
Lecture 5 
Financial Incentives 

 This lecture is paired with our previous one that 
discussed employee benefits. Here we focus on 
the reasons why monetary compensation is not 
invariably a fixed payment. The argument for not 
introducing uncertainty about monetary  
compensation is that exposing the employee to 
risk is costly to him. The arguments for making 
payments contingent on worker performance is 
that this might affect their behavior in two ways, 
what types of workers accept the job offer in the 
first place, and how they perform on the job.  

















Measuring the importance of moral hazard 

There are three basic ways to measure how the goals of 
shareholders (value maximization) differ from those of their 
managers (expected utility maximization over career). 

We say a manager “shirks” if he pursues his own goals as if 
he has a fixed wage. We say a manager “works” if he 
pursues firm’s goals of expected value maximization: 

1.Gross expected loss to firm in one year when manager 
“shirks”, instead of  “works”, (denoted by b1). 

2.Compensating differential to manager for “working” 
rather than “shirking” (denoted by b2). 

3.Maximum amount shareholders would pay to eliminate 
the moral hazard problem for a perfect monitor to 
oversee the manager and ensure he “works” (b3). 





 



Designing an optimal compensation contract 

There are two players in this game, a shareholder 
board member who is on the compensation 
committee and a manager. 

The manager's activities cannot be monitored directly.  

The shareholder can only observe a signal about 
whether the manager is working diligently for them or 
not. 

The goal of the shareholder is to minimize the 
expected compensation paid to the manager to make 
him work diligently (even though the shareholder 
does not observe whether the manager works or 
shirks). 



The signal 

The signal has two values: “high inventory” of 
finished goods or  “low inventory”. 

Low inventory indicates that shows that the 
manager has probably been doing a good job 
matching demand with supply well, whereas high 
inventory indicates this is probably not true. 

When the manager works, the probability of “high 
inventory”  is p = 0.3, and the probability of  “low 
inventory” is 1 – p = 0.7. 

When the manager shirks, the probability of “high 
inventory” is q = 0.8, and the probability of “low 
inventory” is 1 – q = 0.2. 



Gross payoff to shareholder 
The gross payoff to the shareholder is 1500 if there 
is low inventory, but only 1000 if there is high 
inventory. 

Thus the expected gross payoff to the shareholder 
if the manager works is: 

 0.7(1500) + 0.3(1000) = 1350 

Similarly the expected gross payoff to the 
shareholder if the manager shirks is: 

 0.2(1500) + 0.8(1000) = 1100 

Therefore the gross loss the shareholder incurs 
from the manager shirking is: 

 b3 = 1350 – 1100 = 250 



The participation constraint 

The shareholder decides upon a compensation plan, 
a wage level for each signal. 

We denote by wL the compensation he receives if 
inventories are low, and wH the compensation he 
receives if inventories are high. 

The manager can reject the offer if he wishes and 
find employment elsewhere. If he finds employment 
elsewhere his utility is 10. 

To meet the “participation constraint” the shareholder 
must offer wL and wH such that the expected utility of 
the manager exceeds 10. 



A fixed compensation rate induces shirking 

If the manager accepts the firm’s offer of 
employment, he then decides with to work or shirk. 

He realizes a utility of 2√w from shirking but only √w 
from working. 

Thus if the manager was offered a fixed wage of 
more than 25 he should definitely accept the offer 
and then shirk, since: 

 2√25 = 10. 

In other words if the shareholder guarantees a wage 
of just over 25 the manager will make more by 
accepting the offer and shirking than taking 
alternative employment. 



Compensating differential for working 

Now suppose, just a moment, that there is a way to 
perfectly monitor the manager’s behavior on the job. 

Aware he will be monitored, the minimal amount the 
manager would accept an offer to work is 100, 
because: 

 √100 = 10. 

Therefore the compensating differential to induce 
working rather than shirking, or the value of the 
benefits from pursuing his own goals at work instead 
of trying to maximize the firm’s expected profits, is: 

 b2 = 100 – 25 = 75 



Incentive compatibility constraint 
But if compensation varies with inventory level, then the 
manager’s problem is more complicated. 

His expected utility from accepting the offer and 
working is: 

 0.3√wH  + 0.7√wL 

His expected utility from accepting the offer and 
shirking is: 

 1.6√wH + 0.4√wL 

To meet the “incentive compatibility constraint”  the 
shareholder sets wH and wL so that: 

 16√wH + 4√wL < 3√wH  + 7√wL 



Minimizing the cost of inducing work 
To summarize, if the shareholder wants the manager to 
work, wL and wH should be chosen to minimize: 

 0.7[150 - √wL ] + 0.3[100 - √wH ] 

 subject to the participation constraint: 

 3√wH + 7√wL > 100 

 and the incentive compatibility constraint: 

 13√wH < 3√wL  

Solving the two equation system: 

 3√wH + 7√wL = 100 

 13√wH = 3√wL 

 gives wL= 169 and wH = 9. 





Value of a perfect monitor 

The previous slides show that the  cost minimizing 
compensation package to induce the manger to work 
sets wL= 169 and wH = 9. 

Therefore the expected cost of managerial 
compensation is: 

 0.7[169] + 0.3[9 ] = 121.3 

From our previous slides, the shareholder would only 
have to pay a fixed wage of 100 for the manager to 
work if his behavior could be perfectly monitored. 

Thus the shareholder would be willing to pay: 

 b3 = 121.3 – 100 = 21.3  

 for a monitor to resolve the moral hazard problem. 



Comparing working with shirking 
from the firm’s perspective 

The expected net benefit to the shareholder 
from paying the manager to shirk is: 

 0.2[1500] + 0.8[1000] – 25 = 1075. 

The expected net benefit to the shareholder 
from paying the manager to work is: 

 0.7[1500 - 169] + 0.3[1000 - 9] =1228.7    

Hence the gain from incentivizing the manager 
to work rather than shirk is: 

 b3 – b2  – b1 = 153.7. 



Employing specialists 

Often the manager  knows less about the value of 
the work to the firm and its difficulty than the 
employee under him or her doing the work. 

This is particularly true in a research department 
where the management heading central office may 
be somewhat out of touch with the latest scientific 
and technological developments. 

More generally any situation where employees with 
special expertise that affect the firm’s long run 
performance have strategic leverage in their 
dealings with upper level management. 



Legal advice 

Similarly in legal matters, HR and more generally 
the firm, relies on lawyers to explain their best 
course of action. 

There is no guarantee that the in house lawyers, or 
lawyers outside the firm contracted for the case, will 
behave in the firms best interests unless they are 
properly incentivized. 

One response is to pay lawyers only when they win 
cases fought for the firm. 

This exposes law firms and in-house lawyers to the 
uncertainty they face about the verdict and the 
willingness of the counter party to settle. 



Research and development 

Consider a firm engaged in the research, 
discovery and development of new 
products. 

Scientists are essentially provided with a 
working environment to facilitate this 
process. 

Suppose there are two types of discoveries, 
minor and major, denoted by j = 1, 2. 

It is often unreasonable for headquarters to 
assume they can become as fully informed 
as their technical experts, without guidance 
form those very same experts. 



Costs and benefits from discoveries 

The expected value of the new product line to the 
firm from a discovery is:  

   log(x+1)  

 where x is an index of product development. 

Major discoveries are associated with lower 
development costs than minor discoveries. 

The total cost of product development, achieving x, 
is cjx where c1  c2. 

In addition, the research and development group 
must be paid a fixed cost of at least r even if 
nothing is discovered to maintain the group. 



Product development under full information 

First let us suppose that headquarters can easily 
verify whether a discovery has been made, and if 
so whether it is major or minor. 

If no discovery is made there is no reason to pay 
the R&D division more than r, the reservation 
budget for maintaining the division. 

In the event of a discovery the firm chooses x to:  

1.maximize the social surplus from the R&D 
division through its choice of x  

2.compensate the R&D division with a 
sufficiently large budget, denoted by b, to 
maintain the group. 



Solving the problem under full information 

The net social surplus from the division is: 

  log(1+x) – cjx – r 

If the product is developed, then the marginal costs 
of further development, denoted by cj, will be 
equated with its marginal benefits denoted by the 
inverse of (1+x). 

Solving for bj  and xj yields: 

  xj = (1 – cj)/cj  = 1/cj – 1 

  bj = r + cjxj  = r + 1 – cj 

See Figure 2. 





Product development 
with asymmetric information 

Now suppose headquarters cannot observe whether a 
discovery has occurred, and if informed that there was a 
discovery, does not know how to evaluate it. 

If the firm cannot distinguish between perks to the 
division and expenditure and effort on development, 
how should the firm fund its R&D division? 

It is easy to see that the research division will not falsely 
claim it has made a discovery. In that case, it would not 
be able to continue with the product development 
phase, so its lie would be unmasked. 

But conditional on R&D making a discovery of some 
type, headquarters does not have a simple way of 
determining whether the discovery was major or minor. 



The probability of a discovery being minor 

We have seen that if the firm knows whether the 
discovery is a major or a minor one, the probability of 
it being one or the other does not enter the equation 
determining optimal development. 

However the solution to the asymmetric problem does 
involve that probability. 

Supposing a discovery is announced, let p denote the 
probability it is a minor one (j = 1), and 1 – p the 
probability it is a major one (j = 2), where 0 < p < 1. 



Two special cases 

If the firm used the same policy but simply relied on 
R&D to report the type of discovery, then the division 
would report all discoveries are minor, and pocket a 
difference equal to area B in Figure 2 whenever it 
makes a major discovery. 

If p is close to 1, this R&D policy is almost optimal. 

Alternatively the firm could treat every discovery the 
division reports as major, and require development of 
c2/(1 – c2) in return for b2 = 1 – c2+ r.  

Then R&D would not report minor discoveries at all, 
since they would make losses on such developments, 
so the firm would lose area A for every minor discovery. 

If p is close to zero, this R&D policy is almost optimal. 



Outlining optimal R&D funding policy 
when there is asymmetric information 

Suppose headquarters chooses a policy (b1,x1) and 
(b2,x2), and then the division announces whether it has 
made a major or minor discovery, or no discovery at all. 

Headquarters maximizes the expected value with a policy 
satisfying two constraints that induce the division to:  

1.report all its discoveries, a participation constraint. 

For each j: 

   bj – cjxj  r 

2.truthfully declare whether the discoveries are major 
or minor, a truth telling constraint: 

  b2 – c2x2  b1 – c2x1 

 and vice versa. 



Participation constraint 

The participation constraint should bind for at least 
one of the policy options policy (b1,x1) and/or (b2,x2), 
otherwise headquarters could lower both b1 and b2 
without affecting how the division reports. 

However the participation constraint does not bind for 
a major (j = 2) discovery because, by the truth telling 
constraint: 

  b2 – c2x2  b1 – c2x1 > b1 – c1x1  r 

Therefore the participation constraint binds for minor 
discoveries (j = 1): 

  b1 – c1x1 = r 

In other words headquarters pays the R&D division a 
“bonus” for truthfully reporting “good luck”. 



Incentive compatibility and truth telling 

Since the participation constraint does not bind 
for major discoveries, the truth telling constraint 
must bind for major discoveries (j = 2). Thus: 

  b2 – c2x2 = b1 – c2x1 

However the truth telling constraint does not bind 
for the minor discoveries (j = 1). 

The easiest way of showing this is to solve the 
optimization problem ignoring the constraint in 
this case, and then showing it is satisfied by 
default.  



Profit maximization for headquarters 

The objective function for headquarters is 
expected profits: 

 p[log(1+x1) – b1] + (1 – p) [log(1+x2) – b2] 

From the participation constraint and the truth 
telling constraint we can express b1 and b2  as: 

 b1 = r + c1x1  

 b2 = b1 – c2x1+ c2x2 = r + c1x1 – c2x1+ c2x2  

Thus headquarters chooses x1 and x2 to maximize: 

 p[log(1+x1) – r – c1x1]  

 + (1 – p) [log(1+x2) – r – c2x2 + c2x1 – c1x1 ]  



Major discoveries 

The marginal benefit of product development for a major 
discovery is equated with its marginal cost: 

  1/(1+x2) = c2 or x2= 1/c2  – 1  

This is the same level of development that pertains to the 
situation where headquarters can observe the type of 
discovery directly. 

Note that if x1 is positive (when minor discoveries are also 
developed) the division is paid a premium of: 

 b2 = r + c1x1 – c2x1+ c2x2  

     = r + 1 – c2 + (c1 – c2)x1 

This deters the R&D division from pretending that a major 
discovery is only a minor one. 



Ignoring minor discoveries 

Differentiating the firm’s maximization problem with 
respect to x1 yields: 

 p[1/(1+x1)  – c1] + (1 – p) (c2 – c1)  

If this expression is negative at x1 = 0 the firm should 
not develop minor discoveries. That occurs whenever: 

 p(1– c1) < (1 – p)(c1 – c2) 

The left side of the inequality is the expected value 
from marginally developing a minor discovery. 

The right side is the expected amount the firm gives 
up to deter the R&D from reporting a minor discovery 
when they make a major discovery.  



Minor discoveries 

When the inequality in the previous slide is not 
satisfied, the firm should develop both types of 
discoveries. 

The first order condition for minor discoveries is: 
 p[1/(1+x1)  – c1] = (1 – p) (c1 – c2)  

Solving for x1  yields::  

 x1 = p/[(1 – p) (c1 – c2) + pc1] – 1 

     < 1/c1 – 1 

Notice that under asymmetric information, the 
firm under-develops minor discoveries to deter 
R&D from taking rent when it makes a major 
discovery. 



Illustrating the interior solution 

Compared to the situation where the firm instantly 
recognizes the type of discovery, Figure 3 shows 
that x2 is the same as before, but x1 is lower. 

The green dotted area shows the extra amount 
the firm pays the R&D division for “lucky” major 
discovery, if it wants to develop its minor 
discoveries to a slightly greater degree. 

The red shaded area is the marginal benefit from 
developing a minor discovery a little more. 

At the optimal policy the firm weights the areas by 
the probability of their occurrence and offsets the 
two exactly.  





Summary 

Financial incentives are used to: 

1. hire the most valuable job candidates  

2. incentivize managers to reveal their knowledge 

3. induce managers to take decisions in the firm’s 
best interests. 

Exposing managers to signals that are imperfect 
requires the firm to compensate them for the risk. 
This reflects the cost of  acquiring knowledge. 

Similarly, when managers and specialists are privy 
to valuable information, the firm pays them to 
reveal it. 


