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ABSTRACT

This paper considers a world in which firms invest in the'production of
information concerning workers, where this information is used to help
allocate workers among tasks. The question addressed is, does the firm have
an incentive to make a socially efficient investment? The major results of
the analysis are two. If information produced 1s not observed by other firms
and individual task assignments are also not publicly observed, then the firm
has an incentive to invest optimally in information production. If, however,
either the information produced or the task assignment is public knowledge,

then there is a tendency for the firm to underinvest.



There are two reasons why a worker's productivity might be positively
correlated with age. The standard rationale is that it is due to the
accumulation of human capital. That is, skills tend to improve both with
schooling and experience, and this subsequently increases productivity. More
recently, however, a number of papers have considered an alternative explana-
tion. Over time information is accumulated concerning workers, and this
improves the match between workers and firms, and between workers and tasks
within firms. This paper falls into the latter category, and in particular
concerns the accumulation of such information when the key element is the
assignment of workers to tasks.1

Many papers have concentrated on the issue of the assignment of workers
to tasks, where information concerning the optimal assignment is either costly
or incomplete. For example, MacDonald (1980) and Burdett and Mortensen (1981)
both consider models where individuals invest in such information prior to
beginning their work lives. Further, the case where information is accumul-
ated after the worker is already at a firm has also been considered (see e.g.,
Ross et al 1981, MacDonald 1982, and Waldman 1984). In each of these latter
papers, however, the firm has no control over the quantity of information
produced. 1In this paper I consider a world where information is accumulated
within the firm, but where the firm has control over the amount of information
produced. The main issues I want to address in this context concern the
optimality of the investment in information production. First, in such an
environment does the firm have an incentive to make a socially efficient
investment in information production, or 1s there a divergence between the
actual investment and the socially optimal investment. Second, if such a

divergence exists, what factors affect the size of the divergence?2



One previous paper which does allow accumulation of information inside
the firm, and for the firm to have control over the amount of information
produced is Prescott and Visscher (1980). They consider a model wherein
workers can be assigned to any of three tasks, but only one task provides
information concerning worker attributes. By varying the length of time a
~worker is assigned to the "screening” task, the firm can vary the amount of
information produced concerning that worker. There are two major differences
between the present paper and the Prescott and Visscher analysis. The first
concerns the focus of the two papers. Prescott and Visscher were interested
in demonstrating that this type of information accumulation process can lead
to constraints on a firm's growth rate. As mentioned earlier, the present
paper 1s concerned with the social optimality of the firm's investment in
information production. Second, Prescott and Visscher are somewhat ad hoc in
‘terms of the market contract which gets offered to workers in that they do not
explicitly state their assumptions concerning such issues as mobility costs
and publicness of information. This paper will be much more explicit concern-
ing these aspects of the problem, and in particular will demonstrate that what
is assumed concerning publicness of information is quite crucial.3

To analyze the issues discussed above I construct a simple model in the
spirit of Harris and Holmstrom (1982). The key property of the model is that
there is an asymmetry in the ability of agents to bind themselves to a trans-
action. That is, though contracting firms can bind their future behavior,
however, individuals in agreeing to a contract cannot irrevocably bind
themselves to firms. The analysis yields that in this type of environment the
less public is the information produced, the closer will be the investment in
information production to the social optimum. That is, when the information

produced is not observed by other firms and individual task assignments are



also not publicly observed, then a first best result emerges. However, 1if
either the information produced or the task assignment is public knowledge,
then the firm has a tendency to underinvest in information production.

The above result contrasts sharply with the conclusions of Burdett and
Mortensen. They found that the more public the information produced, the
closer is the economy to a first best optimum. Upon close inspection, how-
ever, the different conclusions are easily understandable. As mentioned
earlier, Burdett and Mortensen analyze a model wherein individuals invest in
information production prior to beginning their work lives. To give
individuals an incentive to invest optimally, the private benefit to investing
and the social benefit must coincide. This will occur when information is
public, because then the competition among firms will result in the social
return from the information being completely incorporated into the wage. This
paper considers a model where investment takes place after workers are already
at firms. Because firms have superior access to capital markets, it is more
efficient for firms to finance the investment. Thus, to now get an optimal
investment, the firm must reap all the returns from the information produced.
This won't be the case when the information produced is public, because then
competition from other firms will shift some of the return to the workers.

The result then being that when the information is public, there tends to be
an underinvestment in information production.

It bears repeating that what is driving the results is not a simple
application of the public goods problem. It is not that an underinvestment
occurs when information is public because the agent making the investment does
not internalize all the returns from the investment. Rather, the results
follow from the fact that the publicness of the information produced deter-

mines who must finance the investment. When information produced is private



the firm finances the investment, and given the firm's superior access to
capital markets this results in an efficient investment. On the other hand,
when information produced is public each worker must finance his own invest-
ment, and this tends to yleld an underinvestment because of the limited access
workers have to capital markets.

The outline for the paper is as follows. Section I presents a model
wherein firms choose an investment in information production. Section II
analyzes the model under the two polar assumptions that the information pro-
duced is completely private information, and that it is completely public.
Section IIT analyzes the model under an intermediate information assumption.
Specifically, the 1nformat1;n produéed is only directly revealed to the firm
making the investment, however, other firms infer some information about a
worker's ability by considering his task assignment. Section IV presents some

concluding remarks.

I. The Model

The model presented in this section is most closely related to Harris and
Holmstrom (1982) and Waldman (1984). As indicated earlier, its main disting-
uishing characteristic is that it allows firms to have control over the amount
of information produced concerning worker abilities.

Within the economy there i3 only one good produced and the price of this
good is normalized to one. Further, output is produced by identical risk
neutral firms, and there is free entry into production.

Workers live for two periods, and in each period labor supply is
perfectly inelastic and fixed at one unit for each worker. During their first
veriod of employment workers will be referred to as young, while old wiil

refer to workers who are in their second period of employment.



Workers do not have access to either capital markets or insurance
markets, and therefore a worker's utility in each period is simply a function
of the wage received in that period.4 Preferences are such that workers are
risk averse over wages, i.e., if a worker receives Wt in period t, then
utility equals V(Wt), where V' > 0 and V" < 0. Further, both firms and
workers are assumed to have a zero rate of discount.

Workers display no disutility for effort. However, each worker has
associated with him or her a value for a variable which will be called
ability, and which will be denoted Ai for worker i. Each Ai is a draw
from a random variable which equals AB with probability p, and AL with
probability (1-p), where A > Al s o,

Output can be produced by the performance of either of two tasks, where
workers are indifferent between the two tasks. The first task is referred to
as the skilled task and is denoted S, while the second is referred to as the
unskilled task and is denoted U. If worker i 1s assigned to the skilled
task, then he produces an amunt Ai‘ On the other hand, if he is assigned to
the unskilled task then his output is independent of ability, and equals x.
It is also assumed that AH >x > AL, and pAH + (l—p)AL <{ X« The first
assumption states that high ability workers are better suited to the skilled
task, while low ability workers are better suited to the unskilled task. The
second assumption states that on average workers are better suited to the
unskilled task. Note that the second assumption 1s not at all crucial for the
results, but rather serves to simplify the exposition.

Before his first period of employment a worker's ability is unknown both
to the worker and to all the firms in the economy. While the worker is young
the first period employer can invest in the production of information concern-

ing the worker's ability. Specifically, if the firm invests 2z in the



production of information concerning worker i, then the firm receives an
indicator of ability 6. 6 1is a draw from a random variable which has a
probability density function g(B,z,Ai). That is, the probability that any
particular value for 6 will actually be realized depends on both the
investment in information production, and the true ability of the worker about
whom the information 1is being produced.

"Rather than speaking of the information produced as being the realized
value of the indicator 6, however, it will in general be convenient to
suppress O and speak of the information produced as being the inference that
can be made from this realization. That is, given 6 and an investment in
information production of size z, it.is possible to derive a value for

expected ability, denoted AE(G,z). AE(e,z) is given by equation (1).

pg(8,2,AA" + (1-p)g(6,z,a)A"
pg(8,2,A7) + (1-p)g(8,z,A")

) A5(8,2) =

Obviously, AE(e,z) will always fall somewhere in the interval [AL,AH].

Suppose the worker 1s actually of ability Aﬂ(AL). Given the above, Ag
can be thought of as a draw from a random variable whose probability density
function depends on the investment in information production. Let fH(AE,z)
(fL(AE,z)) denote this probability density function, and let FH(AE,z)
(FL(AE,z)) denote the corresponding cumulative distribution function.’ It is
further assumed that for any Ag, both FH(AE’Z) and FL(AE,z) are
continuously differentiable in z.

The final aspect of the model to be described is the contracting
environment. It is assumed that in agreeing‘to a contract a worker cannot
irrevocably bind himself to a firm, and that a worker can change firms after
his first period of employment without incurring any costs. Additionally,

given equal wage offers prior to his second period of employment, a worker



will choose to remain with his first period employer. This last assumption is
simply made for expositional convenience.

For the other side of the market it is assumed that firms offer young
workers long-term or implicit contracts which specify four things. First, the
contract specifies the wage the worker will receive while young, denoted WY.
Second, it specifies what the firm will invest in the broduction of informa-
tion concerning the worker, denoted z. Third, it specifies the worker's
second perlod wage as a function of the realized value of AE’ denoted
wo(.). Fourth, it specifies the worker's second period task assignment as a
function of the realized value of Ag, denoted To(.). Finally, one addi-
tional restriction is imposed on the contr;cting process. Specifically, firms
will be restricted from offering contracts where wages are contingent on
output. This is already implicit in the long-term contracts described above
in that the second period wage is only a function of the realized value of
AE‘ Thus, I am here simply extending the restriction to the contracts offered
to old workers by firms other than the first period employer. The restriction
can be justified by assuming that only aggregate output can be observed, and
that there are economies of scale, although not modeled, such that firms hire

many workers.6

I1. Analysis

In this section the model developed in the previous section is analyzed
under two polar assumptions: (1) that information produced and task assign-
ments are both not publicly observable; and (2) that information produced is
publicly observable.7

Before proceeding to these two polar assumptions I will establish some

benchmarks with which later results can be compared. In particular, following

Burdett and Mortensen (1981) I will consider the behavior of a social planner



whose goal 1is to maximize expected net output.

Given that the social planner's goal is to maximize expected net output,
the social planner will assign an old worker to task S(U) 1if Ag >() x.8
The more interesting question is, how much will the social planner invest in
the production of information? The preceding implies that, given an
- investment of size 2z, the expected output of a representative old worker,

denoted QE(z), is given by (2).

(2) Q") = [¥ xlpfy(Ag,2) + (1-p)f, (A,2)1dA,
A

AH H AH L
+ pi A£ (AL,2)dA, + (1-p) i AE (A, 2)dA
Let 2* be the investment in information production made by the social
planner. (2) yields that z* is defined by (3). Note, to make the model

interesting it is of course assumed that z* > 0.9

(3 z* = arg m:x i: x[pr(AE,z) + (l-p)fL(AE,z)]dAE

AH H AH L
+p i ATfL(Ap,2)dAL + (1-p) i A'E (Ap,2)dA; - 2

Equation (3) completes the analysis of how a social planner would behave.
I will now proceed to compare and contrast this behavior with how the actual
market behaves.

The first case to be considered is when information produced and task
assignments are both not publicly observable. Consider a firm other than the
first period employer and a representative old worker. Given that infofmation
produced is purely private, all such a firm knows about the worker is that he
has ability aH with probability p, and ability AL with probability
(1~p). Thus, prior to his second period of employment such a firm will only

be willing to offer the worker the wage x. 10 Now consider the long-term



contract that firms offer to young workers in equilibrium. The preceding
implies that the terms specified in the contract must solve the following
maximization problem. Note, in the following let Q(Ai,S) = Ay, Q(Ai,U) = x,

and f(Ae,z) = pr(AE,z) + (l-p)fL(AE,z) for all Ag, z pairs.l1

v, , A% 0
(4) max V(W) + [ VW (AL))E(A;,2)dA,
W 00 A
z,To(.)

A" 0 Y. A" 0
Sete X - z + fL QAL T (A ))E(AL,2z)dA, > W + ]L WA E(AL,2)dA,
A A

W(Ap) > x for all A
Q(Ag, T0(ap)) - WOCap)
> Q(AE,TO(XE)) - WO(XE) for all AE’XE pairs

The above objective function simply states that the contract will

maximize a worker's expected lifetime utility. The first constraint ensures
that the firm's expected profitability is not negative. The second constraint
ensures that the wage always exceeds what other firms are willing to bid for
the worker. Finally, because information produced is not publicly observable,
there is an incentive compatibility constraint. It guarantees that, for every
realization of AE, the firm has an incentive to behave in accordance with
what is specified in the contract. Analysis of equation (4) ylelds the follow-

ing proposition. Note, all proofs are relegated to an Appendix.

Proposition 1: When information produced and task assignments are both not

publicly observable, then
1) W= wO(Ap) for all Ay
ii) z = z*

111) TO(AE) =S() 4f A (<) x
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Proposition 1 demonstrates that when information produced and task
assignments are both not publicly observable, then the model yields a first
best result. This is evidenced in three ways. First, the investment in
information production and the assignment of old workers to tasks follows
exactly the behavior which would be exhibited by a social planner.12 Second,
workers are completely insured against the uncertainty they face concerning
their own ability. Third, the flat age earnings profile means that workers
are not hurt by their inability to borrow.

The next step of the analysis is to consider the other polar case, i.e.,
information produced is publicly observable. Again consider a firm other than
the first period employer, and a representative old worker. Given that
information produced is purely public, this firm knows as much about the
worker as the worker's first period employer. Thus, prior to his second
period of employment such a firm will be willing to offer the worker a wage
equal to max{x,AE}. That 1is, the firm will be willing to offer the worker
the expected output of the worker, given that he is assigned to the task which
maximizes this expectation. Now consider the long-term contract that firms
offer to young workers in equilibrium. The above implies that the terms in

the contract must solve the following maximization problem.

v AR o
(5) max V(W) + IL V(W (AE))f(AE,z)dAE
W 00 A
z,TO(.)
Al 0 vy Al o
Bete X — 2z + fL QAL T (A))E(AL,2z)dA, > W + fL WAL E(AL ,2)dA,
A A

WO(AE) > max{x,AE} for all AE
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There are two differences between equations (4) and (5). The first is
the constraint on the old worker wage function. This change reflects the
earlier mentioned idea that now all firms receive the information produced,
and this extra information is incorporated into the wage offers an old worker
receives from the other firms in the market. 13 The second difference is that
because information produced is publicly observable, there is no incentive
compatibility constraint.

Before proceeding to the analysis of equation (5) it is necessary to

introduce an additional assumption.

Assumption 1: For every z', z' > z*, f(AE,z') is a mean preserving spread

of £(Ag,z%).

By definition f(AE,z') must have the same mean as f(AE,z*). Thus, the
only restriction in Assumption 1 is that f(AE,z') must be a "spread” of
f(AE,z*). The role of this assumption will be made clear further on. We can

now proceed to the analysis of equation (5).

Proposition 2: When information produced is publicly observable, then

1) Wax-gz
1) way) = max{x,A,} for all A
1i1) =z < 2* 1f Assumption 1 holds

1v) TO(AE) = S(U) 1f Az X(<) x.

Proposition 2 tells us that when information produced is publicly
observable, then the model no longer yields a first best result. This is
evidenced in Proposition 2 in three ways. First, workers face an upward slop-
ing age earnings profile, which given their inability to borrow is not optimal.

Second, workers are no longer insured against the uncertainty they face
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concerning their own ability. Third, there is an underinvestment in informa-
tion production as long as Assumption 1 holds.14 Note, however, there is one
aspect of the contract which is optimal. That is, given the investment in
information production, there is an optimal assigmment of old workers to tasks.

At this point it 1s worthwhile providing some intuition for Propositions
1 and 2. When nothing is publicly observable, then the firm receives all the
returns from investments in information production. This means it has an
incentive to invest in information production and assign workers to tasks in a
manner which maximizes net output. Further, again given that information
produced is not publicly observable, there is nothing to stop the firm from
providing complete insurance to workeré, and from offering an optimal age
earnings profile. Now consider the case where information produced is public-
ly observable. Here the workers receive all the returns from investments in
information production, which means that workers must provide the financing.
Given that workers cannot borrow, this leads to the age earnings profile being
non-optimal, and to there being a tendency towards underinvestment in
information production. Further, the wage offers other firms make to old
workers also stop the firm from providing any insurance.

‘ Another way of looking at the results is in terms of general versus firm
specific human capital. When nothing is publicly observable, then investing
in information production is like investing in firm specific human capital.
Further, in a Harris and Holmstrom type world investments in firm specific
human capital will be financed solely by the firm, which yields that there
will be an efficient level of 1nvestment.15 On the other hand, when informa-
tion produced is publicly observable, then investing in information production
is 1like investing in general human capital. This means that the worker does

the financing, which given the capital market constraint implies a tendency
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toward underinvestment.
One question remains, i.e., what role does Assumption 1 play? Consider
the following example. Let Al = 1, AH . 4, x =3 and p = 1/2. Suppose
z can only take on the values 0, 1/8, and 1/5, and assume that 6 can only
take on the values 0 and 1. Let g(O,AJ,O) =1 for j =L,H, g(O,AL,l/S)
=1, g(0,A8,1/8) = 1/4, g(0,AL,1/5) = 9/10, and g(0,A%,1/5) = 0. Finally,
41 41 1 41

let V(W) =W for WK 11’ and V(W) = II-+ 5 ii

Analysis of this example yields first that z* = 1/8, and second that under

41
W 11) for W D>

public information z = 1/5.

The role of Assumption 1 is easily understood through the workings of
this example. When =z = 1/8 there is a 7/8 probability that Ap < x in
which case the second period wage equals 3, and a 1/8 probability that Ap =
AH in which case the second period wage equals 4. On the other hand, when 2z
= 1/5 there is a 9/20 probability that Ap < x 1in which case the second
period wage again equals 3, and an 11/20 probability that Ap = 41/11 {in
which case the second period wage equals 41/11. The above implies that the
investment level z = 1/8 1is in some sense "riskier” than the level z =
1/5, which, given workers are risk averse, makes z = 1/8 1less attractive.
Further, in the above example this aspect of the problem dominates, with the
result being that the public information investment level is actually greater
than the investment level which characterized the first best social optimum.16

The role of Assumption 1 is now clear. It guarantees that thé riskiness
of the investment does not fall as the investment rises. The result is that
the riskiness of the investment can be ignored, and in turn that the dominant
aspect of the problem is that workers have limited access to capital markets.

Notice, finally, rather than throwing doubt on the analogy between public

information and general human capital, this qualification to the central result
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of the paper actually strengthens it. Consider again a Harris and Holmstrom
type world where workers invest in general human capital. If the return to the
investment 1is certain, then there is sure to be an underinvestment. Suppose,
however, the return to the investment is uncertain. If it is further true that
increasing the investment lowers the riskiness of the investment, then you

. could get a result completely analogous to what was found in the example. That
is, because of the reduction in the riskiness of the investment, each worker's
investment in general human capital could actually be larger than the

investment which characterized the first best social optimum.

ITI. Task Assigmment Signalliﬁg

In this section I employ the information assumption first investigated in
Waldman (1984). Specifically, information produced about workers will not be
publicly observable, but task assignments will be,

Before proceeding to the analysis it is necessary to establish another
social welfare benchmark. In my earlier paper it was shown that when only
task assignments are publicly observable, it is frequently the case that old
workers are inefficiently assigned to tasks. Given this, it would be incor-
rect to use 2z* as the social welfare benchmark because that was constructed
given an efficient assignment of old workers to tasks. In other words, be-
cause of this other inefficiency, a second best notion for =z is appropriate.

As previously, let TO(.) describe the manner in which old workers are
assigned to tasks. Also, let ;(TO(.)) be the investment in information
production made by a social planner, given the assignment function To(.).
Because the social planner is interested in maximizing expected net output,
;(TO(.)) is given by (6).

- H
(6) 2(1°(.)) = arg max {ﬁ Q(AE,TO(AE))f(AE,z)dAE -z
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Note, 1f TO(Ap) = S(U) when Ag >(<) x, then 2(T°(.)) = z*.

We can now proceed to the analysis of how the actual market behaves. Let
&E(t,z,To(.)) be the expected ability of an old worker assigned to task t,
when the investment in information production is z and To(.) determines
how the first period employer assigns old workers to tasks. Now consider a
firm other than the first period employer, and an old worker assigned to task
t. Given that only the task assignment is publicly observable, prior to the
worker's second period of employment such a firm will be willing to offer the
worker a wage equal to max{x,AE(t,z,To(.))}.l7 That is, just as for the case
where information produced is publicly observable, the firm will be willing to
offer the worker the expected output of the worker, given that he is~assigned
to the task which maximizes this expectation. We can now set up a

maximization problem similar to equations (4) and (5) of the previous

section.
Y Al 0
(7) max V(W) + fL V(W (AE))f(AE,z)dAE
WY,WO(.) A
Z’To(-)

AH H

tox-zf Q(AE,TO(AE))f(AE,z)dAE > W o+ {ﬁ WO(AE)f(AE,z)dAE
0 - 0 0
WA > max{x,AE(T (A5),2,T(.))}  for all A,
QAL T0(a)) - WoeaL)
> Q(AE,TO(KE)) - WO(XE) for all AE’ KE pairs

Equation (7) can be thought of as being intermediate between (4) and (5).
It is similar to (4) in the sense that information produced is not publicly
observable, and therefore there is an incentive compatibility constraint con-

cerning the realization of Ag. As with (4), the constraint simply states
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that the firm has an incentive to behave in accordance with what is specified
in the contract. On the other hand, (7) is similar to (5) in terms of the
constraint on the old worker wage function. That is, firms other than the
first period employer get some information about the ability of workers, and
this is reflected in the constraint on the old worker wage function. As
indicated earlier, the difference between (5) and (7) as regards this
constraint is that in (5) other firms got to observe the actual realization of
Ap, while here they only get to observe the worker's task assignment.

In proceeding there are two different assumptions one could make
concerning how firms behave. Let ﬁU be the wage firms other than the first
period employer offer to old workers assigned to the unskilled task, and let
ﬁs be the wage firms other than the first period employer offer to old

workers assigned to the skilled task. The first assumption is that in offer-
ing long-term contracts firms behave strategically. That is, in specifying

S will be

the terms in the contract, firms take into account how ﬁu and W
affected. Deriving the market contract under this assumption corresponds to
solving (7) in the exact manner in which it is written.

It might, however, be argued that firms do not behave with such a high
degree of sophistication. That is, a firm 1is likely to take into account that
the wage offers a worker receives from other firms will depend on the worker's
task assignment, but it is unlikely to take into account how ﬁU and ﬁs
themselves can be manipulated by the firm's own actions. This assumption will
be referred to as the firms behaving non-strategically. Deriving the market
contract under this assumption corresponds to solving (7) with the following

two changes. First, the second constraint must be rewritten in the following

form, {f.e.,
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W if TO(AE) =U

(8) WO(AE) >
P o1f TO(AE) -s,
=U N 0 =S N 0
where W = max {x,AE(U,z,T (.))} and W° = max {x,AE(S,z,T (.))}. second,
in solving (7) one should take ﬁU and ﬁs as fixed, rather than as func-
tions of 2z and To(.).
I will consider the non-strategic case first. As was true when

information produced was publicly observable, it is necessary to introduce an

additional assumption.

Asgumption 2: For every =z', z" palr, z' > z", and Z, x <A< AH,

F(A,z') < F(A,z").

Assumption 2 states that for every ability level greater than x, an
increase in the investment will not decrease the probability that the
realization of A, 1s greater than or equal to that level.18 The role of
this assumption will be made clear further on. We can now proceed to the

proposition.19

Proposition 3: Suppose information produced is not publicly observable, but

task agsignments are. If firms behave non-strategically, then

1) Wo<x-2z

=S

1)  wWoap) =W 1f T0(Ap) = s

111) Weap) = WU <@ 1f 104y = U
iv) z £ ;(TO(.)) if ;(To(.)) > 0 and Assumption 2 holds

v 10ap) = S(U) 1f Ap >() x + @ - WU,

Proposition 3 tells us the following about what happens when only task

assignments are publicly observable, and firms behave non-strategically. First,



18

for old workers there is a single wage assoclated with the skilled task and a
single wage associated with the unskilled task, where the skilled wage exceeds
the unskilled wage. Second, as found in my previous paper, there is an ineffi-
cient assignment of old workers to tasks. That is, because of the higher wage
assoclated with the skilled task, too few workers are assigned to that task,
Third, similar to the case when information produced was publicly observable,
there i1s a tendency for the firm to underinvest in information production.

The obvious question which arises is what role does Assumption 2 play.
The basic intuition behind the underinvestment result is that as the investment
increases the workers' first period wage decreases, which given the workers'
limited access to capital markets is Qery costly. Given this, suppose one
started with a contract where 2z > ;(TO(.)). One might think this contract
could be ruled out by comparing it with a contract where 2z = ;(To({)) - €.
This, however is not always the case. It 1s possible for such a decrease in
the investment to cause an increase in the probabiity of a worker being
assigned to the skilled task, and hence an increase in the probability that in
the second period the worker receives the higher skilled wage. In turn, this
means that such a decrease in the investment could actually result in a
dgcrease in WY, rather than the expected increase. If this were the case,
then it is clear that the actual investment level could exceed the second best
investment level. Assumption 2 rules out this possibility. It guarantees that
a decrease in z necessarily causes a decrease in the probability of being
assigned to the skilled task, and hence an increase in WY.

The next step of the analysis is to consider the strategic case. This
case is much more difficult to analyze, and I have been unable to derive any
general results. I have, however, worked out a specific example.20 Let

p=1/2 and let g(.,s,.) have the following specific form.
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r+(-)q(2)(8-6) for all 6 € [9,8]

(9 £(0,A7(a"),2) =
0 otherwise,
1 ~ B+
where r = %—; and 6 = —3  Additionally, q(0) >0, q' > 0, and

r+q(x) (9—-3) > 0.

Equation (9) states that the indicator of ability is a value between 8
and 9, where the density function is linear and is such that higher values
for 6 are more likely when Ai = AH, while lower values are more likely
when Ai = AL, The specific form of the density function employed guarantees
that the information accumulation process has the following desirable
property. At any investment level, higher values for the indicator translate
into higher values for expected ability. Note further, the last assumption
on q(.) guarantees that the specified form for g(.,.,.) 1is feasible in
the sense that for all relevant investment levels g(.,.,.) 18 never
negative.

Analysis of this example yields that all the properties listed in
Proposition 3 continue to be satisfied. This suggests that the
underinvestment result may frequently hold even in the strategic case, but the

evidence is far from conclusive.

IV. Conclusion

A number of recent papers have been concerned with the asssignment of
workers to tasks, where information concerning the optimal assignment is
either costly or incomplete. This paper looks at a model where this type of
information is accumulated within the firm, and where the firm has control
over the amount of information produced. The question addressed is, does the

firm have an incentive to make a socially efficient investment in information
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production? The answer is that it depends on how much other firms can either
observe or infer concerning the information produced. If information produced
is not observed by other firms and individual task assignments are also not
publicly observed, then the firm has an incentive to invest optimally in
information production. If, however, either the information produced or the

' task assignment is public knowledge, then there is a tendenéy for the firm to
underinvest.

One obvious direction in which the analysis in this paper could be
extended would be to further analyze the case where only task assignments are
publicly observable, and firms behave strategically. The question of interest
is, how robust is the underinvestment result in this case?

A second direction in which the analysis could be extended concerns the
idea of turnover. That is, the present paper has been modeled such that no
actual turnover ever occurs, and it might be interesting to see what addi-
tional results follow when turnover is allowed. My conjecture is that, once
turnover is allowed, there will then be a trade-off between the investment in
information production and the utilization of the information produced. The
argument follows. Consider the case where information produced is publicly
observable and turnover actually occurs. Consistent with what was found in
this paper, that case will likely result in an underinvestment in information
production. The reason being that the worker will likely continue to finance
the investment. On the other hand, there should be no underutilization of the
information actually produced. That is, when workers actually switch employ-
ers the new employers will have access to the information previously produced,
and there will thus be no efficiency loss due to a mismatching of these
workers to tasks. Now consider the case where information produced is private

and turnover actually occurs. That case will likely result in less of an
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underinvestment in information production than the public information case.
The reason being that the firm should be willing to finance at least part of
the investment (see footnote 15). Hence, consistent with the present paper,
there 1s a suggestion that social welfare increases as one moves from the
public information case to the private information case. As opposed to the
present paper, however, there is now an additional consideration. Under
private information there will be an underutilization of the information
actually produced. When workers now switch employers the new employers won't
have access to information previously produced, and thus these workers will
not be matched to tasks as efficiently as if that information were available.
Hence, as one moves from public information to private information in a world
with turnover, any increase in social welfare due to a lessening of the under-
investment in information production will likely be at least partially offset
by a decrease in social welfare due to a worse utilization of the information

actually produced.
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Appendix

Proof of Proposition 1: The proof is fairly straightforward, so 1 will just

outline it here. Consider equation (4), but with only the first constraint.
It is clear that this constraint must hold as an equality. Further, by hold-
ing z and To(.) fixed, it is also clear that risk aversion implies Wl o=
WO(AE) for all Ag. Call this wage ﬁ. One question which remains is what
is 2z and what is TO(.). The answer 1s that they will be chosen to maximize
ﬁ. We know that given 2z fixed, ﬁ will be maximized by setting TO(AE) =
S(U) when AE >(<) x« In 9ddition, equation (3) yields that given this form
for To(.), z*¥ will be the value for z which maximizes ﬁ.

To complete the proof it is only necessary to show that this solution
satisfies the additional constraints in (4). If z = 0, then the above solu-
tion yields WO(AE) = x for all Ag. Further, given the logic above, when
z =z {t must be that WO(AE) > x for all AE. Thus, the second constraint
is satisfied. Now consider the incentive compatibility constraint. Because
Wo(.) is a constant, the firm cannot affect its second period wage bill.
Therefore it will always want to set To(.) such that expected net output is
maximized, which is exactly how To(.) was constructed above. Thus, the

incentive compatibility constraint is also satisfied. Q.E.D.

Proof of Proposition 2: It is clear the first constraint must hold as an

equality. Further, holding z fixed, TO(AE) = S(U) when AE >(<) x
maximizes the left hand side of the first constraint and therefore must be
part of the solution to (5).

Again holding =z fixed, suppose there is an interval in a relevant range
for Agp, denoted [éE’KE]’ and a value §, 6 > 0, such that WO(AE) >

max{x,AE} + § for all A in the interval. Further, let B be defined by
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the following.

(A1)

B = jAE (WO(AE) - max{x,A,)E(A,,2)dA

4

Now consider the alternative contract where 2z and To(.) are as before, but

wages equal W' and Wo(.). Let W' =W + B and WO(AE) = max{x,AE} for
- -0 0

all Ap 1in the interval [éE,AE], while W (AE) =W (AE) elsewhere. The

constraints will still be satisfied. Let A denote the change in the value

of the objective function. A is given by (A2).

(A2) x=w$)-wﬁ)-fg

Ag

Because V" < 0 and W' <x -z, V(W) - V(WY) > BV'(x-z). Utilizing this

V() - Vimax {x,A ) 1£(A_,2)dA,

and the fact that max{x,AE} > x for all Ap yilelds

(A3) A D> BV'(x-z) - [AE V'(x)[Wo(AE) - max{x,AE}]f(AE,z)dAE,
Ap

or

(A4) AD> B[V'(x-2) - V'(x)].

(A4) yields X > 0, which contradicts the idea that the original contract was
optimal. Thus, WO(AE) = max{x,AE} for all Ag. Further, plugging this into
the first constraint yields W o= X - Z.

It is now only necessary to prove i1ii). Given the definition of z*,

the following must be true for any z > z*.
A * fAH £(A_,z) - £(A_,z")]d
(A5) z-z > / (Ag-x) [£(Ag,z gsZ JV1dAg

Let F(Ag,z) = pFy(Ag,z) + (1-p)Fi(Ag,z) for all Ag,z pairs. Integrating

(A5) by parts now yields
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H
(A6) z-2 > [* rapaa,
X

where R(AE) = F(AE,z*) - F(AE,z).
Suppose that the solution to (5) has z > z*, and let us compare that
solution to the solution where the investment in information production equals

z*. Let A again denote the change in the value of the objective function.

A 15 given by

H
(A7) A= V(x-z") - V(x-z) + I V(max{x, A }) [£(Ag,2") = £(A ,2) 1A,
. A
which in turn yields
* * AH
(A8) AD> (z=z W'(x-z ) - | V' (AL DR(A;)dA.
X
(A6) yields
(A9) (z=z*)V* h !
z-z*)V'(x-2z*%) > [~V (Al)R(AE)dAE
X
A, R
+ VI(ADR(A)AA, + ... | V' (A R(AL )AL,
A A
1 n

H
where R(AE) >0 for A, <A <A, R(AE) <0 for A <A < A,

etc. (note it 1is possible that A, = x). Assumption 1 tells us that
H

[ R >0 for a1l A" < X < A" (see Rothschild and Stiglitz 1970 for the

A
definition of a mean preserving spread). Suppose R(Ag) < 0 for all x < Ap

< A;, and thus R(AE) > 0 for all Ay <A <A (the other case follows
similarly). Given what was just stated concerning Assumption 1, this supposi-

tion implies that (A9) can be rewritten as
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(A10) (z-z*) V'(x-z*) > f V' (ALDR(AL )AL
A B
+ { v'(A3)R(AE)dAE + eee { V'(A3)R(AE)dAE.
2 n

Continuously repeating this argument, in turn, yilelds
AH
—pk ] —ek 1
(A1l) (z~2z%) V'(x-z%) > i v (AE)R(AE)dAE.

Comparing (A8) and (All), we now have A > 0. This contradicts the idea that
*
the original contract was optimal and thus z < z .

Now we need only rule out z = 2*. Let 0 denote the value of the

objective function. Given 1), ii), and iv), %%- can be written as
dF(AE.Z)
do
(A12) iz = V(x-2) + f VI(AR) —5— dAL.

Given iv), we know the left hand side of the first constraint is maximized at

z = z*, which vields

A dF(AE,z )
(A13) -1+ f dA; < 0.

X

Using an argument similar to above, this, in turn, yields

dF(AE,z )
(A14) V'(x-2") + f V'(Ap) —5—— < 0.
x
A comparison of (A12) and (Al4) yields %g- x < 0. Hence z < z”. Q.E.D.
z=z

Proof of Proposition 3: Suppose there are two values for Ag, denoted

AL and A, such that To(Aé) = TO(AE) and Wo(Aé) > WO(AE). This violates

the incentive compatibility constraint because Q(Aé,To(Aﬁ)) - WO(AE) <
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Q(AE,TO(AE)) - WO(AE). Thus, there must be a single wage associated with all
values for Ag for which TO(AE) = 5, and a single wage assoclated with all
values for which TO(AE) = U. Call the first wage w05 and the second wage
woU, Further, the above combined with the incentive compatibility constraint
immediately yields TO(AE) = S(U) {if AE >(K) x + WO’S - WQ’U.

The second constraint guarantees that the expected second period wage 1is
greater than or equal to the expected second period output. Thus, WY £x -
z follows from the zero expected profit constraint. This proves 1i).

Suppose w0 S > ﬁs and WO»U > x« Consider an alternative contract

where 2z and TO(.) are as previously and wages equal WY, WO’S, WO’U,

0,5 _ 0,5 _ 70U _ 40,0 Y

where W W Y, -y, and W~ 1s such that the first

constraint holds as an equality. This alternative contract will satisfy all

the constraints for small values of y. Now take the derivative of the

objective function with respect to y (evaluated at y = 0), {i.e.,

(AL5) B =D - rEov ™Y - a-rd, 2w e,
v=0
where A = x + wo»S - WO’U. Given WY < WOsU ana WY < WO’S, (Al15) yields
do
E;' > 0. Therefore, y can be varied in a positive direction from y =0,
y=0

and the value of the objective function will rise while all the constraints
will continue to be satisfied, i.e., the initial contract could not have been
optimal.

Now suppose wosS > WS and WO U = ¢, The incentive compatibility
constraint now ylelds that no one is assigned to task S. This makes 1i)
irrelevant for this case, and means that we are free to set WS equal to

anything we like. v) 1is valid if for this case we let WS = AH.
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The above two arguments prove 1i) and v). Now suppose wo,U > WO’S
- ﬁs. Consider an alternative contract where 2z 1is as previously and wages

equal WY, WO’U, WO,S’ where Wo u wO,S = w03

and ﬁY is such that the
first constraint holds as an equality. Further, let old workers be assigned
according to io(.), where %O(.) is such that the third constraint
continues to be satisfied. This alternative contract will satisfy all the
constraints. Let A denote the change in the value of the objective function

in moving from the initial contract to this alternative contract, i.e.,

0,S

(A16) A= VD - vewYy + vw°’S)

- ¥(&,2) vaw®Y) - (1-r(d,z)) vw®5)y,

or

0,U_0,8

(A17) A > -wD vy - rR,z) W y v’ Sy,

Because To(.) is a more efficient assignment of workers than TO(.), it

must be the case that WY - WY > F(K,z)(WO’U-WO’S). Combining this with the
fact that W < Wo S yields A > 0. Hence, the initial contract could not

have been optimal.

Suppose WO’U = w05 . ﬁs. Consider an alternative contract where =z

-~ A A ~ O S
is as previously and wages equal W, WO’U, WO’S, where wO,S = W7,

WO’U = WO’U -y and WY is always such that the first constraint holds as an

equality. Further, let old workers be assigned according to %0(.), where
io(.) is such that the third constraint continues to be satisfied. This
alternative contract will satisfy all the constraints for small values of Yo
Now take the derivative of the objective function with respect to y
(evaluated at y = 0), i.e.,

do 0,0

(A18) dy

= FQAV' (W) - F(A)V'(W"?
y=0

)e
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Because WY < WO’U, (A18) yields X > O. Hence, the initial contract could
not have been optimal. This proves iii).

Given 1), 11), 111), and v), suppose z > ;(To(.)) > 0. Consider an
alternative contract where To(.), w0,V and W0»S are as previously, while
the investment in information production equals ; and the first period wage
equals ﬁY. Let ; = ;(TO(.)) and ﬁY be such that the first constraint
holds as an equality. It is clear all the constraints will continue to be
satisfied. Let A again denote the change in the value of the objective

function in moving from the initial contract to the alternative contract,

i.e.,
(A19) A= v - V) - (FGR,2) - P&, 1vE%5) - v Y,

Given Assumption 2, (Al19) yields

- - ~ " ~ S 0 i) ,U
(A20) A > WOV Y - [F(,2) - F(R,2) 1% wrw®Yy.
Given the definition of 2z, it must be true that W - W >
[F(A z) - F(A z)](W0 »S_ O U). Hence, (A20) implies X > 0, which means that

the initial contract could not have been optimal.
Now suppose 1z = z(To(.)) > 0. Consider an alternative contract where
0 w0 U 0,S
TV(.), and W are as previously, while the investment in information
production equals WY. Let z =2z ~y and WY be such that the first
constraint always holds as an equality. This alternative contract will
satisfy all the constraints for small values of ¥+ Now take the derivative

of the objective function with respect to y (evaluated at y = 0), i.e.,

Y r
(A21) B =veD - ve% St Eha
y=0 y=0 Y ly=0

Given Assumption 2, (A21) yields
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AY - A
(A22) dof 5 grqyYy ¥ - (W05 y0Uyyr (y0-Uy dE(A, )
dy dy dy
y=0 y=0 y=0

-~ AY
Given the definition of z(To(-)), it must be the case that g;?'

y=0 ~

dF(R,z
(WO’S—WO’U) ——%;4El-y=0. Hence, (A22) implies %$1y=0 > 0, which means that
the initial contract could not have been optimal. Q.E.D.

Analysis of example on p. 19: There are a number of things which follow from

the same arguments as in the proof of Proposition 3. First, there must be a
single wage associated with all values for AE for which TO(AE) = S,
denoted WO’S, and a single wage associated with all values for which TO(AE)
= U, denoted wo» U, Second, TO(AE) = S(U) if Ag > x + w0sS _ wo» U,
Third, WY < x -z (this proves 1)). Fourth, there is a contradiction if
w0»8 > ﬁs and WwO»U > x. Fifth, {if w0»S > ﬁs and W0»U = x, then 11) is
irrelevant and v) is valid. The fourth and fifth points together prove ii)
and v).

For this example any 2z will result in f(AE,z) being a uniform density

function over an interval [é,K], where A 1s an increasing function of =z

A+A
and 5 is independent of 2z and less than x. Further, this implies that
0,S o,u , -
- + 14 - 14 + -
for this example, W axt¥ 7 ¥ A Now suppose WO°U > w0»S - .

Consider an altrnative contract where z 1s as previously and wages equal

W, W00 G008 hare wOU L WS, 3058

= w0V ang ﬁY is such that the
first constraint holds as an equality. Further, let old workers be assigned
according to %0(.)’ where %O(.) is such that the third constraint contin-
ues to be satisfied. Given the equation for ﬁs for this example, all the

constraints will continue to be satisfied. Let A again denote the change in
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the value of the objective function in moving from the initial contract to the

alternative contract, i.e.,

(A23) A= V@) - VD + BA-VE®S) - s@E-ayvwoT)
+ 8(a-Ryvw®: Yy - pE-Ryvw©Sy,
where 8 = :%—- and A' = x + WO’U - WO’S. (A23) reduces to
E-A
(A24) A> (WD) - [2x - Bea) 1000w S )y w005y,

However, because expected second period production under the two contracts is

exactly the same, it must be the case that WY - W’Y = [2x--(K+é)](w0 »U_ 0 8

).
Hence, (A24) yields X > 0, which means that the initial contract could not
have been optimal.

Suppose wo»U wo»S ﬁs. Consider an alternative contract whére z 1is

as previously and wages equal WY O’U, wO,S, where Wo v. O’U - v,

WO’S = WO’S + y, and WY is always such that the first constraint holds as
an equality. Further, let old workers be assigned according to %0(.), where
fo(.) is such that the third constraint continues to be satisfied. This
alternative contract will satisfy all the constraints for small values of Ve

Now take the derivative of the objective function with respect to vy

(evaluated at y = 0), {.e.,

(425) S = sl - GBIV - ™),
y y=0
(A25) yields %g'y=0 > 0, and hence the initial contract could not have been

optimal. This proves 1ii).
Given 1), 11), 141), and v), iv) follows from the same arguments as in

the proof of Proposition 3.
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Footnotes

1Papers which have been concerned with the match between workers and
firms include Johnson (1978), Mortensen (1978), and Jovanovic (1979).

2The fact that there may be a divergence between the actual investment
and the socially optimal investment does not necessarily imply a role for
government intervention. Before coming to that conclusion one would have to
consider the policy tools available to the government, and the inefficiencies
associated with intervention. See Demsetz (1969) for a further discussion of
these 1issues.

3Other related papers include Guasch and Weiss (1982), and Holmstrom and
Ricart i Costa (1984). The differences in approach are as follows. Guasch
and Weiss allow firms to accumulate information concerning workers, but the
information is not used to better assign workers to tasks. Holmstrom and
Ricard 1 Costa also allow firms to accumulate information concerning workers,
but it is the workers who control how much information is produced.

4Since in the model analyzed it is never optimal for a worker to save, I
am in actuality only restricting borrowing. For a related analysis which
employs a less restrictive capital market assumption see Haltiwanger and
Waldman (1985).

5I am assuming here that the information accumulation process results in
a probability density function for AE’ rather than a probability mass
function. This assumption basically serves to simplify the exposition.

6One paper which allows firmé other than the first period employer to
offer contingent contracts is Ricart 1 Costa (1984).

7For the case where information produced is publicly observable, it is
not necessary to specify whether or not task assignments are also publicly

observable. That is, the results of the analysis are the same regardless of
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the assumption concerning task assignments,

8It is being assumed that if the agent making the assignment, i.e., the
social planner or the firm, is indifferent concerning whether the worker
should be assigned to task S or task U, then the worker is assigned to
task U. This assumption is made strictly for expositionalrconvenience.

9Equation (3) does not necessarily uniquely define z*. The text will be
written as if z* were uniquely defined. In the footnotes I will make clear
how the analysis changes if 2z* can take on more than one value.

10One might think the above logic is too simplistic in that firms other
than the first period employer might be able to infer some information about a
worker's ability by either his decision to switch employers (as in Greenwald
1979), or through the worker's wage rate if wage rates are publicly observ-
able. In the equilibrium which follows, however, there is no turnover, and
there is no wage variation among old workers.

g, equation (4) I take advantage of the fact that pAHfH(AE,Z) +

(l—p)ALfL(AE,z) = AEf(AE,z) for all Ag, z pairs.

1218 5 is not uniquely defined (see footnote 9), then 2z can equal
any of these multiple values for z*.

13If for some realization of the worker's ability the second period wage
did not satisfy the restriction, then the worker would be bid away and in
terms of worker utility and expected firm profits it would be as if the
restriction was satisfied as an equality. Thus, following Harris and
Holmstrom I simply assume that the contract always satisfies the restriction.

14If z* 18 not uniquely defined, then 2z is less than the lowest of
these multiple values for z*.

15The typical argument is that when there is firm specific human capital

the investment will be shared by the worker and the firm (see e.g., Becker
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1962 and 01 1962). This isn't the case here because in the model no actual
turnover ever occurs. Note, this is also why Proposition 1 is characterized
by a flat age earnings profile, rather than one which is upward sloping. For
a further discussion of this point see the conclusion.

16The above example is not consistent with the specified model in a
number of ways. However, the only crucial feature is that the investment z =
1/8 18 “"riskier" than the investment z = 1/5, and thus the example is
inconsistent with the spirit of Assumption 1.

7ps in footnote 10, it might again be argued that firms other than the
first period employer might be able to infer some information about a worker's
ability by either his decision to switch employers, or through the worker's
wage rate 1f wage rates are publicly observable. In the results which follow,
however, there is no turnover, and among old workers assigned to the same task
there is no wage variation.

18Assumption 2 is obviously related to the idea that, as the investment
increases, density weight is pushed into the tails of the distribution. The
mean preserving spread assumption (Assumption 1) is also related to the idea
that, as the investment increases, density weight 1s pushed into the tails of
the distribution. However, the two assumptions are not equivalent.

19For the non-strategic case there is a question as to whether or not an
equilibrium exists. In Proposition 3 I ignore this issue, and instead derive
properties which must characterize an equilibrium if one exists.

2oThe following example satisfies both Assumptions 1 and 2.
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