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EXPECTED UTILITY THEORY   

1 2{ , ,..., }mZ z z z    set of basic outcomes. 

A lottery is a probability distribution over Z:   
1 2

1 2

...

...
m

m

z z z
L

p p p
 

  
 

 

Let L  be the set of lotteries. Suppose that the agent has a ranking   of the elements of L : 

if  1 2

1 2

...

...
m

m

z z z
L

p p p
 

  
 

 and 1 2

1 2

...

...
m

m

z z z
M

q q q
 

  
 

 then    

L M  means that 

L M  means that 

 

Rationality constraints on   (von Neumann-Morgenstern axioms): 
… 

832535 z Z z 2m
0 1 0 0

Pi El iE 7,2
P tp tPm 7

L is considered to be better than M

L is a just as good as M
p

1 Able to rank basis outcomes complete and transitive

2



2 21 Zz 23 24 25

best
23 best

22
Worst 25 Zwoust

compare to Mt I
Axiom 2 L better than M if and only
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Theorem 1  Let 1 2{ , ,..., }mZ z z z  be a set of basic outcomes and L   the set of lotteries 
over Z. If    satisfies the  von Neumann-Morgenstern axionm then there exists a function 

:U Z  ,  called a von Neumann-Morgenstern utility function, that assigns a number to 

every basic outcome and is such that, for any two lotteries 1 2

1 2

...

...
m

m

z z z
L

p p p
 

  
 

 and 

1 2

1 2

...

...
m

m

z z z
M

q q q
 

  
 

,  

L M       if and only if      1 1 2 2 1 1 2 2

expected utility of lottery expected utility of lottery 

( ) ( ) ... ( ) ( ) ( ) ... ( )m m m m

L M

pU z p U z p U z qU z q U z q U z          

and 

L M       if and only if      1 1 2 2 1 1 2 2

expected utility of lottery expected utility of lottery 

( ) ( ) ... ( ) ( ) ( ) ... ( )m m m m

L M

pU z p U z p U z q U z q U z q U z          
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2.25  3.33 

EXAMPLE 1.   1 2 3 4{ , , , }Z z z z z     1 2 3 4
51 2

8 8 80
z z z z

L  
  
 

    1 2 3 4
1 2 1 2
6 6 6 6

  
z z z z

M
 

  
 

 

Suppose we know that   1 2 3 4

6 2 8 1
z z z z

U 
 


  

           Then  

[ ( )]U L�  =  

 

[ ( )]U M�  =  

 

best

6 0 8 2.25 worst

f 6 2 f 8 7 3 33

MSL
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EXAMPLE 2. 

nopaid 3-week vacation  vacation
50% 50%

A
 

  
 

           
paid 1-week vac

100%
ation

B  
  
 

 

Suppose Ann says    B A     How would she rank 

npaid 3-week vacat o vacatioi n
%

o n
5% 95

C  
  
 

   and   
nopaid 1-week vacation  vacation

10% 90%
D  
  
 

 ? 

 now D
U

best 3 ween vacation 2 a asb.sc
7 ween valation Zz b

worst no vacation Z C

BSA then E V13 E VIA

012 0123
1 U Zz V12

a C
b

b 9 or 2b aI
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2

D then E UK E VID

V12 9 0123 if V12
9 01231

a oC b

9 bfutihyby too
59 5 lob divide by 5

a cs2b contradiction
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Money lotteries 

$17
1

L  
  
                              1 1

2 2

$9 $25
M

 
  
    

 

[ ]L                                          [ ]M   

 

Suppose Bob’s vNM utility function is: ($ )U x x   

[ ( )]U L                                                                [ ( )]U M   

 

E M 9 25 17

17 17 U 25 Es 5

4
1 No 4.12 IF

3 5 4RISK AVERSE
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1 1
2 2

$0 $100
A

 
  
                              1 1

2 2

$40 $60
B

 
  
    

 

[ ]A                                                     [ ]B   

 

Suppose Bob’s vNM utility function is: ($ )U x x   

 

[ ( )]U A                                                                 

 

[ ( )]U B   

 

 

ECA 50 E B 140 160 50

50 50

To 12Nov 0 10 5

To I V60 7.03 B A



ECA 4 C

5
U

6 36
5 25

4 16

E UCA 16 36 52

E VIB 1 25 25 A B

RISK LOVING
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Re-define attitudes to risk in terms of utility: 

 

Risk-averse if 

 

Risk-neutral if 

 

Risk-loving if 

L

expectedvalueof L

VIEW Effie utility of t

U ECL E UCL

ECL E UCL


