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Risk aversion in decision making under uncertainty

a decision maker can choose over monetary lotteries

the decision maker is risk averse if he prefers a certain
outcome x over lotteries that have expected value equal
to x

Example:

L1: 50% to get 10 and 50% to get 0
L2: 5 for sure

the decision maker is risk loving if he prefers a lottery
with expected value x over the certain outcome x
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Risk aversion and the shape of the Bernoulli utility

function u

let the decision maker be an expected utility maximizer
with Bernoulli utility u(x) (if he receives monetary
amount x)

which shape does u have if DM is risk averse?

which shape does u have if DM is risk loving?
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Motivation

you know players’ pure preferences but do not know their
risk attitude

which actions are rationalizable?

how does the set of rationalizable actions depend on risk
attitude?

example:

you know only that players like more money better
u(x) could be any strictly increasing function!
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Risk attitudes matter for rationalizability
L R

U 3,0 0,0
M 1,0 1,0
D 0,0 3,0

is M rationalizable?

you run an experiment and the first table gives the money
paid to the participants. One participant plays M. Is he
rational?

let u1(x) = −e−x where x is payoff above

L R
U -0.05,0 -1,0
M -0.37,0 -0.37,0
D -1,0 -0.05,0
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Model
finite strategic form game 〈N , (Ai), (ui)〉
games are ”generic” (no indifference): ui(a) 6= ui(a

′) for
all a 6= a′ (for simplicity only)

set of rationalizable actions of i is S∞i
Sk
i are i’s actions that survive k rounds of iterative

elimination of strictly dominated strategies
recall: Sk

i is also set of i’s actions surviving k rounds of
iterative elimination of never best responses

point rationalizable actions

iteratively eliminate actions that are not best response to
a (remaining) pure action profile
Pk
i are i’s actions surviving k rounds of this procedure

iterative elimination of actions dominated by pure
strategies

Bk
i are i’s actions that survive k rounds of this procedure
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Example

L R
U 3,0 0,0
M1 1,0 1,0
M2 2.6,0 0.5,0
D 0,0 3,0

What is S1
1 , P1

1 and B1
1 ?

Lemma
Pk ⊆ Sk ⊆ Bk
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Same ordinal preferences

same ordinal preferences: we write G ∼ G ′ iff
G = 〈N , (Ai), (ui)〉 and G ′ = 〈N , (Ai), (vi)〉 and
vi = fi ◦ ui for some strictly increasing functions fi .

note: Pk
i and Bk

i use only pure strategies

If G ∼ G ′, then Pk
i (G ) = Pk

i (G ′) and Bk
i (G ) = Bk

i (G ′).
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Risk aversion
If players are more risk averse, there are more
rationalizable actions.

best responses to pure strategies not affected by change
in risk attitude
players more worried about ”worst case”→ actions like
M (low payoff but never very low) become best response
to mixed beliefs as they provide insurance

If players are more risk loving, there are less rationalizable
actions.

players care more about best case utility → ”insurance
actions” are eliminated

Proposition

Let G = 〈N , (Ai), (ui)〉 and G ′ = 〈N , (Ai), (vi)〉 and
vi = fi ◦ ui where fi is a strictly increasing function. If all fi are
concave, then Sk(G ) ⊆ Sk(G ′). If all fi are convex, then
Sk(G ′) ⊆ Sk(G ).
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Limit: risk aversion

let f r(x) = −e−rx
f r is concave
higher r means ”more concave”→ more risk averse
as r →∞, only worst case matters

Proposition

Let G = 〈N , (Ai), (ui)〉 and G r = 〈N , (Ai), (f r ◦ ui)〉. If r is
high enough, then S∞(G r) = B∞(G ).
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Proof (idea)

S∞(G r) ⊆ B∞(G r) = B∞(G )

take ai ∈ B∞(G ), i.e. ai is not iteratively dominated by a
pure action

suppose ai is not in S∞(G r ), i.e. ai is dominated at
some point by mixed strategy σ in the iterative
elimination procedure
for r very high mainly worst case utilities matter
if ai is not dominated by any pure action in the support
of σ, then there are some a−i such that
ui (ai , a−i ) > mina′i∈supp(σ) ui (a

′
i , a−i )

suppose −i plays such an action a−i ; as the worst case
payoff for i is higher under ai than under σ, ai is
preferred to σ for r sufficiently high → ai is not
dominated by σ → contradiction!
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Limit: risk love

let f r(x) = erx

f r is convex
higher r means ”more convex”→ more risk loving
as r →∞, only best case matters

Proposition

Let G = 〈N , (Ai), (ui)〉 and G r = 〈N , (Ai), (f r ◦ ui)〉. If r is
high enough, then S∞(G r) = P∞(G ).
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Revision questions

when is a decision maker ”risk averse”/”risk loving”?

what is the connection between the shape of the Bernoulli
utility function and risk aversion?

is the set of rationalizable actions bigger or smaller if a
decision maker is more risk averse? why?

what is the set of rationalizable action if a decision maker
is very risk averse? . . . very risk loving?
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Exercises I

You run a lab experiment where people play games for
money. Assuming that people like more money better,
which actions can you label ”irrational”?

For which values of r do we get S1
1 (G r) = B1

1 (G ) where
G is

L R
U 3,0 0,0
M 1,0 1,0
D 0,0 3,0

(you might want to use a calculator/PC if you want to get the
exact number).
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Exercises II

Extra exercise: For which values of r will
S1
1 (G r) = P1

1 (G ) in the example:

L R
U 3,0 0,0
M1 1,0 1,0
M2 2.6,0 0.5,0
D 0,0 3,0

16 / 16


	Risk
	Rationalizability and risk attitudes
	Revision questions and exercises etc.

