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Abstract

What is the impact on human capital investment when a worker’s ability
and investments are observed by the labour market only when the worker
invests in self-promoting activities? When ..rms pay spot market wages,
high ability workers overinvest in self- promotion. There is no employment
contract that attains full e¢ciency. Constrained e®ciency is attained when
employment bonds are feasible. The contract that both attains constrained
e€ciency and minimizes the bond posted o=ers (i) severance payments, (ii)
strategically matching outside ozers and (iii) a minimum wage.

Journal of Economic Literature Classi..cation Numbers: D8,J2

*We thank Preston McAfee, seminar participants at Queen’s University, University of
Toronto, Pennsylvania State University, Wilfrid Laurier University and the Canadian Economic
Theory Conference for useful suggestions. Pitchik thanks SSHRC for ..nancial support. Siow
thanks SSHRC and the Mellon Foundation for ..nancial support.



1. Introduction

Workers who acquire certain skills on the job make themselves more valuable to
their employers, and also more attractive to other ..rms. Alternative employers
who recognize the workers’ enhanced expertise may try to bid them away by
ozering them wage increases. The possibility of workers’ investments in certain
kinds of human capital leading to such alternative ozers generates tension for a
.rm.  On the one hand, an employer would like its employees to acquire skills
that enhance the employees’ performance on the job, but on the other hand, it
would prefer that other employers not observe these skills. When other employers
observe certain kinds of skills and not others, workers have a tendency to over-
invest in the skills that might be observed relative to those that are not observed.
The objective of this paper is to understand the employment relationship that
develops under such circumstances.

Since investment decisions of workers are distorted when self-promoting ac-
tivities are available, we investigate employment contracts that are more e¢cient
than is the spot market contract. The infrequent arrival of outside ozers can be
exploited by the ..rm in its design of an optimal contract. In general, full e¢-
ciency cannot be achieved. We ..nd that a constrained e€cient contract has two
essential characteristics: the ..rst is a promise by the ..rm to match outside ozers
to any worker who has invested eCciently; the second is a commitment by the
..rm not to match outside ozers of any worker who is revealed to have invested
ineCciently. An implication of the ..rm’s commitment is that workers who invest
ineC¢ciently generate only low outside ozers. The ..rm’s promise and commitment
provide incentives for the workers to invest eCciently.

Our work is related to and complements three literatures. In the ..rst of
these, research ecort has been devoted to understanding the contracts and incen-
tive schemes that emerge when employees may invest in human capital that is
valuable both to their current employer and to alternative employers. Carmichael
(1983,1988), Malcomson (1984), Waldman (1984,1990), Milgrom and Oster (1987),



Kahn and Huberman (1988), MacLeod and Malcomson (1988), Ricart | Costa
(1988), Gibbons and Katz (1991), Bernhardt and Scoones (1993), and Bernhardt
(1995) explore how employers manipulate personnel systems when the knowledge
they have about their own employees is superior to that of other employers. Our
paper complements this literature by looking at the case in which workers may
promote themselves directly to the market. In addition, in our initial model, we
assume that the knowledge that the incumbent ..rm has about its employees is
identical to that of outside ..rms. The symmetric information assumption is re-
alistic when, for example, a ..rm has many branches! or when workers are highly
specialized?. We relax the symmetric information assumption in Section 3.2.

Our model is also related to models of multi-tasking and infuence activi-
ties (Milgrom and Roberts (1982) and Milgrom (1982), Holmstrom and Milgrom
(1991)). While the basic multi-tasking model ignores the ecect of time use on
outside options, we apply the multi-tasking model in an environment in which
time use azects outside options.

Lastly, our model also ..ts into the literature in which a forcing contract is
used in a principal-agent problem to obtain a particular ecort on the part of the
agent. (For example, see Gale and Hellwig (1985).)

We now provide the details of the basic model.

2. The Model

Workers in a competitive occupation work for two periods and maximize their
expected present value of income. The proportion, 7", of the workers have high
ability, & = h, and the proportion, 7!, have low ability, § = [,1 < h.

When new workers enter an occupation, their abilities are unknown. At this
stage, the worker and ..rm negotiate the terms of the worker’s employment. After

LIf a ..rm is geographically separated from head o¢ce, local competitors may have as good
an idea of the branch manager’s emorts and skills as does head o¢ce.

21f workers are highly specialized, a manager may not be able to evaluate the contribution
of each specialist as well as other specialists in competing ..rms.



the agreement is made, the employee works at the ..rm. Workers learn their
ability on the job at the beginning of the ..rst period. The employee’s knowledge
is private. Once workers know their ability, they undertake investment in the
..rst period. This investment acects a worker’s productivity in the second period.
Investment may also acect a worker’s visibility in the labour market.

Output in the ..rst period, denoted by 7, is independent of a worker’s type and
investment decision. Let the worker have one unit of time in the ..rst period to
divide between two investment activities, labelled V' and 7. (We address the issue
of costly investment in a later section.) Each activity enhances the productivity
of the worker in the second period. Suppose that a worker of type ¢ invests time
t € [0,1) on V and time (1—t) on I. The value of a worker’s investment in the two
activities is aggregated into the second period’s output, y(¢,6) = Y (V (¢,0),1(1 —
t,0)). The output, y(¢,0), is assumed to be increasing in #, concave in ¢, and single
peaked in t. (If H is a function of several variables we let H, denote its partial
derivative with respect to x.) The derivative y;(¢, ) is assumed to be increasing
in #. Note that ¢t and # are unobserved by employers in the ..rst period.

V' encompasses activities (like networking) that simultaneously are valued by
the ..rm and enhance a worker’s chance of being seen to be valuable. At the
beginning of the second period, a worker’s self promoting investments may result
in the revelation of a worker’s investment and type to the inside ..rm and an
outside ..rm. When revelation occurs, V (t,0), I(1—t,0) and thus ¢, § and y(t, 6),
the second period’s output, are revealed to both the inside ..rm and an outside
.rm.

Let p(¢,0) be the probability that a worker who invests ¢ on V is revealed
to the inside and an outside ..rm. The probability, p(t,0), is assumed to be
increasing and concave in its two arguments. The derivative p;(t, 6) is assumed
to be increasing in 6.

We assume that the value of a worker to a ..rm depends on the match be-
tween the ..rm and worker as well as on y(t, 6), so that there is an idiosyncratic
component to a ..rm’s valuation of a worker. A worker, whose output is y(¢,0), is



valued at y(t, 0) + = by the inside ..rm, and is valued at y(¢,0) + z by an outside
..rm, where both x and z are distributed independently and identically on [—e, €]
according to the distribution F'. The density of F' is atomless and continuous on
[—e, €] and is symmetric about zero. The mean of F is zero. Direrent valua-
tions occur due to idiosyncratic dicerences across ..rms. We refer to x and z as
inside and outside idiosyncratic valuations respectively. We refer to y(¢,6) + «
and y(t,0) + z as inside and outside valuations respectively.

We compare the spot market outcome with a constrained e¢cient outcome
and a contracting outcome.

2.1. The Constrained Ec¢cient Allocation of Exort

The ec€cient solution maximizes the sum of the second period gains to three
parties: the inside ..rm, the worker, and the outside ..rm. However, it may be
impossible for the inside ..rm and worker to extract all the gains from the outside
.rm. We are interested in the highest expected second period income that a
worker and inside ..rm (hereafter referred to as the team) can achieve. Under the
assumption that the valuations are known to both the team and the outside ..rm
once an ocer is made, the ..nal matches are ec¢cient and the surplus from trade?,
max{z — x, 0}, is split in some way between the raider and the team. The exact
split of the surplus depends on strategic issues that arise between the team and the
outside ..rm. In the case that the team never gains any of the surplus from trade
with the outside ..rm, the best that the team can obtain, is max; y(¢,0) + E{z} =
max; y(t, 0) since E{z} = 0 where E denotes the expectation operator with respect
to F. The surplus becomes available with probability p(¢,6) when the worker
invests ¢ in activity V. In the case that the team gains all of the surplus from
trade with the outside ..rm, the best that the worker can obtain is max;(y(t,0) +
E{z}+p(t,0)FE max{z—x,0}) = max,(y(t,0)+p(t,0) E max{z—=x,0}). In general,
in the case that the team extracts the fraction s of the maximum surplus available,
the best that the team can obtain is the maximum, over ¢ € [0, 1], of

3Trade occurs when the worker leaves the incumbent ..rm to work for the raider.



y(t,0) + p(t,0)sEmax{z — z,0}

Consequently, the constrained e@®cient investment, 7?(s), satis..es

(e (t,0)) + (pe(t,0))sE max{z — x,0} =0 (2.2)

The derivative of equation 2.1 is used in a straightforward fashion to prove the
following proposition under the assumptions that y and p are concave in ¢t and
that p increases in ¢.

Proposition 2.1. The constrained e¢cient solution 7%(s) increases in s.

The intuition is as follows. The more of the surplus over the output that the
team can obtain through an outside o=er, the more ecort the worker exerts on V/,
the self-promoting activity.

Recall that we have assumed that y(¢, 6) is concave in ¢, p(t, ) increases in ¢,
and that both p,(¢, ) and y,(t, §) increase in 6. Thus, the solution to 2.1 increases
in 0, i.e. T"(s) > T'(s), so that the more able worker allocates more exort to the
visible activity than does the less able. One implication is that, at the constrained
eCcient outcome, the probability that a worker receives an outside ozer, is higher
if the worker is of type h rather than [, i.e., p(T"(s), h) > p(T*(s),1). Though the
presence of idiosyncratic matching acects the worker’s investment decision so that
TY(s) does not maximize output, y(t,0), we assume that the ecect of matching
IS not so great as to invert the relationship of the output of workers of dicering
ability. Thus, we assume that heterogeneity in general ability is large relative to
that in ..rm matches so that the constrained e€cient output of a worker is higher
if the worker is more able (i.e., y(7"(s), h) > y(T'(s),1)).

2.2. The Spot Market Solution

In order to characterize the spot market solution we need to analyze the bidding
process that begins once an outside ocer is made. Assume that a worker is earning
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a wage of w if no outside ozers have been made. Once a worker shows an outside
ozer to the incumbent ..rm, a bidding process begins. We model this bidding
process as an ascending bid oral auction with two bidders who have individual
valuations. The equilibrium outcome of such a bidding process is that the worker
goes to the ..rm with the higher idiosyncratic valuation and is paid the lower
valuation. In this case, a worker presents only initial o=ers that are above the
current wage w. In addition, outside ..rms that value the worker above w make
an initial ocer that equals the current wage. Thus, with probability (1 — p(t,6)),
there is no outside bidder and the worker obtains w. With probability p(t, 6),
there is an outside bidder and the worker obtains y(¢,6) + min{z, z} if it exceeds

w.

2.2.1. Spot Market Investment in Activity V

Given the current base wage w, a worker’s income is at least as great as w.
With probability p(¢,0), a worker can augment the base wage by the amount
y(t,0)+min{z, z} —w whenever this amount is positive. Thus, a worker maximizes
expected income by investing, in activity V, time, 7%(w) equal to

arg max(w + p(t, 0) E(max{y(t,0) + min{z, 2} — w,0})

so that 7%(w) satis..es

(pi(2,0)) E(max{y(t, 0) + min{z, 2} — w,0}) + p(t,0)(Ere)y:(t,0)) =0 (2.2)

where Er) denotes the expectation operator conditional on the domain R(#) and
R(#) denotes the domain over which x, z € [—e¢, €] satisfy

y(t,0) + min{z,z} —w >0

If we let x%(t,w) = arg,.c(_.q miné(y(t,0) + r,w), where ¢ is Euclidean distance,
then the domain R(6) can be written as R(0) = [x°(¢,w), €] x [X?(¢t, w), €.
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Proposition 2.2. The worker in the spot market over-invests in V' relative to
the constrained e¢cient solution when the team’s share of the gains to trade is
zero. The size of the over-investment diminishes as the share of the maximum
gains to trade increases.

Proof. Since the left-hand side of equation 2.2 is positive when evaluated at
t =T?(0) (due to the facts that y,(7%(0),6) = 0, and p,(¢,6) > 0 for all ¢ € [0, 1]),
it is immediate that the worker over-invests in activity V' in the spot market
relative to the constrained e¢cient level 7%(0) when the team extracts the fraction
0 of the maximum gains to trade with the outside ..rm. An appeal to the previous
proposition completes the proof. B

2.2.2. Spot Market Base Wage

We ..rst ..nd the wage in the second period and then work backwards to ..nd the
market-clearing wage in the ..rst period. All workers who either receive an ozer
that is less than the base wage, or who do not have the chance to reveal themselves
credibly, receive the base wage. The base wage must equal the expected output of
a randomly chosen worker who receives such a wage. If the base wage is greater
than the expected output, the ..rm is losing money on those who receive the base
wage. If it is less, another ..rm can o=cer more than the base wage to a worker
who has not been revealed and be assured, on average, of attracting someone of
higher value than their ocer. The base wage is received by a worker of type ¢
who invests 7%(w) in VV and who either did not receive an ozer (this happens with
probability (1 — p(7%(w),#)) or who received an omer that was below the base
wage (this happens with probability p(7?(w), 0)F (x% (7% (w), w)).
Let

ey Ty( (W), 0)[1 — p(7°(w), 0) + p(7°(w), ) F (x°(7° (w), w)]

B Sociny ™1 = p(r?(w), 0) + p(79(w), 0) F (X (7% (w), w)]

so that S(w) is the conditional expected output of a randomly chosen worker who
receives the base wage w. The equilibrium spot market base wage, w, satis..es
wo = S(wyp). By continuity, there is always a solution to w — S(w) = 0. Note that

S(w)
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y(t(wo), 1) < wo < y(7"(wp), h) (2.3)

Now, we determine the ..rst period wage. The ..rm makes zero expected pro..ts
on workers who receive w,. However, the ..rm makes positive pro..t on those
workers who receive an outside ozer from an outside ..rm whose valuation is higher
than w, and whose idiosyncratic valuation z is less than the inside idiosyncratic
valuation z. In order to clear the market* for employment in the ..rst period,
competitive ..rms ocer their workers a ..rst period wage® equal to

Z+ 3 wp(r(wp),0) /

oe{h,l} X

£

. / (¢ — 2)dF(2)dF(z)

0(70(w),w

2.3. Constrained Ec¢cient Contract

We now consider long-term, constrained-e¢cient contracts in which workers can
post a bond in the ..rst period. If pro..ts in the second period are expected to be
negative, workers can choose to post a bond, B, in the ..rst period, that is earn
Z — B, in order to render the constrained e€cient contract attractive to the ..rm.
If there is no bound to the bond that workers can pay in the ..rst period, there
are many contracts that are constrained e€cient. For example, suppose that the
..rm guarantees the highest potential wage that any worker may receive, to all
workers in the second period. All workers are then indicerent among their choices
of ¢t € [0,1]. It is then optimal for workers of type 6 to choose the constrained
eCcient amount of investment. However, such a contract may not achieve the
constrained eC¢cient outcome when ecort is costly.

In addition, under such a contract, the ..rm loses money on every worker in the
second period. The bond that workers must pay in the ..rst period to sustain this
contract may be substantial. If workers have limited access to capital markets,
this contract may not be feasible. We now ..nd the minimum bond associated with

“We note that the raider also makes positive pro..ts on those workers whose idiosyncratic
valuations are z > x. We assume that search costs dissipate the pro..ts.
SWe set the interest rate to zero for convenience.
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a contract that achieves constrained e¢ciency. Conceptually, it is easier to look
at the problem under the assumption that the ..rm buys the services of the worker
and then sells the services of the worker to a raider whenever there are gains to
trade. The class of contracts that we consider stipulates payment to the worker
as a function of the information that the ..rm has about the worker. Either the
worker has an ozer, in which case the ..rm knows z, x, 8, and the investment level;
or, the worker has no ocer. Thus, a contract needs to stipulate what the worker
receives in each case.

Let R be the set of real numbers. We consider the set of contracts 2 =
{(w,C"(z,2),Cz,2)) : w € [0,00),C%2,7) € R,0 € {h,1}}. The interpretation
of a contract in €2 is as follows. The employer ozers to pay (1) w to all who either
do not reveal themselves or reveal themselves to be of type 6 with investment
t # T%s), (2) w+ C%z,z) to all who reveal themselves to be of type # with
output (7% (s),d) and idiosyncratic valuations (z,z). Note that, by the terms of
any contract in €2, a worker can earn at least w by never revealing an outside ozer,
so that consistency requires w + C%(z,z) > w for € {h,1}. Thus, the relevant
set of contracts is Q" = {(w,C"(z,z),Cz,2)) : w,C"(2,z),C(z,z) € [0,00)}.
We can interpret w to be a base wage; C?(z,z), a counterocer (over and above
the base wage) for 0 € {h,1}; and 4(T°(s), 0), a target for € {h, [} that dictates
who receives the counterocer among those who receive an outside ozer.

Each contract in Q7 is associated with a bond payment in the initial period.
We look for the contract that minimizes the bond payment among incentive com-
patible, individually rational, constrained e¢cient contracts in Q.

In order that a contract in Q* elicit the constrained edcient outcome, three
sets of individual rationality constraints must be satis..ed. Firstly, workers must
want to invest in the constrained e@cient level of each activity. Secondly, workers
who invest constrained e@ciently must want to accept the payments from the ..rm
rather than negotiate separately with a raider. Thirdly, workers must be sorted
eCciently among ..rms.

The ..rst individual rationality constraint requires that workers choose the con-
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strained eccient level of investment in V. A worker who makes the constrained
eCcient investment earns at least w under a contract in Q* since the counterozer
C%z,2) > 0,0 € {h,1}. A worker who invests ineGciently makes at most w since
a raider need not ocer more than w to a worker who receives no counterozers.
Thus, a worker prefers to make the constrained e€cient investment when facing
a contract in Q7.

The second individual rationality constraint requires that workers have no in-
centive to negotiate separately with the outside ..rm when the opportunity arises.
For 0 € {h,1}, let p’ denote p(T?(s),0), the probability that an ower is received
given that a worker has chosen the constrained eGcient investment, and let 3¢
denote y(T?(s), 6), the output given the constrained eccient investment. Under
a contract in Q*, the worker is paid w + C?(z, ) whenever the worker is revealed
to have produced 3°. In the event that z > x, the outside ..rm obtains the worker
and pays ¢’ + z + s(z — z) to the inside ..rm. If instead, z < z, the worker
remains with the inside ..rm and the outside ..rm is willing to pay 7’ + z to obtain
the worker. Now recall that the worker can always earn w by not revealing the
existence of an outside omer. Consequently, the required individually rational
constraint is that w + C%(z, z) > max{w,y’ + min{z, 2} + smax{z — z,0}}.

The last individually rational constraint requires that workers who make the
constrained eCcient investment are sorted ec¢ciently. Recall that when a worker
is revealed with idiosyncratic valuations z > z, the worker is valued more highly
by the raider than by the inside ..rm; when z < z, the worker is less highly valued
by the raider. When a worker of type 6 is revealed to have invested 7°(s) and
z > x, a contract in Q' that achieves e¢cient sorting must stipulate that the
worker leaves; when z < z, the contract must stipulate that the worker stays.
Any worker who does not obtain an ozer remains at the ..rm.  Therefore, a
contract in Q* achieves e¢cient sorting conditional on the worker having made
the constrained e¢cient investment provided that it stipulates that the worker
leave when it is eCcient to do so.

If the base wage is to be ecective, the base wage must be greater than or
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equal to the expected output of those who receive it. Otherwise, an outside
..rm can ozer more than the base wage to a random worker who receives it and
expect to earn a pro..t. Let EC(w) represent the conditional expected output of
those who receive the base wage, w, and stay at the ..rm when the constrained
eCcient outcome is achieved using a contract (w,C", C') € QF. Thus, EC(w)
is the expected output of workers of type 6 € {h,l} who either do not receive
a ..nal ozer or who are revealed with idiosyncratic valuations z < x, such that
C%z,xz) = 0. Let GYw) be the probability, conditional on revelation, that a
worker is revealed with idiosyncratic valuations z < z such that C%(z,z) = 0.
Thus,
EC (w) = 2_0c{h,1} Yol (1 — p? + p?G% (w))

Socgny ™1 —p? + p?GC(w)]

It remains for us to discuss the bond associated with a constrained e¢cient
contract in Q. For any contract in Q*, the bond posted by a worker in the
..rst period equals the expected loss of the ..rm in the second period. The bond
equals the dicerence between the ..rm’s expected expenditure and its expected
revenue. The ..rm’s expected expenditure is the payment to the worker. The
..rm’s expected revenue is the expected revenue from the worker’s services. This
revenue consists of internal production plus the sale of the worker’s services to a
raider whenever it is pro..table to do so.

Consider the following problem (hereafter referred to as problem 1).

i B(w,C" C! =
won (w,C"(z,2),C'(z,2))

Z mlw  +p’EC%(z, 1))
T

I T /_ /_ Zes(z—a:))dF(a:)dF(z)]

oe{h,l}

subject to the base wage constraint
w > E%(w)
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and the individual rationality constraints
w+ C%(z,2) > max{w,y’ + min{z, 2} + smax{z — x,0}},0 € {h,1}

For 0 € {h,l}, let C%(z,z,w) = max{w, 4y’ + min{z,r} +smax{z—z,0}} —w.
Note that C% decreases in w until w = ¢’ + min{z, z} + smax{z — z, 0},

Proposition 2.3. The solution to problem 1 is
w* =min{w > 0:w=E" (w)}, 0% (z,z,w*),0 € {h,l}

where

) Fyo (T7(s), w))]
Fyo(T%(s), w))]

Proof. We cannot use the Kuhn-Tucker conditions to ..nd a solution for problem
1 as we have a continuum of constraints. However, since the objective function is
linear and increasing in its choice variables we can provide a direct proof. Note
that the bond increases in w and C?%(z, z). No feasible triple (w, C*(z,z), C'(z, 1))
such that

2_0e{hl} Y1 —p’ +p°

ES (w) =
(w) Soeqnyy ™ [1 —p? + pf(

(3
3)

C%(z,7) > max{w,y’ + min{z, v} + smax{z — z,0}} —w

for any 6 € {h, 1} can be optimal since the feasible triple (w, C"*(z, z, w), C™*(z, z,w))
is associated with a lower bond than is (w, C*(z, z), C'(z,x)). This is immediate
since the bond increases in C%(z, z), for 6 € {h,1}.

We now argue that no feasible triple (w, C* (2, z,w), C*(z,z,w)) such that
w > EY" (w) can be optimal since the feasible triple

(EY" (w), C"™ (2,2, EY (w)), O™ (2, z,ES" (w)))

is associated with a lower bond.  To see this, ..rst note that C.*(z,z,w) =
—1 for w < y + min{z,z} + smax{z — z,0} for § € {h,l}. This implies
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that B(w,C%(z,z,w)) is increasing in w. Next, note that when C?%(z,z) =
C%(z,z,w), G (w) is the probability that 4’ + z < w and z < x conditional on
revelation. We can calculate the conditional probability as follows. Conditional
on revelation, the probability that the idiosyncratic valuation of the raider is less
than that of the inside ..rm, equals % To complete the calculation, we need to
know the conditional probability that the outside valuation is less than the base
wage. Recall that x°(t,w) = arg,. . miné(y(t,0) +r,w), where § is Euclidean
distance. It follows that G (w) = $F,+(T%(s), w) so that G increases in w.
This implies that

_ D_6e{hl} ?J%G[l —p’+ pe(%)FX" (T0(3)> w))]
Soeinn ™1 —p? 4+ P (3)Fyo (T9(s), w))]

so that EC" increases in w, since y* > 4!, p"* > p!, and® F is increasing in w.

Kuhn-Tucker conditions show that the solution to the problem of minimizing
B(w,C"™(z,z,w),C"(z,z,w)) subject to only the ..rst constraint in problem 1
must satisfy

B (w)

w = EY (w). (2.4)

Existence of a base wage that solves equation 2.4 is obtained as follows. The
right-hand side of equation 2.4 is larger than the left-hand side when w = 0; the
right-hand side is smaller when w > 3" + 4. There may be multiple solutions to
equation 2.4. The fact that B(w, C"*(z, z,w), C%*(z, z,w)) increases in w implies
that the base wage in the solution to problem 1 is the smallest solution to equation
2.4. Thatis, w = w*. Thus, the feasible triple (w*, C**(z, z,w*), C*(z,z,w"))
is the solution to problem 1. B

The interpretation of the bond minimizing contract is as follows.

(i) All workers are guaranteed a based wage of w*.

(i) If z > x the outside ..rm pays the worker y° + z + s(z — x) and the worker
leaves to work for the outside ..rm. If % +z+s(z—x) < w*, the inside ..rm pays a

®Recall that the implications that p* > p! and 3" > y' follow from the assumptions that
Th(s) > T'(s), that p(t,0) increases in ¢ and ¢ and that the partial derivative of y(¢,6) and
p(t, @) with respect to ¢ increases in 6.
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severance of w* — (y? +z + s(z —x)) when the worker leaves and so the inside ..rm
makes negative pro..ts in the second period in this case. If y’ + 2+ s(z — ) > w*,
the inside ..rm pays zero and breaks even.

(i) If z > 2z, and 3° + z > w*, the worker stays at the inside ..rm and earns
y’ + 2. The .rm earns positive pro..ts on these workers in the second period.

(iv) If z > 2z, and ¢’ + z < w or if the worker receives no owzers, the worker
stays at the inside ..rm and earns w*. The ..rm breaks even in expected value
terms in this case.

The bond paid by the worker in the ..rst period may be negative. The inside
..rm collects a positive bond to pay severance in case (ii) and it collects a negative
bond in case (iii).

Under the bond minimizing contract, the average earnings of workers who
leave are higher than that of those who stay when earnings include both severance
payments and the wages paid by the outside ..rm. The argument is as follows.
As z and z are drawn independently according to F, the probability that z > =
is equal to the probability that = > 2. Thus, the probability that a worker leaves
equals the probability that a worker stays given that the worker has received an
outside omer. The probability that 3° + = + s(z — x) > w given z > x is greater
than the probability that 3° + z > w given z > 2. That is, conditional on
a worker receiving outside ocer, the probability that a worker who leaves earns
more than w is greater than the probability that a worker who stays earns more
than w. In addition, the expected value of 4’ + = + s(z — ) (given both z > z
and ¢’ + z + s(z — ) > w) is larger than the expected value of 4 + x (given both
x>z and y’ +z > w). That is, conditional on receiving an ozer, the average
earnings of workers who leave and earn more than w, are greater than those of
workers who stay and earn more than w. Since a worker always earns at least
w If we include severance payments as part of the earnings, we conclude that the
unconditional average earnings of those who leave are higher than of those who
stay.

If we compare wages and exclude severance payments then we ..nd that the
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average wages of workers who leave may be greater or lesser than of those who
stay’.

One incentive in the minimum bond contract is provided by the threat of the
incumbent ..rm to pay w* to any worker who is revealed to have invested inef-
..ciently. In our model a worker’s productivity is revealed to a single outside
..rm and the inside ..rm. The implication of the incumbent ..rm’s threat in this
context is that a sole outside ..rm who knows the worker’s type and investment
level need not ocer more than w* to such a worker. Thus the incumbent ..rm
exploits the scarcity of knowledgable outside ..rms in the optimal contract. The
assumption that knowledgable outside ..rms are scarce is reasonable when infor-
mation is costly and workers have to invest in self-promoting activities to attract
outside ozers. Another incentive in the contract is provided by the promise of the
..rm to match outside ocers. Note that the ability to commit is necessary for the
contract to work. In the context of a repeated game, commitment can be enforced
by reputation arguments. In the absence of commitment, as in the spot market
case, the incumbent ..rm bids for the worker’s services whenever it is pro..table
to do so.

3. Variations of the Model

In this section we consider two variations of the model. In one variation, in-
vestment is costly. In another variation, we suppose that the inside ..rm has an
informational advantage over the outside ..rm vis a vis the productivity of the
worker. The basic insights remain. The role of a specialized activity such as V'
is to allow more able individuals to separate themselves from the less abled. The

" This is due to the fact that while the wage of a worker who stays is greater than or
equal to w, the wage of one who leaves may be less than w. The wage is less than w when
y +x+s(z—2) <wand z > 2. In this case, conditional on receiving an ozer, the average
wages of workers who leave may be more or less than those of workers who stay. Thus, the
unconditional average wages of workers who leave may be more or less than those of workers
who stay. Workers who leave earn more than those who stay if, for example, the proportion of
highly skilled workers is relatively high and the variance of F' is low.
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spot market provides private incentives for more able individuals to over-invest
in the specialized activity relative to the e€cient investment. In order to achieve
eCcient investment in such an activity, the ..rm promises a counterocer in the
event that a worker is shown to have invested eCciently.

3.1. Costly Investment

Our basic model focuses on the allocation of one unit of time to two activities.
It ignores the cost of time spent in either activity. In particular, it ignores the
problem of shirking on the part of the workers. Let’s now consider a version of
our model in which we assume that individuals face a disutility of ecort exerted.
Suppose that ¢ = 0 and that s = 0 in the model so that the e&cient investment
is the one that maximizes y(t, ¢). We now ozer a way of incorporating a cost of
investment in the model.

Workers initially choose between ecort and leisure and then choose how to
allocate the ecort between activities V' and . Suppose that an individual of type
6 who exerts emort \ faces the cost (A, #). Further assume that an individual of
type 6 who exerts ezort A and invests time ¢ in activity V' produces \y(t,6). We
have normalized total investment so that an employee who works 0 of the time
is doing the minimum necessary to stay on the job. The worker’s maximization
problem is analogous to that which elicits the e@cient outcome in the basic model.
The e¢cient outcome is one in which the worker maximizes \y(t,0) — (A, @), over
A€ [0,1],¢ € [0,1],

The solution is that the e¢cient investment decision (7(6)) is as in the basic
model while the eCcient labour decision (\*(9)) sets y(¢,0) equal to the marginal
cost of investment.

Now consider the spot market solution. Assume that an individual of type 6
who exerts eaort A and who invests time ¢ in activity V' is revealed with probability
P(\,t,0) where P increases in each of its variables. The worker’s spot market
maximization problem is analogous to that in the basic model. When the base
wage is w, an individual of type 6 maximizes w+ P(\,t,0)(Ay(t, ) —w) — k(A 6),

18



~

over A € [0,1],t € [0,1], at 7(0, w), A(f.w).

It is immediate that 7(0, w) > T*(#) whenever (6, w)y(7(0,w),0) > w. Thus,
any individual who chooses to work over-invests in activity V' relative to the
eCcient level.

Now let’s consider the question of shirking in the spot market. Shirking was
not an available option in the basic model. As in the basic model, the spot market
base wage equals the expected output of those who receive it. It is immediate
that it cannot be the case that both types exert zero ecort and thereby produce
zero output. (Recall that the units are normalized so that zero output is just
enough to stay employed.) If so, then the base wage equals zero. The best
response of the high ability worker is to exert positive eaort when facing a zero
base wage. However, in this case, the base wage of zero no longer equals the
expected output of those who receive it. Thus, it must be the case that the high
ability worker exerts positive ecort. In equilibrium, the less able worker may
exert zero ecort, positive ecort, or each with some probability. Each of these
cases is associated with an expected output of those who receive the base wage.
An equilibrium exists if the solution to the equation (that equates the base wage
with the expected output) elicits the ecort associated with the equation. As the
parameters vary, the equation (equating the base wage with the expected output)
whose solution elicits the associated e=ort varies. We ..nd that some low types
always exerts zero ecort in equilibrium. The remaining low types exert zero or
positive ecort, depending on the costs and bene..ts of doing so®.

Lastly, we discuss the minimum bond that allows the ..rm to achieve the
eCcient outcome subject to the wage being greater than the expected output
of those who receive it and subject to individual rationality constraints. Here
the results are analogous to those in Section 5. The minimum bond is achieved
when the base wage equals the expected output of those who receive it and the
counterocers make the workers indicerent between pursuing the e€cient outcome
and negotiating directly with the outside ..rms. A notable dicerence is that, since

8See the Appendix for the details.
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low ability workers exert costly ecort, even those of low valuation need to be paid
a counterocer when they are revealed to have exerted the e€cient labour and
investment choices. The reason is that the base wage is a weighted sum of the two
outputs. In this case the output of the less abled worker who exerts the e¢cient
amount of ewort is less than the base wage. When the counterozer is zero, the
less abled receive only the base wage and this is independent of their investment
levels. But then the less abled have an incentive to exert zero ecort unless there
is some reward for exerting costly ecort.

3.2. Matching with Asymmetric Information about Worker Ability

We now consider altering the informational assumptions regarding the ability and
investment of the worker. In the basic model, the inside ..rm has no informational
advantage over the outside ..rm regarding the worker’s type and investment. With
probability p(¢,6), the worker’s type and investment is made known to the inside
and outside ..rms simultaneously. We now make the alternative polar assumption
that the inside ..rm knows a worker’s type and investment as soon as the worker
knows. Thus, it is the outside ..rm who is alerted to a worker’s type and investment
level with probability p(¢,0).

When bonds are available and long-term contracts can be written, the worker
and ..rm can agree that the ..rm pays each worker according to output. In this
case, each worker chooses investments so as to maximize output.

It is the spot market outcome that is interesting in this case. When long-term
contracts are not available, the ..rm cannot commit to pay each worker according
to output. The ..rm pays the wage that maximizes current pro..ts. It pays a
base wage to all workers who are unable to reveal themselves. The base wage
is greater than or equal to the output of the low ability worker. Otherwise a
raider can pro..tably hire away such workers at a wage equal to this low output.
However, the base wage may be below the expected output of those who receive
it. The reason is that, as in Greenwald (1986), if a raider randomly attempts to
hire a worker of unknown quality, the inside ..rm can respond by matching the
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wage oaer whenever the worker is of high ability. Thus, a raider only wins those
workers of low ability. In this case, a raider ozers a low wage to those of unknown
quality even when the wage ozered by the inside ..rm is below the average output
of workers who receive the base wage. So, what is the base wage that the inside
..rm pays in this case? Let ¢ = 0 so that s = 0 in the basic model. In this case,
there are no idiosyncratic valuations. Since the base wage is at least as great
as the output of the low ability worker, a worker who is identi..ed as low ability
by an outside ..rm never receives an ozer that is higher than the base wage. In
this case, the worker is indicerent among investment levels when facing a given
base wage. In this case, the base wage must be at least as great as the eC¢cient
output of the low ability worker. Let 3’ represent the e¢cient level of output of
the low ability worker. Let y(¢) represent the output of the high ability worker.
Let p(t) represent the probability that a worker of high ability obtains an outside
ocer when the worker invests the amount ¢. For any given base wage w > ¢’ a
worker of high ability chooses 7(w) to maximize p(t)y(t) + (1 — p(¢))w. Since a
high ability worker receives y(7(w)) with probability p(7(w)), the incumbent ..rm
makes positive pro..t on high ability workers only with probability (1 — p(7(w))).
The ..rm’s pro..t function is [[(w) = 7 (y(7(w)) —w)(1 —p(7(w)) + (1 —7) (3 —w).
(If H is a function of one variable, =, we let H'(x) denote the derivative of H with
respect to x). The derivative II'(w) = 7(y/(7(w))7(w) — (1 — p(7(w))) — (1 — 7).
We can ..nd examples in which the ..rm should set the base wage equal to 3/,
the minimum feasible base wage. We can also ..nd examples in which the ..rm
should set the base wage above the expected output of those who receive it°.
This contrasts with the results of Greenwald (1986). Greenwald assumes that
the market’s wage ocer to a worker the ..rm does not lay o= equals the worker’s
expected ability conditional on the worker choosing to accept the market’s ocer
rather than the ..rm’s. In the terminology of auction theory, Greenwald allows
for the winner’s curse. If only the lesser abled can be hired away then the wage
is driven down to the output of the less abled. In our setting, the base wage has

9See the Appendix for the details.
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two roles to play. It arects not only the probability that a signal is sent but also
acects the output that a worker produces. The higher the wage, the higher the
output produced and the lower the probability that an oxer is received. Thus,
although the winner’s curse is present, it does not drive the basewage down to the
output of the low ability worker.

4. Conclusion

Our model explains why it is rational for the ..rm to respond strategically to
outside oxers in the presence of self-promoting activities. It is also rational for
the employee to seek outside ozers. In the presence of costly investment the
absence of outside ozers leads to ine¢ciencies in both matches and human capital
investment. We conclude by ozering an application of the results to academia.

University administrators usually know less about a professor’s productivity
than do a professor’s peers.!® Even when a particular department may be in-
formed of a professor’s productivity, it may not be prudent for the university
administration to rely on a department’s internal evaluation. Frequently, pro-
fessors at other universities have a more accurate perception of an individual’s
performance relative to that of a professor’s departmental colleagues. Thus, the
polar assumption of no insider informational advantage in the basic model is not
unreasonable in academia.

Academic research corresponds to the self-promoting investment in the model.
Research increases both the productivity and visibility of the professor. Teaching
and administrative activities corresponds to the non-visible activity of the model.

Due to the lack of information about how to evaluate the productivity of their
professors, universities pay most of their professors relatively uniform salaries.
Consistent with the model, professors, in some disciplines, spend a lot of ecort
trying to generate outside ocers. When a professor receives an outside owzer,
the university begins to renegotiate the professor’s salary. Whether the raider

0The problems which academic employers face are discussed more broadly in Siow (1996).
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succeeds in attracting the professor or not, the professor ends up with a higher
salary.

The process of raising salaries on the evidence of an outside ocer can explain
the ..nding of a negative seniority wage premium in academia!! (Ransom (1993),
Hallock(1994), Moore et. al. (1994)). These authors ..nd that in cross section
data, controlling for years of experience but without controlling for productivity,
professors with less seniority in a university earn higher wages. This ..nding
contrasts with the positive seniority wage premium found in the general working
population (e.g. Altonji and Shakoto (1987), Topel (1991)).

In general, the base wage in the minimum bond contract is dicerent from the
wage in the spot market. This base wage is an element of academic tenure in that
tenure enables a university to guarantee a minimum wage for professorst?. The
most common criticism of academic tenure is that it encourages tenured professors
to shirk. (See e.g. Alchian (1959).) Our model suggests that this argument is
incomplete. As discussed in our extension, shirking can be deterred, even when the
university ocers a minimum wage to its employees, so long as universities respond
optimally to outside ozers received by their tenured professors. Our model does
highlight the importance that a university’s response to outside ozers has in the
deterrence of shirking.

Appendix

In this appendix, we ..rst provide some of the details of the equilibrium spot
market wage In the variation of the basic model in which investment is costly. We
then provide an example of the variation of the basic model in which informational
asymmetries exist and the incumbent ..rms cannot exploit the winners’ curse fully.

A. Costly Investment

As in the basic model, the equilibrium spot market wage equals the expected out-
put of those who receive the base wage. When investment is costly, the expected

1In our model, a negative seniority wage premium obtains if, for example, the proportion of
highly skilled workers is relatively high and the variance of F' is low.

2Models of tenure include those of Chen and Ferris (1995), Carmichael (1988), Freeman
(1977), and McPherson and Winston (1983). See Siow (1996).
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output of those who receive the base wage depends on the investments made by
the workers in the spot market equilibrium. The equation for the expected out-
put depends on whether the less able workers produce zero or positive ecort in
equilibrium. The parameters determine the equilibrium spot market wage as fol-
lows. Recall that the pair (7(6,w), A(h,w)) is the optimal response of a worker
of type 6 to a spot market wage of w. Let P(w, ) = P(A(0,w),7(0,w),6) be the
probability that a worker of type 6 (who exerts ecort A\(6,w) and devotes time
7(6,w) to V) is revealed. The right-hand side of

_ 7 A(h, w)y(7(h,w), k) (1 = P(w, b))
hA(h, w)(1 — P(w, h)) +

is the expected output when the more able worker produces positive output and
the less able produces zero output. Let w be the solution to equation A.1. In the
case that

(A1)

P\t D)(A\y(t, 1) — ) < k(A1)

for A € (0,1],¢ € [0, 1], the less able worker ..nds it too costly to exert ecort when
facing w. In this case, the spot market base wage is @ and those of type [ exert
zero ecort and so exert less than the e®cient amount of ecort. Those of type h
may over- or under-exert relative to the e€¢cient amount.

In the case that

P, )(A1,®)y(7(1,w),1) — @) > kA1, ®),1)

w cannot be the spot market wage. The reason is due to the following contradic-
tion. In this case, w equals an expected output that is based on the assumption

that the less able worker exerts zero ecort but the less able worker has an incentive
to provide ezort when facing w. We thus look for a solution in which the fraction

q of the less able workers exerts ecort and the fraction 1 — ¢ exerts zero ecort.
Since some of the less able workers exert positive eaort and some exert zero exort,
it must be the case the less able worker is indicerent between these two options.
In this case, we look for a solution, in w and ¢, to the simultaneous equations

T A(h, w)y(7(h,w), h)(1 — P(w, h) + 7t A1, w)y(7(1,w),1)(1 — P(w,)q
wh(1 — p(w, h)+wtl —q+ (1— p(w,l))q]

w =

(A.2)
and . . .
P(w, D)(Al,w)y(7(l,w),l) —w) = k(A(l,w),1) (A.3)

When ¢ = 0, w = w solves equation A.2, (i.e. the solution to A.1 solves A.2
when ¢ = 0), and the value of the left-hand side of A.3 is greater than that of the
right. When ¢ = 1, say that the solution to A.2 is w. It is clear that the left-hand
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side of A.3 is smaller than the right-hand side when the wage is w. (The reason
is that when ¢ = 1, w is a linear combination of y(7(h,w), h) and y(7(l,w), ).
Thus, @ > y(7(l,w),1).) Continuity then guarantees the existence of simultaneous
solutions to equations A.2 and A.3. Let w, ¢ be the solution to the simultaneous
equations A.2 and A.3 in this case. When such a solution, w, g, exists then those

of type [ are indizerent between working ;\(l,m) of the time and not working at

all. In this case, we assume that the proportion g of those of type [ work \(l,w)
of the time while the proportion 1 — g exert minimal ecort.

We note that it is always the case that some low types exert zero ecort in
equilibrium. If all low types and high types exerted positive eaort then the wage
would be so high that it would be in the interest of the low types to exert no
eaort.

B. Informational Asymmetries and the Winner’s Curse

We now provide an example of the variation of the basic model in which infor-
mational asymmetries exist and the incumbent ..rms cannot exploit the winners’
curse fully.

Let p(t) = .5+ .5t,y(t) =4 — t,4' < 1. In this case, y/(t) = —1 and
1 if O<w<1 if O<w<1
T(w)=4 B—w)/2 if 1<w<3 3,y (7(w 1/2 if 1<w<3
0 if 3<w if 3<w
1 if O<w<1 0 if 0<w<1
p(r(w) =<1 Gb—w)/4 if 1<w<3 p,1-p(t(w))=<¢ (w—1)/4 if 1<w<3
1/2 if 3<w 1/2 if 3<w

Thus, using the derivative of the pro..t function derived in Section 3.2 of the
text, we see that

m—1 if 0<w<l1 l .
' ; f m<2/3
W(w)={ (x(7—w)/4) ~1 if 1<w<3 ,W(W):{y i }
/21 if 3<w T—4/m if m™>2/3

where II denotes the ..rm’s pro..t and W (x) is the pro..t-maximizing base wage
set by the inside ..rm. Note that if 7 < 2/3,II'(w) < 0 so that II is maximized
at w =y if 7 < 2/3. However, if 7 > 2/3, then II ..rst decreases then increases
then decreases. Thus, the maximizer of II, in this case, is at w = 7 — 4 /7 since
the value of IT is higher here than at w = 0.

25



References

[1] Alchian, A. A. (1959). Private Property and the Relative Cost of Tenure.
In P. D. Bradley (Ed.), The Public Stake in Union Power. Charlottesville:
University of Virginia Press.

[2] Altonji, J. G., and Shakotko, R. (1987). Do Wages Rise with Job Seniority?
Review of Economic Studies, 54(3), July, 437-59.

[3] Bernhardt, D. (1995). Strategic Promotion and Compensation. Review of
Economic Studies, 62(2), 315-339.

[4] Bernhardt, D., and Scoones, D. (1993). Promotion, Turnover, and Preemp-
tive Wage Ow=ers. American Economic Review, 83(4), 771-91.

[5] Carmichael, L. (1983). Firm Speci..c Human Capital and Promotion Ladders.
Bell Journal of Economics, 14(1), Spring, 251-58.

[6] Carmichael, H. L. (1988). Incentives in Academics: Why Is There Tenure?
Journal of Political Economy, 96(3), 453-72.

[7] Chen, Z., and Ferris, J. S.. A Theory of Tenure for the Teaching University.
Carleton University CEP 95-12.

[8] Freeman, S. (1977). Wage Trends as performance Displays Productive Poten-
tial: A model and Applications to Academic Early Retirement. Bell Journal
of Economics, 8, 419-43.

[9] Gale, D. and Hellwig, M. (1985). Incentive Compatible Debt Contracts: The
One Period Problem. Review of Economic Studies, 52(4), 647-63.

[10] Gibbons, R., and Katz, L. (1991). Layors and Lemons. Journal-of-Labor-
Economics, 9(4), October, 351-80.

[11] Greenwald, B. C. (1986). Adverse Selection in the Labour Market. Review of
Economic Studies; 53(3), July, 325-47.

[12] Hallock, K. F. (1995). Seniority and Monopsony in the Academic Labor Mar-
ket: Comment. American Economic Review, 85(3), 654-657.

[13] Holmstrom, B. and Milgrom, P. (1991). Multitask Principal-Agent Analy-
ses: Incentive Contracts, Asset Ownership, and Job Design. Journal of Law,
Economics and Organization, 7(Spring), 24-52.

[14] Kahn, C., and Huberman, G. (1988). Two sided Uncertainty and “Up-or-
Out” Contracts. Journal of Labor Economics, 6(4), October, 423-44.

26



[15] MacLeod,W.B., and Malcomson,J. M. (1988). Reputation and Hierarchy in
Dynamic Models of Employment. Journal of Political Economy; 96(4), Au-
gust, 832-54.

[16] Malcomson, J. M. (1984). Worker Incentives, Hierarchy and Internal Labour
Markets. Journal of Political Economy; 92, 486-507.

[17] Mcpherson, M. S., and Whinston, G. C. (1983). The Economics of Acad-
emic Tenure: A Rational Perspective. A Journal of Economic Behavior and
Organization, 4(2-3), 163-84.

[18] Milgrom, P. R. (1988). Employment Contracts, Infuence Activities, and Ef-

..cient Organization Design. Journal of Political Economy. 96(1), February,
42-60.

[19] Milgrom, P. R. and D. J. Roberts (1988). An Economic Approach to Infuence
Activities in Organizational Design. American Journal of Sociology. 94, S154-
S179.

[20] Milgrom, P. R. and Oster, S. (1987). Job Discrimination, Market Forces, and
the Invisibility Hypothesis. Quarterly Journal of Economics, 102, 453-476.

[21] Moore, W., Newman, R., and Turnbull, G. (1994). Seniority and Monop-
sony in the Academic Labor Market: The Case of Economists, manuscript,
Louisiana State University.

[22] Ransom, M. R. (1993). Seniority and Monopsony in the Academic Labor
Market. American Economic Review, 83(1), 221-33.

[23] Ricart i Costa, J. E. (1988). Managerial Task Assignment and Promotion,
Econometrica, 56, March, 449-166.

[24] Siow, A. (1996). Specialization, Obsolescence and Asymmetric Information
in Academia, manuscript.

[25] Topel, R. H. (1991). Speci..c Capital, Mobility, and Wages: Wages Rise with
Job Seniority. Journal of Political Economy, 99(1), February, 145-76.

[26] Waldman, M. (1984). Job Assignments, Signalling, and E¢ciency. Rand
Journal of Economics, 15(2), 255-267.

[27] Waldman, M. (1990). Up or Out Contracts: A Signalling Perspective. Journal
of Labor Economics, 8(2), 230-250.

27



