o r o u s  i s  t h e  t e s t i n g  of  S S I ' s  

c o n s e q u e n c e s .  Tne t e s t  of  orU i n  exper im ent  3, t h e n  was not  

p a r t i c u l a r l y  p o w e r fu l ,  n e v e r t h e l e s s ,  the  SsU model was su p p o r te d
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by b^ese r e s u l t s .  The n e x t  s t e p ,  a g a i n  a f t e r  s o l v i n g  

m e t h o d o l o g i c a l  p rob lem s should be t o  t e s t  each main consequence  

r i g o r o u s l y  by o b s e r v in g  c h o ic e s  from c a r e f u l l y  s e l e c t e d  gamble 

pa i r  s .

Some o f  t h e  u n r e s o lv e d  m e th o d o lo g ic a l  p rob lem s of 

vjFA s tem  f ro m  th e  n e c e s s i t y  to  impose a s t a t i s t i c a l  model on 

che a l g e b r a i c  s t r u c t u r e s  which u n d e r ly  t h e  r e p r e s e n t a t i o n  

h y p o t h e s e s ,  l o r  s t a t e m e n t s  o f  p r e f e r e n c e  d a t a  t h e  s t a t i s t i c a l  

m ode ls  ( e . g .  t h e  s imple  e r r o r  model)  and a l g e b r a i c  s t r u c t u r e s  

f i t  t o g e t h e r  q u i t e  n e a t l y .  There i s  only one prob lem : how t o  

maximize t h e  l i k e l i h o o d  o f  t h e  d a t a  und e r  t h e  r e s t r i c t i o n  of 

t h e  q u a l i t a t i v e  c o n d i t i o n s .  T h is  problem i s  a l l  b u t  s o lv e d .

Tne a p p r o p r i a t e  a l g o r i t h m  i s  known bu t  n o t  programmed. The 

i n t e r i m  s o l u t i o n  a d o p te d  i n  exper im en t  2 was a c t u a l l y  q u i t e  

r e a s o n a b l e  and s t r a i g h t  fo rw ard  t o  c a r r y  o u t .  Comparing 

o b s e r v a t i o n s  ( i n  t h i s  c ase  p e rc e n t a g e  v i o l a t i o n s  of  c o n d i t i o n s )  

w i th  Monte C a r lo  r e s u l t ' s  of  " s t a t i s t i c a l  s u b j e c t s "  behaving  

s t r i c t l y  i n  a cc o rd a n c e  w i th  th e  model i s  an o r thodox  s o l u t i o n  

to model t e s t i n g  when a n a l y t i c  r e s u l t s  a r e  unknown.

The same s a t i s f a c t o r y  p i c t u r e  has  no t  emerged w i th  

r e g a r d  to  b i n a r y  c h o ic e  d a t a .  There were 2 main p ro b lem s:  

i )  which p r o b a b i l i s t i c  model to  choose and i i )  how t o  maximize 

t h e  r e s t r i c t e d  l i k e l i h o o d  of  t h e  d a t a  when some p r o b a b i l i s t i c  

model i s  assumed.  I f  s a t i s f a c t o r y  s o l u t i o n s  t o  t h e s e  p rob lem s  

c o u ld  be found l i k e l i h o o d  r a t i o  t e s t s  of th e  co n sequ en ces  o f  

i n f o r m a t i o n  i n t e g r a t i o n  models ,  p a r a l l e l  to those  f o r  s t a t e m e n t s  

o f  p r e f e r e n c e  d a t a ,  co u ld  be c a r r i e d  o u t .  The s o l u t i o n  p roposed  

i n  c h a p t e r  2 was n o t  p a r t i c u l a r l y  s a t i s f a c t o r y ,  f i r s t  of  a l l
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^ o r ib ia e r  t h e  c h o ic e  of  p r o b a b i l i s t i c  model. ’ The c ho ic e  was 

narrow ed  down t o  p r o b a b i l i s t i c  models 1 and 2 on g rou n ds  t h a t  were 

d i s c u s s e d  a t  l e n g t h  and s t i l l  h o ld .  But ,  when p r o b a b i l i s t i c  

model 1 i s  a c t u a l l y  a p p l i e d  i t  i s  c l e a r  t h a t  t h e  v a lu e  o f  i t s  

p a r a m e t e r ,  which f i t s  th e  d a t a  b e s t  i n  g e n e r a l  i s  oC = 0 . 5 ,  

which i s  no t  a c c e p t a b l e .  T h is  should  l e a d  us t o  r e j e c t  model 

1 and assume p r o b a b i l i s t i c  model 2 i n  o r d e r  to  make th e  t e s t s .  

U n f o r t u n a t e l y  t h i s  was n o t  p o s s i b l e  a s  i t  was no t  known how t o  

s o l v e  p rob lem  i i )  above f o r  p r o b a b i l i s t i c  model 2. Thus,  

i t  was n e c e s s a r y  t o  assume model 1 and no t  a c c e p t  0 .5  which

l e d  to  a l l  k i n d s  o f  d i f f i c u l t i e s ,  t h e  most p rom inent  b e in g :

a )  t h e  a r b i t a r i n e s s  of  th e  s e l e c t i o n  of  ©£ and b)  th e  c o n d i t i o n a l i t y

of  t n e  l i k e l i h o o d  r a t i o  t e s t  when model 1 i s  assumed.

T h i s  p o s i t i o n  changes  somewhat i f  t h e  i m p l i c a t i o n s  of  

t h e  s u b s t a n t i v e  f i n d i n g s  abou t  i n d i f f e r e n c e ,  p r e v i o u s l y  d i s c u s s e d  

a r e  f o l lo w e d  up. I f  i n d i f f e r e n c e  p l a y s  a minor  r o l e  i n  human 

d e c i s i o n  making,  i t  need be c o n s id e r e d  i n  n e i t h e r  r e p r e s e n t a t i o n  

h y p o t h e s i s  n o r  p r o b a b i l i s t i c  model.  F i r s t  o f  a l l ,  i f  

i n d i f f e r e n c e  i s  not  c o n s id e r e d  an ^  v a lu e  of 0 . 5  i n  

p r o b a b i l i s t i c  model 1 does not  a p p e a r  to  be so o b j e c t i o n a b l e ,  

which removes t h e  oroblem a )  above.  However, more s i g n i f i c a n t l y  

a l l  o b . l e c t i o n s  save one d i s a p p e a r  f o r  p r o b a b i l i s u i c  model 2.

T h i s  comes about  because  a l i n e a r  programming method 

of  m axim iz ing  t h e  r e s t r i c t e d  l i k e l i h o o d  i n  the g e n e r a l  c a s e  

becomes p o s s i b l e .  The maximum l i k e l i n o o d  p a t t e r n  of  p r e f e r e n c e s  

r e s t r i c t e d  by th e  ( q u a l i t a t i v e  c o n d i t i o n s  c o n s id e r e d  ana assuming 

p r o b a b i l i s t i c  model 2 i s  simply t h a t  p a t t e r n  w i th  minimum 

r e v e r s a l s  o f  t h e  observed  . r e f e r e n c e s  which s a t i s f i e s  t h e
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c o n d i t i o n s .  The a l g o r i t h m  to .  do t h i s  i s  t h a t  g iv e n  i n  

a p p e n d ix  f  w i th  i n d i f f e r e n c e  o m it ted  and t h e  c o e f f i c i e n t s  o f  

the b i n a r y  v a r i a b l e s  i n  t h e  o b j e c t i v e  f u n c t i o n  changed a s  

i o l i o w a s  f o r  v a r i a b l e  x . . t h e  c o e f f i c i e n t  becomes t h e  number
J_ J

of t im e s  a.  was chosen  ove r  a . .  The n o t a t i o n  above i s
J

d i f f e r e n t  t o  t h a t  used in  t h e  append ix  b u t  th e  meaning shou ld  be 

c l e a r .  Now, th e  b e s t  r e s t r i c t e d  e s t i m a t e  of I— </, th e  p r o b a b i l i t y  

t h a t  o b se rv ed  and t h e o r e t i c a l  p r e f e r e n c e s  c o i n c i d e  becomes 

the  , r o p o r t i o n  of ob se rved  and t h e o r e t i c a l  p r e f e r e n c e s  which 

c o i n c i d e .  The p a r a l l e l  of t h i s  case  w i th  t h a t  o f  s t a t e m e n t s  

d a t a  and t h e  s im ple  e r r o r  model should  be o b v io u s .  T h is  

s a t i s f a c t o r y  s o l u t i o n  i s  an  i n c e n t i v e  t o  a c t u a l l y  programming 

the m a x im iz a t io n  a l g o r i t h m ,  which rem ains  t h e  only  problem.

I t  sh o u ld  be  remembered t h a t  th e  above s o l u t i o n  d id  no t  o c c u r  

e a r l i e r  a s  t h e n  t h e r e  was no s u b s t a n t i v e  r e a s o n  t o  ex c lu d e  

i n d i f f e r e n c e  from th e  m odels .  But i f  i t  can s a f e l y  be a d o p te d  

the  f u t u r e  of QFA l o o k s  much more p r o m is in g .

f u n c t i o n a l  Measu r e m e n t .

The s u b s t a n t i v e  f i n d i n g s  from t h e  f u n c t i o n a l  

measurement  a n a l y s i s  of t h e  s t a t i c  and s e q u e n t i a l  e x p e r im e n t s  

(numbers  1 ,  3 and 5) w i l l  be compared to  p r e v i o u s  r e s u l t s  

r e g a r d l e s s  o f  what dependen t  v a r i a b l e  t h e y  u se d .  How much 

w e igh t  t o  g iv e  t o  p r e s e n t  r e s u l t s  i n  view of t h e i r  r e l i a b i l i t y  

w i l l  be one of  t h e  main p o i n t s  d i s c u s s e d .  The Monte c a r l o  

e x p e r i m e n t s  c a r r i e d  out  a r e  p a r u i c u l a r l y  im p o r t a n t  in  t h i s
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c o n t e x t .

The d a t a  from t h e  s i n g l e  s u b j e c t  i n  e x p e r im en t  1 

a l l o w e d  t e s t s  of  d i f f e r e n t  models to be c a r r i e d  ou t  on 2 s e t s  

of  d a t a .  Both t e s t s  showed c o n s i d e r a b l e  su p p o r t  f o r  Slovicfs 

a d d i t i v e  model .  T h is  c o n t r a d i c t e d  th e  r e s u l t s  of  t h e  m ajo r  

s t u d i e s  u s i n g  s imple  gambles ,  i . e .  Tversky  (1967a )b ) )  and 

A nde rson  and Shan teau  (19 7 0 ) .  These s t u d i e s ,  which in v o lv e d  

b i d s  o r  r a t i n g s  f o r  gambles suppor ted  a m u l t i p l i c a t i v e  model, 

i n  e x p e r im e n t  1 more th a n  50$ of the  re s p o n se  p r o b a b i l i t i e s  • 

were z e ro  o r  one. T h is  would l e a d  one to  e x p e c t ,  i n  view o f  

what was s a i d  i n  c h a p t e r  3 t h a t  t h e r e  would be b i a s  i n  t h e  

e s t i m a t e s  of  s u b j e c t i v e  v a l u e .  T h is  underm ines  th e  r e s u l t  o f  

e x p e r im e n t  1 w i th  r e s p e c t  to  th e  f u n c t i o n a l  measurement.

S ince  a l s o  t h e r e  was only  one s u b j e c t  and on ly  a narrow ran g e  

of simde g a m bles  was used c a u t i o n  should  be e x e r c i s e d  i n  d raw ing  

c o n c l u s i o n s  f rom t h e  su p p o r t  f o r  S l o v i c ’ s model. From th e  

p o i n t  of  v iew  of  f u n c t i o n a l  measurement t h i s  e x p e r im en t  shou ld  

be r e g a r d e d  a s  e x p l o r a t o r y  o n ly .  B e fo re  i t  could  be shown 

t h a t  a r e a l  c o n t r a d i c t i o n  of  th e  r a t i n g  and b i d d in g  e x p e r im e n t s  

o c c u r r e d  d a t a  from more s u b j e c t s  w i th  a w id e r  rang e  o f  gaxmbles 

i s  need ed .

T h is  l e a v e s  e x p e r im e n ts  3 and 5 which b o th  used th e  

same p a i r  com par ison  d e s ig n  in v o lv i n g  dup lex  gambles ( tho u g h  

i n  o t h e r  a s p e c t s  th e  e x p e r im e n ts  were ve ry  d i f f e r e n t ) .  The 

■previous s t u d i e s  d i r e c t l y  r e l e v a n t  to  t n ^ s e  a r e  Anderson and 

S h an tea u  (1970J which used r a t i n g s ,  31o\/ic and L i ^ h e n s t e i n  

( 1 9 5 3 a ) )  .and A n dr ien n sen  (1971) which b o th  used r a t i n g s  and 

b i d s  . The r e s u l t s  from t h e s e  s t u d i e s  a r e  c o n G r a d ic o o r y , some

275.



s u p p o r t i n g  S i o v i c ' s  a d d i t i v e  model and o t h e r s  t h e  3EU model.

I  lie p r e s e n t  e x p e r im e n t s  can shed some l i g h t  on t h i s  b e ca u se  

b h e i r  f u n c t i o n a l  measurement  r e s u l t s  a r e  no t  l i k e l y  t o  he 

s u s p e c t .  Only a modera te  p r o p o r t i o n  of ze ro  o r  one p r e f e r e n c e  

:lr e q u e n c i e s  were found .  For most s u b j e c t s  i n  exper im en t  3 

t h e r e  were a b ou t  33/k ze ro  o r  one p r e f e r e n c e  f r e q u e n c i e s  and 

l e s s  f o r  s u b j e c t s  i n  e x p e r im en t  5. Evidence  from th e  Monte 

C a r lo  s i m u l a t i o n s  s u g g e s t s  t h a t  t h e  e s t i m a t i o n  and goodness  of 

f i t  p r o c e d u r e s  w i l l  be r e l a t i v e l y  r e l i a b l e  i n  such  c a s e s .

I n  exp er im en t  3 i t  was p o s s i b l e  to  r e j e c t  t h e  

h y p o t h e s i s  t h a t  a l l  s u b j e c t i v e  v a l u e s  were e q u a l  f o r  9 of  t h e  

10 s u b j e c t s .  In  expe r im en t  5 t h i s  was p o s s i b l e  f o r  only 1 of  

ahe 5 s u b j e c t s .  The d a t a  from t h e s e  “non-random" b e h av in g  

s u b j e c t s  was examined f o r  goodness  of  f i t  w i th  r e s p e c t  to  

S i o v i c ' s  a d d i t i v e  model and a l i n e a r  SOU model .  For  3 of t h e  

s u b j e c t s  t h e  l i n e a r  SEU model was s i g n i f i c a n t l y  s u p e r i o r ,  t o  

S i o v i c ' s  model even i f  t h e  fo rm er  was i t s e l f  r e j e c t e d .  T h is  

c o n t r a d i c t s  S lo v i c  and L i c h e n s t e i n  (1 9 6 8 a ) )  and A n d r ien n sen  

( 1 9 7 1 ) .  By comparing S i o v i c ' s  model t o  o t h e r s  we' have shown 

up i t s  f a i l u r e .  A c r i t i c i s m  of t h e s e  o t n e r  s t u d i e s  i s  t h a t  

t h e y  f a i l e d  t o  make such a com par ison ,  m ere ly  b e in g  c o n t e n t  

w i th  s t a t i n g  t h a t  p i l o t  s t u d i e s  " i n d i c a t e d "  t h i s  was n o t  n e c e s s a r y .

The above r e j e c t i o n  of S i o v i c ' s  model does  no t  

a u t o m a t i c a l l y  imply a c c e p ta n c e  .of th e  SEU i n t e g r a t i o n  r u l e .

A s e p a r a t e  t e s t  of  t h i s  was made. Two more g e n e r a l  models  were 

compared:  t h e  g e n e r a l  a d d i t i v e  model and th e  g e n e r a l  Si /lF model.  

B o th  of  t h e s e  models found g e n e r a l  s u p p o r t  i n  t h e  e x p e r i m e n t s .
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B u t ,  a s p e c i f i c  t e s t  of w he ther  t h e  g e n e r a l  SBU model was 

s i g n i f i c a n t l y  b e t b e r  t h a n  t h e  g e n e r a l  a d d i t i v e  model was 

p o s s i b l e .  T n i s  t e s t  r e v e a l e d  t h a t  f o r  7 of th e  "non—random" 

s u o j e c b s  t h e  g e n e r a l  omU model should  "be a c c e p t e d  and f o r  2 

ohe a d d i t i v e  model should  be a c c e p t e d .  Bor th e  r em a in in g  "non 

random" s u b j e c t  n e i t n e r  model cou ld  be a c c e p t e d .  These r e s u l t s  

c o n f i r m  t h e  g e n e r a l  c o n c l u s i o n  t h a t  was made i n  c h a p t e r  4 

r e g a r d i n g  p r e v i o u s  r e s e a r c h  u s in g  f u n c t i o n a l  measurement.

That  i s ,  s im p le  a d d i t i v e  models  accoun t  q u i t e  w e l l  f o r  p e o p l e ' s  

r e s p o n s e s  i n  many c a s e s .  But ,  where t h e s e  have been compared 

to  the  3BU model t h i s  has  g e n e r a l l y  been  shown to  be s u p e r i o r .

The e x a m in a t io n  by f u n c t i o n a l  measurement o f  a d d i t i v e  

and U i n f o r m a t i o n  i n t e g r a t i o n  r u l e s  i n  s t a t i c  and s e q u e n t i a l  

d e c x s i o n  s i t u a t i o n s  h a s  been  s u c c e s s f u l .  The Monte C a r lo  

r e s u l t s ,  and th e  r e s u l t s  of  th e  a c t u a l  e x p e r im e n t s  have 

v i n d i c a t e d  th e  use  of Bock and Jo n es  methods on sm a l l  amounts 

o f  c h o ic e  d a t a  from i n d i v i d u a l  s u b j e c t s .  As lo n g  a s  c a r e  i s  

t a k e n  n o t  t o  spply th e  t e c h n i q u e s  i n a p p r o p r i a t e l y  t h e r e  i s  no 

r e a s o n  why th e  p r o c e d u r e s  should  n o t  be used e x t e n s i v e l y  i n  

t h e  f u t u r e .

The S e q u e n t i a l  f a c t o r s  P r e v io u s  Outcomes and C u r re n t  C a p i t a l .

I n  c h a p t e r  4 i t  was proposed t h a t  e x p e r im e n t s  shou ld  

be c a r r i e d  out t o  examine s e q u e n t i a l  f a c t o r s  which were no t  

s u s c e p t i b l e  to  c e r t a i n  c r i t i c i s m s  of e a r l i e r  s t u d i e s .  I n  c h a p t e r  

5 t h i s  'was done.  P r o p e r t i e s  of th e  e x p e r im e n t s  (4 and 5) i n  

t h i s  c h a p t e r  i n c l u d e d :  i )  e x p e r im e n ta l  c o n t r o l s  t o  e l l i m i n a t e  

a r t e f a c t s  due to  r e s p o n se  b i a s  and t o  unconfound jhe p r i n c i p l e
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s e q u e n t i a l  f a c t o r s  and i i )  r a t h e r  b e t t e r  s t a t i s t i c a l  t e s t s  o f  

cn an g e s  i n  r e s p o n d in g  t h a n  had p r e v i o u s l y  been  u se d .  A l s o ,  t h e  

oibu.aui o n  was r e a l i s t i c ,  i n  the  sense  t h a t  t h e  s e q u e n t i a l  

i a c t o r s  were n o t  d e l i b e r a t e l y  emphasized more t h a n  t h e y  would 

be i n  a n a t u r a l  s e t t i n g .

G e n e r a l l y ,  th e  r e s u l t s  su p p o r te d  the  f i n d i n g  o f  

L i c h e n s t e i n  (1965)  and Edwards ( 1 9 5 4 a ) b ) d ) ) .  That  i s ,  n e i t h e r  

s e q u e n t i a l  f a c t o r  i n f l u e n c e s  p e o p l e ’ s c h o ic e s  i n  a s e t t i n g  

w e r e  s u b j e c t s  i n f o r m a t i o n  co rre sp o nd ed  t o  a c t u a l  p r o b a b i l i t i e s  

and p a y o f f s .  Exper im ent  4 resembled  t h a t  o f  S i g u e l  (1 9 6 9 ) ,  b u t  

d id  not  f i n d  s t r o n g  s e q u e n t i a l  d e p e n d e n c ie s .  T h i s  s u g g e s t s  

miat h i s  r e s u l t s  were a r t e f a c t u a l .

These n e g a t i v e  f i n d i n g s  of  c h a p t e r  6 a r e  i n  f a c t  

r a t h e r  u s e f u l .  They mean t h a t  s t a t i c  models w i l l  p ro b a b ly  be 

a d e q u a te  i n  s e q u e n t i a l  s i t u a t i o n s .  F u r th e rm o re ,  i t  h e l p s  us 

bo u n d e r s t a n d  b e h a v io u r  i n  dynamic s i t u a t i o n s  where p r e v i o u s  

outcomes and c u r r e n t  c a p i t a l  a p p a r e n t l y  d e te rm in e  what p e o p le  

c h o o se .  I t  s u g g e s t s  t h a t  i t  i s  no t  th e  change i n  f o r t u n e ,  o.r 

the r u n  o f  s u c c e s s  o r  f a i l u r e  i t s e l i  which a l t e r s  p e o p le s  c h o ic e s  

b a t h e r ,  i t  i s  due t o  dynamic f a c t o r s  which change concom m itan t ly  

w i th  s e q u e n t i a l  ones ,  most l i k e l y ,  t h e  f a c t  t h a t  p e o p l e ' s  

o p p o r t u n i t i e s  f o r  f u t u r e  d e c i s i o n s  change when bne.ir c a p i t a l  

d o es  i s  t h e  t r u e  d e te r m in a n t  of t h e i r  chang ing  b e h a v i o u r .

F i n a l l y ,  t h e r e  i s  t h e  f i n d i n g  t h a t  many peop le  a p p e a r  

t o  choose  a t  random i n  in d ep en den t  s e q u e n t i a l  s i t u a t i o n s .  In  

buie p r e s e n t ,  r a t h e r  narrow d i s c u s s i o n  of i n f o r m a t i o n  i n t e g r a t i o n  

m odels  t h i s  can be p a r s im o n io u s ly  e x p la in e d  bp s a y in g  th e r e  

was no d i f f e r e n c e  i n  s u b j e c t i v e  v a lu e  i n  the p a i r s  of a l t e r n a t i v e



oresen bed  bo t h e  s u b j e c t s .  Or i t  may be t h a t  w i th  a sm a l l  amount 

of d a t a  ib was no o p o s s i b l e  t o  d e t e c t  d i f f e r e n c e s  'which were 

a c o u a l l y  t n e r e .  I f  a p p a r e n t l y  random b e h a v io u r  i s  i n  f a c t  common 

i n  d e c i s i o n  making s i t u a t i o n s ,  however th e  mechanisms u n d e r l y i n g  

it'  must  be trie s u b j e c t  of a w ide r  e x p la n a t o r y  t h e o r y  of d e c i s i o n  

m aking.  I t  does  no t  seem l i k e l y  t h a t  i f  a s t r a t e g y  embodied 

i n  some f u n c t i o n a l  r e l a t i o n s h i p  model was a c t u a l l y  fo l lo w e d  by 

p e o p le  t h e n  th e y  would a r r i v e  a t  i n d i f f e r e n c e  so o f t e n .

Dynamic F a c t o r s  i n  D e c i s i o n  Mak i n g .

The f i n d i n g s  of c h a p t e r  7 a r e  c l e a r l y  ve ry  l i m i t e d .

They showed t h a t  p eo p le  to o k  a cc o u n t  of t h e  f a c t o r :  p r o b a b i l i t y  

of g o in g  t o  f a v o r a b l e / u n f a v o r a b l e  f u t u r e  d e c i s i o n  s t a t e s  i n  a 

s i m p le ,  d e c i s i o n  d e p en d e n t ,  dynamic s i t u a t i o n .  F u r t h e r  to  t h i s  

t h e y  showed t h a t  f o r  only some people  i s  i t  l i k e l y  t h a t  bhe 

above f a c t o r  would be i n t e g r a t e d  a d d i t i v e l y  w i th  o t h e r  f i r s t  

s t a g e  i n f o r m a t i o n  d im e n s io n s .  The f u t u r e  of  th e  a d d i t i v e  

model  l o o k s  b le a k  i n  t h e  c o n te x t  of dynamic d e c i s i o n  making 

s i t u a t i o n s .  However, some in fo rm s b io n  i n t e g r a t i o n  model must 

be a b l e  to  a cc o u n t  w e l l  f o r  the  d a ta  a s  th e  b a s i c  f h u r s t o n e  

s c a l i n g  model f i t t e d  very  w e l l  f o r  a l l  s u b j e c t s .

I n  the  d i s c u s s i o n  a t  t h e  b e g in n in g  of  c h a p t e r  7 i t  

was s u g g e s t e d  t r a t  any in f o r m a t i o n  i n t e g r a t i o n  s t r a t e g y  employed 

by DMs i n  dynamic s i t u a t i o n s  must n e c e s s a r i l y  oe r a t h e r  complex, 

m i r r o r i n g  t h e  com p lex i ty  of th e  a l t e r n a t i v e s  tn ao  th e y  r a c e .

The only  models s i m i l a r  t o  th e  ones d i s c u s s e d  i n  s t a t i c  s i t u a t i o n s  

which seem p l a u s i b l e  a r e  ones which p ropose  t h a t  e v a l u a t i o n s  

and i n f o r m a t i o n  i n t e g r a t i o n  i s  b roken  up inco  s t a g e s .  F o r
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i n s t a n c e ,  e v a l u a t i o n s  of some s i n g l e  i n f o r m a t i o n  d im e n s io n s  a r e  

maue, f o l lo w e d  by a p a r t i a l  i n t e g r a t i o n  of  t h e i r  s u b j e c t i v e  

v a l u e s  so t h a t  i m p r e s s io n s  a r e  formed of the s u b j e c t i v e  v a l u e s  

o.i. v a r i o u s  g ro u p s  of  i n f o r m a t i o n  d im e n s io n s .  F u r t h e r  i n t e g r a t i o n  

then  t a k e s  xj l a c e  t o  produce  s u b j e c t i v e  e v a l u a t i o n s  of  l a r g e r  

g r o u p s  o f  i n f o r m a t i o n  d im ensions  and so on u n t i l  an e v a l u a t i o n  

or t u s  whole a l t e r n a t i v e  i s  made. W ith in  t h e  c o n te x t  of  information 

i n t e g r a t i o n  models  c o n s id e r e d  i n  t h i s  s tu d y  such a s t a g e - l i k e  

model seems n e c e s s a r y  i f  only because  any DM h a s  on ly  a l i m i t e d  

i n f o r m a t i o n  p r o c e s s i n g  c a p a c i t y .

The n - r e p l i c a t e  p a i r  comparison  d e s ig n  i s  c l e a r l y  

no t  a p p r o p r i a t e  f o r  a com preh en s ive ’ e x a m in a t io n .o f  t h i s  .whole 

p r o c e s s ,  b e ca u se  of th e  number of i n f o r m a t i o n  d im en s ion s  

i n v o l v e d .  These i n c r e a s e  e x p o n e n t i a l l y  w i th  th e  number of  t im e  

s t a g e s  i n  th e  dynamic s i t u a t i o n .  More e f f i c i e n t  e x p e r i m e n t a l  

p a ra d ig m s  a r e  r e q u i r e s ,  i n v o lv in g  such d a ta  a s  r a t i n g s ,  b i d s ,  

s t a t e m e n t s  o f  p r e f e r e n c e  eic. Of c o u r s e ,  t h e  n - r e p l i c a t e  d e s i g n

u as  i t s  p l a c e  i n  c o n f i rm in g  r e s u l t s  from th e  more e f f i c i e n t  |
!

d a t a  found t o  b r o a d l y  su p p o r t  some model or o t h e r .  T h is  would 

nave to  be a t  one of  bhe i n t e r m e d i a t e  s t a g e s  of th e  grand j

e v a l u a t i v e  p r o c e s s  d e s c r i b e d  in  tne  p r e v i o u s  p a r a g r a p h .  Such 

s t u d i e s  to  v e r i f y  t h e  c o n c l u s i o n s  abou t  d e c i s i o n  making from 

"non—d e c i s i o n  making" s t u d i e s  ot d e c i s io n -m a k in g  b e h av io u r  a r e

o b v i o u s l y  n e c e s s a r y .

The above i s  meant to  defend e x pe r im en t  6 a g a i n s t

t h e  c h a rg e  t h a t  i t  i s  too  narrow i n  r a n g e .  As im p l i e d  above ,  I

t h e  n e x t  s t a g e  i n  s t u d y i n g  i n f o r m a t i o n  i n t e g r a t i o n  models  i n  j
dvnamic s i t u a t i o n s  i s  t o  bry t o  o b t a i n  some more com preh en s ive ,  |



J
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th o u g h  l e s s  d i r e c t  ev id en ce  abou t  th e  models .  .F o r  i n s t a n c e  

oy such  a p p r o a c h e s  a s  d i s c u s s e d  by G-.oldberg (1958) i n  h i s  review 

oi e i n j j i i i c a l  r e s e a r c h  on c l i n i c a l  and o t h e r  complex ju dg em en ts .  

The s t u d i e s  d i s c u s s e d  by Goldberg  d i f f e r  from s t u d i e s  o f  dynamic 

d e c i s i o n  making i n  th e  k in d ,  tnough not  th e  c o m p lex i ty  of th e  

a l t e r n a t i v e s  which must be e v a l u a t e d .  They show t h a t  i t  i s  

p o s s i b l e  t o  c a r r y  out e m p i r i c a l  r e s e a r c h  t o  f i n d  how peoo le  

e v a l u a t e  complex o b j e c t s .  An o b j e c t i o n  l e v e l l e d  a g a i n s t  them 

n as  b e en  t h a t  t h e  i n f o r m a t i o n  i n t e g r a t i o n  models  p roposed  may 

on ly  be p a ram orp h ic  d e s c r i p t i o n s  of  th e  ju d g em en ta l  p r o c e s s .

T h i s  c h a rg e  becomes p a r t i c u l a r l y  p l a u s i b l e  when t h e  number o f  

i n f o r m a t i o n  d im en s ion s  of th e  a l t e r n a t i v e s  judged by s u b j e c t s  

becomes v e ry  l a r g e .  However, i t  i s  a charge  t h a t  would be 

l e v e l l e d  a t  t h e  whole of the  p r e s e n t  s tudy  s in c e  no a l t e r n a t i v e  

c l a s s e s  o f  models were c o n s id e r e d  a t  any s t a g e .  For  t h i s  r e a s o n

it is discussed in the next section in bhe context of the whole 
study.

I n f o r m a t io n  I n t e g r a t i o n  m o d e ls : Homomorphic or  P a r amorphic?

It is appropriate in this last section to reconsider 
the philosophy underlying the experimental investigation which 
has been reported. Above all the view has been taken that 
verbal theories hide assumptions which one should be aware of 
a n d  implications which should be tested. The answer has been 
to try to state any models used in mathematical terms so t n a t  

t i,Lir assumptions become ex elicit anci oheir c onsevpueuceb deiivable 
a n d  testable. Theoretical xormalism nas been accompanied by one 
use of formal experimental methods. What were seen as



i m p o r t a n t  v a r i a b l e s  were c o n t r o l l e d  by e i t h e r  h o l d in g  them 

c o a o t a n t  or  v a ry in g  them in d e p e n d e n t ly  and s y s t e m a t i c a l l y  to  

b r i n g  out  t h e i r  e f f e c t  on the  dependen t  v a r i a b l e ,  th e  c h o ic e .

The v i r t u e s  of f o r m a l i z a t i o n  a r e  w e l l  known and i t s  v a l i d i t y  

i n  s c i e n t i f i c  endeavour  w i l l  not  be d i s c u s s e d .  B u t ,  fo rm al  

models  a r e  n e c e s s a r i l y  s p e c i f i c  and can only  c a p t u r e  a 

microcosm of r e a l i t y .  They need t o  be s e t  i n  a b r o a d e r ,  l e s s  

f o rm a l  c o n c e p t u a l  framework and th e y  a re  on ly  v a l i d  to  t h e  

e x t e n t  t h a t  t h i s  s u p e r s t r u c t u r e  i s .

Le t  u s  c o n s i d e r  t h e  framework w i t h i n  which th e  fo rm a l  

models  of  th e  p r e s e n t  s tudy  a r e  s e t .  The a p p r o p r i a t e n e s s  o f  

a n i s  f ramework d e te r m in e s  the  major  s t r e n g t h s  and weaknesses  

of t h e  s t u d 3̂ . The c l a s s  of i n f o r m a t i o n  i n t e g r a t i o n  models of 

b e h a v i o u r  d e r i v e  h i s t o r i c a l l y  from an economic t h e o r y  of  man.

They a r e  th e  r e s u l t  of the  g r a d u a l  g e n e r a l i z a t i o n  by p s y c h o l o g i s t s  

of c l a s s i c a l  U t i l i t y  Theory ( s e e  Edwards 1954c, 1961) .  The 

g e n e r a l i z a t i o n  was found n e c e s s a r y  a s  th e  y e a r s  went by t o  

a c c o u n t  f o r  th e  d i s c r e p a n c i e s  between th e  w a v  a c t u a l  and i d e a l  

d e c i s i o n  makers  behaved .  An i d e a l  d e c i s i o n  maker nas  been  

d e s c r i b e d  many t im e s ,  he i s  r a t i o n a l ,  f u l l y  informed and 

i n t e n t  on maximizing ex pec ted  u t i l i t y .  The s u c c e s s  o f  c l a s s i c a l  

U t i l i t y  Theory i n  th e  c o n te x t  of economic d e c i s i o n  making i s  

due t o  the f a c t  t h a t  a concensus  can be reacned  a b ou t  wnat i s  

r a t i o n a l ,  what i n f o r m a t i o n  i s  r e q u i r e d  befo.re c h o os in g  and 

what t h e  o b j e c t i v e  of  th e  cho ice  i s .

What rem ains  of u t i l i t y  Theory i n  t h e  i n f o r m a t i o n  

i n t e g r a t i o n  models  of t h i s  s tudy  i s  the i d e a  t n a t  p eo p le  in o e& ra te  

the a v a i l a b l e  i n f o r m a t i o n  w i t h i n  each a l t e r n a t i v e  and s e l e c t  the 

" b e s t " .  The r e a l i s m  of  even t h i s  a s p e c t  of u t i l i t y  models i s
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d u e s c i o n a b l e  though .  I t  i s  n a t u r a l  t h a t  economic man shou ld  

/jUbLiei h i s  i n f o r m a t i o n ,  work out th e  ex p ec te d  p a y o f f  of each 

a l t e r n a t i v e  and s e l e c t . t h a t  w i th  th e  h i g h e s t .  The r e a l  

d e c i s i o n  maker however only has  the l i m i t e d  r e s o u r c e s  of  h i s  

own c o g n i t i v e  p r o c e s s e s .  He must use  them t o  a r r i v e  a t  a 

d e c i s i o n  w i t h i n  t h e  c o n s t r a i n t s  o f  the  s i t u a t i o n .  For t h e  

i n d i v i d u a l  i n  such a p o s i t i o n  p r o c e s s in g  t h e  i n f o r m a t i o n  w i t h i n  

each  a l t e r n a t i v e  i n  burn may no t  "be the  most n a t u r a l ,  o r  t h e  

most e f f i c i e n t  means o f  d e c i d i n g .  P&rhaps such  c o n s i d e r a t i o n s  

sho u ld  have "been t o  th e  f o r e  from th e  e a r l i e s t  p s y c h o l o g i c a l  

s t u d i e s  o f  d e c i s i o n  making.  "Man th e  T h i n k e r ” would have been 

a b e t t e r  f o c u s  t h a n  "Man th e  P r o f i t  Maker ."

T h is  r o o t  of  t h e  i n f o r m a t i o n  i n t e g r a t i o n  models h a s  

d i r e c t e d  t h e  a ims of p s y c h o l o g i c a l  s t u d i e s  which f o c u s  on them. 

Tne m a jo r  aim of  U t i l i t y  Theory i s  to  -p resc r ibe  what d e c i s i o n s  

b u s i n e s s  men should  t a k e .  The major  aim of t h e  i n f o r m a t i o n  

i n t e g r a t i o n  models i s  t o  d e s c r i b e  what d e c i s i o n s  peo p le  a c t u a l l y  

do t a k e .  In  the  t r a n s f e r  from th e  economic to  t h e  

p s y c h o l o g i c a l  i n v e s t i g a t i o n  i t  i s  n a t u r a l  t h a t  t h e  aims shou ld  

t r a n s f e r  from p r e s c r i b i n g  t o  d e s c r i b i n g  b e h a v io u r ,  however,  a 

d e s c r i p t i o n  of  b e h a v io u r  i s  no t  an e x p l a n a t i o n  of i t .  The 

purpose  of  bhe e a r l y  s t u d i e s  of i n f o r m a t i o n  i n t e g r a t i o n  models  

was no t  to  e x p l a i n  b e h a v i o u r .  To e x p l a i n  b e h a v io u r  i t  i s  

n e c e s s a r y  to  f i n d  out  'why peop le  make the  c h o ic e s  they  do.

T h i s  i s  done by d e s c r i b i n g  bhe c o g n i t i v e  p r o c e s s e s  u n d e r l y i n g  

peo p i e s '  a c t i o n s  no t  by d e s c r i b i n g  what th e y  do.

Tne p r e s e n t  s tudy  of d e c i s i o n  making h a s  been 

d i s c u s s e d  a s  a p p ly in g  th e  exp lanubory  mode of i n v e s t i g a t i o n .

.1 j ... i n f o r m a t i o n  i n t e g r a t i  on mod e l  s uav e oeen ^ r s s c n u s d  a s



a s  b e in g  homomorphic w i th  a c l a s s  of c o g n i t i v e  p r o c e s s e s  

u n d e r l y i n g  t h e  b e h a v i o u r .  T h is  t h e y  are* and t h u s  i t  i s  

l e g i t i m a t e  t o  c o n s i d e r  them a s  e x p la n a t o r y  m odels .

T r a d i t i o n a l l y  though  th e y  have been d e s c r i p t i v e  o f  b e h a v i o u r .  

Whether  t h e y  a c t u a l l y  c o r re sp o n d  t o  c o g n i t i v e  p r o c e s s e s  has  

n o t  b e en  an  i s s u e .  They have been e v a l u a t e d  i n  te rm s  of how 

w e l l  t h e y  d e s c r i b e  b e h a v io u r .  I f  t h e y  a r e  on ly  param orph ic  

m odels  of  t h e  c o g n i t i v e  p r o c e s s e s  b u t  make good p r e d i c t i o n s  o f  

b e h a v i o u r  t h e n  i t  h a s  been  f e l t  t h a t  e x p l a n a t i o n s  a r e  no t  

i m p o r t a n t .

The e x p l a n a t o r y  mode of i n v e s t i g a t i o n  h a s  g a in e d  

ground  i n  t h e  s tu d y  o f  d e c i s i o n  making s i n c e  S lo v ic  and 

L i c h e n s t e i n 1s i m p o r t a n t  p a g e r  (1 9 6 8 a ) .  R e c e n t ly  a few 

q u a n t i t a t i v e  models of  b e h a v io u r  based  on a l t e r n a t i v e  c o g n i t i v e  

p r o c e s s e s  have been  p rop o sed .  I t  i s  i m p o r t a n t  t o  know u n d e r  

what c o n d i t i o n s  th ey  would be s u p e r i o r  t o  our m odels .  Many 

c l i n i c a l  judgment s t u d i e s  have a d d re s s e d  t h e m s e lv e s  to  t h i s  

q u e s t i o n  ( s e e  Goldberg  ( 1 9 6 8 ) ) .  A few have been concerned  w i th  

more s im p le  s i t u a t i o n s  and t h r e e  of t h e s e  A inhorn  (1 97 0 ) ,  (1 9 7 1 ) ,  

T versky  (1969)  w i l l  be d i s c u s s e d .

E in h o r n  sug g e s te d  two models which might  p l a u s i b l y  

be employed by d e c i s i o n  makers i n  some s i t u a c i o n s J  t h e  c o n j u n c t i v e  

m odel ,  where an  a l t e r n a t i v e  i s  only  c o n s id e r e d  a t  brc*ctive i f  i t  

i s  r e a s o n a b l y  a t t r a c t i v e  on a l l  i t s  d im ens io n s  and th e  

d i s j u n c t i v e  model,  where any a l t e r n a t i v e  which i s  a t t r a c t i v e  on 

a t  l e a s t  one d im ens ion  i s  c o n s id e r e d  a t t r a c c x v e .  A l though  

h i n h o r n  i s  not th e  f i r s t  to  have c o n s id e r e d  t h e s e  models  he 

a j e a r s  t o  be th e  f i r s t  t o  have a t t e m p t e d  uo e v a l u a t e  them

264.



e x p e r i m e n t a l l y ,  home e v id e n ce  t h a t  f o r  th e  same s i t u a t i o n ,  

u i x f e r e n t  p e o p l e s 1 e v a l u a t i o n s  a r e  app rox im ated  b e t t e r  by 

d i f f e r e n t  models  was found i n  an  exper im ent  where f o u r  ju d g e s  

r an k  o r d e r e d  a s e t  o f  job a p p l i c a n t s .  Three  t h i n g s  were known 

a b o u t  t h e  a p p l i c a n t s ,  who had t o  be ranked w i th  r e s p e c t  t o  

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

E v idence  i n  a l a t e r  s tu d y ,  E inhorn  (197£)  a l s o  p o i n t e d  

t o  t h e  c o n c l u s i o n  t h a t  f o r  some t a s k s  and some peop le  t h e  

c o n j u n c t i v e  model f i t t e d  b e t t e r  t h a n  th e  b e s t  i n f o r m a t i o n  

i n t e g r a t i o n  model.  T h is  was more marked i n  a t a s k  where 

s u b j e c t s  r a n k  o rd e re d  j o b s  w i th  r e s p e c t  to  a t t r a c t i v e n e s s  t h a n  

i n  a t a s k  where s u b j e c t s  r ank  o rde red  a s e t  of  a p p l i c a n t s  f o r  

g r a d u a t e  s c h o o l .

T versky  (19 69 ) ,  a s  a l r e a d y  d iscussed- ,  s t u d i e d  t h e  

l e x i c o g r a p h i c  s e m i - o r d e r  model and the  c l a s s  of d i f f e r e n c e  

models  t o  which i t  b e lo n g s .  Suppose I)M i s  c o n s i d e r i n g  a p a i r  of  

r n u l t i - a l t r i b u t e  a l t e r n a t i v e s .  The d i f f e r e n c e  models suppose 

f a t  he c o n s i d e r s  t h e  d i f f e r e n c e  between th e  v a l u e s  on each 

d im e n s io n  and t h e n  i n t e g r a t e s  the  s u b j e c t i v e  v a l u e s  o f  t h e s e  

d i f f e r e n c e s  i n  some way. A s p e c i a l  case  would be th e  a d d i t i v e  

d i f f e r e n c e  model , where f u n c t i o n s  of  t h e  s u b j e c t i v e  

d i f f e r e n c e s  a r e  i n t e g r a t e d  a d d i t i v e l y  t o  g iv e  an  o v e r a l l  

s u b j e c t i v e  d i f f e r e n c e  w i th  r e s p e c t  t o  s u b j e c t i v e  v a l u e ,  wnose 

d i r e c t i o n  i n d i c a t e s  th e  p r e f e r r e d  a l t e r n a t i v e .  Tversky showed 

t h a t  t tie s p e c i a l  case  where th e  f u n c t i o n s  of  t h e  s u b j e c t i v e  

d i f f e r e n c e s  a r e  l i n e a r  i s  e q u i v a l e n t  t o  the a d d i o i v s  

i n f o r m a t i o n  i n t e g r a t i o n  model.  E x p e r i m e n t a l l y  a s  d i s c u s s e d  

e a r l i e r  he showed t h a t  t r a n s i t i v i t y  does no t  h o ld  i n  c e r t a i n



situations. This he regarded as supportive of the additive 
«iiiarenod model, which does not require transitivity for multi- 
attribute alternatives. He suggests that information integration 
models rnay approximate actual processes better in situations 
where alternatives appear sequentially and difference models 
are better when alternatives appear simultaneously. Such ideas, 
although intuitively reasonable, obviously require backing up 
with experiments. The need to compare the information 
integration models with such alternative models as the above 
cannot be over-stresses, as what little evidence there is in 
relatively simple situations seems to indicate that they are 
very plausible alternatives.

From recent studies such as the above it looks 
likely that when information integration models are compared to 
other information processing models they will' be shown to be 
worse in many cases. Viewed as explanatory models of decision 
making they are likely to be superceded. Y»e have found, 
however that they describe behaviour reasonably well even if 
they do not explain it. They will make reasonable predictions 
at the gross level even if they fall down under close scrutiny 
as, for instance Tversky (1969) found. As descriptive models 
providing a paramorphism of peoples behaviour which enables 
good predictions to be made they are likely to have a long and 

useful life.
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Appendix 1.— ■u -JTr ■ - - , -| I, |

5A h- A  - P r io r i  Choice  of  oC , t h e  l a r a m e t e r  • of P robab i l i s t i c  

Pgpefer ence Mod e l  1 f o r  B in a ry  Oho i c e  Da t a .

The b a s i c  e x p e r im e n ta l  s i t u a t i o n  t o  which th e  

p r o b a b i l i s t i c  p r e f e r e n c e  model i s  r e l e v a n t  i s  th e  n - r e p l i c a t e ,  

p a i r  c o m p ar ison  one, d e s c r i b e d  i n  c h a p t e r  2. Le t  th e  s e t  of  

a l t e r n a t i v e s  be A w i th  a ,  b e t c .  6  A. I f  t h e r e  a r e  m e le m e n t s  

i n  A t h e n  t h e  s u b j e c t s  n x m(m-l)./2 c h o ic e s  a r e  assumed t o  be 

i n d e p e n d e n t ,  b e r n o u l l i  t r i a l s .  The b i n a r y  p r e f e r e n c e  

p r o b a b i l i t y  f o r  some p a i r  ( a , b )  i s  denoted  p ( a , b ) .  When t h i s  

p a i r  i s  p r e s e n t e d '  t o  t h e  s u b j e c t  suppose he cho o ses  "a" k t i m e s .  

The s e t  o f  k / n  v a l u e s  f o r  the  p a i r s  p r e s e n t e d  a r e - t h e . b a s i c  

d a t a  f rom th e  e x p e r im e n t .

Under th e  b e r n o u l l i  model, '  H th e  maximum l i k e l i h o o d  

e s t i m a t e  (MLh) of  p ( a , b )  i s  k / n .  The l i k e l i h o o d  f u n c t i o n  of 

t h i s  o b s e r v a t i o n  g iv e n  H i s

L( k/n/fli ) n! . p ( a , b ) k . ( l - p ( a , b ) )n~k
0 k ! ( n - k ) !

Under p r o b a b i l i s t i c  p r e f e r e n c e  model 1, p ( a , b )  can 

on ly  be i n  a c e r t a i n  ran g e ,  de te rm ined  by t h e  model p a ra m e te r ,  

p* . Tne ran g e  i s  d i f f e r e n t  f o r  e ac h  of th e  p o s s i b l e  h y p o t h e s e s  

a <" b ,  a ~  b and b <( . a .  Suppose t h e s e  h y p o th e s e s  a r e  

d en o te d  Ii- ,̂ Hg and r e s p e c t i v e l y .  The maximum l i k e l i h o o d  of 

an o b se rved  p r e f e r e n c e  f r e q u e n c y ,  k / n  g iv e n  one of t h e s e  

h y o o t h e s e s  can be deno ted  by M L ( k / n j ) ¥/here i  — 1,  2, j .

These f u n c t i o n s  a r e  s p e c i a l  c a s e s  of t h e  l i k e i i n o o d  f u n c t i o n  

when the  IvILA of p ( a , b )  u nd e r  t h e  a p p r o p r i a t e  h y p o t h e s i s  i s
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s u b s b i t u b e d . The MLE's depend on o( and were g iv e n  i n  c h a p t e r  2.

The m a jo r  consequence  of choos ing  oC i s  t h a t  i t  

a . - i c c t s  t h e  v a l u e s  o f  M L(k/n |H^) .  Thus i t  d i r e c t l y  a f f e c t s  t h e  

r e s u l t s  o f  l i k e l i h o o d  r a t i o  t e s t s  of  i n f o r m a t i o n  i n t e g r a t i o n  

models  ba sed  on p r o b a b i l i s t i c  p r e f e r e n c e  model 1 . The 

i n f o r m a t i o n  r e l e v a n t  t o  th e  c h o ic e  of i s  th e  p l o t  o f  

M L(k/n |H^)  a g a i n s t  oC f o r  a l l  v a l u e s  of k, n and i .  Alpha shou ld  

be ch o sen  based  on t h i s  i n f o r m a t i o n  u s in g  c e r t a i n  c r i t e r i a .

Tne f i r s t  c r i t e r i o n  i s  t h a t  f o r  any p a r t i c u l a r  p a i r  ( a , b )  each 

of  t h e  h y p o t h e s e s ,  r h ( i  = 1 , 2 , 3 )  should  be p l a u s i b l e  w h a tev e r  

k / n  i s  o b s e r v e d .  T h is  i s  so t h a t  i t  i s  d i f f i c u l t  t o  r e j e c t  

an  i n f o r m a t i o n  i n t e g r a t i o n  model on bhe b a s i s  of  o b s e r v a t i o n s  

f rom a s i n g l e  p a i r .  R e j e c t i o n  should  be due t o  o b se rv in g  

i n c o m p a t i b l e  p a t t e r n  of c h o ic e s  which s u g g e s t  v i o l a t i o n s  of  t h e  

ORA c o n d i t i o n s .  The second c r i t e r i o n  i s  t h a t  an observed  

k / n  shou ld  be u s e f u l  in  d i f f e r e n t i a t i n g  among t h e  h y p o t h e s e s ,

H . .  I f  t h i s  were no t  th e  case  a s t a t i s t i c a l  t e s t  of  anl
i n f o r m a t i o n  i n t e g r a t i o n  model would not  be p o w e r f u l .  These 

c r i t e r i a  a r e  n o t  complementary s in c e  tn e  f i r s t  r e q u i r e s  an  ©<* 

c l o s e  to  1 and th e  second r e q u i r e s  an®< c l o s e  to  0 . 5 .

Now, v a l u e s  of which a r e  s u i t a b l e  may be d i f f e r e n t  

f o r  d i f f e r e n t  n. mven i f  n i s  f i x e d ,  however i t  i s  d i f f i c u l t  

co a s s e s s  a l l  t h e  p l o t s  o f  M lC k /n l l^ )  a s  f u n c t i o n s  of oC which 

a r e  r e l e v a n t  t o  the  c h o is e  of oC . Ror t h i s  r e a s o n  a c r i t e r i o n  

f u n c t i o n  was used th e  e v a l u a t i o n  of which r e s u l t s  i n  some

compromise between the abo'/e c r i c e r i a .

The c r i t e r i o n  f u n c t i o n  was based  on th e  f u n c t i o n s

1
^ML(k/n,IH71 

i = l , 2 ,3
g O Q  c. O  •



which d e c r e a s e s  a s  tn e  l i k e l i h o o d  of  any of th e  h y p o th e s e s  

i n c r e a s e s  and

min £(M L<V n|H .  A  
.1=1,2, 3 ' 1

wIL(k/n )

which d e c r e a s e s  a s  th e  d i f f e r e n c e  between th e  l i k e l i h o o d s  o f  

t n e  h y p o t h e s e s  i n c r e a s e s .

F o r  a p a r t i c u l a r  observed  p r e f e r e n c e  f r e q u e n c y ,  k / n  

the v a l u e  of  oC which m in im izes  the  p roduc t  o f  t h e s e  f u n c t i o n s  

shou ld  compromise r e a s o n a b ly  between th e  two c r i t e r i a  of 

"good” <X . Suppose t h e  p ro d u c t  of the  f u n c t i o n s  i s  denoted  by 

0 ( k / n ) .  The " b e s t ” oc f o r  a p a r t i c u l a r  n i s  t h a t  which i s  b e s t  

on a v e r a g e  when a l l  p o s s i b l e  k a r e  t a k e n  i n t o  a c c o u n t .  Thus, 

i t  was d e c id e d  t o  choose t h a t  f o r  which

( k / n )  i s  minimum. 
k=o ,.n

The v a l u e s  a r r i v e d  a t  f o r  d i f f e r e n t  n a r e  t o  a g r e a t  e x t e n t  

a r b i t a r y .  They a r e  shown i n  f i g u r e  A l . l  and r e f e r r e d  t o  by 

th e  euphemism " o p t im a l* * " .  I t  i s  f e l t  t h a t  w h e th e r  th e  v a l u e s  

of o p t im a l* *  a p p e a r  t o  g iv e  a s e n s i b l e  compromise between t h e  

two r e q u i r e m e n t s  i s  a l l  t h a t  i s  wanted a t  p r e s e n t .  To e n a b le  

t h e  s u i t a b i l i t y  of  t h e  ch o ice  of  oC f o r  n = 7, oL = 0 .8 0  and 

n = 15, = 0 .7 3  t o  be a s s e s s e d  p l o t s  of lo g  (ML(k/n|SH^))  a s

f u n c t i o n s  o f  k a r e  shown i n  f i g u r e s  A1.2 and Al«3» I n s p e c t i o n  

of  t h e s e  f i g u r e s  i n d i c a t e s  t h a t  t h e  compromise aimed f o r  

be tween  t h e  two c r i t e r i a  a r e  met .
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Appendix 2 .

^ ^ i m ^ z i n g . L i k e l i h ood of Da t a  Du r ing  t h e  QffA of an 

I ion__Integra  t io n J H o d e l  when P r e f e r e n c e _ i s  D e f ined  

P r o b a b i l i s t i c a l l y .

I n  c h a p t e r  2. l i k e l i h o o d  r a t i o  t e s t s  f o r  th e  QFA of 

i n f o r m a t i o n  i n t e g r a t i o n  models were p ro p o se d .  I t  was 

i n d i c a t e d  t h a t  the  most t r a c t a b l e  c a s e s  were f o r  i )  s t a t e m e n t s  

of  p r e f e r e n c e  d a t a  assuming th e  s im ple  e r r o r  model and i i )  

b i n a r y  c h o ic e  d a t a  assuming p r o b a b i l i s t i c  model 1. A l l  u s e s  

of  bhe LE t e s t  r e q u i r e  t h a t  t h e  l i k e l i h o o d  of  t h e  d a t a  i s  

maximized u n d e r  t h e  h y p o t h e s i s  of i n t e r e s t .  T h is  i s  th e  

d i f f i c u l t  problem i n  our c a s e s ,  and a s o l u t i o n  bo i t  i s  

p roposed  based  on a r e - p h r a s i n g  of  th e  prob lem  to  a p seu do -  

b o o le a n  programming one. - In  t h i s  append ix  two examples o f  an 

a p p r o p r i a t e  r e - p h r a s i n g  a r e  g iv e n  f o r  c a se  i i )  above w i t h i n  

c l a s s e s  o f  p r e f e r e n c e  p a t t e r n s  which s a t i s f y  c e r t a i n  t e s t a b l e  

c o n se q u e n c e s  of SEU. Tne a l t e r n a t i v e s  a re  a )  s im ple  gambles and 

b )  t h r e e  p a ra m e te r  dup lex  gambles .  In  th e  f i l i a l  s e c t i o n  a 

s im p le  amendment to  d e a l  w i th  ootn p-cm Uoscs i o r  case  i )  doove 

w i l l  be g i v e n .

Tne L ik e l i h o o d  iiax i m i z a t i o n  Problem f o r  B in a ry  Ciho i c e s Between

S i mple Gambles .

The s o l u t i o n s  of  a l l  t h e  m a x im iz a t io n  prob lem s r e l y

h e a v i l y  on th e  work o f  Hammer and Rudeanu (1 9 6 8 ) .  The f i r s t

s t e  i n  a l l  c a s e s  i s  bo l i s t  t h e  t e s t a b l e  co nsequences  of  

tne model u n de r  examina t i o n  wmch a r e  of  i n t e r e s t  • when one 

mode! under  ex am in a t io n  i s  ohe HmU modol, jus u n s t a b le



c o n s e q u e n c e s  of i n t e r e s t  a r e  H5C2, H5C3 and H5031. Reasons

I o r  t h i s  a r e  g iv e n  i n  c h a p t e r s  2 and 5. The problem th e n  

becomes one of  maximizing th e  l i k e l i h o o d  of a s e t  of  b i n a r y  

c h o i c e s  be tw een  simple  gambles g iv e n  t h a t  t h e  c o n d i t i o n s  E5C2, 

l o t  3 and H5C3' anc  ̂ p r o b a b i l i s t i c  p r e f e r e n c e  model 1 a l l  h o l d .

11:ie 'way t h i s  p rob lem  i s  t r a n s fo rm e d  i n to  one to  which Hammer 

and Rudeanu*s t e c h n i q u e s  can be a p p l i e d  w i l l  now be d e s c r i b e d .

The p r o p e r t i e s  H5C2, H503 and H503’ must be 

c o n v e r t e d  i n t o  e q u a t i o n s  and i n e q u a l i t i e s  i n  b i n a r y  v a r i a b l e s .  

.Suppose t h e  s e t  o f  gambles a r e  denoted  P x S w i th - L  J

P x S, i  = 1 ,  . . . p , j  = 1, . . . s .  D ef ine  the  v a r i a b l e s

X. = 0 -  ± f ^ k ’ SI   ̂ ^  ^p i ’ s j ^i ; j k l  1
^ 0  o th e r w is e

z i o k i  = f X i f  ( P i ’ s 3 W ( p * ’ S l )
LQ o th e r w is e

I t  i s  s t a t e d  w i th o u t  p r o o f  (which i s  j u s t  a m a t t e r  of  c a r e f u l  

c h e c k in g )  t n a t  t h e  p r o p e r t i e s  above a r e  e q u i v a l e n t  to  th e  

avstem of  i n e q u a l i t i e s / e q u a l i t i e s  below.

II PC 2.

i ) v + x + z. = 1 ( c o n n e c t e d n e s s )
±J i j k l  k l i ^  i j k l

and z -  Z ln • • = 0 (symmetry of i n d i f f e r e n c e )
ariu i j k l  k l i j

b o t h  f o r  a l l  p s ( p s  -  l ) / 2  u n o rd e re d  p a i r s ,

( P 5 S j  W ^1  ̂^  ^  ^

• ^  „ . y  -  x >  1 ( t r a n s i t i v i t y  of  s t r i c t  p r e f e r e n c e )
■Llj i j k l  + klmp i jmp <  x

f o r  a l l  o rd e red  t r i p l e s  ( s^ ), ( p ^ , s-  ̂), ( p^> s.Q ) & P x S
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Zijm p + V p k l  “ z i j k l  ^  1 j ( t r a n s i t i v i t y  o f  i n d i f f e r e n c e )  

zk l i j  + z i jmp “ zklmp ^  1 \

f o r  a l l  u n o rd e red  t r i p l e s  ( p ± , s . . ) ,  (p k , s-L)(pmsp ) x S

i v )  x .  + x, . -  x . n sC 1l j k l  kpmg ipiiil ^

( c a n c e l l a t i o n  of  s t r i c t  p r e f e r e n c e  w i t h i n  

win or  l o s e  gamble s e t s )  

f o r  a l l  i ,  j ,  k, 1 , m, p w i t h i n  a win o r  l o s t  s e t  

such t h a t  no t  j ^ ( i  = k and k = m) o r  ( j  = 1  and 1  = p)  

o r  ( i  = k and j = l )  o r  (k  = m and p = j )  o r  ( i = m  

and p = 1  ) J

55C3

v) x .  + z. . -  z.  <f 1  ( c a n c e l l a t i o n  of i n d i f f e r e n c e )
1 3 k l  kpnq ipml ^
f o r  a l l  l  ^ i ^ k ^ m ^ p  

and 1 ^ 3 ^  1 ^  P -SC s 
such that not £ ( i  = k and k = m) or (3 = 1  and 1 = p)

or (i = k and 3 =1) or (k = m and p = 3) or (i = m

and p = 1)J

Any s o l u t i o n  o f  t h i s  system c o r r e s p o n d s  to  a p a t t e r n '

of  p r e f e r e n c e  -  i n d i f f e r e n c e  which s a t i s f i e s  t h e  c o n d i t i o n s

H15C2, H5C3 and H5C3' . The l o g - l i k e l i h o o d  f u n c t i o n  o f  a s e t  o f

d a t a  g iv e n  a p r e f e r e n c e  p a t t e r n  and assum ing  p r o b a b i l i s t i c
1

model I  can be p u t  i n  t e r m s  of  what Hammer 1  Kudeanu c a l l  a 

p s e u d o - b o o le a n  f u n c t i o n  of  t h e  and z i j k l  v a r i a b l e s .

L e  t  G  h e 1 0 l i k e l i h o o d  of  t h e  d a t a  g iv e n  th e  model b e  d e n o te d



"by z .  T h is  f u n c t i o n  z i s  to  be maximized s u b j e c t  t o  t h e  

r e s t r i c t i o n s  above.  I t  i s  t h e  f o l lo w in g  f u n c t i o n  of  t h e

Xi j k l ' s and z i j k l ' s:

h j k i  + i  h j k i  h j k i  + P ° i j k i  x k i i 3

a l l  u n o rd e re d  

p a i r s  ( p ± , :s . ) ,

( p k , s^ )  <£P x S

where t h e  c o e f f i c i e n t s  a r e

P j k l  = ‘t 'ne l °S l i k e l i h o o d  when ( p ^ s - ^  ( p i ? s^ )

I  Ci j k l  = 'tiie lo g  l i k e l i h o o d  when ( p i? ) / ^ ( p ^ ,  s1 )

p Ci j k l  m t h e  lo g  l i k e l i h o o d  when (Pj_»s . )<^ ( p^., s=L)

which a r e  c o n s t a n t s ,  f u n c t i o n s  of t h e  d a t a  and t h e

p a r a m e t e r  o f  p r o b a b i l i s t i c  model I ,  ^  . The problem to  f i n d  

t h e  maximum of  th e  log  l i k e l i h o o d  (and t h e r e f o r e  th e  l i k e l i h o o d )  

s u b j e c t  t o  t h e  c o n d i t i o n s  be ing  c o n s id e r e d  i s  t h u s  t r a n s fo r m e d  

to  what Hammer & Rudeanu c a l l  a l i n e a r  p se u d o -b o o le a n  

programming problem. S ince  th e y  g ive  an a l g o r i t h m  which w i l l  

s o lv e  t h e s e  t y p e s  o f  problems ( se e  r e f e r e n c e )  i f  i s  i n  p r i n c i p l e  

p o s s i b l e  to  f i n d  t h e  maximum. The same method could  o b v io u s ly  

be used  bo t e s t  t h e  81U i n  s e m i - o r d e r s  model and a l s o  t o  t e s t  

b o t h  models  i n  t h e  t h r e e  p a ra m e te r  gamble c a s e .  A lso ,  th e  

a l g o r i t h m s  a r e  s u i t a b l e  f o r  d a t a  o b ta in e d  from p a r t i a l  p a i r  

com par ison  e x p e r im e n t s .  T h is  i s  i m p o r t a n t  a s  i t  i s  q u i t e  

im p o s s i b l e  bo o b t a i n  complete  d a t a  f o r  even m odera te  m and n.

I n  bhe in c o m p le te  c a s e ,  th e  c o e f f i c i e n t s  o f  th e  v a r i a b l e s  f o r
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p a i r s  n o t  ob se rv ed  a r e  s imply s e t  t o  zero  i n  t h e  l i n e a r  

x u n c t i o n  to  be maximized.  Let  us now c o n s i d e r  t h e  p rob lem  o f  

m a x im iz a t io n  u n d e r  SLU and p r e f e r e n c e  model I  f o r  t h r e e  

•p a r  a me t  e r  g amb 1 e s .

T hree  P a r a m e te r  Duplex Gamb l e s .

The im p o r ta n t  c o n d i t i o n s  f o r  th e  ■ QTA. of 2LU i n  t h i s  

c a se  a r e ,  a s  d i s c u s s e d  i n  c h a p t e r s  2 and 5 th e  c o n d i t i o n s  

,19J2 ,  H9C3 and H903' • As an i l l u s t r a t i o n ,  th e  r e f o r m u l a t i o n  

of  t h e  m a x im iz a t io n  problem s u b j e c t  t o  t h e  c o n s t r a i n t s  H9C2, H9C3' 

and H9C3 w i l l  be s e t  o u t^ a g a in  assuming p r o b a b i l i s t i c  model 1.

The lo g  l i k e l i h o o d  of t h e  d a t a  i s  e x p re s s e d  i n  t e rm s  

of t h e s e  b i n a r y  v a r i a b l e s  a s :

The L i k e l i h o o d  M ax im iza t ion  Problem f o r  b i n a r y  Choices  be tw een

When th e  "chance of l o s i n g "  p a ra m e te r  i s  h e ld

c o n s t a n t  l e t  t h e  s e t  of  t h r e e  p a ra m e te r  dup lex  gambles be 

d e n o te d  by P x I  x L w i th  e lem en ts  ( P ) where i  = 1, 

. . . p ,  j = l , . . . w  and k = 1, ------ 1. Denote th e  v a r i a b l e s  by

0 o th e rw is e

Z p?Gi;jklnip h j k l m p  + I  Ci jk lm p  i jk lm p

v  U - i  •  VV .  /v -L1 ’ m ’ P

where t h e  c o e f f i c i e n t s  a r e  a n a ld g o u s  i>o t h o s e  ox the

a l l  u n o rd e re d  

p a i r s  ( p i ? v ^ , l k ),  

( r p . W  , 1 _ )* I r n  7 Ci



p r e v i o u s  c a s e .

The sys tem  o f  c o n s t r a i n t s  c o r r e s p o n d in g  t o  t h e  

c o n seq u e n ce s  of  SEU a r e  a s  f o l l o w s :

'1902:

i}  h j k l m p  + h j k l m p  + Xlm p i j k  = 1 ( c o n n e c t e d n e s s )  

i i }  h j k l m p  "  Zl m p i jk  = 0 ( sy ™ e t ry  of i n d i f f e r e n c e )

f o r  a l l  u no rd e red  p a i r s  (p^ ,  w . >1^)*

i i i )  X. -  X. . .  ^  1l j k lm p  lmnpqy l j k p q y

( t r a n s i t i v i t y  of s t r i c t  p r e f e r e n c e )
: \

f o r  a l l  './ ■ordered t r i p l e s  ( p ^ w ^ l ^ . ) ,  ^pp ,wq ,:Lv^

i v ) Z . n + Z-, — z».-i 1 )' l j k l m n  lninpqr l ^ k p q r  j
)

Zi j k p q r  + Zpqrlmn “ Zi jk lm n  1 I T r a n s i t i v i t y  of

z 1 n i n d i f f e r e n c e ,
l m n i j k  i j k p q r  Imnpqr ^

un
f o r  a l l ' ' o r d e r e d  t r i p l e s

( P i , w . , l k ) ,  ( p ^ v V ’ ( p p ’VV 1 r )

h9C3

Xioklmp + Xlm sqrk  ” Xi j s q r p  ^  1
( d u a l - d i s t r i b u t i v e  c a n c e l l a t i o n  of

s t r i c t  p r e f e r e n c e )  

f o r  a l l  i ,  k,  1, m, p, q, r ,  s ,  

such t h a t  no t

£̂ ( i  = 1 and 1 — q and j = m and in — r )  o r  (k  — p ano. p — s )  

o r ( i  = 1 and j = m and k = p) or  (1 = q and m = r  and s = k) 

o r  ( i  — q and j = r  and s = P )
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V1 i jk lm p  + Zlm sqrk  "  Zi j s q r p  ^  1

( d u a l - d i s t r i b u t i v e  c a n c e l l a t i o n  of  

i n d i f f e r e n c e  f o r  a l l  1 ^  i  ^ l ^ T  q ^  p

rn < r < :  W

1 such t h a t  t h e  same 

c o n d i t i o n  a s  i n  v)

H90 3 1 h o l d s .

v i i )  Z . . . n + Z. . -  „ /  n
i j p k l p  kqpmoP iqpmlp ^  1

(doub le  c a n c e l l a t i o n  of  i n d i f f e r e n c e )  

f o r  a l l  1 < T i ^ k 4 " m C p

l ^ j  l ^ q ^ w  and a l l  p 

such t h a t  no t

^( i  = k and k = m) o r  ( j  = 1 and l = q ) o r ( k = m  and

q = j ) o r ( i = k  and j = l )  o r  ( i  = m and q = 1 f j  
w i t h i n  s igned  c l a s s e s .

v i i j )  X.  . , n + X, n . - X .  , ^ . 1l j p k l p  kqpmjp lqpmlp \

(doub le  c a n c e l l a t i o n  of  s t r i c t  p r e f e r e n c e )  

f o r  a l l  i ,  k, m, j ,  1, q and a l l  p such chat  t h e  

c o n d i t i o n  of  v i i )  h o l d s .

These s o l u t i o n s  seem r a t h e r  l a b o r i o u s  b u t  t h e  o b j e c t  has  been  

t o  show t h a t  i n  p r i n c i p l e  a t  l e a s t  t h e  p rob lem s  can  be s o lv e d .  

Only r e a s o n a b l e  com p u ta t io n  f a c i l i t i e s  need to  be a v a i l a b l e  

t o  c a r r y  out  t h e  p r o c e d u r e .  Now, l e t  u s  t u r n  t o  t h e  

m a x im iz a t io n  problem when s t a t e m e n t s  of p r e f e r e n c e  a r e  t h e  

d a t a .
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The M a x im iz a t io n  Problem f o r  S t a t e m e n t s  of  P r e f e r e n c e ,

Assuming t h e  Simple E r r o r  Model .

I n  c h a p t e r  2 i t  was i n d i c a t e d  t h a t  th e  l i k e l i h o o d

of  t h e  d a t a  g iv e n  a c l a s s  of  p r e f e r e n c e  p a t t e r n s  would be a t  

a maximum f o r  any p a t t e r n  which d i f f e r e d  from th e  obse rved  

p a t t e r n  by minimum k p r e f e r e n c e s .  T h is  s u g g e s t s  a s im ple  

amendment t o  t h e  a l g o r i t h m s  proposed  i n  th e  l a s t  two s e c t i o n s .  

I n  t h e  c a se  of s im ple  gambles th e  c o n s t a n t s  of t h e  o b j e c t i v e  

f u n c t i o n  a r e  changed a s  f o l l o w s :

The s i m i l a r  s u b s t i t u t i o n  f o r  th e  case  of t h r e e  param-fcer 

d u p lex  gambles  can be made* and wnen t h e  pseudo ■—b o o le a n  

programming problems a re  so lved  and z i s  maximized,  t h e  

minimum k p a t t e r n  of p r e f e r e n c e s  i s  found .

0 o th e r w is e

1 when (p^>

1 when ( p lr, s 1 ) ~  (p .  , s

0 o th e r w is e

1 when (PjpS-j) ^

0 o th e rw is e

T h is  s e t s  th e  o b j e c t i v e  f u n c t i o n ,  z e q u a l  to  t h e  

number of l a t e n t  p r e f e r e n c e s  th e  same a s  th e  obse rved  ones .
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