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ABSTRACT 
 

This paper studies how an individual’s working habits may influence his/her incentives 
to choose a particular productive level when they make decisions on the job. In the paper, 
a dynamic model of a short-term labor contract under complete information is developed. 
The wage rates in each period are based on previous output levels and habit formation 
links current performance to future efforts. The optimal incentive contract demonstrates 
the combination of implicit incentives, where the firm sets the initial productive level for 
the worker in order to build a productive path for him/her, and explicit incentives from 
the wage rates offered by the firm. Thus the implicit incentives play an important role 
when the worker was previously non-productive because the productive habit, created by 
locking the worker into a productive path, leads him/her to the optimal working path 
which could never be reached when there was no fixed level of productivity. 

Keywords: Momentum, Incentive Intensity, Productivity. 
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I. INTRODUCTION 
This paper presents and analyzes a dynamic principal—agent model based on a habit 

process in which the worker falls into a productive work path because of a higher 
productivity level to begin with. My primary purpose here is to discover to what extent 
that habit formation influences the principal—agent interaction and may account for 
some facts regarding training, trial period compensation systems and graduate school 
class settings. My second purpose is to analyze the dynamic agency problem in which the 
competitive labor supply is concerned while competitive labor demand is assumed by 
most dynamic agency models.  

Research on the dynamic agency issue is ongoing. One of the most significant 
approaches in this area features career concerns.  Such concerns focus on the effects of 
current performance on future compensation, first discussed by Fama (1980), who points 
out that incentive contracts are not necessary because of the nature of the workerial labor 
market. Holmstrom (1982) counters this argument by proposing that contracts are 
necessary in order to provide optimal incentives. Based on their own models, Gibbon and 
Murphy (1992) incorporate incentives, learning, and market forces, as well as contract 
and risk aversion, whereas other models of career concern include works as those of 
MacLeod and Malcomson (1989) who incorporate incentives, learning, and market forces, 
but no risk aversion or contracts.  Their work demonstrates different optimal incentive 
contracts that combine the implicit incentives and the explicit incentives. There is also the 
research of Lambert (1983) who discusses the role of long-term contracts in controlling 
moral hazard problems; and Radner (1981), who considers a model with the same 
situation being repeated a finite amount of times demonstrating that the strategies will be 
close to the infinite horizon results providing zero discount and large finite periods. In 
this paper, I will discuss both finite and infinite horizon results and compare them.  

My approach is to derive the optimal strategies for each period and optimal starting 
productivity in a game where no pre-commitment is allowed. In particular, I try to 
examine the effect of habit formation on the evolution of productivity and investigate 
how important setting the initial productivity level is on a worker’s decision making. By 
fixing the first period workload, the worker with his/her own productivity level has to 
begin with a higher productivity compared to the situation where no productivity is fixed. 
Thus the habit formed in the first period will remain persistent and play a positive role in 
future efforts. However, if the worker is free to choose the first period productivity, he 
might fall into a habit of performing less work because of a lower initial productivity 
level. An example may be witnessed in nurturing a misbehaved child. It is more likely for 
the child to follow a good habit in the future when he or she is taught at the early age. 

Another instance occurs in most colleges where graduate students are forced to take a 
plethora of classes the first couple of years.  In this manner, whichever department a 
student belongs to choose the initial starting state for them and often foists a particular 
work ethics upon those students: one they would probably not have chosen for 
themselves given the ability to independently decide. Due to the sheer volume of work 
required to complete such courses students must be very diligent in order to finish each 
class. At first, the workload seems intolerable, but after the students get used to such 
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difficult working conditions, the demands seem less arduous and it becomes easier to 
continue working at such a pace even during the dissertation stage.  However, if students 
have an easy or lazy workload during the early years, the habits formed will persist and 
have a negative effect on their future efforts.   

The paper makes these assumptions: 

(1) Labor markets are competitive and a worker working in such a venue will 
maximize his/her utility every period. I wish to explain the situation where there 
are more workers than jobs (a situation which currently prevails in the U.S. where 
the unemployment rate hovers near 400,000 each month).  

(2) The output levels are observable. The firm can observe how many projects the 
worker has completed each period. For example, the law firm knows the number 
of cases any lawyer has taken on and how many he has completed. 

(3) The worker’s utility is inseparable from time. This is based on reference 
dependence assumption introduced in behavior economics. My intuition is that we 
consider the past as our reference level when we make decisions. For example, it 
is more difficult for people to adapt to a frugal living style from a life of luxury 
than vice-a-versa. Related literature includes notions of habit formation and 
addiction that also must be considered in behavioral models. Becker and Murphy 
(1988) first introduced the unstable steady-state consumption levels because of 
the strong complementarities between two period consumptions in addiction. 

(4) The worker’s own productivity is known before he is employed. Usually it is not 
difficult for the employer to obtain such information by reviewing the resume and 
examining recommendation letters. 

(5) The firm is able to set up the first period workload (such as number of projects, 
cases, classes, etc.) for the worker, but not for the periods after that. In the real 
world there are training times and probationary periods and during these periods, 
the firm assigns particular tasks to the worker either to test his/her ability or to 
acclimate him/her to his/her duties. Afterward, the worker is free to choose the 
workload or working pace. This kind of situation is often seen among consulting 
companies and law firms. 

I wish to establish a model that explains principal-agent interaction under the situations 
described above. In doing so, my formulations emphasize the following points: (i) 
workers are not purely motivated by income; their preferences are time – inconsistent; (ii) 
extrinsic and intrinsic motivation (habit formation) are interacted and formed by the 
incentive intensity; and (iii) the firm is able to use a tool-habit to change a worker’s 
behavior.  

In this paper, I show that by setting the worker’s starting productivity, the firm is able 
to change the worker’s working habit. This is important when the worker’s own 
productivity is very low because the firm has the advantage of leading him/her into the 
productive working path which sometimes could never be reached when there was no 
fixed starting productivity.   
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II. THE MODEL 
Consider a single firm and one of the many workers employed there. The worker has 

his/her own productivity level (Ix ) before he starts working. At the beginning of the first 
period, the firm offers the worker a single-period incentive intensity (which is the 
compensation for each project achieved) and decides the productivity level (which could 
be the number of projects he has to fulfill) for the first period based on his/her own 
productivity level. At the end of first period, the firm offers another single-period 
incentive intensity. Given the workload for the first period and the wage rate for current 
period, the worker decides how hard he will work for the second period. At the end of 
second period, the firm observes previous productivity adopted by the worker and gives 
another single-period offer. Then the worker chooses the productivity again. This 
dynamic continues until the last period. For simplicity, I do not consider the concepts of 
quitting or being fired in my model.   

The Worker’s Preferences 
The worker’s utility depends on his/her wage, disutility of productivity, and the 

disutility of changing the productivity. The utility functions are as follows: 

)()()( 11 -----= tttt xvxxxCWU  if 1-³ tt xx    (1) 

  )( txCWU -=    if 1-< tt xx    (2) 

 

We assume that wages are a linear function of the worker’s output, )( tt xgwW = . We 
refer to wt as the incentive intensity and g(xt) as the output achieved at period t which 
depends on the worker’s productivity xt. C(xt) is the disutility of productivity. (xt – xt-1) is 
the change of productivity from the last period. v(xt-1) represents the reference level of 
productivity. Depending on whether current productivity is greater than the previous level, 
disutility of changing the productivity can take different forms. When the worker works 
harder this period (which is the case 1-³ tt xx ), he has to exert extra effort to adapt to the 
new working style in addition to the effort he has to put into the work anyway. This extra 
disutility not only depends on the increase of the productivity, but also the reference level 
of productivity v(xt). v(xt) measures the marginal effects of the change of productivities. 
When the last period’s productivity is very high, the changes seem negligible since the 
increase of the productivity is trivial compared with previous productivity. As Rabin 
(1998) noted, the marginal effects are greater for changes close to one’s reference level 
than for changes further away. Therefore, given the same increases of productivities, the 
disutility for increasing it is larger when the previous productivity is smaller. When the 
worker works less diligently (which is the case 1-< tt xx ) this period, the disutility of 
changing the productivity is zero because no extra effort occurs when one lowers the pace 
of one’s working level.  

The output g(xt) demonstrates increasing productivity xt. The cost C(xt) is increasing in 
xt with a increasing rate.  For simplicity, we assume that tt xxg =)(  and quadratic cost 
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function 2)( tt cxxC = . The reference level of productivity )( 1-txv  is assumed to be a 
constant number d because marginal effects of changes are very close when productivity 
levels xt doesn’t vary dramatically.  Thus, utility functions are as follows: 

  )( 1
2

----= ttttt xxdcxxwU  if 1-³ tt xx     (3) 

  2
ttt cxxwU -=   if 1-< tt xx     (4) 

The Firm’s Problem 

The firm’s one-period profit function is ttt xwpx -=p . Since the firm can observe the 
output for each period, there is no moral hazard issue. p is the price of output. Also, we 
assume p > 2d (this assumption is made to simplify the calculation). The firm maximizes 
the lifetime profits by setting the starting level of productivity and choosing the 
compensation system at the beginning of each period.  

Worker’s Behavior  
We began by discussing the behavior of the worker. Since the labor supply market is 

competitive and the worker maximizes his/her utility every period. Given current 
incentive intensity and previous productivity, the worker’s decision at period t without 
considering future periods (t takes on values which are greater than 1 because the first 
period’s productivity is fixed by the firm.) is formulated as follows:  

{ }),,(),( 11 max ttt
x

tt wxxUwxV
t

-- =    (5) 

Proposition 1: after solving the problem, the optimal productivities at t period (xt
*) are 
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Proof: Please see the appendix.  

The result shows that (i) the worker’s action changes according to the relationship 
between wt and xt-1. When the wage rate is low compared with the initial productivity, the 
worker’s action decreases and depends only on the incentive intensity and c. When the 
incentive intensity is moderate compared with initial productivity, the worker will persist 
in his/her initial action. When the incentive intensity is extremely high, the worker will 
adopt the higher action and work harder. (ii) as in standard principal-agent theory, the 
productivity is increasing in incentive intensity w1. What is interesting is that the 
productivity is not strictly monotonically increasing in incentive intensity. When w1 falls 
into a certain interval, the worker is indifferent to w and keeps the same productivity. 
Here is the situation where habit dominates the decision when the incentive intensity is 
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not large enough to compensate the extra effort the worker has to exert in order to work 
harder.  

Lemma 2: Consider xt-1, xt-1’, x t
*, xt

* ’,    xt
* and xt

* ’ are the optimal decisions for xt-1, xt-1’ 
given wt, if xt-1 < xt-1’, then xt

* �  xt
* ’. Figure 1 shows the relationship between xt-1 and xt

*. 

 

Proof: We can easily obtain the result from the decision rule.  

Firm’s Objective 
Based on the worker’s decision, the current wage rate the firm is offering not only 

affects the current productivity, but also influences the next period wage rate and the 
evolution of the worker’s productivity. So the optimal sequence of wage rates takes into 
account these dynamic effects. The firm has a discount rate � . Formally, the firm solves a 
dynamic problem, which I formulate as 
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Definition 3: The optimal productivity (chosen by the worker) and optimal wage rate are 
the ones which maximize the firm’s single period profit. They are equal to p/4c and p/2c. 
And the maximum value of single period profit is p2/8c.  

Proof:  The firm’s single period profit function is tt xwp )( - . After substituting tx with 
worker’s decision rule, the expression (6), it is easy to show that the profit is maximized 
when cpwt 2/= which implies xt = p/4c.  

In next section, I will start by presenting the simplest model which has only two periods.  

III. THE TWO-PERIOD MODEL 

xt
*  

xt-1 450 

Figure 1 

wt/2c (wt-d) /2c 
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At the first period (t = 0), the worker’s utility is zero since w0 is chosen to satisfy the 
individual rationality constraint where the worker has a level of utility at least 0=U . 
Thus, given w1 and x0, the worker’s problem is to choose x1 to maximize the second 
period’s utility. By decision rule derived in Proposition 1, x1

* is as follows: 
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The firm’s two-period payoff is the following function of w1, w0 and x0: 

*
1100001 )()(),,( xwpxwpxww -+-= dp  s.t. 

�
�

�
�

�

³

=

=

0

0),,(

),(

1

000

01
*
1

U

xxwU

xwfx

I   (8) 

Lemma 4:  

(i) Fixed w1, ),( 01 xwp is increasing in x0 up to a point and then decreases.  
(ii) Fixed x0,  

when cdxdcxp 00 224 ++³ , ),( 01 xwp reaches local maximum at w1 = p/2 + d/2; 

when cdxdcxpx 000 2244 ++<< , ),( 01 xwp reaches local maximum at w1 = 2cx0; 

when 04cxp £ , ),( 01 xwp reaches local maximum at w1 = p/2. 

Proof: (i) From lemma 2, we know x1
* is increasing in x0, but the first period profit is 

increasing in x0 only up to point. So ),( 01 xwp is increasing in x0 at the beginning and 
later decreases. (ii) Please see the appendix.  

Lemma 4 (ii) shows that the firm has to consider the price even though it wants to set a 
starting productivity as high as possible, so there exists an optimal starting productivity 
given w1. (iii) shows that after fixing x0 the firm’s profit can have three local maxima, 
two are interior, p/2 + d/2 and p/2, the other one at 2cx0. The first maximum is due to the 
fact that the price of product is high compared with the initial productivity. Under this 
circumstance, the firm shall offer higher incentive intensity because the increase in 
his/her productivity will compensate for the wage paid. The third maxima is due to the 
fact that the price of product is low, so the cost of high incentive intensity outweighs the 
benefit of high productivity triggered by high wage rates. Therefore, low incentive 
intensity is optimal and the worker will work less diligently under this case. The second 
maxima tells us that the wage rate should be set to keep the same productivity when the 
price is moderate. The existence of unique maxima under each situation is due to the 
existence of a unique steady state of productivity.  
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Lemma 5: The optimal initial productivity x0 and incentive intensity w1 which solves 
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Proof: Please see the Appendix. 

The results in lemma 5 tell us when the worker’s own productivity is very high, the 
firm offers the same incentive intensity which is p/2 for both periods and sets p/2c as the 
initial productivity. When his/her own productivity is moderate, the firm sets xI as x0. 
When it is really low, the firm sets (p-d)/2c as x0. The intuition here is as follows: The 
firm is reluctant to raise the worker’s workload because it is costly to induce the worker 
to work harder in the next period since the firm is not only going to compensate his/her 
disutility from effort but also the disutility from increasing the action. In case (i) and (ii), 
the firm is able to avoid the cost of inducing him/her to work harder because he is already 
productive to begin with.  But in the case (iii) where the worker’s own productivity is 
very low, the firm will have no other choice but to raise his/her level of activity first and 
bring the habit formation into play in the second period.  

Lemma 5 shows that the starting productivity level is set to be above p/4c for all 
different situations. Such strategy puts the worker into a productive working path which 
causes him/her to choose an optimal productivity in the next period at all times. 
Therefore, the worker will adopt the exact same action and the firm will get the 
maximum profit in the second period no matter how productive the worker is to begin 
with. The intuition here is that the firm’s training has made him/her forget his/her own 
productivity and he is happy to follow his/her newly formed productive habit and adopt 
the optimal productivity level.  

Figure 2 describes the relationship between optimal starting productivities set by the 
firm and worker’s initial productivity. It looks exactly the same as Figure 1 except that wt 
is replaced by p. This means that the worker would choose the same productivity level, 
x0 , if the firm doesn’t set the starting productivity and offers w=p. By doing so, the firm 
earns zero first period profit and the surplus goes to the worker. However, is it optimal 
for the firm to offer w=p in the case that he can’t fix x0? We will see it in next lemma.  
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Lemma 6 : The optimal incentive intensities w1 and w0 which solves  
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    Proof: Please see the appendix.   

Lemma 6 shows the evolution of productivities when there is no fixed productivity at 
the beginning. Unlike the results in lemma 5, the x0*s are not continuous on xI. Their 
relationship is described by the bold line in Figure 3. In Figure 3, the thin line represents 
their relationship between x0* and xI when the firm is able to set the first period’s 
productivity. By putting them together, the advantage of fixing the x0 becomes obvious. 
The thin line is all above the bold one, which means that the highest x0 from the second 
regime is even lower than the lowest x0 from the first regime. What is more important is 
that x0 has a leader effect on future productivity. The results (ii) and (iii) tell us that the 
second period productivity will be lower than p/4c which could be reached by the first 
regime under any situation. The intuition is very straightforward. After being forced to 

x0
* 

xI 450 

Figure 2 

p/2c (p-d)/2c 
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work hard in the first period, the worker “forgets” his/her own productivity and is going 
to use the current productivity as the reference to make the future decisions. We can 
imagine that the worker changes into a different person who is going to have a new start 
after the training period. But when there is no fixing productivity, the negative effect of 
low initial productivity will penetrate into both periods. Therefore, setting the starting 
productivity limits the effect of bad habit on future effort. 

 

IV. THE T-PERIOD MODEL 
Next I will move on to T-period case and begin to discuss the characteristics of 
productivities when the firm implements different strategies. By doing so, I wish to find 
the firm’s optimal strategy and investigate the reasons for it. Given the worker’s decision 
rule, the expression (6), I derive the followings: 

Lemma 7:  

(i) When the starting productivity and wage rate satisfy Twwwdcx <<<<+ ...2 210 , 

we have Txxxx <<<< ...210  and Tt
c

dw
x t

t ,...2,1
2

* =
-

= . 

If the sequence of wage rates is not strictly monotonically increasing (“=” replaces “<” 
somewhere), the evolution of productivities is increasing, but not strictly monotonically 
increasing.  

(ii) When the starting productivity and wage rate satisfy  

]2,2[ 001 dcxcxw +Î ( 01 2cxw <  ) and Twww <<< ...21 , we have Txxxx £££= ...210  
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p/2c         p/4c   (p-d)/2c 
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(iii)When the starting productivity and wage rate satisfy Twwwcx >>>> ...2 210 ,  

we have Txxxx >>>> ...210 and Tt
c

w
x t

t ,...2,1
2

* == . 

If the sequence of wage rates is not strictly monotonically increasing (“=” replaces “>” 
somewhere), the evolution of productivities is increasing, but not strictly monotonically 
increasing.  

(iv) When the starting productivity and wage rate satisfy  
]2,2[ 001 dcxcxw +Î ( dcxw +> 01 2  ) and Twww >>> ...21 , we have 

Txxxx ³³³= ...210  ( Txxxx ³³³< ...210  ) and Tt
c

w
x

c
dw t

t
t ,...2,1

22
* =£<

-
. 

(v) If the sequence of wage rates is not monotonically increasing or decreasing, for 
instance, Twwwwwdcx <<><<+ ...2 43210 , the inequality sign of the productivity 
sequence will follow the form of inequality sign of wage rates. Then we 
have Txxxxxx ££³<< ...43210 . 

Proof: The results mentioned above can easily be derived by using Figure 1 or the 
worker’s decision rules. So the proof will be omitted here. 

The result (i) shows that when the incentive intensity is non-decreasing and w1 is 
greater than 2cx0 + d, the worker is going to increase his/her productivity (or remain the 
same) every period and the productivity for each period depends only on the incentive 
intensity for that period. This tells us that the firm has to increase wage rates every period 
in order to induce the worker to work harder every period. It is very costly for the firm 
because it has to compensate the worker for both the disutility from effort and the 
disutility from increasing the action. The cost from inducing him/her to work harder can 
be avoided if the wage rates have the sequence described in (iii) where the incentive 
intensity is decreasing every period. The results from (i) and (iii) show us that the 
sequence of wage rates has full control over productivities as long as the relationship 
between the first two periods of productivity are the same as the relationship among later 
periods. Under this circumstance, the productivity will increase (or decrease or keep the 
same) whenever the wage rate increases (or decreases or keeps the same).  

This full control will be affected when the starting productivity and wage rates are set 
in such a way that the relationship between the first two period’s productivity rates are 
different from the relationship among later periods which are the case in (ii) and (iv). In 
these cases, the productivity doesn’t necessarily increase (decrease) when the wage rate 
increases (decreases). An example of this is given in case (v). Before period 3, the wage 
rates are set like case (i) so the productivity increases when wage rate increases. After 
period 3, the wage rate decreases for one period and increases thereafter. This sudden 
decrease of period 4 wage rate causes the rest of wage rates lose the full control over 
productivity. Since period 4, an increase of wage rates doesn’t necessarily cause an 
increase in productivity anymore.  

Without full control effect, the firm would not want to pay the worker more and more 
because the increase of wage rates could cause the productivity to remain constant, The 
firm would be better off by offering the same wage rate if the productivity is going to be 
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the same. Therefore, the results from (ii), (iv) (v) imply that it is not advantageous for the 
firm to implement the strategies described in parts (ii), (iv) and (v). So we expect that 
optimal incentive intensities will satisfy the condition in parts (i) and (iii). The lemma 8 
will prove this.  

We have just discussed the evolution of productivities under different sequences of 
incentive intensity. Their characteristics are partly driven by the incentives and partly by 
their own “internal dynamics.” Next we will solve the firm’s maximizing problem and 
show the optimal sequence of wage rates and starting productivity. In the T-period case, 
the worker’s utility is still zero in the first period since w0 is chosen to satisfy the 
individual rationality constraint where the worker has a level of utility at least 0=U . The 
firm solves the following program: 
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By solving the problem, we get the following result: 
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Proof: Please see the appendix. 

The result is exactly same as the one we obtained with the two-period model. The firm 
offers the same incentive intensity p/2c and the worker chooses the productivity which is 
equal to p/4c from period 1 to period T for any xI. The only things which depend on xI are 
the starting productivity x0 and w0. Fixing x0 plays an important role because it enables 
the firm to change the worker’s working habit. When the worker’s own productivity is 
above (p-d)/2c, the firm doesn’t have to change his/her habit (which means setting a 
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higher starting productivity) because he is productive already. By fixing x0, which is 
equal to or lower than the worker’s own productivity, the firm can easily lead him/her 
into the optimal working path (p/4c) during next period. However, when xI is low, the 
firm has to raise his/her action to (p-d)/2c at first and this will bring the worker into a 
productive path during next period. Otherwise, the lazy working habit will influence both 
periods and cost much more if the firm tries to induce the worker to work hard later on. 
Therefore, changing habit and saving future incentive costs are the key points for this 
analysis.  

The result provides a better understanding of why the training period or trial period 
provides the firm extra surplus. In order to reinforce the important role of habit formation 
and see the contribution of this analysis, we are going to examine the optimal strategy 
with the model in which there is no fixed x0 and make a comparison with our model, and 
discuss the implications.   
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When T goes to infinity, the results are as follows:  
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Proof: Please see the appendix. 

The results in lemma 9 are an extension for the results in lemma 6. Part (i) is exactly 
the same as the one in lemma 6 which says that wage rates are p/2c and productivities are 
p/4c all the time when xI is greater than p/4c. This is the best situation for the firm 
because the worker was initially very productive and his/her productive habit will bring 
him/her into the optimal working path immediately. Part (ii) and part (iii) are slightly 
different from the ones in lemma 6. When T increases, the higher boundary of xI 
increases and the interval is larger in part (iii). The steady state of productivity also 
increases. This implies that the firm can induce the low action worker to do better when 
there are more periods waiting for him/her. The intuition is that the worker doesn’t mind 
working harder in the first period so long as he knows he is going to work longer and the 
utilities coming from extra periods will compensate the difficulties faced in the first 
period. The influence of T on the productivities only happens to the worker with low 
initial productivity since the higher action worker will either adopt the optimal working 
path or follow his/her own productivity all the periods.  

By deriving the results for an infinite period, we can examine the effect of discount 
factord on the mechanism. The result shows that when d is bigger, the higher boundary 
of xI is larger in part (iii) and that the chosen productivity in the first period increases. 
Given bigger d , the worker is more patient to wait to get the utility from future periods 
and this alleviates the negative effect of adopting higher action in the first period. 

In this section, the T period model is developed and steady state productivities are 
derived. When the first period productivity is fixed, the worker will choose the optimal 
working path (with x = p/4c and w = p/2) from the second period to the T period. So 
there exists a same steady state for different workers. The results do not change when T 
changes and discount factor has no effect on his/her behaviors. When the first period 
productivity is not fixed, steady state productivity depends on the worker’s own 
productivity. If his/her own productivity is higher than p/4c, the steady state is the 
optimal working path, which is p/4c. Based on T, if his/her own productivity is inside the 
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follow his/her own productivity forever and the steady state is xI which is lower than p/4c. 

If his/her own productivity is even lower, the steady state is 
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which will be adopted from the second period on. By comparison, fixing the starting 
productivity doesn’t make any difference when xI is higher than p/4c. The effect of habit 
formation takes place when the worker is not productive first since the optimal working 
path can still be reached as the steady state. In practice, training gives the firm an 
opportunity to take advantage of habit formation because they can change an 
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unproductive worker into a productive one. After training, “good” habit takes the place of 
“bad” habit and will play its role as if there was no bad habit ever. 

V. CONCLUSION 
I have presented a dynamic principle-agent model based on a habit process in which 

the worker falls into the productive work path because of a higher productivity level to 
begin with. Due to the worker’s habitual nature, the optimal short-term contract with a 
fixed starting productivity that is high will entail higher steady state productivity. This 
level could not be reached under the contract with no fixed starting productivity. Also, 
my model insures that the optimal working path will always be reached as the steady 
state.  

While a large body of research exists on the training impact upon the workers’ 
productivity, the theoretical analysis has mainly focused on the aspect of learning by 
doing. This paper offers a new prospective to understand how training affects the 
workers’ working behavior. The central idea behind my theoretical analysis is that human 
beings’ actions are influenced by habit formation. I argue that people are not only 
motivated by incentive, but also driven by their own behavioral dependence. By allowing 
the change of a worker’s habit at the beginning, the firm is able to put him/her onto a 
productive working path and the productive habit formed will make the optimal 
productivity level follow immediately thereafter. Advantages of training and probationary 
periods set by companies can be understood by using my analysis. As for the example of 
military training, the military wants to change the normal person into a tough soldier by 
intense training, which can be interpreted by setting a high productivity at first. The 
reasoning will be similar to why an early education for children is very important.  

Meanwhile, some other interesting results are derived from my analysis such as that a 
discount factor doesn’t have any effect on both a worker and firm’s behavior. But it 
changes when the assumption of fixing first period productivity is relaxed. Under this 
situation, the larger the discount factor is, the higher the productivity could be reached. 
Another result obtained under this case is that timing matters. The worker is more willing 
to work harder when there are more periods waiting for him/her. 

In developing my model, I have kept the analysis tractable by making some 
assumptions. Allowing for being fired from and/or quitting a position would make the 
analysis more general and practical. Also, a competitive labor market makes the model 
limited in applying it more fully to real world situations. Further research can be made by 
relaxing these assumptions.  

APPENDIX 
Proof of Proposition 1: 

I maximize the first utility function form subject to 01 xx ³  and maximize the second one 

subject to 01 xx £ . The F.O.C. from the first one gives 0
1*

1 2
x

c
dw

x >
-

=  

),2( 01 ¥+Î dcxwif . Otherwise, x1
*=x0. The F.O.C. from the second one gives 
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0101 ),2( xxanddcxw £¥+Î . The interval for x1=x0 is the interval between 2cx0+d and 
2cx0 since it is very obvious from both maximization problems. Therefore, the 
proposition 1 is proved.  
 
Proof of Lemma 4: 

Fixed x0, the firm’s one – period profit is as follows: 
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We can easily show that the maximum of (3) is greater than the maximum of (1) and (2). 
When 04cxp £ , (3) is maximized at w1

* = p/2. Thus, ),( 01 xwp reaches local maximum at 

w1 = p/2 when 04cxp £ .  When p > 4x0+d, the maximum profit is either (p-d)2/8c or (p-

2cx0)x0. Since (p-d)2/8c is greater than (p-2cx0)x0 when cdxdcxp 00 224 ++³ . Thus 

),( 01 xwp reaches local maximum at w1 = p/2 + d/2 when cdxdcxp 00 224 ++³ .  

When cdxdcxpx 000 2244 ++<< , the profit is either (p-2cx0-d)x0 or (p-2cx0)x0. Since 

(p-2cx0)x0 is larger and is realized at w1 = 2cx0. Thus ),( 01 xwp reaches local maximum at 

w1 = 2cx0 when cdxdcxpx 000 2244 ++<< .  

Proof of Lemma 5: 
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Proof of Lemma 8:  
It is easy to show the optimal productivities and the wage rate in a two period setting.  So 
I will start my proof of case with three periods. We know 
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1100 )()()(max xwpxwpxwp -+-+- dd                     (10) 

is always less than or equal to  
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By definition 3, I show that *
22
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Since the strategies in lemma 4 maximize both { }*
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1100 )()()( xwpxwpxwp -+-+- dd . Thus, 

the strategies in lemma 3 for the case with three periods are the optimal strategies. The 
proof of cases with more than three periods follows the same logic. 

Proof of Lemma 9: 
The firm’s best strategies have to be one of the followings: a) The wage rates are chosen 
to make the productivity decrease at first and remain the same afterwards. b) The 
productivities at all periods are equal to the worker’s initial productivity. c) The 
productivity is increased at first and remains the same after that (the proof can be found 
in extended version of this paper). Case (i) is obviously true because the worker’s initial 
optimal productivity automatically leads him/her to the optimal working path when wage 
rates are p/2.  In case (ii), the maximized profit is  
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by adopting strategy a) or b) and is 
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by using strategy c). The expression (11) can be proved larger for case (ii). In case (iii), 
the profit from strategy a) or b) is represented by (11). The profit from strategy c) is  
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. We can show the expression (11) is smaller than the 

expression (13) when xI is lower than 
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Proof of lemma 6:  

Since lemma 6 is a special case of lemma 9, the proof of lemma 9 is sufficient in order to 
prove lemma 6.   
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