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ECON4240 – Game theory and economics of information, V-2005 
Guide for grading. 
 
Problem 1 

a) FALSE. E.g,, consider a coordination game with (2,2) and (1,1) on the diagonal and 
(0,0) off the diagonal. 

b) TRUE, since any strategy used with positive probability in a Nash equilibrium must be 
rationalizable. 

c) TRUE, because otherwise there would be a unique subgame perfect Nash equilibrium. 
d) FALSE. E.g., consider a stage game played twice. If the stage game has more than one 

equilibrium, then, in particular, Nash equilibrium play in each round constitutes a 
subgame perfect Nash equilibrium. It it also possible that play in the first round of 
actions that do not constitute a Nash equilibrium of the stage game, can be part of a 
subgame perfect Nash equilibrium. 

e) FALSE. E.g,, consider the infinitely repeared prisoners' dilemma.  
 
Problem 2 

a) H: Only S and A are rationalizable. (S, A) is the unique Nash equilibrium. L. Only U 
and R are rationalizable. (U, R) is the unique Nash equilibrium. 

b) The Baysian normal form looks like this: 
 
 
 
 
 

 
c) A and R are rationalizable for E. SS' and SU' are rationalizable for W. (A, SS') and (R, 

SU') are pure-strategy Nash equilibria. To find mixed-strategy Nash equilibria, note 
that US' and UU' must be played with zero probability. In order for E to mixed 
between A and R, W must assign probability ½ on both SS' and SU'. In order for W to 
mixed between SS' and SU', E must assign probability 3/4 on both A and 1/4 on R. 

 
Problem 3 

a) If E chooses A, then both H and L chooses S, and E's payoff is ½. If E chooses R, then 
H chooses S and L chooses U, and E's payoff is 0. Hence, E chooses A. 

b) In any perfect Bayesian equilibrium, E chooses R after U. This means that H chooses S 
and L chooses U. Given this, E chooses A after S and R after U, believing that W is of 
type H if S is observed and of type L if U is observed. 
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Problem 4: 

 

 

(a) 

 

The transfer t can be made to depend on e.  Since the principal is risk neutral and the agent 

risk averse, there is not reason to let t depend on x.  The participation constraint requires: 
 2(120 )t e≥ +  

The principal chooses 2(120 )t e= + , and we get: 

 

For e = e1: 

 t = 1252

0.25 50,000 0.75 25,000 31,250⋅ + ⋅ =

 = 15,625 

 Expected gross income for the principal:   

 Expected profit for the principal:  31,250 - 15,625 = 15,625 

 

For e = e2: 

 t = 1402

0.50 50,000 0.50 25,000 37,500⋅ + ⋅ =

 = 19,600 

 Expected gross income for the principal:   

 Expected profit for the principal:  37,500 - 19,600 = 17,900 

 

For e = e3: 

 t = 1602

0.75 50,000 0.25 25,000 43,750⋅ + ⋅ =

 = 25,600 

 Expected gross income for the principal:   

 Expected profit for the principal:  43,750 - 25,600 = 18,150 

 

Hence the principal chooses the contract e = e3, t = 19,600. 

 

 

(b) 
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Here the transfer can depend on x, but not on e.  Let t1 and t2 be the transfers paid in case x = 

x1 and x = x2 i iu t=, respectively, and let, for i = 1, 2, , that is, ti = ui
2. 

 

If the principal wants to induce e = e3

1 2 30.75 0.25 120 160u u e⋅ + ⋅ ≥ + =
, the following participation constraint must be satisfied: 

(1)  

By instead choosing e2, the agent gains e3- e2 units of utility due to reduced effort, while the 

probability of receiving u1 is reduced by 0.25 and the probability of receiving u2 is increased 

by 0.25.  In order that the agent shall not have an incentive to choose e2 instead of e3

1 2 3 20.25 0.25 20u u e e⋅ − ⋅ ≥ − =

, the 

following incentive compatibility constraint must be satisfied: 
(2)  

Similarly, in order that the agent shall not have an incentive to choose e1 instead of e3

1 2 3 10.50 0.50 35u u e e⋅ − ⋅ ≥ − =

, the 

following incentive compatibility constraint must be satisfied: 
  

This is less demanding than (2) and can be ignored. 

 If (1) and (2) hold with strict inequality in (1), the principal can reduce u1 and u2 by the 

same (small) number; in such a way that (1) still holds.  Condition (2) is not affected.  This 

change amounts to reducing t1 and t2 and increases the principal’s profit.  Hence the optimal 

contract must have equality in (1). 

 Then assume that (1) holds with equality and (2) with strict inequality.  It follows from 

(2) that u1 > u2 and t1 > t2.  Reduce u1 by ε and increase u2

1 20.75 0.25t t+

 by 3ε, where ε > 0 and small 

enough that (2) still holds.  Then (1) still holds (with equality).  This leads to a reduction in 

the expected transfer, , and hence to an increase in the principal’s expected 

profit.  Hence the optimal contract must have equality in (1) and (2). 

 The claim that 1 20.75 0.25t t+ is reduced when u1 and u2 are changed as described, 

depends on t being a convex function of u and u1 > u2.  Intuitively:  The risk imposed on the 

agent is reduced; this is an advantage since the principal is risk neutral and the agent risk 

averse. 

 Adding the equalities (1) and (2) gives u1 = 180, and u2 = 100 follows.  Hence: 
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t1 = 1802 = 32,400 

t2 = 1002

0.75 32,400 0.25 10,000 26,800⋅ + ⋅ =

 = 10,000 

Expected transfer:   

Expected gross income for the principal:  0.75 50,000 0.25 25,000 43,750⋅ + ⋅ =  

Expected profit for the principal:  43,750 - 26,800 = 16,950 

 

If the principal wants to induce e = e2

1 2 20.50 0.50 120 140u u e⋅ + ⋅ ≥ + =
, the participation constraint becomes: 

(3)  

As above, we find that in order for the agent not to have an incentive to choose e1 instead of 

e2

1 2 2 10.25 0.25 15u u e e⋅ − ⋅ ≥ − =
, the following incentive compatibility constraint must be satisfied: 

(4)  

In order that the agent shall not have an incentive to choose e3 instead of e2

1 2 3 20.25 0.25 20u u e e⋅ − ⋅ ≤ − =

, the following 

incentive compatibility constraint must be satisfied: 
(5)  

It turns out, however, that this condition is irrelevant. 

 As above, one can argue that among the contracts satisfying (3) and (4), the optimal one 

satisfies (3) and (4) with equality, giving u1 = 170 and u2 = 110.  This satisfies (5), which is 

therefore irrelevant.  We get: 

t1 = 1702 = 28,900 

t2 = 1102

0.50 28,900 0.50 12,100 20,500⋅ + ⋅ =

 = 12,100 

Expected transfer:   

Expected gross income for the principal:  0.50 50,000 0.50 25,000 37,500⋅ + ⋅ =  

Expected profit for the principal:  37,500 - 20,500 = 17,000 

 

If the principal wants to induce e = e1, the contract from (a) can be used and is optimal.  This 

amounts to t1 = t2 = 15,625.  This satisfies the participation constraint, and the agent clearly 

has no incentive to choose e = e2 or e = e3.  Expected profit for the principal is 15,625. 
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The optimal contract is the one for which e = e3 is chosen, giving the principal an expected 

profit of 17,000. 

 

The moral hazard problem has two effects: 

– The effort level changes from e3 to e2. 

– In order to induce e = e2

 For example, if the reservation utility is 140, the principal will choose e = e

, risk must be imposed on the risk-averse agent. 

Each of these effects leads to a loss, compared to the first-best situation of (a). 

 

[Problem (b) can of course also be solved by formulating constrained maximization problems 

(one problem for each level of e), maximizing the principal's profit subject to participation 

and incentive compatibility constraints.] 

 

 

(c) 

 

One way of modeling a situation in which the agent has some bargaining power, is to assume 

that the agent’s reservation utility is higher than 120.  This makes it more costly to induce 

high effort (since t is convex in u). 

2 in (a), 

because 43,750 - 1802 < 37,500 - 1602. 

 Similarly, high reservation utility could, in (b), lead to e = e1 being optimal. 

 

The student is not expected in any way to go in detail.  A student who observes that 

bargaining power on part of the agent tends to lower optimal effort, has given a satisfactory 

answer. 
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