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ABSTRACT 

U t i l i t y  func t ions  a r e  an important component of normative dec i s ion  

ana lys is .  They a l s o  serve t o  c h a r a c t e r i z e  t he  na tu re  of people ' s  r i sk- tak ing  

a t t i t u d e s .  I n  t h i s  paper we examine var ious  f a c t o r s  t h a t  make i t  d i f f i c u l t  

t o  speak of the u t i l i t y  func t ion  f o r  a given person. S imi l a r ly  w e  shov t h a t  

i t  is ques t ionable  t o  pool da t a  ac ros s  s t u d i e s  ( f o r  d e s c r i p t i v e  purposes) 

t h a t  d i f f e r  in t h e  e l i c i t a t i o n  methods employed. 

The fol lowing f i v e  sources  of indeterminacy a r e  s p e c i f i c a l l y  discussed.  

F i r s t ,  t he  c e r t a i n t y  equivalence method gene ra l ly  y i e l d s  more r isk-seeking 

preferences than t h e  p r o b a b i l i t y  equivalence method. Second, the  p r o b a b i l i t y  

and outcome l e v e l s  used fn re ference  l o t t e r i e s  induce sys temat ic  b i a s .  Thi rd ,  

combining ga in  and l o s s  domains y i e l d s  d i f f e r e n t  u t i l i t y  measures than  

sepa ra t e  examinations of t h e  two domains. Fourth,  whether a  r i s k  is assumed 

o r  t r a n s f e r r e d  away e x e r t s  a  s i g n i f i c a n t  i n f luence  on people ' s  p references  i n  

ways counter  t o  expected u t i l i t y  theory. F i n a l l y ,  context  o r  framing d i f f e r -  

ences s t rong ly  a f f e c t  choice inanon-normative manner. 

The above f i v e  f a c t o r s  are f i r s t  d i scussed  as e s s e n t i a l  choices  t o  be 

made by t h e  dec i s ion  s c i e n t i s t  i n  cons t ruc t ing  Von Neumann-Morgenstern u t i l i t y  

funct ions.  Next, each i s  examined sepa ra t e ly  i n  view of e x i s t i n g  l i t e r a t u r e ,  

and demonstrated v i a  experiments.  The emerging pi 'cture is t h a t  b a s i c  prefer -  

ences under unce r t a in ty  e x h i b i t  s e r i o u s  i n c o m p a t i b i l i t i e s  with t r a d i t i o n a l  

expected u t i l i t y  theory. An important impl ica t ion  of t h i s  paper is t o  

commence development of a  sys temat ic  theory of u t i l i t y  encoding which incor-  

pora tes  the  many information processing e f f e c t s  t h a t  i n f luence  peop le ' s  

expressed r i s k  preferences .  
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INTRODUCTION 

The s tandard  model of choice u t i l i z e d  by dec i s ion  s c i e n t i s t s  i n  analyzing 

problems is  expected u t i l i t y  (EU) theory [38] .  This  model is presumed t o  be 

d e s c r i p t i v e  of people ' s  b a s i c  preferences ,  while  having nonnat ive imp l i ca t ions  

f o r  more complex problems. Recently,  however, t h e r e  has been an ex tens ive  

l i t e r a t u r e  which sugges ts  t h a t  even b a s i c  choice is more complicated than  

u t i l i t y  theory sugges ts  ( s e e  [6] f o r  a review). I n  view of t h i s ,  our  paper 

presents  a framework f o r  sys t ema t i ca l ly  i n v e s t i g a t i n g  var ious  information proc- 

e s s ing  e f f e c t s  t h a t  may confound t h e  e l i c i t a t i o n  of a dec i s ion  maker's p refer -  

ences under unce r t a in ty .  The experimental d a t a  presented  i n  t h i s  s tudy ,  

toge ther  with a l a r g e  body of e x i s t i n g  evidence, l ead  us t o  t h e  unambiguous 

conclusion t h a t  t r a d i t i o n a l  EU theory needs t o  be modified i f  i t  is t o  s e rve  

a s  a d e s c r i p t i v e  and nonnat ive model of choice under unce r t a in ty .  

Our ana lys i s  was, i n  p a r t ,  motivated by a r e c e n t  a r t i c l e  of Fishburn and 

Kochenberger [8] who analyzed 30 empi r i ca l  u t i l i t y  func t ions  publ ished i n  

e a r l i e r  l i t e r a t u r e  [32, 12, 9 ,  10,  31. These p l o t t e d  u t i l i t y  func t ions  v e r e  

e i t h e r  def ined on changes i n  weal th o r  on r e t u r n  on investment.  Fishburn and 

Koch.enberger (F-K) divided each graph i n t o  a below-and above-target segment, 

and f i t t e d  l i n e a r ,  power, and exponent ia l  func t ions  s e p a r a t e l y  t o  each subse t  

of da ta .  Of t h e  30 graphs they examined,Q8 ve re  cha rac t e r i zed  by F-K a s  

having concave (r isk-averse)  and/or convex (risk-seeking) segments: broken 

down a s  fol luws:  

Concave Convex 
Xb ove Above T o t a l  - 

Convex Below 13 5 18 

Concave Below 3 - 7 - 10 - 
1 6  12 2 8 



I n  terms of percentages,  642 of the  below-target funct ions  were convex and 

57% of the  above-target funct ions  were concave. The predominant composite 

shape, they concluded, was convex-concave (462) followed by concave-convex 

(252). 

We quest ion t h e  pooling of u t i l i t y  funct ions ,  as w a s  done f o r  i n s t ance  

i n  the  F-K s tudy,  when the  u t i l i t y  funct ions  a r e  obtained via d i f f e r e n t  

e l i c i t a t i o n  procedures. S p e c i f i c a l l y ,  w e  s h a l l  p resent  evidence t h a t  t he  

shape of t h e  u t i l i t y  funct ion  is inf luenced by and poss ib ly  d i s t o r t e d  because 

of (1) response mode b ia ses ,  (2)  b i a s e s  induced by p r o b a b i l i t y  and outcome 

l e v e l s ,  (3) a s p i r a t i o n  l e v e l  e f f e c t s ,  (4) i n e r t i a  e f f e c t s ,  and (5) context  

e f f e c t s .  The present  paper thus r a i s e s  a s e t  of methodological i s sues  t h a t  

have s i g n i f i c a n t  impl ica t ions  f o r  both d e s c r i p t i v e  and p r e s c r i p t i v e  analyses 

of choice under uncer ta in ty .  

ELICITATION XETHODS 

To begin our a n a l y s i s ,  we assume t h a t  Von Neumann-Morgenstern u t i l i t y  

funct ions [38] a r e  cons t ruc ted  v i a  s tandard reference  l o t t e r i e s  where t h e  

c l i e n t  provides ind i f f e rence  judgments between a s u r e  opt ion and a two-outcome 

l o t t e r y .  I n  conducting t h e  e l i c i t a t i o n  in terv iew,  t h e  dec i s ion  ana lys t  w i l l  

thus present  the c l i e n t  with the  following choice: 

S versus  

where S i s t h e s u r e  amount, p is the  p robab i l i t y  of winning G ( f o r  g a i n ) ,  and L 

( f o r  l o s s )  the lower outcome of the  l o t t e r y .  O f  course,  0 < p < 1 and 



L < S < G .  Note t h a t  L and G r e f e r  t o  r e l a t i v e  r a t h e r  than abso lu t e  amounts; 

hence they a r e  not  cons t ra ined  sign-wise. Of these  fou r  v a r i a b l e s ,  t h r e e  

w i l l  have been set by t h e  dec i s ion  a n a l y s t ,  whereas t h e  fou r th  is va r i ed  t o  

ob ta in  an i n d i f f e r e n c e  judgment such t h a t  U(S) = pU(G) + (1-p)U(L) . Hence, 

t he re  e x i s t  e s s e n t i a l l y  four  d i f f e r e n t  methods f o r  cons t ruc t ing  NM u t i l i t y  

func t ions ,  namely: 

1. The c e r t a i n t y  equivalence (CE) method, where t h e  c l i e n t  s t a t e s  an 

ind i f f e rence  l e v e l  f o r  S f o r  given va lues  of p ,  G and L.  

2 .  The p r o b a b i l i t y  equivalence (PE) method, where an i n d i f f e r e n c e  l e v e l  f o r  

p is e l i c i t e d ,  f o r  given va lues  of G ,  L and S. 

3. The ga in  equivalence (GE) method, where t h e  p r o b a b i l i s t i c  outcome G is 

e l i c i t e d ,  and p ,  L and S a r e  f ixed .  

4. The l o s s  equivalence (LE) method, where t h e  p r o b a b i l i s t i c  outcome L is 

e l i c i t e d ,  while  p ,  G and S a r e  he ld  cons tan t .  

Hence, one important choice the  dec i s ion  ana lys t  m u s t  make is which of t hese  

fou r  response modes t o  use. The most common ones a r e  t he  CE and PE methods. 

A s  we s h a l l  show, however, t h e r e  may e x i s t  s i g n i f i c a n t  d i f f e r e n c e s  in r i s k -  

taking a t t i t u d e  between these  two methods. This ,  of c x r s e ,  is counter  t o  EU 

theory. 

Another important dec i s ion  involves the  dimensions of t h e  l o t t e r y .  

S p e c i f i c a l l y ,  what p r o b a b i l i t y  and outcome l e v e l s  should one use in e l i c i t i n g  

r i s k  preferences? I f  t h e  shape of t h e  u t i l i t y  func t ion  depends on the  end- 

poin ts  assoc ia ted  with G and L magnitudes, and/or  t h e  va lues  of p u t i l i z e d ,  

we must be aware of t h i s  i n  designing a s e t  of re ference  l o t t e r i e s .  Again, 

i n  theory the  choice of l e v e l s  is a r b i t r a r y .  Due t o  t he  s u b s t i t u t i o n  and 

o the r  axioms of u t l l i t y t h e o r y ,  an NFI u t i l i t y  func t ion  cons t ruc ted  with 50-50 



re ference  l o t t e r i e s  should assume the  same shape a s  one obtained with,  f o r  

example, 30 - 70 l o t t e r i e s .  As we w i l l  s ee ,  however, t h i s  may no t  be t h e  

case  due t o  p r o b a b i l i t y  d i s t o r t i o n s .  

A t h i r d  dec i s ion  t o  be made by the  ana lys t  concerns t h e  domain of out- 

comes t o  be used. Three l o t t e r y  types may be d i s t ingu i shed ,  namely pure l o s s  

l o t t e r i e s  (L < G 5 0) , mixed l o t t e r i e s  (L < 0 and G > 0) , and pure ga in  

l o t t e r i e s  (G > L 1 0) .  O f  course,  w i th in  the  EU model it is a r b i t r a r y  which 

approach is used, a s  t h e  same func t iona l  shape (within p o s i t i v e  l i n e a r  t rans-  

formations) should occur .  Hence, an NM funct ion  cons t ruc ted  on [-$1000, 

$10001 using mixed l o t t e r i e s  should be i d e n t i c a l  t o  one using pure l o t t e r i e s  

wi th in  the  p o s i t i v e  and negat ive  sub in te rva l s  of t h a t  range. I n  p r a c t i c e ,  how- 

ever ,  t h e  funct ions  may w e l l  d i f f e r  (as  we shall show), due t o  a s p i r a t i o n  

l e v e l  and possibly o the r  f a c t o r s .  

A fou r th  dec is ion  t o  be made is how t o  present  t h e  choice t o  the  dec i s ion  

maker; w i l l  i t  be one where t h e  c l i e n t  must assume r i s k  o r  one where r i s k  is 

t r ans fe r r ed  away? For ins tance ,  t he  dec is ion  ana lys t  might a sk  f o r  how much 

( a t  a  minimum) t h e  c l i e n t  would s e l l  a  given l o t t e r y ( i . e . ,  t r a n s f e r  r i s k ) .  

A l t e rna t ive ly ,  it might be asked whether t h e  c l i e n t  would exchange a  s u r e  g i f t  

f o r  t h a t  l o t t e r y  ( i . e . ,  assume t h e  r i s k ) ,  which may be q u i t e  d i f f e r e n t  psycho- 

l o g i c a l l y  from a  t r a n s f e r  of r i s k ,  due t o  i n e r t i a  . e f f ec t s .  

F ina l ly ,  t he  dec i s ion  ana lys t  must choose a  dec i s ion  context  f o r  t he  

re ference  l o t t e r i e s  used. This aspec t  of t h e  e l i c i t a t i o n  procedure i s  impor- 

t a n t  a s  d i f f e r e n t  wordings, s c r i p t s ,  o r  scenar ios  may lead  t o  d i f f e r e n t  s t a t e d  

r i s k  preferences.  I f  the underlying choices a r e  s t r u c t u r a l l y  t h e  same, such 

contextua l  d i f f e rences  should be without e f f e c t s .  However, s ince  d i f f e r e n t  

contexts  o f t en  emphasize d i f f e r e n t  a spec t s  [ I ] ,  people may process information 



d i f f e r e n t l y ,  thereby inducing incons i s t en t  responses.  

In  Fig. 1 we diagram t h e  f i v e  types of choices t h e  a n a l y s t  must make 

( e i t h e r  i m p l i c i t l y  o r  e x p l i c i t l y ) .  I n  the  remainder of t he  paper we w i l l  

demonstrate t h a t  each of these  f i v e  choices may indeed inf luence  t h e  u t i l i t y  

funct ion  in non-normative ways. A s  such, w e  view t h i s  paper as a  f i r s t  s t e p  

i n  the  development of a  much needed theory f o r  u t i l i t y  encoding. Compared 

t o  p r o b a b i l i t y  encoding 1311, t h e  va lue  s i d e  has l a r g e l y  been ignored i n  

dec is ion  ana lys i s  al though i t  s i m i l a r l y  s u f f e r s  from s e r i o u s ,  systematic  

b iases  . 

RESPONSE MODE BIAS 

I n  Table 1 w e  have summarized which methods were used i n  each of t he  f i v e  

s t u d i e s  examined by Fishburn and Kochenberger [ 8 ] ,  toge ther  with t h e i r  f ind-  

ings.  I n t e r e s t i n g l y ,  f o r  those  s t u d i e s  [32, 12, 31 using t h e  c e r t a i n t y  

equivalent  (CE) method, 1 6  of t h e  1 7  below-target shapes were convex and U 

of t h e  17 above-target shapes were concave, whereas f o r  those s t u d i e s  [ 9 ,  101 

using the  p robab i l i t y  equivalence method, 9  of t he  11 below-target shapes were 

concave and 8 of t h e  11 above-target shapes convex. (Note t h a t  none of t hese  

s t u d i e s  employed t h e  GE o r  LE methods.) Hence, t h e r e  appears  t o  be a  s t rong  

i n t e r a c t i o n  between t h e  e l i c i t a t i o n  methdd used and the  predominant shapes 

obtained by F-K as shown i n  t h e  following cross-c lass i f  i c a t i o n  derived from 

Table 1. 

Response Xode 

Composite S h a ~ e  

Convex Below- 
Concave Above 

Concave Below- 
Convex Above 

Cer ta in ty  P r o b a b i l i t y  
Eauivalence Equivalence 
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