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Instructions:

1. Each student must hand in a solution. Should you choose to work to-
gether with colleagues, please state so, and with whom, in your answer
sheet.

2. You should hand in the problem set by the above deadline, either by
using our mailbox (#141 or #165) on the third floor, by leaving it in our
offices (#135 or #139) or by email in .pdf format (bmpimentel@fe.unl.pt
or dthenriques@novasbe.pt).

3. Your work must be legible! Otherwise, your grade will be affected to
the extent of our misreading of your material.

4. Please write on the front and back of each sheet of paper that you use
to solve this problem set. It is a waste of paper to write only on one
side.

Exercise I

A barber shop charges 20 euros for each haircut. Each barber shop employee
gets paid 400 euros per week while having to attend to at least 40 clients
during the week. The employee is not required to do more than 40 haircuts
per week (unless it wants to) in order to receive the 400 euros. Its psycho-
logical cost of effort measured in monetary terms amounts to 0 for the first
40 clients whose hair he cuts (he enjoys talking to them), whereas the psy-

chological cost of more haircuts equals (n−40)2

2
, where n is the weekly number
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of haircuts.

(a) How many haircuts will each employee do each week?

(b) What is the profit per employee that the barber shop will obtain each
week?

The barber shop has decided to create an “overtime program”, which
consists of paying each employee 10 euros for each haircut above 40 done
each week, paid in accumulation with 400 euros mentioned above.

(c) How many haircuts will each employee perform per week in overtime?

(d) How much will each employee make extra per week? And the barber
shop?

(e) Propose a better scheme for both parties (employees and barber shop
owner).

Exercise II

Two individuals with equal productivity work together in a project. The
project value is given by V = L1L2, where Li is the number of hours devoted
to the project by individual i = 1, 2. The number of hours worked by each
individual is not observable by the other, so value generated by the project
is equally split amongst the two. The utility of each worker is equal to his
income (derived solely from the project) minus a cost associated with the
number of worked hours. That cost is given by the function Ci = L2

i − 2Li,
i = 1, 2.

1. Explain the type of information asymmetry associated to the project.
What are the likely consequences of such asymmetry?

2. Determine the number of hours each individual will work and their
respective utilities.

3. What is the number of hours that would maximize the payoff of both
individuals? Develop a compensation scheme that would allow the
implementation of the social optimum when there is no asymmetric
information.
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Exercise I

(a) If there is no incentive scheme each worker will perform exactly 40 hair-
cuts. This can be proved analytically by individual payoff maximisation:

max
n

Payoff = 400− c(n)

max
n

Payoff = 400− (n− 40)2

2
,∀n ≤ 40 (1)

F.O.C.
∂Payoff

∂n
= 0

n− 80

2
= 0

n∗ = 40

Because n = 40 the restriction on c(n) is not active and c(40) = 0. Good
thing the workers enjoy their first 40 haircuts!

(b)
π/employee = 20× 40− 400 = 400

(c) The new incentive scheme pays the employee a Salary′ = 400+10(n−40).

1



Therefore the individual payoff maximisation will be given by

max
n

Payoff = 400 + 10(n− 40)− c(n)

F.O.C.
∂Payoff

∂n
= 0

10− n− 40 = 0

n∗ = 50

(d) Each employee will get an extra of 400+10× (50−40)−400 = 100 while
the owner will get an extra profit of 20×50−400−10×(50−40)−400 =
200.

(e) Any combination of variable and fixed component that increased both
the salary and profits of the barbershop was considered to be correct. A
possible and best approach is to impose a leasing contract.

max Payoff = 20n− (n− 40)2

2
− L

s.t.

L > π′

Salary > 500

F.O.C.

20− n+ 40 = 0

n∗ = 60

Now, the leasing value L will have to be such that it is greater than
π′ = 600 and not so large that each employee does not earn less than their
previous salary (500). A leasing value of 650, for example, respects these
constraints. Therefore a better scheme is n∗ = 60 and F = −L = −650.

Exercise II

(a) Each individual is unaware of the number of hours the other individual
is going to work. This is a problem of hidden action (moral hazard).
Under this setting, the likely consequence is the reduction of the number
of hours of output supplied by each worker.
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(b) Each individual i is going to solve the following problem

max
Li

Ui =
LiLj

2
− (L2

i − 2Li),∀j 6= i

F.O.C.
∂Ui
∂Li

= 0

Lj

2
− 2Li + 2 = 0

Li =
Lj

4
+ 1 (2)

symmetrically:

Lj =
Li

4
+ 1 (3)

Basically what we have now are two reaction functions for the effort levels
Li,j of each individuals. Therefore, by solving the system of linear equa-
tions we get L∗i = L∗j = 4/3. Now, substituting in the utility functions
of i and j we get

U∗i=1,2 =
(4/3)2

2
−
(
(4/3)2 − 2(4/3)

)
= 1.77

(c) Optimal efficiency is achieved when the joint effort of both the individ-
uals, rather than selfish maximisation of utility is considered

max
L1,L2

W = L1L2 − (L2
1 − 2L1)− (L2

2 − 2L2)

F.O.C. {
L1 − 2L2 + 2 = 0

L2 − 2L1 + 2 = 0

In equilibrium L∗1 = L∗2 = 2.

Utility will simply be

Uopt
i=1,2 =

2× 2

2
− (22 − 2× 2) = 2 > 1.77

Finally, a compensation scheme that enables the outcome will require a
fair distribution of the outcomes, taking into account the effort levels.
Because both individuals work equally hard (L∗1 = L∗2 = 2) the best
scheme is already in place: 50/50 sharing of profits!
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