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1. (26 points)  Before you do parts a, b,  read through parts c and  d. In answering 
questions c and d your answer will be much easier to write down if you carefully 
number your equations in parts a and b, so that you can refer to them later! 
 
At your company, the product you sell is priced at $16 each and sales are produced by 
worker i as follows: 
 
qi = mi + ei            (1) 
 
where q is the number of units sold, m is effort, and e is a luck factor with mean 0, 
reflecting a luck factor over which the worker has no control. 
 The costs to the firm are the wages it pays workers, plus $2 per widget in 
materials and energy costs. 
There are two workers, j and k.  Each worker experiences luck, ej and ek, affecting output 
of workers j and k respectively.  x = ek – ej takes on values between -Z and +Z, where Z 
is some positive number, with a uniform probability distribution. 
 Workers are risk neutral, so that their utility equals their expected wage minus the 
disutility of effort.  
U = E(Earnings) – mi

2         (2) 
For workers to accept a job at your firm you must offer them a package where utility is at 
least the reservation utility, UR, where UR ≥	
 0. 
 
a) Your firm decides to set up a piece rate system in which workers are paid α + βqi 
where qi = mi + ei.  Because the workers are risk neutral, the expected utility to the 
worker of being paid this way is just the expected wage of α + βmi, minus the disutility of 
effort.  Derive the profit-maximizing values of α and β, optimal worker effort, and 
expected utility for the worker and expected profits per worker for the firm.  Show ALL 
of your work. (8) 
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b) Another way to induce effort is to have your two workers compete in a tournament. 
Suppose that after a trial period, one of two workers will be promoted to boss.  The 
person with greater production will get the promotion. In this post-tournament period, the 
boss earns W1 and the worker earns W2, where W1 > W2.  
 Solve the workers’ problems and the firm’s problem.  What are the optimal values 
of W1 and W2, and expected profit per worker and expected utility per worker?  (Hint: 
You should find that E(U) = UR!) 
 DEFINE ALL NEW VARIABLES THAT YOU USE THAT ARE NOT MENTIONED 
IN THIS QUESTION. (8 points) 
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c) Does this method of payment lead to different profits per worker than the piece rate 
scheme you studied in part a?  (2) 
 
 
 
 
 
 
 
 
 
 
d) In the above question we specified that .  x = ek – ej takes on values between -Z and 
+Z, where Z is some positive number, with a uniform probability distribution.  Note that 
the higher is Z, the more risky the tournament is.  Calculate dW1/dZ, and dW2/dZ.  
Similarly, calculate what happens to average earnings, by calculating  
d{(W1+W2)/2}dZ.  What is the intuition behind your result? (4) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
e) How do the optimal piece rate (α and β) you calculated in a) and the optimal 
tournament wages W1 and W2 you calculated in b) change as the reservation utility UR, 
rises?   In each case, how does the worker’s expected utility change with a one-unit 
increase in UR? (4)   
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2.(14) A company has designed a stock option program that will align the interests of the 
Chief Executive Officer (CEO) of the company with the interests of shareholders.  The 
problem is that the Board of Directors cannot directly monitor the CEO’s effort, but it 
does know that a large increase in effort by the CEO could increase the profits of the 
company, and therefore the stock price of the firm.   
 The table below shows that regardless of whether there is an economic recession 
or boom, if the CEO puts in high effort the firm’s profits and stock price will be higher 
than if he or she puts in low effort.   
 

 Low Effort High Effort 
State of 

economy 
Probability Profits Stock 

price 
Probability Profits Stock 

price 
Recession        2/3 2 million 15        2/3 3 million 20 

Boom 1/3 4 million 24 1/3 8 million 39 
 
a) The firm offers the CEO base salary of $1 million plus 1 million call options that 
expire next year, with a strike price of $21.  So expected earnings of the CEO are: 
E(Earnings) = $1 million + E(value of stock options).   
Calculate the expected earnings under the assumption that the CEO exerts low effort, 
E(Earnings|Low Effort). Also calculate expected earnings if the CEO exerts high effort, 
E(Earnings|High Effort) (4) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) The CEO’s utility function is  
U = E(Earnings) – C(Effort) where the latter term, the cost of effort, if given by 
 
C(Effort) = 0 if Effort=Low and C(Effort)=$2 million if Effort=High 
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Calculate the utility of the CEO under the assumption of Low effort, and then recalculate 
utility under the assumption of High effort.  Which level of effort will the CEO exert, 
high or low?  Explain.  (6) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c) In real life companies often grant employees stock options that are not vested, meaning 
that the options cannot be used by the employee until 4 or even 5 years into the future.  
What is the strategic reason why firms often issue call options to workers in this way?  
(4) 
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3.(4 points)   Suppose that a firm has n tiers, where tier 1 is the lowest paid tier, tier 2 is 
the next lowest tier, while tier n represents the President of the company. In firms with 
hierarchies it has often been observed that the pay raise workers get for being promoted 
from the bottom tier (tier 1) to the next tier (tier 2) is smaller than the pay raise for getting 
promoted from tier 2 to tier 3, and so on.  List two reasons why firms often make pay 
raises much higher for promotions at the upper tiers than the lower tiers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. (8 points) a) Explain in a sentence or two what the free rider problem is that arises 
when workers are compensated in part based on the production generated by the “team” 
to which they belong. (2) 
 
 
 
 
 
 
 
 
 
 
b) In spite of this free rider problem, in the real world we do see firms paying workers at 
least in part based on how successful their team is.  So there must be some good reasons 
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to do so.  Briefly explain any three of the four main reasons we discussed in this course 
for why firms may want to pay workers at least in part as a function of the production of 
the team to which they belong.  (6)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. (4 points) Suppose a firm is trying to decide between having more young workers or 
older workers.  In terms of skills, what are two advantages the older worker is likely to 
have?  What are the two advantages of younger workers?  
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6. (10 points)  a) List 2 advantages of piece rates over fixed salaries, and 4 disadvantages. 
(6)   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) List 2 advantages of tournaments over piece rates and 2 disadvantages.  (4) 


