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I . Introduction

In a labor market a firm is often concerned about types of its wokers and
efforts taken by them, which are normally unknown to the firm. Most of the
studies dealing with these issues have focused on the impacts that each of
these informational problems has on the euilibrium in the labor market.

In this paper I considered a dynamic competitive labor market where
individual workers have private information both about their types and
about the effort levels they choose, which are not directly known to their
employers. I followed Shapiro-Stiglitz(1984) in that firms cannot implement
intertemporal wage structures, and that the moral hazard of workers is
controlled partly by the unemployment pool. Here firms pay wages to their
workers at the biginning of each period. This wage policy, which can be
justified by the lack of perfect capital market on the part of workers,
seems to be the most common one firms adopt in reality. The problem for
firms is then how to set up a rule of determining wage offers to their
workers in each period. In this model there are two mechanisms through
which firms can screen different types of workers or control the possible
shirkings of workers. First, workers can choose some exogeneous signals
(e.g., education levels as in Spence model) before they start their careers,
so that firms initially could have some indirect information about the types
of individual workers. Second, a firm can use an on-the-job monitoring
technology to observe the output produced by its worker, which is a
function of his productivity and the effort level he chooses.

The observed output is assumed to be public to the worker and his firm,
so that we do not have to worry about the moral hazard of firms in
offering their wages. Therefore the wage offer to a worker by his employer
will signal his type to the potential employers in the market, although the

observed output of the worker is not known to the other firms.
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Ths basic framework of this model is following. In each period a firm
competitively offers its contract T which specifies the prerequisites (in
terms of signals and previous contracts they have chosen and the previous
wage offers they have received) applicants need to show to apply for the
contract, the size of their employment, the initial wage offer and the
subsequent wage offers based on the outputs produced in the previous
periods of employment. Given a set of contracts offered by firms, workers
choose contracts to apply for and choose the levels of efforts to take
during the periods of their employment. In doing these workers, who quit
their jobs with some probability b in each period for exogeneous reasons,
have to care about how the other firms’ expectations about their types
would be affected by their choices. In particular, workers are assumed to
share a set of common beliefs about these future expectations, and then
make their optimal choices based on these beliefs. The optimal choices of
signals, contracts and effort levels by workers given a set of common
beliefs generate a relationship between expected types of workers and their
employment histories. And the market is supposed to realize this rela-
tionship, which is called a market expectation.

I can show that there always exists an equilibrium despite the competi-
tion among firms for contracts to offer, which can be contrasted with
R-R-S (Riley(1979), Rothschild-Stiglitz(1976)). Intuitively, this is because
the competition among firms that are concerned about workers’ moral
hazards would impose an additional contraint on the set of wage offers
firms can make without incuring losses, which will reduce the scope of
profitable deviant contracts. In particular, under the conditions where there
does not exist any competitive Nash equilibrim in R-R-S, we have a unique
equilibrim, which involves the most efficient pooling in the choices of
signals by workers. Finally I showed that in any stationary equilibrim the
unemployment rate among the high productivity workers is lower than that
among the low productivity workers.

A basic model is presented and its equilibrim is defined in Section 2.
The set of possible equilibria is characterized in Section 3, which is

followed by some concluding remarks.
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I. Model

Consider a multiperiod competitive labor market, in which a group of new
young workers enters in each period. I assume that workers live infinitely
so that the labor force increases at the rate g. There are two types of
workers, and each type of a worker differs from the other in productivity
z(zy) z1). One of the informational problems that characterize this model is
that each new worker has private information abuout his type which is
unknown to his firm. There are some signalling activities (e.g., education
levels) available to new workers, however, so that each new worker can
choose a signal which may reveal his type before he starts his career. I
assume for simplicity that the signalling technology is constant returns to

scale. Then, as in other signalling models, the critical assumption is that

CH <CL,

where c¢; is the marginal cost of signalling for a z-type worker (i=H,L).

The utility function of a z_type worker is assumed to be the following.
Ulwy, ef s;2z)=2 (u(w)—e)(+r)" -cs,

where w,, e, are the wage he receives and the level of efforts he exerts
in the t-th period of his career, and u(0)=0, u)0 and u”<(0. Here I
introduce another informational asymmetry. That is, a firm cannot observe
directly the level of efforts taken by its workers. I assume for simplicity
that there are two possible levels of efforts for workers to take: e(non-
shirking) and O(shirking).

In each period a firm assigns a project to each worker. The project fails
if the worker shirks, and it works out otherwise. So there will not be any
productivty difference between the two types of workers when they shirk.
When they do not shirk, however, the output zy produced by a zy-type
worker is greater than the output z; produced by a z;-type worker.
Although a firm cannot directly identify the types of its workers and the
effort levels they take, it can use an on-the-job monitoring technology to
observe the outputs produced by them and to get information about their

types or actions. First of all, a firm is assumed to be able to see with
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probability 1 whether a project fails or not. So a firm can detect a shirker
with probability 1 at the end of each period. But this alone cannot resolve
the moral hazard problem on the part of workers, because each firm is
supposed to prepay wages to its workers at the beginning of each period
due to the lack of perfect capital market available to the workers. That is,
workers will get their wages for the period when they shirk although they
may be fired at the end of the period. When a worker does not shirk,
however, the on-the-job monitoring technology may not be perfect in iden-
tifying the output he produced.

Here each firm is assumed to have a very simple monitoring technology,
which figures out the output of a worker with probability p and does not
figure out the output at all with probability 1-p. So when a worker does
not shirk, the monitoring technology is not informative at all with probabil-
ity 1-p while it identifies his type with probability p. Thus the monitoring
technology is imperfect to the extent that p(l.

At the end of each period, the market opens. The market has an applicant
pool which consists of new workers who have no previous job experience
and many experienced workers who have been fired or quit from their
previous jobs. I assume that each worker voluntarily leaves his job with
probability b for some exogeneous reasons. Once a worker quits, he will
join the unemployment pool (or applicant pool) together with those fired and
new workers who have just entered the market.

Each firm competitively offers its contract T to profitably attract
workers from the applicant pool. When offering a contract T, a firm should
specify the prerequisite R an applicant needs to show to apply for the
contract T. The R will include the level of signal he chose, previous
contracts and the wage offers he has had. The contract also specifies the
size of employment N, the initial wage offer W, and the subsequent wage
offers W,(Y.i)based on the set Y, of observations of outputs produced up
the (t-1)st period of employment under the contract T. Then a contract T

for the workers whose employment history is R can be written as follows :
TR)= {N;Wy, [W(Y. )]}

Now I will characterize the set of output-dependent wage offers W (Y,).
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First of all, it is always optimal for firms to fire a worker who has shirked

during the previous period. So
W.(Y.1)=0 whenever Y, contains |0}

In determining output-dependent wage offers for nonshirking workers,
firms will consider the information conveyed by the observed outputs Y, ;.
Then we can classify the sets of observed outputs Y, into the three
groups: Yy, Y| and Y,, where Yy or Y| contains the observed output zy
or z;, and Y, does not contain any revealing observed output zy or z;.
Without loss of generality we can restrict the set of output-dependent wage

offers to the following:
WY )=[W(Y,)=W;, W(Y,)=W, for i =H,L]for all t.

Then as far as the observed output does not fully reveal the type of a
worker, the initial wage W; will continue to be offered. Thus any output-
-dependent wage offer [W(Yq)]can be characterized by [Wy, W], so
that

T(R)={N; Wy, [Wy,W ]I .

A set of output-dependent wage offers can be subdivided into the two
categories: separating output-dependent wage offers (SODW) where Wy)
Wy, and pooling output-dependent wage offers (PODW) where Wy=W;. In
particular, a competitive SODW w*is defined as a SODW [Wy, Wy ]where
Wy=zy and W =z,.

In fact, it is not a specific employment history R but the expected
productivity Z(R) implied by R that firms care about when they offer
contracts. As I will explain later, the market (or firms) forms a common
expectation Z(R) about the productivity for each employment history R,
which 1s called the market expectation. Thus any contract offered by a firm

can be specified as follows.
T(Z(R))= {N; Wl’ [WHv WL]* .

Since firms treat applicants of different market expectations differently,
the market will be segmented according to different expected types. A

segmented submarket in which workers of market expectation z are ap-
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plying for jobs is going to be called a z-submarket. And the submarket for
new workers is going to be called a s-submarket. When the size of
unemployment pool in a z-submarket is greater than the total demand for
those workers by firms, the job acquisition rate a(z), the probability that a
worker can get a job in the z-submarket, will be less than 1. In Appendix, 1
characterized a stationary state in each submarket and showed that the job
acquisition rate a(z) is negatively related to the unemployment rate in a
z-submarket.

Now let us turn to the response of workers to a set of contracts offered
by firms. The crucial aspect of this model is that even when a worker is
not fired, there is some chance that he leaves his current job for ex-
ogeneous reasons and joins the unemployment pool in a certain submarket.
And his future utility from the time he leaves his current job with
employment history R will depend on which submarket he will belong to,
which will be determined by the market expectation Z(R) about his type
(that is formed on the basis of his employment history R). So the expected
utility V;(T) of a z.-type worker from choosing a contract T(Z) ( = {N; Wy,
iWi,Wi il ) offered for the workers of the market expectation z will
depend not only on the wage offers |W, {Wy,W{| made by T but also on
the set of Z(R(T); T) about his his future market expectation Z(R(T); T)
associated with each employment history R(T) under T and the set of
beliefs {Viu(z)l,, about his expected utility |V (z)|, from joining an appli-
cant pool in the submarket associated with each market expectation z. The
employment history R(T) under T is just a set of output-dependent wage
offers made by T. Then there are four kinds of sets of output-dependent
wage offers: Ry, Ri, Ry and Ry, where Ry or Ry is a set of output-depen-
dent wage offers that contains Wy or W, and R, or Ry is a set of output
dependent wage offeis that contains W; only or 0 only. Note that it is
impossible that both Wy and Wy, are in R(T) because the observed output
is public to the worker and his firm.

I will denote a set {Z(R;; T), Z(Ro; T), Z(Rug; T), Z(RL; T} of the
future market expectations of all employment histories R(T) under T by
Z(T), and denote a set of beliefs {Z(Ry; T), Z(Ro; T), Z(Ru; T), Z(R.;
T)} about them by Z(T). So when a z-type worker evaluates the expected
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utility Vi(T) of being hired under T, he has to care about a set Z(T) of
future market expectations for the contract T and a set {V;,(z)}, of his
expected utility of joining the unemployment pool in each submarket as

follows :

Vi(T)=Max {VXT), VX(T)} ,

where

VT)=u(W )-e+1jrp (1—BVYT)+bV(Z(Ry ; TH +
I—bViZR; T); TOFbVuZ®R; T (A)

1+r

VIT)=uW1)+=——VilZ(Ro; T).  (B)

1+

VNT) or V5(T) is the expected utility of a z;-type worker from choosing
a contract T when he does not shirk or when he shirks during the first
period of his employment under T, respectively. And Vi(Z(R;; T); T) is the
conjectured expected utility for a revealed z;-type worker who continues to
work under T. When workers choose their effort levels during the periods
of their employment, they also have to care about the possible information
Z(T) that their employment history under the contract T can generate. In
particular, I assume that all workers share a set of common beliefs Z(T)
about the future market expectations for each contract T and a set of
common beliefs {Viu(z){ e

Now I will specify how the market expectation Z(T) for a contract T is
formed. After workers optimally choose the contracts to apply for or the
siganls and effort levels during the periods of their employment under
contracts given a set of common beliefs Z(T) and {Viu(z)l ..i-market will
realize a relationship Z(R(T); T) between each employment history R(T)
under the contract T and the associated expected type.

Before defining an equilibrium in this model I will make an important
assumption, which is that a set of common beliefs {Z(T)| + and |\7iu(z)| 2 of
workers is self-fulfilling. Basically this model is the same as R-R-S in that
firms compete for contracts to offer before workers move. In this type of
models, each worker is supposed to make his optimal response to any

contract offered. Then we can justify the above assumption because the
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responses of workers to any contract cannot be optimal unless the under-
lying beliefs are self-confirmed. Given this type of optimal responses by
workers to a set of contracts offered, firms compete with each other with
repect to contracts to profitably attract workers in each period. If T(s) and
T(z) are a contract for the s-submarket and a contract for the z-submarket,
we can define an equilibrium as follows:

An eqilibrium is a set of contracts D*(=[{T*(s)| ({T*(z)}} -,]) such that
when workers respond to D*given a certain set 1Z(TH *, V(@) L (=
B)of self-fulfilling beliefs,

1) any T*(s) or T*(z) yields nonnegative profits for every s and z,

2) when all firms offer T*, there does not exist any deviant contract
T'(s) or T’(z) that can make positive profits by attracting some workers in
the s-submarket or in the z-submarket given B and a certain set Z(T") of
self-fulfilling beliefs about the future market expectations for the contract
T.

Since this model is a dyamic one, the equilibrium defined above should be
a stationary one. The distinctive feature of this equilibrium is that an
equilibrium requires that if any deviant contract T is to break the original
equilibrium, it should be profitable given B and a set Z(T") of self-fulfilling
beliefs for the contract T'. Since the profitability of an out-of-equilibrium
contract is based on the optimal response of workers to it and the optimal
response entails a set of self-fulfilling beliefs for the out-of-equilibrium
contract, this equilibrium concept is consistent with a competitive Nash
eqiuilibrium in R-R-S. Note that the introduction of T" would not affect the
existing set B of beliefs, because any individual firm is so small that it

cannot affect the whole market.
I. Characterization of an Equilibrium

To figure out a stationary equilibrium in this model, we have to see
which submarket exists in stationary state and then characterize an equilib-
rium contract for each submarket. Since the s-submarket always exists, an
equilibrium contract for the s-submarket is important in determining the

submarkets that exist in stationary state and the corresponding equilibrium
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set of contracts. If an equilibrium contract for the s-submarket is a
separating one(i.e., each type of a worker is fully revealed to the market by
his choice of preemployment signal), an equilibrium will entail zy-submarket
and z;-submarket as well as the s-submarket, because then a certain
population of fully revealed z;-type workers will be created in each period.
(see Appendix for its description) Then we need to characterize the
equilibrium contracts for these submarkets. If an equilibrium contract for
the s-submarket is a pooling one, the z-submarket for the workers whose
types are not fully revealed yet (where z=(l-q)zy+qzi) also exists in
stationary state. If the pooling contract for the s-submarket or an equilib-
riom contract for the z-submarket involves SODW, both z;;-submarket and
z; ~submarket will exist in stationary state because some workers get their
types revealed through SODW in each period. Then we have to find out the
equilibrium contracts for those submarkets too. If the pooling contract for
the s-submarket and an equilibrium contract for the z-submarket does not
involve any SODW but PODW, there will not exist any zy-submarket or
z-submarket in stationary state. But I can show that that will not be the
case.

Proposition 1

In equilibrium, there always exists in each period some population of
workers who gets their types revealed.

{proof)

Suppose not. Then an equilibrium pooling contract for the submarket or
any equilibrium contract for the z-submarket will entail PODW with the
wage equal to z. But each firm is able to know the types of some of its
workers by its monitoring technology. Then each firm can increase the
average productivity of its workers by hiring a worker from the applicant
pool when one of its z;-type workers quits and by not hiring any worker
when one of its zj-type workers quits. Since an entrant firm can make
positive profits by adopting this employment policy, the PODW cannot
constitute an equilibrium.

Proposition | implies in equilibrium where workers’ choices of preem-
ployment signals are not fully revealing, the types of workers are going to

be revealed to the market ultimately due to the on-the-job monitoring
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technology of firms. So an equilibrium will surely consist of a contract T*
(zy) for the zy-submarket and a contract T*(z;) for the z;-submarket as
well as T*(s) for the s-submarket. Since any equilibrium entails {T*(z;)} i—
nL- all the possible equilibria can be classified according to the nature for
the equilibrium contract T*(s) for the s-submarket. Then there could be
two kinds of equilibria:a separating equilibrium that involves {TXs))li=
H,LL through which different types of workers choose different signals, and
a pooling equilibrium that involves Tj(s) through which different types of
workers chose the same signal. So a separating equilibrium will be a set of
contracts |{T¥s;)}; 1iT*(z))li} and a pooling equilibrium will be a set of
contracts {Tx(s), {T*(z) i, T*@2)

The most important factor in characterizing an equilibrium in this model
is the contraint imposed by workers’ moral hazard on the set of wage
offers firms can make. This constraint is related to the set of beliefs
Wiu(z)} .i of workers about the expected utility of each type of a worker
who leaves his current firm and joins the unemployment pool in the
z-submarket, because those beliefs will determine the optimal choices of
effort levels by workers during the periods of their employment. So I will
characterize the set of beliefs lviu(z)} .; of workers first. Since those
beliefs |V u(z)! .; are constrained to be self-fulfilling in this model, I will
consider a stationary state in each submarket and figure our an equilibrium
contract for each submarket to characterize those beliefs. Thus I will
derive {viu(zi)h from T*(zy) and T*(z;) and then derive Vi (2) from T*(2)
and {T*(Viu(zi)f i

In each z;-submarket where the type of each worker is fully revealed, a
firm is concerned only about possible shirking of its workers. So the
equilibrium contract for the revealed z;-type workers from shirking, and
such that an entrant contract cannot make positive profits. The first thing
we can say about the equilibrium in z;-submarket is that each worker
should be paid z;. Then let us suppose all firms offer a following contract

T*(z;) or T; in the z;-submarket :
T;= {Ni(t); z;, w*} for i=H, L, (1)

where w* is a competitive SODW defined before. The size of employment
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N;(t) by each firm will lead to a certain job acquisition rate a; in each
peiod. And this job acquisition rate, as well as the wage offers by T;, will
determine the expected utility V;, of a revealed z;-type worker joining the
applicant pool in the z;-submarket. Since any belief should be confirmed in
stationary state, I will set V.u(z;) equal to the actual expeted utility V,,(z;)
or V.. Then the expected utility Vi{(T;) or V; of an employed z-type
worker 'who does not shirk under T; will be

1+r b

Visu(z)—et—{b Vie+(1=b) Vi =1 (u(z i)—e)-l—mV.u (2)

1
1+r
And the expected utility V{T;) or VS of a z; -type worker who shirks
under T; will be

Vi=u(z) 4~ — @)

1+

Since no type of a worker shirks in equilibrium, the following should hold :

1+r SELIE AP SV IS
b @)=+ pr Vi@ Vi ()

N> Vs
V¥V? or b+ T+r

(4)1s called the nonshirking condition(NSC) for the z;-submarket. Once (4)
is satisfied, workers will choose non-shirking strategies in each z;-submar-
ket. So the expected utility V; of a revealed z;-type worker working under
T; will be equal to V;. In equilibrium, the unemployment rate in the
z;-submarket (or V;,) should be determined such that the NSC (4) holds
with equality. In other words, the NSC (4) should be binding with wage
offers(both the initial one W; and the output-dependent one Wy)being equal
to z;. This is because otherwise there will exist a profitable deviant
contract that offers wage less than z; but does not induce workers to shirk
given that all the other firms T, (or given V;,). The fact that the NSC (4)
should be binding with wage offers being equal to z; is very critical for the
existence of a competitive equilibrium, as we will see later (Proposition 5).

So we have in equilibrium

I4+r 1 1 b I4+r r
m“l)u(li)—me—(m—*“b_‘_r)viu or u(z;)— 14+b e-—*——H_r V(.;)

(
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(5)will be called the equilibrium nonshirking condition (NSC) in the z,-sub-

market. Here [ assume that the disutility e of working is less than the

. . . ~ +r
discounted value of its expected benefits H_—ru(zi) so that u(z;)) T e.
When all firms offer T;, we have

_ 1—a; _ai(H'I‘) )
Viu_aivi+ l+I‘ Viu‘_ ai—{—r VI’ (6)
where a; is the job acquistion rate in the z;-submarket.
From (2) and (6), we have
_4r a+r .
Vi=( r ) (b+r+ai(l—b)) (u(zi)—e) ()
and
At altn
Viu— r (b—{—r—f-a,(l—-b)) (u(Zl) e)v (8)
or from (5)
l4r I+r
Viu ——r— (U(Zi)—me)- (9)

Fron (8) and (9) we have another expression for the equilibrium NSC:

_ e(l+r)
We cna see that a;)0 because u(zﬁ}i—i_%e.

The equilibrium NSC (10) shows that the equilibrium job acquisition rate
a; (or equilibrium size of employment Ni(t) for each t) is uniquely deter-
mined. This also implies that the equilibrium contract T; for each z;-sub-
market is unique. Since the equilibrium contract T, for each z,-submarket
is unique, workers and firms should have the following selffulfilling beliefs
: for each i=H,L,

\-/i‘,:Viu m(9). (11)

Finally we can see from (10) that the equilibrium unemployment rate uy in

the zy-submarket is lower than that u; in the z; ~submarket. Intuitively this
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is because the cost of shirking for a zy-type worker is higher than that for
a zp -type worker given a certain rate of unemployment, since the wage that
a shirking zy-type worker looses during each unemployment period is
higher than the wage that a shirking z; -type worker looses during the same
unemployment period. So far we have established the following.
Proposition 2

The equilibrium contract in each z;-submarket is T*(z;) or T, defined in
(1), which leads to the equilibrium unemployment rate as described in(10)
And unemployment rate among the hight productivity workers is lower than
that among the low productivity workers.

Now let us turn to the belief V,(2) or V,, about the expected utility
Viu(2) (or V,,) of an unemployed z;-type worker whose market expectation is
z, where z=(l—q) zu+q 2z, the average productivity of all the workers.
Before that, I will make a following assumption about q, the portion of

21 -type workers:

I4+r
5

q)d, where g is such that u(zy)—u(z)= 12)
I will assume that the required effort level e and the exogeneous quit rate
b are very small, such that the lower bound g of q is very low. As we will
see later, the assumption (12) serves to guarantee that Vi, (z)(Vy,, i.e., that
the expected utility of a zy-type worker from being in the unemployment
pool of the zy-type is greater than that from being in the unemployment
pool of the Zz-susbmarket.

To specify the self-fulfilling belief about the expected utility V;,(z)(or
Viu), I will first consider a stationary state in the 2z-submarket and
characterize an equilibrium contract T*(z) or T for the 2z-submarket.
Suppose all firms offer a following contract T for the workers of market
expectation z:

T= {N(t);2, w*| , (13)
where N(t) is the employment size of each firm which leads to a certain
unemployment rate in the z-submarket. Note that w* is the only output-

-dependent wage offer that an equilibrium contract can entail by Proposi-
tion 1. For T to be an equilibrium contract for the z-submarket, the
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workers should not shirk under T. Then a set Z(T) of self-fulfilling beliefs
about the future market expectations for T will be such that

Z(R;;T)=z, i=H,L, and Z(R,;T)=xz, (14)
and
Z(Ro;N=z;. (15)

Then we can establish the following equilibrium NSC for the z-submarket.
Proposition 3

Given a set Z(T) of beliefs (14) and (15) for the contract T and {V,,; in
(11), the equilibrium NSC for the z-submarket entails zero unemployment
rate.

{proof)

Since the type of a worker hired under T will be revealed to his firm by
the monitoring technology with probability p, the expected utility VNT)
or V¥ of a z-type worker choosing the nonshirking strategy under T will
be

VEu(Z)—e-f———{(l~ VBV, +

HG=b)Vi-bVif, (16)

where V,, is the expected utility of an unemployed z,-type worker of
market expectation Z. Then From (14),(15) and (16) we have

Vi =u(z)—e+ ljr”’ (=B AbYLY 5 (1 —BVL+bVL
>u(z)—e+~——— H‘ ——V.,, since VL>VL>VLu and Vi ,>Vi,
=Vj§.

Since the nonshirking condition is not binding, the unemployment rate for
the z-submarket should be zero in equilibrium.

Since the unemployment rate in the z-submarket is zero, the Proposition
3 says that we do not need positive unemployment rate in the z-submarket
because both of the two types of workers have additional incentives to
work. That is, z; -type workers want to stay in the Z-submarket for longer
periods and zy-type workers want to move to the zy-submarket soon.

Since the unemployment rate in the z-submarket is zero, the self-fulfili-
ing belief about the expected utility V;, for an unemployed z;-type worker
of market expectation z is equal to V.
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Viuzv?
I4+r p(1—b) p
- V'_Viu Mviu
‘i’ir(m P T (lfﬁ
@)+ ulz) (=t [ el (17)
Also we l?ave the following.
l4r b—+r

Viu_viu:

o )@ (o e

So VLU—\-/LU<O and we can see from the assumption (12) that

Vise=Viad) - fulad— (o el

Using the same procedure as before, we can also compute the the
conjectured expected utility Viu(z1) for a z-type:

I4r
p+r

er) ¥ (18)

1
Vhu(zL)= fu(zi)+u(zp)—(—p+
Finally we can also figure out the conjetured expected utility Vy . (zy) for a
zp ~type worker who is mistaken for a zy-type. Since he will continue to be
taken as zy-type as far as he is not identified as z; -type by the monitoring
technology, it will be optimal for him to shirk each time he is hired. So

Vi) =Vi,= V.. 19) -
So far we have characterized a set of self-fulfilling beliefs (V. (z) ..
(specified in (11), (17)-(19)) about the expected utility associated with each
market expectation z. For notational simplicity, I will denote a set of
beliefs Wiu(z)} ... specified in (11) and (17)-(19) by V¥ This set V" of
beliefs plays an important role in determining the choice of a signal, a
contract to apply for and the effort level by each type of a worker. In
particular, as we will see later, the beliefs {V| ; in VF impose an
important constraint on the set of wage offers firms can offer without
incurring losses because firms have to worry about the possible shirkings
of their workers.

Next I will find out the conditions under which we have a separating
equilibrium where each type of a worker is fully revealed by his choice of
preemployment signal or a pooling equilibrium where both of the two types
of workers choose the same preemployment signal. First I will start with
describing a separating equilibrium. Since V. (zy)=Vh. the following
should hold if different types of workers are to be separated from each
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other by their choices of signals s; and sy.
Viu—cr sp) Vau—cL s,

or

+r

1

cL(sH—sL)) Viu— ViLu= (u(zy)—u(zL)). (20)

Suppose firms offer a set of separating contracts |Ty(s;)] ;—ur for the
submarket such that

Ty(si)= lN(Si); Zj, W*l ’ (21)

where N(s;) is the employment size that leads to the same unemployment
rate u;(as in the z;-submarket) among the new workers choosing s; in each
period, and sy and s; satisfy (20). Then differnet types of workers are
going to be separated from each other by their choices of preemployment
signals. As in Riley, however, this separating contract |T.(s;)}; may be
dominated by a profitable pooling contract with a set of selffulfilling
beliefs. Let 5; and 8y be the minimun signals that satisfy (20):

5.=0 and sy=24V/cy,

where AV=Vy,—Vi,. Then we can establish the following.
Proposition 4

There does not exist any separating equilibrium {{T (s}, T i if
a(z)—u(z), | b
) ) —u()— (o e (22)
{proof)
Suppose all firms offer {T(s;}} ;—nr in (21) for the new workers, where

sp=s;. and sy=sy. Then one firm can offer T’(0) for the new workers
choosing zero signal.

T'0)= N;z— ¢, w*| . (23)

Suppose workers have the same set Z(T(O)) of beliefs about the future
market expectation for the contract T'(0) as Z(T) in (14),(15). Then no
worker will shirk under T’(0) for a very small €)0O.The contract T’(0) will
attract zj -type workers because z— € )z, given Z(T’(0)) and VE. Since (22)
implies that Vg,—sy cy<Vp, the contract T’(0) will also attract Zu-type
workers for small € >0 given the set of self-fulfilling beliefs Z(T'(O)) and
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VE. Since the initial wage offer Zz— ¢ is less than the average productivity
%, the deviant contract will make positive profits given V" and a set
Z(T'(O)) of self-fulling beliefs for T’(0).

Proposition 4 establishes the same point that has been made by R-R-S.
The condition (22) just describes the circumstance under which there does
not exist any competitive Nash equilibrium in their models where any
pooling contract cannot be a competitive Nash equilibrium. However, [ will
show later that in this situation there exists a unique equilibrium which is
a pooling one, and show that is mainly due to the additional constraint (the
equilibrium NSC (5) or (10) in the z;-submarket) imposed by workers’ moral
hazard on the set of wage offers firms can make. The equilibrium NSC in
the z,-submarket has the following important implication :

Proposition 5

Suppose a set of contracts D is a proposed equilibrium. Then a deviant
contract cannot upset the equilibrium by attracting the workers whose
types are fully revealing.

{proof)
Suppose a deviant contract T’ attracts z;-type workers only. Since the

set of beliefs Z(T’) for the contract should be self—fulfilling, Z(R(T'))=z,
for all R(T). then the z;-type workers attracted to T will shirk if any wage
offer is less than z,-type workers attracted to T’ will shirk if any wage
offer is less than z;, because of the self—fulfilling beliefs {V;, derived
from the equilibrium NSC (5). This implies that the deviant contract T’
will not be able to make positive profits.

The proposition 5 is based on the fact that whenever the type of a
worker is revealed to the market, the competition among firms that are
concerned about their workers’ moral hazard will always lead to the wage
equal to his productivity, as specified in the equilibrium NSC (5). And this
fact reduces the scope of profitable deviant contracts significantly, which is
crucial for the existence of a competitive equilibrium as we will see in the
next proposition.

Proposition 6

{T30), T, {T} i is an equilibrium, where Tx0) is a pooling contract

for the s-submarket such that

THO)=IN,; z,w*|, (24)

and N, is the size of employment of new workers by each firm which leads
to zero unemployment rate in the s-submarket in each period.
(proof)
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Suppose an entrant firm offers a contract T’(s) for new workers choosing

a signals s.
T'(s)={N'; W), w*} .

For the deviant contract T'(s) to make positive profits, it is necessary
that the optimal choice of effort levels by the workers under T’(s) should
be nonshirking. Then if the deviant contract T’(s) is to be chosen by both
types of workers (so that Z(R,: T'(s))=2)), it should be that Wl>i because
of the alternative T3(0). If W,>z, however, the deviant contract will make
losses by attracting both types of workers. Now what if T'(s) attracts only
zy-type workers or z;-type workers? Then by Proposition 5, T’(s) will
not be able to make positive profits.

Although firms compete with each other in offering contracts to profit-
able attract workers as in R-R-S, a pooling contract can be supported as a
competitive equilibrium. This is clearly contrasted with R-R-S, in which no
pooling contract can constitute an equilibrtium. There are two reasons for
this result. The main reason is the fact that the competition among firms in
controlling their workers’ moral hazard reduces the scope of profitable
deviant contracts (given a set of the existing pooling contracts) to nil, as
described in Proposition 5. And there is another factor which is favorable
to the stability of a pooling equilibrium, although it is not explicit in this
analysis. Since a pooling contract reveals the types of workers through its
SODW based on the monitoring technology (so that the utility of a zy-type
worker from choosing it is greater than that of a z;-type worker), the
benefit of a z; -type worker if the choice of the deviant contract T’ signals
zy-type. This is because once a z; -type worker is taken as zy-type, he can
get the same utility as a zy-type worker can get. In other words, the payoff
difference between the two types of workers under a pooling contract is
large due to the on-the-job monitoring technology, while the payoff differ-
ence under a deviant contract which signals zy-type will be zero because
then the monitoring technology is not effective in revealing the types of
workers.

This possibility is not considered in R-R-S, where there is no on-the-job
monitoring technology available to firms. Thus the introduction of on-the-
-job monitoring technology makes empty the set of possible contracts that
can attract zy-type workers only given a set of the existing pooling
contracts, although there always exists in R-R-S a possibility that a
deviant contract can attract zy—type workers only given a set of the
existing pooling contracts.
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Since we have a pooling equilibrium because of the above reasons, the
problem of possible nonexistence of equilibrium in R-R-S is resolved in
this model. As in R-R-S, however, the same kind of competition among
firms with respect to their contracts eliminates many inefficient pooling
equilibria.

Proposition 7

Any inefficient pooling contract for the s-submarket does not constitute
an equilibrium.
(proof)

Suppose that all firms offer a pooling contract T,(s) which is the same
as T}(0) except for the required signal s)O. Then an entrant firm can offer
a contract T’(0) in (23), and workers can have the same set of self-fulfilling
beliefs Z(T’(0)) for T’(0)as that in the proof of Proposition 4. Then the
deviant contract will make positive profits as before.

Thus Proposition 4 and Proposition 7 imply that if (22) holds, there
exists a unique equilibrium {T¥0), T, |T4i, which is the most efficient
pooling one. However, there can be many separating equilibria {TXs;)};,
{T#4 if (22) does not hold. This is because any set of separating
contracts |Ty(s;)}; for the s-submarket cannot be dominated by another
separating contract due to the constraint described in Proposition 5. So
any separting contract |{T*(s;)}; which require workers to choose the
signals satisfying (20) can constitute an equilibrium unless (22) is satisfied.
This can be contrasted with R-R-S, where, if any, there exists a unique
separating equilibrium that is the most efficient one. Thus we can say the
following about the set of equilibria of this model.

Proposition 8

If the condition (22) holds, there exists a unuque equilibrium, which is
the most efficient pooling one {T3(0), T,|Ti4il . If the condition (22) does
not hold, the equilibrium is not unique. The possible equilibria include not
only the most efficient pooling equilibrium but also many separating
equilibria | {TXs)};, {Tilil , of which the separating contracts {TXs;); are
not dominated by the pooling contract TxO).

Finally, I will identify the conditions that can make a separating equilib-
rium more likely. First of all, the quality of on-the-job monitoring technol-
ogy (which is indicated by p) plays an important role in determining the
pattern of an equilibrium. If p gets higher (or if the quality of on-the-job
monitoring technology increases), the condition (22) will be more likely to
be satisfied because then the pooling contract for the s-submarket will pay
the initial wage offer z to the zy-type workers for shorter periods. So we
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can say that a separating equilibrium will be more likely to prevail as the
quality of on-the-job monitering technology decreases. The other factors
that can determine the pattern of an equilibrium are the relative cost of
signalling for each type of a worker and the distribution of types, which
are also mentioned in R-R-S. That is, as cy/c;, gets smaller or as the
portion of z-type workers (q) is higher, a separating equilibrium will be
more likely to emerge. Summarizing these results,
Proposition 9
A separating equilibrium is more likely to emerge if

i the quality of on-the-job monitoring technology decreases

ii cy/cr is lower and

iii the portion of the zj-type workers is higher.

N. Concluding Remarks

1 considered a dynamic competitive labor market in which the two
important informational problems-moral hazard and adverse selection among
workers-arise simultaneously. Faced with these informational problems,
workers choose some preemployment signals (e.g., educational levels) which
may reveal their types before they start their careers. Also firms can use
an on-the-job monitoring technology to control moral hazard and adverse
selection on the part of workers.

In my model firms competitively offer their contracts which specify some
prerequisites (in term of previous wage offers, contracts and signals they
have chosen) the applicants need to show, the sizes of their employment,
the initial wage offers and the subsequent wage offers based on the
observations of outputs produced by workers. Given these contracts, work-
ers choose contracts to apply for and their effort levels during the periods
of their employment under their contracts. Although my model shares with
R-R-S the common property that firms move first competitively and work-
ers respond to that, it is critically different from their models in that when
workers choose contracts to apply for and effort levels during the periods
of their employment, they have to care about how the market expectations
about their types would be affected by their choices. So workers make
their optimal choices to a set of contracts offered, given sets of common
beliefs about the future market expectations. However, the set of common
beliefs for any contract is constrained to be self-fulfilling in this model, so
that the competition among firms in offering contracts is based on the
self-fulfilling beliefs on the part of workers. This is consistent with the
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competitive Nash equilibrium of R-R-S in which workers make optimal (ex
post) responses even to an out-of-equilibrium contract, in that the optimal
response to a contract entails a set of self-fulfilling beliefs for the
contract.

The main result of this model is that although firms compete with each
other in offering contracts to profitably attract workers, there always
exists a competitive equilibrium. The most important reason for this
existence is that the competition among firms that are conerned about
possible shirkings of their workers imposes an additional constraint on the
set of wage offers firms can make without incurring losses, so that the
scope of profitable deviant contracts given a set of the existing pooling
contracts shrinks significantly by Proposition 5. In particular, I showed
that the most efficient pooling contract for the new workers can be
supported as a competitive equilibrium, which can be contrasted with
R-R-S. On the other hand, I showed that as in Riley, the competition among
firms eliminates many inefficient equilibria although there could be multiple
equilibria. Also I showed that there exists a unique equilibrium under
certain circumstances where the nonexistence problem arises in R-R-S.
Futhermore, 1 pointed out some factors that can make a separating equilib-
rium more likely to emerge such as poor on-the-job monitoring technology,
lower cy/cy and higher portion of zj-type workers. Finally I showed that
in any stationary equilibrium, the unemployment rate among the higher
productivity workers is lower than that among the lower productivity
workers.

Appendix: Descripton of Stationary State in Equilibrium

Let L,, N;, U, be the size of total labor force, total employment, total
unemployment in a z-submarket (or s-submarket) in a certain period t,
respectively. Then
Li=(0+4+g) L, \=N+U,

where g is the rate of increase in the labor force.

(1) Stationary State of z;-submarket in Separating Equilibium

The size of total applicants A, in period t will be
A=bN,_+U_1+gLi—1=(b+g)N;_1+1+g)U, ..

And the size of new employment m, in period t will be
m,=(b+g)N,_.

So the job acquisition rate a, in period t will be
a;=m,/A=(b+g)/b+g+(U,_1/N._)I+g).

Since U,/N;=u;/(1—u,) (where u, is the unemployment rate in period t for
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the z;-submarket),
a;=(b+-g)/b+g+(u/1—u,)l+g)
So in stationary state,
a=(b+g)/b+g+(u/1—u)i+g).
Note that the job acquisition rate a is negatively related to the unemploy-
ment rate u.
(2) Stationary state in a Pooling Equilibrium
(A) z-submarket or s-submarket
The size of applicant pool in this submarket will be
A;=(g—p)Li—1+b(—p)N;_,
and the size of employment m, will be
m;=(b+(1—b)p+g)N;_.
Since the equilibrium unemployment rate in the this submarket is zero,
Ay=m, and L,_=N,_,,
so that
(4N, 1=N,=L=(+4g)L_.
(B) z;-submarket
The size of applicant pool A, will be
A=bN,_+U,_+g L._1=(b+gN, 1 +(1+gU,_,.
And the size of employment m, will be
m¢=bN,_4gL,_=(b+g)N;_1+gU,_.
So the stationary state a will be
a=m/A=b+g+(U/N)g/b+g+(U/N)(1+g)=b+g+(u/l—u))g/b+g(u/1
—u)(l+g).
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