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One of the most active and exciting areas
of economic research over the last several
years has been the use of noncooperative
games of incomplete information to model
industrial competition. This work has yielded
not only a remarkable number of papers but
also several new insights on and explana-
tions of fundamentally important issues. The
purpose of this paper is to attempt an ap-
preciation and evaluation of this work. Be-
cause most of our individual and joint work
since about 1979 has been in this mode, it
will come as no surprise that we are propo-
nents of this line of research. However, there
are several questions and potential problems
that we see as arising in connection with this
methodology, and we will attempt to address
these.

First, a disclaimer. We are not attempting
a survey of the applications of asymmetric
information games (AIG) to industrial or-
ganization, although we will refer in a highly
selective fashion to a number of prominent
strands in this literature. (In particular, where
any references are provided at all, they are
typically only to the earliest contributions to
a subject.) Even more, we do not deal with
work in which informational asymmetries
are important but the analysis is not game
theoretic (for example, search and price dis-
persion, or the early work on the lemons
problem and on moral hazard and adverse
selection in insurance markets) or with
game-theoretic treatments that assume com-
plete information.
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1. AIG Methods and Applications

To get an idea of the role of informational
asymmetries in strategic behavior, consider
three simple card games. In the first, each
player is dealt five cards face up, the players
make any bets they want, and then the best
hand wins. In the second, each player re-
ceives five cards, some of which are dealt
face up and the rest face down. Without
looking at their hole cards, the players make
their bets, then the cards are turned face up
and the best hand wins. Finally, the third
game is like the second except that players
can look at their hole cards. Again there is
betting, the hidden cards are revealed, and
the best hand wins.

The first game is one of complete (and
perfect) information. Everyone knows every-
thing, and as long as we assume that people
prefer more money to less, it is fairly trivial
to figure out what will happen: there will
certainly be no betting, and probably no one
will bother to play! Clearly, not all games of
complete information are either so uninter-
esting (witness chess) or so lacking in ex-
planatory power—especially if we consider
nonzero sum games and, even more, games
with an explicit dynamic structure (Drew
Fudenberg and Jean Tirole, 1986a). How-
ever, in its informational structure, this game
typifies both the sort of game theory that is
discussed in intermediate micro texts and,
indeed, most of standard microeconomic
theory itself.

The second game has uncertainty/infor-
mational incompleteness, but no informa-
tional asymmetries. Its informational struc-
ture puts it in the domain of decision theory
and the economics of uncertainty. Games of
this sort are useful models for studying such
issues as insurance, risky investments, and
learning (especially if we revise the game to
have the hole cards revealed one at a time,
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with betting after each is shown). However,
its play would not generate any interesting
forms of strategic behavior.

The third game involves informational
asymmetries: while there is some publicly
available information, each player is privately
informed about his or her hole cards. (In
fact, the informational structure of this game,
in which the probability distribution over
what the particular private information of
the various players could be is common
knowledge, corresponds very closely to that
in the asymmetric information game models
used in most applications to industrial
organization.) The existence of this private
information can obviously lead to interesting
strategic play: bluffing, signaling, reputation
building, etc. It is also the reason why poker
is of enduring popularity.

As this example is meant to suggest, re-
cognition of informational asymmetries and
the strategic possibilities they engender can
yield models that begin to capture the rich-
ness of behavior that marks the real world.
This is the great advantage of these meth-
ods: they permit us to model, and thereby
start to understand, phenomena that made
no sense in terms of complete information
analyses or ones based on incomplete but
symmetric information (uncertainty).

Perhaps the clearest example of this is
predatory pricing. In 1980, the only fully
consistent analyses of predatory pricing in
the literature (for example, John McGee,
1958, 1980) indicated that predatory pricing
could not be expected to succeed, that it was
thus not part of a rational competitive
strategy, that apparent instances of preda-
tory pricing were consequently likely to be
either mistakes or misinterpretations, and
that legal prohibitions on predation serve
chiefly to protect inefficient firms from the
desirable effects of competition. Although
these conclusions ran counter to much of the
conventional wisdom in the field of in-
dustrial organization and left a disconcerting
number of mistakes and misperceptions to
explain, the logic leading to them seemed
compelling. And because no mere fact ever
was a match in economics for a consistent
theory, these ideas began to represent the
basis of a new consensus.
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However, these analyses rested on an im-
plicit assumption of symmetric information,
and this assumption is crucial. Recent stud-
ies by a number of authors (see Roberts,
1987, for a survey and complete references)
have relaxed this assumption in various ways
and reversed the earlier findings. Pricing be-
low the short-run optimal level aimed at
deterring entry, inducing exit, or disciplining
rivals so that they compete less aggressively
can be part of a rational strategy in the
presence of realistic informational asymme-
tries. Thus we should expect to see predatory
behavior being adopted if it is not effectively
deterred by legal prohibitions. Moreover, the
mechanisms by which these effects come
about in these theories correspond well to
suggestions found in earlier, less formal dis-
cussions of predation in the industrial eco-
nomics and legal literatures. At the same
time, these new analyses indicate that the
legal tests that have been proposed for
establishing whether predation has occurred
may be completely inappropriate in that they
may fail in either direction.

Most of the recent, asymmetric informa-
tion game models of predatory pricing in-
volve generalized signaling: there is an un-
derlying parameter that is of interest to one
player (the “receiver”) but is not directly
observed by this player, and the (costly)
actions of the other player (the “signaler” or
“sender”) can affect the observations made
by the receiver. By the choice of actions the
sender can thus influence the inferences the
receiver makes about the parameter’s value
and, correspondingly, the receiver’s choice of
actions. This formulation subsumes the
original Spence-type signaling model, in
which the signaler (there, the worker) knows
the value of the parameter (his or her pro-
ductivity) and so can condition his or her
choice (of education level) on this informa-
tion. In these circumstances, observation of
the sender’s choice may allow the receiver to
infer the sender’s information. It also en-
compasses ‘““‘signal jamming” models, in
which neither player is informed about the
value of the parameter. In these models, the
actions of the signaler are not observed by
the receiver directly; instead they affect the
distribution of a variable that is observed by
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the receiver and from which he or she must
try to infer the value of the parameter. As
well, dynamic formulations in which the sig-
naler acts repeatedly and information is re-
vealed over time (perhaps to a sequence of
receivers) are also included.

In signaling models of predatory pricing,
the sender is the predator firm, the receiver
is either the current rival on which the pre-
dation is practised or potential rivals that
can observe the predator’s current behavior,
the parameter is a variable that influences
the receiver’s profit from continued op-
erations, and the signal is the predator’s
price. The models of Roberts (1986) and
Garth Saloner (1986) of predation against a
single opponent are Spence-type signaling
ones in which the predator is privately in-
formed about demand or cost. The signaling
firm is led to lower its price in an attempt to
suggest that the value of the parameter is
such that either continued competition by
the receiver will be unprofitable—thereby
inducing exit (Roberts) or encouraging ac-
ceptance of a merger offer (Saloner)—or that
a reduced level of output would be optimal
for the receiver. (See also David Scharfstein,
1984.) Fudenberg and Tirole (1986b) con-
sider a situation where the two firms are
symmetrically informed about the random
demand, but the predator has an incentive to
increase output or lower price unobservably
and thereby attempt to bias the receiver’s
estimates of profitability. Finally, David
Kreps and Robert Wilson (1982), our paper
(1982b), and Fudenberg and Kreps (1986)
consider dynamic models in which the
privately informed sender adopts predatory
behavior against early entrants, even though
it is directly unprofitable, in order to build a
reputation for aggressive responses to en-
try that deters future challenges. See also
David Easley, Robert Masson, and Robert
Reynolds (1985), where the reputation being
built is for having markets into which entry
is unprofitable because demand is weak.

Equilibrium in signaling models involves
the receiver’s having correct conjectures re-
garding the sender’s actions (as a function of
the sender’s information) and accounting for
these in making inferences about the param-
eter. Thus, both in models in which the
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sender is uninformed about the parameter
and in ones where the sender knows its
value, the receiver’s estimates are not sys-
tematically biased by the signaling behavior.
In fact, to the extent that the equilibria are
separating (involve a one-to-one map be-
tween the parameter’s value and the receiver’s
observations), the receiver will correctly infer
the value of the parameter and will thus, in
effect, be acting as if he had access to the
sender’s information. Yet the sender’s ac-
tions are typically distorted from their full-
information levels because the receiver inter-
prets his observations in light of the sender’s
incentives to attempt to influence his in-
ferences. Thus, for example, in the Roberts
model, if the signaler produced the full-in-
formation output rather than the equilibrium
one, the receiver would interpret the result-
ing observation as indicating that demand is
stronger than it actually is. As a result, the
receiver would be less likely to exit, and if it
stayed in, it would produce at the higher
level corresponding to strong demand.

This property of separating equilibrium
has welfare implications: not only is the
price lowered during the predatory episode,
but there need be no more exit or restriction
of output by the prey than there would have
been if predation had been effectively for-
bidden. However, this does not imply that
the predatory behavior is socially desirable,
because the threat of predation (even if it
will fail to induce exit) will deter entry. This
is very clear in the Kreps-Wilson and Mil-
grom-Roberts dynamic reputation models,
but is also true in the static models. Thus,
legal concern with predation may still be
warranted. At the same time, these models
indicate that predation may occur without
the predator ever pricing below marginal
cost or in other ways meeting the tests for
predatory behavior often advocated in the
literature.

The idea of signaling has also proven
fruitful in studying a number of other situa-
tions involving pricing under imperfect com-
petition. An early example was our (1982a)
rationalization of limit pricing, in which
low-cost incumbents are led to price below
the short-run monopoly level to signal credi-
bly that the entrant will find their markets



