Signaling in Retrospect and the Informational Structure of Markets
Author(s): Michael Spence

Source: The American Economic Review, Jun., 2002, Vol. 92, No. 3 (Jun., 2002), pp. 434-
459

Published by: American Economic Association

Stable URL: https://www.jstor.org/stable/3083350

JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide
range of content in a trusted digital archive. We use information technology and tools to increase productivity and
facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org.

Your use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at
https://about.jstor.org/terms

is collaborating with JSTOR to digitize, preserve and extend access to The American Economic
Review

JSTOR

This content downloaded from
115.79.53.81 on Tue, 15 Feb 2022 09:56:55 UTC
All use subject to https://about.jstor.org/terms


https://www.jstor.org/stable/3083350

Signaling in Retrospect and the Informational
Structure of Markets?

By MICHAEL SPENCE*

When I was a graduate student in economics
at Harvard, I had the privilege of serving as
rapporteur for a faculty seminar in the then-
new Kennedy School of Government. Among
other distinguished scholars, it included all of
my thesis advisers—Kenneth Arrow, Thomas
Schelling, and Richard Zeckhauser. In the
course of that seminar there were discussions of
statistical discrimination and many other sub-
jects that relate to the incompleteness of infor-
mation in markets. One of my advisers came in
one day with the strong suggestion that I read a
paper he had just read called “The Market for
‘Lemons’ ” by George A. Akerlof (1970). I
always did what my advisers told me to do and
hence followed up immediately. It was quite
electrifying. There we all found a wonderfully
clear and plausible analysis of the performance
characteristics of a market with incomplete and
asymmetrically located information. That, com-
bined with my puzzlement about several aspects
of the discussion of the consequences of incom-
plete information in job markets, pretty much
launched me on a search for things that I came
to call signals, that would carry information
persistently in equilibrium from sellers to buy-

" This paper is based on a lecture delivered in Stock-
holm, Sweden, on the occasion of the 100th anniversary of
the founding of the Nobel Prize, when the author received
the Bank of Sweden Prize in Economic Sciences in Memory
of Alfred Nobel. The article is copyright © The Nobel
Foundation 2001 and is published here with the permission
of the Nobel Foundation.

* Stanford Business School, Stanford University, 518
Memorial Way, Stanford, CA 94305. I thank my fellow
recipients of the Nobel Prize in Economics this year, George
Akerlof and Joseph Stiglitz, for their work and their inspi-
ration, and my thesis advisers, Kenneth Arrow, Thomas
Schelling, and Richard Zeckhauser whose ideas and guid-
ance got me launched on the study of market structure
(particularly informational structure) and performance. My
colleagues Edward Lazear and Mark Wolfson gave me a
great deal of constructive input. I also owe a great debt to
James Rosse and Bruce Owen, with whom I learned and
taught industrial organization and applied microeconomic
theory at Stanford. It was a great group of young people and
a wonderful time to be in that part of the field.
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ers, or more generally from those with more to
those with less information.! The issue, of
course, was that signals are not terribly compli-
cated things in games where the parties have the
same incentives, i.e., where there is a commonly
understood desire to communicate accurate in-
formation to each other. Even in that case
(sometimes called the pure coordination case),
however, there are potential problems of choos-
ing among equilibria as illustrated in Thomas
Schelling’s (1960) brilliant analysis of the use
of focal points and contextual information to
solve communication/coordination problems
when the parties have been deprived of the
ability to communicate directly. In markets
where the issue is often undetectable or imper-
fectly detectable quality differentials, the align-
ment of incentives is typically imperfect and the
incentive of the high-quality product owners to
distinguish themselves and the incentive of the
low-quality owners to imitate the signal so as to
obscure the distinction is fairly clear. Of course
there is more to it, as one needs to know such
things as who is in the market persistently and
hence who has an incentive to establish a rep-
utation through repeated plays of the game. I am
going to devote a good portion of this lecture to
these issues, in a sense to revisit signaling, and
then turn to some other aspects of the informa-
tional structure of markets that are raised by the
parameter shifts caused by the proliferation of
the Internet as a communication medium in the
past few years.”

! 1 believe it was Robert Jervis who introduced the terms
“indices” and “signals.” Indices are attributes over which
one has no control, like gender, race, etc. Think of them as
unalterable attributes of something, not necessarily a per-
son. Signals are things one does that are visible and that are
in part designed to communicate. In a sense they are alter-
able attributes. I thought it was a useful set of distinctions
and terminology and I still do.

2 In economics and other social sciences, models abstract
from reality and focus on structural features of organiza-
tions or markets that drive outcomes. There are embedded
and usually unstated parameters that are not the focus of
attention, as they do not normally change. When I refer to
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I was asked recently by a somewhat incred-
ulous questioner (actually, a journalist) whether
it was true that you could be awarded the Nobel
Prize in Economics for simply noticing that
there are markets in which certain participants
do not know certain things that others in the
market do know. I thought it was pretty funny.
It was as if this had somehow been a closely
guarded secret up until about 1970, at least in
economics. I clearly cannot speak for those who
make the decisions about the Nobel Prize, but I
suspect that the correct answer to that question
is no. What did blossom at that time was a
serious attempt by many talented economists to
capture in applied microeconomic theory a
whole variety of aspects of market structure and
performance. That work produced a partial
melding of theory, industrial organization, labor
economics, finance, and other fields. An impor-
tant early part of that effort was the attempt to
capture informational aspects of market struc-
ture to study the ways in which markets adapt,
and the consequences of informational gaps for
market performance.

Therefore, in answer to the question, we no-
ticed that there are many markets with informa-
tional gaps. These include most consumer
durables, virtually all job markets, many finan-
cial markets, markets for various types of food
and pharmaceuticals, and many more. These
informational gaps were widely acknowledged
and those of us who taught applied microeco-
nomic theory freely admitted that these gaps
might change some of the performance charac-
teristics, not to mention the institutional struc-
ture, of markets in which they appear. But I
think it is fair to say that we did not have much
systematic knowledge based on theory of what
those changes might be. And so we thought that
applied microeconomic theory deserved an at-
tempt to build these informational characteris-
tics into models that capture the structure and
performance of these markets with reasonably
accurate assumptions about the ex ante infor-
mational conditions. It was a very exciting time

parameter shifts caused by the Internet, I mean changes in
structural elements that formerly did not change. For exam-
ple, most markets have geographic dimensions and bound-
aries that are implicitly understood and are not the focus of
attention. The Internet however, has moved those bound-
aries by collapsing time and distance in the information/
communication dimensions of markets.
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for all of us who were involved. One of the
wonderful aspects of receiving this award is that
it has triggered in me, and I think others, fond
memories of the sense of discovery and excite-
ment. And in that context, I would like to take
this opportunity to express my admiration and
deep gratitude to the many extant young col-
leagues with whom I worked and shared these
ideas. They should, and certainly in my mind
do, share in the recognition triggered by the
awarding of the distinguished Nobel Prize for
what was accomplished during those years.

The plan for this lecture is as follows. The
overriding goal is not to look too stupid to the
next generation of students and scholars. More
seriously, following the advice that my advisers
once gave me, I will first discuss the simplest
model that I can devise that illustrates in rea-
sonably general form the definitions and prop-
erties of signaling equilibria.® Next, we will
allow the signal (in this case education in the
job market context) to contribute directly to the
productivity of the individual as well as func-
tioning as a signal. Following that, the paper
examines a market in which there is signal-
ing and both separating and pooling in the
equilibrium.

The section after that examines a fairly gen-
eral partial-equilibrium model of signaling and
discusses competitive equilibria and certain
kinds of “optimal” responses to signals.* Those

3 John von Neumann, who deserves to be on a short list
of the greatest minds of the twentieth century, is reported to
have said that you do not understand a theory or an abstract
structure until you have seen and worked through hundreds
of examples of it. Even if he did not say that (and I think he
did), I agree with it. Few people can say that they had the
idea that calculating machines did not have to be hardwired,
that you could store instructions in memory and then exe-
cute them in order: that is, you could build a programmable
computer.

* These optimal responses problems are selection prob-
lems. In insurance markets, they can be moral hazard or
adverse selection problems, and in other contexts they are
agency problems or optimal taxation problems. You want to
confront people with schedules that cause them to make
appropriate choices and in so doing to reveal themselves
and the information that they privately hold ex ante. Gen-
erally the results are below what is achievable with perfect
information, because with perfect information, you do not
have to worry about the revelation problem. These problems
have the economic and mathematical properties of second-
best taxation problems, of which perhaps the first to be
analyzed was the “optimal” income tax problem, by the
Reverend Frank Plumpton Ramsey (1927), though the anal-
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who are more interested in the general idea and
less in the general case can skip over this sec-
tion without risk of missing any important prop-
erties. However this is the section in which the
formal relationship between signaling models
and models of self-selection and optimal taxa-
tion with imperfect information is examined,
and that may be of interest to some readers. I
also want to introduce in that context a new
possibility that I discovered only recently and
that is that one can have a signaling equilibrium
in which the costs of the signal appear to vary
with the unseen ability characteristics in the
wrong way. That is to say the costs of education
(absolutely and at the margin) rise with ability,
or more generally, with the unobserved attribute
that contributes positively to productivity. For
the most part, I will use the job market case for
expositional purposes and comment on some
other signaling situations more briefly later in the
essay. There is a risk in using job markets to
illustrate signaling. In order to illustrate the fun-
damental properties of signaling models, I have
stripped away other features of the market, partic-
ularly in the simpler models. But I have noticed in
the past that there is a tendency for the simpler
models set in the job market context to convey
unintended messages such as (1) education does
not contribute to productivity, or (2) the informa-
tion contained in the signal does not increase
efficiency. This essay is mainly about the theory
of signaling and information transfer in markets,
and not mainly about human capital and labor
markets. There are many who are more knowl-
edgeable about the latter than 1.

ysis seemed to have largely escaped notice until Anthony
Atkinson (1971), James A. Mirrlees (1971), and then others
rediscovered it. The idea is that the taxing authority cannot
directly observe an individual’s earning power (think of it as
maximum potential hourly wage) so it taxes what it can see
and monitor, which is income. This produces a disincentive
with respect to work that could have been avoided if the tax
were based on earning potential rather than actual earnings.
The second-best optimizing calculation then trades off in
the most efficient way disincentives for work and the need
to meet a revenue goal for the taxing authority. The math-
ematics of these problems are sometimes referred to as
optimal control problems and sometimes the calculus of
variations. In later work, Bengt Holmstrom (1979) applies
these models to a labor setting, incorporating Robert Wil-
son’s (1968) work on syndicates (optimal risk sharing).
Here the second-best optimizing calculation sacrifices opti-
mal risk-sharing employees and owners to provide incen-
tives for employees to work diligently.

JUNE 2002

The paper concludes with two sections. The
first of these discusses the ubiquitous use of
time and the allocation of time as a signal and as
a screening device. The second focuses on the
potentially rather large information parameter
shifts that the Internet may have caused and
speculates a little on how applied models of
markets, organizations, and boundaries between
them may have changed and on what is needed
to capture the effects of these parameter shifts in
models of markets and the economy.

I. The Simplest Job Market Signaling Model

The idea behind the job market signaling
model is that there are attributes of potential
employees that the employer cannot observe
and that affect the individual’s subsequent pro-
ductivity and, hence, value to the employer on
the job. Let us suppose that there are just two
groups of people. Group 1 has productivity or
value to any employer of 1, and group 2 has
productivity of 2. In this example, these produc-
tivity values do not depend on the level of
investment in the signal. If there were no way to
distinguish between people in these two groups
then if both groups stay in the market, the
average wage would be 2 — «, where « is the
fraction of the population in group 1, and ev-
eryone would get that wage. If the higher pro-
ductivity group through dissatisfaction or for
any other reason exits this labor market, the
average productivity and the wage drop to 1.
This phenomenon when it occurs is sometimes
called the adverse selection problem, a label
most commonly applied to insurance markets. It
is structurally the same problem that Akerlof
(1970) described in his famous paper on used
cars (lemons).

Now suppose that there is something called
education, which we will denote by E, that can
be acquired or invested in. It is assumed to be
visible, and its acquisition costs differ for the
two types. Let us suppose that the cost of E
years of education for group 1 is E, and the cost
for group 2 individuals is E/2. For this example
I am going to assume that education does not
affect the individual’s productivity. I do this
purely to keep it simple and not to suggest that
human capital, including that acquired through
education, is somehow not relevant. In later
sections, the assumption will be relaxed.

Equilibrium in a situation like this, and in
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general, has two components. First, given the
returns to and the costs of investing in educa-
tion, individuals make rational investment
choices with respect to education. Second, em-
ployers have beliefs about the relation between
the signal and the individual’s underlying pro-
ductivity. These beliefs are based on incoming
data from the marketplace. In equilibrium, the
beliefs must be consistent, that is, they must not
be disconfirmed by the incoming data and the
subsequent experience. Therefore, one could
say that the beliefs must be accurate. But one
should also notice that employers’ beliefs/ex-
pectations determine the wage offers that are
made at various levels of education. These wage
offers in turn determine the returns to individ-
uals from investments in education, and finally,
those returns determine the investment deci-
sions that individuals make with respect to ed-
ucation, and hence the actual relationship
between productivity and education that is ob-
served by employers in the marketplace. This is
a complete circle. Therefore it is probably more
accurate to a say that in equilibrium, the em-
ployers’ beliefs are self-confirming. This may
sound like a minor restatement but it is impor-
tant. It is the self-confirming nature of the be-
liefs that gives rise to the potential presence of
multiple equilibria in the market.

In the example at hand, suppose that group 1
individuals set £; = 0 and individuals in group
2 set E, = E*. Suppose further that employers,
none of whom individually influence invest-
ment decisions by individuals,” believe that if
E < E* then productivity is 1 and if E = E¥*,
then productivity is 2. With these assumptions,
individuals in group 1 will rationally set E = 0
provided that

2 - E*¥<1.

Members of group 2 will rationally set £ = E*
provided that

E*
2 ———>1.

5 Investment decisions are made by individuals in ad-
vance of knowing with whom they will work and employers
are such that none of them individually influences materi-
ally the perceived offers in the market place.
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FIGURE 1. THE TWO-GROUP SIGNALING EQUILIBRIUM

Therefore the choices will be rational and the
expectations confirmed in the market if

1 <E*<2.

Though it is a highly stylized example it has
many of the general properties of signaling
equilibria. There is a continuum of equilibria, in
each of which there is more investment in the
signal than there would be in a world of full
information. Because investment in the signal
dissipates resources without improving produc-
tivity, the result is inefficient. Moreover, the
equilibria are orderable by the Pareto criterion,
that is, as you move from one equilibrium to
another, everyone is either worse off or no
better off. The signal actually does distinguish
low- and high-productivity people and the rea-
son it is able to do so is that the cost of the
signal is negatively correlated with the unseen
characteristic that is valuable to employers, in
this case productivity itself. The equilibrium is
characterized by a schedule that gives the re-
turns to education, that is a wage for each level
of education, and optimizing choices given that
schedule by individuals in the two groups.
The equilibrium is depicted in Figure 1. The
wage schedule is the dark line and jumps from
a wage level of 1 to a wage level of 2 at e*. E*
is between 1 and 2 so that group 1 chooses the
education level 0 and group 2 chooses E*. It is
not essential that net income for group 1 at e* is
negative as it is in this example. We could make
the productivity levels for the two groups 3 and
4. The same signaling result would occur with
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suitable adjustments in the level of the wage
schedule.

There are in fact other signaling equilibria.
For example, there could be a minimal level of
education that group 1 invests in. But unless it is
a productive investment, there is no reason to
think that over time the market would not dis-
cover this and eliminate it as an inefficiency that
can be removed costlessly. In the spectrum of
equilibria described above, probably the most
interesting is the most efficient one. That equi-
librium is the one in which E* = 1 + 8, where
& is to be thought of as a small positive number.
In this equilibrium,

w, =N, =1

w, =2 N,=15-28/2
where N; is income net of signaling costs for
group i.

On the assumption that the market will find
equilibria that are Pareto efficient, one can ask
whether there is a better equilibrium in the Pareto
sense (everyone is better off) than the one de-
scribed above. The answer is sometimes yes. It
involves pooling and it depends on the relative
sizes of the two groups. What is really going on
here is that the market is, in a sense, acting as if it
is trying to maximize the net income of the higher
productivity group. In some cases that is accom-
plished by recognizing that it is too expensive for
that group to distinguish itself. The alternative is
to appear undifferentiated in a pool. That clearly
benefits group 1 as they are mistaken for the
average productivity, which is above 1. As a re-
minder, « is the fraction of the population in group
1. In a pooling situation the average productivity
is 2 — a > 1. Group 1 would clearly prefer it.
Group 2 prefers it as well if

2—a>15-268/2,or
a <0.5(1 = §).

Since & can be made as small as we want, there is
a preferred pooling equilibrium (in the Pareto
sense) if in this example, group 1 is less than half
the population. In general with discrete groups,
pooling with lower-level groups becomes attrac-
tive if they are relatively small, because the high-
er-level groups do not give up too much by being
mistaken for the average and they avoid the sig-

JUNE 2002

naling costs. In a later section I will describe
briefly a case in which one can observe pooling
and separating in the same equilibrium.

If you wanted to make the result in this mar-
ket more efficient than the equilibria described
above, you would tax education (assuming that
such a tax is not costly to impose and adminis-
ter), making it more expensive for group 2, and
thereby make it possible to lower the level of
education without losing the informational con-
tent of the signal. The revenues generated could
be distributed equally to all participants in both
groups independent of their education choice.
The lump-sum component of the tax will there-
fore not affect their signaling behavior.

Let ¢ be the tax rate on investment in educa-
tion and let k be the lump-sum distribution from
the tax revenues. This distribution goes to ev-
eryone. Let the signaling level of education be
E*. Group 1 individuals will rationally choose
not to send the signal if

2-(1+NE*+k<1+k
and group 2 will rationally send the signal if
2-(05+0NE*+k>1+k.

We have an equilibrium then if

1
>
>F >1 g

0.5+1¢

We will pick the efficient end of the signaling
spectrum by setting

1+8
* =
1+t

The lump-sum distribution is equal to the tax
revenues so that

t(1+68)( —a)
k=1

Thus the equilibrium net incomes are
N =1+k

(0.5 + 01+ 8)

N, =2 1+¢

+ k.

As 6 becomes small and ¢ becomes very large,
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k approaches (1 — «), and hence both net in-
comes approach (2 — «). This, the reader will
recall, is the pooling equilibrium outcome in
terms of net income. Here however, there is no
upper limit on the size of group 1, namely «.
Signaling costs (socially) are negligible as E*
approaches zero, though the private marginal
costs of signaling (including the tax) approach 1.

To summarize, one can get rid of the ineffi-
ciency and keep the signaling and the informa-
tional content of the signals with an appropriate
tax on the signaling activity. The effect is to
redistribute income in such a way as to repro-
duce the results of the pooling equilibrium. It
could be that the information the signal carries
is itself productive. In that case it is important
that the equilibrium actually be a separating
one.® That is the case here. Separating is re-
tained in this equilibrium. Groups are correctly
identified. The use of a tax on the signaling
activity reduces the level of the signal required
to distinguish the groups, and hence reduces the
inefficiency of the untaxed signaling equilibrium.

II. The Two-Group Model When Education
Enhances Human Capital and also Serves as a
Potential Signal

It will naturally occur to the reader to ask
what is the effect on the market signaling that
we have just examined, at least in the context
of labor markets, when the signal also contrib-
utes directly to productivity for the individual
worker.” This section addresses the subject by
modifying the two-group model of the preced-
ing section to allow education to be productive.
I will make the model slightly more general in
terms of functional forms. Let s;(E) be the
value of a worker of type I with education E to
an employer. Here / = 1, 2 and we assume that
$5(E) > 5,(E), and s5(E) > s\ (E). Let c(E)
be the cost of investing in E units of education
for group 1 and assume that c,(e) > c,(e), and

6 Information is directly productive, for example, if there
is a job allocation or training decision that is made more
efficiently with accurate knowledge of the type. In that case
the pooling equilibrium would be inefficient.

7 Actually this issue does not just arise in labor markets.
Generally signals can change the value of the product. For
example, in the used car case, a warrantee changes the value
of the bundle, the car, and the warrantee in addition to
carrying information about the product itself.
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FIGURE 2. TwWO-GROUP SIGNALING WITH EDUCATION
AFFECTING PRODUCTIVITY

that ¢{(E) > c%(E). These assumptions simply
capture the idea that the group with the higher
productivity also has the lower costs of signal-
ing. As before, the individual’s type is not di-
rectly observable. We will also assume that
s;(E) is concave, that c,(E) is convex and hence
that the net income function N(E) = s,(E) —
¢;(E) is concave.

There are three qualitatively different kinds
of equilibria in this market. The first is a fully
efficient separating equilibrium. It is easiest to
see the types of equilibrium pictorially. In Fig-
ure 2, we have various forms of net income
plotted as a function of E. Let V, (E) =
§5(E) — ¢ (E). Our interest in the function V
clearly relates to the question of whether group
1 will adopt the group 2 signal and hence create
a problem with the separating equilibrium.

In Figure 2, you will see the functions N,
N,, and V. The points E¥ and E% are the points
that maximize N, and N,. The point E is the
largest value of E such that V is larger than N%,
the maximum value of N,. In Figure 1, you can
see that E% is to the right of E. This means that
as long as the wage offer schedule jumps up
from s,(E) to s,(E) to the right of E, individ-
uals in group 1 will have no incentive to imitate
the signaling behavior of group 2.

This is the fully efficient separating equilib-
rium. The signal carries accurate information,
and the investments in education are the effi-
cient ones. The outcome is as if there was
perfect information in the market place. In es-
sence, the two groups are sufficiently different

This content downloaded from
115.79.53.81 on Tue, 15 Feb 2022 09:56:55 UTC
All use subject to https://about.jstor.org/terms



440 THE AMERICAN ECONOMIC REVIEW

Ne

»
»

E% E% E E

FIGURE 3. TWO-GROUP MODEL WITH OVERINVESTMENT
IN EDUCATION

in terms of some combination of the productiv-
ity of education as human capital and the costs
of education that the fully efficient outcome
survives as an equilibrium. Note however, that
the negative relation between productivity and
costs really matters. If signaling costs were the
same, then the functions N, and V would be the
same and we could not have this market out-
come. When signaling costs are the same one
can never prevent group 1 from imitating group
2 behavior when it is to their advantage to do so.

Now turn to Figure 3. It is essentially the
same picture as Figure 2 except that E% is to the
left of E. This means that if the wage schedule
jumps to s,(E) before E%, group 1 will imitate
group 2 behavior and dismantle the separating
equilibrium. To prevent this we will specify that
the wage schedule jumps up to s,(E) at E + 8.
Subject to a qualification that I will come to in
a minute, this is a separating equilibrium. To
achieve the separation, the group 2 investment
in education is pushed up above the efficient
level, in order for the individuals in that group
to achieve the signaling effect and avoid imita-
tion by group 1. So here we have the same kind
of result that we had in the no-human-capital
case. Here the return to investing in education
has a signaling component and a human-capital
component. The former can push the levels of
investment above the full information optimum.
In the first model the human-capital effect was
zero, leaving only the signaling effect, an as-
sumption that ensures that overinvestment will
occur in any separating equilibrium in which
signaling occurs.

JUNE 2002

There remain two issues. One is whether and
under what circumstances pooling will destroy
the hypothesized separating equilibrium, and
the second is: “Can one tax the signal in such a
way as to improve market performance?” Pool-
ing first. Let « be the fraction of the total
population in group 1. In a pooling equilibrium,
the wage for all will be as,(E) + (1 —
a)s,(E) for any level of E that emerges. This
cannot break a fully efficient separating equi-
librium because group 2 cannot be better off.
Thus if pooling breaks a separating equilibrium
it can only be in the case where the more pro-
ductive group has been forced, for signaling
purposes, above its optimal level of E from the
standpoint of investment in human capital. Let
W(E) = as(E) + (1 — a)s,(E). By making
« arbitrarily small we can make W as close to
s,(E) as we want. Now let us look again at
Figure 2. If you start at E and reduce E and
move to the left and up the curves N, and V, it
is clear that both groups are better off. For small
«, the net income functions W — ¢; and W —
¢, are close to V and N,. Hence for a range of
« at the low end, pooling will break the sepa-
rating outcome. For these cases, the natural
choices of equilibrium levels of E are those that
lie between the education levels that maximize
W —c,and W — c,.

As « rises, eventually the function W — ¢,
will fall below the level of group 2 net income
at the separating point E, at which point the
pooling outcome is not capable of breaking the
separating equilibrium. To summarize, in the
case of an inefficient separating equilibrium,
there exist pooling equilibria that are Pareto
superior to the separating equilibrium provided
the size of the lower productivity group is below
some threshold level. If the market has a way of
finding the pooling equilibria, it will break the
separating one.

We turn now to the problem of improving the
efficiency of the market. We saw in the preced-
ing section that in the case where there is no
human-capital component of productivity, one
can in principle come arbitrarily close to the
efficient outcome through appropriate taxes.
The same is true when the signal adds to the
individual’s productivity as well as functioning
as a signal. We have already seen that in some
cases the market equilibrium itself is efficient in
the sense of maximizing total net income as part
of a separating equilibrium. We now want to
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show that one can achieve the same result in the
case where the higher productivity group has
been forced by signaling considerations to
move above its efficient level of investment in
human capital.

To achieve an efficient outcome, we want to
maximize total net income. To do that we need
to have s} = ¢ fori = 1, 2. To accomplish that
if it is possible, we need a wage function that
induces these choices. The wage function can
be thought of as a schedule of taxes on educa-
tion superimposed on a wage function that sets
wages equal to productivity. Since each individ-
ual in each group considers all possible levels of
E in making its education investment decision,
it turns out to be easier to solve this problem
indirectly rather than directly. Let us suppose
therefore that counter to fact, there is a contin-
uum of types specified by the parameter z,
where productivity for type z is zs; + (1 —
2)s, and costs for type z are zc; + (1 — z)c,.
Let E(z) maximize

z2(sy =) + (1 —2) (s, — ¢3).

Note that E(z) declines as a function of z.
Invert E(z) to get Z(E). If the wage schedule
we are looking for is w(e), then individuals will
have maximized by setting

w'=zc) + (1 — 7)c5.

Substitute Z(E) into the differential equation
above and integrate with respect to E, setting
the constant so that total wages equal total out-
put. This wage schedule and/or the implied tax
schedule will induce the efficient choices of E.®

The reader will notice that the optimal wage
schedule above does not depend on the distri-
bution of z in the population.” Therefore let us
assume that almost all the weight in the distri-
bution is at either z = 0 or z = 1. These are the
two group cases we are studying.

8 Note that w" — [zcT + (1 — 2)c,] = Z(E)[c, — 4] <0,
so that the second-order condition for a maximum is satis-
fied. The optimal tax schedule will actually consist of a
rising tax on education at all levels of education combined
with a lump-sum distribution to everyone so that net tax
revenues are zero. In this example, group 1 will receive a
net subsidy and group 2 will pay a net tax.

° This is a general property of the continuous case, when
the objective is, as it is here, to maximize net income by
inducing the efficient levels of investment in human capital.
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To summarize, with two groups and educa-
tion as productive human capital, one can have
a signaling equilibrium with full efficiency or
overinvestment in education by the more pro-
ductive group. You can also have a pooling
equilibrium that dominates the separating equi-
librium provided that the less productive group
is not too large. And finally there exists a tax/
subsidy scheme that produces a fully efficient
separating outcome as an equilibrium.

III. A Model with Signaling, Selection,
and Pooling®

The model we are going to look at briefly in
this section is of interest for two reasons. First,
it illustrates a case in which there is both pool-
ing and separating components of the equilib-
rium and, second, it shows that the critical
criterion for having a separating component in
an equilibrium is that the net benefits of issuing
the signal are positively correlated with an un-
seen attribute that contributes positively to pro-
ductivity. This positive correlation can result, as
in preceding examples, from signaling costs that
are negatively correlated with the valued at-
tribute. That is a sufficient but not a necessary
condition for a separating equilibrium. In this
very nice example the information is acquired at
a fixed cost and the positive correlation comes
from subsequent discovery of the attribute
post-employment.

The idea behind the model is that the value of
individuals to firms is not directly observed, at
least at the time of hiring. The value which we
will denote by g is distributed on the interval
[Gmins Gmax)- Let the distribution of g in the
population be f(q). Individuals have a choice.
They can work for firms that do not distinguish
among them and hence pay everyone the same
amount. Or they can work for firms that incur an
expense, denoted by e, as a result of which the
firm eventually learns the value of ¢ for the
individual and pays the person accordingly. In
equilibrium this cost, which is the same for
everyone, is passed on to the individual in the
form of a reduction in compensation. Labor
markets are assumed to be competitive. For

'° This example was developed by Edward P. Lazear
(1998). It illustrates nicely the coexistence of pooling and
separating in equilibrium and also a different structural
condition that permits the signaling and selection to occur.
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FIGURE 4. EQUILIBRIUM IN THE SEPARATING AND
POOLING MODEL

those individuals who choose the firms where
they are distinguished, the wage is ¢ — e. If the
individual chooses a firm that does not incur the
cost and does not distinguish among workers,
then the compensation is the average value of
the individuals who work for that firm.

Let us suppose that the average value of the
workers in the pooling firms is g. If we consider
the optimizing decisions of individuals, it is
clear that if

qg—e>gq

then the individual will choose to work for the
separating firm and conversely. Let g* = g +
e. In equilibrium, g is the actual average value
of those who work in the pooling firms, so that

S ain af(q) d
q*-e=——ﬁ%%—g=E@quﬂ

where F(q) is the cumulative distribution func-
tion for the attribute g. The equilibrium is illus-
trated in Figure 4.

Those with ¢ = ¢* receive g and are pooled,
while those with ¢ > g* receive ¢ — e and are
identified and are in the separating part of the
equilibrium. It is possible that everyone will be
pooled. This occurs when e, the cost of discov-
ery, is large enough that q,,,, — e is less than
the unconditional mean of the whole distribu-

JUNE 2002

e+ E(qlqg<q¥)

Irin Equilibrium g* Fimax

FIGURE 5. AN ALTERNATIVE VIEW OF THE EQUILIBRIUM

tion. Another view of the equilibrium is pro-
vided in Figure 5.

Here we plot the functions ¢*, and E(q|q <
q*) + e, as a function of g*. The second
function is upward sloping and will cross the
45-degree line, unless e is large enough to keep
the second function above the 45-degree line for
all g*. The crossover point is the equilibrium
level of g*."!

The signal is the choice of which type of firm
to go to and it is partially, but not completely,
informative about the individual’s value to the
firm. I noted in the first model that the signal
retains its informational content in equilibrium
if the cost of the signal is negatively correlated
with the (hard-to-observe) valued attribute. In
this case, the cost of the signal is a constant
across people but because of the subsequent
discovery and adjustment, the net benefit to the
individual of issuing the signal is positively
correlated with the valued attribute.

It is possible that the information carried by
the signal increases efficiency. That circum-
stance increases the return to going into the
separating side of the market and has the overall
effect of increasing the size of the group that
sends the signal. I should also note that it has
been implicitly assumed here that the informa-
tion about productivity, once it is acquired, is

! While the conditional expected value function is up-
ward sloping, its slope is not necessarily less than 1, and
depends on f(g). It is therefore in principle possible to have
an odd number of multiple crossovers. If there are three, the
middle one will be unstable and the ones at the outside will
cross over with a slope of less than 1 and be stable. To see
this, note that if at some point of time, g* — e > g, then
g* will rise, and conversely.
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public. That would force the employer to pay
the employee his or her productivity minus the
discovery cost. If, on the other hand, the dis-
covery is private, there will be a negotiation
between the employer and the employee over
the net income, and that will have the effect of
lowering the net income of the employee rela-
tive to the case in which the information is
public. Thus one should expect the size of the
pooling component of the market equilibrium to
rise when the discovery is private.

IV. The General Continuous Model'?

I would now like to establish some reason-
ably general properties of signaling models.'?
Following that, we will look at improving the
equilibrium performance of the market through
taxes and subsidies, using the approach of op-
timal taxation with imperfect information. The
variables are n, standing for some attribute that
is (a) not directly observable, and (b) valuable
to employers, and y, which is years of educa-
tion. The latter is observable and may be valu-
able to employers. The functions with need are
S(n, y) which specifies an individual’s produc-
tivity or value to an employer as a function of
education and n, which I will henceforth refer
to as ability. The remaining functions are c(y,
n), which specifies the cost of education as a
function of the same two variables and w(y),
which is the wage offered to an individual who
presents him or herself in the market with edu-
cation of y. Since this is quite familiar territory,
I will proceed fairly quickly. The equilibrium is
defined by two conditions. First, given w(y),
individuals maximize income net of education
costs with respect to y. Thus they maximize
w(y) — c(y, n) by setting

w'(y) = ¢,(y, n).

12 This section is somewhat technical. It is not difficult
mathematics but does require a general knowledge of dif-
ferential equations and the calculus of variations. It is not
essential for those interested in learning the basic properties
of signaling equilibria and can be skipped by readers who
are willing to accept that the properties cited in the earlier
examples survive in the general case. The second-best op-
timizing calculations are of some interest in interpreting
what is going on in the market.

13 Much of the material in this section is taken from parts
of Spence (1974a).
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This holds for all n. The second-order condi-
tion, w(y) — ¢, (y, n) < 0, must hold. The
second condition is that employers’ experience
in the market over time must be consistent with
the offers they are making, so that for all n,

w(y) = s(n, y).

Ignore the second-order conditions for the mo-
ment. Since by assumption s,, > 0, one can in
principle solve the equation above for n in terms
of w and y, say, n = N(w, y). Substituting in
the first-order conditions, we have

1) w'(y) = ¢,(y, N(w, y)).

This is a first-order, ordinary differential equa-
tion. It has a one-parameter family of solutions
that do not cross each other. In principle each
member of this one-parameter family can be
part of a market-signaling equilibrium.'*

If ¢(0, n) = O for all n and if c,,, < 0, then
assuming ¢y, > 0, c(y, n) will be declining in
n and that combined with an upward-sloping
w(y) (without which no one would invest in
education), ensures that y is an increasing or at
least a nondecreasing function of n. Let the net
income function be

N(y, n) = w(y) — c(y, n).

This function has the property that N, is an
increasing function of n, which ensures that if
N, = 0 for a particular value of n, then if you
raise n, N, will be greater than zero and the
maximum will occur at a higher value of y.
Differentiating (1) with respect to y we have

dn

1t — _
w' — ¢, = ¢y dy<0

which means that the second-order condition is
in fact satisfied.
Without being too formal about it, education

!4 The solutions cannot cross because if they did, then
the derivative at a given point in (w, y) space would have
two values, which contradicts the statement that w’ has a
well-defined value F(w, y) at every point. As a conse-
quence, let us assume that the family of solutions is w(y, K)
where K is a parameter. If w, > 0 anywhere, then it is true
everywhere, since to assume the opposite would mean that
the solutions cross.
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or any potential signal transmits information in
equilibrium if its costs absolutely and at the
margin decline as the unseen valued attribute
increases. This is a sufficient condition. In a
later section I will show by example that it is not
a necessary condition.

Since for every level of n, in equilibrium
w(y) = s(n, y), differentiating we have

. dn
w(y)=sy+s,,‘—i—};>sy

because s,, > 0 and dn/dy > 0. This implies that
in equilibrium, the private return to education is
higher than its direct contribution to productiv-
ity, because of the second term in the equation
above. This second term is the signaling effect.
It is the part of the private return to the invest-
ment in education that is tied to the unobserved
level of n. Since w' = c,, the above inequality
implies that s, — ¢, < 0, so that in equilibrium
for all n, the investment in education is higher
than it would be with perfect information. If n
were observable, then individuals would be paid
s(n, y), and they would select education to
maximize s — c by setting s, = c,. Note that
if s,, = 0 for all n, then the signaling effect goes
away. The attribute n is still unobservable to
employers, but individuals make efficient edu-
cation investment decisions as they have the
information they need to make the investment
decision optimally, and they are the only ones
who need that information.

As noted earlier, there is a one-parameter
family of equilibrium wage schedules that do
not cross. Let the parameter be k and denote the
schedules by w(y, k). As the solutions do not
cross, without loss of generality we can assume
that w, > 0. Net income to the individual is
N = w — c. Differentiating partially with
respect to k, with n held constant, we have

(2) Nie=w,+ (w, — ¢,)(8y/9k) = w, > 0.

Thus a shift from one equilibrium to another
makes everyone better or worse off together.
The equilibria are orderable by the Pareto cri-
terion. What happens as one moves from one
equilibrium to another is that the extent of over-
investment in the signal is increasing or declin-
ing for everyone. I have to confess that at the
time, even after discovering that there might be
multiple equilibria, I did not expect that there

JUNE 2002
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FIGURE 6. A FAMILY OF EQUILIBRIUM WAGE SCHEDULES

would be such a simple relationship among
them in terms of market performance.

We can use (2) above and the fact that w =
s to derive the effect of a shift in the equilibrium
on the levels of investment in education. N =
w — ¢ = s — c. Differentiating with respect to
k, holding n constant, and using (2) we have

ay Wy
— =L _<o.
k= Gy—cn 0

Finally, from the equilibrium condition w' =
Cys differentiating with respect to k with n fixed,
we have

__ |9
wa=—|¢ (wy, — ¢,,) <O.

This gives us a pretty complete picture of what
happens when the equilibrium wage schedule
shifts up. It becomes flatter, inducing lower
levels of investment in education. Average
wages decline and average education costs de-
cline more, so that net incomes rise and every-
one is better off. Figure 6 represents the family
of equilibrium wage schedules. As they rise,
they become flatter and the range of investment
in education shifts to the left. Figure 6 shows
the range of investment in education for each of
the schedules. As the schedules rise and become
flatter, the ranges of investment in education
move to the left, that is, they fall.

While it is perhaps interesting to note that the
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signaling effect causes overinvestment in the
signal by the standard of a world in which there
is perfect information, that is not the world we
live in. Thus it may be more interesting to
examine the equilibrium outcomes in compari-
son to various second-best outcomes that ac-
knowledge that there is an informational gap
and asymmetry that cannot simply be removed
by a wave of the pen.

I will begin by looking at the maximization of
total net income. Here as we shall see, one can
achieve the efficient levels of investment in
education for all n. The required tax in effect
undoes the signaling effect. The reason that this
is a clean case is because a dollar of net income
is of equal value regardless of the recipient; we
do not get into the business of trading off in-
come distribution against the objective of effi-
ciency. Following this brief analysis, we will
look at social welfare functions that are not
linear in net income. For these, there will be
a trade-off between efficiency and distribu-
tion. I will show that the market outcome is
more akin to the outcome of maximizing a
convex (that is to say antiegalitarian) social
welfare function. This is not a surprising
result since the function of signaling is to
distinguish low- from high-productivity indi-
viduals, which results in a move away from
egalitarian outcomes. I do also want to em-
phasize at the outset that the purpose of this
analysis is not to propose or promote taxing
or subsidizing signals but rather to help shed
additional light on the properties of the com-
petitive equilibrium.

V. Maximizing Total Net Income

We will assume that the unobservable at-
tribute n is distributed in the population accord-
ing to the density function f(n), and the
cumulative distribution will be represented by
F(n). The total net income then is

3) J " NGy, n)f(n) dn.

n

Here N(y, n) = w(y) — c¢(y, n) as before. The
constraints are two. Individuals choose ratio-
nally so that w’ = ¢, and total gross wages have
to equal total productivity or value generated to
employers:
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4) J w(y)f(n) dn=j s(y, n)f(n) dn.

n n

Our goal here is to select a schedule w(y) that
causes education choices y(n) for each n, that
maximize total net income, net, that is, of edu-
cation costs. This is actually pretty straightfor-
ward. Using (4), we can replace w(y) in (3) and
choose y(n) to maximize

J’ (s(y, n) — c(y, n))f(n) dn.

n

This is the simplest form of a calculus of vari-
ations problem.'> The solution is a schedule
y(n) that causes s, = c,, for all levels of n. The
reader will note that the implied levels of in-
vestment in education are those which would
occur if n were observable, that is, in the hypo-
thetical world of perfect information. They are
therefore also the efficient levels of investment
in education for each n: education is invested in
up to the point where at the margin its direct
contribution to productivity (the human-capital
effect) is equal to the marginal cost. That is to
say, to maximize net income, the wage schedule
is set so as to remove the signaling effect,
though education still carries the information
and acts as a signaling. The private part of the
return to the signal (which has to do with dis-
tinguishing one individual from another
and hence falls into the zero-sum/redistribution
aspect of the market mechanism) is simply re-
moved by the optimal tax or wage schedule. To
find the required wage schedule, you invert the
optimal schedule y(n) to r(y), substitute that in
the optimizing condition w'(y) = ¢ (y, r(y)),
and integrate to get

G) w)=w()+ J'y ¢,(v, r(v)) dv.

0

The parameter w(0) is then set to cause the
breakeven condition (4) to be met. Individuals

!5 A good treatment of the calculus of variations can be
found in Courant. You displace y by 86 (n), differentiate
with respect to 8 and insist that the result be equal to zero
for all 0(n). This gives us fz (s,—¢,)0(n)f(n) dn = 0.
That in turn implies that s, = c, for all n.
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are likely being paid their productivity in the
marketplace, s(y, r(y)). Therefore one can get
to the desired result by imposing a tax/subsidy
on education of #(y) = s(y, r(y)) — w(y),
where w(y) is defined by (5) above. If you
differentiate #(y) with respect to y you have

t'(y) = s, + s,r' — w'
=s,—c,ts,r"=s,r.

The last term in the equation is the signaling
effect at the margin of a change in education.
This then says that the optimal tax at the margin
is equal to the signaling effect. It takes that part
of the private return to education away, leaving
only the human-capital effect or the direct con-
tribution to productivity.

One can also achieve the same result with an
income tax. Let income be I. Its relation to
education is given by I = s(y, r(y)). Invert
that function to get y = Y(I) and then set the
income tax T(/) equal to I — w(Y(I)), where
again w(y) is defined by (5). Individuals will
select income so as to maximize I — T(]) —
c(Y(D), n) = w(Y(I) — c(Y(I), n), by setting
w' = ¢, which is the desired result.'®

It is interesting for those of us who live in the
United States that to a first crude approxima-
tion, our education costs are roughly similar in
form to the efficiency-inducing tax schedule.
Lower levels of education are subsidized and
these subsidies decline at college and university
levels because of the existence of a large private
sector in higher education.

V1. Second-Best Optima with
Asymmetric Information

We turn now to a brief examination of the
effects of investment in education and on net
incomes of maximizing some social welfare
function. As before, N = w(y) — c(y, n) is net
income and n is distributed in the population
according to f(n). Let V(N) be the social value
of net income of N to any individual. For the
moment, we will place no restrictions on V(N)

16 This analysis assumes that there are no adverse incen-
tive effects of an income tax in terms of the choice between
work and leisure. If there are such effects, then taxing
income and taxing the signal are not equivalent in terms of
the outcome.

JUNE 2002

other than that it is upward sloping—more net
income is better. We will adopt an additive
social welfare function:

Z= f’l V(N(n))f(n) dn.

n

For the moment, we will make no assumptions
about the shape of V(N) except that it is upward
sloping. The objective is to maximize Z subject
to two constraints. One is that individuals make
a rational choice of education

wi(y) = ¢, (y. n).

The second constraint is that gross wages add
up to total output or productivity:

©) f " (w = $)f(n) dn = 0.

n

Let us suppose that the particular function w( y)
that is chosen induces a choice of y = r(n) for each
level of the unobserved characteristic. Differen-
tiating N(y, n) totally with respect to n gives

7 dN —_ t t j— ~, O
( ) dn - (W cy)r Cp = Cp =~ U,

Let N(n) = K. Integrating (7) with respect to n
we have

8 Nk =K- Jﬁ c,(r(u), u) du.

n

Noting that w = N + ¢, and substituting in (6)
the condition that total wages equal total pro-
ductivity across the whole population, we have

)

K= f” s—c+ fﬂ c,(r(u), u) du |f(n) dn.

n n

The point of all this is simply to get rid of the
function w(y). Thus we imagine selecting an

This content downloaded from
115.79.53.81 on Tue, 15 Feb 2022 09:56:55 UTC
All use subject to https://about.jstor.org/terms



VOL. 92 NO. 3

upward-sloping function y = r(n) to maximize
Z. By using (8) and (9) we are assured that both
constraints in the problem are satisfied, and the
wage or tax schedule is nowhere in sight. We
can calculate it later using the optimal schedule
r(n) by inverting that schedule to n = h(y),
substituting for n in w' = ¢, and integrating to
get the w(y) that induce the signal choices that
solve the optimizing problem.
The solution to the problem is:'’

10) (s, —c,)f

_ ; -
J Vif du

JﬁV’fdu

n

- = o

=c, X|F(n) -1+

If V/(N) is a constant so that V(N) is linear, then
the right side of (10) is zero. This is the case we
have just looked at, where total net income is
maximized by inducing the efficient choices of
investment in education. It is just a special case
of the more general problem and in that case,
the optimal schedule is defined by s, = ¢, for
all n.

If V(N) is very concave so that the first
derivative falls rapidly, then at the limit the only
thing that matters is the net income of the peo-
ple with the lowest net income. This case is
normally called the maximin case. In this case
(10) becomes

(11 (s, — ¢,)f = —c,,(1 = F).

The right side of (11) is positive, which means
that investment in education is below the effi-
cient and full information level. At the top of

" The derivation of this is another application of the
calculus of variations. You displace the function r(n) by
860 (n), differentiate the whole thing with respect to §,
and set the result equal to zero. After some reversing of
orders of integration, you end up with an equation of the
form [* Q(r(n), n)8(n) dn = 0. Since this must hold for
all functions 6(n), the optimizing condition is Q(r(n),
n) = 0. The application of all that to this case yields
condition (10).
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the range of n, (1 — F)/f approaches zero and
the investment in education is efficient.'®

The maximin outcome in terms of investment
in the signal is also the result that would obtain
if there were a monopsonist purchaser of labor
services. The reason is that the monopsonist
wants to maximize the difference between pro-
ductivity and gross wages, subject to the con-
straint that the net income of the individuals
with the lowest net income not fall below some
prespecified level. Thus the solution to the mo-
nopsonist’s problem is to maximize the net in-
come of the lowest level and then take it all
away by lowering w(y) uniformly across all
education levels. Mathematically you are just
reversing the objective function and one of the
constraints.

The opposite extreme occurs when the wel-
fare function is extremely convex so that its
slope rises rapidly. In the limit that would mean
valuing only the net incomes of those with the
highest net incomes, the maximax case. In this
case, the optimizing condition (10) becomes

(12) (s, — ¢,)f = c,,F.

In this case, the right side of (12) is negative,
implying that like the market equilibrium with
imperfect information, the investment in educa-
tion goes beyond the point at which the direc-
tion contribution to productivity is reached. At
the bottom end of the range of n, F/f ap-
proaches O and thus at the lowest levels the
investment in education is efficient.'®

For the cases where v(N) is not approaching
an extreme (Very convex or concave), one can
see from (10) that the right side approaches zero
when n approaches its minimum and its maxi-
mum values. Provided that f(n) does not go to
zero at the extremes, this would mean that at the
end values of n, investment in education is
efficient, that is s, — ¢, = 0. This is generally
not a feature of the competitive equilibrium, and
thus we may conclude that the competitive equi-
librium is generally not the solution to some
optimizing problem with this form of social
welfare function. It is possible to rewrite the op-
timizing condition (10) in the following form:

'8 This follows from the fact that (1 — F)/f is the
reciprocal of the derivative of —log(1 — F).

!9 This follows from the fact that F/f is the reciprocal of
the derivative of log(F).

This content downloaded from
115.79.53.81 on Tue, 15 Feb 2022 09:56:55 UTC
All use subject to https://about.jstor.org/terms



448 THE AMERICAN ECONOMIC REVIEW

(sy - Cy)fz _Cyn[l - F]
E(V'|lu > n)
<1 - 2]

where E(*|—) is the conditional expected
value. For concave functions the term in the
large square brackets on the right is always
positive and thus investment in education is
below the efficient level for all n except possi-
bly at the end points. For convex welfare func-
tions, the derivative is rising and thus the term
in square brackets is negative. The levels of
investment in education exceed the efficient
ones.”°

If you stand back from all this, the general
pattern is fairly clear. The market equilibrium
produces overinvestment in the signal because
of the signaling effect, which is a private benefit
to the investor, but yields no social benefit as its
function is purely redistributive. The redistribu-
tion occurs in the direction of increasing the
gross and net incomes of those with higher
levels of education and productivity and hence
income, the market equilibria tend to look more
like the solutions to a second-best optimizing
problem with a convex social welfare function.
These, not surprisingly, are the welfare func-

20 Those familiar with optimal tax problems will recog-
nize the form of this optimizing condition. In the income tax
problem, individual welfare measured in dollars is u(w,
1) = wl — t(wl) — h(l — 1), where w is income per hour
worked, / is working hours, and #(wl) is a tax on income,
and / is a constant, which one can think of it as the total time
available. Individuals maximize u with respect to / by
setting w — t'w — h' = 0. The government has a revenue
constraint so that 7 tf(w) dw = K. If v(u) is the welfare
function then we want to maximize [ v(u) flw) dw. Here
you change the optimizing schedule to y(w), get rid of tax
function #(y) by noting that du/dw = h'y/w?, impose the
revenue constraint to determine u(0), and the displace the
function y(w) to find the optimum. The optimum is
achieved when

hl yhll hl
f[l‘;] =[1‘7]7
X (1— F)(l - _——_—E(UElZi w)>

Note that if v(u) is linear, then the right side of this equation
is zero. Work leisure choices are efficient and the govern-
ment revenue is raised by a lump-sum tax, which does not
distort the work-leisure choice.
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tions that weight higher net incomes more
highly than lower net incomes.

VIL. The Case of Education Costs Rising with
the Unseen Attribute: Signaling Costs Vary the
Wrong Way with Respect to Productivity

The standard case of signaling in which the
signal has the capacity to survive and retain its
informational content occurs when there is an
unobservable attribute that is valuable to buyers
(in the examples we are looking at, employers)
and the costs of undertaking some activity that
is observable are negatively correlated with the
valued attribute. The labor-market examples,
however, are slightly more complicated in that
the unobserved attribute contributes to the indi-
vidual’s productivity and so does the signal.
Thus, whatever the unobservable attribute is, it
has two sources of value. One is the direct effect
on productivity and the other is that lowering
the costs of acquiring human capital also has
value. Up to this point we have assumed that all
of this works in the same direction. But it is
possible that attributes that lower the cost of
acquiring education might not be those that
enhance productivity or might even be at-
tributes that have a negative effect on produc-
tivity. We know that if S, = 0, then you can get
a signaling equilibrium, though in that case the
signal is not needed: it simply identifies ex post
those with lower education costs and hence
higher levels of education.

The question I pose now is: can you get a
signaling equilibrium when c,,, > 0, assuming
that s, > 07 From the analysis of equilibria, we
know that the second-order condition for the
individual’s choice of education is satisfied only
if w' — ¢, = ¢,, dn/dy < 0. This means that if
Cyp > 0 one can have an equilibrium with
signaling only if dn/dy < 0. So the question is:
can that happen? The only way it could happen
is if the human-capital effect is large in the
sense that it overrides the negative signaling
effect. Thus if s, = 0, it certainly cannot hap-
pen. The signal makes no direct contribution to
productivity and sends the wrong message
about the unobserved attribute. Everyone will
set y = 0. But the answer to the question posed
above is: yes, provided that the human-capital
effect is large enough to override the negative
signaling effect. There can be signaling equilib-
ria in which signaling costs rise with the level of
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the unobserved attribute that contributes to pro-
ductivity. I will demonstrate this by example in
a moment. Intuitively this should make sense if
the human-capital effect is big enough, because
then the attribute that is of real value to the
individual and to the employer is the one that
drives education costs down. The key is that the
wage schedule has to be upward sloping in the
signal, and this can happen if s, is big enough
even if s, < 0. In this context, the correct
statement about the condition that allows for a
signaling equilibrium is that the net benefit of
acquiring the signal has to be positively corre-
lated with the gross effect on productivity. This
could happen in segments of the population if
very talented people face high opportunity costs
associated with spending time on education.

This case may or may not be interesting from
an empirical point of view, but it does illustrate
that the more general formulation of the condi-
tions for signaling are in terms of gross and net
benefits and not just signaling costs. I did not
realize this when I first worked on signaling
equilibria. I thought then that the absence of the
intuitively plausible negative cost correlation
condition would destroy a signaling equilib-
rium. It is also of potential interest because the
signaling effect is reversed. If c¢,,, > 0, then in
equilibrium if there is signaling, dn/dy < O,
and thus

, dn
w =sy+s,,@<sy

Therefore the negative signaling effect causes
the private return to education to fall short of the
social return and hence causes underinvestment
in education.?! It remains to show by a con-
structive example that this can happen at least in
the theory, and perhaps also in the world.

We will show that this can happen with an
example. Let s(n, y) = ny®, and let c(y, n) =
n®yP, where a < 1. Following the standard
equilibrium analysis, we have

(13) w'=c, = BnyP .
In addition w = ny®, or n = wy ™. Substitut-
'] thought Gary Becker whose pioneering work in

human capital, household production functions, and much
more, might appreciate this result.
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ing in (13), we have the differential equation
in w(y) that defines the equilibrium wage
schedules:

w—awt — By(B— l—ae)'

One of the solutions to this differential equation
fae22
is:

W(y) = Ky(ﬁ —ad)/(1-a)

where K is a constant. If you then proceed to
determine equilibrium choices of education,
they are given by

y(n) = Tn(- a)/(B - 6)

where T is another constant. The second-order
condition is satisfied and this all works if dy/
dn < 0 and this will in fact be the case provided
that @ < 1, and B < 6. That is to say, signaling
occurs and there is a separating equilibrium, if
the elasticity of productivity with respect to
education is larger than the elasticity of educa-
tion costs with respect to education. Or in sim-
ple ordinary language, education is productive
enough to justify its costs and override the neg-
ative signaling effect.

Another way to think about these relation-
ships and this case is to change the unobserved
variable from n to t = n — n, where n is the
highest level of n. In effect this defines the
unobserved characteristic to be that which low-
ers education costs. Now investment in educa-
tion will rise with ¢, provided there is a
separating equilibrium, because c,, < 0. But
the effect of ¢ on productivity is now negative,
and if that effect is strong enough relative to the
human-capital effect, then that will prevent a
separating version of the signaling equilibrium.
The reason is that unless the human-capital ef-
fect is large enough, the signaling effect will
cause the wage function to be downward slop-
ing in y. There will be a pooling equilibrium at
y = 0 and that of course entails in the hypo-
thetical example, reasonably dramatic underin-
vestment in the potential signal even though it is
productive human capital.

22 As this is simply an illustrative example, there is not
much point in studying all the equilibria in the example.
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VIII. The Information Contained in the Signal
Can Improve Productivity

It should be noted that the information carried
by the signal can be productive itself. This will
occur if there is a decision that is made better or
with greater efficiency, with better information.
In the job market context, one could build this
in as follows. Let productivity be v(n, y, d),
where d is a decision that the employer makes.
It could be a decision about what type of job to
assign to someone or a decision about required
training. One can interpret the preceding anal-
ysis then, at least for equilibria in which the
signal carries information in equilibrium, as
s(n, y) being the maximum of v(n, y, d) with
respect to d for each level of n and y. Note that
this component of value is different from the
human-capital effect. Unlike the human-capital
effect, this element of value only exists if the
signal is carrying information in equilibrium.
You would lose it in a partial or complete pool-
ing equilibrium even if that equilibrium in-
cluded investment in education.

In situations like the Lazear model that we
examined earlier, in which there is both pooling
and separating components of the equilibrium,
the addition of a decision that is made better
with information will cause the value of the
signal to rise, or more accurately the net benefits
to rise. Those net benefits are passed on to
individuals by virtue of competition on the
employer side. Thus the relative sizes of the
separating and pooling components of the equi-
librium will shift in favor of the separating part.
More people will opt to go to the firms that
incur the expense of monitoring and learning
productivity over time.

IX. Time and the Allocation of Time as a Signal
and a Screening Device?*

The principles that govern the survival of
signals in markets can be applied to other con-
texts. The kind of mixed or imperfectly aligned
incentive structure that characterizes markets is
common in many situations. In particular, situ-
ations in which individuals have an unknown or
imperfectly perceived level of interest in some-

23 Part of this section is based on a nearly unknown
(probably for good reason) paper (Spence, 1973b).
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one or something are ubiquitous. In these situ-
ations, one frequently observes that time spent
by the individual is taken as a signal of interest.
Literature and everyday experience suggest that
the allocation of time is a ubiquitous and per-
sistent signal sometimes used deliberately as a
screening device.

The persistence of spending time as a signal
of interest in something is a reflection of the
fact that time is in short supply and everyone
knows it. There is a nonzero shadow price on
time, and hence the use of it in pursuit of some
person, goal, or interest must mean that some
implicit net benefit test has been passed for
those who spent the time and failed for others
who did not.

The use and interpretation of time as a signal
is complicated and enriched by the accurate
observation that there are both perceived and
actual differences across people in the shadow
price on time. These differences are used to
interpret the signal. The allocation of a small
amount of time by an individual with a high
perceived shadow price on time has the same
weight as a larger allocation of time by an
individual with a lower perceived shadow price.
As an example, those who have had visible
leadership positions in virtually any organiza-
tion know that the events they attend are taken
as signals of interest and support and, con-
versely, when they do not show up, they delib-
erately and sometimes inadvertently signal a
lack of interest, support, or enthusiasm. It is
noteworthy that the informational content of
these common signals is not necessarily related
to whether the individual (the signaler) is actu-
ally needed or has a role at the event. In fact,
having a role at the event can dilute the signal
because it complicates the interpretation of the
reason for the leader’s presence.

Time is also routinely used as a screening
device or as part of the price of admission to
events at which the number of places is in short
supply. For entertainment and sporting events it
is common to find that a mixed system that
involves both price and time is used to allocate
the limited number of places at the event. The
question that I address briefly in this section is
why the mixed system would be used in pret-
erence to the pure price system. The intuitive
answer is that willingness or ability to pay may
be a poor signal of real interest in the event, not
withstanding the fact that failure to use the price
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system is inefficient for two reasons.’* The
mixed system allocates places or access to those
who would (and often do, if there is a sec-
ondary market) sell the place to someone with
a higher willingness to pay—when that hap-
pens both parties are better off. Second, the
time that is used to acquire the places is a
deadweight loss under most circumstances.
Notwithstanding the clear problems with the
failure to use the price system, the use of the
mixed system is very common and must mean
that some objective is being pursued that is
not respectful of the current distribution of
income. For if the distribution of income is
viewed as optimal, it is hard to conjure up a
rationale for incurring the costs of the mixed
system mentioned above.

I am going to use a simple example to look at
the effects of using a mixed system for this class
of resource allocation problems. It is not meant
to be a general model, but rather to suggest what
parameters are important in determining the
performance characteristics of the outcome.

Let the value attached to an event by an
individual be 6. One can think of this as a dollar
valuation based on a roughly equal distribution
of income, or one can think of it as a measure of
value in a pure time system. What it is not is a
current willingness to pay for access to the
event. It is uniformly distributed in the popula-
tion, on the interval [0, 1]. The value of money
is A. It also is distributed uniformly in the pop-
ulation on the interval [0, 1]. The assumption
about the value of time at the margin is that it is
equal to G — aA. If the parameter a is zero,
then it is a constant, if a > 0, then the marginal
value of time is negatively correlated with the
marginal value of income, and the converse is
also true. The fraction of the population that can
have access to the even is N, and we will
assume that N < 0.5. Finally let p be the
monetary price for access to the event and let T
be the time price.

The set of people who attend the event is the
people with combinations of (6, A) that satisfy
the inequality

24 There are performers who want people with a genuine
interest, and not just those with an interest and high in-
comes, at the events, and who feel that the quality of the
event is affected by interaction between the performer and
among members of the audience.
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FIGURE 7. COMBINATIONS OF PRICE AND TIME TO RATION
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Let S = GT and R = p — aT. Then the
inequality above becomes

00— RA—S§5=0.

LetA = {(6, A): 6 — RA — S = 0}. Then
because of the fixed supply, the area of the
region associated with A has to be N.

Figure 7 is useful in analyzing the choices.
Each of the lines inside the unit square rep-
resent combinations of R and S, so that the
area above the line is N. The line through the
origin represents the pure price system. As
the time price T is raised, S rises and R falls.
It is easy to see without a complicated proof
that as T rises, the average value of 0 is rising
while the total numbers stay the same, so that
the total gross value to consumers is rising.
This continues until the line goes flat, at
which point R = 0. It is also clear that the
increases are largest for low levels of T or S,
because initially one is trading low levels of 6
for much higher levels.

It is possible that the mixed time and price
system is commonly used simply to achieve this
result, namely allocating the spots to those who
attach the highest value to them, and that who-
ever makes these decisions does not think about
or care about the deadweight cost of the time
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component of the price. But perhaps a more
interesting question is whether the use of the
mixed system ever increases the net benefits.
We will assume that the dollar revenue is dis-
tributed in a neutral way so that the price com-
ponent of the access charge generates neither
net benefits or costs. The time component of the
access charge however generates a deadweight
cost.
The net benefits are

Z= 0 SN+aS A
= G .
A A

The second two terms are the deadweight cost
of the time component of the access charge. We
have already observed that the first term, the
gross benefits, are a rising function of S = GT,
reflecting the use of time as part of the alloca-
tion mechanism. This is true independent of the
sign or size of the parameter “a.” Moreover, one
can see from Figure 7 that starting at S = 0, the
gains from increasing S, or T, are largest at the
start (that is near S = 0) because as the lines
rise and rotate right, low average levels of the
valuation parameter 6 are being knocked out
and high ones are being brought in. The differ-
ence between the exits and the entries steadily
declines as S increases, and the lines become
flatter.

This brings us to the question of whether the
net benefits also increase at least over some
range as s increases. It is somewhat tedious but
not difficult to show that in this example that the
slope of gross benefits at S = 0 is

dj@
A 1

s =3 N

s=0

The derivative of net benefits at § = 0 is?’

25 These results follow from the following facts. For
R+ S>1,R = (1 — $)%2N, gross benefits are (1/R)[(1/3) X
(1 — 8% — (5/2)(1 — $?), and the deadweight time cost is
(2/3)N*[aS/G(1 — S)] — SN. Similarly, when R + S < 1,
which occurs as S becomes larger, R = 2(1 — § — N), gross
benefits are (1/2)[(1 — $?) — RS — (R?/3)], and the deadweight
cost of the use of time is [(1 — s)/2] — R/3. WhenR + S =1,
the line that separates those who are admitted from those who
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If the parameter a is zero, then one can see that
in this example, the deadweight costs outweigh
the gain in gross benefits. However if “a” is
positive and large enough, then the net benefits
rise at least over some range. Why should this
occur intuitively? Here price is a badly flawed
signal of value. Time, if its marginal cost is
uncorrelated with price, is a better signal of
value, but not good enough to overcome the
deadweight cost. But if the marginal cost of
time is negatively related to the marginal value
of income, then the combination of price and
time is a much better signal of value. And if
marginal time costs fall quite rapidly as the
marginal value of income increases, then the
cost of the time that is needed to screen out the
high-income-low-value purchasers is relatively
low.

To illustrate, Figure 8 shows the value of net
benefits as a function of S, for a case in which
G =2,N = 0.25 and a = 14. Here the reader
should ignore the higher levels of S, as they are
associated with negative prices. Above a certain
level of S, or time cost, the model starts redis-
tributing income, which is counter to the spirit
of the analysis.?

are not goes through the point (1, 1) which is why the formulae
shift at that point.

26 The existence of secondary market will to some extent
reduce the benefit of the mixed system because it will draw
into the primary allocation system entrepreneurs who are
there to use their relatively low valuation on time to make
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To summarize, while this simple example
hardly disposes of the issue of how markets go
about trying to solve complex allocation prob-
lems in a world of imperfect information, it
does, I hope, suggest that the kinds of mixed
systems that we observe in reality may be quite
innovative solutions to these problems and
probably should not be dismissed in all cases as
mistakes made by people who do not under-
stand the virtues of the price system. There may
even be more interesting and less wasteful
alternative currencies, such as hours spent in
public service work, that could be used in con-
junction with the price system to allocate highly
valued access to important events. While such
alternatives might not be as effective as time in
undoing the effect of the price system, they may
also have considerably less deadweight cost as-
sociated with them.

X. The Internet and the Changing
Informational Structure of Markets

The proposition that the Internet (or more
accurately, its relatively recent accessibility to a
broad spectrum of users) has changed the infor-
mational structure of many markets, industries,
and economies is probably not controversial.
One could argue about how rapid the change
has been from quite sudden on the one hand to
a gradual evolution from the telegraph (which
was the first time that communication over dis-
tance did not require the physical movement of
something and hence became, in a certain sense,
nearly instantaneous) through radio, the tele-
phone, television, fax, etc., on the other. It has
also been easy for some to dismiss all of this as
a fad, relying on the boom-and-bust cycle that
we have just observed. But in my judgment that
would be a mistake. We know from the eco-
nomics of information that there are periods in
which enough has changed so that we operate in
a data-free environment, that is, one in which
there is temporarily little or no relevant data to
constrain expectation. The data trickle in and
the beliefs and expectations start to line up with
reality again.

The more fundamental point is that investors

an arbitrage profit. They will bid up the price required to
clear the primary market and hence drive some of those with
high gross valuations of the event from that market.
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and others were probably not wrong about the
ultimate effect of this technology on markets
and the economy, but almost everyone overes-
timated the speed with which individuals and
organizations change their behavior, and we
also underestimated the amount of difficult
technical infrastructure that needed to be built in
order to have the foreseen outcomes become a
reality. We would undoubtedly have been better
off if we had reminded ourselves of the impor-
tant work of the late Zvi Griliches (1977) on the
diffusion of innovation, as that would have
caused some questioning of the assumption that
what very intelligent people can foresee will
come about quickly. I wanted also to recognize
Zvi’s work as an early and very important ex-
ample of behavioral economics.

Nevertheless, there are powerful forces driv-
ing the outcomes and changing the informa-
tional structure of markets. Three of the most
important are Moore’s law, Metcalfe’s law, and
the dramatic reduction of the noise to signal
ration in fiber-optic cable resulting in very large
expansions in the throughput capacity of these
pipes measured in signal processing terms.
Moore’s law is well known. It is an empirical
observation that the number of transistors on a
chip doubles every 18 months to 24 months. To
a first approximation this has produced roughly
a 10-billion-times cost reduction in the first 50
years of the computer age, dated from about
1950. Or to put it another way, things that were
imaginable but unimaginably expensive in 1950
are essentially costless today. Economic histo-
rians will be better able than I to say whether
there were comparable periods of change in the
past with respect to costs of doing something
important.

Metcalfe’s law states that the value of a net-
work to the entities attached to it is proportional
to the square of the number of connected enti-
ties.?” In economic terms this probably means

27 This should be thought of as an empirical regularity as
well. It can be derived as follows. Suppose that the value a
person to each other person on a network is x. If there are
n people on the network and we add another person, the n
people experience added value of nx and the new person
experiences value of nx. If V(n) is the value of a network,
being the sum of its value to all connected people, then
V(n + 1) = V(n) + 2nx. Therefore, V(n) = 2x[1 + 2 +
» + (n — 1)]. Using Gauss’s formula for the sum of the
integers from 1 to n, we have V(n) = 2xn(n — 1), which
is the quadratic relationship that Metcalfe’s law asserts.
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that the value and hence the speed of connecting
accelerates as the numbers increase. This is
sometimes referred to as the network effect.

From signal processing theory we know that
the capacity of a channel is proportional to the
log of one plus the ratio of signal to noise.
Through scientific and technical advances (in
addition to being able to use lasers with multiple
wavelengths), the noise generated when the
light reflects off the side of the fiber-optic cable
is being reduced dramatically, causing very
large increases in data rates on existing fiber. In
economic terms this translates into large cost
reductions in providing bandwidth.

These three effects interact with each other
over time to produce accelerating economic ef-
fects. Much of the recent economic impact of
the Internet is associated with reducing transac-
tion costs of a variety of kinds. I will return to
this subject in a moment. For most of these
effects, one needs not just computing power, but
also a reasonably ubiquitous reliable network
that has standardized protocols, and is more or
less always on. After all, transactions involve,
almost by definition, more than one party,
though increasingly one or more of the parties
are machines. It is interesting and not surpris-
ing, therefore, that for the first 40 years of the
proliferation of computers, not much measur-
able productivity increase was detectable in
macroeconomic data. In the past ten years, the
period in which the expansion of the network
occurred, there are noticeable measurable pro-
ductivity gains. It seems very likely that the
productivity gains (the ones we can detect) are
associated with reduced transaction costs, im-
proved performance of markets, the ability to
create new markets that were too expensive to
create without the technology, and the impor-
tant ability to take time and cost out of the
coordination of economic activity, inside the
firm and in the supply or value-added chain.
That is what the network, with high and reliable
capacity, with growing numbers connected to it
and with enough computing power to run the
endpoints and the nodes has permitted. It is a
cumulative effect that we are just beginning to
see.

Building models in economics is an art and a
science. The science part consists of determin-
ing analytically the consequences of the as-
sumption that create the structure of the model.
The art consists in deciding what to put into the
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structure and what to leave out. Putting in too
much makes the models intractable and of little
use in illuminating the determinants of market
performance. Putting in either too little or the
wrong structural features makes the results,
though tractable, uninteresting. A natural con-
sequence of this is that parameters that do not
change much from market to market or over
time tend to be suppressed, as a matter of good
practice in applied microeconomic theory. I
mention all of this because it is possible and
even likely that some parameters related to
search costs, transaction costs, acquiring infor-
mation, and geography have shifted reasonably
rapidly in the past few years (or are in the
process of shifting) as a result of the increasing
speed, ubiquity, and connectivity of the Inter-
net. This potential shift in parameters creates
the opportunity to revisit aspects of the infor-
mational structure of markets and organizations,
and in a sense, reintroduce the suppressed pa-
rameters as they have become interesting again.
I would like to conclude this essay by suggest-
ing a few areas in which such an inquiry might
yield some interesting results.

One might have the impression from a first
course in economic theory that markets com-
bine supply and demand curves to produce
prices, quantities, and to determine who buys
the good. There is nothing wrong with that
view. But in addition, a market economy per-
forms lots of other functions. Potential buyers
and sellers need to find each other. Often buyers
and sellers need to acquire information about
each other and about the product. If the buyers,
sellers, and products are differentiated, then
there is a matching problem that in one form or
another needs to be resolved in the marketplace.
If sellers are charging different prices, then buy-
ers need to consider engaging in some sort of
reasonable search for the lower prices. These
functions are not performed costlessly, and the
costs of performing them are frequently lumped
together under the heading of transaction costs.
Broadly these costs are being changed and low-
ered by the Internet.

XI. Buyers and Sellers Finding Each Other

Probably the most obvious example of re-
duced transaction costs is that associated with
the rapid expansion of the markets for collecti-
bles and used products of all kinds. In this arena
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FIGURE 9. THE LiQuIDITY EFFECT IN AUCTION MARKETS

the overwhelmingly largest market making en-
tity is eBay. There are on average 750,000
transactions on each day with an average total
daily dollar volume of 30 million.”® Most of
these markets simply did not exist previously,
and those that did exist were more costly to
create, less efficient, and less liquid. It is worth
noting that the drop in the cost of buyers and
sellers finding each other is largely independent
of physical geography (recall that both distance
and time are simultaneously compressed with
the Internet technology). This partial removal of
the geographic bounds of markets makes them
more liquid and in a certain sense more com-
petitive. However, there are elements of natural
monopoly in the market-making function. As
the number of bidders increases, the expected
winning bid rises in these auctions. Hence the
marketplace that is in the lead will attract the
sellers, and the variety of products will attract
the buyers.? Figure 9 shows the relationship
between the number of bidders and the expected
selling price in an ordinary auction.

28 Figures are from Jeff Skoll, cofounder of eBay. There
are of course more markets open in any given day than there
are transactions.

2 There is a potential qualification to this tendency.
Intelligent software agents are in principle capable of
searching for low prices across marketplaces. If individuals
were prepared to use these agents, that would eliminate the
liquidity advantage of the larger market-makers. However,
this does not appear to have happened, at least not to the
extent that it significantly diminishes eBay’s advantage. The
making of online markets is pretty clearly a potential area
for research.
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XII. Searching for the Lowest Price

The late George J. Stigler recognized that
finding the lowest price was an activity that
required resources and that there was a trade-off
between incurring costs of further search and
the expected benefits of finding even lower
prices. For prices that are posted in an Internet
environment, the cost of finding the lowest price
is pretty close to zero. In principle, this should
eliminate price dispersion by eliminating one
side of the trade-off. There was a kind of natural
partial protection from price competition, the
magnitude of which is a function of the search
costs. The reduction or elimination of these
search costs in the first instance increases com-
petition. However, there is probably more to
this story. The decision to post a price is a
strategic decision and in the face of negligible
search costs, it is possible that sellers’ willing-
ness to post prices will decline and that there
will be more negotiated prices or prices that are
tailored to the individual buyer.

XIII. The Boundaries of the Firm

There is a well-known and important litera-
ture in economics associated with Ronald H.
Coase (1937, 1960) and Oliver E. Williamson
(1970, 1971) and others. It deals in part with the
fundamental question of what economic pro-
cesses are contained within a firm and which are
mediated by markets, that is, transaction be-
tween firms. One aspect of this general set of
questions has to do with outsourcing: the deci-
sion to conduct a certain set of activities in-
house or to contract with another entity to have
them conducted for the firm. Generally on the
side of outsourcing is the likelihood that certain
functions can be performed better by specialists
who have the advantages of economies of focus
and scale. Countering that are the contracting,
monitoring, and implementation costs of having
a second party provide the service. Some of
these countervailing costs are just transaction
costs associated with complexity in communi-
cation. It is becoming reasonably clear that the
Internet platform is reducing some of these
transaction costs and hence tipping the balance
in a number of areas in the direction of out-
sourcing. Many, if not most, informationally
based services are efficiently deliverable and
monitorable on the platform.
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We have in a sense, for the period of transi-
tion, a natural laboratory in which transaction
cost parameters are being shifted, resulting in
new experimental behavior on the part of firms.
In general, the range of economic activity that
can be effectively coordinated across a complex
multifirm supply chain is just starting to be
explored by companies and those who do re-
search on these subjects. The boundaries of the
firm, transaction costs, supply-chain architec-
ture and coordination, and outsourcing are all
facets of a large mosaic in which incentives,
communication and coordination, and the
boundaries of the firm are worked out. The
outsourcing extends to the employment rela-
tionship, where again the relative costs of in-
house and the outsourced resources may have
shifted. I hasten to add that these issues are far
from being settled in the world of practice and
in the world of economic research.
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