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Preference Under Risk: 

An Application of Nonexpected U t i l i t y Theories 

Preference under r i s k has r e c e i v e d much a t t e n t i o n from both 

p s y c h o l o g i s t s and economists, but more i n t e g r a t i o n of concepts from these 

two d i s c i p l i n e s i s needed f o r i t s explanation. Toward t h i s end, t h i s paper 

w i l l : 1) review and t e s t economic assumptions regarding r i s k a v e r s i o n ; 

2) demonstrate a method to measure preference f u n c t i o n s f o r nonexpected 

u t i l i t y t h e o r i e s ; 3 ) consider i m p l i c a t i o n s f o r the explanation o f r i s k 

preference. 

A heavy emphasis in recent r i s k preference l i t e r a t u r e , f o l l o w i n g the 

work by A l l a i s (1984), i s the inadequacy of expected u t i l i t y theory to 

describe r i s k behavior. Several a l t e r n a t i v e nonexpected u t i l i t y t h e o r i e s 

have been proposed by economists and p s y c h o l o g i s t s (see Camerer, 1987 f o r a 

summary). In these t h e o r i e s , r i s k preference behavior i s d e s c r i b e d i n terms 

o f both u t i l i t y and p r o b a b i l i t y weighting ( s u b j e c t i v e p r o b a b i l i t y 

transformations) f u n c t i o n s . 

Concomitantly, the assumption of r i s k a version commonly made i n 

economic l i t e r a t u r e has been c a l l e d i n t o question. Kahneman and Tversky 

(1979) observed the " r e f l e c t i o n e f f e c t " , that the same person can be 

observed to be both r i s k averse and r i s k seeking depending on whether 

gambles are presented as gains or as l o s s e s . As a r e s u l t , Kahneman and 

Tversky (KT) p o s t u l a t e d i n Prospect Theory that the u t i l i t y f u n c t i o n should 

be concave f o r gains and convex f o r l o s s e s . Since an i n t r i n s i c r i s k 

a t t i t u d e should be i n v a r i a n t over choice regimes (Schoemaker, 1969), r i s k 

a v e r s i o n would then not be an " i n t r i n s i c r i s k a t t i t u d e " . 

As another p a r t of Prospect Theory, Kahneman and Tversky p o s t u l a t e d 

that people transform o b j e c t i v e p r o b a b i l i t i e s by reducing values f o r low 



p r o b a b i l i t i e s and i n c r e a s i n g values f o r h i g h p r o b a b i l i t i e s . They a l s o d i d 

not r e q u i r e s u b j e c t i v e p r o b a b i l i t i e s to sum to one, and they suggested that 

c e r t a i n t y is evaluated d i f f e r e n t l y from r i s k , i . e . there may be 

d i s c o n t i n u i t i e s i n the s u b j e c t i v e p r o b a b i l i t y t r a n s f o r m a t i o n a t zero and 

one. 

Here, u s i n g preference data f o r l o t t e r i e s w i t h combined gain and l o s s 

outcomes, assumptions of expect u t i l i t y and r i s k a v e r s i o n are t e s t e d . A 

n o n l i n e a r programming method is then a p p l i e d to t h i s data f o r the purpose of 

measuring u t i l i t y and s u b j e c t i v e p r o b a b i l i t y t r a n s f o r m a t i o n f u n c t i o n s f o r 

s e v e r a l nonexpected u t i l i t y t heories i n c l u d i n g Prospect Theory. U t i l i t y 

c o n c a v i t y opposite to Kahnemann and Tversky's p o s t u l a t e d u t i l i t y shape are 

obtained. Below, t h e o r i e s of r i s k preference are summarized as background 

f o r t e s t s and measurement. 

Theories of Risk Preference 

Nonexpected u t i l i t y t h e o r i e s have been proposed by both economists and 

p s y c h o l o g i s t s . Below, economic and p s y c h o l o g i c a l t h e o r i e s are b r i e f l y 

reviewed w i t h regard to t h e i r treatment of " r i s k i n e s s " and r i s k a v e r s i o n . 

Economic Theories of R i s k Aversion 

Decisionmakers are u s u a l l y assumed to be r i s k averse i n economic 

l i t e r a t u r e . The b a s i c d e f i n i t i o n o f r i s k a v e r s i o n i s i n terms o f the 

c e r t a i n t y e q u i v a l e n t ( P r a t t , 1969). Risk a v e r s i o n i s defined to occur when 

the c e r t a i n t y e q u i v a l e n t of a gamble is l e s s than i t s expected value. More 

r i s k averse persons are s a i d to have smaller c e r t a i n t y e q u i v a l e n t s ( l a r g e r 

r i s k premiums) f o r a given gamble. 

Expected u t i l i t y has been the predominant method of d e s c r i b i n g r i s k 

p reference. Given t h a t expected u t i l i t y theory ( e q u i v a l e n t l y , the von 

Neumann and Morgenstern axioms) represents preference, r i s k a v e r s i o n has 
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been equated w i t h c o n c a v i t y of the u t i l i t y f u n c t i o n . The o r d e r i n g of r i s k 

preferences i n terms of "more r i s k averse" has then been c h a r a c t e r i z e d 

by the degree of co n c a v i t y of the u t i l i t y f u n c t i o n . The Pratt-Arrow r i s k 

a v e r s i o n c o e f f i c i e n t -- measuring r e l a t i v e curvature or c o n c a v i t y of the 

u t i l i t y f u n c t i o n -- has been e x t e n s i v e l y used as an index of r i s k a v e r s i o n . 

The exponential u t i l i t y f u n c t i o n , w i t h i t s constant Pratt-Arrow c o e f f i c i e n t , 

has been a p p l i e d i n many economic s t u d i e s . 

The e f f e c t of wealth on r i s k preference has been the b a s i s f o r 

c h a r a c t e r i z i n g types of r i s k a v e r s i o n . Types of r i s k a v e r s i o n -- constant 

absolute r i s k a v e r s i o n , decreasing absolute r i s k a v e r s i o n , and r e l a t i v e r i s k 

aversion -- are d e f i n e d in terms of the wealth of e f f e c t ( P r a t t , 1964; 

Arrow, 1965). In d e f i n i n g these types, asset i n t e g r a t i o n has been assumed; 

that i s , the u t i l i t y f u n c t i o n has been defined over wealth, and no 

d i s t i n c t i o n has been made between r i s k y gains or loss e s to wealth other than 

by a d d i t i o n or s u b t r a c t i o n from an i n i t i a l wealth l e v e l . However, asset 

i n t e g r a t i o n has not been upheld in experimental s t u d i e s (Thaler, 1987). 

Y a a r i (1969) developed a d i f f e r e n t d e s c r i p t i o n of r i s k preference 

which, w h i l e c o n s i s t e n t w i t h expected u t i l i t y , i s more general. R i s k 

a v e r s i o n is d e f i n e d in terms of an "acceptance s e t " -- the set of r i s k y 

choices t h a t a person w i l l p r e f e r to the status quo. A more r i s k averse 

person is d e f i n e d to be a person w i t h a smaller acceptance set than a l e s s 

r i s k averse person. To l i n k the two t h e o r i e s , Y a a r i showed th a t shape of 

the boundary of the acceptance set at the status quo is r e l a t e d to curvature 

o f the u t i l i t y f u n c t i o n i n expected u t i l i t y theory. 

R i s k a v e r s i o n has been used to e x p l a i n behavior in economic markets. 

For example, Ross (1981) described p o r t f o l i o choice and insurance purchase. 

Using a measure of r i s k a v e r s i o n stronger than the Pratt-Arrow measure, he 

showed that a more r i s k averse person w i l l h o l d l e s s of a more r i s k y asset 



i n a p o r t f o l i o ; a l s o , a more r i s k averse person w i l l pay a higher premium 

f o r the same insurance c o n t r a c t than a l e s s r i s k averse person. S i m i l a r l y , 

a r i s k averse person should always p r e f e r a " f a i r " insurance c o n t r a c t 

(premium equal to expected indemnity) to no insurance (Raviv, 1979). 

S t o c h a s t i c dominance has been widely used to compare gambles, although 

i t i s w e l l - r e c o g n i z e d that s t o c h a s t i c dominance provides only a p a r t i a l 

o r d e r i n g f o r p a i r s of gambles. The l i n k between o r d e r i n g gambles by second 

order s t o c h a s t i c dominance and ordering by expected u t i l i t y w i t h r i s k 

a v e r s i o n was shown by R o t h s c h i l d and S t i g l i t z (1970) and Bawa (1975). 

I n t h i s context, "an increase i n r i s k " i s a case when one gamble i s a 

"mean-preserving spread" of another ( R o t h s c h i l d and S t i g l i t z , 1970). 

Psychology P e r s p e c t i v e s on R i s k i n e s s and R i s k Preferences 

C l e a r d i s t i n c t i o n s have been made between " r i s k i n e s s " and r i s k 

preference i n psychology l i t e r a t u r e . " R i s k i n e s s " r e f e r s t o comparing 

gambles i n terms of o b j e c t i v e c h a r a c t e r i s t i c s such as moments, and " r i s k 

p r e f e r e n c e " r e f e r s to how choices are made among gambles. In t h i s context, 

s t o c h a s t i c dominance can be viewed as a method of comparing the r e l a t i v e 

r i s k i n e s s of gambles, whereas u t i l i t y t h e o r i e s describe preference. 

Although v a r i a n c e has o f t e n been used in economic and f i n a n c i a l studies 

to measure r i s k i n e s s , Coombs (1981) showed that p e r c e i v e d r i s k i n e s s i s not 

well - m o d e l l e d by moments of d i s t r i b u t i o n s . As an a l t e r n a t i v e , Weber (1988, 

1986) developed a measure of the perceived r i s k i n e s s of a gamble in which 

p r o b a b i l i t i e s of no gain, gain, and loss were each weighted s e p a r a t e l y in 

a d d i t i v e terms. Experimental t e s t s of t h i s measure showed t h a t it accounted 

f o r s u b j e c t s ' r a t i n g s of r i s k i n e s s s i g n i f i c a n t l y b e t t e r than mean and 

v a r i a n c e . 

Using complex l o t t e r i e s w i t h more than two outcomes, Lopes (1984) 

showed t h a t the G i n i c o e f f i c i e n t (equivalent to s t o c h a s t i c dominance) was 
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h i g h l y c o r r e l a t e d w i t h both r a t i n g s of perceived r i s k i n e s s and preference 

ranking of gambles. Lopes used a t r a d i t i o n a l d e f i n i t i o n of r i s k a v e r s i o n to 

c l a s s i f y s u bjects (those choosing a c e r t a i n outcome i n preference to a 

gamble w i t h the same expected v a l u e ) , and she observed that preference 

orders f o r r i s k averse subjects were c o n s i s t e n t w i t h the G i n i c o e f f i c i e n t 

when the l o t t e r i e s were i n terms of gains. However, not a l l s u b j e c t s were 

r i s k averse. From her observations, Lopes (1987) proposed other types of 

behavior besides r i s k a v e r s i o n ; " l o s s avoidance" and "gain seeking" are 

other types. Preference r e v e r s a l f o r gain and l o s s l o t t e r i e s as i n Kahneman 

and Tversky (1979) was a l s o observed by Schneider and Lopes (1985) . 

Nonexpected U t i l i t y Theories 

Theories such as " s u b j e c t i v e l y weighted u t i l i t y " (Karmarkar, 1978) and 

Prospect Theory (Kahneman and Tversky, 1979) were developed to provide a 

systematic e x p l a n a t i o n of problematic behavior such as the A l l a i s paradox. 

More recent nonexpected u t i l i t y t h e o r i e s and t h e i r i m p l i c a t i o n s f o r r i s k 

preference are summarized below. 

In Ge n e r a l i z e d Expected U t i l i t y , Machina (1982) defined the " l o c a l 

u t i l i t y f u n c t i o n " u(x, F) having the wealth l e v e l (x) and a base c.d.f. (F) 

as arguments. The e x p e c t a t i o n of t h i s l o c a l u t i l i t y f u n c t i o n can be used to 

compare two gambles F and G when these gambles are " c l o s e . " Machina showed 

that c o n c a v i t y of t h i s l o c a l u t i l i t y f u n c t i o n i n terms of x i s e q u i v a l e n t to 

the c o n d i t i o n t h a t mean-preserving increases in r i s k are not p r e f e r r e d . He 

a l s o g e n e r a l i z e d the Pratt-Arrow r i s k aversion c o e f f i c i e n t t o b e i n terms o f 

the co n c a v i t y of the l o c a l u t i l i t y f u n c t i o n . He showed that the property 

that more r i s k averse persons w i l l have smaller c e r t a i n t y e q u i v a l e n t s i s 

maintained by t h i s f o r m u l a t i o n . 

Another theory which allows the c e r t a i n t y equivalent is the Q u a s i l i n e a r 

Mean (Chew, 1983) or Weighted Expected U t i l i t y (Hess and Holthausen). These 
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t h e o r i e s are e q u i v a l e n t to Fishburn's SSB u t i l i t y theory (Fishburn, 1986). 

In t h i s theory, s u b j e c t i v e p r o b a b i l i t y weights depend on the outcome l e v e l . 

Hess and Holthausen (1990) f u r t h e r defined p r o p e r t i e s of t h i s type of theory 

i n terms of the shapes of u t i l i t y and weighting f u n c t i o n s , expanding the 

typology o f r i s k behavior t o include " e c c e n t r i c i t y " a s w e l l a s r i s k 

a v e r s i o n . 

Another type of nonexpected u t i l i t y theory i s A n t i c i p a t e d U t i l i t y 

(Quiggin, 1982) or Expected U t i l i t y with Rank Dependent P r o b a b i l i t y (EURDP) 

(Chew, K a m i , and S a f r a , 1987). In both of these t h e o r i e s , the cumulative 

p r o b a b i l i t y d i s t r i b u t i o n i s transformed. The s u b j e c t i v e p r o b a b i l i t y then 

depends on the rank o r d e r i n g of outcomes. In a n t i c i p a t e d u t i l i t y , the 

assumption i s made th a t the s u b j e c t i v e p r o b a b i l i t y of .5 i s a l s o .5, whereas 

no such requirement i s made f o r EURDP. Chew, K a m i , and Sa f r a showed that 

t h i s theory i s not a s p e c i a l case of Machina's. For EURDP, Chew et a l . a l s o 

showed th a t c o n c a v i t y of both the u t i l i t y f u n c t i o n and the tra n s f o r m a t i o n 

f u n c t i o n i m p l i e s t h a t mean-preserving increases i n r i s k w i l l not b e 

p r e f e r r e d . 

Loehman (1991) showed that the c e r t a i n e q u i v a l e n t i s a l s o w e l l - d e f i n e d 

i n EURDP, and t h a t second order s t o c h a s t i c dominance between gambles s t i l l 

r e l a t e s to preference order. But, p r o p e r t i e s of the f u n c t i o n s u n d e r l y i n g 

EURDP a l l o w more types of r i s k behavior then r i s k a v e r s i o n . The u t i l i t y 

f u n c t i o n (u) and a s u b j e c t i v e transformation (S) of the cumulative 

d i s t r i b u t i o n are both used to describe preferences, and the combination of u 

and S determines the nature of preferences. Several combinations (concave 

or l i n e a r u w i t h concave S; or, concave u and symmetric S) can imply r i s k 

a v e r s i o n . R i s k seeking occurs w i t h u and S both convex. Other types of 

behavior are a l s o i n c l u d e d in the set of p o s s i b l e preference types. 



Shapes f o r S can be i n t e r p r e t e d in terms of optimism and pessimism. 

(These two a l t e r n a t i v e " a t t i t u d e s toward f a t e " were f i r s t i d e n t i f i e d by Hey 

(1984) i n a s u b j e c t i v e expected u t i l i t y context.) For strong s u b j e c t i v e 

optimism, the s u b j e c t i v e cumulative d i s t r i b u t i o n dominates the o b j e c t i v e 

d i s t r i b u t i o n w i t h f i r s t order dominance, implying a s u b j e c t i v e mean greater 

than the o b j e c t i v e mean. Strong pessimism i s the reverse. For weak 

optimism, the s u b j e c t i v e cumulative d i s t r i b u t i o n dominates the o b j e c t i v e 

d i s t r i b u t i o n w i t h second order dominance, implying a smaller s u b j e c t i v e 

variance i f the s u b j e c t i v e and o b j e c t i v e means are the same. Weak pessimism 

is the reverse. 

Y a a r i (1987) proposed theory of r i s k preference based on the i n v e r s e 

u t i l i t y f u n c t i o n . His theory i s sometimes mistakenly i n t e r p r e t e d as 

r e q u i r i n g t h a t the u t i l i t y f u n c t i o n be l i n e a r (Camerer, 1987). Y a a r i ' s 

theory a c t u a l l y ranks l o t t e r i e s e q u i v a l e n t l y to EURDP (Loehman, 1991) . 

R o e l l (1987) showed that r i s k a v e r s i o n i n Y a a r i ' s theory can a l s o be 

described in terms of the c e r t a i n t y equivalent. 

Preference Measurement and Problems w i t h the Use of C e r t a i n t y E q u i v a l e n t s 

F o l l o w i n g the methods of Becker, DeGroot, and Marschak (1964), the use 

of the c e r t a i n t y e q u i v a l e n t has been the predominant t o o l f o r u t i l i t y 

measurement. As i n d i c a t e d above, the concept of the c e r t a i n t y e q u i v a l e n t 

remains v a l i d even i n a nonexpected u t i l i t y context. Therefore, t h i s 

e l i c i t a t i o n method could a l s o be a p p l i e d w i t h nonexpected u t i l i t y t h e o r i e s 

f o r measurement purposes. However, t h i s s e c t i o n discusses some d i f f i c u l t i e s 

i n a p p l y i n g the c e r t a i n t y e q u i v a l e n t . 

In one recent a p p l i c a t i o n , c e r t a i n t y equivalents were used to compare 

Prospect Theory and expected u t i l i t y (Currim and S a r i n , 1989). S i m i l a r to 

KT, t h e i r experiment used l o t t e r i e s w i t h e i t h e r gains or l o s s e s (not 

combinations), and the Prospect Theory u t i l i t y f u n c t i o n shape was confirmed. 
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Currim and S a r i n assumed an exponential u t i l i t y f u n c t i o n w i t h a r i s k 

a v e r s i o n c o e f f i c i e n t which was estimated from c e r t a i n t y e q u i v a l e n t s . Currim 

and S a r i n then measured s u b j e c t i v e p r o b a b i l i t i e s , a l l o w i n g s u b j e c t i v e 

p r o b a b i l i t y t o b e transformed d i f f e r e n t l y f o r l o s s l o t t e r i e s than f o r gain 

l o t t e r i e s ( s m a l l e r s u b j e c t i v e p r o b a b i l i t i e s were obtained f o r l o s s e s than 

f o r g a i n s ) . That i s , s u b j e c t i v e p r o b a b i l i t i e s and u t i l i t y were not measured 

simultaneously. 

In the Becker, DeGroot, and Marschak (BDM) method, the c e r t a i n t y 

e q u i v a l e n t f o r a l o t t e r y over gains i s the same as minimum s e l l i n g p r i c e or 

w i l l i n g n e s s to accept f o r the s a l e of t h i s l o t t e r y . BDM et a l . a l s o 

developed a procedure to induce t r u t h f u l behavior in the respondent in 

r e v e a l i n g w i l l i n g n e s s to accept: a p r e l i m i n a r y l o t t e r y is added to the 

o r i g i n a l l o t t e r y to determine whether or not a respondent w i l l be p a i d 

h i s / h e r s t a t e d minimum s e l l i n g p r i c e . BDM show that a t r u t h f u l response i s 

then the dominant s t r a t e g y . 

Based on Kahneman and Tversky's (1979) r e s u l t s , use of the BDM method 

presents problems. Because a compound l o t t e r y r e s u l t s from adding the 

i n c e n t i v e system to the o r i g i n a l l o t t e r y , the new l o t t e r y w i l l be perceived 

a s b e i n g r i s k i e r than the o r i g i n a l l o t t e r y . Therefore, the revealed 

c e r t a i n t y e q u i v a l e n t w i l l not be the same as f o r the o r i g i n a l gamble, but 

the response i s not n e c e s s a r i l y the t r u t h f u l s e l l i n g p r i c e f o r the o r i g i n a l 

l o t t e r y . 

The method proposed by BDM a l s o r e q u i r e s use of a personal i n t e r v i e w 

and a nonstandard instrument. Kachelmeier (1989) proposed i n s t e a d that t h i s 

type of measurement should be standardized and simple enough to be 

administered as p a r t of an experimental study, i . e . the e l i c i t a t i o n of r i s k 

preference should not be a major e f f o r t i n i t s e l f . Kachelmeier's instrument 

and method were based on a s t a n d a r d i z a t i o n proposed by H a r r i s o n (1986) to 



9 

s i m p l i f y the c e r t a i n t y e q u i v a l e n t e l i c i t a t i o n process. C e r t a i n t y 

equivalents were e l i c i t e d f o r p r e s p e c i f i e d p r o b a b i l i t y l e v e l s , and then 

econometric methods were used to estimate the c e r t a i n t y e q u i v a l e n t as a 

f u n c t i o n o f p r o b a b i l i t y ; the u t i l i t y f u n c t i o n i s then obtained a s the 

inverse f u n c t i o n . However, t h i s method assumes expected u t i l i t y theory. 

A fundamental c r i t i c i s m of use of c e r t a i n t y equivalents by McCord and 

De N e u f v i l l e (1986) i s due to the " c e r t a i n t y b i a s " i d e n t i f i e d by Kahneman 

and Tversky (1979) who suggested that the comparison of c e r t a i n t y to a 

l o t t e r y may not l e a d to the same type of response as when one l o t t e r y i s 

compared to another. 

An even more severe problem w i t h the c e r t a i n t y equivalent i s the 

problem of preference r e v e r s a l . This e f f e c t has been widely s t u d i e d 

f o l l o w i n g the work by Grether and P l o t t (1979). Their work showed an 

i r r e c o n c i l a b l e d i f f e r e n c e between the preference ordering and the c e r t a i n t y 

equivalent. 

Laskey and F i s c h e r (1987) t r i e d to e x p l a i n the Grether and P l o t t 

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

The determination of the c e r t a i n t y equivalent is a matching task; t h a t i s , 

a d o l l a r amount must be matched w i t h a l o t t e r y . Laskey and F i s c h e r found 

greater consistency in responses f o r ranking tasks (the d i r e c t comparison of 

l o t t e r i e s ) compared to matching tasks, implying that subjects have more 

d i f f i c u l t y w i t h matching than ranking t a s k s . 

C l e a r l y , there are s e v e r a l p s y c h o l o g i c a l and measurement problems when 

the c e r t a i n t y e q u i v a l e n t i s the b a s i s f o r nonexpected u t i l i t y measurement. 
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A New Method of Measurement f o r 

Nonexpected U t i l i t y Theories 

This s e c t i o n proposes a new method of measurement f o r nonexpected 

u t i l i t y t h e o r i e s based on p s y c h o l o g i c a l measurement theory (Kranz, Luce, 

Suppes and Tversky, 1971). The method proposed here uses revealed 

preference i n s t e a d of the c e r t a i n t y equivalent as the b a s i s f o r measurement. 

I t assesses s u b j e c t i v e p r o b a b i l i t i e s and u t i l i t y simultaneously ( r a t h e r then 

s e p a r a t e l y as in Currim and S a r i n , 1989). Nonlinear programming is used to 

compute s u b j e c t i v e p r o b a b i l i t i e s and u t i l i t y values from revealed 

preferences f o r an assumed nonlinear expected u t i l i t y theory. Rather than 

e s t i m a t i n g parameters f o r an assumed f u n c t i o n a l form (such as an exponential 

u t i l i t y f u n c t i o n ) , s c a l e values f o r u t i l i t i e s and s u b j e c t i v e p r o b a b i l i t i e s 

are obtained t o s a t i s f y s c a l i n g p r i n c i p l e s . 

A l t e r n a t i v e nonexpected u t i l i t y t h e o r i e s can be measured w i t h the 

method. The t h e o r i e s a p p l i e d here are described i n more d e t a i l below. The 

preference e l i c i t a t i o n instrument i s given i n the Appendix. L o t t e r i e s 

compared here are mixtures of gain and l o s s outcomes because such a mixture 

i s r e a l i s t i c . 

E l i c i t a t i o n Instrument 

Respondents were asked to give preference rankings f o r two sets of 

l o t t e r i e s ( i n d i c a t e d by I and I I below). L o t t e r i e s i n each set were 

compared p a i r w i s e , and the r e s u l t i n g preference ranking was i m p l i e d by the 

p a i r w i s e comparisons. In each s e t , a l l l o t t e r i e s have the same expected 

value i n order t o t e s t f o r r i s k n e u t r a l i t y and consistency w i t h second order 

s t o c h a s t i c dominance. The f i v e l o t t e r i e s i n the f i r s t s e t (I) of the 

l o t t e r i e s a l l have p r o b a b i l i t i e s of .50/.50 f o r mixtures of gains and losses 

w i t h an expected v a l u e of $50. One c e r t a i n outcome of $50 is i n c l u d e d in 

t h i s s e t . In the second set ( I I ) of f i v e l o t t e r i e s to be ranked, s t a t e d 
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p r o b a b i l i t i e s vary from 0.1 to 0.9, i n c l u d i n g the value of 0.5, and each 

l o t t e r y has an expected value of $12.50. 

One c e r t a i n t y e quivalent was a l s o e l i c i t e d from the f i r s t s e t . This 

c e r t a i n t y e q u i v a l e n t corresponds to the l o t t e r y having a 50-50 chance at the 

combination of the best ($300) and worst (-$200) outcomes in the choice s e t . 

Here, the degree of r i s k a v e r s i o n w i l l be c l a s s i f i e d by the s i z e of t h i s 

c e r t a i n t y e q u i v a l e n t . For respondents who l i k e having a chance at t h i s 

l o t t e r y , t h i s c e r t a i n t y e quivalent w i l l be the minimum s e l l i n g p r i c e as i n 

BDM. Some respondents may a c t u a l l y d i s l i k e having a chance at t h i s l o t t e r y ; 

f o r such respondents t h i s c e r t a i n t y e quivalent w i l l be the maximum 

w i l l i n g n e s s to pay to get r i d of the l o t t e r y , as when insurance i s 

purchased. No i n c e n t i v e s f o r t r u t h f u l n e s s were used. 

As a t e s t of r i s k a v e r s i o n , questions about insurance behavior were 

included. Insurance gambles are s i m i l a r in form to those used by S l o v i c , 

F i s c h o f f , L i c h t e n s t e i n , et a l . (1979), each of them having the same expected 

value w i t h v a r y i n g p r o b a b i l i t i e s and l o s s l e v e l s . In each case, a gamble is 

compared to f a i r insurance. For f a i r insurance, r i s k averse persons should 

purchase a l l c o n t r a c t s whereas pure r i s k seekers would purchase none. 

Two p e r s o n a l i t y t r a i t questions were al s o included i n order to compare 

s e l f - r e p o r t w i t h measures o f r i s k preference. 

Preference Ranking Results and Problems w i t h the Assumption of R i s k A v e r s i o n 

The instrument was given to 21 f a c u l t y members at Purdue i n a v a r i e t y 

of departments (about a t h i r d were i n the business sc h o o l ) ; responses were 

anonymous. Responses are shown in Table 1, ordered by the value of the 

response to the s i n g l e c e r t a i n t y e q u i v a l e n t question. None of the 

respondents was r i s k n e u t r a l . 
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Ranking by v a r i a n c e (equivalent to second order s t o c h a s t i c dominance 

and expected u t i l i t y w i t h r i s k aversion since means are c o n s t a n t ) , the 

preference order over the f i r s t set of f i v e l o t t e r i e s would be 21534. Only 

s i x s u b j e c t s e x h i b i t e d t h i s order. 

Seventeen respondents had a c e r t a i n t y equivalent l e s s than the expected 

value of $50, i n d i c a t i n g r i s k aversion i n the c l a s s i c a l sense. However, a 

r i s k averse person should also rank the c e r t a i n outcome of $50 above a l l 

other l o t t e r i e s ; in c o n t r a s t eleven of these seventeen respondents (and 

f o u r t e e n out of the twenty-one respondents) p r e f e r r e d to take the chance of 

$100 versus $0 r a t h e r than receive a c e r t a i n $50 ( i n d i c a t i n g convexity in 

the u t i l i t y f u n c t i o n f o r gains of $100 or more). 

Seven people had negative-valued c e r t a i n t y e q u i v a l e n t s ( i . e . , they 

would l i k e to pay to get r i d of the l o t t e r y ) . S i x people had a c e r t a i n t y 

e q u i v a l e n t of zero. Eight subjects had p o s i t i v e c e r t a i n t y e q u i v a l e n t s 

(ranging from $10 to $150). Among the four subjects w i t h p o s i t i v e c e r t a i n t y 

e q u i v a l e n t s of $100 and $150, three are r i s k seeking in the c l a s s i c a l sense 

s i n c e they p r e f e r r e d the $100 chance to the $50 c e r t a i n t y . Two of these 

" r i s k seekers" a l s o chose to purchase insurance more o f t e n than most other 

respondents. 

Ranking by v a r i a n c e (equivalent to second order s t o c h a s t i c dominance 

and expected u t i l i t y w i t h r i s k a v e r s i o n ) , the rank order f o r the second set 

of f i v e l o t t e r i e s would be 23541. No one e x h i b i t e d t h i s ranking. Ranking 

s t r i c t l y by the amount of l o s s , the ranking would be 54231; only three 

s u b j e c t s gave t h i s ranking. The ranking 54213 i n d i c a t e s a d e s i r e to avoid 

l o s s , but a h i g h e r chance of l o s s is also taken to o b t a i n a higher gain w i t h 

l o t t e r y (1) p r e f e r r e d t o l o t t e r y (3); t h i s ranking was obtained f o r f i v e 

s u b j e c t s . The set of l o t t e r i e s (5,4) was p r e f e r r e d to the set (3,1,2,) by 
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ten s u b j e c t s . More than two-thirds of the respondents ( f i f t e e n ) ranked 

f i r s t e i t h e r l o t t e r y (4) o r (5), the two l o t t e r i e s w i t h the h i g h e s t gains. 

Eight out of twenty-one respondents had e i t h e r i n t r a n s i t i v e or 

i n c o n s i s t e n t responses. F i v e subjects had i n t r a n s i t i v e responses f o r the 

second set of ranking questions. Four subjects had i n c o n s i s t e n t responses 

to the c e r t a i n t y e q u i v a l e n t question. Consistency f o r set I r e q u i r e s that 

CE > $50 <=> l o t t e r y (4) p r e f e r r e d to l o t t e r y (2) 

CE < $50 <=> l o t t e r y (2) p r e f e r r e d to l o t t e r y (4) 

Note t h a t a l l respondents w i t h CE > $50 had problematic responses. 

For the insurance questions, the predominant insurance p a t t e r n f o r most 

subjects was to choose insurance f o r the higher loss/lower p r o b a b i l i t y cases 

but not to choose insurance f o r the lower l o s s / h i g h e r p r o b a b i l i t y cases. 

Only three respondents were c o n s i s t e n t w i t h r i s k a v e r s i o n by choosing 

insurance in a l l cases. On the average, 3.5 c o n t r a c t s among the h i g h e r 

loss/lower p r o b a b i l i t y cases were purchased. Thus, our r e s u l t s about 

insurance are opposite to those obtained by S l o v i c et a l . who found--for 

c o l l e g e students--that most respondents chose insurance only in lower 

l o s s / h i g h e r p r o b a b i l i t y cases. The average number of insurance c o n t r a c t s 

purchased by the group of respondents having a negative c e r t a i n t y e q u i v a l e n t 

was 3.28, w h i l e the group having a p o s i t i v e or zero c e r t a i n t y e q u i v a l e n t 

purchased an average of 3.64 c o n t r a c t s . Thus, insurance purchasing behavior 

does not seem to correspond to r i s k preference as measured by t h i s c e r t a i n t y 

e q u ivalent. A l s o , Y a a r i ' s "acceptance s e t " d e f i n i t i o n o f r i s k a v e r s i o n does 

not correspond. 

For the s e l f - r e p o r t questions, only two people reported themselves to 

be r i s k avoiders and only one gave the d e s c r i p t i o n of being a r i s k seeker. 

The r e s t g e n e r a l l y described themselves as being w i l l i n g to "take small 

r i s k s provided the p o t e n t i a l l o s s i s not too great." None b e l i e v e d 
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themselves to be unlucky, and eleven described themselves as being lucky. 

These p e r s o n a l i t y d e s c r i p t i o n s have no apparent l i n k to revealed 

preferences. 

It is c l e a r t h a t revealed preferences do not correspond very w e l l to 

c l a s s i c a l assumptions o f r i s k aversion. I t i s a l s o c l e a r that there i s a 

wide range of types of r i s k preference since twenty-one d i f f e r e n t preference 

p a t t e r n s were e x h i b i t e d among the twenty-one respondents! 

A l t e r n a t i v e Nonexpected U t i l i t y Models 

A l t e r n a t i v e n o n l i n e a r models are e a s i l y i n c o r p o r a t e d i n the n o n l i n e a r 

programming procedures demonstrated here. Four d i f f e r e n t models are 

compared here u s i n g the same preference data. F o l l o w i n g the KT model, the 

u t i l i t y f u n c t i o n i n each model i s defined i n terms of gamble outcomes ra t h e r 

than b e i n g in terms of wealth as in economic models such as Friedman and 

Savage (1948) and P r a t t (1964). 

In a l l cases, l o t t e r i e s have two outcomes x and y w i t h p r o b a b i l i t i e s p 

and 1-p. S u b j e c t i v e p r o b a b i l i t i e s in each model are r e q u i r e d to be 

monotone. The c e r t a i n t y of $50 is represented by u(50) in each model. 

(Other assumptions could be t e s t e d with the method.) 

Prospect Model. The Kahneman-Tversky model is of the form 

U(F) - p(p) u(x) + p(1-p) u ( y ) , 

where the sum p(p) + p(1-p) is not r e q u i r e d to equal one. F o l l o w i n g KT, 

the requirement u(0) - 0 is imposed. The n o r m a l i z a t i o n requirement 

u(300) - u(-200) -= 500 is a l s o imposed in order to o b t a i n a unique s o l u t i o n 

to the n o n l i n e a r programming problem. 

Expected U t i l i t y w i t h Rank Dependent P r o b a b i l i t y (EURDP). For the two 

outcome case, t h i s model is s i m i l a r to Prospect Theory except that 

s u b j e c t i v e p r o b a b i l i t i e s f o r the two outcomes are r e q u i r e d to sum to one: 
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Tables 2-4 show r e s u l t s f o r the Prospect, EURDP, and SDM models f o r 

re p r e s e n t a t i v e respondents. Figures 1-4 i l l u s t r a t e the shapes of u t i l i t y 

and p r o b a b i l i t y transformation f u n c t i o n s f o r Prospect, EURDP, SDM, and Chew 

models f o r one respondent. Table 5 shows the Chew model f o r one respondent. 

Nonlinear preference measurement f o r the Chew model was g e n e r a l l y not 

s u c c e s s f u l s i n c e a f e a s i b l e s o l u t i o n was not p o s s i b l e f o r many respondents. 

When there was a s o l u t i o n , i t d i d not y i e l d a smooth u t i l i t y f u n c t i o n . The 

SDM model a l s o d i d not y i e l d a smooth u t i l i t y f u n c t i o n , and the u t i l i t y 

f u n c t i o n gave l i t t l e d i f f e r e n c e f o r $200 and $300. Therefore, d i s c u s s i o n 

below focuses on r e s u l t s f o r the more s u c c e s s f u l EURDP and Prospect models. 

U t i l i t y slopes -- r a t h e r than u t i l i t y s c a l e values -- are given in 

Tables 2-5; models are then r e a d i l y compared to the r i s k - n e u t r a l case w i t h a 

u t i l i t y slope of one. Concavity i s i n d i c a t e d when the u t i l i t y slope 

decreases, and convexity i s i n d i c a t e d when t h i s slope i n c r e a s e s . 

Respondents a-e were chosen to be r e p r e s e n t a t i v e of a range of 

preference types i n c l u d i n g negative, zero, and p o s i t i v e c e r t a i n t y 

e q u i v a l e n t s . Respondent a w i t h a c e r t a i n t y equivalent of $0 is r i s k averse 

but not extremely so. Respondents a, b, c have the same r a n k i n g over the 

f i r s t set of l o t t e r i e s but d i f f e r e n t c e r t a i n t y e q u i v a l e n t s . Respondents a, 

b, d, and e have the same or d e r i n g over the second set of l o t t e r i e s but 

d i f f e r e n t c e r t a i n t y e q u i v a l e n t s . Respondents b and d have the same 

c e r t a i n t y e q u i v a l e n t of -$50 and the same ranking over the second set but 

d i f f e r e n t rankings over the f i r s t set. 

Zero C e r t a i n t y Equivalent (Respondent a) . Both EURDP and Prospect models 

have a r i s k - s e e k i n g p o r t i o n f o r gains above $100 and c o n c a v i t y below $100 in 

c o n t r a s t to Kahneman and Tversky's p o s t u l a t e of convex u t i l i t y f o r l o s s and 

concave u t i l i t y f o r gains (see Figure 1). In both cases, the slope of the 

piecewise l i n e a r u t i l i t y f u n c t i o n i s steeper about zero f o r l o s s e s than f o r 
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and l a r g e s t slope f o r gains. The Prospect u t i l i t y model f o r t h i s person i s 

a c t u a l l y concave. 

The s u b j e c t i v e p r o b a b i l i t y transformation i s n e a r l y l i n e a r f o r both 

Prospect and EURDP models. The s u b j e c t i v e p r o b a b i l i t y f o r p - .1 i s l e s s 

than one i n both models; a l l other respondents show the reverse r e l a t i o n . 

Other Cases. Respondent d has CE — -$50 but has a d i f f e r e n c e preference 

p a t t e r n than Respondent b f o r the f i r s t l o t t e r y set. S t i l l , the u t i l i t y and 

p r o b a b i l i t y f u n c t i o n s f o r the Prospect and EURDP models are very s i m i l a r f o r 

Respondents b and d. 

Respondent e has a p o s i t i v e c e r t a i n t y equivalent of $25 w i t h a 

completely d i f f e r e n t preference order f o r the f i r s t preference s e t . The 

Prospect u t i l i t y shape i s i r r e g u l a r , w h i l e the EURDP model maintains the 

u t i l i t y shape of concave changing to convex. 

Summary of EURDP and Prospect Model R e s u l t s . For both Prospect and EURDP 

preference models, a u t i l i t y shape which i s concave f o r l o s s e s and convex 

f o r gains above a c e r t a i n value was g e n e r a l l y obtained, opposite to the KT 

u t i l i t y model w i t h concavity f o r gains and convexity f o r l o s s e s . ( I n one 

case -- Respondent c -- f o r the Prospect model, a p u r e l y concave u t i l i t y was 

even obtained.) A l s o in c o n t r a s t to Prospect Theory, zero was not the 

i n f l e c t i o n p o i n t ; i n s t e a d i t was around $100. The EURDP model e x h i b i t e d 

wider d i f f e r e n c e s among preference types than d i d the Prospect model. 

Except f o r one case (Respondent c) and p = .9, overweighting of 

p r o b a b i l i t i e s was obtained w i t h the Prospect model. Overweighting f o r large 

p r o b a b i l i t i e s i s i n accord w i t h K T p o s t u l a t e s ; however t h e i r p o s t u l a t e t h a t 

p r o b a b i l i t y values would b e reduced f o r small p r o b a b i l i t i e s i s not 

supported. Here the s u b j e c t i v e p r o b a b i l i t y of p - .1 is overweighted except 

f o r Respondent c. 
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Figure 5. Combining the Friedman-Savage 
utility model with utility over gambles. 
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Conclusions 

This paper has demonstrated a n o n l i n e a r programming method f o r 

simultaneously determining the shapes of u t i l i t y and 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 f o r nonexpected u t i l i t y t h e o r i e s . The method i s based on 

preference order i n f o r m a t i o n r a t h e r than information about c e r t a i n t y 

e q u i v a l e n t s . As demonstrated here, the nonlinear programming method is 

u s e f u l because a l t e r n a t i v e t h e o r i e s and assumptions can be t e s t e d w i t h i n the 

same framework. 

Responses used as preference data confirmed problems w i t h r i s k a v e r s i o n 

as a g l o b a l r u l e . Correspondingly, measured u t i l i t y shapes were g e n e r a l l y 

not concave. However, the c e r t a i n t y equivalent f o r a 50-50 chance at the 

best and worst outcomes c o r r e l a t e d w e l l w i t h the shape of the u t i l i t y 

f u n c t i o n : a more negative c e r t a i n t y equivalent corresponded to a u t i l i t y 

f u n c t i o n which was more steep f o r l o s s e s and l e s s steep f o r gains. 

Therefore t h i s s i n g l e c e r t a i n t y e q u i v a l e n t could be u s e f u l to c a t e g o r i z e the 

type of r i s k preference. 

R e s u l t s d i f f e r e n t from Kahneman and Tversky's hypothesized shape f o r 

the u t i l i t y f u n c t i o n were obtained. The predominant u t i l i t y f u n c t i o n shape 

obtained f o r both Prospect and EURDP models was concave f o r l o s s e s and gains 

l e s s than $100 and convex f o r gains higher than $100. D i f f e r e n c e s from 

Kahneman and Tversky may i n p a r t be a t t r i b u t e d to the use here of l o t t e r i e s 

over combined gain and l o s s outcomes, whereas Kahneman and Tversky t e s t e d 

gain and l o s s l o t t e r i e s s e p a r a t e l y . Therefore, the nature of l o t t e r y 

outcomes being compared can a f f e c t the nature and r e p r e s e n t a t i o n of 

preferences. 

E s t i m a t i o n r e s u l t s f o r four d i f f e r e n t nonlinear models were compared. 

A f e a s i b l e s o l u t i o n f o r the Chew model could not be found f o r most 

respondents. The SDM model was f e a s i b l e but gave an i r r e g u l a r l y shaped 
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u t i l i t y f u n c t i o n . Only EURDP and Prospect Theory r e s u l t e d i n a c o n s i s t e n t l y 

smooth and r e g u l a r shape f o r the u t i l i t y f u n c t i o n f o r a range of preference 

types. 

The EURDP model was more su c c e s s f u l than the Prospect model i n 

p r e d i c t i n g insurance purchasing behavior since it showed a switch from 

insurance purchase to nonpurchase f o r low valued l o s s e s w i t h h i g h 

p r o b a b i l i t y . The EURDP model a l s o has b e t t e r mathematical p r o p e r t i e s than 

the Prospect model; f o r example i t e a s i l y extends to l o t t e r i e s w i t h more 

than two outcomes, whereas Prospect Theory i s . l i m i t e d to at most three 

outcomes i f one i s the zero outcome. EURDP a l s o has b e h a v i o r a l 

i n t e r p r e t a t i o n s in terms of optimism and pessimism. Therefore the. use of 

EURDP i s supported here both i n terms of i t s b e h a v i o r a l and mathematical 

p r o p e r t i e s . 

The development of new methods and t h e o r i e s is an e v o l u t i o n a r y process, 

and the i n t e r a c t i o n of economists, p s y c h o l o g i s t s , and other d e c i s i o n 

t h e o r i s t s can help to develop improved methods and new t h e o r i e s to be 

t e s t e d . Further c o n s i d e r a t i o n should be given to design of e l i c i t a t i o n 

instruments (eg. how many comparisons and what range and types of outcomes 

are needed to d e s c r i b e preferences adequately) and e s t i m a t i o n methods. The 

n o n l i n e a r programming method demonstrated here gives a powerful t o o l f o r 

these purposes. 
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