Lecture 6

Decision Making Under Uncertainty

Kornkarun Kungpanidchakul

Simple Lottery

Consider a finite set A = {a1,..,aN} that denotes all possible outcomes – assume that set has N total elements indexed by n = 1,…, N. ai might be consumption bundles or amounts of money that the consumer will receive under each state and n denotes the states. For example, consider coin tossing. If the result is head, the consumer gets $1 and if the result is tail, the consumer loses $1. This is the case where A = {1,-1} and there are two states, which are head and tail.

Definition: A simple lottery is defined as an ordered pair (an, pn) of prize and probability pn of. winning it. So the lottery L = (a1,…,aN , p1,…, pN) where pn ≥ 0 for all n and Σpn = 1 where pn is probability outcome n occurs.
Compound Lottery

A compound lottery is a lottery whose outcome is itself a lottery

Definition:  Given K simple lotteries, where LK = (p1k,…, pnk) is a simple lottery, a compound lottery LC = (L1,…, LK, α1,…, αK) where αk ≥ 0 and Σαk = 1 where αk is the probability lottery Lk occurs.
A compound lottery can be written as a reduced form simple lottery:


Given LC, corresponding reduced form simple lottery is


L = (a1,…,aN , p1,…, pN)


where


pn = α1pn1 + … + αkpnk
Expected Outcomes
Consider a simple lottery L = (p1, …, pN), where the state n gives an outcome of an. Then the expected outcome is given Σpn·an – i.e., the sum of the probability weighted payoffs.

Example 1 : The lottery ticket gives you the chance to win $1000 if the number you choose is drawn. You can pick the number from {0,1,2…,9}. The price of the lottery ticket is $5. What is the expected outcome of this lottery?

Question: Suppose that you can choose between the lottery with the probability to win $100 of 0.1 and the lottery with the probability to win $200 with the probability of 0.05, which one will you choose?
Preference Axioms 
Axiom 1: Weak order : the preference is

-Completeness: For any two distinct lottery L and L’, either 
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-Reflexivity : For every lottery L, 
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-Transitivity : For any three lotteries L, L’, L’’, if
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Axiom 2: Continuity: For any lottery, L, L’, L’’, with 
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 there is some probability (p1<pN) such that 
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Axiom 3: Independence: For any lottery, L, L’, L’’, with 
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Von Neumann-Morgenstern Utility

If the preference 
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 satisfies  Axiom 1-3, then there exists function u , called Von Neumann Morgenstern utility function such that :
For L = (a1,…,aN , p1,…, pN)  and L’ = (b1,…,bN , q1,…, qN) , if
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The Von Neumann-Morgenstern has the expected utility property so that
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Risk aversion, Risk loving and Risk neutral


We now consider the relationship between a VNM utility function and the consumer’s attitude toward risk. Given that the expected outcome of the simple lottery is given by
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 and u(.) is the VNM utility of the lottery, then we can evaluate the following utility:

1. The utility of the lottery : 
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2. The utility of the expected outcome : 
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We will evaluate whether the consumer would rather receive the expected outcome of a lottery with certainty than face the risk inherent in the lottery or not. If the consumer prefer the lottery with certainty, we call he is risk averse.

Definition: The consumer is said to be :

1. risk averse if u(E(L)) > u(L)

2. risk neutral if u(E(L)) = u(L)
3. risk loving if u(E(L)) < u(L)
Example 2 : Risk averse (strict concave utility function)
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Example 3 : Risk loving (strict convex utility function)
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