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The E l i c i t a t i o n  of Continuous P r o b a b i l i t y  D is t r i bu t ions*  

James E .  Matheson** and Robert L.  Winklere** 

1. I n t roduc t ion  

Various methods have been developed t o  a i d  an i n d i v i d u a l  

i n  assess ing  (encoding) persona l  p r o b a b i l i t i e s  t o  be used 

i n  i n f e r e n t i a l  and decision-making s i t u a t i o n s  ( e  .g. see  

Winkler [12], and S p e t z l e r  and S t a e l  von Hols te in  [9 ] )  . 
Inc luded among these  e l i c i t a t i o n  procedures a r e  scor ing 

r u l e s ,  which encourage an assessor  t o  revea l  h i s  op in ions 

and t o  make h i s  s t a t e d  p r o b a b i l i t i e s  correspond with h i s  

judgments. Scor ing r u l e s ,  which invo lve  t h e  computation 

of a  score  based on t h e  a s s e s s o r ' s  s t a t e d  p r o b a b i l i t i e s  and 

on t h e  even t  t h a t  a c t u a l l y  occurs ,  a r e  use fu l  i n  t h e  evalu-  

a t i o n  of p r o b a b i l i t y  a s s e s s o r s  a s  we l l  a s  i n  the  e l i c i t a t i o n  

process i t s e l f .  For genera l  d i scuss ions  of sco r ing  r u l e s ,  

s e e  Winkler [13], Murphy and Winkler [7], S t a e l  von Hols te in  

[ lo], and Savaqe [8]. 

The development of  scor ing  r u l e s  has ,  i n  genera l ,  been 

r e s t r i c t e d  t o  the  e l i c i t a t i o n  of i nd iv idua l  p r o b a b i l i t i e s  o r  
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d i s c r e t e  p r o b a b i l i t y  d i s t r i b u t i o n s .  I n  Winkler [13] , it i s  

po in ted  o u t  t h a t  s c o r i n g  r u l e s  developed f o r  d i s c r e t e  s i t u a -  

t i o n s  can be used t o  e l i c i t  con t inuous p r o b a b i l i t y  d i s t r i b u -  

t i o n s  through t h e  use of randomly genera ted  p a r t i t i o n s  t h a t  

a r e  n o t  known t o  t h e  a s s e s s o r  a t  t h e  t ime of e l i c i t a t i o n .  

The purpose of t h i s  paper i s  t o  deve lop  c l a s s e s  o f  s c o r i n g  

r u l e s  based on t h e  e n t i r e  d e n s i t y  f unc t i on  ( o r  e q u i v a l e n t l y ,  

t h e  d i s t r i b u t i o n  func t i on )  r a t h e r  than j u s t  on a  s e t  of 

p r o b a b i l i t i e s  determined from t h e  d e n s i t y  f unc t i on  v i a  a  

p a r t i t i o n .  We genera te  an extremely r i c h  set of s c o r i n g  

r u l e s  t h a t  i nc ludes  p rev ious l y  developed r u l e s  ( i n c l u d i n g  

d i s c r e t e  r u l e s )  a s  s p e c i a l  cases  and prov ides  t h e  expe r i -  

menter w i th  a  g r e a t  d e a l  of  f l e x i b i l i t y  i n  choosing a  r u l e  

t h a t  is p a r t i c u l a r l y  app rop r ia te  f o r  a  g iven s i t u a t i o n .  The 

f a m i l i e s  of  r u l e s  genera ted  i n  Sec t i on  2 a r e  based on b i n a r y  

s c o r i n g  r u l e s ,  and t h e  f a m i l i e s  of  r u l e s  genera ted  i n  Sec t i on  

3 a r e  based on ano the r  type of payoff  f u n c t i o n ,  o r  s c o r i n g  

func t i on .  

2 .  The Generat ion of  Scor inq  Rules f o r  Continuous 

D i s t r i b u t i o n s  from Scor ing  Rules f o r  Binary S i t u a t i o n s  

Consider  t h e  assessment  o f  t h e  p r o b a b i l i t y  of a  s i n g l e  

even t  E .  We assume a  s u b j e c t  a s s i g n s  p r o b a b i l i t y  p t o  t h e  

occur rence of t h e  e v e n t ,  bu t  when asked t o  r e v e a l  h i s  prob- 

a b i l i t y  assignment s t a t e s  a  p r o b a b i l i t y  r which might n o t  be 

equa l  t o  p. A s c o r i n g  r u l e  S ( r )  g i v e s  t h e  s u b j e c t  a  payoff  



S ( r )  = S ( r )  is  t h e  e v e n t  occu rs  and S ( r )  = S 2 ( r )  i f  it 
1 

does n o t .  The s u b j e c t ' s  expec ted  payof f  f o r  t h i s  b ina ry  

s i t u a t i o n  i s  acco rd ing l y  

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

The no t i on  o f  s c o r i n g  r u l e s  can be g e n e r a l i z e d  q u i t e  

e a s i l y  t o  t h e  assessment  o f  any d i s c r e t e  p r o b a b i l i t y  d i s t r i -  

b u t i o n .  Le t  Ei r e p r e s e n t  t h e  i t h  e v e n t  ( o r  i t h  va lue  o f  a  

random v a r i a b l e )  , where ~ E I  and I i s  f i n i t e  o r  countab ly  

i n f i n i t e .  Moreover, l e t  pi and ri cor respond t o  p  and r i n  

t h e  b ina ry  s i t u a t i o n ,  and suppose t h a t  t h e  s c o r i n g  r u l e  

S ( r l , r 2 , . . . )  g i v e s  t h e  s u b j e c t  a  payof f  S . ( r l , r 2 ,  ... ) i f  E 
I j 

occu rs .  Then 

and S is  s t r i c t l y  p roper  i f  

when 

ri # pi , f o r  any ~ E I  . 
The l i t e r a t u r e  rega rd ing  such r u l e s  is  f a i r l y  e x t e n s i v e ;  

s e v e r a l  forms of s t r i c t l y  p rope r  s c o r i n g  r u l e s  have been 



developed ( e . g .  s e e  t h e  r e f e r e n c e s  g iven  i n  S e c t i o n  1). 

Three f requent ly -encountered  examples a r e  t h e  q u a d r a t i c ,  

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

r e s p e c t i v e l y ,  

S . ( r 1 , r 2 ,  . . . I  = l o g  r 
I j 

( 6 )  

and 

Sco r i ng  r u l e s  have been ex tended t o  t h e  con t inuous  c a s e  

by l i m i t i n g  arguments.  I f  x  is t h e  r e v e a l e d  v a l u e  o f  t h e  

v a r i a b l e  o f  i n t e r e s t  and r ( * )  r e p r e s e n t s  t h e  d e n s i t y  f u n c t i o n  

a s s i g n e d  by t h e  s u b j e c t ,  con t inuous  ana logs  o f  t h e  q u a d r a t i c ,  

l o g a r i t h m i c ,  and s p h e r i c a l  s c o r i n g  r u l e s  a r e ,  r e s p e c t i v e l y ,  

S ( r ( * ) )  = l o g  r ( x )  , (9) 

and 
a, 

f r = r x  r 2 ( x )  dx) . (10)  

,a, 

Rul-es such  a s  t h e s e  a r e  s t r i c t l y  p rope r  s c o r i n g  r u l e s  f o r  t h e  

con t i nuous  c a s e .  I t  might  be  a rgued,  however, t h a t  such r u l e s  

a r e  somewhat d e f i c i e n t .  For  example, t h e y  a r e  s e n s i t i v e  t o  

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



r e v e a l e d  v a l u e  o f  t h e  v a r i a b l e ,  b u t  n o t  t o  t h e  amount o f  

p r o b a b i l i t y  mass nearby .  The fo l l ow ing  development g e n e r a t e s  

con t inuous  r u l e s  from b i n a r y  r u l e s  t o  produce new cont inuous  

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

j u s t  t o  t h e  d e n s i t y  a t  a  s i n g l e  va lue .  I n  t h i s  s e n s e ,  t h e  

r u l e s  g e n e r a t e d  h e r e  can be  thought  o f  a s  s e n s i t i v e  t o  

d i s t a n c e  ( e . g .  s e e  S t a e l  von H o l s t e i n  [lo] ) . 
Cons ider  t h e  assessment  of  a  p r o b a b i l i t y  d i s t r i b u t i o n  

f o r  a  v a r i a b l e  de f i ned  on t h e  r e a l  l i n e .  W e  assume t h e  

s u b j e c t  a s s i g n s  p r o b a b i l i t y  d i s t r i b u t i o n  f u n c t i o n  F ( . )  t o  

t h e  v a r i a b l e ,  b u t  when asked t o  r e v e a l  h i s  p r o b a b i l i t y  

ass ignment  s t a t e s  R ( . ) .  Le t  x be t h e  r e v e a l e d  v a l u e  o f  

t h e  v a r i a b l e  and l e t  u  be  an a r b i t r a r y  r e a l  number we s h a l l  

use t o  d i v i d e  t h e  v a r i a b l e  i n t o  two i n t e r v a l s  (see F igu re  1 1 ,  

I1 = (-m,u] and I2 = ( u , ~ ) .  Le t  E be  t h e  e v e n t  t h a t  x f a l l s  

i n  I1. Applying t h e  p rev ious  s c o r i n g  r u l e  w i t h  t h e  i d e n t i -  

f i c a t i o n  p  = F ( u )  and r = R(u)  , we have 

and 

I f  S i s  s t r i c t l y  p r o p e r ,  then  



REVEALED 
DISTRIBUTION - R ( X  ) 

F IGURE 1. GENERATION OF PROBABILITY-ORIENTED 

SCORING R U L E S  



Thus, t h e  s u b j e c t  w i l l  maximize t h e  expected payoff by s e t t i n g  

Riu) = F ( u ) .  I f  t h e  s u b j e c t  does no t  know the value of u,  he 

c l e a r l y  should s e t  R ( . )  = F ( * ) ;  however, h i s  payoff depends 

s t rong ly  on t h e  a r b i t r a r i l y  s e l e c t e d  va lue of u. To e l imi -  

n a t e  t h i s  dependence, we can simply i n t e g r a t e  S ( R ( u ) )  over 

a l l  u  and pay t h e  s u b j e c t  t h i s  amount, which i s  

The corresponding expected sco re  i s  

Equations ( 1 4 )  and (15) a r e  i n  d i r e c t  analogy wi th 

Equations (11) and ( 1 2 ) .  Equation (15) can be der ived a s  

t h e  expec ta t ion  of Equation ( 1 4 )  with an in terchange of 

o rde r  of i n t e g r a t i o n .  I f  S i s  s t r i c t l y  proper ,  then S* i s  

s t r i c t l y  proper,  and t h e  s u b j e c t  maximizes h i s  expected 

payoff by s e t t i n g  R(u) = F(u )  f o r  each u. The above 

approach i s  app l i cab le  t o  some scor ing  r u l e s  such a s  t h e  

quadra t i c  sco r ing  r u l e ,  which w i l l  be considered l a t e r .  

However, t h e  requ i red  i n t e g r a l  may n o t  e x i s t  f o r  many 

o t h e r  important  r u l e s ,  such a s  t h e  logar i thmic ,  s o  a more 

genera l  method is  needed. 

To inc rease  t h e  g e n e r a l i t y  and use fu lness  of  t h e  above 

r e s u l t ,  we assume t h a t  the  experimenter s e l e c t s  a p r o b a b i l i t y  



d i s t r i b u t i o n  func t i on  G ( * )  f o r  u. A f t e r  a va lue  of  x has 

been revea led ,  he pays t h e  s u b j e c t  t h e  expected sco re  us ing  

t h i s  d i s t r i b u t i o n .  The expected s c o r e  g iven t h e  revea led  

va lue  x is  

and b e f o r e  x i s  revea led  t h e  s u b j e c t ' s  expected s c o r e  is  

Since  S i s  s t r i c t l y  p roper ,  S** is  a l s o  s t r i c t l y  p rope r ,  and 

t h e  s u b j e c t  maximizes h i s  expected payoff  by s e t t i n g  

R(u) = F(u )  f o r  each u. I n c i d e n t a l l y ,  n o t e  t h a t  t h e  

exper imenter  cou ld  simply g e n e r a t e  a s i n g l e  va lue  from G ( * )  

and use  t h a t  va lue  t o  reward t h e  s u b j e c t  v i a  Equat ion (11). 

However, a l though t h e  mathemat ica l  r e s u l t s  a r e  i d e n t i c a l ,  

i t  seems p r e f e r a b l e  t o  pay t h e  expected s c o r e  g iven by 

Equat ion (16) i n s t e a d  of  t h e  s c o r e  ob ta ined  from a s i n g l e  

va lue  genera ted  from G (  ) . 
I f  w e  w r i t e  Equat ion (17) i n  d e n s i t y  form, 

we see t h a t  g ( * )  s e r v e s  a s  a we igh t ing  func t i on  which shou ld  

encourage t h e  s u b j e c t  t o  pay more a t t e n t i o n  t o  h i s  assess -  



ments where g ( u )  i s  h ighes t .  Thus, i f  c e r t a i n  reg ions  of 

va lues  o f  t h e  v a r i a b l e  a r e  of p a r t i c u l a r  i n t e r e s t ,  t h e  

exper imenter  might make g ( . )  h ighe r  i n  t h e s e  reg ions  than 

it i s  elsewnere.  Of cou rse ,  g (  ) could be a  genera l  

weight ing func t i on  ( i . e .  it is  n o t  necessary  f o r  G ( * )  t o  

be a  p r o b a b i l i t y  d i s t r i b u t i o n  f u n c t i o n ) ,  b u t  t h i s  does no t  

i n c r e a s e  t h e  g e n e r a l i t y  of our  r e s u l t s .  Techn ica l ly ,  G ( - )  

must be s e l e c t e d  s o  t h a t  t h e  i n t e g r a l  of Equat ion (181, 

which depends on bo th the  sco r ing  r u l e  and t h e  p r o b a b i l i t y  

d i s t r i b u t i o n s ,  w i l l  e x i s t .  I f  t h e  i n t e r v a l  o f  d e f i n i t i o n  

i s  f i n i t e  o r  t h e  i n teg rand  i s  well-behaved, g ( u )  can be 

s e l e c t e d  a s  uniform o r  " d i f f u s e "  t o  y i e l d  t h e  e a r l i e r  

r e s u l t s  of Equat ions ( 1 4 )  and (15)  . 
Th is  process  genera tes  cont inuous sco r ing  r u l e s  from 

each b ina ry  sco r ing  r u l e .  For i n s t a n c e ,  cons ide r  t h e  

q u a d r a t i c  sco r ing  r u l e  def ined by 

and 

w i th  

2  
E ( S ( r ) )  = - p ( l  - r) - (1 - p) r2  

The genera ted cont inuous q u a d r a t i c  case  de f ined  by Equat ions 

(16)  and (17)  is  a payoff of 



and an  expected s c o r e  of  

I f  G ( . )  i s  " d i f f u s e , "  t hen  dG(u) i s  rep laced  by du and t h e  

above equa t ions  have i n t e r e s t i n g  g r a p h i c a l  i n t e r p r e t a t i o n s ;  

it i s  l e f t  t o  t h e  reader  t o  ske tch  them.' I f  t h e  s u b j e c t  

s e t s  R(u)  = F ( u )  , t hen  h i s  expected s c o r e  i s  

which i s  a measure of  t h e  d i s p e r s i o n  i n  h i s  t r u e  p r o b a b i l i t y  

ass ignment .  Thus, Equat ion (22)  is  t h e  sum of  two terms,  

t h e  f i r s t  rewarding honesty and t h e  second rewarding e x p e r t i s e  

o r  sha rpness .  Although p a r t i t i o n i n g  o f  t h e  q u a d r a t i c  s c o r i n g  

r u l e  and t h e  r e s u l t i n g  " a t t r i b u t e s "  measured by e lements of 

v a r i o u s  p a r t i t i o n s  have been s t u d i e d  ( e . g .  Murphy and 

E p s t e i n  [ 6 ]  , Murphy 1 4 ,  5 1  , it appears  t h a t  p a r t i t i o n i n g  of 

t h e  func t i on  r e p r e s e n t i n g  t h e  expected s c o r e  h a s  n o t  been 

cons idered.  

' ~ u r i n g  t h e  f i n a l  p repa ra t i on  of  t h i s  paper ,  we 
l e a r n e d  t h a t  Brown ( p e r s o n a l  communication) h a s  used a 
d i f f e r e n t  approach t o  genera te  a r u l e  t h a t  i s  apparen t l y  
e q u i v a l e n t  t o  t h e  r u l e  g iven by Equat ion (21) w i th  dG(u) 
rep laced  by du. 



Although t h i s  work was mot ivated by t h e  d e s i r e  f o r  

b e t t e r  continuous sco r ing  r u l e s ,  t h e  r e s u l t s  a r e  app l i cab le  

f o r  any p r o b a b i l i t y  d i s t r i b u t i o n  funct ion  F ( - )  . Thus, they 

a r e  app l i cab le  t o  t h e  d i s c r e t e  case.  Moreover, t h e  

continuous case  can be d i s c r e t i z e d  by choosing G ( .  ) a s  a  

s t e p  func t ion .  For example, suppose t h a t  G ( * )  i s  a s t e p  

funct ion  wi th p o s i t i v e  s t e p s  g  1 ,g2 , . . . , gn  a t  u l <  u2 < * * '  < U  
n 

and t h a t  R ( u .  ) = Ri and F (u i )  = Fi f o r  i = 1 , 2 , .  . . ,n .  Then 
1 

t he  quadra t i c  b inary  sco r ing  r u l e  genera tes  

j -1 n- 1 
2 2  

S * * ( R ( * ) )  = - I  R i g i -  1 ( 1 - R i )  gi , i f x = u  (24) 
i= j 

j 
i=l 

and 

I f  g1 = - - g2 - - - gn,  t h i s  i s  n o t  t h e  usua l  quadra t i c  r u l e ,  

b u t  i t  is  equ iva len t  t o  t h e  ranked p r o b a b i l i t y  s c o r e  ( e . g .  

Eps te in  [l] , Murphy [3] , S t a e l  von Hols te in  [lo] ) , which has  

q u i t e  d i f f e r e n t  p r o p e r t i e s .  I n  p a r t i c u l a r ,  t h e  ranked 

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

procedures d iscussed i n  t h i s  s e c t i o n  can be used t o  

genera te  c l a s s e s  of sco r ing  r u l e s  t h a t  a r e  s e n s i t i v e  t o  

d i s t a n c e  f o r  t h e  cont inuous case a s  we l l  a s  t h e  d i s c r e t e  

case.  



3.  The Generat ion of Scor inq Rules f o r  Continuous 

D i s t r i b u t i o n  from Payoff Funct ions o t h e r  than 

Binary Scor inq Rules 

The r u l e s  genera ted i n  Sec t ion  2  a r e  based on b inary 

sco r ing  r u l e s .  Other r u l e s  f o r  cont inuous d i s t r i b u t i o n s  

can be genera ted from d i f f e r e n t  types of payoff f unc t i ons .  

A s  i n  Sec t ion  2, w e  assume t h a t  t h e  s u b j e c t  a s s i g n s  

p r o b a b i l i t y  d i s t r i b u t i o n  func t i on  F  ( ) t o  t h e  v a r i a b l e  

of i n t e r e s t  b u t  s t a t e s  R ( * )  when asked t o  revea l  h i s  

p r o b a b i l i t y  assignment. I n  o rde r  t o  t r e a t  t h e  cases  of 

d i s c r e t e  p o i n t s  and ze ro -p robab i l i t y  i n t e r v a l s  we s h a l l  

d e f i n e  t h e  i nve rse  func t ions  

- 1 F ( 2 )  = min ( u l ~ ( u )  - > z} 
u  

and 

- 1 
R ( z )  = min (u lR(u )  2 zl 

u  

f o r  a l l  Z E  ( 0 , l )  . The t y p i c a l  case is i l l u s t r a t e d  i n  

F igure  2. 

For any a r b i t r a r y  z~[0 ,1 ] ,  l e t  t h e  s u b j e c t  r e c e i v e  a  

payoff  according t o  t h e  r u l e  T ( R - ' ( Z ) ) .  I f  T  i s  s t r i c t l y  

p roper ,  t hen  

where 
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For example, l e t  T rep resen t  a payoff func t ion  f o r  a 

Bayesian po in t  es t ima t ion  problem under l i n e a r  l o s s  (e.g.  

see Winkler El41 , pp. 397-405 ) . For t h i s  s i t u a t i o n ,  which 

is  o f t e n  c a l l e d  t h e  "newsboy problem," t h e  payoff func t ion  

can be represented a s  fol lows: 

where ~ ( x )  i s  a funct ion  of x t h a t  rep resen ts  t h e  payoff i f  

- 1 x = R ( z )  ( i . e .  i f  t h e  newsboy o rde rs  exac t l y  t h e  r i g h t  

number of  p a p e r s ) .  Assuming t h a t  

converges, 

is  maximized only f o r  ~ ~ ' ( 2 )  = F - l ( z )  . 
I f  t h e  s u b j e c t  does n o t  know t h e  va lue of z ,  he should 

s e t  R ( - )  = F ( . ) ;  however, t h e  a c t u a l  payoff depends s t r o n g l y  

on t h e  a r b i t r a r i l y  s e l e c t e d  va lue of z .  To e l im ina te  t h i s  



dependence, we i n t e g r a t e  over  a l l  z and pay t h e  s u b j e c t  

The expected sco re  is  then 

The i n t e g r a t i o n  over z is analogous t o  t h e  i n t e g r a t i o n  over u 

i n  Sect ion  2 .  I f  T is s t r i c t l y  proper then T* i s  a l s o  

s t r i c t l y  proper,  and t h e  s u b j e c t  maximizes h i s  expected 

payoff by s e t t i n g  R ( * )  = F ( *  ) . 
W e  can now genera l i ze  t h e  above r e s u l t  i n  a manner 

analogous t o  t h e  g e n e r a l i z a t i o n  represented by Equation (16) 

i n  Sec t ion  2 .  Assume t h a t  t h e  exper imenter  s e l e c t s  a 

p r o b a b i l i t y  d i s t r i b u t i o n  func t ion  H(*) f o r  z .  A f te r  a 

va lue of x has been revea led,  t h e  s u b j e c t  i s  paid  t h e  

expected s c o r e  us ing H: 

Before x is  revea led,  t h e  s u b j e c t ' s  expected sco re  i s  



For example, t h e  payoff generated by t h e  sco r ing  r u l e  of 

Equation (30) is  

I f  T i s  s t r i c t l y  proper ,  t h e  s u b j e c t  maximizes h i s  

expected payoff from Equation (35) by s e t t i n g  R ( - )  = F ( * ) .  

H is  s i m i l a r  t o  G i n  t h a t  dH(* )  se rves  a s  a weight ing func t ion  

which should encourage t h e  s u b j e c t  t o  pay more a t t e n t i o n  t o  

h i s  assessments where a(*)  is  h ighes t .  For example, i f  

t h e  exper imenter  is  p a r t i c u l a r l y  concerned about t h e  

extreme t a i l s  of  t h e  d i s t r i b u t i o n ,  he might s e l e c t  a 

U-shaped a(- ) :  i f  t h e  middle of  the  d i s t r i b u t i o n  is of 

i n t e r e s t ,  dH(-) might be taken t o  be symmetric and unimodal 

wi th mode a t  z = 0.5. Of course,  diI ( ) can simply be 

uniform, i n  which case  Equations (34) and (35) reduce t o  

Equat ions (32) and (33) . I f  only c e r t a i n  f r a c t i l e s  a r e  of 

i n t e r e s t ,  H (  ) can be chosen as  a s t e p  funct ion  wi th 

p o s i t i v e  s t e p s  h l ,h2,  ..., h a t  z l <  z2 < * * *  < z rn m ' 



I n  t h i s  s e c t i o n  we have generated a  family of sco r ing  

r u l e s ,  wi th each member of t h e  fami ly  corresponding t o  a  

p a r t i c u l a r  cho ice  of T ( * )  and H ( * ) .  This  i s  s i m i l a r  t o  t h e  

s i t u a t i o n  covered i n  Sect ion  2, where each member of t h e  

fami ly  of sco r ing  r u l e s  t h a t  is  generated corresponds t o  

a  p a r t i c u l a r  choice of  S ( * )  and G(.). The two fami l i es  

a r e  completely d i f f e r e n t ,  however. The sco r ing  r u l e  S ( . )  

i s  def ined on t h e  p r o b a b i l i t y  space ( t h e  u n i t  i n t e r v a l ) ,  

whereas T ( . )  is  def ined on t h e  space of va lues of t h e  

v a r i a b l e  of  i n t e r e s t  ( t h e  r e a l  l i n e ) .  I n  p r a c t i c e ,  t h e  

cho ice  of  a  p a r t i c u l a r  r u l e  might be based p r imar i l y  on 

convenience and on psychological  cons ide ra t ions  r e l a t i n g  t o  

the  e l i c i t a t i o n  procedure. For i ns tance ,  exper imental  

r e s u l t s  suggest  t h a t  d i f f e r e n t  e l i c i t a t i o n  techniques may 

y i e l d  q u i t e  d i f f e r e n t  r e s u l t s  (e .9 .  s e e  Tversky and Kahneman 

[ll] and Kahneman and Tversky [2] . Clear l y  such f a c t o r s  

need t o  be i n v e s t i g a t e d  f u r t h e r .  
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